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IC0-2-19001 
REVISION J 

Level II PROGRAM DEFINITION AND REQUIREMENTS 
ICD-2-19001 Shuttle Orbiter/Cargo Standard Interfaces 

Revision J updates all previous issues of the document and incorporates the 
following directives: 

PRCBD NOs. S40325 (IRN 279), dated 12/5/86; S40408 (IRN 282), dated 
11/14/87; S40414 (IRN 281), dated 1/15/87; S40419 (IRN 282), dated 1/15/87; 
S40468 (IRN 283), dated 2/21/87; S40470 (IRN 284), ~ated 2/21/87; S40469 
(IRN 285), dated 2/24/87; S40897 (IRN 286), dated 10/15/87; and S40936 (IRN 
287), dated 2/5/88; plus all Design Requirements Review Dispositions · 
(ORRDs) resulting from the Return to Safe Flight Review and signed by MICB 
Level II. 

For ease of recognition. all the above updates are shown in this revision 
in either italicized print or black barred . 

May 1. 1988 

ICD-2-19001 
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NOTICE - WHEN GOVERNMENT DRAWINGS, SPECIFICATIONS 
OR OTHER DATA ARE USED FOR ANY PURPOSE OTHER THAN 
IN CONNECTION WITH A DEFINITELY RELATED 
GOVERNMENT PROCUREMENT OPERATION, THE UNITED 
STATES GOVERNMENT THEREBY INCURES NO 
RESPONSIBILITY NOR ANY OBLIGATION WHATSOEVER; AND 
THE FACT THAT THE GOVERNMENT MAY HAVE FORMULATED, 
FURNISHED, OR IN ANY WAY SUPPLIED THE SAID 
DRAWINGS, SPECIFICATIONS OR OTHER DATA IS NOT TO 
BE REGARDED ~y IMPLICATION OR OTHERWISE AS IN ANY 
MANNER LICENSING THE HOLDER OR ANY OTHER PERSON 
OR CORPORATION, OR CONVEYING ANY RIGHTS OR 
PERMISSION TO MANUFACTURE, USE, OR SELL ANY 
PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED 
THERETO . 
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1 .0 SCOPE 

1 . 1 PURPOSE 

a. Define and control the interfaces which shall be provided by the baseline 
Shuttle System, for total cargo use by all members of the payload units. 

b. Define and control all constraints which shall be observed by all members 
of the payload community in using the interfaces so defined. 

c. Establish commonalty with respect to analytical approaches, analytical 
models, technical data and definitions for integrated analyses by all 
interfacing parties. 

1.2 ORGANIZATION OF DOCUMENT 

Section 1 (Scope) and Section 2 (Applicable Documents) are standard and 
self-explanatory. 

Section 3 (Physical Interfaces) identifies, codes and locates specifically all 
of the physical interfaces which are defined and controlled by this document. 
Included is a figure for each of the bulkheads, connector panels, stations, 
etc., which (1) identifies individual connectors, fittings, etc., (2) locates 
each dimensionally within the Shuttle Vehicle, and (3) references other 
paragraphs herein which provide detail performance/design data for each. 

Sections 4 through 8 define, for each subsystem discipline, detail 
performance/design data necessary to achieve a satisfactory operational 
interface. When appropriate, the individual sections establish analytic 
methodologies for integrated analysis efforts. Where such data is voluminous 
(ie electrical connectors), some tables have been moved to the appendices in the 
rear of this document. 

Section 9 (Software Interfaces) defines software detail performance/design data 
necessary to develop compatible software at the interfaces. 

Section 10 (Environmental Interfaces) establishes induced environments for which 
the total cargo must be designed. When appropriate, it also establishes 
analytic methodologies for integrated analysis efforts. 

Section 11 (Other Interface Constraints and Limitations) defines general 
constraints which must be observed in order to ensure satisfactory interface 
performance and design. 

Section 12 (Reserved) 

Section 13 defines the electrical wiring interfaces. Connector interface 
definitions and pin functions are given for both standard and non-standard cargo 
interfaces. 

Section 14 defines the payload deployment and retrieval system. Detail 
performances and design data necessary to achieve a compatible interface is 
defined along with the analytical methodology involved . 

ICD-2-19001 1-1 



Appendix A (Abbreviations and Acronyms) and Appendix B (Glossary) are 
self-explanatory. 

Appendix C Lists the Channel Frequency Assignments for transmitting. 

Appendices D through H and J through W (Reserved) 

Appendix I defines the analytical techniques and data to be used to determine 
the compatibility of payload-induced loads with the Orbiter static limit-load 
capabilities. 

Appendix X defines the length selection criteria and deflection data for 
alternate trunnion lengths. 

1.3 EFFECTIVITY. 

Unless otherwise specified, the interfaces defined and controlled herein are 
applicable to the operational configuration of the Shuttle System. The Orbiter 
Vehicle (OV) effectivity sequence is as follows: OV102, OV099, OV103, and 
Subs. 

1.4 CHANGE POLICY. 

1.4.1 Scope. All changes to this document shall be controlled in accordance 
with the procedures prescribed herein and by NSTS 07700, Volume IV. 
Dispositioned changes shall reflect program decisions and will record new, 
changed, and/or deleted requirements. 

• 

1.4.2 Change Initiation. Payload community PRCB members may initiate changes • 
following NSTS 07700, Volume IV procedures. All other payload community 
initiated changes shall be submitted to the Shuttle Payload Integration and 
Development Program Office (SPIDPO) at NSTS. SPIDPO shall review the proposed 
change for technical adequacy, completeness, and validity. If SPIDPO review 
verifies that a change is required, a Change Request shall be submitted in 
accordance with NSTS 07700, Volume IV. All other initiators shall submit 
changes in accordance with NSTS 07700, Volume IV. 

1.4.3 Change Processing/Disposition. A change may be processed outside the 
formal Level II change procedure and approved by the Level II PRCB Secretary 
when both the Orbiter Project Office and SPIDPO recommend approval and there is 
no Level II cost, schedule, weight, or performance impact. In this instance, 
the applicable change shall be coordinated with the Management Systems Office 
for special processing. Both the Orbiter Project Office and SPIDPO shall 
coordinate on the PRCBD prior to authorization signature for those specially 
processed changes. All other changes shall be processed for review and 
appropriate disposition action as specified by NSTS 07700, Volume IV. 

1 .s 9C:O Waiver6. :Oeviation.6 ..4nd. exceedmt.ce6. 9C:O aveemen.t6 with pa.~oad6 are ba6ed 
on. 'Yls:JS allowed pa.~oad 6ervice6 and proviflioM are iden.tijied in th£6 document . .All 
Orbiterls:JS de6i9'L to requirement for pa.~oad6 £6 controlled at .level I I. 

Unique pa.~oad 9C:0'6 are derwative6 of thi6 9C:O and do not require Orbiter Project 
approval il thev remain within the Orbiter vehicle interface de6itpl. parameter6. 
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.li.m.it6 of thi6 9C:b artl tl6tabli6h•d in a con6tlrvative m.annt~r to m.in.im.iz• individu.al 
payload and mixed ca.rv;o aJ10iv6e6. (tl.fl. 90" radi.u.6 maximum. dvnam.ic •nv•lop• allow6 3" 
radiu.6 for Orbitt1r d•flection to remain frtltl of pottJntial contact). 

:Jotal Orbiter capabilitv for payload6 i6 divided into four 6Ub-6ection6 for mixed ca.rv;o 
flit~ht6 (e.fi. 1.75 .KW/elt~m.ent i6 equ,al to thi6 9C:b'6 availablt1 power of 7 .KW contin.u.ou6) . 

.Anv exceedance or deviation in payload capabilitie6 or 6ervice6 i6 documented in the 
payload 6peciJic 9C:b'6. Section 20. and evaluated to a66u.re th4t the 6tated condition i6 
controlled in a manner to ~tee acceptable condition6 to eliminate anv added ri6k to the 
vt~hicle or crtlw. 

exceedance: :bocum.entation of a condition th4t doe6 not com.plv with 6tated retfUirem.enh 
but doe6 not add anv ri6k due to intended U6a9e or con/i9'Q'ation and can be 
6hown acceptable without 6f)ecial anatv6i6 or control6. 

:beviation: .A non-compliance th4t retfUire6 additional analv6i6 or control to elim.in.a.te ri6k 
and i6 acceptable when properlv documented. 

Waiver: .A condition th4t doe6 not com.plv with the retfUirem.ent6 of thi6 9C:b could add 
ri6k and retfUire6 6peci.al control6lan.alv6e6 to a66u.re adequate fliflht m,a.rv;in6 . 
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2.0 DOCUMENTS 

~ 2.1 APPLICABLE DOCUMENTS 

~ 

~ 

The following documents of the exact issue shown form a part of this document to 
the extent specified herein. In the event of conflict between the documents 
referenced and the content of this document the contents of this document shall 
be considered a superseding requirement. 

Fed era 1 

FED-STD-595 

SPEC-QQ-C-320B 
Class 2 
June 17, 1974 

Mi 1 itary 

MIL-B-5087B 
August 31, 1970 

MIL-C-5541 
Amendment 2 
November 30, 1972 

MIL-STD-1572 
May 17. 1976 

MIL-W-5088H 
July 20, 1979 

Federal Standard Colors 
Ref. Fig. 3. 4. 1 . 2. 1-1 

Chromium Plating (Electro Deposited) 
Ref. Fig. 3.3.1.2.2-1, Fig. 3.3.1.2.1-1 

Bonding, Electrical and Lightning 
Protection for Aerospace Systems 
Ref. Para. 10.7.4.2, 10.7.4.2.1, 10.7.4.2.2.2, 
10.7.4.2.2.3~ 10.7.4.2.2.4, 10.7.4.2.3.5 

Chemical Conversion Coatings on Aluminum 
and Aluminum Alloys 
Ref. Para. 10.7.4.2 

Telemetry Standards 
Ref. Para. 8.2.2.5, Ref. Table 8.2.2.5.13-2, 
8.2.2.5.13-3 

Wiring Aerospace Vehicle 
Ref. Para. 3.3.2.2.1 

NASA (National Aeronautics and Space Administration) 

ES3-76-l 
Dul'l 7983 

ES3-77-3 
September 7 983 

DSC-19540 
march 1984 

DSC-79692 
ma'l 7984 

ICD-2-19001 

Orbiter Midsection/Payload Bay Thermal 
Math Model Description 
Ref. Para. 6.1.2.1 

11 390 Node 11 Atmospheric Orbiter Mid-section/ 
Payload Bay Thermal Math Model Description 
Ref. Para. 6.1.2.1 

Open. 1::Joor Simplijied Orbiter ::Jherm.al 
Simulator :be6cription. 
Rep. Para. 6.7.2.7 

Clo6ed 1::Joor Sim.plijied Orbiter ::Jherm.al 
Simulator :be6cription. 
Rep. Para. 6.7.2.7 
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SN-C-0005 
(Current Issue) 

SE-S-0073 
February 14, 1977 

asem-8080 
Oct 16. 1972 

NSTS-08060 Rev D 
January 28, 1983 

'ns::JS-18798 

'ns:JS-SP-R -0022 Rev. A 
September 1974 

40M38277 
December 15, 1973 

40M38294 
(Current Issue) 

40M38298 
(Current Issue) 

40M39569 
December 15, 1973 

ICD-3-0027-03 

NHB 1700. 7A 
December 1980 

Industry 

EIA-STD-RS170 

ICD-2-19001 

Specification, Contamination Control 
Requirements for the Space Shuttle 
Program 
Ref. Para. 10.6.2.4, 10.6.2.1.1 

Specification, Space Shuttle Fluid 
Procurement and Use Control 
Ref. Para. 5. 8, 6.2.2.2 

Acout-tic 'noit-B Criteria 
Rsf. Para. 4.2.2.1. 7.7.1 

Space Shuttle System Pyrotechnic 
Specification 
Ref . Para. 1 0. 7 . 4. 1 . 1 . 5 

9ntsrprstatiofl.6 of 'ns:JS Pavload 
Salstv Rsqu.irsmsntt-
Rsf. Para. 7.3.1.2 

Vacuum Stability Requirements of Polymeric 
Material for Spacecraft Applications, 
Specifications for 
Ref . Para. 1 0. 6. 2 . 2 

Connectors, Electrical, Circular 
Minature High Density Environment 
Resisting, Specifications for 
Ref . Para. 13. 2 . 2 . 

Specification, Connector, Electrical 
Circular Cryogenic Environment 
Resisting 
Ref. Para. 13.2.2 

Specification, Connector, Electrical, 
Special Miniature Circular 
Environment Resisting 200°C. 
Ref. Para. 13.2.2 

Connectors, Electrical Minature Circular, 
Environment Resisting 200°C, 
Specification for 
Ref. Fig. 3.3.3-3, 3.3.3-4 
3.4.1.2.2-1, 3.4.1.3.2-2, 3.4.1.1.2-1 

Crew Equipment Stowage Volume Control 
Ref. Para. 3.4.2.1 

Safety Policy and Requirements for Payloads 
using the Space Transportation System (STS) 
Ref. Para. 10.7.4.1.1.5 

Electrical Performance Standard - Monochrome 
TV Studio Facilities, Ref. Para. 8.2.8-1, 
Fig. 8.2.8.2-1 
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EIA-STD-RS330 

MA0109-318 
(Current Issue) 

n?P572-0279-0002 
(Current Issue) 

n?P572-0388-0002 

SPAR-SG.459/010 

SPAR-5114001897 

Rockwell International 

rneo 1 so-o48 
Sept. 1987 

MC414-0614 
(Current Issue) 

MC432-0222 
(Current Issue) 

n?C450-001 7 
(Current 96we) 

MC454-0026 
(Current Issue) 

n?C454-0032 
(Current 966Utl) 

ME414-0234 
(Current Issue) 

ME414-0235 
(Current Issue) 

ICD-2-19001 

Electrical Performance Standard for Closed 
Circuit TV Camera 525/60 Interlaced 2:1, 
Ref. Para. 8.2.8.1 

Chromium Plating (Electro-Deposited) 
on Titanium and Titanium Alloys 
Rockwell International, Space Division 
Ref. Fig. 3. 3. 1 . 2. 1-1 

Cable Electrical, Special Purpose, TFE, 2 
Conductor, Shielded and Jacketed 
Ref. Para. 8.2. 12.2 

Cable, Electrical, Special Purpose, TFE, 2 
Conductor, Shielded and Jacketed 
Ref. Para. 8.2.2.5.12, Tables 8.2.4.4-1, 
8.2.4.5-1, 8.2.4.5-2, 8.2.6.1-1, 8.2.6.2-1, 
8. 2. 6. 3-1 , 8. 2. 8. 1-1 , 8. 2. 14. 1-1 

Connectors, Electrical, Rectangular Type, 
Rack to Panel, Environment Resisting, 200°C 
Ref. Fig. 14.4.4-1 

Connector, Plug-Mod. End Effector 
Ref. Fig. 14.4.4-1 

Wire and Cable. electrical. Polvimid.e 
!ln.culated 
ReP. ::Jable 7.3.1 .2-1 

Specification, Connector RF, 
SMA Series 
Ref. Para. 13.2.2 

Specification, Event Indicator 
Ref. Para. 13.4.2 

Power Controller. Remote 
Rep. ::Jable 7.3.1 .2-1 

Specification, Circuit Breaker, Thermal 
Single Phase 
Ref. Para. 13.4. 2.::Jable 7.3.1.2-1 

Circuit Breaker. ::Jhsrmal ::Jhree Ph.a.6e 
ReP. ::Jable 7.3.1.2-1 

Specification, Connector, Receptacle, 
Electric Wall Mounting 
Ref. Para. 13.2.2 

Specification, Connector, Plug, 
Electric Straight 
Ref. Para. 13.2.2 
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ME414-0247 
(Current Issue) 

ME414-0250 
(Current Issue) 

ME414-0561 
(Current Issue) 

ME414-0562 
(Current Issue) 

ME414-0610 
(Current Issue) 

ME414-0611 
(Current Issue) 

M£414-0612 
(Current Issue) 

M£418-0031 
(Current Issue) 

M£418-0032 
(Current Issue) 

me4sr-ooo9 
(Current 966U.e) 

me4s1-ooro 
(Current 966U.e) 

me4s1-oo16 
(Current 966U.B) 

me4s1-oo1s 
(Current 966U.e) 

M£452-0093 
(Current Issue) 

ME452-0102 
(Current Issue) 

S%)7 3-SJJ-0226 
Vol. ed3ook V 
Sept. 1985 
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Specification, Connector, TNC 
Bulkhead Cable Jack. 
Ref. Para. 13.2.2 

Specification, Connector, TNC 
Cable Plug. 
Ref. Para. 13.2.2 

Specification, Connector, Coaxial 
Bulkhead Pressurized Series TNC 
Ref. Para. 13.2.2 

Specification, Connector, Coaxial 
Bulkhead Pressurized Series "HN" 
Ref. Para. 13.2.2 

Specification, Cable Adapter, 
Connector Plug, Electric. 
Ref . Para . 13. 2. 2 

Specification, Connector, Hermetric 
Jam Nut, Electric. 
Ref. Para. 13.2.2 

Specification, Connector, Hermetric 
Flange Mount, Electric. 
Ref. Para. 13.2.2 

Specification, Contact, Socket 
Crimp, Clip Retained. 
Ref . Para . 13. 2 . 2 

Specification, Contact, Pin Crimp, 
Clip Retained. 
Ref. Para. 13.2.2 

3u.6e - mini.ature Cartri.d.fie 
Ref. ::Jable 7.3.1.2-1 

3u.6e - microm.ini.ature with. .Axial .t.eadt. 
Ref. ::Jable 7 .3.1.2-1 

3u.6e -1}. g . .t.im.iter ::Jvpe. JJL9h. Current 
Ref. ::Jable 7.3.1.2-1 

3u.6e - Subm.ini.ature 
Ref. ::Jable 7.3.1.2-1. Para. 13.4.2 

Specification, Rotary Switch 
Ref. Para. 13.4.3.2 

Specification, Toggle Switch 
Ref. Para. 13.4.2, 13.4.3.2 

Space Slw.ttle Provam. ::Jh.erm.odJjn.am.ic 1)e6ififf. 
1)ata Book ::Jh.erm.aJ Control Sfl6tem. Con6trai.n.t6 
Ref. Para. 6.1.1.2.1 
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2.2 REFERENCE DOCUMENTS 

2.2.1 Carqo Ground Interfaces. The Orbiter/cargo ground interface requirements 
are defined and controlled by the following Ico•s: 

ICD-2-00003 Flight Vehicle/LPS Computational System Interfaces 

IC0-2-lAOOl Orbiter/Landing Station 

ICD-2-1A002 Orbiter/Processing Facility 

ICD-2-0AOOl Shuttle System/VAB and MLP 

IC0-2-0A002 Shuttle System/Launch Pad and MLP 

ICD-2-10003 Orbiter/Secondary Landing Station Interfaces 

2.2.2 midd.eck Accomodo.tion.6. 9n.te,.Pace Pf'OIIi6ion.6 for pavload6 in. the midd.eck area of the 
crew compartment are con.trollect bv the followin.r; document: 

n57s-21ooo-~-~ midd.eck 9n.te,.Pace 1Hfin.ition.6 :OOcumen.t 
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3.0 PHYSICAL INTERFACES 

~ 3.1 GEOMETRIC RELATIONSHIPS 

3.1.1 Coordinate Systems. 

• 

~ 

3.1.1.1 Orbiter. The Orbiter coordinate system shall be in conformance with 
F i g u re 3 . 1 . 1 . 1 -1 . 

3.1.1.2 Payload. The payload coordinate system shall be in conformance with 
Figure 3.1.1.2-1. 

3.1.1 .3 Instrument Pointing. The instrument pointing coordinate system shall 
be in conformance with Figure 3.1.1.3-1. 

3.1 . 1 . 4 Orbi.tsr :PYnamic 6odv Coord.ino.ts $v6tsm. :Jhe Orbiter :J)vnamic 6od'l 
CoordinatsSy6tsmis shown in Figure 3.1.1.4-1. 

3.1 .1.5 Orbiter Guidance Navigation System Greenwich True of Date. 

Mean versus true systems: The line of intersection of the ecliptic plane (the 
instantaneous plane of motion of the Earth and Sun) and the celestial equator 
(mean Earth equator) precesses among the fixed stars with a rate of one 
revolution in 26000 years. Additionally, the Earth wobbles slightly on its 
axis, relative to its mean position, with periods of oscillations of only a few 
years. The former phenomenon is called precession; the latter is called 
nutation. A mean system conveys the concept that precession is included when 
relating that system to another system at a different time, but the nutation 
phenomenon is not included. A true system, however, conveys the concept that a 
mean system at any specific instant of time is converted to a true system at the 
same instant of time by including terms associated with the nutation 
phenomenon. The coordinate systems are defined below. 

3.1 .1 .5.1 Orbiter GN and C Data (GTOD). The origin of the Orbiter Axes used in 
describing the orbiter rotation rate is the orbiter center-of-mass. The X axis 
is parallel to the orbiter structural axis and is positive toward the nose. The 
Z axis is parallel to the orbiter plane of symmetry and is positive down with 
respect to the orbiter fuselage. The Y axis completes a right-handed orthogonal 
system (refer to Figure 3.1.1.4-1). 

The origin of the GTOD (Greenwich True of Date) Coordinate System is the center 
of the earth. The Z-axis is directed along the earth•s true-of-date rotational 
axis and is positive toward the north. The X-axis lies in the plane of the 
earth•s true-of-date equator, and its positive direction is toward the prime 
meridian. The Y-axis completes a right handed system (refer to Figure 
3.1.1.5.1-1). 

The ordered transformation from GTOD to the Orbiter body is a right handed 
rotation about the positive GTOO Y-axis (pitch), right handed rotation about the 
intermediate positive Z-axis (yaw), and a right handed rotation about the 
positive Orbiter X-axis (roll). A right hand rotation is defined by placing the 
right hand thumb along the axis of rotation with the fingers curling in the 
direction of rotation. 
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Orbiter rotation rates are represented by instantaneous, right-handed rotations 
about the positive Orbiter Y, Z, and X axis respectively. These rates represent • 
the instantaneous body fixed rates, and are not the derivatives of the Euler 
Angles. 

The order of parameters within vectors transmitted to payloads is X, Y, Z for 
position and velocity vectors and pitch, yaw, roll for attitude, and Y, Z, and X 
for the body rates. 

3.1.1.6 Orbiter GN and C Data CAries M50). The origin of the Orbiter Axes used 
in describing the orbiter rotation rate is ·the Orbiter center-of-mass. The 
X-axis is parallel to the orbiter structural axis and is positive toward the 
nose. The z-axis is parallel to the Orbiter plane of symmetry and is positive 
down with respect to the Orbiter fuselage. The Y axis completes a right-handed 
orthogonal system (refer to Figure 3.1.1.4-1). 

The origin of the Aries M50 (mean of 1950) Coordinate system is the center of 
the earth. The Z-axis is directed along the earth's mean rotational axis of 
epoch (the epoch fs the beginning of Besselian year 1950) and is positive toward 
the north. Its positive X-axis is directed toward the mean vernal equinox of 
epoch. TheY-axis completes a right-handed system (refer to Figure 3.1.1.6-1). 

Orbiter rotation rates are represented by instantaneous, right-handed rotations 
about the positive Orbiter Y, Z, and X axis respectively. These rates represent 
the instantaneous body fixed rates, and are not the derivatives of the Euler 
Angles. 

The order of parameters within vectors transmitted to payloads is X, Y, Z for 
position and velocity vectors and pitch, yaw, roll for attitude, and Y, Z, and X 
for body rates. 

3.1.2 Limit Envelopes for Cargo-Chargeable Items. 

3.1.2.1 Cargo Bay. 

3.1 . 2.1 . 1 Ca.ryo element ::Jherm.ol and :t:>vnamic erwelope . .A r 5 loot d.ia.meter (4.572 
m) and 60 loot lon.9 (Xo5B2 to X or 302). payload erwelope Molt be provided in. the Orbiter 
payload bav lor CQ/"90 wtallation.. ::Jhe centerline ol thio erwelope iolocated at Yo-o.o and 
Zo•400. :burin.9 lli9ht even.t6. th£6 CQ/"90 envelope diotort6 du.e to Orbiter therm.ol and 
dvnamic loado. ::Jhe re6Uitin.9 payload erwelope i6 a r 5 loot d.ia.meter circle at each Orbiter 
Xo Station. with the center ol the circular erwelope located at the diotorted Orbiter 
centerline. ::Jhe di6torted Orbiter centerline i6 delined bv di6placinfi the uru:l.i6torted 
centerline bv the avera9e motion. ol the ri9ht and lelt Orbiter lon.9eron.o lor each Xo 
Station.. ::Jhe ellecto ol CQr90 element tn41'&1J/acturin.9 and wtallation. toleran.ceo 6hdl be 
included when. calculatin.9 payload clearance loooeo with reopect to the CQ/"90 erwelope. 
CQ1"9o element therm.ol and d'jnamic dellectiono and all payload proti"U..ioM except the 
payload attach littin9 6hdl be contained within. th£6 erwelope. CQ1"9o element attachment 
littin.9o m.av extend bevond the payload therm.ol and d'jnamic erwelope in. order to mate with 
Orbiter attachment littin.9o ao 6hown. in. :J.iflure 3. 1.2. r. r -r. Umbilicalo required to in.te,.Pace 1 

the CQ/"90 element to the Orbiter or to gse while the payload io in. the CQ/"90 bav m.av aloo 
pens trat e the erwelope. 
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3.1.2.1.2 Cargo Bay Clearance. Clearance between the cargo thermal and dynamic 
envelope and the Orbiter vehicle structure and subsystems shall be provided by 
the Orbiter, except for penetrations defined in Paragraph 3.1.2.1.4. Payloads 
are constrained to the cargo thermal and dynamic envelope when subjected to the 
induced environment during the complete flight, beginning with payload 
installation and ending with payload deployment or removal. 

A t.tatic clearance of three inches shall be provided between cargo elements 
and cargo bay kits, when installed. 

3.1.2.1.3 On-Orbit Payload Positioning Envelope. The deployment/retrieval 
envelope (for removing and installing payloads on-orbit) shall be that created 
by the payload thermal and dynamic envelope being extended in the +Z direction 
until the payload 15 feet thermal and dynamic envelope diameter is clear of the 
orbiter longeron and the 60 feet thermal and dynamic envelope length is clear of 
the orbiter cargo bay forward and aft bulkheads. Lateral and longitudinal 
movement of the payloads during deployment/ retrieval operations shall be 
controlled to avoid localized orbiter structure and subsystems as shown on 
Figure 3.1.2.1.3-1. 

3.1.2.1.4 Cargo Bay Protuberances. Installation of payloads into the cargo bay 
must consider potential interference of Orbiter protuberances into the cargo 
thermal and dynamic envelope, as defined in Figure 3.1.2.1.4-1. Another 
potential interference with large diameter cargo elements is the Cargo Bay 
Liner. The Cargo Bay Liner is installed across and attached to the orbiter 
structural frames, conforming to the internal mold lines of the lower cargo bay 
clearance area approximately from longeron to longeron except where cable trays 
and cargo attach hardware are located. The liner is attached to the lower side 
of the longerons at Z0 406 between all structural frames except between 
X0 576 to X0 582, where the upper limits extend to Z0 419. During orbiter 
ascent and/or descent the cargo bay liner could penetrate the cargo bay envelope 
and contact the large diameter cargo element with a pressure of less than 0.1 
psi. The pressure GU/PerentUd across the liner causes a ballooning of the 
liner which penetrates the cargo envelope a maximum of 4.6 inches to a radius of 
85.4 inches from the cargo bay centerline. When required, local6pecUdhordware 
can be provided bl.j the Orbiter to preclude the liner Prom. uiotatin'i the CarfO 90" radiu.t. 
envelope at. defined in Paratp'Qph 3.1 .2. 1. 1. 

3.1.2.1.5 Limit Envelopes for EVA and for Cargo Bay Kits. 

3.1.2.1.5~1 EVA Envelopes. Envelopes shall be provided within the cargo bay 
for EVA activities, as required. Cargo elements may be installed within volumes 
required for EVA but shall be removable or jettisonable prior to committing to 
EVA activities. EVA envelopes shall be defined as follows: 

a. Inside Airlock Configuration. The first 48 inches aft of Station X
0 579 shall be clear of cargo elements during EVA access and operation. 

(This configuration is illustrated in Figure 9-1 of Volume XIV.) 

3.1.2.1.5.2 MMU/CBSA Limit Envelopes. The limit envelopes for the Manned 
Maneuvering Unit (MMU) and Cargo Bay Stowage Assembly (CBSA) at the sides of the 
cargo bay, when required, shall be defined as follows: 

IC0-2-19001 3-3 



X0 582.00 to 636.00 

Y0 Outboard of Yo 40.00 and Yo -40.00 

Z0 341.00 to 414.00 

The volumes above these limit envelopes shall be clear of cargo elements during 
EVA ingress/egress with the MMU/CBSA. 

3.1 .2.1 .5.3 Docking Module. The limit envelope for the docking module shall be 
as defined in Figure 3.1.2.1.5.3-1. 

3.1.2.1.5.4 Airlock/Tunnel Adapter. The limit envelope for the airlock/tunnel 
adapter shall be as shown in Figure 3.1.2.1.5.4-1. 

3.1 .2.1 .5.5 (t)eletedJ 

3.1.2.1.5.6 Overhead Docking Floodlight. The limit envelope for the overhead 
docking floodlight, when installed, shall be defined as follows: 

X0 581.5 to 586.5 

Y0 -3 to 3 

Z0 486 to 491 

3.1.3 Visual Interfaces. 

3.1 .3.1 Lateral Field of View. The Orbiter shall provide the capability of 
exposing the entire length and full width of the cargo bay as defined in Figure 
3.1.3.1-1. With the cargo bay doors and radiators open, the Orbiter shall 
provide an unobstructed 180-degree lateral field of view for any point along the 
line Y

0 
= 0, Z0 = 429.5 between X0 = 582 and X0 = 1302 (as shown in 

Figure 3.1 .3.1-1) without such mechanisms as the docking module, manipulator 
arm, rendezvous sensor, payload retention guides, and the TV/light and bracket 
i nsta 11 ed. 

3.1 .3.2 Cargo Bay Lighting. The Orbiter shall provide lighting within the 
cargo bay to support Orbiter/payload operations both internal and external to 
the cargo bay, including the modes of payload operations that are supported by 
the Remote Manipulator System (RMS). The cargo bay lighting shall consist of 
sources of illumination within the cargo bay nominally located as shown in 
Figure 3.1.3.2-1. ': 

3.1.3.3 Television Viewing. The Orbiter shall provide closed circuit 
te 1 evi s ion viewing. Up to Pour camera6 6holl be moun.ted on th.e lorward. and alt 
CQI"tlO ba'l bulkh.ead.6 (2 eachJ in. po6itioiL6 identi/i.ed in. :J.i4ure 3.1.3.2-1. and two camef't%6 
(operated one at a time) can be i.IL6talled on th.e Rms. Actd.i.tiofiDII'I. oM camera tn.a'l be 
in.dalted alon9 the keel on a 9wen Pl£9h.t. :Jh.e camera6 require a 6pQ.Ce 22 in.ch.e6 in.len9th. 
and. when in.6talled. can protrude in.to the CartJO d'lnatn.i.c enuelope. 

•• 

·-

Up to two camera6 can be cti.6plaf1ed in. th.e Orbiter crew compartment (up to Pour i/6plit 
6creen>. One camera (two il 6pli.t 6creen> can be recorded lor wb6etJUetLt pla'l back to th.e • 
voun.ct. and one camera (two il 6plit 6creen> can be tf't%1L6mitted to th.e voun.ct in. real time 
(wh.en not pla'lin.9 back recorded data to th.e voun.ct>. 
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ORIGIN: 

+Yo 
ISTARBOARO) 

+Zo 

-Y0 1PORT) 

IN THE ORBITER PLANE OF SYMMETRY, 400 INCHES 
BELOW THE CENTER LINE OF THE PAYLOAD BAY AND AT 
ORBITER X STATION = 0 

ORIENTATION: THE Xo AXIS IS IN THE VEHICLE PLANE OF 
SYMMETRY, PARALLEL TO AND 400 INCHES BELOW THE 
PAYLOAD BAY CENTERLINE. POSITIVE SENSE IS FROM 
THE NOSE OF THE VEHCILE TOWARD THE TAIL 

THE Zo AXIS IS IN THE VEHICLE PLANE OF 
SYMMETRY, PERPENDICULAR TO THE Xo AXIS POSITIVE 
UPWARD IN LANDING ATTITUDE 

THE Yo AXIS COMPLETES A RIGHT-HANDED SYSTEM 

CHARACTERISITICS: ROTATING RIGHT-HANDED CARTESIAN 

THE STANDARD SUBSCRIPT ~S 0 (E.G., X0) . 

3i9UJ"B 3.1 .1 .1-1 Orbitsr Coord.inats Stj6tBm 

lCD-2-1900"1 3-5 



ICD-2-.19001 

TYPE: ROTATING, PAYLOAD REFERENCED 

ORIENTATION AND LABELING: 

Yp 

X AXIS IS NEGATIVE IN THE DIRECTION OF LAUNCH, PARALLEL 
TO THE ORBITER PAYLOAD BAY CENTERLINE 

Z AXIS IS POSITIVE UPWARD IN THE ORBITER LANDED 
POSITION, PARALLEL TO ORBITER Z AXIS 

Y AXIS COMPLETES THE RIGHT-HANDED SYSTEM 

THE STANDARD SUBSCRIPT IS P 
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INSTRUMENT 
PITCH 

ROLL ~~ 

xafl"d) 

YAW 

ORIGIN: INSTRUMENT CENTER OF ROTATION 

ORIENTATION AND LABELING: THE Xo AXIS IS PARALLEL TO THE 
CENTERLINE OF THE CARGO BAY, POSITIVE IN THE 
DIRECTION OF THE NOSE OF THE ORBITER 

THE ZQ AXIS LIES IN A PLANE PARALLEL TO THE 
PLANE OF SYMMETRY AND IS PERPENDICULAR TO THE 
Xo AXIS AND IS POSITIVE DOWN IN THE LANDING 
ATTITUDE 

THE YQ AXIS COMPLETES A RIGHT-HANDED SYSTEM 

CHARACTERISITICS: ROTATING RIGHT-HANDED SYSTEM 

THE STANDARD SUBSCRIPT IS Q (E.G., XQ)· 

FIGURE 3.1.1.3-1 INSTRUMENT POINTING COORDINATE SYSTEM 
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NAME: 

ORIGIN: 

ORIENTATION: 

CENTER OF MASS 

+YAW 

zsv 

ORBITER DYNAMIC BODY COORDINATE SYSTEM 

CENTER OF MASS 

XBY AXIS IS PARALLEL TO THE ORBITER 
STRUCTURAL BODY Xo AXIS: POSITIVE TOWARD 
THE NOSE 

ZBY AXIS IS PARALLEL TO THE ORBITER PLANE 
OF SYMMETRY AND IS PlRPENDICULAR TO XBY• 
POSITIVE DOWN WITH THE RESPECT TO THE ORBITER 
FUSELAGE 

CHARACTERISTICS: ROTATING, RIGHT-HANDED ORTHOGONAL SYSTEM 

THE STANDARD SUBSCRIPT IS BY {E.G., XBy) 

:J.i4tu'e 3. 7. 7.4-7 Orbiter 1)ynmn.ic Bod.¥ Coordinate Syt~tem. 
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NAME: 

ORIGIN: 

ORIENTATION: 

----- .... . ....., 

PRIME(GREENWICH) 
MERIDIAN 

CENTER OF EARTH 

GREENWICH TRUE-OF-DATE (GEOGRAPHIC) 
COORDINATE SYSTEM 

THE CENTER OF THE EARTH 

THE XG-YG PLANE IS THE EARTH 1 S 
TRUE-OF-DATE EQUATOR. 

THE ZG AXIS IS DIRECTED ALONG THE EARTH 1 S 
TRUE-OF-DATE ROTATIONAL AXIS AND IS POSITIVE 
NORTH 

THE +XG AXIS IS DIRECTED TOWARD THE PRIME 
MERIDIAN 

THE YG AXIS COMPLETES A RIGHT-HAND SYSTEM 

CHARACTERISTICS: ROTATING, RIGHT-HANDED, CARTESIAN. VELOCITY 
VECTORS EXPRESSED IN THIS SYSTEM ARE RELATIVE 
TO A ROTATING REFERENCE FRAME FIXED TO THE 
EARTH, WHOSE ROTATION RATES ARE EXPRESSED 
RELATIVE TO THE ARIES MEAN OF 1950 SYSTEM 

FIGURE 3.1.1.5.1-1 GREENWICH TRUE OF DATE (GEOGRAPHIC) 
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CENTER OF EARTH 

. XM 
MEAN VERNAL EQUINOX 
OF EPOCH 

NAME: 

ORIGIN: 

ORIENTATION: 

ARIES-MEAN-OF-1950, CARTESIAN, COORDINATE 
SYSTEM 

THE CENTER OF THE EARTH 

THE XM-YM PLANE IS THE MEAN EARTH'S 
EQUATOR OF EPOCH 

THE XM AXIS IS DIRECTED TOWARDS THE MEAN 
VERNAL EQUINOX OF EPOCH 

THE ZM AXIS IS DIRECTED ALONG THE EARTH'S 
MEAN ROTATIONAL AXIS OF EPOCH AND IS POSITIVE 
NORTH 

THE YM AXIS COMPLETES A RIGHT-HANDED SYSTEM 

CHARACTERISTICS: INERTIAL, RIGHT-HANDED, CARTESIAN SYSTEM 

FIGURE 3.1.1.6-1 ARIES MEAN OF 1950, CARTESIAN 
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TV CAMERA 

HANDRAILS 

It 
VIEW LOOKING AFT AT AFT BULKHEAD 
lTV CAMERA & HAND RAIL LOCATIONS 

SYMMETRICAL ABOUT ~I 

X0 1303.810V1 021 

I X0 130510V1021* 

• I X0 1306.9(0V 1 021 

130 1.5 I i ' I i 
k-~ 

--1 3.12 l--
L.-tt a" 2 25 MAX DYNAMIC ,.---,-- \J 't • 

INTRUSION IOV1 02) t 
X0 1302** 

~~~~IUFTBHDTYP W--r ~~ 
' ~ 5.42~ 

X0 130510V1 03 & SUBS) 

Xo .1301 •5 I X0 1306.910V1 03 
Xo 1299.2* .. ~ ' &1

1
suBSI t 

IC0-2-19001 

• AFT CLEARANCE ENVELOPE IREFI 
•• AFT PAYLOAD ENVELOPE IREFIIOV1 021 

• • • AFT PAYLOAD ENVELOPE !REF I 
IOV1 03 & SUBSI 

MAX DYNAMIC ---1,..,- _l f 
INTRUSION c - ~ 2.25 
IOV1 03 & SUBSI i ---- --.-

Xo 1299.7*.. J 

3ifUI"II 3., .2., .4-1 Pa.vload Clllaran.CII efWIIIOpll 9ntru6ion6 
(Sh.BIIt , Of B) 
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Y0 87 

1-----~-t----,-r-------------1 X0 1307 

X0 1283.61---~.._. 
REF 

PAYLOAD DYNAMIC ENVELOPE 

X0 1293.76 

STATICENVELOPE ,/ 

~~___/' 

, , 

8.95-INCH RADIUS 
STATIC ENVELOPE 

9.70·1NCH RADIUS 
DYNAMIC ENVELOPE 

8.95-INCH RADIUS / 
STATIC ENVELOPE X0 1293.76 

"' 
5.87 (INTRUSION! 

Z0 431.08 -1--+-+-~,~J 

Zo427.63-- .__,_~----~-"""rJ\- Zo427.131DYNAMICI 

I Y0 79.641DYNAMICI 
CAMERA Yo80.14 
MOUNT X0 1290.29 i I X

0
1307 

Y0 83.72 I 

~ 
X0 1301.87 

ICD-2-19001 

90·1NCH RADIUS """"""\r--~-----k ~~0.0 
PAYLOAD DYNAMIC ENVELOPE 

STARBOARD SIDE SHOWN 
(PORT SIDE OPPOSITE! 

LOOKING AFT 

:J.i9Uf'e 3., .2., .4-1 Payload Clearance erwelope 9notnuioM 
(Sheet 2 0' B) 
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ICD-2-19001 

I 
to.OOR 

to £oR 

I 
IO.OOR 

• 437 -
ZONE A 

ZDJIE • 

ZONE C 

.250 
4.96 •J• 7.341 

89.7R REF 

I 
, &.40 DlA IIAl 

ACTIVE iE£L FITTING ENVELOPE 

.,._ __ .,.._4.H 

I VIEW D-D INTRUSION 

PASSIVE kEEL FITTING 
ENVELOPE INTRUSION . 

VIB4 C-t 
ICEn BRIDGE FITTING OVER WING 

• lOX TYPICAL lmiEEJC: 

ZONE A 1I90.D TO 1198.50 
ZONE I 1198.50 TO 1240.60. 
ZONE C 1240.6Q TO 1258.00 

:JifiUI"s 3. 7 .2. 7 .4-7 Pa.vload Clsaran.cs erwslops 9n6tru6ioM 
(Shsst 4 Of B) 
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TV CAMERA 

180.0 
DIA REF 

ICD-2-19001 

y 71.5. 0 
TV CAMERA LOCATION 

_,.._ ____ -+-- Z
0 

330.0 

Flll'~-------~- Z0 309.7 

DUCT ll 

Y0 0 

VIEW LOOKING FWD AT FWD BUlKHEAD IX0 5761 
lTV CAMERA & PURGE DUCT LOCATIONS SYMMETRICAL ABOUT Ill 

j_X0 576 
1.5 

~Mo • .-. f- X0 579 FWD CLEARANCE ENVELOPE IREFI 

4.5DIA ~ I I 
INFLATED X0 582 FWD PAYLOAD ENVELOPE IREFI 

Yo584.3 ' ~X 583 
MAX DYNAMIC L ll REF 

0 

INTRUSTION MAX POSSIBLE 
DEFLECTED SHAPE 

VIEW E·E 
FORWARD BULKHEAD PURGE MANIFOLD 

3i'IUJ"II 3.1.2.1.4-1 Pa.v/oad Clllarancll erw•lopll 9n6tru6ion.t. 
(Shllllt 5 Of B) 
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CCTV 

PAYLOAD DYNAMIC 
ENVELOPE 

Z0 400----~------------------~------------------

IC0-2-19001 

PORT SIDE SHOWN 
(STARBOARD SIDE OPPOSIDEI 

LOOKING FWD 
(TV CAMERA ROTATED TO SHOW WORST CASE CONDITION) 

:J.i9ure 3., .2., .4-1 Payload Clearance erwelope btru6ioM 
(Sheet 6 Of B) 
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STATIC 
Y0 69.78131.25° WEDGE! 
Y0 70.76125° WEDGEI 
Yo 74.12110° WEDGEI 

INTRUSION: / 
ISEE SHEET 8 OF 81 

90.00 R 

Z0 400.00-{ 

Y0 0.0 

ICD-2-19001 

-Y0 89.40 

SECTION G·G 

CCTV STATIC 
ENVELOPE 
18.95-INCH RAD REF) 

CARGO BAY DOOR 
SHOWN CLOSED 

RMS ELBOW CCTV IN STOWED POSITION 
X0 936.20 THRU X0 966.20 . 

:J.if1UI"t1 3.1 .2. 1 .4-1 Pa.v/oad Cl•aran.c• erwt~loptl 9n4ti"U6ioM 
(Sh••t 1 op s> 

3-21 



31.25° 
WEDGE 

25° 
WEDGE 

10° 
WEDGE 

NOTE: 

ICD-2-19001 

INTRUSION 

STATIC DYNAMIC 

CAMERA CAMERA CAMERA CAMERA 
TANGENT PERPENDICULAR TANGENT PERPENDICULAR 
90 11 R ENV. TO 90'' R ENV. TO 90 11 R ENV. TO 90 11 R ENV. 

0.04 6.11 3.95 10.1 
(CLEARANCE) (INTRUSION) (INTRUSION) (INTRUSION) 

1.48 4.63 2.52 8.63 
(CLEARANCE) (INTRUSION) (INTRUSION) (INTRUSION) 

5.52 0.63 1.54 4.61 
(CLEARANCE) (INTRUSION) (CLEARANCE) (INTRUSION) 

The 25° wedge will be standard. Use of the 10° and 31.25° wedges 
will require special evaluation by NASA/JSC. 

3if1UI"• 3.1 .2. 7.4-7 Payload. Clt1aranct1 en.ut1lopt1 g,uti"Wion6 
(Shtltlt B Of B) 
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t 

\ ' 
' 
\ 

', 

' ,, 

ooa•'~ 
MODULE I I 

---+---+-----1--~~ 
48 INTERNAL I ·1 
DIAMETER I 1 
TUNNEL 

, 
/. 

, , I 

' 

--_.._j ------/ 
NOTE: DIMENSIONS IN INCHES 

FIGURE 3.1.2.1.5.3-1 DOCKING MODULE LIMIT ENVELOPE 
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10.0 

48.58DIA. 

IC0-2-19001 

Xa 578 Xa 818" 

B B 

j_ J. 8.00 

i h 
.;.~ f Zo391. v ,.r..., 

18.0 ~~ , r-· 
+ Zo35 

' 
,= f...A 

uo1 ~ 
X0 SSO 

VIEWB·B 

15 

7.9 
ORB TUNNEL ADAPTER 
HATCH MECHANISM 
ENVELOPE 

VIEWA·A 

FIGURE 3.1.2.1.5.4-1 AIRLOCK/TUNNEL ADAPTER LIMIT ENVELOPE 
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X0 STA 
576 

X0 942 
I 

CLEARANCE ANGLES 

t 
LATERAL FIELD OF VIEW 

I 
X0 STA 
1355 

X0 STA 1307 

FIGURE 3.1.3.1-1 CARGO ELEMENT FIELD OF VIEW 
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--------------------------------------------------------------------

Lights 

ATTACHMENT LOCATION FIXTURE CENTERLINE 
----------------------------!----------------------------! x0 Side Y0 Z0 
-------------!--------------'-------------!--------------' 

576 
750 
750 
979.5 
979.5 

1140.67 
1140.67 

Aft 
Forward 

Aft 
Forward 
Forward 
Forward 
Forward 

0 
56 

-48 
54.3 

-54.3 
56 

-56 

I 484.2 
325.2 
320.0 
323.9 
323.9 
324.9 
324.9 

--------------------------------------------------------------------

--------------------------------------------------------------------
ATTACHMENT LENS EXTREME CAMERA CENTERLINE 

BULKHEAD POSITION** !----------------------------! 
Bulkhead X0 X0 Y0 Z0 

TV -------------!--------------!-------------!----------~---! 
Camera 

Locations 
576 
576 

1307 
1307 

598 
598 

1285 
1285 

71.5 
-71.5 

87 
-87 

446 
446 
446 
446 

---------------------------------------------------------------------

.Keel 7lJ Camera 
72 .t.ocation.t. 

I Camera Cen.terlin.s I 

1-----------------------------------------------1 
I ~ I ~ 12'o (.f.en.t. extended> I 
1-------------1------------1---------------------1 

: 

7r3 

: :::: : ~::::: : 
! 1124.07 I -1.4 I 316.14 I 

** Represents static position only, dynamic position could be one 
inch inboard of static position. 

:J.ifiUI"e 3.1 .3.2-1 CQJ"90 &.v J:Vih.tin.9 .And 7lJ Camera .t.ocation.t. 
(Sheet 2 Of 3) 
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_______ OPTIONS 

Xo ·1307 
Yo· 87 
Zo- 446 
PANfTILT 

RMS ARM - 2 LOCATIONS, ONE AT WRIST, 
ONE AT ELBOW 

BULKHEADS- 2 OPTIONS ON EACH 
BULKHEAD, 4 TOTAL 
LOCATIONS 

KEEL - 72 TOTAL POSSIBLE LOCATIONS 
PAYLOAD -UNIQUE OPTIDNISI AS 

STARBOARD 
RMSTV 
CONNECTOR 

REQUIRED 

Xo- 576 
Y0 •71.5FWD 
Zo- 446 
PANfTILT 

AFT 

Xo- 1307 
Yo • -87 
Zo- 446 
PANfTILT 

KEEL N0.4 
Xo •1134 

·Yo • -1.4 
Zo • LINER 

LEVEL 

KEEL N0.3 
X0 •102.3 
Y0 • -1.4 

· Zo • LINER 
LEVEL 

KEEL N0.2 
Xo- 902 

• Yo- -1.4 
Zo • LINER 

LEVEL 

KEEL N0.1 
X0 • 790 
Y0 • -1.4 
Zo • LINER 

LEVEL 

Xo- 576 
Yo • 71.5 
Zo- 446 
PANITII.T 

:J.ifUI"e 3.1 .3.2-1 CQ/"90 Ba.v .f.i9hti.n.t .And :JV Camera .t.ocatioM 
(Sheet 3 Of 3) 

ICD-2-19001 3-28 

END EFFECTOR 

WRITS TV 
CAMERA 
(fiXED I 

RMSUGHT 

TVIUGHT 
BRACKET 

ELBOW CAMERA 
WITH PANfTILT 

• 

• 

• 



• 

• 

3.2 INTERFACE LOCATION AND DIMENSIONING 

3.2.1 Physical Interface Locations. Shuttle Orbiter/Payload physical interface 
locations shall be in accordance with Figure 3.2.1-1. Standard payload 
electrical interface accommodations are available only at the cargo element end 
of Standard Mixed Cargo Harness (SMCH) cables in the cargo bay. Other 
electrical interfaces shown in Figure 3.2.1-1 are not directly available to 
cargo elements, but non-standard cables to the cargo element(s) can be provided 
from these interfaces. Connector and pin assignments definition of the majority 
of these accommodations are given in Section 13.0. 

3.2.2 Dimensions And Tolerances. Unless otherwise specified, all linear 
dimensions are in inches, all angular dimensions are in degrees, and the 
tolerances for these are as follows: 

Decimal: X.X = ± 0.1 
x.xx = + 0.03 
x.xxx = ± 0.010 

Fractions: ± 1/16 

ICD.-2-19001 3-29 
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3.3 PAYLOAD BAY 

3.3.1 Orbiter/Payload Structural Attachments. Payloads/ Payload carriers shall 
be supported in the cargo bay on payload trunnions extending beyond the payload 
envelope in the ±Yo directions at Z0 = 414 and in the minus Z0 direction at 
Y0 = 0. The trunnions shall be free to slide axially through split 
self-aligning bearings contained in Orbiter attach fittings defined below, which 
in turn shall be supported on bridges at the sides of the cargo bay (longerons) 
and the bottom of the cargo bay (keel). The bridges shall distribute the loads 
to Orbiter structure. The trunnion/bearing surfaces shall be the interfaces 
which transmit loads between the Orbiter and the Payload. 

The design concept for payload retention at the longeron shall permit Stabilizing 
Fittings to carry only z-z loads by sliding fore and aft on the longeron bridge 
cap relieving X-X loads, while the payload trunnion is free to slide through the 
bearing relieving Y-Y loads. Insertion of shear pins between a longeron 
retention fitting and the bridge converts it to a Primary Fitting, which shall 
carry X-X loads in addition to Z-Z loads. The keel fitting shall carry only Y-Y 
loads from the payload keel trunnion which is free to slide in the bearing 
relieving Z-Z loads; the fitting is free to slide on the keel bridge in the X0 
direction, thus relieving X-X loads (Auxiliary Fitting) or can be pinned to the 
keel bridge to carry X-X loads. Only the payload attachment fittings required 
for a particular flight will be installed. 

a. Payload 4-Point Statically Determinate Installation. Figure 3.3.1-1 depicts 
a 4-point statically determinate installation concept. Two opposite longeron 
primary fittings shall react both X-X and z-z loads. A single stabilizing 
fitting, installed on either side of the Orbiter, shall carry only z-z 
loads. The stabilizing fitting may be either forward or aft of the primary 
fitting. The auxiliary fitting, at the keel, shall react only Y-Y loads. 

b. Payload Statically Indeterminate Installation. Use of a statically 
indeterminate installation shall not be precluded provided the resultant 
loads are compatible with the Orbiter capability. Figure 3.3.1-2 presents a 
simple 5-Point statically indeterminate installation. Two opposite longeron 
primary fittings shall react both X-X and z-z loads. Two opposite longeron 
stabilizing fittings shall carry only z-z loads. The stablizing fittings may 
be either forward or aft of the primary fittings. The auxiliary fitting at 
the keel shall react only Y-Y loads. 

c. Payload 3-Point Statically Determinate Installation. Figure 3.3.1-3 depicts 
a 3-point statically determinate installation. Two opposite longeron primary 
fittings shall react both X-X and z-z loads. The auxiliary fitting at the 
keel shall react both X-X and Y-Y loads. 

3.3.1.1 Attachment Point Locations and Constraints. The Orbiter shall provide 
the attach points located by nominal X0 , Y0 and Z0 coordinates as listed in 
Table 3.3.1.1-1. This table details those longeron attach points which may be 
used for active and passive longeron fittings defined in Paragraph 3.3.1 .2, and 
the limitations on their use. It also details those keel attach points which may 
be used for the active and passive keel fittings, defined in Paragraph 3.3.1 .3, 
and the limitations on their use. Further limitations on the availability of 
specific attach points due to limits on trunnion deflections are presented in 
Paragraphs 3.3.1.2.3 and 3.3.1.3.2 for longeron and passive keel fittings, 
respectively. 
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3.3.1.1.1 Attachment Point Location Tolerances. The Orbiter longeron and keel 
attachment point location tolerances shall be as defined in Figure 3.3.1.1.1-1. 
:Jn.,. attachm.•n.t tol•ran.c•6 i.n.clud• Orbit•r m.anu/acturin.t~ and a66•m.blv tol•ran.c•' and • 
th• •PP•ct6 of Orbit•r 6tructural /av6t•re6i6. :Jh• attach.m.•n.t d.•fl•ction.6 du.• to Orbit•r 
th•rm.aJ and m.•ch.an.icaJ load.infl i6 d.i6cw6•d. in. S•ction. 4. 1 .2. Point 11 A 11 is shown as 
the primary fittings, Point 11 8 11 is at the stabilizing fitting and point 11 C11 is at 
the keel fitting. Tolerances associated with points 11 A11 , 11 8• and 11 C11 shall be 
applicable to: 1) Statically determinate or indeterminate cargo element 
suspension system, 2) Cargo elements which have their primary fittings at point B 
and their stabilizing fittings at point A, and 3) Keel locations independent of 
primary/stabilizing fittings. Points A, Band C shall be taken as nominal 
locations. Actual locations of each of these points shall fall within the 
tolerance envelope specified from its nominal location. 

3.3.1.2 Longeron Attachment Interface. The design concept for the longeron 
attach fitting interface is a nominal 3.245-i.n.chd.iam.•t•r(B2.42m.m.J smooth 
trunnion on the payload which mates with a split bearing retained in a housing 
(attach fitting) on the Orbiter longeron. The payload-to-Orbiter interface will 
be at the trunnion-to-bearing surface. The attach fitting will be furnished by 
the Orbiter. 

3.3.1.2.1 Attach fitting for Non-Deployable Payloads. The mechanism for 
attachment of non-deployable payloads shall be as presented in Figure 
3.3.1.2.1-1. This mechanism shall be capable of attaching all statically 
determinate payloads. It shall also be capable of attaching statically 
indeterminate payloads which have no longeron trunnion more than 0.412 inch out 
of the X-Y plane formed by the other three. For such Z redundant payloads, with 
each trunnion on a separate bridge, the center of the bearing of each longeron 
attach fitting due to Orbiter manufacturing tolerances shall be within 0.177 inch • 
of the plane through the centers of any other three longeron attach fittings. 

For the case of Z redundant payloads with two trunnions on the same longeron 
bridge (each side of the cargo bay), the out-of-planarity Orbiter tolerance will 
be within the root-sum-square of 0.030 inch and 0.174 inch times the ratio of the 
trunnion spacing to the respective bridge span length. 

The attach fittings shall be capable of pulling the trunnions in line with the 
attach fittings. The force applied during installation to bring the trunnions in 
line with the attach fittings shall be determined by the Root-Sum-Square (RSS) of 
Orbiter and payload planarity errors due to manufacturing tolerances and by the 
payload stiffness. This preload shall be combined with the flight loads and 
assessed against the strength capability of the Orbiter as defined in Appendix I. 

The torque imparted to the payload in latching an out-of-plane longeron trunnion 
will cause the longeron trunnions to deflect in the ±Y direction and can cause 
the keel trunnion to deflect in the -Z direction. S•• Appendix X for thelim.it6 on. 
thB6B d.•flsctioM. 

3.3.1.2.1.1 Longeron Trunnion for Non-Deployable PaYloads. The longeron 
trunnion for non-deployable payloads shall be as defined in Figure 3.3.1.2.1-1 . 

ICD-2-19001 3-36 
• 



• 

• 

• 

3.3.1.2.2 Attach Fitting for Deployable Payloads. The mechanism for deployment 
and retrieval of payloads shall be as presented in Figure 3.3.1.2.2-1. It shall 
contain an alignment guide and a payload trunnion latch to secure the payload; 
the trunnion latch shall be operated by an electromechanical actuator. no mors 
than two latchs6 4hdl bs actuatsd 4irnultan.sou61v. The mechanism sha 11 be capab 1 e of 
deploying and retrieving statically determinate or indeterminate payloads. 

3.3.1.2.2.1 Payload Alignment Guide. The active attach fitting defined in 
Figure 3.3.1.2.2-1, provides for use of alignment guides extending s. 76. 22 or 24 
inchs6 above the attach point centerline. The 24 inch alignment guide shall 
have both left-hand and right-hand versions and shall be installed in the cargo 
bay with the higher guide on the far side of the fitting from the viewing 
position. Alignment guide heights selected for specific attach points shall be 
in accordance with Table 3.3.1.1-1. 

3.3.1.2.2.2 Longeron Trunnion for Deployable Payloads. The longeron trunnion 
for deployable payloads shall be as defined in Figure 3.3.1.2.2.2-1. The scuff 
plate shall interface with the inboard surfaces of the alignment guides to 
restrict motion in the ±Yo directions and thus preclude inadvertent contact 
between the cargo element and Orbiter structure during installation or retrieval 
into the cargo bay. 

3.3.1 .2.3 Payload Longeron Trunnion Y0 Travel. Maximum and minimum longeron 
trunnion lengths shall be limited by Orbiter structure and by combined 
deflections of the Orbiter and the payload as defined in Paragraph X.l. To 
prevent excessive deflections in the trunnion Y0 direction from resulting in 
Payload/Orbiter structural interference, the payload design shall incorporate 
features that will make initial contact occur against the inboard surface of 
Orbiter attachment support structure. 

3.3.1.2.4 Longeron Trunnion Spacing. Minimum allowable longeron trunnion 
spacing for vertical installation/removal of cargo elements shall be in 
accordance with Figure 3.3.1.2.4-1. 

3.3.1.3 Keel Fitting Interface. The Orbiter shall provide either an active or a 
passive keel fitting for each payload/carrier. The active keel fitting sha'll be 
capable of capturing and releasing the payload keel trunnion, both on the ground 
and in flight; the passive keel fitting shall not have this capability. 

3.3.1 .3.1 Active Keel Fitting Interface. Payloads using the active keel fitting 
shall provide a keel trunnion in accordance with Figure 3.3.1.3.1-1. The 
interface between the active keel fitting and the payload keel trunnion shall be 
in accordance with Figure 3.3.1.3.1-1. 

3.3.1 .3.2 Passive Keel Fitting Interface. The passive keel fitting shall be 
used only for payloads which are installed with the Orbiter in the horizontal 
position and shall not be used in lieu of the active keel fitting for payload 
deployment or retrieval. Payloads using the passive keel fitting shall provide a 
keel trunnion in accordance with Figure 3.3.1.3.2-1. The interface between the 
passive keel trunnion and the passive keel fitting shall be as shown on Figure 
3.3.1.3.2-2. Current hardware procurement plans do not include use of passive 
keel fitting by payloads other than Spacelab configurations using keel points 
deleted by active keel baseline change . 
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3.3.1.4 Ground Handling at KSC. Cargo elements maybe installed in the orbiter 
with the orbiter in either a horizontal or vertical attitude. All cargo elements 
shall be capable of being removed from the orbiter in a vertical attitude. For • 
two flight longeron payloads, appropriate GSE (such as a ground handling 
trunnion) will be provided to facilitate ground handling for horizontal and 
vertical installation and removal. 

3.3.1.4.1 Horizontal Cargo Element Installation and Removal. A clearance 
envelope at the longeron trunnion interface shall be provided for horizontal 
cargo element installation/removal operations in accordance with Figure 
3.3.1.4.1-1. GSE end caps on longeron trunnion for cargo element horizontal 
installation/removal operations shall be in accordance with Figure 3.3.1.4.1-2. 

3.3.1.4.2 Vertical Cargo Element Installation and Removal. A clearance envelope 
at the longeron turnnion interface shall be provided for vertical cargo element 
installation/removal operation in accordance with Figure 3.3.1.4.2-1. 

3.3.2 Standard Interface Panel (SIP). Standard Interface Panels (SIP), located 
on the port and/or starboard sides of the Cargo Bay, shall provide interface 
provisions for the Standard Mixed Cargo Harness (SMCH), add-on black boxes, 
unique connector panels, structural support and clamps for cables andthePavload 
Acti11e Coolin'i .Kit <PAC.K>. ::Jhe relatioMhi.p of the S9P to the element within the Cartjo &.v 
6hoJI be Cl6 6hown. in :J.itjure 3.3.2-1 for brid.tje and .Ad.a.ptwe Pavload Carrier <APC> mount 
con/i'iW'Q.tion... For electrical interface definition refer to Section 13.0, 
specifically Figures 73.3.7.7-7. 73.3.7.2-7. 73.3.7.3-7. and 73.3.4-7. :J.or PAC.K 
interface definition. refer to Section 3.3.5.2. 4/)ecilicallv :J.i'iiJ.re 3.3.5.2-7. 

3.3.2.1 Standard Mixed Cargo Harness- Standard Interface 
Panel (SMCH-SIP). SIP, with a SMCH Interface Panel Installed (SMCH-SIP), shall • 
be the electrical interface between the Orbiter and the Cargo Element. 

3.3.2.1.1 Port SMCH-SIP Connector Panel. The port SMCH-SIP connector panel 
shall be as shown on Figure 3.3.2.1.1-1. 

3.3.2.1.2 Starboard SMCH-SIP Connector Panel. The starboard SMCH-SIP connector 
panel shall be as shown on Figure 3.3.2.1.2-1. The starboard SMCH-SIP connector 
panel shall provide cut-outs for additional connectors and one spare power 
connector. Connector cut-outs and spare power connector are available for cargo 
element use as defined in cargo element unique rco•s. 

3.3.2.2 SMCH-SIP Connectors and Cargo Element Supplied Harness. All SMCH-SIP 
connectors shall consist of socket (female) contacts for interfacing with the 
SMCH cables and pin (male) contacts for interfacing with cargo element supplied 
cables. Cargo element supplied cables shall extend 48.0 +3.0, -0.0 inches beyond 
their departure from the cargo element structure, and either be hardwired to the 
cargo element or shall terminate in pin (male) contacts for interfacing with the 
cargo element. The departure point for the cargo element supplied cables shall 
be no more than 18 inches from the Orbiter sill. 

3.3.2.2.1 Wire Harness Installation. Cargo element supplied wire harnesses 
shall be installed in accordance with MIL-W-5088. Wire harness installation and 
routing from the cargo element to the SMCH-SIP shall be a STS function. Wire 
harness departure from the cargo element structure Moll be in the forward. direction 
and 6/uzJI be a6 6hown. in :J.i'iiJ.re 3.3.2-1. 
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3.3.2.3 PRLA Power Interface Panel. The PRLA Power Interface Panel shall beSTS 
supplied as shown in Figure 3.3.2.3-1. It shall be mounted on Standard Interface 
Panels (SIP). Pin function assignments are as shown in Table 13.6.1.2-7. 

3.3.3 Non-Standard Electrical Interfaces (9ndependt~n.t ol S'mCJJ). 'Yion.-4tan.d.ard. 
elt1ctrical in.t•,.Pace4 tJaall be located at Xo 576. Xo 1307. Xo 603. Xo 645. and Xo 1203 a4 

4hown. on. :J.i9Uf'e4 3.3.3-1 thru. 3.3.3-9. 9n.te,.Pace4 Por {;et-.Awa'I-Speci.ol ({;AS) pa.vload4 and 
rd•n.tion. 4'14tem power a4 4hown. on. :Jabl• 3.3.3-1. These interfaces sha 11 not 
normally be used by a cargo element except as a non-standard service as defined 
in cargo element unique !CO's. 

3.3.4 Fluid and Umbilical Panel Interfaces. Cargo element usage of the 
atmospheric revitalization interface (Figure 3.3.4-1), gn2 ~· 
interface (Figure 3.3.4-2), payload heat exchanger, 02/N2 supply interface 
(Figure 3.3.4-3), payload purge spigots (Figures 3.3.4-4 and 3.3.4-5), mid-body 
pre-launch umbilical panel (Figure 3.3.4-6), and (T-4) umbilical panels (Figures 
3.3.4-7 and 3.3.4~8), and payload active cooling kit (PACK) interface (Figure 
3.3.5.2-1) shall be accomplished by installing cargo element supplied wiring 
and/or fluid lines in accordance with Paragraph 3.3.5. 

3.3.5 Midbody Attachment of Cargo Element Wiring, Fluid Lines and Other 
Lightweight Airborne Support Equipment (ASE). 

3.3.5.1 Electrical Cable Accommodations. The Orbiter shall provide wire trays 
along the sides of the Cargo Bay, extending from the connector panels at X0 603 
to those at Xo 1203, in accordance with Figure 3.3.5.1-1. The Orbiter shall 
also provide for egress of SMCH and cargo element provided cables from the wire 
trays, as required, without physical interference with installed cargo elements . 

3 . 3. 5 . 2 :J.Iui.d. .t.in.e Accommodation.4. 

3.3.5.2.7 Pavload Active Coolin9 .Kit (pAC.K>. CQrfiO t~lemt~n.h requ.irin.fi active coolin.ii 
tJaall utilize the PAC.K. :Jhi4 kit provide4 6ecof'l.d.ar'l 4tructure. hardware. in.4Uiation.. and the 
fien.eric portion. oP the coolant 4UPFJI'I and return lin.e4 between. the Pavload Jleat exchan.fier 
9n.te,.Pace at Station. Xo 636 and the PAC.K 9n.te,.Pace at the S9P Structure. 

:Jhe PAC.K i4 de4i'iff.ed Por a wet mate (quick-di.!.con.n.ect in.te,.Pace) and accommodate4 
vertical wtaJiation. oP the Cat'9o el•m•n.t4. 

Pa'lload4 will providtl Pl•x-lin.t14 to mate with s::JS providt1d quick-di4con.n.ect4 a4 4hown. in. 
:J.i9Uf'e 3.3.5.2-1. :Jhe Plex-lin.e4 olu:JJI provide a 0.75 Vt.ch 0:0 rifiid tubin.ii 4efimen.t Por a 
minimum oP 4.85 inch to accommodate s:JS provided clampinf1. Pa'lload 4Uf'port oP the 
Plex-lin.t14 tJaall be in. accordDn.ce with ParavaPh 3.3.5.3. 

3.3.5.3 Power, Signal and Fluid Interfaces at Cargo Elements. The cargo element 
shall provide power and signal cables, as required, to mate and demate with the 
SMCH-SIP connectors. The cargo element shall provide support for fluid lines and 
power and signal cables on their side of the departure point with adequate 
allowance for mating and demating of connectors. The cargo element shall provide 
cable and fluid line support, as required, such that there shall be no 
unsupported lengths of cables or fluid lines greater than 18 inches . 

ICD-2-19001 3-39 



3.3.5.4 Midbody Scar. The Orbiter shall provide scar in the midbody for the 
attachment of cargo element hardware at locations shown in Figure 3.3.5.4-1. 
Load carrying capability shall be such that a ten pound weight can be carried at • 
each scar location simultaneously. Use of this scar by each cargo element shall 
be limited to that specified in its unique ICC. 

3.3.6 Cargo-to-Orbiter Electrical Bond. Each cargo element shall provide a 
cargo-to-orbiter electrical bond in accordance with Paragraph 3.3.6.1, 3.3.6.2, 
or 3.3.6.3 unless otherwise specified in the cargo element-unique ICD. All 
electrical bond interfaces shall conform to requirements specified in Paragraph 
10.7.4.2. 

3.3.6.1 Primary PL Bus Connector Bond. The PRI PL BUS connector bond is defined 
to be the main Orbiter-to-Cargo power interface and shall be accomplished by a 
sing 1 e wire in the power conn.ector. ao opeci/ied in Paratp'aph 7 o. 7 .4.2.2.1.1. 

3.3.6.2 Cargo-to-Orbiter Bond Strap. 9nlieuofthepowerconn.ectorbond.. the 
Cargo-to-Orbiter bond strap shall be s:JS-provided (ao an. optionoloervice> and 6halt 
be conn.ected between. Orbiter otructure and CarflO vound otu.d provi6ion.o. Orbiter fi"Ound 
otu.d provioion.o are defined in :J.ir;ure 3.3.6.2-1. ::Jhio bond 6halt meet the appropriate bond 
claoo requiremen.t6 of Paratp'aph 10.7.4.2 and 6halt have leoo than. or equol to 0.25 miltiohmo 
at each junction. of the fault current interface. ::Jhe opeci/ic implementation. of thio interface 
6halt be defined in the pav/oad unique 9C:b. 

3.3.6.3 Cargo-To-Orbiter Static Bonding At The Keel Trunnion. Cargo-To-Orbiter 
static bonding shall be provided through the Orbiter keel latch bonding assembly 
establishing and maintaining contact with the cargo element keel trunnion. Keel 
bonding characteristics shall be as specified in Paragraph 10.7.4.2.2.5. 

3.3.7 Payload Purge Spigots. The payload purge spigots interface shall be in 
accordance with Figure 3.3.4-4 and 3.3.4-5. 
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!'able 3.3.7.7-7 AtttJCh.m•n.t Poin.t J:ocatioM and. CoMtrai.n.tt* 

• ----------------------------------------------------------------!Number! Xo Keel Fitting Longeron Fitting 
·------·--------·--------------------·---------------------------· . . . . . 

** 
!Number 1 (lnches)!Act1ve!Pass1ve!Notes! Activ• I Pt:l6tiv• f'Yiotet! 
!------ --------!------!-------'-----·----------·----------!-----! 

155 612.73 ( 13) (13) 
156 616.67 X X (3,7,9) (3) 
'157 620.60 X X (3,7,9) X 
158 624.53 (11) (3,7,9) (9) 
159 628.47 (3,7,9) X 
160 632.40 (3,7,9) X 
'163 644.20 (3,7) X 
164 648.13 (3,7) X 
165 652.07 X (3,7,10) ( 1 0) . 166 656.00 X X (3,7,10) ( 1 0) 
167 659.93 x' X (3,7,10) ( 10) 
168 663.87 X X 
169 667.80 X X 
no 671.73 X X 
171 675.67 X X 
'172 679.60 (1,11)! ( 11) 
177 699.27 (3,6) X 
178 703.20 (6) X 
179 707.13 (6) X 

• 180 711.07 ( 1) X X X 
181 715.00 X X X X 
182 718.93 X X (5) X 
183 722.87 X X ( 5) X 
184 726.80 X X (5) X 
185 730.73 X X (3,5) (3) 
186 734.67 X X 
187 738.60 X 
188 742.53 ( 3) . 189 746.47 (4) 
192 758.27 (3,4,5) X 
193 762.20 ( 5) X 
194 766.13 ( 11) (5) X 
195 770.07 X X ( 5) X 
196 774.00 X X X X 
197 777.93 X X X X 
198 781.87 X X (10) (10) 
199 785.80 X X ( 1 0) ( 1 0) 
200 789.73 X X ( 5) X 
201 793.67 ( 1) X ( 5) X 
202 797.60 (5) X 
203 801.53 (3,5) X 
206 813.33 (3) X 
207 817.27 X X 
208 821.20 ( 11) X X 
209 825.13 ( 1) X X X • 210 829.07 X X X X 
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~ablll 3.3.1., _, Atta.chm11n.t Poin.t .t.ocation.6 and CoMtra.in.h* 
(Con.tin.u•dJ 

---------------------------------------------------------------- • ! Number! Xo Keel Fitting longeron Fitting 
·------·--------·--------------------'---------------------------· . . . . . 

** I . 
!Number!(Inches)!Active!Passive!Notes! Actw• ! Pa.66WII !'Ylotll6! 
·------·--------·------·-------·-----·----------'----------·-----· . . . . . 

211 833.00 X X X X 

212 836.93 X X ( 1 0) ( 1 0) 
213 840.87 X X (1 0) (10) 
214 844.80 X X X X 

215 848.73 X X ( 1 0) ( 1 0) 
216 852.67 X ( 1 0) ( 1 0) 
217 856.60 ( 5) X 

218 • 860.53 (3,5) X 

221 872.33 ( 3) X 

222 876.27 X X 

223 880.20 ( 1) X X X 

224 884.13 ( 1) X X X 

225 888.07 X X X X 
I 226 892.00 X X X X 

227 895.93 X X ( 3) X 

228 899.87 X X 

229 903.80 X X 

230 907.73 X 

234 923.47 (3,6) X 

235 927.40 (6) X • . 236 931.33 (6,10) ( 1 0) 
237 935.27 ( 11) (5,10) ( 1 0) 
238 939.20 X X ( 5) X 

239 943.13 X X ( 5) X 

240 947.07 X X X X 

241 951 .00 X X X X 

242 954.93 X X ( 1 0) ( 1 0) 
243 958.87 X X ( 3,1 0) (3,10) 
244 962.80 X X 

245 966.73 X 

247 974.60 X 

250 986.40 (3) X 
251 990/33 X X 
252 994.27 ( 11 ) X X 

253 998.20 X X X X 
254 1002.13 X X X X 
255 1006.07 X X X X 
256 1010.00 X X X X 
257 1013.93 X X ( 5) X 
258 1017.87 X X ( 5) X 
259 1021.80 X X ( 5) X 
260 1025.73 X X ( 5) X 
261 1029.67 X ( 1 0) ( 1 0) 
262 1033.60 ( 1 0) ( 1 0) 
263 1037.53 (3) X • 266 1049.33 (3) X 
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:Jabl• 3.3.,., _, Attachment Poi.n.t J!ocatioM and CoMtrain.t6* .; (Con.tinu.edJ 

----------------------------------------------------------------
Number! Xo Keel Fitting Longeron Fitting 
------!--------!--------------------!---~-----------------------! 

I ** I 

Number!(Inches)!Active!Passive!Notes! Active I Paooive 11loteo! 
------~--------!------~-------!-----~---------- ----------~-----! 

267 1053.27 I X X I . 
268 1057.20 { 1 ) X X X 
269 1061 . 13 X X X X 
270 1065.07 X X X X 
271 1069.00 X X X X 
272 1072.93 X X X X 
273 1076.87 ( 1) X { 5) X 
274 1080.80 (3,5) X 
277 1092.60 (3,5) X 
278 1096.53 ( 1 0) ( 1 0) 
279 .1100.47 ( 1 0) ( 1 0) 
280 1104.40 ( 1 0) ( 1 0) 
281 1108.33 X X X X 
282 1112.27 X X ( 5) X 
283 1116.20 X X (5) X . 284 1120.13 X X ( 5) X 
285 1124.07 X X ( 5) X 
286 1128.00 X (5) X 

• 287 1131.93 { 5) X 
288 1135.87 {3) X 
292 1151 . 60 ( 3) (3) 
293 1155.53 X ( 8) X 
294 1159.47 X X X X 
295 1163.40 X X X X 
296 1167.33 X X X X 
297 1171.27 X X X X 
298 1175.20 X X X X 
299 1179.13 X (3) 
304 1198.80 {3, 10) 
305 .1202.73 (8,10) ( 1 0) 
306 1206.67 X X (5,10) ( 1 0) 
307 1210.60 X X (5) X 
308 1214.53 X X (5) X 
309 1218.47 X X ( 5) X 
310 1222.40 X X (8,12) X 
311 1226.33 X X ( 12) X 
312 1230.27 (9) X 
313 1234.20 (9) (9) 
314 1238.13 (9) X 
315 .1242.07 (9) X 
316 !1246.00 (3,9) (3) 
322 !1269.60 (3) 
323 !1273.53 (3) X 

• 324 !1277.47 X 
325 ! 1281 . 40 X 

----------------------------------------------------------------
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GENERAL NOTES: 

::Jable 3.3. r. r -r .Attachment Point .£oca.t/.on.6 and. CoMtrai.n.t6 
(Conti.tt.ludJ 

Y0 and Z0 Coordinates of Attach Points 

! Longeron: Y0 ± 94.0, Z0 414.00 
·------------------------------------------------· . . 
! Keel: Forward of X0 1191: 

Aft of X0 1191: 
Y0 = 0, Z0 = 305.0 ! 
Y0 = 0, Z0 = 308.4 ! 

* 11 X11 denotes attachment capability. A number in parentheses indicates 
attachment capability as limited in note. 

** Visual observation of the payload keel trunnion/keel attach fitting interface 
is required during installation of a payload using a passive keel fitting. 

A 24 inch high trunnion guide may be used at all available longeron attach 
points which are not referenced to Note 5 or Note 6. 

SPECIAL NOTES: 

The following restraints are applicable to certain attach points as referenced 
in the 11 Notes 11 column and under attachment type. They do not apply to other 
attach points. 

1. Payload retrieval capability at this location m.av bef'l'l.al"9inDiaru:l. m.u6t be 
evaluated on a ca6e-&.,-ca6e bcz6i.6 bv 71.AS.AIISC (latch. opeft.i.n.t not 6fjmmetrical about 
attach. poin.t Xo location in. open po6itionJ. 

2. Reserved. 

3. These longeron attach points may be used only for primary fittings; i.e., 
the fitting must be pinned to the longeron. 

4. Available at port side only. 

5. These longeron attach points are available for deployment and retrieval 
operations only with an 8-inch-high trunnion guide. 

6. These longeron attach points are available for deployment and retrieval 
operations with an 8-inch trunnion guide on the RMS side and either an 
8-inch or a 24-inch-high trunnion guide on the non-RMS side. 

7. When the ~ms i4 wtalled. the611 attach. poin.t6 ar11 available lor deplovment and. 
retrieval opera.tion6 with. onJv an 8 or 16 -inch. tf'f.UU'&ion flUid• on the ~ms 6ide. 

8. ::Jh.e6e lonfieron attach. poin.h are available with. an 8 or r 6-in.ch. flUid• on the 
6tczbilizin.'i Pittin.'i aruJ. a 22 or 24-in.ch. flUids on the prim.a.rv Pittif&'i. 
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SPECIAL NOTES: 

::Jabl• 3.3. 1.1 -r AttacNn.•n.t Point .locatiDM And. COMtrai.nta 
CCon.cll,uhdJ 

(Cont) 

9. These longeron attach points are not available for use when the EVA 
slidewire is installed. 

10. Trunnion lengths at these attach points shall be selected to meet the 
criteria in Appendix X when trunnion spacing in the X0 direction is 
greater than 100 inches. 

11. Trunnion lengths at these attach points shall be selected to meet the 
critieria in Appendix X. 

12. Utilization. of thi.t.IOfVIBron. attach. point with. th.B CIJ.A tlid.•wii"B wtall•d. i6 d.•p•n.d.en.t 
upon. ••lection. of apeci/ic latch. conlifluration. and. Ofien.tation.. 

13. Uae r•tfuir•• a apecid •uaiUD.tionlanolv•i• bv 'YIASAIISC. ::Jh.ia location. n.orm.DIIv 
r•atricted. to a pin.Md. pa66w• 'ittln.f . 
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------------------------------------------------------------------------
PORT Starboard. ! Xo FOR ! Xo FOR 

!LOCATION!(-Yo101.75; Zo410.0)!(Yo101.75; Zo410.0) !CONN. J1!CONN. J2!BAY! 
! NUMBER !--------------------!--------------------!CENTER !CENTER !NO.! 

J1 J2 J1 J2 !LINE !LINE 
--------·----------·---------·----------·---------·--------·--------·---· . . . . . . . 

1 J9017 J9019 J9022 J9024 ! 627.24 ! 630.24 ! 1 ! 
--------·---------- ---------·----------·---------·--------·--------·---· . . . . . . . 

2 J9021 J9023 J9026 J9028 ! 642.65 ! 645.65 ! 2 ! 
--------!---------- ---------!----------!---------·--------!--------!---! 

3(1) J9049 J9051 J9048 J9052 708.30 ! 709.65 ! 3 ! 
--------!----------.---------!----------!--------- --------!--------!---· 

4(1) ! J9061 ! J9063 ! J9064 ! J9066 744.51 ! 746.00 ! 3 
--------!----------!---------·----------!--------- --------·--------!---

5( 1) J9073 J9075 J9078 J9082 811.25 814.25 ! 5 
-------- ----------!--------- ----------·---------.-------- --------·---

6( 1) J9085 J9087 J9094 J9096 ! 885.50 886.74 6 
-------- ----------!--------- ---------- ---------·-------- --------

7 ( 1) J9097 J9099 J9108 J9112 924.75 926.35 7 ! 
-------- ----------!--------- ---------- --------- -------- -------- ---! 

8( 1) J91 01 J9103 J9114 J9116 1003.75 1005.15 8 ! 
--------!----------!---------!----------.--------- --------.-------- ---! 

9 J9111 J9113 J9126 J9128 1050.40 !1051.75 9 ! 
--------!----------!---------!----------!--------- --------!--------.---! 

! 10 J9121 J9123 J9138 J9142 110&.75 !1109.75 !10 ! 
!--------!----------!---------!----------!--------- --------!--------!---! !11 J9133 J9135 J9154 J9156 1160.55 !1163.75 !11 ! 
!--------!----------!---------!----------!--------- --------!--------!---! ! 12 J9143 J9145 J9166 J9168 1229.20 !1232.20 !12 ! 
------------------------------------------------------------------------

(1) Connectors J1 at these cargo bay locations (Port/STBD) provide, in addition 
to retention system power service, electrical interfaces for 
Get-Away-Special (GAS) payloads. 

2. For connector part numbers and pin assignments refer to Section 13.0. 
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FIGURE 3.3.1-2 5-POINT PAYLOAD RETENTION SYSTEM (INDETERMINATE) • 
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• FIGURE 3.3.1-3 3-POINT PAYLOAD RETENTION SYSTEM (DETERMINATE) 

ICD~2-19001 3-49 



-n c I N
 I .....
. 

ID
 

0 0 .....
. 

«.
l 1' w
 

(.,
 -. -. - I - ~ l ~ .... ~ s. ~
 

w
 

s· 
I 

.... 
U

'l
 

0 
t? ('

\ ~
 .... s· ., ~ ~ " ~ • 

TH
EO

RE
TI

CA
L 

PT
 B

 

TH
EO

RE
TI

CA
L 

PO
IN

T 
B

 

-
1

0 
FL

OA
TI

NG
 P

T 
B

 

Zo
 T

OL
 

.1
25

 
lo

 5
82

 
BE

TW
EE

N 
PT

 A
 I 

PT
 B

 

Z 0
 

TO
L 

TH
EO

RE
TI

CA
L 

~:
11

1 
BE

TW
EE

N 
PT

 A
 I 

PT
 C

 

TH
EO

RE
TI

CA
L 

PT
 +

A 

TH
EO

RE
TI

CA
L 

PT
 A

 

IE
=

!:
 

Z 0
 

30
5.

02
5 

Z 0
 

TO
L.

 
t 

.1
36

 
lo

 T
OL

 t
 

.0
70

 
1 0

 
13

07
 

Zo
 T

OL
 

.1
25

 F
RO

M 
TH

EO
RE

TI
CA

L 
BE

TW
EE

N 
PT

 +
A 

I 
·A

 
Y 0

·9
4 

Yo
 T

OL
 

• 0
62

 O
UT

BO
 

:Jr
t ~
 .. ::.·~~

~-· 
Z 0 

TO
L 

+
 .

09
0 

1 
z 

'Z
0 

40
0 

Yo
 T

OL
 T

N£
 ..

. T
1C

AL
 ::m

 =
; ;

 :
:-:

 ,; 1:
 :if

:,'
,. 

BE
TW

EE
N 

PT
 +

A 
I 

-A
 

--
Z

o
 3

05
.0

25
 

I 
I 

\ 
Y 0

 
0

.0
 

~
 

U
se

 Z
0

41
4.

00
 f

o
r 

p
as

si
v

e 
la

tc
h

e
s.

 

U
se

 Z
0
41

4.
05

. 
fo

r 
a
c
ti

v
e
 l

a
tc

h
e
s.

 

II 
• 

'\
 

• 
' 

IY
o 

TO
L 

TH
EO

RE
TI

CA
L 
~:
m 

BE
TW

EE
N 

PT
 A

 I 
PT

 C
 

TH
EO

RE
TI

CA
L 

PT
 C

 

SE
CT

IO
N 

D
 • 

D
 • 

• 



• 

• 

• 

SPLIT BEARING RETAINED 
IN BEARING HOUSING CAP 

Y0 90.00· 
<z> I . 

I 
I 

I 
TRUNNION ENVELOPE 

XTENSION 
BEARING HOUSING CAP REF 3.1.2.1 .1) 

Z0 410-

c1> r --, 
5. 00+0. 06 DIA-

/ ' 
~---

LONGE RON NO FILLET RADIUS 
TRUNNiON O.D. AFTER CHROME 
PLATING: 3.245.000~:gg~ 

NOTES: 
(1) TRUNNION SURFACE MATERIAL: 

ON NICKEL-BASED ALLOYS (e.g. INCONEL 718): ELECTRO-DEPOSITED CHROME (PER FEDERAL 
SPEC QQ-C-320B, CLASS 2); THICKNESS 0.0003 IN. (O.OOBMM) MINIMUM. 

3.250~:gg~ 

ON TITANIUM: ELECTRO-DEPOSITED CHROME (PER ROCKWELL SPEC MA0109-318); THI1t1NESS 
0.002 IN. (0.05MM) MINIMUM. TRUNNION SURFACE FINISH AFTER CHROME PLATING 8 RHR, 
MEASURED IN MICRONICHES -- EQUIVALENT TO 0.2 MICRON). SUBSEQUENT TO GRIND NG, THE 
FINAL SURFACE FINISH SHALL BE OBTAINED BY POLISHING, LAPPING, BUFFING, OR SIMILAR 
METHODS. 

(2) TRUNNION LENGTH SHALL BE IN ACCORDANCE WITH THE FOLLOWING: 
FOR TRUNNION SPACING IN THE X0 DIRECTION OF 100 INCHES OR LESS -
LENGTH IS 6.5 INCHES 
FOR TRUNNION SPACING GREATER THAN 100 INCHES -
LENGTH IS 7.75 INCHES 

(3) THIS RADIUS FAIRED WITH NO MISMATCH TO CYLINDRICAL SURFACE. 

(4) BEARING HOUSING CAP SHOWN SWINGING AFT. ATTACH FITTINGS ARE INTEaCHANGEABLE FROM 
STARBOARD SIDE TO PORT, REVERSING SWING DIRECTION. 

FIGURE 3.3.1.2.1-1 LONGERON ATTACHMENT MECHANISM AND ASSOCIATED 
PAYLOAD TRUNNION FOR NON-DEPLOYABLE PAYLOAD 
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DIAGONAL PAIRS OF ORBITER 
LATCHES OPERATE SIMUL­
TANEOUSLY.· MAXIMUM REACH 
CAPABILITY OF EACH LATCH 
IS 2.00 INCHES 

! LONGERON TRUNNION DISPLACEMENT~INCHES 
(+Z DIRECTION)* 

*DISPLACEMENT OF ONE TRUNNION 
{ TRUNNION LATCHED FROM PLANE OF OTHER THREE 

POSITION 

FIGURE 3.3.1.2.2-2 ALLOWABLE PAYLOAD STIFFNESS BASED ON 
ORBITER LATCHING CAPABILITY 
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5.250 DIA BASIC 

NOTES: 

______ MAX TRUNNION PENETRATION 
(REF TABLE X.l-1) . 

1. 

® 

® 

ICD-2-19001 

TRUNNION CYLINDRICAL SURFACE MATERIAL: HARD, DENSE, 
FINEGRAINED, ELECTRODEPOSITED CHROME TO WITHIN 0.15 INCH OF 
ROOT. NICKEL-BASED ALLOYS ARE TO BE PLATED PER FED SPEC 
QQ-C-320B, CLASS 2: THICKNESS SHALL BE 0.0003 INCH MIN 
TITANIUM IS TO BE PLATED PER ROCKWELL SPEC MA0109-318: 
THICKNESS SHALL BE

07
0.002 INCH MIN. TRUNNION FINISH AFTER 

PLATING SHALL BE ~ (8 RHR, MEASURED IN MICROINCHES). 
TRUNNION LENGTH SHALL BE IN ACCORDANCE WITH THE FOLLOWING: 

·FORWARD OF Xoll91.00- LENGTH IS 8.00 INCHES 
AFT OF Xol191.00 - LENGTH IS 4.82 INCHES 

SELF-ALIGNING SPLIT BEARING, INSIDE DIAMETER 
3.000+0.001 ,-0.000. BEARING CENTERLINE AT ZoJOS .025 FORWARD 
OF Xo1191, AT Zn308.40 AFT OF Xo1191. 
BLEND WITHOUT MISMATCH WITH CYLINDRICAL O.D. 
TRUNNION O.D. AFTER CHROME PLATING: 2.9960+.0000 

-.0010 
TRUNNION STATIC LOCATION AT ZoJ09 .50 FORWARD (f' Xo1191, 
AT Zo 311.10 AFT OF Xo1191. 

FIGURE 3.3.1.3.1-1 PAYLOAD KEEL TRUNNION FOR 
ACTIVE KEEL FITTING 
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I l 2.324 
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1.13 

-- --- MAX TRUNNION PENETRATION 
(REF TABLE X.l-2) 

ICD-2-19001 

NOTES: 

PASSIVE KEEL TRUNNION - SEE FIGURE 3.3.1.3.2-1 

TRUNNION LENGTH SHALL BE SUCH THAT THE EFFECTIVE E~!D 
OF TRUNNION SHALL REMAIN WITHIN THE LIMITS ESTABLISHfD 
IN APPENDIX X UNDER COUPLED ORBITER AND CARGO 
ELEMENT DEFLECTIONS. . . 

SELF-ALIGNING BEARING ASSEMBLY, INSIDE DIAMETER 
3.oooa+:ooio,-o.oooo AND. 2.26 INCH LONG 
BEARING "CENTERLINf AT Z~05.025 FORWARD OF X01191, 
AT la308.40 AFT OF X011~1 

{!) TRUNNION STATIC LOCATION AT ZQ309~50 FORWARD OF X 1191, 
AT la 311.10 AFT OF Xo~19l o 

FIGURE 3.3.1.3.2-2 PASSIVE KEEL ATTACHMENT INTERFACE DETAILS 
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ICD:-2-19001 

PRIMARY .J·HOOIC 

POIT SID£ SHOWN (STARIOAID SIDE OPPOSITE) 

FIGURE 3.3.1.4.2-1 VERTICAL GROUND HANDLING CLEARANCE 
ENVELOPE FOR J-HOOK FITTING (SHEET 1 OF 2) 
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ICD-2-19001 

YIEII LOOICINI An 

PAYlOAD lAY 
ENYnOPE 
90.00R REF 

SECONDARY J•HOOIC 

~ SIDE SHOWII (STARBOARD SIDE OPPOSITt) 

I 
I 

I! 
I 1 / u ;~ 

..,._ 11.75 Ml ----

FIGURE 3.3.1.4.2-1 VERTICAL GROUND HANDLING CLEARANCE 
ENVELOPE FOR J-HOOK FITTING (SHEET 2 OF 2) 
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Zo417.07 

Zo406.5 
APC 

ICD-2-19001 

~ 
~ 

Z.406.86t

0 

~ 

TOORBITER I 
A._j ~ 

STARBOARD SIDE SHOWN ~lOR 
PORT SIDE OPPOSITE 

:W,U,.. 3.3.2-f SliP .tDca.ti.Dt& CAPC mowatJ 
CSA.•t 2 Of 2) 
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OUTBOARD 

t ...,. _____ 1.9 -------t 

~-----------~-----~---~~-2---1--~-1-.1,~ 

5.3 
2.5 

TOP VIEW 

NOTE: ORBITER/CARGO ELEMENT INTERFACE 
CONNECTORS AND PIN ASSJGNM~NTS 
ARE SPECIFIED II SECTION 13 

--.a~ FORWARD 

• FIGURE 3.3.2.1.1-1 PORT SMCH-SIP ELECTRICAL INTERFACES 

IC0-2-19001 3-65 



ICD-2-19001 

f 
••--- FORWARD OUTBOARD 

.._ _____ 1.4 ____ ...., 

1.0 ------t ... 
9.1 (REF) --------..1 

TOP VIEW 

NOTES: 1. ORBITER/CARGO ELEMENT INTERFACE CONNECTORS 
AND PIN ASSIGNMENTS FOR J201, J202 AND 
J203 ARE SPECIFIED IN SECTION 13. 

2. J201 AND J206 ARE IDENTI~ CONNECTORS. 
_,20 1 SHALL BE USED AS M AUXILARY 
POWER CONNECTOR. 

3. CUTOUTS J204, J205 AND a SHALL 
BE CAPABLE OF ACC0ti10DATJNG AN 
18 SHELL SIZE, A 22 SHELl SIZE · 
AND COAXIAL CONNECTORS IESPECTIVELY. 

FIGURE 3.3.2.1.2-1 STARBOARD SMCH-SIP ELECTRICAL INTERFACES 
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• INB 

• 
ICD-2-19001 

VIEW A-A 

LH shown RH opposite 

NOTES: 

f 
A 

Jl 

PlLA POilU 
llfl'llPACI PAIIL 

I 

I I -;---------, 
I \ 

I \ 
I \ 

I \ : \ 

CUDCifli CliJlDIRD ) 

J. ORBITER/CARGO ELEMENT PRLA INTERFACE PIN 
ASSIGNMENTS ARE ·sPECIFIED IN TABLE J 3 • 6 • J • 2-7 • 

FIGURE 3.3.2.3-1 PRLA POWER INTERFACE PANEL 
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FIGURE 3.3.3-1 FEED-THROUGH CONNECTOR PANEL, STARBOARD SIDE 
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FIGURE 3.3.3-2 FEED-THROUGH CONNECTOR PANEL, PORT SIDE 
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ICD-2-19001 

Zo360.10 

Z
0
359.44 

INBOARD • 

EFFECTIVITY: Orbiter Vehicle 102 

NOTE: ORBITER/CARGO ELEMENT INTERFACE CORRECTORS 
~D PIN ASSIGRMERTS PO& J498 ARE SPECIFIED IR 
TABLE 13.6.1-1. OTBE& CORRECTOR'S FURCTIORS 
ARE &OUTED TO TBE Xo 1203 CORRECTOR lABEL. 

3-if~Ul"t~ 3.3.3-3 Xo r 307 Starboard. e.t.t~ctrical9ntt~,.Pact~4 
(J:.ookin.f .43-:J) (Shtltlt 1 op 2) 
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ICD-2-19001 

Yo51.06 

Yo52.78 

Zo360.25 ---- (!) J706 
Zo359.35 ___ __..J7-1~4 Er) ~ J712 

J494 J496 

Yo53.53 Yo50.56 

INBOARD • 

Yo48.16 

-G)- J702 

J498 

Yo47.53 

EFFECTlVITY: Orbiter vehicles 103 & Subs. 

NOTE: ORBIYIR/CARGO ILIMENT ~RTBRPACI CONNECTORS 
AND PIN ASSIGNMENTS POR J498 ARB SPICIPIID IN 
TABLI 13.6.1-1. OTHER CONNECTOR'S PUNCTIOBS 
ARB &OUTED TO TBI Xo 12P3 CONBICTOR PANEL. 

FIGURE 3.3.3-3 Xo 1307 STARBOARD ELECTRICAL INTERFACES 
(LOOKING AFT) (SHEET 2 OF 2) 
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·Yo48.25 

3 EQ SP • 3.48 

Zo360.10-0-0-0-<±>-
.J701 .J703 .J705 J707 

J441 .J423 

-Yo48.38 -Yo51.04 -Yo53.46 

·•.-(15-- INBOARD 

EFFECTIVITY: Orbiter Vehicle 102 

"OTE: ~ORBITER/CARGO ELEMENT INTERFACE CONBECTORS 
~ AHD PIB ASSIGHMIBTS FOR J499, J701, J703, 
.J70S ABD J7~7 ARE SPECIFIED IB TABLE . 
13.6 .1-1. ~TBE:t COBBECTOR' a PURCTIOBS A:tE 

'&OOTID TO TBE ~O 1203 COHBICTOR PABEL. 

:J.ifiU"e 3.3.3-4 Xo 1307 Port electrical 9nte,.Pace6 
(J:.ookin.t A:J.::J) (Sheet 1 op 2) 
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IC0~2-19001 

-Yo52.U 

-Yo50.06 

-Yo51.06 
-Yo47.03 

Zo360.10 -- (f) - (f) <t> - ® ---
J701 J703 J705 J707 

Zo353.19 

J441 J423 

- Yo47 .53 -Yo50.56 ·Yo5 .53 

- INBOARD 

EFFECTIVITY: Orbiter Vehicles 103 I Subs· 

NOTE: O&IITI&/CA&GO ILBKINT IBTitFACI CORRICTO&S 
AND PIR ASSIGRKIBTS roa J499, J701, J703, 
J705, .. D J707 A&l SPICIPIID IR TAILI 
13.6.1-1. OTBia CORRICTOt'l •v•cTIONS A&l 
tOUTED TO TBI Xo 1103 CO.BICTO& PABIL. 

FIGURE 3.3.3-4 X0 1307 PORT ELECTRICAL INTERFACES 
(LOOKING AFT) (SHEET 2 OF 2) 
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J38 ARE SPECIFIED IN TABLE 13.6.1·1 . 
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4 FWD 

3.88 PIA fMAX) _ !3T 
!_8 P&A.C~) $EAUNG $1,JRF~CE V 

·a EQUAl SPAC~.~I§J 0.014 DIMI 
M0.1J5-2002-0003 9 REOD 

b.soo DIAl 

- - -Q8BITER+PAYlOAD . 

. STATION 
X0 576.00 

·Yo 0.00 
DETAil~ 

(TYP 2 PLACES! 

NOTE: 
DIM AND TOLERANCES '--------+-----------• PER ANSI.Y1~.5J~6 

._ .. A 

FIGURE 3.3.4-1 ATMOSPHERIC REVITALIZATION SYSTEM INTERFACE 
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GN2 INTERFACE 
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3/4 M£273-0130-1228 (4 PLACES)• RESERVED FOR 
PAYLOAD/PAYLOAD HEAT EXCHANGER INTERFACE 

MATING CONNECTION 3/4 DIA OYt~ TUBE 
FEMALE INTERFACE CONNECTION 

FLUID SERVICE CONNECTORS 
1/4 ME273-D130-0420 

~2 PLACES)* Oz!Hz RESERVED FOR PAYLOAD 
INTERFACE MATING CONNECTION X 636 ~ 
1/4 OIA OYNA TUBE FEMALE 0 ~ 

INTERFACE CONNECTIOII . (. , ' '• 

•• • .. 
•INTERIM.ROCKWElL PART NUMBER (FOR REFERENC~ 

ONLY) WILL BE CHANGED TO APPROPRIATE GOVE~~~ .. 
IDENTIFICATION WHEN SUCH GOVE~~ENT SPECIFICATION ' 
COVERAGE IS IMPLEMENTED 

PAYLOAD 
UTILITY KIT (0

2
) 

{REF) 

VIEW LOOKING FORWARD 

FIGURE 3.3.4-3 PAYLOAD HEAT EXCHANGER, 02/N2 SUPPLY INTERFACES 
X0 636 
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FORWARD IULKMEAD 
PURGE MANIFOLD 

(CARGO lAY 
·PUR&E t._ET) 

LOWER MID 
FUSELAGE 

CARGO lAY PURSE ounm (C) 

I 
VENT 
11).3 

FILT£RS 

lo'" TO 
n& ! 

VENT 
11).4 

FILTERS 
10864 

TO 
115 

,. ... 
(A) (B) ,' (A\ tB) 'V(I) (A} m. ~, ~ ~ • 

I 

\ 
LOWER IIID I 

FUSELAGE PURGE 

PURGE PURGE Ntri£ 
SPISOT 3 SPl&OT 2 SPlliDT 1 

\_lo849.5 Xo965.5 lo1127.2 J 
v IILET 

REF FIGURE 
3.3.4-5 

CARGO BAY PUR&£ IILm 

:res ILAIICETS 
AND LUIER 
(IF INSTALLED) 

CARGO lAY 
.PURGE OUTLETS 
1

0
1307 BULKHEAD 

CHECK VALVES 

LOWER MID 

PURGE TEMPERATURE 
AND FLOi CONTROL 
POINT AT T-0 
INLET (RH SIDE) 

FUSELAGE NlGE OUTLETS 
lo1307 BULKHEAD 
CHECK VAL YES 

o ReP ::Jableo 6.2. 7-7 and 6.2. 7-2. Car'flo &.v PU/"911 gao Chara.cteriotict. 

o PU/"911 inlet opit~oh 7. 2 and 3 n.orm.allv capped oPP u.nleoo retJuired bv pa'jload 

'not eo: 

(,A) 9ftd.icateo lin.er Pilter (B total) - Conn.ecto CaJ"ffi &., and J:.ower mid :J.u.oelat~e 

(6) 9ftd.icateo 1/lln.t Pilter (B total)- Con.n.ecto CaJ'ViO &., to om.c Ven.to and to .tower 
mid :J.u.oelat~• 
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3.4 Crew Compartment 

3.4.1 Aft Flight Deck. A general arrangement of the aft flight deck is shown 
in :J.it~ur• 3.2. 1-1 (Sh•tlt 2 o' 4). 

3.4.1.1 Payload Equipment Interfaces. 

3.4.1.1.1 Equipment Consoles. The payload display and control panels and/or 
equipment shall be installed in Orbiter-provided removable consoles at the 
Mission Station and Payload station. The console, used at both stations, is 
defined in Figure 3.4.1.1.1-1. Each console shall accommodate the electrical 
equipment rack panels defined in Figure 3.4.1.1.1-2. 

~h• con.6oltl and attachm.11n.h ar11 dt16i'ifl.lld to accom.m.odat11 a total •quipm.11n.t module 
w11i9ht o' up to 135 lb6. Can.til•v•r mounted m.od.ule6 are in. 11ach ca6tl to be bolted to the 
top 'ram.e a6 6hown. in. :J.ifiure 3.4. I. I. I -3. ~o keep indi.vidual module load6 within. 6tren.t~th 
lim.it6, the c .fl. o' each cantilevered module m.u6t 'all within. the lim.it6 or :J.ifiure 
3.4. 1.1. 1-4. ~o keep combined module load6 within. 6tren.t~th lim.it6, the overall c .fl. o' the 
m.odule6 m.u6t 'all within. the lim.ih o' :J.ifiurtl 3.4. 1. 1. 1-5. 

equipment m.od.ult16 which 'all out6ide the lim.it6 o' :J.ifiure 3.4. 1. 1. 1 -4 6hall have a lower 
6upport in. addition. to the upper attachment. to provide Y-direction. 6upport 'or lower end o' 
the module. :J.or 6tructural purpo6e6 a 6in.fi/tl 6trut run.n.in.t~ 'rom. the lower center o' the 
module to a lower corner o' th11 container i6 wj'icien.t. Acce66 'or attachment i6 throut~h 
th11 'ron.t panel. 

3.4.1.1.2 Equipment Areas. Payload display and control panel areas shall be 
provided at the On-Orbit Station. The interface requirement for On-Orbit 
Station panels is defined in Paragraph 3.4.1.3. 

3.4.1.1.3 Panel GSE Hard Points. Accommodations to install and remove 
cargo-provided panels in the consoles and panel areas shall be provided as 
required. GSE quick release pin T and U handles are available as GFE and 
payloads using this service shall provide receptacles in accordance with Figure 
3 . 4 . 1 . 1 . 3-1 . 

3.4.1.1.4 Fire Protection. Each payload display/control panel shall have 
adequate provisions for fire protection. 

3.4.1.1.4.1 Fire Holes. Each payload display/control panel shall have on its 
front surface a "fire hole", 0.5 inch in diameter, located so as to allow a fire 
extinguisher to be inserted for suppressing fire behind the panel. The hole 
shall be covered by a 0.75-inch-diameter GFE decal placed over the fire hole. 

3.4.1 .1 .5 Electrical Short Prevention. A coating shall be required on all 
exposed wire terminations, component terminals, and other conductive surfaces of 
electrical and electronic equipment located in the Orbiter Crew Compartment, for 
protection against electrical shorts due to humidity and debris. 

3.4.1 .2 Mission Station 
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3.4.1.2.1 Equipment Console and Display Panel. One equipment console shall be 
provided in accordance with paragraph 3.4.1.1.1. The panel envelopes for the 
two possible console installations are defined in Figure 3.4.1.2.1-2. In • 
addition, space and mounting provisions for a display and control panel are 
defined in Figure 3.4.1.2.1-1. 

3.4.1.2.2 Electrical Distribution Panel. The electrical distribution panel 
interface shall be in accordance with Figure 3.4.1.2.2-1. 

3.4.1.2.3 Electrical Harness Supports. The supports for the electrical 
harnesses shall be in accordance with Figure 3.4.1.2.3-1. 

3. 4.1 . 2. 4 equjpmen.t Coolin.t. Orbiter provided du.ctifvl for the coolin~~ of CQr90 

element electrical etfU.ipmen.t mounted in the ms con.t~ole are 6hown. in 3i'1Uf'e 3.4.1.2.3-1 and 
3i'1Uf'e 3.4.1.2.4-1. Cooling air provided at the Mission Station shall be as 
defined in Paragraph 6.3. 

3.4.1.3 On-Orbit.Station 

3.4.1.3.1 Display and Control Panels. Two areas for display and control panels 
shall be provided for payload use at the On-Orbit Station. The envelope for 
each shall be in accordance with Figure 3.4.1.3.1-1. 

3.4.1.3.2 Electrical Distribution Panel. The port electrical distribution 
panel connector interfaces shall be in accordance with Figure 3.4.1 .3.2-1. The 
starboard electrical distribution panel connector interfaces shall be in 
accordance with Figure 3.4.1.3.2-2. 

3.4.1 .3.3 Electrical Harness Supports. The electrical harness supports shall • 
be in accordance with Figures 3.4.1.3.3-1 and 3.4.1.3.3-2. 

3.4.1.3.4 Retention System Control. The Orbiter shall provide switch controls 
and talkback indicators for Retention System management. Switches on Panel 
A6A1, installed at the Aft Flight Deck On-Orbit Station, provide for the 
activation of a total of fifteen latches in the cargo bay, with no more than two 
latches being operated simultaneously. 

3 . 4 . 1 . 4 Pavload Station.. 

3.4.1.4.1 Equipment Consoles. Three equipment consoles shall be provided in 
accordance with Paragraph 3.4.1.1. The panel envelopes for each shall be in 
accordance with Figure 3.4.1.4.1-1. 

3.4.1.4.2 Payload Station Distribution Panel (PSDP). The Orbiter shall provide 
electrical interfaces at the PSDP in accordance with Figure 3.4.1.4.2-1. 

3.4.1.4.2.1 Electrical Characteristics at the Cargo Element Interface. 
Electrical interface characteristics are defined by function in Section.t~ sand 
13. 

3.4.1.4.2.2 Standard Interface Cabling. The Orbiter shall provide standard 
cables, as defined in Para9fYJPh. 13.5.2.2 to extend from the PSDP to cargo 
element equipment installed at the Payload Station. 
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3.4.1.4.3 Electrical Harness Supports. The supports for the electrical 
harnesses shall be in accordance with Figure 3.4.1.4.3-1 . 

3. 4. 1 . 4. 4 equipment Coolin9. Orbiter provld.tld d.u.ctin.t for thll coolin.t of CQ/"ffO 
element 11lectrical equipment mount11d in. and below th11 PS con6olll ar11 6/uJwn in. ::J.i,ure 
3.4.7.4.4-t. Cooling air provided at the Payload Station shall be as defined in 
Paragraph 6. 3. 

3.4.1.4.5 Space Allocation. The space below the modules reserved for payloads 
shall be in accordance with Figure 3.4.1.4.5-1. 

3.4.1.4.6 Standard Payload Display and Control Interface Modules. The STS 
shall provide Standard Payload Display and Control Interface (SPDCI) modules. 
The SPDCI shall include a Closed-Circuit Television (CCTV) Monitor Panel (TVMP), 
a Standard Switch Panel (SSP), a Manual Pointing Controller (MPC), and a 
Deployment/Pointing Panel (DDP) to which the MPC is attached by an STS-provided 
umbilical. Performance characteristics shall be as defined in Paragraph 13.4. 

3.4.1.4.6.1 Television Monitor Panel (TVMP). The TVMP rear panel connector 
layout, shall be as shown in Figure 3.4.1.4.6.1-1. 

3.4.1.4.6.2 Standard Switch Panel (SSP). The Standard switch panel primary 
location will be in payload dedicated console location Ll2, with optional 
locations in LlO or Lll when defined in cargo element-unique ICD•s. Layout of 
the SSP front panel, including lettering, shall be as shown in Figure 
3.4.1 .4.6.2-1. The SSP rear panel connector designations and layout shall be as 
shown in Figure 3.4.1.4.6.2-2 . 

3.4.1.4.6.3 Manual Pointing Controller (MPC). The manual pointing controller 
(MPC) shall be attached by an electrical connection to the DPP by an eight-foot 
umbilical cable. 

3.4.1.4.6.4 Deployment/Pointing Panel (DDP). Layout of the DPP front panel 
shall be as shown in Figure 3.4.1.4.6.4-1. The rear panel connector 
designations and layout shall be as shown in Figure 3.4.1.4.6.4-2. 

3.4.1.5 (Reserved). 

3.4.1 .6 Bonding. All crew-compartment electrical bonding interfaces shall be 
prepared in accordance with Paragraph 10.7.4.2. 

3.4. 7.7 .JJarne66/Con.n.ector 9n.terface Betwelln Orbiter and CQ!'iO element. All cable6. 
s:JS or CQ/"ffO element 6U1Jplied. in.terconnectin.t the Orbiter and carto element 6haJI have the 
followin.t con.n.ector conPi~tion at the carto elem11nt termination of the cable: 

a. All cable6 6hall terminate in. con.n.ector piUf6 which con6i6t onlv of pin. (male) contact6 
for in.te,.Pacin.t with car,o element module6. panel6. component6. etc. 

b. All in.terfacin.t carto element module6. panel6. component6. etc .• 6hall incorporate 
con.n.ector receptacle6 which con6i6t onlv of 60cket <female) contact6 for in.terfacin.t 
with cable6 in.tercon.n.ectin.t the Orbiter and carto element . 
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3.4.2 Mid Deck. 

3.4.2.1 Stowage. All of the potential loose-equipment stowage locations and • 
volumes, negotiable on a mission-by- mission basis for Cargo use, are defined 
and controlled in ICD-3-0027-03. A minimum volume of 89 cubic feet shall be 
dedicated to cargo use in each mission. A limited number of identical modular 
stowage units, defined in Figure 3.4.2.1-1, are included in the above total 
volume dedicated to Cargo use in each mission. 

• 

• 
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NOTES: 

0 CONSOLE ACCOMMODATES PANELS UP TO 4 • MAXIMUM WEIGHT OF CARGO ELEMENT 
SIZE "M" OR COMBINATIONS OF PANEL COMPONENTS IN CONSOLE SHALL NOT 
SIZES UP TO SIZE "M" PER FIG. 3.4.1.1.1·2 EXCEED 135.0 LBS WITH CONTENT 

0 DENSITY OF NOT MORE THAN 30.0 LBS PER 
MOUNTING HOLE LOCATION DIMENSIONS CUBIC FOOT 
ARE REFERENCE ONLY 

@ 5. COMPONENTS MOUNTED ON PANELS R14, 
MOUNTING HOLE LOCATIONS CONTROLLED L 13, AND L 14 SHALL BE RECESSED SO 
PER ROCKWEll INTERNATIONAL TOOL THAT THERE WILL BE NO PROTRUSIONS 
#T-7135445 ·BEYOND THE SURFACE OF THESE PANELS 

6. PANEL KICK/PUSH LOADS PER PARAGRAPH 
4.2.3 

FIGURE 3.4.1.1.1-1 PAYLOAD DEDICATED CONSOLE, TYPICAL FOR L10, 
L11, L12, L13, L14, R11 OR R14 ON AFT FLIGHT DECK 

(SHEET 1 OF 3) 
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MD114-5003-0005 OR 
NS103930-048 NUT P 
TO MATE WITH NAS15 
3 PLACES EACH TOP 

LATE 
81C4T4 
& BOTTOM . . 

3!3s 
j_ 

6.700 

' 
. 

JO.OSO 

' . 13.400 

I . 

.750 

'8.00" • 

JJ.soo---------., 
1.751 

~.508-J 
I 

t • I ~ I 
• ... ... ; 

) . 
+ • 

+ ~ 15.87.5 

17.6 2+.09 
+ + - -· 

I .. 
.251t r" . ., 16 

ME128-0028-0803 OR 
195012-4-7-0 SLEEVE 
BOLT RECEPTACLE TO HA 
192012·4~5 SLEEVE BOl1 
4 PLACES EACH SIDE 

I. 
/ .u • + .. .. -

TE 

ME128-0034-0S03 OR 
196012-4-7-0 SLEEVE 
BOLT RECEPiACLE TO 
MATE WITH 192012-4-5 
SLEEVE BOLT 4 PLACES 

. 
I . I 

~~-.000· . : '7 .125 '.f 
~il, LJ4; Rl4 (!}{!) 

FIGURE 3.4.1 .1.1-1 PAYLOAD DEDICATED CONSOLE, TYPICAL FOR L10, 
L11, Ll2, Ll3, L14, Rl4, Rll OR R12 ON AFT FLIGHT DECK 

(SHEET 2 OF 3) 
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NOTES: 

15.12 
17.2-5 

(!) CONFORMS TO NASA SPECIFICATION 40M39569 
@ CONFORMS TO. NASA SPECIFICATION 40M38277· 
(!) REQUIRED WIRE SIZE TO PINS IN CONNECTOR 

IS AWG 12. ALL OTHERS ARE AWG 22. 
4. REAR PANEL CONNECTOR FACE IS LOCATED 

AT A DEPTH OF 8.5 INCHES FROM FACE OF 
FRONT PANEL IN LlO.Lll OR Ll2 
CONSOLE LOCATIONS. 

@ CONNECTOR MASTER KEYWAY AT TOP (TYPICAL) 

FIGURE 3.4.1.4.6.2-2 STANDARD SWITCH PANEL (SSP) REAR 
PANEL CONNECTOR LAYOUT 
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® ® ® .. <D ® "@ . 

1.26 3.38 ___ .,.. 

s.so ________ ....,. 

11.62·--·------------.... 

13.62 ---------------•1 15.62 _____________________ .,. • 

.... ------------17.25 ----------~~' 

NO'W: 
.<!) CONFORMS TO NASA SPECIFICATION 40M39569 
(!) .CONFORMS TO NASA S,ECIFICATION 40M38277 
3. REQUIRED WIRE SIZE TO PINS IN ALL 

CONNECTORS IS AWG 22 
4. REAR PANEL CONNECTOR FACE SHALL BE LOCATED 

AT A DEPTH OF s. 5 INCHES FROM FACE OF FRONT 
PANEL . 

ID CONNECTOR MASTER KEYWAY AT J'OP (TYPICAL) 
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4.0 STRUCTURAL INTERFACES 

4.1 CARGO BAY 

4.1.1 Interface Force Constraints. Interface forces shall be constrained to 
the Orbiter attach point limit-load capability defined in Appendix I. 

4.1.1.1 Friction-Induced Loads. Design of the Orbiter and payloads shall 
include the effects of friction induced loads at both longeron and keel 
interfaces. The coefficient of friction (~) for X, Y, and Z directions is shown 
in Figure 4.1.1.1-1 and Figure 4.1.1.1-2. The friction loads shall be combined 
with normal interface loads for payload design. 

4.1.2 Attachment Mechanism Deflection Limits. With the exceptions of 
attachment mechanisms and umbilicals, the cargo in the cargo bay shall remain at 
all times within the payload thermal and dynamic envelope defined in Paragraph 
3.1.2.1.1. 

Payload attach fitting deflection limits used for longeron and keel trunnion 
length selection are specified in Appendix X. Trunnion lengths for most payload 
categories are standarized in Paragraphs 3.3.1.2 and 3.3.1.3 as shown in Figures 
3.3.1.2.1-1, 3.3.1.2.2.2-1, 3.3.1.3.1-1. Trunnion length restrictions placed 
upon certain longeron and keel attach points are as specified in Table 
3.3.1.1.-1 (Notes 10 and 11). The criteria in Appendix X must be satisfied for 
payloads requiring non-standard lengths. 

The spherical bearings in the longeron and keel attach fittings provide for 
misalignment and for relative rotational deflection between the payload trunnion 
and the Orbiter structure. The available alignment cone angles constitute the 
limits on the relative rotational deflections between the payload trunnions and 
the Orbiter structure. These limits are apportioned to the payload and to the 
Orbiter in Table 4.1.2-1 for use in preliminary payload design. The total 
relative deflection limits for the final payload design shall be verified by 
coupled dynamic and quasi-static analyses. 

4.1.3 Cargo Limit-Load Factors/Angular Accelerations. The load factors/angular 
accelerations specified in Tables 4.1.3-1, 4.1.3-2, 4.1.3-3 and 4.1.3-4 shall be 
used for preliminary design of cargo and carrier primary structure and for 
determination of preliminary Orbiter/Cargo interface loads as the guiding 
criteria only. The center-of-rotation for angular accelerations is at the cargo 
element center-of-gravity. The load factors Poreme,.,en.c~j_lan.din.t~condition.are 
defined in. Pararpoaph 4. 7 .3.5. 

Cargo load factor/angular acceleration is defined as the total externally 
applied force/moment on the cargo or cargo component divided by the 
corresponding total or component weight/mass moment of inertia and carries the 
sign of the externally applied force/moment in ac"cordance with the Orbiter 
coordinate system. (See Figure 4.1.3-1). 

These load factors/angular accelerations are valid for any location in the bay. 
The load factors/angular accelerations result from the response of the Shuttle 
vehicle structure, including cargo, to external forces corresponding to both 
quasi-static and transient flight events. These external forces are generated 
by the thrust, aerodynamics, wind shear, prelaunch restraints, entry maneuvers, 
landing gears impact, etc. 

ICD-2-19001 4-1 



Accelerations at specific points within the cargo will depend upon cargo design 
characteristics and mounting methods. Portions of the cargo that are 
cantilevered from their support points, or that have substantial internal • 
flexibility, may experience higher accelerations than those reflected in the · 
tables. The load factors/angular accelerations shall be considered in all 
combinations for each event. 

4.1.3.1 Quasi-Static Flight Events. The load factors/angular accelerations 
associated with the quasi-static flight events are generated by external forces 
which change slowly with time and for which the vehicle elastic responses are 
relatively small. Consequently, coupled transient dynamic analyses are not 
normally required. However, for cargo with redundant Orbiter interfaces, a 
coupled static analysis of the various quasi-static flight events shall be used 
for determining deflections and cargo interface forces. Shuttle model and 
deflection data to'analyze quasi-static flight events shall be included in the 
payload-unique Ico; 

Load factors/angular accelerations are specified in Table 4.1.3-1, for 
quasi-static flight events during ascent and descent, for up to a maximum of 
65,000 lb. (29,484 kg) lift- off cargo and up to a maximum of 32,000 lb (14,515 
kg) landed cargo. These conditions are normal design conditions for the Orbiter 
structure. 

4.1.3.2 Transient Flight Events. The transient flight events correspond to 
conditions for which the external forces are highly transient in nature and 
significant elastic response occurs. Shuttle lift-off and landing are events of 
this type. The associated cargo responses depend on the cargo geometry, 
stiffness, and mass characteristics. Consequently, design values of 
cargo/Shuttle interface forces and cargo design loads shall be determined by • 
coupled dynamic analysis. Shuttle dynamic model and forcing functions used for 
the dynamic analysis shall be included in the cargo element-unique lCD. Typical 
load factors for the transient events are given in Table 4.1.3-2. 

The load conditions in Table 4.1.3-2 are for an ascent cargo weight of up to a 
maximum of 65.ooo tb (29.484 kfi) lift-off cargo and up to a maximum of 32,000 
lb (14,515 kg) landing cargo. ~hemaximumde6if1n.land.in.f16in.k6peedi69.6fp4(2.93 
mp6) . . 

4. 1 • 3. 3 :Oe6cen.t J:an.din.i .t.oad4. 

4.1.3.3.1 ·:Oe6cen.t and J:an.din.i .t.oad6 for Returno.bte Carroe6. Returnable paljload6. 
in.ctudin.ti emptlj cradle6. are required to meet the de6cen.t and landin.ti load factor6 of ~able 
4.1.3-1 and ~able 4.1.3-2. ~he maximum de6ifjn.land.in.ti 4in.k 4peed for returno.bte paljload6 
i4 9.6 fp6 (2.93 mp4). 

~he landin.ti toad factor6 6haH be U6ed for prelimi.nary de6itjn. and 6hall be 6UpBr6eded blj 
dljn.amic an.altj4i6 re6Uit6 when. available. 
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• 
4. 7 .3.3.2 :beacen.t and .tan4in.9 J:.oada lor rlon.-R eturn.able CQ!'ioea. 'Ylon.-return.able 
cartoea. are required. to d.eaitjn. for Orbiter d.eacen.t and landinfl. 'Ylon.-return.able PQ.IIIoada 
are required. to meet the load factora of ~able 4.1.3-3 and ~able 4.1.3-4 for d.eacen.t and 
Iandini~ of cartoea up to 65.ooo poun.d.6 (29.484 ktj). ~he maximum d.ealtjn.landinfl ain.k apeed. 
for n.on.-return.able cartoea ia 7.2 fpa (2. 19 mpa). 

~he landin.tjload factora ahaJI be uaed. for preliminary d.eaitjn. and 6hall be auperaed.ed. /)4; 
d.tjn.amic anal'laia reaulta when. available. 

4.1.3.4 (Reserved) 

4.1.3.5 Emergency Landing Load Factors. The Orbiter Vehicle design considers 
safe crew egress following emergency landing or water ditching. Hence, the 
mounting structures for equipment and crew provisions vessels, and for the 
payload attachments, shall be designed to load factors equal to or greater than 
those shown in Table 4.1.3~5-1. Payload equipment inside the Orbiter crew 
compartment shall be designed to preclude hazards to the flight personnel after 
the application of the emergency landing loads defined in the table. The 
attachment structures (including fittings and fasteners) of the payloads must be 
designed for emergency landing loads. The attachment structure of payload 
equipment where failures could result in injury to personnel or prevent egress 
from the emergency landed vehicle must be designed for this requirement. 
Payload equipment design shall consider provisions to maximize the probability 
of safe crew egress following an emergency landing. 

4.1.3.6 Factors of Safety for Structural Design. The structural design of all 
mounting hardware and/or bracketry (or any other structure which could be 
affected by flight loads) shall assure an ultimate factor of safety ~1.4. 
Pressurized lines and fittings less than 1.5 inch in diameter shall have an 
ultimate factor of safety ~4.0. Those equal to or larger than 1.5 inch in 
diameter shall have an ultimate factor of safety ~1.5. 

4.1.3.7. Fracture Control .. Structural components, including all pressure 
vessels the failure of which could cause destruction of the Orbiter or lnJury to 
the crew, shall be analyzed to preclude failures caused by propagation of 
pre-existing flaws. 

4.1.4 Mass Properties Characteristics of Total Cargo. 

4.1.4.1 Center-of-Gravity (C.G.) Envelopes Provided by the Shuttle Vehicle. 
Except for the flight segments indicated below, the Shuttle Vehicle shall 
perform satisfactorily with no constraints placed upon the Cargo e.G. For these 
exceptions, Cargo C.G. limit envelopes are defined for each axis by the 
following: 

a. X-axis: Cargo e.G. limits shall be calculated using the equations 
defined in Figure 4.1.4.1-1. 

b. Y-axis: Cargo e.G. limits shall be calculated using the equations 
defined in Figure 4.1.4.1-2. 
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c. Z-Axis: Total Cargo e.G. limits shall be calculated using the equations 
defined in Figure 4.1.4.1-3. 

e.G. limits for Cargo items mounted on the cargo bay attachments shall be as 
shown in Figure 4.1.4.1-3. In addition to these Cargo Z0 C.G. limits, the 
Zo e.G. limits for the summation of all cargo elements mounted on attachment 
fittings in the cargo bay are defined by th• curve ABCDEFGHIJ in Figure 
4. 1 • 4. 1-3. 

All items chargeable to Cargo, regardless of location, (e.g., within cargo bay, 
below cargo bay, in cabin, etc.) shall be included in the calculation to 
determine the location of the Cargo C.G. The Cargo e.G.'s shall be constrained 
within the three limit envelopes defined above du·ring the following flight 
segments: 

a. Normal entry through landing. 

b. MECO through landing for RTLS abort. 

c. Entry through landing for all other intact abort modes. (Refer to TBD.) 

4.1.5 Acoustics. The acoustic levels in an empty cargo bay that are defined in 
Table 4.1.5-1 represent the minimum level to which a payload must be certified 
to be considered safe to fly on the STS. The acoustic levels during orbit, 
entry, and landing are significantly below the ascent levels and shall be 
assumed negligible. 

.-

Acoustic levels for specific payloads are dependent on payload geometry, surface 
area and acoustic absorption characteristics and will differ from those of the • 
empty cargo bay. 

4.1.6 Vibration. 

4.1.6.1 (Reserved) 

4.1 . 6. 2 Random Vibration. :Jhe random vibration environment6 a66ociated with s:JS 
lilt-off are 6peci/ied Por trunni.on mounted paljload6. 6idewaJI adapter mounted paljload6. and 
orbiter lon9eron6. :Jhe environment6 are applicable at Orbiter inte,.Pace6 Por all axial 
location6. :Jhe environmenh mav be con6idered 6tati6ticallv uncorrelated. 

4.1. 6. 2.1 Random Vibration for Trunnion Mounted Payloads. :Jhe random vibration 
environment6 Por the lon9eron trunni.on and keel trunnion inte,.Pace6 are 6pecijied in :Jable6 
4.1.6.2.1-1 and 4.1.6.2.1-2. 

4.1.6.2.2 Random Vibration for Sidewall/Adapter Mounted Payloads. :Jherandom 
vibration environment6 Por hardware mounted on the Orbiter 6idewall throu.9h an adapter i6 
9iven in :Jable 4.1.6.2.2-1. 

4.1.6.2.3 Random Vibration Por Orbiter .Con2eron6. :Jhe random vibration Por hardware 
mounted to the orbiter lon9eron6 i6 9iven in :Jable 4.1.6.2.3-1. 
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4.1.7 Payload Minimum Frequencies/Flight Control Interaction. 

4.1.7.1 Applicability. The requirements herein are applicable to all flight 
control regimes (ascent, on-orbit, and descent) with the payloads in their 
stowed positions and the cargo bay doors closed. Acceptability in the on-orbit 
mode with payloads extended and the doors open is a loads and fuel consumption 
problem, and is not covered in this section. The acceptability criteria herein 
is based on the descent mode requirements. If these requirements are met, the 
system will be acceptable for all flight modes. 

4.1.7.2 Single/Multiple Payloads Frequency Requirements. These requirements 
cover both multiple and single payloads for both nominal and heavy landed 
payloads (The latter are in excess of 32,000 pounds). The requirements are 
based on the lift-off mass and modal characteristics of the payloads and their 
constraint systems. The criteria consist of a definition of the minimum 
acceptable constrained frequency as a function of payload weight. Any 
individual payload·that is a portion of the total cargo manifest (a multiple 
payload cargo) and whose lift-off weight is less than 45,000 pounds, shall meet 
the requirements for a 45,000 pound payload; if in excess of 45,000 pounds, the 
constrained frequency requirements for the heavier weight must be met. 
Constrained frequency is defined as the frequency of the payload on its mounts, 
with the mounts fixed to an infinite mass. These frequencies can be attributed 
either to the inherent flexible characteristics of the payload and/or to the 
suspension characteristics of the rigid payload. 

4.1.7.3 Criteria. The minimum acceptable payload constrained frequency is 
presented in Figure 4.1.7.3-1 for damping ratios (z) from 0.005 to 0.04 (0.5 
percent to 4 percent). The plot is applicable to the pitch, roll and yaw 
(rudder/yaw jet) modes. The constrained frequencies are associated with the 
primary pitch/plunge and lateral payload modes. For damping ratios between the 
defined values, a linear interpolation is permissible. If z is greater than 
0.04, the 0.04 value must be used. 

Damping values up to 0.01 can be used for preliminary flight control interaction 
analysis. Higher damping ratios must be verified per JSC 14046 (Payload 
Interface Verification Requirements). 

As shown, a 32,000 pound single payload with 0.01 damping requires a m1n1mum 
frequency of 37.5 radians per second. The requirements for a single 45,000 
pound payload, or for any lighter weight payload that is part of a 45,000 pound 
multiple payload cargo, is at least 39.75 radians per second when z is 0.01. 

4. 7 .B Pa'iload :J.euid J:.in.e6/PAC.K 9n.terface Structural .limitation6. 

4.1 .B. 1 9n.te,.Pace .load6. :Jhe maximum load6 that mav be tran.6mitted bv the paijload 
coolant lin.e6 to the Paijload Active Coolin.t; .Kit <PAC.K> are pre6ented in. :Jable 4.1 .B. 1-1. 
:Jhe6e load6 are ba6ed on the anatvtic capabilitv of the PAC.K 6Upport 6tructure . 
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4.1.8.2 :beflectioM. :Jhe pavload Pluid lin.e6 6ho.ll be de6i.rp&.ed to accommodate maximum 
dePiection6 without produ.cin.'l loa.d6 that exceed the va.lu.e6 'liven in. :Ja.ble 4.1.8.1-1. :Jota.l 
line dePiection 6ho.ll include maximum Orbiter dePlection and relevant pavtoad dePiection.. • 
maximum deptection.6 are pre6en.ted in. :la.ble 4.1 .8.2-1. :lhe6e va.lu.e6 include Orbiter 
6idewa.ll movement and permi66ibte trunnion. 6lidin.fi. Relative motion. oP the pavtoa.d Pluid 
line clamp point with re6pect to the lon.fieron. trunn.ion. 6hall be added to the dePiectioM in. 
:Jable 4.1.8.2-1. :Jhe dePiection.6 applfl Por Q.fl.'l P.AC.K pavtoa.d ba.~jlocation.. 

4.1.9 Pf~rotechn.ic Shock 

4.1.9.1 Paw/oa.d 9nd.u.ced Pyrotechnic Shock. :Jhe pavtoa.d fien.era.ted p'jrotechnic 6hock 
detected on. the tru.n.nion. at the pavtoa.d to Orbiter interface 6haJI n.ot exceed the 6hock 
re6pon.6e 6pectru.m 6hown. in. :J.ifiu.re 4.1.9-1. Pa'jloa.d fien.era.ted p'jrotechnic 6hock i6 n.ot 
acceptable in. the middeck or the ajt Pli'lht deck. 

4.1 .9.2 Pttrotechn.ic Shock :J.rom Other Sou.rce6. :Jhe maximum level oP p'jrotechnic 6hock 
detected on. the trunnion. at the paflloa.d to Orbiter interface tra.n.6mitted Prom other 
pa'jloa.d6 or Orbiter mounted etJu.ipmen.t. 6Uch a6 the Rms or the .KU &.n.d .Antenna. i6 6hown. 
in. :J.ifiu.re 4.1.9.2-1. 
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TABLE 4.1.2-1 PAYLOAD/ORBITER ROTATIONAL DEFLECTION LIMITS 
FOR PRELIMINARY DESIGN 

-----------------------------------------------------------
ROTATIONAL DEFLECTION ! 

INTERFACE LOCATION LIMITS DEGREES 
!-------------------------! 
!PAYLOAD*!ORBITER*!TOTAL**! 

----------~----------------------!--------!--------!-------! 
DEPLOYABLE LONGERON FITTING !3.0 !3.0 !6.0 
---------------------------------!--------!--------!-------! 
NON-DEPLOYABLE LONGERON FITTING !5.0 !3.0 !8.0 ! 
---------------------------------!--------!--------!-------! 

!ACTIVE AND PASSIVE KEEL FITTING !3.0 !3.0 !6.0 
-----------------------------------------------------------

* For preliminary design use only. 
** Total relative rotational deflection . 
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TABLE 4.1.3-1 CARGO LIMIT-LOAD FACTORS/ANGULAR ACCELERATIONS FOR 
DESIGN (QUASI-STATIC FLIGHT EVENTS) 

------------------------------------------------------------------
LOAD FACTOR g 

ANGULAR 
ACCELERATION 

RAD/SEC 2 
FLIGHT EVENT --------------------!--------------------! 

! ! ! CARGO 
Nx ! Ny Nz fJ e '1' WEIGHT 

-------------- ------!------!------!------!------!------!---------! 
ASCENT 

HIGH-Q BOOST 
ENVELOPE 

! !-
-1.9 !±0.40 !! 0.25!±0.10 !±0.15 !±0.15 

! ! -0.50! 
! ! -

!Up to 65 
Klb 

!------!------!------!------!------!------! 
INTEGRATED -2.9 !±0.06 -0.15!±0.20 !±0.25 !±0.25 

VEHICLE BOOST 1 -2.6 !±Q.02 ! -0.20!±0.20 !±0.25 !±0.25 ! 
MAX Nx 

ORBITER BOOST 
MAX Nx 

POST SRB 
STAGING 

------ ------!------!------!------!------! 
-3.17 0.0 ! -0.60!+0.20 !+0.25 !+0.25 ! 
-3.05 0.0 ! -0.B0!±0.20 !±0.25 !±0.25 ! 

------ ------!------!------!------!------!---------
-1.10 ±0.12 !-0.59 ! 

--------------·------·------!------!------!------!------·---------
DESCENT 

TAEM: PITCH 
MANEUVER 

!TAEM: ROLL 
MANEUVER 

!TAEM: YAW 
MANEUVER 

1.01 0 2.50! 0 0 0 
! -0.15 

-0.25 0 2.50 0 !-0.11 0 
I 

0.97 0 -1.00 0 0 0 
0 

------ ------!------ ------!------!------· 
0.65 ±0.12 I 1.98 ±1.28 I 0.02 !±0.13 

------ ------!------.------!------!------
0.60 ±0.85 ! 
0.56 ±0.49 ! 
0.61!±0.002! 

1.0 ! 0 
1 .44! 0 
0.92! 0 

0 
! 0 
! 0 

! 0 
!±0.044 
!±0.056 

Up to 32 
Klb 

------------------------------------------------------------------
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:Jabl• 4. 7.3-2 Ct11"9P .lim.i.t-J:oad 3a.ctortJ.An,u~ar Acc•l•ratiDM 
3or pr•lim.inary %>.6l,n (:J~n..t :Jilfh.t C11•n..t6J 

------------------------------------------------------------------
! LOAD FACTOR g !ACCELERATION RAD/SEC 2! 
!-----------------!----------------------! 

CARGO 
FLIGHT EVENT ! Nx ! Ny ! Nz It 9 If WEIGHT 

! -------------- I -----! -----! -----! ----·---! ------ -------! ---------- I 

ASCENT 

LIFT -OFF -0.2 !±1.4 
-3.2 

2. 5 !±3. 7 
-2.5 

!±7. 7 ±3.1 Up to 65 
Klb 

(29484 kg) 

!-------------- -----!----- -----!-------
______ I ______ _ 

DESCENT 

I 7.8 1±7 .5 1+4.2 1±6.4 
! -2.0 ! ! -1 . 0 ! 

1±1 7.3 
I 

±4.9 
I . /Up to 32 

Klb 
!(14515 kg) 

------------------------------------------------------------------
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TABLE 4.1.3-3 CARGO LIMIT-LOAD FACTORS/ANGULAR ACCELERATIONS FOR 
DESIGN (DESCENT OF NON-RETURNABLE CARGO) 

-----------------------------------------------------------------
ACCELERATION 

LOAD FACTOR g RAD/SEC2 
FLIGHl lVENT -------------------!-------------------! 

! .• CARGO 
Nx 1 Ny ! Nz fJ e 1J' WE I GHT 1 

-------------- -----~!------!-----!-----!------!------!----------· 
DESCENT 

I .. 
TAEM: Pitch 1 1 1 .01! 0 

Manuever!!-0.15! 
I I 

0. 25! 0 

I I 

! ! 0. 97 
I I 

I I O 
I I 

I .. 
0 

!2.50 

!2.50 

-1.00! 

0 0 

0 -0.11 

0 0 

0 Up to 32 
Klb 

0 

0 

'TAEM: Roll 
Maneuver• 

0.65 ±0.12 1.98 ±1.28. 0.02 !±0.13 

TAEM: Yaw Man- 0.60 ±0.85 !1.0 
euver 0.56 !±0.49 !1.44 

0.61 !±0.002!0.92 

0 
0 
0 

0 0 
0 !±0.044! 
0 !±0.056! 

-------------- ------!------·-----·-----!------·------!----------

TAEM: Pitch 1 0.83! 0 
Maneuver.!-0.21! 

I I 

! 0. 21 

I I 

! !0. 81 
I I 

II O 
I I 

0 

0 

2.07 

2.07 

-0.83 

0 0 0 65 Klb 

0 -0.09 0 

0 0 0 

! TAEM: Roll 
Maneuver! 

0.54 !±0.10 1.65 !±1.06 0.02 !±0.11 

!TAEM: Yaw 0.51 !±0. 75 !1.0 
Maneuver! 0.44 !±Q.45 !1.53 

0.51 !±0.012!0.93 

0 
0 
0 

0 0 
0 !±0.039 
0 !±0.054 

-----------------------------------------------------------------
NOTE: Load factors for non-returnable cargoes between 32,000 lbs 

and 65,000 lbs are found by linear interpolation between 
values given in the table. 
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:lablt1 4. t .3-4 Cart~o .J:im.it-.t.oad 3actor6I.An.tiuJar Acc•l•ratiDM 
:Jar Prt~lim.i.n.ary ~6ifn, (.£and.i.tvi op "YYon-R tltUI"t14bbt~ Cart~oJ 

------------------------------------------------------------------
! LOAD FACTOR g !ACCELERATION RAD/SEC 2! 

FLIGHT EVENT !-----------------!----------------------! 
CARGO 

! Nx ! Ny ! Nz ! f ! 9 ! ~ ! WEIGHT ! 
--------------·-----·-----·-----·-------·------·-------·----------· 

.t.aru:/.in.i 
I 

I 1.50 l±t.O 1+3.6 I ±4.8 I ±8.4 I ±3.2 
1-t .70 I 1-0.3 I I I 

!All Wtlifht6 I 
I I 

I I I ! I ! ! I I 
------------------------------------------------------------------

ICD-2-19001 

:J.ifurs 4. t .3-t ~ CorwentiDn :J.or Cart~o .J:im.it-.t.oad 
:Ja.ctorw.An.tiuJar AcceleratiDM 
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TABLE 4.1.3.5-1 EMERGENCY LANDING DESIGN LOAD FACTORS 

-------------------------------------------------------------------
Load Factor Load Factor 

65 Klb (29484 kg) Up 65 Klb (29484 kg) Down 
32 Klb (14515 kg) Down ! 

-----------------·------------------------·------------------------· . . . 
CONDITION X y z X y z 

-----------------·-------·-------·--------·-------·-------·--------· . . . . . . . 
Emergency Landing! +4.5 +1.50 +4.5 +4.50 ! +0.738! +2.215 
(Outside Crew ! -1.5 ! -1.50! -2.0 ! -0.738! -0.738! -0.985 ! 
Compartment) 
----------------~!-------!-------!--------!-------!-------!--------! 

.Emergency Landing! +20.0 +3.3 
(Inside Crew ! -3.3 ! -3.3 

!Compartment) 

+10.0 
-4.4 

-------------------------------------------------------------------
Sign convention follows that of the Orbiter coordinate system in Figure 
4.1. 3-1. 

Emergency landing load factors are ultimate. The longitudinal load 
factors are directed in all aftward azimuths within a cone of 20 degrees 
half-angle. The specified load factors shall operate separately. 

For cargo weight between 32 Klb and 65 Klb, use a linear interpolation 
between the load factors given. 
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TABLE 4.1.5-1 ORBITER CARGO BAY INTERNAL ACOUSTIC ENVIRONMENT 

-----------------------------------------------------------
1/3 Octave 
Band Center 
Frequency 

(Hz) 

!Sound Pressure Level(dB) ref. 2X1o-5 N/m2 
!-------------------------------------------! 

Lift-off 1 Aeronoi se 
!---------------------!---------------------! 

! 5 Seconds/Flight* ! 10 Seconds/Flight* ! 1 _______________ 1 _____________________ 1 _____________________ 1 . . 
I . 31.5 

40.0 
50.0 
63.0 
80.0 

100.0 
125.0 
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800.0 

1000.0 
1250.0 
1600.0 
2000.0 
2500.0 

122.0 
124.0 
125.5 
127.0 
128.0 
128.5 
129.0 
129.0 
128.5 
127.0 
126.0 
125.0 
123.0 
121.5 
120.0 
117.5 
116.0 
114.0 
112.0 
110.0 

112.0 
114.0 
116.0 
118.0 
120.0 
121.0 
122.5 
123.5 
124.5 
125.0** 
125.0** 
124.0** 
121.5 
119.5 
117.5 
116.0 
114.0 
112.5 
110.5 
108.5 

--------------- ---------------------!---------------------! 
Over a 11 138.0 133.5 

-----------------------------------------------------------
*Time per flight does not include a scatter factor. 

**NOTE: Narrow band discrete noise is radiated from the cargo bay vent 
doors during transonic/low supersonic flight. The noise 
radiated from any one vent is described below: 

ICD-2-19001 

This environment is not intended for full payload exposure but 
only to those areas of the payload adjacent to a cargo bay 
vent opening. 

---------------------------------------------
!One-Third Octave Band ! Sound Power Level 
Center Frequencies, Hz! dB re 10-12 watts 
----------------------!----------------------1 

250 
315 
400 

8 Seconds/Flight 

128 
136 
130 

---------------------------------------------
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:Jabl• 4. r .6.2. r -r Orbiter Carto &.v Random Vibration. Pa.vload. 
.l.on.teron. :Jf't.U'&fli.on/Orbi.t er 9n.t e,.Pa.c 11 

20 - 58 JJz 
58- 725 JJz 
r 25 - 300 .JJz 
300 - 900 .JJz 
900 - 2000 .JJz 

OtJeralt • 3.1 (}rm.6 

20- 68 .JJz 
68 - 125 .JJz 

1 25 - 300 .JJz 
300 - 900 .JJz 
900 - 2000 .JJz 

OtJerall • 3. 1 (jrm.6 

20- 45 JJz 
45- 725 JJz 

1 25 - 300 .JJz 
300 - 900 .JJz 
900 - 2000 .JJz 

OtJerall • 3.2 (jrm.6 

• 0025 r/ I.JJz 
+9 d.BIOcta.IIB 
.025 r/ I.JJz 
-9 d.BIOcta.tJB 
.001 rjl I.JJz 

.004 r/ I .JJz 
+9 d.BIOcta.11e 
.025 rjl I.JJz 
-9 d.BIOcta.11e 
.oo 1 rjl I .JJz 

.009 r/ I .JJz 
+3 d.BIOcta.11e 
.025 rjl I.JJz 
-9 d.BIOcta.11e 
.oo 1 rjl I .JJz 

:Jhe a.66ociated time duration. it. 20 6econ.d.6 per axit. per Plifiht which in.ctud.e6 a. 
Pa.tir;ue 6ca.tter Pa.ctor oP 4. 
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X Axia 

:Jable 4.1 .6.2. 1-2 Orbiter Ct1f"9o /bj. Random. Vibration PaviOQI/. 
.}(eel :Jru.nni.on/Orbiter 9n.terface 

20- 90 Jlz 
90- 100 Jlz 
100- 300 Jlz 
300- 650 Jlz 
650- 2000 Jlz 

Overall • 2.3 {Jrm.6 

20- 90 Jlz 
90- 100 Jlz 
100- 300 Jlz 
300- 650 Jlz 
650 - 2000 Jlz 

Overall • 2.3 {Jrm.6 

20- 60 Jlz 
60- 100 Jlz 
100- 300 Jlz 
300- 650 Jlz 
6 so - 2000 Jlz 

Overall - 2.2 {Jrm.o 

.008 t 21Jiz 
+9 d.I3/0ctave 
.01 t 21Jiz 
-9 d.l310ctave 
.001 t21Jiz 

.008 f2/Jiz 
+9 d.l310ctave 
.01 t21Jiz 
-9 d.I3/0ctave 
.001 t21Jiz 

.0023 '121 Jlz 
+9 d8/0ctave 
.01 f2/Jiz 
-9 d8/0ctave 
.001 t21Jiz 

:Jhe a660ciated time duration i6 20 6econd6 per axi6 per flitht which in.clu.d.e6 a 
fatitue ocatter factor of 4. 

• 
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:Jable 4.1 .6.2.2-1 Orbiter CQr90 &v Random Vibration. Pa'jload 
Sidewall Ad4ptef'610rbiter 9n.te,.Pace 

X Axi.6 (Game a~ lon.geroM) 

Z Ax£~ (~me ~ lon.geron.~) 

20- 32 JJz 
32- 100 JJz 

· 100- 500 JJz 
500 - 2000 JJz 

Overall • 5.5 {Jrm~ 

20- 45 JJz 
45- 600 JJz 

600 - 2000 JJz 

Overall • 7.7 {Jrm~ 

20- 45 JJz 
45- 70 JJz 
70- 600 JJz 

600 - 2000 JJz 

Overall • 7 .o {Jrm~ 

.003 g2!JJz 
+6 ~/Octave 
.030 g21JJz 
-4 ~/Octave 

+10 ~/Octave 
.060 g21JJz 
-6 ~/Octave 

.009 g21JJz 
+72 ~/Octave 
.050 g2/JJz 
-6 ~/Octave 

:Jhe a~~oc£ated time duration. i.6 20 ~econ.d~ per ax£~ per fl£9ht which £n.clud.e~ a 
fatigue ~catter factor of 4. 

ICD-2-19001 4-16 

• 

• 

• 



•• 

• 

• 

x Axu 

z Axu 

:Jable 4. r .6.2.3-r Oftbiter Ctll"ff Bczv Rtllldom. Vibf'atlOA 
Orbiter~ 

20.- 32 .Jiz 
32- roo .Jiz 
roo - 500 .Jiz 
500 - 2000 .Jiz 

011erall • 5.5 {;;rm.6 

20- 50 .Jiz 
50- 120 .Jiz 
120- 160 .Jiz 
r 60 - 600 .Jiz 
600 - 2000 .Jiz 

011erall • 7 .B {;;rm.6 

; 20- 45 .Jiz 
45- 70 .Jiz 
10- 600 .Jiz 

600 - 2000 .Jiz 

011erall • 7 .o {;rm.6 

.003 f2/Jiz 
+6 diYOctaJJe 
.030 f2I.Jiz 
-4 diYOctaJJe 

+10 dJYOctaJJe 
.OB t21.Jiz 
-3 dJYOctaJJe 
.06 t21.Jiz 
-6 dJYOctaJJe 

.009 j2i.Jiz 
+1 2 dJYOctaJJe 
.050 t21.Jiz 
-6 d8/0ctaJJe 

:Jhe t%660Ciated time duration. i6 20 6BCOM6 per QKU per flifht which ifl.clud.B6 a 
latifu• 6catter lactor ol 4 • 
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:Jable 4. r .a. 1-1 FTIGKimum 9tat~• .J:ot:IIJA PtJIIIOflll. 3lu.ld 
.li.M61 P AC.X 9tatrfacee 

----------------------------------------------------------------------I PAC.X mcvclmwn Allowable .toad.e p.,. :Jiuid. .t.iiY I 

1-----------------------------------------------------------------------1 
I .. 9n.tetface .£Dad • I tntetface mom.en.t I 
I :birection. .£Dad (Pound.e) I %>erection. mom.en.t (9n.. Pound.e> I 

1------------------------------------------------------------------------
, X 0 I ±112 I mx0 ! ±1032 I 
I I I I I 
I Yo I ± 1 24 I TfTIJ 0 I ± 6 12 I 
I I I I I 
I Z0 I ± 75 I 1TIZ0 I ± 425 I 

-
:Jable 4.1 .8.2-1 mcvc'im.um. 9n.tetface Z>ellection.e Payload :Jiuid. 

.tin.e&l P AC.X 9n.tetfac • 

I motion. :Jot~ether I motion. Apart I 
I (9n.chee) I (9n.chee) I 
t------------------------1-------------------------1 
I X I y I Z! X! Y I Z I 
I -------1---------1 -------! -------! ---------1 -------! 
I 0.80 I 3.oo(1) I 0.50 I 0.80 ! 2.75(2) I 0.50 I 
I I I I I f f 

(1) 9n.clude& 0.93 inch payload motion. 

(2) 9n.cludee 1.99 in.chee payload motion. 
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.25 1 KLBS -88° 

10 KLBS -80° 
.23 

.21 32 KLBS 

.19 50 KLBS 

.17 85 KLBS 

.15 121 KLBS 

.10 -"10°-60° -30° 

.02 
-200 -160 -120 -80 -40 0 40 

TEMPERATURE OF 

TRUNNION INTERFACE ONLY 

VALUES TO BE USED FOR: 

1. Y~Y Loads at Longeron Latch 
2. Z-Z Load at Keel Latch 
3. For Intermidate Load Values, Use 

Next Highest _,14 Value Plotted 

(NOTE: Do Not InterEolate) 

FIGURE 4.1.1.1-1 ORBITER/PAYLOAD Y AND Z DIRECTION RETENTION SYSTEM 
COEFFICIENT OF FRICTION fOR FIBRILOID BEARING LINER 

WITH BRAYCO OIL 
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.12 ------------

.11 

.10 30K .lOVt) 

• 04 

.02 ·L-------+--------+-------+------~r-------+--------r----~ 
25 30 5 10 15 20 
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LOAD Y, X KLBS 

LATCH/BRIDGE INTERFACE ONLY 

VALUES TO BE USED FOR: 

1. X-X Loads at Longeron Latch/Bridge 
2. X-X Loads at Keel Latch/Bridge 

0 0 3. All Temperature Environments (-200 F to +275 F) 

FIGURE 4.1.1.1-2 ORBITER/PAYLOAD X-X DIRECTION RETENTION SYSTEM 
COEFFICIENT OF FRICTION FOR DRY FILM LUBERICANT 

LATCH/BRIDGE INTERFACE 
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. 
r-----......;.,..~..,. +-- f'.AXIMUM CARGO DESIGN 

"!C .ABORT ONLY 
~ LIMITS 
!ti 

fi 
~ 

. CARGO C.G. _ __,.,_, 
' FWD X

0 
LIMIT 

582 X
0 

STATION _(INCHES) 

LAUNCH WEIGHT 
65000 LBS (29484 KG) 

'looll..,___ CARGO C.G. ~FT X
0 

LIMIT 

~ .... ...._ • .,......__ MAXIMUM CARGO DESIGN 
LANDING WEIGHT (NORMAL 
MISSia.)-·32000 LBS 
(14515 KG) 

1302 

EQUATIONS FOR CALCULATING CARGO X
0 

·(STATION) C.G. LIMITS 

1~76.7 ~c - 3.70x1o6 
.FWD LIMIT=---=------

110s.9s We ~ 3.4x1o5 
AFT LIMIT = 

WHERE We • CARGO WEIGHT IN LBS 

FIGURE 4.1.4.1-1 ALLOWABLE CARGO C.G. LIMITS (ALONG X-AXIS) 
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MAXIMUM C.~RG:: DESIGN --...-.~~~~~~~w-;._--~ 
LAUNCH "EIGHT. 
65000 LSS (29484 KG) 

~ MAXIMUM CARGO DESIGN 
S LANDING WEIGHT. (NORMAL 
~ . MISSION) 32000 LBS 

ABORT ONLY 
LIMITS 

(14515 KG) ~p.;;,.~~~~~.....,..,..~.....,~illlt--.--.6 

, . . . 

~-- C,\KSQ C. G. STARBOARD 
...,...f--- CARGO C.G. PORT . . Y0 LIMIT 

Y0 ~IMIT. 

PAYLOAD BAY {. 

-8 0 +8 
. Y 

0 
STATION (INCHES) 

EQUATIONS FOR CALCULATING CARGO Y0 (S!ATI~) C.G •. LIMITS 

LIMIT • .;. 
1.5 we+ 6.265x10j 

w . c 

WHERE We • CARGO WT IN LBS 

Figure 4.1.4.1-2 Allowable Cargo C.G. Limits (Along Y-Axis) 

FIGURE 4.1.4.1-2 ALLOWABLE CARGO C.G. LIMITS (ALONG Y-AXIS) 
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A 
490 MAXUUt CARGO ·DESIGN .LMOINI 

WEIGHT (NORMAL MISSION) r 32000 LBS C14515 ICG) · 

-"' li 
...... ABORT ONLY i MAXIMUM CARGO 

LIMITS DESIGN LAUNCH WEIGHT 

z -:-" 400 s . -~ 
t; 

0 
N 

65000 LBS (Z9484 KG) 

~..._ PAYLOAD BAY t 

E~ATIONS FOR CALCULATING CARGO Z (STATION) C.G. LIMITS 
.0 

384.5.we + 1.331xlo6 
UPPER LIMIT • We . 

6 360 we- 1.566xlP 
LOWER LIMIT • ----.-=w~e---

. ~~ERE We =CARGO WT IN.LBS 

.. 

PARTIAL PAYLOAD Zo {STATION) C.G. LIMITS FOR SUMMATION OF ALL PAYLoADS MOUNTED ON 
ATTACHMENT F~TTINGS IN PAYLOAD BAY (Z

0 
e.G. TO REMAIN WITHIN CURVE ABCDEFGHIJ, THE 

SEGMENTS OF WHICH ARE DEFINED BELOW) · · . · . 

IJAB: SAME AS CARGO e.G. LIMITS ABOVE FOR P/L WT UP TO 4000 LBS. 
BC: STRAIGHT LINE FR(Jtt POINT B (4000 LBS, STA 490) TO POINT C 

. (6000.LBS, STA 445) 

CO: STRAIGRT LINE AT STA 445 FROM POINT C (6000 LBS) AND POINT D ON CARGO 
e.G. LIMITS ABOVE 

DEF: SN4E AS CARGO C.G. LIMITS ABOVE FR(Jo1 POINT D (STA 445) TO POINT .f (STA 380) 

FG: STRAIGHT LINE FROM POINT F(65,000 LBS, STA 380) TO POINT G (32,000 LBS, 
STA 355} . 

GH: STRAIGHT LINE AT STA 355 FROM POINT G (32~000)'TO POINT H (6000 LBS) 

HI: STRAIGHT·LINE FROM POINT H(6000 .LBS, STA 355) TO POINT I(.O:>O LBS, STA 310). 

• FIGURE 4.1.4.1-3 ALLOWABLE CARGO C.G. LIMITS {ALONG Z-AXIS) 
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4.2 AFT FLIGHT DECK 

4.2.1 Quasi-Static • 

4.2.1.1 Limit Load Factors. (See paragraph 4.1.3 for definition of load . 
factor). 

4.2.1.1.1 Operational Inertia Load Factors. Operational inertia load factors 
shown in Table 4.2.1.1.1-1 shall apply to all secondary structure. 

4.2.1.2 Emergency Landing Load Factors. The emergency load factors specified 
below shall apply to components mounted in the crew compartments. They shall 
not apply to items whose failure does not result in injury to personnel or 
prevent egress from the crashed vehicle. 

Ultimate Inertia Load Factors 
----------------------------------------! 

Nx Ny Nz 
-------------!-------------!------------! 

20.0 3.3 10.0 

-3.3 -3.3 -4.4 

These load factors shall act independently, and the longitudinal load factors 
shall be directed within 20° of the longitudinal axis. 

• 4.2.1.3 Vibration. 

4.2.1.3.1 (Reserved) 

• 

4.2.1.3.2. Random Vibration. The random vibration environments applicable to 
components mounted in the Aft Flight Deck during launch and ascent shall be as 
follows: 

20 - 150 Hz 

150- 1000 Hz 

1000 - 2000 Hz 

+6.00 db/Octave 

0.03 g2/Hz 

-6.00 db/Octave 
Composite = 6.5 g(rms) 

Environment exposure duration= 7.2 sec/flight in each of X0 , Y0 , and Z0 
axes. 

The exposure duration of 7.2 seconds/flight does·not include a fatigue scatter 
factor. A fatigue scatter factor appropriate for the materials and method of 
construction is required and shall be not less than 4.0 . 
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4.2.2 Acoustics. Table 4.2.2-1 represents the minimum level to which equipment 
to be flown in the aft flight deck must be certified to be considered safe to 
f 1 y on the STS. maximum. con.ti.n.u.ow aound preaaure levela in. the a/t llif/ht deck lor 
n.orm.aJ on.-orbit operation.a rflaultin.'l from. all Orbiter-provided eCJU.i.pm.en.t aha~~ m.flet the 
lim.ita ahown. in. ::J.iflure 4.2.2-1. maximum. aound prflawr•lev•la lor in.term.itten.t Orbiter 
eCJU.i.pm.en.t ahall meet the lim.it6 ol Std 145 of ISCm-soso. 

4.2.2. 1 Pa'lload (;en.erated Acowtic 'Yloiae. ::Jhe in.divid.u.al paljload elem.en.ta Mall n.ot 
emit con.tin.uow acouatic n.oiae in.to the crew workinflllivin.'l apace6 exceedin.fl the level6 
ahown. in. ::J.iflurtl 4.2.2. 1-1 a6 m.ea6ured on.e foot from. the n.oia• radiatinfl 6UJ'face(6). 
maximum. n.oi6e levela for in.term.ittan.t n.oiae flen.erated b'l paljload elem.en.f6 tJaall meet the 
lim.ita of 'Yl.ASA Std. 745 in. ISCm-soso. 

4.2.3 Panel Kick/Push-Off loads. In areas where panel deflection could cause 
equipment damage to payload provided Aft Flight Deck equipment, the panel shall 
be capable of absorbing a limit 125 pound (56.7 kg) load distributed over a 4 
in. x 4 in. (101.6 mm x 101.6 mm) square area. 
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TABLE 4.2.1.1.1-1 OPERATIONAL INERTIA LOAD FACTORS 

-----------------------------------------------------------Condition Limit Load Factors ! 
·-------------------------------· . . 

Nx Ny Nz 
---------------------------!----------·--~------!----------· 

! -2.55 0 ! .55 
Lift-Off -2.23 -.03 1.68 

-1.28 .01 -2.05 

High-q Boost -1.90 .04 -.20 
-1.60 ±.20 -.20 

Max Boost -3.20 .09 -.20 

.Orbiter Max Load Factor -3.25 -.02 -.60 
-3.01 0 -.17 

TAEM Maneuvers 1.21 0 2.5 
0.53 1.67 1.02 
0.21 -1.39 0.90 

Landing 3.57 0 .96 
-2.96 0 .35 

-.60 0 4.9{1) 
-----------------------------------------------------------

{1) Nz is 4.9g at the crew module C.G. only. It varies 
linearly with X from 6.68g at the forward bulkhead to 
3.70g at the aft bulkhead . 
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TABLE 4.2.2-1 AFT FLIGHT DECK ACOUSTIC ENVIRONMENT 

1/3 Octave 
Band Center 
Frequency 

CHzl 
31.5 
40.0 
50.0 
63.0 
BO.O 

100.0 
125.0 
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800.0 

1000.0 
1250.0 
1600.0 
2000.0 
2500.0 

Sound Pressure Level - dB 
ref. 2 x 1o-5Nfm2 

Lift-off 
5 Seconds/Flight* 

107 
108 
109 
109 
108 
107 
106 
105 
104 

. 103 
102 
101 
100 

99 
98 
97 
96 
95 
94 
93 

Aeronoise 
10 Seconds/Flight* 

99 
100 
100 
100 
100 
100 
100 

99 
99 
99 
98 
98 
97 
97 
96 
95 
94 
93 
92 
91 

---------------·--------------------- ---------------------· . . . 
Overall 117.5 111 

*Time per flight does not include a scatter factor. 
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70 

60 

50 

40 

30 

FREQ. Hz 
FLIGHT DECK 
MIDDECK 

~- _ .. MID ECK CE TER ..... -- ..... ---- .......... ... ---
' r-............. ~~ ' . . .... 

~ ' FLIGHT DECK ~ . .... 
' ! 

BETWEEN.CDR & PILOT 1\.. 
l!'. ~AR LEVEL 

""' 
63 125 250 500 1000 2000 4000 8000 

OCTAVE BAND CENTER FREQUENCIES - Hz 

63 125 250 500 1000 2000 4000 8000 0/A dBA 
66 59 56 56 59 56 52 45 68 63 
62 62 65 61 62 63 58 54 71 68 

:J.ifiure 4.2.2-1 Crew module .Acowtic 'Yloit.e J:.e11el6 
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' ' FLIGHT DECK ~ ' . 

'\. 

~ 
LLI 
> < 30 1-
u 0 • 20 

63 125 250 500 1000 2000 4000 8000 

OCTAVE BAND CENTER FREQUENCIES - Hz 

FREQ. Hz 63 125 250 500 1000 2000 4000 8000 0/A dB A 
FLIG~T DECK 56 49 46 46 49 46 42 35 58 53 
MID DECK 52 52 55 51 52 . 53 48 44 61 58 

:J.i9ure 4.2.2.1-1 Crew module Acou6tic rtoi6e .tim.ih 3or Pavload6 • 
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4.3 GENERAL ACCELERATIONS 

4.3.1 RCS/VRCS Accelerations. During normal Orbiter attitude-keeping 
activities, thrusting of the Orbiter RCS will cause slight accelerations to be 
exerted on cargo elements depending on their locations with respect to the 
vehicle center of rotation (affected by weight distribution, but generally in 
the vicinity of X01120, Y0=0, Z0=400). RCS acceleration values shall be 
as defined in Table 4.3.1-1. Vernier RCS acceleration values shall be as 
defined in Table 4.3.1-1. In either case, all three angular accelerations may 
occur simultaneously. 

4.3.2 Prelaunch Accelerations. Maximum and minimum limit- load factors/angular 
accelerations exerted on the cargo during prelaunch shall be as specified in 
Tables 4.3.2-1 and 4.3.2-2 for an unfueled (empty) and fueled (full) Shuttle 
External Tank (ET), respectively. These data are based upon the dynamic 
response of the cargo, with the cargo bay door closed, in a Shuttle vehicle 
which is exposed to ground wind loading, including gust and vortex shedding 
effects. The Rotating Service Structure (RSS) and other Shuttle service 
connections are retracted. The dynamic response is maximized such that these 
data may be applied conservatively to cargo elements of all weights at all 
locations. · 

Limit-load factor/angular acceleration, including sign convention, is defined in 
paragraph 4.1.3. The center-of-rotation for angular accelerations is at the 
cargo element center-of-gravity. 0° wind vector coincides with the Orbiter +Z 
axis. The wind vector rotates clockwise; therefore, 90° wind is from Orbiter +Y 
to Orbiter -Y. Prelaunch deflections are defined in lCD 2-0A002, SHUTTLE 
SYSTEM/LAUNCH PAD AND HLP . 

4.3.3 OMS Accelerations. The maximum limit-load factors/angular accelerations 
exerted on the cargo during OMS engine operation shall be as specified in Table 
4.3.3-1. The maximum values include the effects of OMS engine thrust overshoot, 
misalignment, and the dynamic magnification of the payload and Orbiter 
structures. Limit-load factor/angular acceleration, including sign convention, 
is defined in Paragraph 4.1.3. The center of rotation for angular accelerations 
is at X0 1094.9, Y0 0, Z0 372 for a 32,000 lb cargo element and at 
X0 1093.7, Y0 0, Z0 375.9 for a 65,000 lb cargo element. 

4. 3. 4 Orbiter ~owin.2 .t.oad6. :Jhe Orbiter tJaoJI n.ot im.po6e total acceleration level6 in. 
Ca.r'fio elem.en.t6 which exceed± O.Bfllaterallv. 1 ± 1.3f1verticallv. and 1'1 axiallv. 

4.3.5 Payload Deployment Operations. During non-RMS deployment operations, the 
payload will be capable of sustaining loads imposed by the Shuttle as a result 
of RCS attitude control. The definition of the flight control system for RCS 
attitude control will be contained within the appropriate PIP or lCD. OMS and 
RCS translation will not be considered during payload deployment operations 
involving erection and/or extension. This requirement does not apply to 
payloads requiring the RMS for payload deployment/handling operations . 
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TABLE 4.3.1-1 ORBITER PER AXIS PRCS 
ACCELERATION LEVELS 

-------------------------------------------------------------
! Maximum ! Nominal ! Time 

Acceleration ! Command ! Hi-Mode ! Mode ! Average ! 
!---------------------!---------!---------!---------!---------! 
!TRANSLATION (ft/sec2l! 
I 

32 K Lbs Payload +X 0.55* 0.27 0.29 
-X N/A -0.28 -0.27 
+Y N/A 0.28 0.12 
-Y N/A -0.28 -0.15 
+Z 1.26** 0.42 0.43 
-z -0.94* -0.55 -0.50 

---------·---------.---------·---------65 K Lbs Payload +X 0.46* 0.23 0.24 
-X N/A -0.23 -0.22 
+Y N/A 0.23 0.10 
-Y N/A -0.23 -0.12 
+Z 1 .05** 0.35 0.35 
-z -0.80 -0.46 -0.42 

!---------------------!---------.---------!--------- ---------· 
ROTATION (deg/sec21 

32 K Lbs Payload +Roll N/A 1.09 0.80 
-Roll N/A -1.09 -0.89 
+Pitch N/A 1.29 1.16 
-Pitch N/A -0.86 . -0.81 
+Yaw N/A 0.72 0. 70 
-Yaw N/A -0.72 -0.62 

!---------·---------!--------- ---------
65 K Lbs Payload +Roll N/A 1.03 0.76 

-Roll N/A -1.03 -0.84 
+Pitch N/A 1.18 1.06 
-Pitch N/A -0.79 -0.74 
+Yaw N/A 0.66 0.64 
-Yaw N/A -0.66 -0.57 

-------------------------------------------------------------
* Hi-mode acceleration in +X and -Z is available only during 

OPS 1 (insertion) and OPS 3 (de-orbit) phases with TRANS 
OAP (Transition, digital autopilot). 

** Hi-mode acceleration in +Z is available only during OPS 2 
(on-orbit) phase with on-orbit DAP (digital autopilot). 
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TABLE 4.3.1-2 ORBITER PER AXIS VRCS 
ACCELERATION LEVELS 

------·------------------------------------------------------
Per Axis !Translational Crosscouple ! 

! Rotational !Acceleration, feet/second2! 
!Rotation!Acceleration!--------------------------! 

Payload !Command ! deg/sec2 X Y Z 
----------~~--------~------------~--------!--------!--------! 

32 K Lbs +Pitch 0.0209 -0.0003 0.0 !-0.0056 1 

-Pitch 

+Roll 

-Roll 

+Yaw 

-Yaw 

-0.0163 

0.0209 

-0.0209 

0.0175 

-0.0175 

0.0 0.0 !-0.0077 

-0.0001 0.0027 -0.0067 

-0.0001 !-0.0027 -0.0067 

-0.0001 !-0.0011 -0.0029 

-0. 0001 ! -0. 0011 . -0. 0029 

-----------!--------!------------.--------!--------!--------
65 K Lbs +Pitch 0.0191 !-0.0002 0.0 -0.0047 

-Pitch -0.0149 I 0.0 0.0 -0.0064 

+Roll 0.0196 !-0.0001 0.0023 -0.0056 

-Roll -0.0196 !-0.0001 !-0.0023 .-0.0056 

+Yaw 0.0160 !-0.0001 !-0.0009 !-0.0024 
I .. 

-Yaw -0.0160 !-0.0001 !-0.·0009 !-0.0024 

------------------------------------------------------------
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::Jable 4.3.2-1 maximum .And minimum 
Cart~o .limit :J.actor6/.4ng.ular .4cceleration.6 -
Prelaunch. external :lank U,.Pueled (emptv> 

---------------------------------------------------------------
Ground 

Wind Speed 
and Direction 

72 Knots 
oo 

72 Knots 
goo 

Load Factor Angular Acceleration 
Rad/Sec2 

------------------------!------------------------! 
~ 11; ~ e1 e 'l' 

------------------------!------------------------! 
-1±0.10 ±0.05 ±0.15 ±0.01 ±0.10 ±0.01 

------------------------!------------------------
!-1±0.05 ±0.10 ±0.05 ±0.06 ±0.02 ±0.06 

-------------!------------------------!------------------------
!72 Knots 

180° 
!-1±0.10 ±0.05 ±0.15 ±0.02 ±0.10 ±0.02 

---------------------------------------------------------------

::Jable 4.3.2-2 maximum .And minimum 
Cart~o .t.imit :J.actor61.4ng.ular .4cceleration.6 -

Prelaunch. external :lank :J.ueled (:J.uJI> 

---------------------------------------------------------------
Load Factor Angular Acceleration 

GrouAd·-~------!-"-·-.. ! Rad/Sec2 ! 
Wind Speed ! ____ .:.:::::-:::::::·_:: __________ r:.:.:::-.::::::::2.:.::..:.:.:::..;:.::.;;.:..;;:::::;;:;::;;;.·!··-----.. ····· 

and Direction! 
~ 11; ~ fiJ e 'l' 

-------------!------------------------!------------------------
4g Knots !-1±0.05 ±0.03 ±0.08 ±0.01 ±0.05 ±0.01 

-------------!------------------------!------------------------
4g Knots 

goo 
!-1±0.03 ±0.05 ±0.03 ±0.03 ±0.01 ±0.03 

!-------------!------------------------!------.:. ________________ _ 
!4g Knots 

180° 
!-1±0.05 ±0.03 ±0.08 ±0.01 ±0. 05 ±0. 01 

---------------------------------------------------------------
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TABLE 4.3.3-1 MAXIMUM CARGO LIMIT-LOAD FACTORS/ANGULAR 
ACCELERATIONS FOR OMS OPERATION 

---------------------------------------------------------------
Load Factor 

Angular Acceleration 
Rad/Sec2 

!-------------!----------------------!--------------------------! 
!Cargo Weight ! Nx Ny Nz 0 e 'l' 
!-------------!-------!-------!------!--------!--------!--------! 
!Up to 32 KLB ! -.273 ! ±.0048! -.089! ±.0104 ! ±.0051 ! ±.0045 ! 
!-------------!-------!-------!------!--------!--------!--------! 
!32K to 65KLB ! -.237 ! ±.0042! -.074! ±.0096 ! ±.0048 ! ±.0043 ! 
---------------------------------------------------------------

lCD-2-19001 4-37 



4 • 4 (t)eletedJ 

• 

• 

• 
ICD-2-19001 4-38 



• 

• 

• 

5.0 FLUID INTERFACES . 

5.1 UMBILICALS. 

5.1.1 Mid-Bodv Prelaunch Umbilical Panel. The physical characteristics of the 
fluid interfaces are defined in Figure 3.3.4-6. 

5.1 .2 Starboard Payload (T-4) Umbilical Panel. The physical characteristics of 
the fluid interfaces are defined in Figure 3.3.4-7. 

5.1.3 Port Payload (T-4) Umbilical Panel. The physical characteristics of the 
fluid interfaces are defined in Figure 3.3.4-8. 

5.2 CARGO BAY PURGE AND VENT. (See Paragraph 6.2.1) 

5.3 HEAT EXCHANGER INTERFACE. (See Paragraph 6.2.2) 

5.4 AIR REVITALIZATION SERVICE. (See Paragraph 6.3.) 

5.5 OXYGEN SUPPLY. (See Paragraph 6.3.1) 

5.6 PAYLOAD STATION AND MISSION STATION COOLING. (See Paragraph 6.3.2) 

5. 7 CbeletedJ 

5.8 Specification of Fluids. Fluid procurement and use control shall be in 
accordance with NASA Specification NSTS-SE-S-0073 . 
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6.0 ENVIRONMENTAL CONTROL INTERFACES 

~ 6.1 PASSIVE THERMAL CONTROL 

6.1.1 Thermal Design Mission. 

~ 

~ 

6.1.1.1 (RESERVED) 

6.1.1.2 Orbiter Vehicle Attitude Constraints. :buri.n.9 on-orbit operatioM. the 
Orbiter attitude-hold time lim.it6 depend on a combination of the Pollowin.9 Pactor6: 

a. Sun angle to orbital plane (Beta angle) 

b. Orbiter altitude 

c . Orbiter attitude and attitude hi6tory 

d . Water m.ana9em.ent for heat rejection 

e. On-orbit thermal conditionin.9 requi.rem.ent6 

f . Preentry thermal conditionin.9 retJuirem.ent6 

Becau.t.e the6e Pactor6 depend on orbiter operatioM in. re6poMe to payload m.i66ion 
reCJUirem.ent6. the Orbiter'6 attitude-hold capabilitv will be e6tabli6hed in. pa,,oad--uniCJue 
9C:b6 and m.i66ion-6pecific Payload 9n.te9f'ation Plan6 (P9P6) Por each payload which requi.re6 
attitude-hold period6 fireater than the minimum. duratioM defined in. Paravaph 6.1.1.2.1. 
in.cludin.9 the deorbit and entry requi.rem.ent6 defined in. PQ1"91"aPh 6.1. 1 .2.3. :Jhe 
attitude-hold period6 pre6ented in. thi6 paravaph are com.po6ite value6 ba6ed on 
con6id.eration oP a number oP Orbiter thermal i66Ue6. :Jhe duration6 are referenced Prom. 
6peciPic initial condition6 (pa66ive thermal control <P:JC) 6tead,-6tate condition6 at the 
particular beta anfileJ. :Jhe attitude-hold period6 are intended o""" a6 an initial 6im.plified 
pre6entation oP orbiter capabilitie6 Por S::JS u6er6. 

6.1. 1. 2.1 Orbiter Con6train.t6 a6 a ::J.un.ction of Attitude and Sun ANile-to-Orbital Plane 
<Beta Anile). :t>ependin.9 on the combination oP Pactor6 noted in. Paravaph 6.1 .1.2. the 
m.axim.um. attitude-hold capabilitv Por the Orbiter will be limited to the duration6 and ran9e6 
'liven in. the table below Por 0° ~ beta anfile < 20°. 20° ~ beta anfile 
< 60°. and 60° ~ beta anfile ~90°. Attitude-hold period6 lon9er than the 
m.inim.um. 6pecified duration6 m.av im.po6e con6train.t6 on m.i66ion variable6 6Uch a6 vehicle 
orientation. orbital param.eter6. etc. Such extended attitude hold6. and the corre6pondin.i 
m.i66ion con6train.t6. 6haJI be 6peci.Pied in. applicable payload-uniCJue 9C:b6 and 
m.i66ion-6pecific P9P6 a6 a ba6i6 for m.i66ion plannin.9. Before the attitude-hold duration6 can 
be repeated. the Orbiter m.u6t be placed in. a preferred attitude Por a 6peci.Pic duration to 
allow the accumulation oP fuel cell9enerated water U6ed Por active thermal control and/or 
pa66ive thermal conditioni.n.9. al60 to be defined in. applicable 9C:b6 and P9P6. 
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----------------------------------------------------------------------------------
I I Orbiter ..4ttitude-.JJold :buration J:irnih I • I I :Jrorn P:JC 9n.iti.al Con.dition6 (.JJour6)+ I 
I Car9o d3a'l Orientation* 1-----------------------------------------------------1 
I I oo~ B < 20° ! 20°~ B < 60° I 60°< B < 90° ! 
l-----------------------------!------------------1-----------------!-----------------! 
I :Jhree-..4xi6 9n.erti.al ! ! I ! 
! ! I ! ! 
! Solar Viewin.9 ! -160 ! -160 ! 52 to 160 ! 
! ( d3a'l to Sun.) ! ! ! ! 
! ! ! ! ! 
! Other 9n.erti.al ..4ttitude6 ! ! ! ! 

-:Jail Sun. ! 12 ! 6 ! 5 ! 
! - rlo6e Sun. ! 37 ! 35 I 33 I 
! -Side Sun. ! 110 I 110 ! 98 ! 
! - d3ottorn Sun. I 160 ! 160 ! 14 ! 
!---~-----------------~-------1------------------l-----------------l-----------------! 
! .C.ocal Vertical (J:V)** ! ! ! ! 
! ! ! ! ! 
! earth Viewin.9 ! I ! ! 

(/3alj to earth) ! ! I ! 
-With rlo6e :Joward. Sun. ! ! ! 7 ! 

! at d3eta near 90° ! ! ! ! 
! Min.9 on VU) ! ! ! 

-With :Jail :Joward. Sun. ! 61 to 160 ! 71 to 160 ! 5 ! 
Min.9 on VV> ! ! ! ! 

-With either Side ! 160 ! 37 to 160 ! 16 to 160 ! 
! :Joward. Sun. (rlo6e or ! ! ! ! • ! :Jail on VV> ! ! ! ! 
! ! ! ! ! 
! Other J:V ..4ttitude6 ! ! ! ! 
! - Port Side J:V with ! 160 ! 6 ! 5 ! 
! :Jail :Joward. Sun. ! ! ! ! 
! - d3ottorn J:V with :Jail ! 160 ! 6 ! 5 ! 

:Joward. Sun. ! ! ! ! 
-Starboard Side J:V ! 160 ! 7 ! 5 ! 

! with :Jail :Joward. Sun. ! ! ! ! 
! - d3ottorn J:V with either ! 160 ! 7 ! 7 ! 

Side :Joward. Sun. ! ! ! ! 
! - :Jail J:V with 13ot torn ! 160 ! 12 ! 7 ! 
! :Joward. Sun. ! ! ! ! 
! - :Jail J:V with either ! 160 ! 12 ! 7 ! 
! Side :Joward. Sun. ! ! ! ! 
! - :Jail J:V with :Jop ! 160 ! 120 ! 90 to 160 ! 
! :Joward. Sun. ! ! ! ! 
! - rlo6e J:V with :lop ! 160 ! 120 ! 71 to 160 ! 

:Joward. Sun. ! ! ! ! 
- rlo!le J:V with d3ottorn ! 160 ! 160 ! 160 ! 

! :Joward. Sun. ! ! ! ! 
- d3ottorn J:V with rlo6e ! ! ! 16 ! 

:Joward. Sun. at d3eta ! ! ! ! 
75° ! ! ! ! 

• 
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----------------------------------------------------------------------------------
! (Con.tin.u.ed.J I Orbiter Attitude-Jiold :buration. .t.imih ! 
! ! :J.rom P::JC 9n.itiaJ Con.dition.6 {JJour6)+ ! 
! Carr;o 13a'l Orientation.* !-----------------------------------------------------! 
! ! 0°~ B < 20° ! 20°~ B < 60° ! 60°~ B ~ 90° ! 
!-----------------------------!------------------1-----------------1-----------------! 
! - either Side J:IJ with I ! ! 23 ! 
! rlo6e ::Joward Sun. at ! ! I ! 
! 13eta > 75° I I ! ! 
! - either Side J:IJ with ! ! I 48 to 160 
! ::Jop ::Joward Sun. at ! I ! ! 
! eeta > 75° ! ! ! ! 

!-----------------------------1------------------l-----------------!-----------------! 
! Orbrate (Sin.r;le-Axi6 
! 9n.ertiaJ) *** 
! Solar Viewin.r; (/3a'l to Sun.> 
! 
! Space Viewin.r; (/3a'l Jleatin.r; 
! rlear Zero> 
! - :Jail Sun. with ~op to 
! Space 
! - rlo6e Sun. with ~op to 
! . Space 
! - rlo6e Sun. (/3ut Pitched 
! up -10° with ~op to 
! Space) 
! 
! Other Orbrate Attitude6 
! - ~ail Sun. with Star-
! board Side to Space 
! - ~ail Sun. with Port 
! Side to Space 
! - ~ail Sun. with 13ot tom 
! to Space 

- rlo6e Sun. with 13ottom 
! to Space 
! - rlo6e Sun. with either 
! Side to Space 
! - Side Sun. with ~op to 
! Space 

- Side Sun. with rlo6e to 
! Space 
! -Side Sun. with 13ottom 
! to Space 
! - eot tom Sun. with rlo6e 
! to Space 
! - eottom Sun. with Side 
! to Space 
! - eot tom Sun. with ~ail 

to Space 

I 
I 
I 
I 
! 
! 
I 
! 
I 
I 
! 
I 
I 
! 
! 
I 
I 
I 
I 
! 
! 
! 
I 
I 
! 
I 
I 
! 
I 
I 
I 
I 
! 
I 
I 
I 
I 

-160 

7 

23 

160 

7 

7 

12 

25 

23 

110 

160 

160 

160 

160 

110 

! 
I 
I -160 
I 
I 
I 
! 6 
! 
I 
! 
! 
! 
! 
! 
! 
! 
! 
! 
I 
! 
! 

7 

7 

6 

7 

7 

! 7 
I 
! 23 
! 
I 7 
! 
! 
I 

7 

I 43 to 160 

! 
I 7 
I 
! 7 
I 
! 160 
! 

I 
I 
! 63 to 160 

! 
! 
I 
I 5 
I 
! 
! 
I 
! 
! 
I 
! 

7 

! 5 
! 
! 5 

! 
! 
I 
! 
I 

5 

7 

! 23 
! 
I 7 
! 
! 7 

I 
! 18 to 160 

! 
I 7 
I 
! 7 
I 
! 160 

I 

! 
! 

! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 

-----------------------------------------------------------------------------------
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* :Jiw orien.tatioM 6hown. are ten..ralized attitut.t.o with n.o in.ten.t to in.clud11 
a tolef't211.ce. :Jor oitn.i/ican.t deuiatioM Prom the ten.eral attitude. cuUCIUfl aooeoomen.t mav 
btl required. 

** J:.ocaJ uerticaJ a.ttitudeo ar11 thoo11 with an. orbit11r a.xio (uouoaly a. m.ajor a.xio) pointed 
con.tin.uallv toward th11 earth (tl.f .• top or bavlocal uerticaJ). 

*** Orbrat11 a.ttitud11o ar11 thooe with a oin.file orbiter a.xio (uou.allv a. m.ajor a.xio) in.11rtial but 
with a rotation ·p11riod about that a.xio equal to on.e orbit period. Orbrate ori11n.tation.o can. 
produce the moot oeu11re thermal con.dition.o Por th11 orbiter or pa.vloa.d. 

• 
+ :Jh11 orbiter attitude-hold periodo ohown. ar11 bao11d on. con.oid.eration. oP both pa.ooi1111 and 

.Actiu11 :Jh11rmaJ Control Stjotem (.A:JCSJ limito. :Jhe pa.ooiue limito included were 
obtain.11d Prom "Space Shuttle Pro,.ram :Jhermodvn.amic :T:>eoitn. :l:>ata Book - :JhermaJ 
Control Stjot11m - CoMtrain.to" (Rockwell9n.terna.tion.aJ :l:>ocument s:b73-SJI-0226. Volume 
1C. Book V. September 1985). :Jhe pa.ooiue thermal limito are reP11renced Prom opecijic 
initial conditioM (P:JC otea.dv-ota.t11 con.dition.o a.t each beta. an.fileJ. .A:JCS attitude 
duration. limito are otron.t Pu.n.ction.o oP the internal heat load added to the Orbiter :Jreon. 
loopo and theoe heat loa.do are hifhl'l dependent on. the opecijic miooion. the pa.vloa.d 
con/it;u.ra.tion.. and oth11r operational fa.ctoro. .Attitude duration limito Por opecijic 
pa.vloa.d con/it;u.ra.tion.o and miooion.o mu.ot be determined bv a.n.aJvoio. and theoe will be 
a.ddreooed in. the pa.vloa.d-u.n.iqu.e 9C:l:>o and the miooion.-opeci/ic P9Po. :Jhe .A:JCS duration 
limito preoen.ted here reflect a n.omin.aJ on-orbit ou.pplv wat11r qu.an.titv (478 pou.ndo) a.t 
the bet;in.n.in.t; of each attitud11 hold. a 245 pound minimum on-orbit ou.pplv water qu.an.titv 
redlin.e. orbiter Pu11l cell power oP 22 kilowatto. a con.otan.t water production. rate oP 18 

pou.ndo per hour. a 110°3 radiator :Jreon. inlet temperature. a oeuen. m11mber crew. a. 
d11ploved forward. radiator panel con/it;ura.tion.. and eit;ht radiator pan.elo. :Jhe 
attitude-hold periodo ohown. are intended on.lv a.o an. initial oimpli/ied preoen.ta.tion. of 
orbiter ca.pabilitieo Por S:JS uo11ro. • 

• 
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6.1 . 1 . 2. 2 lRe6tlrved.J 

6.1.1.2.3 Orbiter Constraints for De-orbit and Entrv Preparation. Orbit•r 
pre-entry thermal conditionin.t~ attitude6 and duration rtlquirem.entt- are dt1pt1ndent upon the 
thermal t.tate of the orbiter and natur• (normal or contint~•ncv> of the im.p•ndin.t~ entry. ~he 
orbiter pre-entry thermal conditionin.t~ time will be e6tabli6hed durin'~ the m.it.t.ion ut.in.t~ 
real-time tem.pt~rature m.ea6W'em.entt.. ~het.e data will be Ut.ed to dtlterm.in.e the actual 
required pre-entry thermal conditionin.t~ duration within the ran.t~e defined in. the Poltowin.t~ 
table. 

----------------------------------------------------------------------------! Beta An'i/e ! .C.Ont~ ~erm. Orbiter Orientation ! ::Jhermal Conditionin.t~ ! 
! Rant~e. ! Prior ~o Pre-entry ~hermal ! ~im.e Rant~e • .JJourt. I 
! t)eveet. I Conditionin.t~ ! 1 
!--------------!-------------------------------------!------------------------1 
I 0° ~o 90° I Anv I o ~o r 2 I 
I I I I 

----------------------------------------------------------------------------
~he operational objective will be to accom.plit.h pre-entry conditionin.t~ required for 
normal entry bv attitude holdt. compatible with both the orbiter and pav/oad operational or 
refurbit.hm.ent requirem.entt.. 9P m.utuallv compatible requirem.entt. cannot be et.tablit.hed. 
pre-entry conditionin.t~ will be accom.plit.hed bv pat.6ille thermal conditionin.t~ (P~C) bv 
rotatin.t~ the orbiter at 2 to 5 revolutiont. per hour about the X -axit- with thll orientation of 
the X-axit. within. +1-20 deveet- of the perp•ndicular to the 6Uflvector. 

:J.or an aborted entry re6ultinfi Prom. an orbiter problem.. the pre-entry thermal 
conditionin.t~ will be cont.tra.in.ed onJv bv the pav/oad Plifiht 64/etv cont.tra.in.tt. defined in. the 
P9P Annex . .JJowever. for an aborted entry. ePfort will be made to t.atit.Pv the pre-entry 
thermal requirem.entt. without violatinfi the pav/oad. operational or refurbit.hm.ent 
attitude-hold cont.tra.in.h alt.o defined in. the Car'fiO element P9P. 

6.1.1.2.4 On-Board Support Equipment. On-Board Support Equipment remaining in 
the cargo bay after deployment of the payload shall be designed to be compatible 
with the Orbiter attitude-hold capabilitv defined in. Para'lf'Q.Pht. 6.1.1.2.1 and 6.1.1.2.3 . 
.JJowever. the u6e oP active coolin.t~ 6hall not be required to meet Orbiter compatible 
attitude-hold6. 

6.1.1.3 Space Environment. The numerical values of the parameters defining the 
space environment shall be as follows: 

a. Solar Radiation {hot case) 

b. Earth a 1 bedo 

c. Earth Radiation 

d. Space Sink Temperature 

6.1 . 1 . 4 (t)eleted.J 

444 Btu/hr. - ft.2 

30 percent of solar radiation 

77 Btu/hr. - ft.2 

6.1.2 Thermal Design Configurations/Models . 
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6.1.2.1 Orbiter Interface Models. Orbiter thermal models for integrated 
analysis shall be as defined in eS3-76-t. eS3-77-3.ISC-19540 and ISC-19692. 

6.1.2.2 Coating Surface Properties. 

6.1.2.2.1 Orbiter Surfaces. For thermal design purposes, the infrared 
emittance and solar absorptance of the Orbiter surfaces shall be as defined in 
Figure 6.1.2.2.1-1 and Table 6.1.2.2.1-1. 

6.1 . 2. 2. 2 (De 1 eted) 

6.1 . 3 Structura 1 Attachment Therma 1 Interfaces. ::Jhe otructural attachmento for 
the Ca.fVIO element/Orbiter con/i~tion.o ohoJI be ao defined in. Para.'lf'ClPh 3.3. 1. ::Jheoe 
in.te,.Pacet. ohoJI be defined by the contact con.d.u.ctan.cet. betwe•n Ca.fVIO element provided 
attachment hardware and Orbiter provided attachment hardware. :Jar thermal a.n.alt;oio 
purpot.e the contact con.d.u.ctan.ceo ohould be aooumed to b• either zero or in/in.ite. whichever 
it. the worot thermal det.i9fl. cat.e. 

6.1.4 Thermal Environment. 

6.1 .4.1 Cargo Bay Wall Temperature. Typical temperature ranges at the cargo 
bay walls are defined in Table 6.1.4.1-1. Actual temperatures are dependent 
upon flight parameters and upon cargo element configuration. The maximum 
temperature for the radiator panels when the doors are closed shall not exceed 
210°F. 

6.1.4.2 Entry Air Inlet Conditions. ::Jh• temperature and m.aoo flowra.te of the 
repreot.Urizin.'l air enterin.fi the Ca.fVIO bav and the cargo bay pressure during entry to 
be utilized for cargo design thermal analysis is as defined in Figures 
6.1.4.2-1, 6.1.4.2-2, and 6.1.4.2-3. 

6.1 .4.3 Reflected Solar Energy. Cargo Elements and Orbiter components which 
extend above the cargo bay door hinge line (Zo 400.00 ref.), or are deployed 
transversely over the radiators, may be subjected to locally concentrated solar 
radiation. The magnitude of the local fluxes will be a function of cargo 
element or component location and Orbiter orientation relative to the sun. 
Objects located over the radiators may be irradiated with a flux substantially 
higher than the solar constant due to focusing by the reflective rad.ia.tort.. 

6.1.4.4 Prelaunch and Post-landing Environments. Worst case hot and cold 
prelaunch and post-landing environments, as well as nominal environments are 
defined, which shall be used in verifying Orbiter/cargo elements thermal 
compatibility. Constant values for environmental extremes are provided which 
may be used for calculating conservative thermal predictions. Diurnal data is 
also provided which may be used for performing more rigorous predictions. 

6.1 .4.4.1 Solar Flux. The solar constant, which is defined as the heating flux 
to a surface normal to the incident solar radiation, has a mean value of 429 
BTU/hr-ft2 outside the earth's atmosphere. Because of attenuation due to 
atmospheric interference, the solar constant at the earth's surface varies as a 
function of time of day. Figure 6.1.4.4.1-1 shows the diurnal variation of the 
solar constant to be used for normal hot and cold environment cases of 
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prelaun.chand.po6t-lan.d.f.n.tanolv6e6. For prelaunch conditions, it shall be 
assumed that the Orbiter is in the vertical position on the launch pad with its 
tail facing south at the Eastern Test Range (ETR) or facing west at the Western 
Test Range (WTR). For landings at the ETR the Orbiter is assumed to be 
generally oriented with the X-axis in a north-south direction; for the WTR, the 
orientation is also assumed to be generally in the north-south direction. 

For hot case analysis, the flux represents the direct flux for a surface normal 
to the flux. The direct fluxes for the various surfaces of the Orbiter must be 
corrected for the angle of incidence which varies for each surface and with time 
of day. For cold case analysis, the flux is assumed to represent the diffuse 
flux for a cloudy day and does not need to be corrected for the angle of 
incidence. 

Figure 6.1.4.4.1-2 shows the curve to be used for the maximum solar flux at 
contingency landing sites. The curve was generated assuming a March "noontime" 
equatoral flux of 396 BTU/hr-ft2 and the timewise distribution •'fUation. wwn. 
on.::Jir;ure 6.1.4.4.1-2. Minimum flux at a contingency landing site is assumed to 
be equal to zero. 

For cases where it is desirable to use constant (conservative) values for the 
solar flux, the following values may be used: 

* 

** 

Hot Environment* 

Prelaunch and normal post-landing 
Contingency landing 

Cold Environment** 

Prelaunch and normal post-landing 
Contingency landing 

363 BTU/hr-ft2 
396 BTU/hr-ft2 

70 BTU/hr-ft2 
0 BTU/hr-ft2 

For prelaunch hot conditions with the Orbiter in a vertical position on the 
pad, assume the sun is in the Orbiter X-Z plane at an angle 38° up from the 
local horizontal at the ETR, and in the Orbiter X-Y plane at an angle 31° 
up from the local horizontal at the WTR. For hot analyses for normal 
post-landing and contingency landings, assume the wn.i6directlvoverhead.. 
::Jir;ure 6. 1 .4.4. 1-1. 

For cold conditions, assume the llwci6di//U4e.::Jir;ure6.1.4.4.1-1. 

6.1.4.4.2 Ambient Air Temperature. The ambient air temperature varies with 
time of day, season and local weather conditions. Figure 6.1.4.4.2-1 and 
6.1.4.4.2-2 show diurnal air temperatures for ETR and WTR locations for cold, 
hot and nominal do.'l6 lor repre6en.tative mon.th6. The temperatures for hot and 
cold days represents the maximum and minimum values, respectively, for 95 
percent of all measurements while the temperature for a "nominal" day represents 
the median (50 percentile) of all measurements . 
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Figure 6.1.4.4.2-3 shows diurnal air temperatures for hot and cold days at 
contingency landing sites. The curve for a hot day was synthesized assuming a 
maximum temperature of 110°F at noon and the minimum temperature at ETR in lulv • 
Por 9.5 percent hot da.v. 3ifiU"e 6.1.4.4.2-1. The curve for a cold day was 
synthesized assuming a minimum temperature of 0°F and a 50°F temperature rise 
and fall in the morning and afternoon, respectively. 

Where it is desired to use constant (conservative) values of ambient 
temperature, the following values are recommended: 

Hot Environment 

Prelaun.ch and normal po6t -landin'l 
Contingency landing 

Cold Environment 

Prelaun.ch and normal po6t-landin'l 
Contingency landing 

6.1.4.4.3 Ground Surface Temperature. The ground surface temperature is 
influenced by incident daytime solar radiation, sky/ground radiation 
interchange, air temperature and velocity, and surface properties. Generally, 
it is assumed that the ground surface temperature is the same as the air 
temperature. If desired, the ground temperature may be assumed to be equal to 
the diurnal air temperature. When constant (conservative) values are 
appropriate, the following values may be used: 

* 

Hot Environment 

Prelaun.ch 
'Ylormal po6t -Iandin'~ 
Continfiencv landin'l 

Cold Environment 

Prelaun.ch 
'Ylormal po6t -landin'l 
C ontin'lencv landin'l 

99°3 (60°3*) 
99°3 

110°3 

When in a vertical position on the launch pad, the bottom of the Orbiter 
views the external tank which has a temperature of approximately 60°F. 

6.1 .4.4.4 Sky Temperature. The sky temperature is influenced by climatic 
conditions such as ambient temperature and cloud cover and time of day. While 
on the runway the upperbody surfaces of the Orbiter radiate heat primarily to 
the sky. While on the launch pad in a vertical position, these surfaces radiate 
approximately one-half to the ground and one-half to the sky. The following 
constant values are recommended for design purposes: 

Hot Environment 

ICD-2-19001 

Prelaunch 
Normal post-landing 
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Cold Environment 

Prelaunch 
Normal post-landing 
Contingency landing 

* Average radiation temperature viewed by Orbiter top surfaces is 76°F 
assuming sky temperature of 50°F and ground temperature of 99°F. 

6. 1 • 5 (:beleted.J 

6.1 .6 Carrio &v 31oodlitiht :Jhermol Chara.cteri6tic6. :bepen.d.i.n.f. upon. the devee of 
pa'jload blockafie of the Car'f/O bav floodlifiht'6 view to 6pace. operation. of the lifiht6 mav be 
con.6train.ed due to pa'jload or floodlifiht therm.allim.itation.6. ~hermol con/ifiUI"Q.tion. and 
maximum. tem.perature6 of the lifihh are pre6en.ted in. 3ifiure 6.1.6-1 and direct litiht beam. 
6hort wavelen.fith (exclu.d.in.ti 9TV maximum. heat flux i6 pre6en.ted in. 3i9UJ"e 6.1.6-2 for u6e in. 
pa'jload thermal de6ifin. an.alv6e6. ~he6e data are included for u6e in. iden.tilvin'i potential 
floodJitiht operational con.6train.t6 due to pa'jload thermol con.6ideratioM. 9f con.6train.t6 are 
indicated. a more detailed an.alv6i6 6hoJI be accom.pli6hed to define the reCJUi,red operational 
con.6train.t6. .A thermal math model of a tvpical floodlifiht i6 available • il reCJUi,red. for 
detailed thermal an.alv6i6. Specijic location.6 of the Car'f/O bav lifihh are pre6en.ted in. 3ifiure 
3.1 .3.2-1, Section. 3.0 • 
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:Jable 6.1 .2.2. 1 _, :Jh.erm.o-OpticaJ Propertieo op Orbiter Surfaceo 

-----------------------------------------------------------------------
p p 

Surface 
Description 

Design ! Surface ! ~! ~ c ! c !~PU4eiSpecular! 
Criterion! Material !New!Degr. New!Oegr.!Percent!Percent ! 

------------·----------!----------·---!·----- ---!-----!-------!--------· 
Cargo Bay 
Liner 

~ /c < .4!Teflon .36 .9 
s !Coated .22! .9 ! 

c ~ .B!Glss Cloth 99 I n.on.e 
------------ ----------!---------- ---!----- ---·-----·-------!--------
Fwd Bulkhead ~ /c < .4!Teflon .36 .9 

s !Coated .22! !.9 
c ~ .B!Glss Cloth 99 ! n.on.e 

------------ ----------!---------- ---!-----·--- -------!--------! 
Aft Bulkhead ~ /c < .4!Teflon .36 .9 

s !Coated !.22! .9 
c ~ .8!Glss Cloth! 99 ! n.on.e 

------------ ----------!----------!---!----- -----!-------!--------! 
Radiator 
Concave 
Surface 

N/A !Silver­
! Coated 
!Teflon 

. 11 min! . 8 50 ! 50 
! .08! .8 ! 

------------·----------·----------·---·-----·---·-----·-------·---------· . . . . . . . . 
Radiator 
Convex 
Surface 

N/A Silver­
Coated 
Teflon 

.11 !min! .8 50 ! 50 
! . 08! ! . 8 ! 

------------!---------- ----------!---!-----!---!-----·-------!--------! 
!Fwd 2 Pnls Silver­Cargo Bay 

Doors Con­
cave Surface! 

. Coated 
!Teflon 

!.08! .11 !min! .8 
! .8 ! 

50 ! 50 

!----------!---------- ---!-----!---!----- -------!--------! 
Fourth Pnl!Teflon­
(w/o radi-!Coated 
ator) !Glss 
~ /c < .4 !Cloth 

s 
£ ~ .8 

. 22! . 36 ! . 9 .9 

99 ! n.on.e 

!------------ ----------!---------- ---!-----!---!-----!-------!-- -----· 
! Cargo Bay 
!Doors 

!~ /c = .2 !~.8!~.8 
. 16! . 32 ! 

N.A. ! N.A. 

!Convex 
!Surface 

s FRSI (1) 

to .4 
£ ~ .8 LRSI (2) 

---!-----!---!~----!-------
.16! .32 !~.8!~.8 N.A. 

!------------!---------- ---------- ---!-----!---!-----!-------
!Fuselage Mid!~ /c = .2 .. 32 !.16! .32 !~.8!~.8 N.A. 
!Section • s FRSI (1) 
!Sides to .4 ----------!---!-----!---!-----!-------

c ~ .8 LRSI (2) !.16! .32 !~.8!~.8 
!------------ ---------- ----------!---!-----!---!-----!-------
!Wing Upper ~ /c = .2 

s FRSI(l) 
!~. 8 !~. 8 

! . 16! . 32 ! 
N.A. 

N.A. 

N.A. 

N.A. 

!Surface to .4 ----------!---!-----!---!-----!------- -- -----! 

!------------
c ~ .8 LRSI (2) !.16! .32 !~.8!~.8 

----------!---!-----!---!-----!------- --------· 
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:Ja.ble 6.1 .2.2. 1-1 :Jh.ermo-Optica.l Propertit16 op Orbitt1r Surfa.ct16 
( C on.tin.ut1dJ 

-----------------------------------------------------------------------
Surface 

!Description 

p p 
Design ! Surface ! ~! ~ ! c ! c !%X~Pu6ti!Specutar 

Criterion Material !New!Oegr.!New!Oegr.!Percent!Percent 
!------------!---------- ----------!---!-----!--- -------! ---------
!Wing Lower ~ /c = .7 LI 900 !.92!>.6 !.85 .85 N.A. N.A. 

s HRSI{3){4)! 
!Surface to 1.1 

£ ~ .85 
!------------ ---------- ----------·---!-----!--- -------!--------!Bottom of ~ /c = .7 !LI 900 .92!~.6 !.85 .85 N.A. N.A. 

s !HRSI{3){4) 
!Orbiter to 1.1 

£ ~ .85! 
!------------!----------!---------- ---·-----!---!-----!-------!--
!fuselage Fwd!~ /c = .2 
!Section (Top! s 
! and Portion 

FRS! {1) .16 
!~.8!~.8 

.32 ! 
N.A. N.A. 

!of Sides, to .4 -----! ---!- -----! ---·- ---! ---------! 
!See Figure c ~ .8 LRSI (2) . 16 N.A. ! N.A . 
!6.1.2.2.1-1 
!------------!---------- ---------- -----! ---! -----! ------- --·w ·----! 
!Fuselage Fwd!~ /c = .7 
!Section s 

! (Nose and 
!Portion of 
!Sides, See 
!Figure 
!6.1.2.2.1-1 

to 1 .1 
£ ~ .85 

LI 900 .. 92!>.6 !.85! .85 N.A. N.A. 
HRSI( 3){ 4) 

!------------ ---------- ---------- ---!----- ---!----- ------- --------! 
!Fuselage Aft ~ /c = .2 
!Section s FRS! (1) 
!Sides to .4 

£ ~ .8 

.16 .32 ~.8!~.8 

!------------ ---------- ----------!--- -----!---!-----
!Vertical Fin.~ /c = .2 

s FRS! (1) ! .16 .. 32 !~.8!~.8 
to .4 
£ ~ .8 

N.A. N.A. 

--------! 
N.A. N.A. 

!------------ ---------- ----------!--- -----!---!----- ------- --------
!Base Heat 
!Shield 

!------------
!OMS Pods 

~ /c = .7 
s LI 900 !.92 ~.6 !.85!.85 N.A. N.A. 

to 1.1 HRSI(3)(4)! 
£ ~ .85. 

----------!----------!--- -----!---!-----
~ /c = .2 

s !FRS! (1) N.A. N.A. 
-----!---!-----!------- --------to .4 !---------­

c ~ • 8 ! LRS I ( 2) .16 .32 !~.8!~.8 N.A. N.A . 

!------------!----------!--·-------- ---!-----!---!-----!--- ---!---
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::Ja.ble 6.1 .2.2. 1-1 ::Jherm.o-OpticaJ Propertiet. op Orbiter Surfa.cet. 
( C onclud.edJ 

-----------------------------------------·------------------------
Surface 

!Description 

p p 
Design ! Surface ! a ! 01 ! .: ! .: !1:>i/Put.e !Specular ! 

Criterion! Material !New!Degr.!New!Oegr. Percent!Percent ! 
!------------ ----------!----------!--- -----·---!----- -------!--------
!Body Flap 
• (Upper and 
Lower Sur­
faces) 

01 /.: = .7 
s !LI 900 ! .92 ~.6 .85! .85 

to 1 . 1 ! HRS I ( 3 )( 4)! 
£ ~ .85! 

N.A. N.A. 

----------·----------!--- ---!----- -------!--------
SSME Nozzles 01 /.: = 1.0 
External s 
Surfaces 

Inconel 
718 

! .8 . 85 ! . 8 ! . 85 

----------!--- -----!---!-----
SSME Nozzles!01 /.: = 1.8 A286 
Interna 1 ! s 
Surfaces 

Stainless !.55! .55 !.3 ! .3 
Steel 

N.A. N.A. 

N.A. N.A. 

-----------------------------------------------------------------------
NOTE: 

(I) Felt reusable surface insulation. 

(2) Low-temperature reusable surface insulation. 

( 3) High-temperature reusable surface insulation. 

(4) HRSI coating absorptance is highest when new and decreases with 
degradation. 

(5) Small Orbiter surfaces (e.g. wing and vertical fin leading edges, 
nose cone, T-0 umbilical, etc.) and minor Orbiter vehicle 
differences are not shown. 
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:Ja.ble 6. r .4. r -r Cart~p &.v Wall :Jem.perature 

CONDITION TEMPERATURE 
!-------------------! 
! Minimum ! Maximum ! 

---------------------------·---------·---------· 
1. Prelau.n.ch (1) +40°F +120°F 

2. .t.au.n.ch ( 7) +40°F +150°F 

3. On-Orbit (d.ooro -250°F +200°F 
open.) ( 2) ( 4) 

! 4. entry and Poot- -50°F . +220°F 
lan.din.'i ( 3) ( 4) 

NOTES: 

<r> Conditions 1 and 2 are for an assumed adiabatic cargo 
element. 

(2) Condition 3 is for an assumed empty cargo bay. The 
effect on wall temperature which results with a cargo 
element installed is dependent upon cargo element 
configuration, cargo element location in the bay, and 
on-orbit attitude. Under hot case conditions, cargo 
element effects can cause local insulation surface wall 
temperatures to exceed 200°F substantially. 

(3) Condition 4, minimum, is for an assumed adiabatic cargo 
element with an initial -250°F cargo bay wall 
temperature. Condition 4, maximum, is for an assumed 
empty cargo bay. 

(4) Conditions 3 and 4 should be analyzed using detailed 
integrated Orbiter/cargo element math models to define 
cargo element and Orbiter cargo bay temperatures for 
specific cargo element configurations . 
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• TIME DESIGN DESIGN 
OF HIGH· LOW 

DAY SOLAR RADIATION SOLAR RADIATION 

ti>UR BTU/FT2/HR &M-CAL/CM2/MIN ITU/FT2/HR GM-CAL/CM2/MIN 

0500 0 . 0.00 0 0.00 
1100 363 1.64 70 0.32 
1300 80 0.36 
1400 363 1.64 
2000 0 0.00 0 0.00 

~ 

' 350 
"' t: ..... 300 ;: .. • • 250 
z 
0 DESIGN HIGH -.... 200 c -c 
~ 150 
1111: 

:5 
0 100 ., 

50 

0 
2 4 6 8 10 12 14 .16 18 20 22 24 

LOCAL STANDARD TIME - IOJR 

:J.i9Uf'B 6.1.4.4.1-1 3::H.urnol Variation :J.or Solar Cont~tan.t • 
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DISTANCE­

-CIRCULAR 
PAYLOAD SURFACE 

FLOODLIGHT 
RADIATOR 
(PAINTED WHITE, 
a I E • • 30/. 85. 
TMx ::=:: 340°F) 

.ORBITER 
P/L BAY LINER 
(See Table 6.1.2.2.1-1 

( REF FIGURE 6.1.6-2) ,for thermo-optical pro­
perties. Max temps. are 
payfoad configuration­
dependent} -

r 
7.75 
IN. 

.WINDOW 
RETAINER GRILL 

ALUMINUM RADIATOR 

l~____, 
f==i3. 90 IN.; I 
t-f-------13.75 IN.· • 

RADIATOR. ,QUARTZ WINDOW (4.25 IN. DIA.) 

P/L BAY FLOODLIGHT REFLECTOR 

• :J.i.t;ure 6.1.6-1 Pl.£&.'# :Jioodli.t;ht :Jhermal Confi.t;urati.on./Choracteri.flticfl 

ICD-2-19001 6-23 



~ 

12000 
) 

10000 

-N .... 

~ 

~ 
8000 0: 

~ =· 
~ ..... 
>C ~ 

= 6000 ...J u.. .... ~ 
u 

"'"' 0: 
~ -= 

4000 ,_ 

,_ 
2000 

~ 

~ 

ICD-2-19001 

~ l 600 *REF. FIGURE 6.1.6-1 (SHEET 1 OF 2) 
JI)TE: THESE FLOODLIGHT HEAT FLUXES ARE MAXIMUM 

~ 
VALUES INTENDED FOR DETERMINING POTENTIAL ----
PAYLOAD OVERHEATING PROBLEMS AND NECESSARY 

500 FLOODLIGHT OPERATIONAL CONSTRAINTS. THE _ 
1 FLUXES ARE NOT APPLICABLE FOR OTHER 

~ L PURPOSES. SUCH AS FOR WARMING PAYLOADS. 
DEPENDING UPON TP.E PAYLOAD CONFIGURATION. 

-\ THERMAL OPERATIONAL CONSTRAINTS MAY BE -
IMPOSED ON THE FLOODLIGHTS TO PREVENT AND • 

400 FLOODLIGHT OR PAYLOAD OVERHEATING AND 

~ \. THEREFORE. THE FLOODLIGHTS MAY NOT BE -
AVAILABLE AS A HEAT SOURCE FOR WARMING 
PAYLOADS. 
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6.2 ACTIVE THERMAL CONTROL 

6.2.1 Purge and Vent of Cargo Bay. The Orbiter shall provide a ground purge 
system which is comprised of a ground-system supplied, on-board duct network 
which distributes Air/GN2. The purge gases supplied by the Orbiter to the 
payload and cargo bay shall be of the type consistent with the specific phase of 
prelaunch and post-landing operations as shown in :Jable6 6.2.7-7 and 6.2.1-2 . .A 
repre6entative pt.JJ"9e Plow di6tribution in the Car'fiO bay without 6pi9-ot Plow i6 6hown in 
:J.i9-Uf'e 6.2.1-1 . .A6 noted. Car'fiO bay pt.JJ"9e Plow i6lo6t to the lower mid-Pu6ela9-e at the vent 
Pilter6 due to the di9-ht Car'fiO bay pt.JJ"9e po6itive pre66UI"e. :Jhe actud Plow rate di6tribution 
io a function oP the m.anijold and 6pi9-ot Plow rateo. 

6. 2. 2 Coolant 9n.terface6 for .Active :JhermaJ Control. 

6. 2. 2. 1 Pa'tload .JJeat exchan.ier. .A heat exchan.i-er within the Orbiter i6 U6ed Por the 
tra.n.ofer oP heat Prom a payload coolant loop to the Orbiter .Active :Jhermal Control 
Suboy6tem (.A:JCS). 

:Jhe heat exchan.9-er provide6 two coolant pao6a9-e6 for total payload utilization. One 
pa66a9-e i6 normally u6ed for a payload in the Car'fiO bay. the other pao4a9-e i6 plumbed for. 
payload u6e in the cabin . .Aithoui-h each pa66a9-e 6hall be capable oP han.dlin9- the total 
coolant Plow re'fUi.red Por maximum allowable payload heat rejection by the Orbiter vehicle. 
the total payload heat rejection oP both pao4a9-e6 ohaJI not exceed the maximum allowable 
heat rejection . .JJeat rejection capability i6 6pecified in :Jable 6.2.2. 7-7. :Jhe duration for 
which the 6pecified on-orbit heat rejection rate can be maintained i6 a function oP vehicle 
con6tra.in.t6 ao defined in Paratp'Q.Ph 6. 7.1 .2. :Jhe Car'fiO element ohaJI control coolant loop 
Plow rate and heat exchan.9-er inlet temperature on the c~ element 6ide oP the heat 
exchan.9-er . 

:Jhermal performance oP heat exchan.9-er i6 defined in :J.i9-Uf'e 6.2.2. 7-7 . .A payload coolant 
loop interfacin9- with the payload heat exchan.9-er 6hall not operate at a pre66UI"e ~eater 
than 200 p6ia. 9n. addition. the payload coolant loop ohaJI be deoi~ed to be compatible with 
a maximum operatin9- pre66UI"e oP 200 p6ia. 

6. 2. 2. 2 Pa'tload .Active Coolin9 .Kit <P.AC.KJ. CQr9o element6. located in the Car'fiO bay 
and requirin9- active coolin9-. 6hall utilize the Payload .Active Coolin9- .Kit <P.AC.KJ. :Jhio kit. 
provided ao an optional 6ervice by s:JS. i6 comprioed oP the plumbin9- required to connect to 
the Payload .JJeat exchan.9-er and provideo a fluid interface to the payload on a port-oide 
Stan.dard. 9n.terface Panel <S9PJ <Reference Sectiono 3.3.2 and 3.3.5.2). :Jhe P.AC.K hardware 
element6 are defined in Section 3.3.5.2. 7. :Jhio interface utilizeo quick-di6con.n.ect6 and io 
deoi9-ned to be compatible with water. :J.reon-21. and :J.reon-1 14. :J.reon-1 74 io 
recommended. Coolant fluid opecification6 are dePirl.ed in se-S-0073. 

:Row. pre6oure control. filtration. and in6trumentation are re6pon6ibilitie6 oP the payload. 
9P water io utilized a6 a coolant a minimum contin.uouo Plow rate oP 200 lbo/hr 6hall be 
maintained Por all on-orbit period6 to prevent local Preezin9-. 

Pre66UI"e drop V6 coolant Plow rate i6 defined in :J.i9-UJ"e 6.2.2.2-1. :Jheoe value6 reflect 
total s:JS 6ide pre66Ure drop in.clud.i.n.9- the Payload .JJeat exchan.i-er. Predicted heat 9-ain/loo6 
for the P.AC.K io defined in :J.i9-Uf'e 6.2.2.2-2 • 

ICD-2-19001 6-25 



6.2.2.3 Active Cooling for Cabin. J:ocated Pavloadt.. CQrfO elem.en.tt.. located in. the 
Orbiter cabin. and requirin.9 active coolin.9. are rePerred to ISC-21000-9:/Yb-rn:tlK Por 
interface dePin.ition.. 
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:Jable 6.2. t -t .low :Row Rate CQ.f'flo &v PUJ"fie ga6 Characteri6tic6 
:J.or :Jotal Prelaunch. CQ.f'flo &v :Jiow Rate6 :J.rom 

56.8 :Jo t23 .Kg.lmin (t2s :Jo 210 .t.btmin> 

----------------------------------------------------------------------------------
! 
! 
! 
! 

! 
! Pad 

! Ruruuav :Jo OP:J.I 
1 omc:;. vAe 

! ! 
1 op:;;omc:; t 

Parameter ! .low Pre66ure ! VAe :Jo Pad ! ! 
! 1 omc:; :Jo Pad ! ! 

!--------------------------!--------------------!-------------------!----------------! 
!ga6 :Jvpe !.Airlg'Yl2(.A)(C) !.Air (/3) (C) !.Air (C) ! 
!--------------------------!--------------------!-------------------!----------------! 
!:Jemperature: (g) !7-37.8(45-100) !7-37.8(45-tOO) !18-29 (65-85) ! 
! deg.. C (deg.. :J.) ! ! ! ! 
!Selectable throug-hout ! ! ! ! 
!ran.g.e with accuracv of ! ! ! 
!z.1C(z.2:J.) ! ! ! ! 
!--------------------------!--------------------!-------------------!----------------! 
! .JJumidit't: ! ! ! ! 
!g.ram6 .JJ2oi.Kg. ! ! ! ! 
! ( g.rain6 .JJ 2ollb) ! ! ! 
! ground controlled ! ! ! ! 
! 'Ylot 6electable ! ! ! ! 
! .Air ! ~ 4.14 (~ 29) ! ~ 4.86 (~ 34) ! ~ 4.86 (~ 34) ! 
t gn2 1 ~ o.14 (~ o 1 ------ 1 1 
!--------------------------!--------------------!-------------------!----------------! 
!:Jiow Rate: ! ! ! ! 
!Spit;ot6 Clo6ed: (:1)) ! ! ! ! 
! .Kg./ min ( lbl min) ! ! ! ! 
! manifold !56.8 (125) !56.8 (125) !56.8 (125) ! 
! !(minimum) !(minimum) !(minimum) 
! !109 (240) !100 (220) !100 (220) ! 
! f( maximum) !(maximum) f( maximum) ! 
!--------------------------!--------------------!-------------------!----------------! 
!:Jiow Rate with minimum ! ! ! 
!:Jotal Carg.o d3av ! ! ! 
!:J.Iow/Spit;ot6 Open: (:1)) ! ! ! ! 
! .Kg./ min Ubi min) ! ! ! 

manifold !29.5 (65) !29.5 (65) !29.5 (65) ! 
! f( minimum) !(minimum) f( minimum) ! 
! Spig.ot6 (t!) (:J.) !27.3 (60) !27.3 (60) !27.3 (60) ! 
! f( maximum) !(maximum) f( maximum) ! 
!--------------------------!--------------------!-------------------!----------------! 
!:Jiow Rate with maximum ! ! ! 
!:Jotal Carg.o &v ! ! ! ! 
!:Jiow/Spit;ot6 Open: (:1)) ! ! ! ! 
!.Kg.lmin (lblmin) ! ! ! ! 
! manifold !54.5 (t20) !so (110) !so (110) ! 
! 
! Spig.ot6 (t!) (:J.) 
! 

f( minimum) 
!68.2 (t 50) 
f( maximum) 

f( minimum) 
!61.4 (135) 
!(maximum) 

f( minimum) 
!61.4 (135) 
f( maximum) 

----------------------------------------------------------------------------------
! 
! 

• 'YIO:Jt!S: ('Ylote6 1. 2 and 3 g-eneral: 'Ylote6 .A throug-h g applv to 6pecific table location6) 
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:Jable 6.2. 1-1 J:.ow ~ow Rate Carvo &v Pl.lf't1e (Ja6 Characteri6tic6 
~or ~otal Prelaunch Carvo &v ~ow Rate6 :Hom 

56.8 to 123 .K9Imin (1 25 ~o 270 J:.blmin> (Continued) 

note~: (Continued) 

1. :Row rate~ in the table are lower than Vehiclelgse interface Plow rate~ due to Plow 
di~tributed to J:.ower mid ~u~ela9e. ~otal Vehicle!gse 9n.terface Plow rate~ at the Pad. 
ran.9e Prom 140 lib/min) to 300 llblmW. and all other location.~ ~pecified in the table. ran.9e 
Prom 140 lib/min) to 275 (lblmin). 

2. ~he car9o bav internal pre~~e Mall not exceed .30 PS!f.b above ambient. 

3. ~he carvo bav depre~~urization. rate (on. the voun.dJ Mall not exceed o. 18 PS9/~ec. ~hi~ 
dp/dt i6 a~~ociated with the prelaunch vent open.in9 ~efiuen.ce at ~-38 ~ec. 

(A) 9n.itiation. of g~ pur9e prior to CRYO ~ankin9 for inertin9 Carvo &vi~ defined in 
9C:D-2-oAoo2 "Shuttle Sv~tem J:.a.un.ch Pad and mJ:.P". 

(~) Pur9e Plow to be initiated within touchdown. +45 minute~ at primarv landin9 ~ite and 
touchdown. +90 minute~ at ~ecofl.darv landin9 ~ite. no pur9e available at con.tin9en.cv 
landin9 ~it e. 

(C) Con.tinuou~ pur9in9 durin9 clo6ed Carvo &.v operation.6 except durin9 4Witch-over between. 
mobile and Pacilitv gse at OP~Iomc~. and Pad and durin9 towin9 Prom OP~ until matin.9 
operation.~ are complete in. V.-46. 

(:f)) mea~uremen.t and accuracv of the Plow rate i4 ~pecified and controlled at the 
Orbiterl~cilitv interface within± 5 percent. 

Startin.9 no earlier than ~-1 1 minute~. the carvo bav total Plow rate (manifold plu~ ~pi9otJ 
i4 reduced to between. 65.9-72.7 k9lmin (145-160 lblmin) ~hou.ld the total flow rate be 
9reater than thi~ ran.9e. Spi9ot and manifold Plow rate~ will decrea~e proportionallv with 
the car9o bav total Plow rate a~ a re~u.lt of the Plow reduction.. 

leJ maximum Plow rate out all three (3) ~pi9oh ~hall not exceed 68.2 k9/min. (1 50 lblmin) or 
exceed 45.5 k9lmin. (100 lblmin.J out anv 4in9/e ~pi9ot. nominal Plow rate out each ~pi9ot i~ 
22.7 k9/min. (50 lblmin.). 

(~) maximum pre~4ure down.~tream of purfie ~pi9oh i~ 0.50 p4i9-mea~ed above pavload bav 
pre~~ure. 

((J) :Jemperature controllable within 6pecified ran.9e to± 2°~ at the Orbiter/ ~cilitv interface 
with the Pollowin9 exception.6: 

W Allowable temperature variation.6 durin.9 air to gn 2 or gn 2 to air chan9eover 
are± 1 5°~ for the Pir~t 15 minute~ after chan9eover followed bv ±5°~ until one hour 
ha~ elap~ed. 
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::Jabte 6.2. 7-7 .low ~ow Rate Carv;o &.v Pt.U'9e ga~ Characteri~tic~ 
:Jor ::JotaJ Prelaunch Carr;o &.v ~ow Rate~ :Jrom 

56.8 ::Jo 123 .Kr;tmin (7 25 ::Jo 270 .lbtminJ <Concluded) 

note~: lContin.u.edJ 

(ii) Allowable temperature variation~ durinr; purr;e flow rate ad.ju~tmentt~: 

ICD.-2-19001 

Set Point 
(O:J) 

max 
;Deviation 

(O:J) 

::lime 
(min) 

Carr;o 13av Purr;e ~ow Rate 
;/)ecreat~e or 9ncreat~e 

lib/min> 

--------------------------------------------------------------------
45 
55 
75 

100 

.:t2 

.:t4 

.:t 7 0 

.:t 7 6 

6-29 

270 to 7 25 or 7 25 to 270 
270 to 725 725 to 270 

270 to 725 725 to 270 
270 to 725 725 to 270 



~able 6.2. 1-2 .JJirrh :J.tow Rate Carr;o d3a'l Purg.e (;a6 Characteri4tic6 :J.or 
:.Jotal Prelaunch Carr;o &'I :J.tow Rate6 :J.rom 56.8 ~o 7 20.5 ..Krrlmin 

(125 :.Jo 265 .t.blmin> Air. And. :J.rom to9 ~o 785 ..Krrlmin 
(24o ~o 408 .t.btmw gn2 

---------------------------------------------------------------------------------------
! 
! 
! Parameter 

! 
! Pad .t.ow 
! Pre66ure 

! 
1 Pad .JJirrh 
! Pre66ure 

!RUIUUa'l ~o OP:J.I 
1 omc:;. v.A/3. 
! VA/3 ~o Pad 

! ! 
! OP:J.IOmc~ ! 
! ! 

! omc:; ~o Pad ! 
!------------------------!---------------!--------------!------------------!--------------! 
!(;a6 ~~~pe !Air (C) !(;'Y/2 (A) (C) !Air (d3) (CJ !Air (C) ! 
!------------------------!---------------!--------------!------------------!--------------! 
!~emperature: ((;) !7-37.8(45-100) !7-37.8(45-100) !7-37.8(45-100) !1 8-29 (65-85) ! 
! derr. c Uderr. :J.) ! ! ! ! ! 
!Selectable throurrhout ! ! ! ! ! 
!ranr;e with accurac'l ! ! ! ! ! 
!of + 1 C( + 2:J.) ! ! 1 ! 1 
! - --=-----=----------------! ---------------! --------------! ------------------! ------------ ·--! 
!JJumidittt: ! ! ! 1 
!rrram6 JJ2oi..Kr; ! ! ! ! 
! (r;rain6 JJ2ollb> ! ! ! ! ! 
!(;round. controlled ! ~ 4. 7 4 (~ 29) ! ~ o. 7 4 (~ 7) ! ~ 4.86 (~ 34) ! ~ 4.86 (~ 34) ! 
!riot 6electable ! ! ! ! ! 
! ------------------------! ---------------! --------------! ------------------! ---------------! 
!:J.Iow Rate: ! ! ! ! 
!Spi9ot6 Clo6ed: (:/)) ! ! 
!..Kr;lmin (lblmin) ! ! ! 
! manifold !56.8 (1 25) !109 (240) !56.8 (1 25) 
! !(minimum) !(minimum) !(minimum) 
! !109 (240) !167 (365) !100 (220) 
! !(maximum) !(maximum) !(maximum> 

! 
!56.8 (1 25) 
!(minimum) 
!too (220) 
!(maximum) 

! 
! 
! 
! 
! 

!------------------------!---------------!--------------!------------------!--------------~ 
!:J.Iow Rate6 with minimum ! ! ! ! ! 
!~otal Carrro d3a'l ! ! ! ! ! 
!31ow/Spi90t6 Open: (:/)) ! ! ! ! ! 
!..Krrlmin (lblmin>> ! ! ! 

manifold !31 .8 (70) !55.9 (1 23) !37.8 (70) !37.8 (70) ! 
!(minimum) 
!25 (55) 

!(minimum) 
!53.2 (1 7 7) 

!(minimum) 
!25 (55) 

!(minimum) 
!25 (55) 

! 
! 

! !(maximum) !(maximum> !(maximum) !(maximum) ! 
!------------------------!---------------1--------------!------------------!--------------! 
!:J.Iow Rate6 with maximum ! ! ! ! ! 
!~otal Carrro &'I ! ! ! ! 
!:J.Iow/Spi9ot6 Open: (:/)) ! ! ! ! ! 
!..Kr;lmin (lblmin)) ! ! ! ! ! 
! manifold !67.4 (135) !94.5 (208) !56.8 (125) !56.8 (125) ! 
! !(minimum) !(minimum) !(minimum) !(minimum) ! 
! Spirrot6 (e) (:J.) !59. 1 (t 3o> t9·o.o (2oo> !54.4 (t 2o> !54.4 (t 2o> ! 
! !(maximum) !(maximum) !(maximum> !(maximum) ! 
---------------------------------------------------------------------------------------

('Y/ote6 1. 2 and. 3 rreneral: note6 A throurrh g appl'l to 6pecific table location6) 
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:Jable 6.2. 7-2 .JJiflh ~ow Rate Cartio &.11 PUI"tJ-e {Ja6 Characteri6tic6 ~or 
:Jotal Prelaunch Cartio &.11 ~ow Rate6 ::J.rom 56.8 :Jo 120.5 .Kfilmin 

(1 25 :Jo 265 .t.btmi.nJ Air. And :Hom 109 :Jo 185 .Kfilmin 
(240 :Jo 408 .t.btmin> gn 2 (Continued.> 

note6: (Continued> 

1. ~ow rate6 in the table are lower than Vehicletgse interface Plow rate6 due to Plow 
di6tributed to .lower mid ~U6elafje. :Jotal Vehiclelgse 9nterface Plow rate6 at the Pad. 
ranfie Prom 140 Ubi min> A9R to 460 Ubi min) ~n • and all other location6 6pecified in the 
table, ranfje from 140 (lblmin) to 300 (lblmin). 

2. :Jhe CarfiO ba'l internal pre66ure 6hall not exceed .64 PS9X> above ambient. 

3. :Jhe carfio ba'l depre66urization rate (on the fjround) 6hall not exceed .35 PS916ec. :Jhi6 
dpldt a66ociated with the prelaunch vent openinfi 6equence at :J-38 6ec. 

(A) 9nitiation of g~ purfje prior to CRYO :Jankin'l for inertin'l Carfio &11 i6 defined in 
9C:D-2-oAoo2 "Shuttle S!j6tem .t.a.unch Pad and m.t.P". 

(d3) Pur9e Plow to be initiated within touchdown +45 minute6 at primarf~ Iandin'/ 6ite and 
touchdown +90 minute6 at 6econdarlj Iandin'/ 6ite. no pUf"tJ-e available at continfjenc'l 
landin9 6it e. 

(C) Continuou6 purfiin'l durin'/ clo6ed Car'fio &.11 operation6 except durin'/ 6Witch-over between 
mobile and facilit'l gse at OP~tomc~. and Pad and durin'/ towinfi from OP~ until matin9 
operation6 are complete in V~ . 

(;])) mea6urement and accurac'l of the Plow rate i6 6pecified and controlled at the 
Orbiterl~cilit'l interface within± 5 percent. 

Startin'l no earlier than :J-1 7 minute6, the car90 ba'l total Plow rate (manifold plu~ ~pi9ot> 
i6 reduced to between 65.9-72.7 kfilmin (145-160 lblmin) ~hould the total Plow rate be 
9reater than thi6 ranfie. Spifjot and manifold Plow rate6 will decrea6e proportionall'l with 
the Car'fiO ba'l total Plow rate a6 a re6ult of the Plow reduction. 

({:) maximum Plow rate out all three (3) 6pif/Ot6 6hall not exceed 90.9 kfilmin (200 lblmin) or 
exceed 63.6 kfilmin (140 lblmi.nJ out an'l 6in'lle 6pifjot. 

(~) maximum pre66ure down6tream of PUf"tJ-e 6pifjOt6 i6 0.50 p6ifj-mea6ured above pa'jload ba'l 
pre66ure. 

((j) :Jemperature controllable within 6pecified ranfie to± 2°'J at the Orbiter! ~cilit'l interface 
with the Pollowinfi exception4: 

(i) Allowable temperature variation6 d.u.r.in'i air to gn 2 or gn 2 to air chanfieover 
are ± 7 5°~ for the Pir6t 7 5 minute6 after chanfjeover followed b'l ± 5°~ until one hour 
ha6 elap6ed . 
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::Jable 6.2. 7-2 .JJitih ::J.Iow Rate Cartj.o &v Pu.rt;e t;a6 Chara.cteri6tic6 J.or 
::Jotai Prelau.nch Cartj.o &v :How Rate6 :J.rom 56.8 ::Jo 7 20.5 .Kfilmin. 

(725 ~o 265 .lblmi.nJ ..4ir • ..4nd :Hom 709 ::Jo 785 .Kfilmin. 
(240 :Jo 408 .lblmi.nJ gn 2 (Concluded) 

rlote6: (Continued) 

(ii) Allowable temperature variation6 durinfi purfie Plow rate ad.iu6tment6: 

ICD-2-19001 

Set Point 
(OJ) 

max 
2:Jeviation 

(OJ) 

:Jime 
(min.) 

Cartj.o 13av Pu.rt;e ::J.Iow Rate 
:becrea6e or 9n.crea6e 

(tblmin.) 

-----------------------------------------------------------------· --
45 ±2 :Je:J) 270 to 7 25 or 7 25 to 270 
55 ±4 :J£1) 270 to 725 725 to 270 
75 ± 70 :J£1) 270 to 725 725 to 270 

700 ± 76 :J& 270 to 7 25 725 to 270 
45 ±3 ::J£1) 408 to 7 25 or 7 25 to 408 
55 +6 :Je:J) 408 to 7 25 7 25 to 408 
75 ± 20 ::J& 408 to 7 25 725 to 408 

100 ± 34 :J& 408 to 7 25 725 to 408 
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:Jable 6.2.2. 1-1 Pav/oad .JJeat Reiection. Capabilitie6 Provided Bv Orbiter 

Prelaunch 

Pl.t. max Coolin.t; 

Pl.t. normae Coolin.t; 

:De6itpt. .Jiear 
R eiection. 
«J'U/.JIR 

29.000 

5.200 

max .Jiz Out :Jemp 
At :De6it;n. .Jieat 
Rejection. 0~/°C 

45/7 

45/7 

R equire6 pre6cheduie and 
coordination. with Orbiter 
operation.6. 

-----------------------------------------------------------------------------------~---A6cen.t 5.200 45/7 .Jix outlet temp will ri6e 
up to 90°:J.I32°C from 
:1-15 6ec to :1+135 6ec. 

-----------------------------------------------------------------------------------·----On-Orbit 5.200 

29.000 

45/7 

45/7 

Coolin.t; limited with 
carg.o bav door6 clo6ed 
6ee 6pecific P9P for door 
operation. time. 

Available with cart;o bav 
door6 open. . 

---------------------------------------------------------------------------------------
:De orbit/ e n.trv 5.200 45/7 

---------------------------------------------------------------------------------------
5.200 45/7 Available at primart.j 

lan.din.t; 6it e. 

---------------------------------------------------------------------------------------
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1.0 

F114 

NOTES: 
1. L • TOTAL LENGTH IN FT OF LONGITUDINAL SUPPLY LINES PLUS 

LONGITUDINAL RETURN LINES BETWEEN STA. 693 AND THE INTERFACE 
QD's AT THE SIP PANEL THIS L CAN ALSO BE DEFINED AS THE KITTED 
"UNIQUE" LENGTH OF LINES. 

2. PRESSURE DROP IS BASED ON 45°F SUPPLY AND 75°F RETURN 
TEMPERATURES, AND INCLUDES ALL ORBITER AND "KITTED" LINES 
AND COMPONENTS. 

0.1~----------------~~----------------~~----------------J 1 00 1,000 1 0,000 

FLOW RATE - LB/HR 

3ifur• 6.2.2.2-r ::Jotal PAC.K Prfl(jOUJ"fl :brop 

ICD-2-19001 6-38 

• 

• 

• 



A: -ill') .. 
!Q. -:c 
iCI) 

en en 
~ 
u 
we 
~ 
:en 

• .-c 
~ 
' 

t= 
.X 
;:::z: 
-.J ...... 
~ 

• 
ICD-2-19001 

c c -

·-... 

·-

. 

~ 
' 

I= 
~ 
~LLI 
~!5 
~ 

~t;: 
~~ 

% 
- ~t-

&nLL 
-o :z: 
t-N 

~t;j 
C:: LLI 
"-% 

(I) 
t-
ct:LL 
LLIO 
% 

t-

~~ 
I 

k .. 
~ 
~ 

'0 c· .c 
~ 

C) 8 c ! Cl IC IC c 
~ (I") jN ,... - ~ 

• • .... I 

3-ifiure 6.2.2.2-2 Pred.i.cted P.AC.K .Jieat {;ain. .And .f.o66 
(Sheet 7 op 2) 

6-39 

~· 

~ 
c-
lO 
an 

I 



I 

,'CW') 

ICD-2-19001 

~ 
~ 
c· 
Ll.l 

8 
C(LI.I 
S&.l a:: m ::::> 
. ~ 
c-........... 
11.1 Cl) 
CD-
A:C:t: 
,A. I-
V) ..... 
-o :c 
~--

I :E ..... 
0 Ll.l . .0:: Ll.l 
"- :t: 

Cl) 

8 ..... 
:co 

..... 
~~ z :t: 

.. ....., .... 
~ 

~ 

. 

"' I 

., . 
I 

... 
I 

:JifUI'e 6.2.2.2-2 Predicted PAC.K JJeat gain. And .lo66 

CSh.eet 2 Of 2) 

6-40 

b 
,C 
H. 

c 
~ 

. 

g 
@ 
~ 
·~ 
~ 

t: l-1-1-
1.&.. ..... ..... "' ............ ...... Cl) Cl) z: z: 

CI)V)--
00c:(c:( ...... _,~~ 
l-0..1-0.. 
Ll.l ::::> Ll.l ::::> a:: V) a:: V) 

tl~<><J 

• 

• 

• 



• 

• 

• 

6.3 ATMOSPHERIC REVITALIZATION SYSTEM (ARS) 

6.3.1 Oxygen Supply to Station Xo 636. The Orbiter shall supply low-pressure 
oxygen to the interface at the payload heat-exchanger panel per Figure 3.3.4-1. 
The characteristics of the oxygen supply at the payload heat-exchanger panel 
interface shall be as follows: 

a. Pressure: Minimum pressure is a function of the flow demand since a 
restrictor limits the flow to a maximum of 7 lb/hr per 
loop. Nominal 114.7+10/-15 psia (5934+517/-776 mm Hg). 
11 No Flow 11 Max 139.7 psia (7227 mm Hg) 

b. Temperature: 

Maximum: (failed regulator) 259.7 psia (13,434 mm Hg) 

+35 to +120°F (1.6 to 48.9°C) 

c. Flow: Nominal: 0.46 lb/hr (0.209 kg/hr) (Except during Orbiter airlock 
operations, EVA suit purges, or 8 psia (414 mm Hg) 
pressure maintenance.) 

d. Mass: 

Maximum: One regulator operating 7 lb/hr (3.18 kg/hr). Two 
regulators operating 14 lb/hr (6.35 kg/hr). (Oxygen is 
flow-limited by a restrictor. Its flow rate shall be 
limited to 6 to 7 lb/hr with an inlet pressure of 115 psia 
and 70+10°F). 

56 lbs (25.43 kg) available from each EPS cryo kit added 
for payload power. 

6.3.2 Payload Station and Mission Station Support (14.7 psia Cabin Pressure). 
The cooling at these locations shall be provided by drawing air from the cabin 
through theaircooledpav/oadand into the Orbiter ducting system. The 
Orbiter shall provide cooling for the removal of a combined maximum of 2475 
Btu/hr average, and 3413 Btu/hr peak (15 minutes once every 3 hours), from both 
stations during on-orbit operations. For prelaunch, ascent, descent and 
post-landing a combined maximum of 1193 Btu/hr coolin.9 capabilitv 6hall be 
provUted. The above values shall include up to 341 Btu/hr (100 watts) cooling 
for Aft Flight Deck (AFD) payload equipment consuming small quanities of power 
(nu%Xintunt 10 watts each) by direct radiation or convection to the cabin; 
specific forced-air cooling shall not be provided. Cabin air temperature is 
allowed to exceed specification limits by l°F when the 100 watt load is cooled 
by convection or radiation to the cabin. 

:Jotal coolin.9 air Plow available to the A:J.t) 6tation.6 i6 dependent on. the heat load and air 
Plow di6tribution. between. the pav/oad and nti66ion. 6tatioM a6 dePin.ed in. :J.i9W'e 6.3.2-1 . 
.Air-cooled-avion.ic6 air Plow will be provUted at a rate oP 0.406 lb61hr per watt oP connected 
heat load. and therePore coolin.9 de6i9n 6hall be ba6ed o.n. an. air tentperature in.crea6e oP 35°:J. 
(19.50C) acro66 each ef~~Uipnten.t item. with a cabin. prfi66Ure oP 14.7 p6ia . 
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.Air cooling. kit6 art1 providt~d by s:JS and. ar11 pa.vload uniC~Utl. ::Jh-6 kih providtl tht1 
n.tiCtiOt.aJ"ff ductin.g. btltwt~tln. tht1 orbitt~r mani/old 6hown. in. :J.ig.ureo 3.4. 1.2.4-1. 3.4. 1 .2.3-1. 
and. 3.4. 1.4.4-1 and. the pa.v/oad. :Jhe in.tt~,.Pactl dt~Pin.ition.. at thll pa.v/oad. ohoJI btl • 
n.eg.otiated betwe11n. s:JS and. tht1 pa.vload. :Jh11 prt1o6Urt1 drop allocation. Por tht1 pa.v/oad io 
dept~n.den.t on. tht1 pa.v/oad in.tt~,.Pact~location.. tht1 Plow rt~'~Uirt~mtln.t. and. th-6 ductin.g. 6iztl 
oelt~ction.. .Aithoug.h in.t•,.Pac• ductin.g. io n.ormallv 1.5 incht~o. ductin.g. a6 larg.11 ao 2.5 in.ch11o 
io compa.tibltl with tht1 2.5 inch porto 6hown. in. tht1 fig.urtlo. Since 1 inch of wa.t11r io the total 
preo6Urtl drop availabl11 for the ductin.g. to the mani/old pluo th11 pa.v/oad. thll prti66Ure drop 
availabl11 to th11 pa.v/oad will btl lt16o than. 1 inch of water. :Jh11 maximum availablt1 to tht1 
pa.v/oad will btl dt~termin.ed by s:JS and. dt~Pin.ed in. thll uniC~Utl 9C:b. 

6. 3. 2. 1 (:beltlttldJ 

6. 3. 2. 2 (:btlltlttldJ 

6.3.3 Cabin Environment. 

- Dew Point, max. 

- Surface temperature of 
equipment accessible to 
crewman, max 

- Cooling air inlet temperature 
range: ( t~xct~pt a6ct~n.t 

and. entry) 

- Air inlet temperature, max 
(a6ct~n.t and descent phase) 

- Atmosphere pressure (normal 
operation) 

- Orbiter ground 
pressurization teot6 

- Cabin rate of pressure 

- Particulate level 

- Cabin. q con.ct1n.tra.tion. 

'YlormaJ Optlra.tion. and. e7JA 
in.ouit prt1br11athe proct1durt1 

ev.A rt~duced cabin. pre66Urtl 
procedurt1 

ICD-2-19001 

65 to 80°F (18 to 27.0°C) 

14.7 ± 0.2 psia 
(1.013 ± 0.014 bar) 

18.1 psia max (1.24 bar) 
at ±2.0 psi/min (.14 bar/min) 
max rate of pressure change 

2.0 psi/min (0.14 bar/min) 
(on-orbit airlock operation) 
9.0 psi/min (0.61 bar min) 
emergency on-orbit re-entry 
conditions 

Cabin Air 

25.9 percent at 
14.7 poia 

30.0 pt~rcen.t at 
10.2 poia 
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Con.tifr.9en.cv hole in. cabin. 
(paljload required to be 
powered oPfJ 

32.0 percent at 
8 p6ia. 

.All paljload hordwarelocated in. the Orbiter crew cabin. 6hoJI be certi/itld fJO/e Por the 
above en.viron.m.en.t6. 

:J.or de6i9n. or anolv6i6 purpo6e6. the m.oun.ti.n.9 6tructure to which the paljload attache6 and 
the avera9e radiant en.uiron.m.en.t within. the con.6ole6 Mall be con.6idered 90°:J. m.axim.u.m. 
durin.9 on.-orbit operation.6. and 120°3 durifr.9 a6cen.t and de6cen.t pha6e6. :Jhe radiation. 
en.viron.m.en.t 6houJd be con.6idered to be a heat 6in.k at con.6tan.t temperature. wherea6. the 
m.oun.tin.9 6tructure m.av be driven. above 90°3 when. power i6 applied. 

6. 4 (:J:>eletedJ 
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7.0 ELECTRICAL POWER INTERFACES 

1.1 (RESERVED) 

7.2 ELECTRICAL ENERGY 

7.2.1 Baseline Energy Allocation. Energy allocation to the individual Cargo 
Elements shall be defined in the Payload Integration Plan (PIP) for each Cargo 
Element. 

7.3 DC POWER 

7.3.1 DC Electrical Power Accommodations. Accommodations for the Cargo bay 
primary PL bus and cabin. pa'/load bu6 are divided into four sections, with each 
section allocated one-fourth of the tota 1 power ava i 'lab 1 e. .Additioru:xllv. a6 a 
n.on.-6tandard 6ervice. accom.m.odation.6 are available Prom. .Auxiliar'l &6 ~ • .Auxiliar'l 8u6 e . 
.APt Pa'/load &6 e and ~Pt Pa'/load &6 c. :Jhe total power available Prom. all 
accom.m.odation.6. per 6ection.. Mall n.ot exceed the aJiocatioM noted in. :Jable 7 .3.2. 1-1. :Jhe 
accom.m.odation.6 a6 6tated below are the total available to the CQ/"90 elem.en.t6. PL GSE 
power accomodations via Orbiter port T-0 umbilical are divided into four 
sections. Accomodations via Orbiter Starboard T-0 umbilical are the total 
available to payloads. 

7.3.1.1 DC Electrical Power System. The Orbiter DC electrical power system 
switches, fuses, and routi.n/i are 6hown. for information purposes in :Jig.ure6 
7.3.1.1-1. 7.3.1.1-2. and 7.3.1.1-3. 

7.3.1.2 Fusing Criteria The cargo element is required to provide circuit 
protection in the form of fuses, resistors, or other current limiting devices on 
its side of the interface in order to protect CQ1"9oelem.en.tand0rbiterwiri.n.g.. 

When. three or Pour m.ai.n. :t:>C Peeder6 are bu66ed tog.ether on. the pa'/load 6ide oP the 
i.n.te,.Pace. then. each Peeder 6haJI be Pu6ed on. the pa'/load 6ide op the i.n.te,.Pace with a Pu6e 
rated at 200 am.pere6 or le66. 

Orbiter wiri.n.g. i6 either .Kapton. or tePion. i.n.6Uiated and rated Por 200°C. Wiri.n.g. that i6 
rated Por tem.perature6 le66 than. 200°C i6 current limited and re6Uit6 i.n.IQ1"9er wiri.n.g. 6ize6 
to remain. compatible with the circuit protection. device6. :Jhe 6election. oP wiri.n.g. tvpe6 
rated Por le66 than. 200°C which are U6ed in. conjun.ction. with circuit protection. device6 Malt 
n.ot re6ult in. wire 6ize i.n.com.patibilitie6 at the CQ1"9o etem.en.t/Orbiter i.n.te,.Pace. n.or Malt 
the 6etection. oP circuit protection. device6 re6Uit in. in.Qd.equate protection. oP Orbiter 
wiri.n.g.. 

:Jable 7 .3. 1 .2-1 li6t6 the circuit protection. device6 and maximum. wire current 
recom.m.en.d.ed Por pa'/load wiri.n/i between. no. o ~e and no. 26 ~e with an. i.n.6ulation. 
rati.n.g. oP 2oooc . .Additional n~SA de6ig.n. criteria will be Pound in. asc 18798. 

7. 3.1. 3 SSP Current Protection.. When. the power Por the circuit to be 6Witched or 
di6plaved bv the SSP i6 n.ot provided bv the SSP. that circuit sha 11 be current 1 imited 
on the cargo element side of the interface to the equivalent of a 7.5 am.p6 Pu4e 
or 6m.aJier . 
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7.3.2 Cargo Bay Primary PL BUS. 

7.3.2.1 SMCH-SIP Interface. Main DC electrical power provided by the Orbiter • 
to the Primary PL BUS for each mission phase, shall be as specified in Table 
7.3.2.1-1. The payloadelectrical power interfaces are located at the 
termination of SMCH-cables at the Standard Interface Panel (SIP). On-Orbit 
voltage level at theS9P is as shown in Figure 7.3.2.1-1. 

• 

• 
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:Jable 7.3. 1.2-1 Circuit Protection And Characteri4tic4 

• · Specijication. Circuit Breaker. :JhermaJ l11/C454-0026) 

-------------------------------------------------------------
! ! ! ! Ultimate :Jrip ! ! ! 
!:Da.4h ! Ampere ! maximum !--------------------! * 1 min. ! 
! no. ! Ratinr; ! .load ! minimum! maximum ! Volt ! Wire ! 
! ! !-----------1----------!----------!~op ! Size ! 
! ! !% !Amp4 ! Amp4 ! Amp4 ! ! ! 
! -----! ---------! ----! ------! ----------! ----------! -------! ------! 
!2010 ! 1.0 ! 95 ! 0.95 ! 1.10 ! 1.45 !r. roo ! 26 ! 
12020 ! 2.0 ! 95 ! 1.90 ! 2.20 ! 2.90 !0.750 ! 26 ! 
!2030 ! 3.0 ! 95 ! 2.85 ! 3.30 ! 4.35 !0.550 ! 26 ! 
!2050 ! 5.0 ! 95 ! 4.75 ! 5.50 ! 7.25 !0.265 ! 24 ! 
12075 ! 7.5 ! 95 ! 7., 25 ! 8.25 ! 10.875 !0.250 ! 22 ! 
!2100 ! 10.0 ! 95 ! 9.50 ! , , .00 ! 14.50 !0.280 ! 20 ! 
!27 50 ! 15.0 ! 95 !74.25 ! 16.50 ! 27.75 !0.200 ! 74 
!2200 ! 20.0 ! 95 !79.00 ! 22.00 ! 29.00 to. r 80 ! 72 ! 

-------------------------------------------------------------

Circuit d3reaker. :JhermaJ :Jhree Pha4e (mC454-0032) 

-------------------------------------------------------------
! ! ! Ultimate :Jrip ! ! ! 

!:Da.4h ! Ampere ! maximum ! --------------------! * ! min. ! 
! no. ! Ratinr; ! .load ! minimum ! maximum ! Volt ! Wire ! 
! ! !-----------!----------!----------! ~op ! Size ! 
! ! !% ! Amp4 ! Amp4 ! Amp4 ! ! ! 

• ! -----! ---------! ----! ------! ----------! ----------! -------! --- ---! 
!3030 ! 3.0 ! 95 ! 2.85 ! 3.30 ! 4.35 !0.550 ! 26 ! 

-------------------------------------------------------------

Remote Power Controller (mC450-001 7) 

-------------------------------------------------------------
! ! ! ! Ultimate :Jrip ! ! ! 
!:Da.4h ! Ampere ! maximum ! --------------------! * ! min. ! 
! no. ! Ratinr; ! .load ! minimum ! maximum ! Volt ! Wire ! 

! ! -----------1----------! ----------! ~P ! Size ! 
! ! !% ! Amp4 ! Amp4 ! Amp4 ! ! ! 
! -----! ---------! ----! ------! ------,.----! ----------! -------! ------! 
!1030 ! 3.0 !100 ! 3.0 ! 3.750 ! 4.50 ! 0.50 ! 26 ! 
!1050 ! 5.0 !100 ! 5.0 ! 6.250 ! 7.50 ! 0.50 ! 24 ! 
!7075 ! 7.5 !100 ! 7.5 ! 9.375 ! 11.25 ! 0.50 ! 22 ! 
!1100 ! 10.0 !100 ! 10.0 ! , 2.500 ! , 5.00 ! 0.50 ! 20 ! 
!1150 ! 15.0 !roo ! , 5.0 ! , 8.750 ! 22.50 ! 0.50 ! 14 ! 
!1200 ! 20.0 !100 ! 20.0 ! 25.000 ! 30.00 ! 0.50 ! 12 ! 

-------------------------------------------------------------

• 
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:Jablt1 7 .3. 1.2-1 Circuit Prott~ction And Ch.aractt~ri4tic6 (Contirw.t~d) 

------------------------------------------------------------·- • ! ! ! ! Ultimate :Jrip ! ! ! 
!:t>a6h. ! Ampere ! maximum !--------------------! * t min. ! 
! no. ! Ratin9 ! J:.oad ! minimum! maximum ! Volt ! Wire ! 
! ! ! -----------! ------- ---! ----------! :l:>rop ! Size ! 
! ! !% !Amp6 ! Amp6 ! Amp6 ! ! ! 
! -----! ---------! ----! ------! ----------! ------- ---! --------! ··--- --! 
!2035 ! 35.0 !100 ! 35.0 ! 38.5 ! 59.5 !0.222 ! 8 ! 
!2050 ! 50.0 !100 ! 50.0 ! 55.0 ! 85.0 !0.227 ! 8 ! 
!2080 ! 80.0 !100 ! 80.0 ! 88.0 ! 188.0 !0.059 ! 4 ! 
!2100 !100.0 !100 !100.0 ! 7 70.0 ! 235.0 !0.066 ! 0 ! 
!2125 !1 25.0 !100 !1 25.0 ! 137.5 ! 250.0 !0.072 ! 0 ! 
!21 50 !150.0 !100 !1 50.0 ! 765.5 ! 300.0 !0.079 ! 0 ! 
!2200 !200.0 !100 !200.0 ! 220.5 ! 400.0 !0.091 ! 0 ! 
-------------------------------------------------------------

----------------------------------------------------·---------
! ! ! ! Ultimate :Jrip ! ! ! 
!:t>a6h. ! Ampere ! maximum !--------------------! * 1 min. ! 
! no. ! Ratin9 ! J:.oad ! minimum ! maximum ! Volt ! Wire ! 
! ! ! ------·-- ---! ----------! -----------! :t>rop ! Size ! 
! ! !% !Amp4 ! Amp6 ! Amp6 ! ! ! 
! -----! ---------! ----! ------! ----------!~---------! -------! ----· --! 
!3035 ! 35.0 !100 ! 35.0 ! 38.5 ! 84.0 !0.056 ! 8 ! 
!3050 ! 50.0 !100 ! 50.0 ! 55.0 ! 120.0 !0.056 ! 6 ! 
!3150 !150.0 !100 !150.0 ! 165.0 ! 360.0 !0.106 ! 0 ! • !3200 !200.0 !100 !200.0 ! 220.0 ! 480.0 !0.125 ! 0 ! 

-------------------------------------------------------------
:J.u6e -miniature CartridtJe (mtC45 1 -009) 

-------------------------------------------------------------
! ! ! ! Ultimate :Jrip ! ! ! 
!X>a6h ! Ampere ! maximum !--------------------! * t min. ! 
! no. ! Ratin9 ! J:.oad ! minimum! maximum ! Volt ! Wire ! 

! ! -------- ---! ----------! ----------! :l:>rop ! Size ! 
! ! !% !Amp4 ! Amp6 ! Amp6 ! ! ! 
! -----! ---------! ----! ---·---! ----------! ----------! -------! ---- --! 
!1023 ! 0.5 ! 50 ! 0.25 ! 0.5 ! 0.75 !0.800 ! 26 ! 
!1001 ! 1.0 ! 50 ! 0.50 ! 7.0 ! 7.50 !0.680 ! 26 ! 
!1002 ! 2.0 ! 50 ! 7.00 ! 2.0 ! 3.00 !0.320 ! 26 ! 
!7003 ! 3.0 ! 50 ! 1.50 ! 3.0 ! 4.50 !0.200 ! 26 ! 
!1021 ! 5.0 ! 50 ! 2.50 ! 5.0 ! 6.75 !0.338 ! 24 ! 
!1 0 7 9 ! 7.5 ! 50 ! 3.75 ! 7.5 ! 10.7 25. !0.200 ! 22 ! 
!1005 ! 10.0 ! 50 ! 5.00 ! 10.0 ! 13.50 !0.250 ! 20 ! 
!1006 ! 7 5.0 ! 50 ! 7.50 ! 15.0 ! 20.25 !o. 135 ! 76 ! 
!1007 ! 20.0 ! 50 !10.00 ! 20.0 ! 27.00 !0.165 ! 72 ! 
!1008 ! 25.0 ! 50 !1 2.50 25.0 ! 33.75 !0.479 ! 70 ! 
!1009 ! 30.0 ! 50 !7 5.00 ! 30.0 ! 40.50 to. 125 ! 10 ! 
----------------------------------------------------------- --

• 
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:Jable 7 .3. 1 .2-1 Circuit Protection And Chora.cteri6tic6 (Continued) 

• :J.u6e - microminiature With Axial .Cead6 <me 45 1 -00, O) 

-------------------------------------------------------------
! ! ! ! Ultimate :Jrip ! ! ! 
!:ba.6h ! Ampere ! maximum !--------------------1 * 1 min. ! 
! no. I Ratin9- ! .t.oad I minimum ! maximum ! Volt ! Wire ! 
! ! !-----------1----------!----------!3)rap ! Size ! 
! ! !% !Amp6 ! .Amp6 ! Amp6 ! I I 
! -----! ---------1----1------1----------! ----------1-------! ------! 
!1001 ! 0., 25 ! 50 !0.0625! 0.725 ! 0.188 12.676 ! 26 ! 
!1002 ! 0.25 ! 50 to. r 25 ! 0.25 ! 0.375 /0.455 I 26 ! 
!1005 ! 0.50 ! 50 !0.250 I 0.50 ! 0.750 !0.290 ! 26 ! 
!1007 ! 0.75 ! 50 !0.375 ! 0.75 ! , . , 25 !0.330 ! 26 ! 
!1010 ! , .00 ! 50 10.500 ! 1.00 ! 7.50 !0.200 ! 26 ! 
!101 5 ! 7.50 ! 50 !0.750 ! 7.50 ! 2.25 !0.216 ! 26 ! 
!1020 ! 2.00 ! 50 !1.00 ! 2.00 ! 3.00 !0.236 ! 26 ! 
11030 ! 3.00 ! 50 /7.50 ! 3.00 ! 4.50 !0.210 ! 26 ! 
!1040 ! 4.00 ! 50 12.00 ! 4.00 ! 6.00 !0.235 ! 24 ! 
11050 ! 5.00 ! 50 !2.50 ! 5.00 ! 7.50 !0.221 ! 24 ! 
!1070 ! 7.00 ! 50 !3.50 ! 7.00 ! 10.50 !0.210 ! 22 ! 
,, 100 !10.00 ! 50 !5.00 ! 10.00 ! 7 5.00 !O. 190 ! , 8 ! 

-------------------------------------------------------------

:J.u6e- Subminiature Plu6 9n <me45t-oot8) 

-------------------------------------------------------------
! ! ! ! Ultimate :Jrip ! ! ! 

• !:ba.6h ! Ampere ! maximum !--------------------! * t min. ! 
1 no. ! Ratin9- ! .t.oad ! minimum I maximum I Volt ! Wire I 
I I ! -----------! ----------! ----------! :l:>rop !Size I 
! ! !% 1Amp6 I Amp6 I Amp6 I I I 
! -----! ---------! ----! ------! ----------1----------! -------! ------! 
!0012 ! 0., 25 ! 50 !0.625 ! 0.725 ! 0.188 !0.580 ! 26 I 
10025 ! 0.25 I 50 !0.1 25 ! 0.25 ! 0.375 !0.225 ! 26 ! 
!0050 ! 0.50 ! 50 /0.25 ! 0.50 ! 0.750 !0.210 ! 26 I 
!0075 I 0.75 ! 50 10.375 ! 0.75 ! , . , 25 to. 785 ! 26 ! 
!0100 ! 1.00 ! 50 10.500 ! 1.00 ! 7.50 to. 180 ! 26 ! 
!01 50 ! 1.50 ! 50 !0.750 ! 1.50 ! 2.25 to. 180 ! 26 ! 
!0200 ! 2.00 ! 50 ,, .00 ! 2.00 ! 3.00 !0.275 ! 26 ! 
!0300 ! 3.00 ! 50 !1 .50 ! 3.00 ! 4.50 !o. 185 ! 26 ! 
!0400 ! 4.00 ! 50 !2.00 ! 4.00 ! 6.00 to. r 55 ! 24 ! 
!0500 ! 5.00 ! 50 !2.50 ! 5.00 ! 7.50 !O. 7 50 ! 24 ! 
!0750 ! 7.50 ! 50 !3.75 ! 7.50 ! , .25 to. r 3o ! 22 ! 
!1000 110.00 ! 50 !5.00 I 10.00 ! , 5.00 to. 160 ! 18 ! 

-------------------------------------------------------------

• 
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:Jable 7.3.1.2-1 Circuit Protection .And Characteriotico (Concluded) 

mB150-048 Wire .And Cable. electrical. Polvimide 9nculated 

-----------------------------------------------------------
! Wire ! maximum ! O.JJTr/SI:J.:J ! Wire ! maximim ! O.JJmSI:J.t. ! 
! (;aw;e ! Current !.At 200°:J. ! (;aut;e ! Current !.At 200°:} ! 
!-------!-----------!-----------!-------l----------!----------1 
! 0 ! 240.0 !0.000146 ! 14 ! 24.5 !0.003873 ! 
! 2 ! 220.0 !0.000229 ! 16 ! 20.0 !0.006146 ! 
! 4 ! 160.0 !0.000335 ! 18 ! 17.0 10.007876 ! 
! 6 ! 115.0 !0.000563 ! 20 ! 14.0 !0.012614 ! 
! 8 ! 83.0 !0.000896 ! 22 ! 11.0 !0.020658 ! 
! 10 ! 49.0 !0.001601 ! 24 ! 8.6 !0.037339 ! 
! 12 ! 33.0 !0.002556 ! 26 ! 5.2 !0.061281 ! 
-----------------------------------------------------------

note6: 

* maximum voltat;e drop at rated current . .Ad.ju6t for actual circuit current. 

1. d3aoed on 200°:J. and 1 x 1 o-6 torr 

2. Of a fuoe rated at 150 ampo or t;reater if~ open due to fault. all circuitry 
down6tream of that fu6e. to the nect protective device. muot be in6pected 
and approved before it can be re-flown. 

3. maximum .t.oad - maximum current which the deoit;n Mould applv to the 
device. 

4. Ultimate :Jrip maximum - maximum current which device can provide 
under overload condition6. 
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-------------------------------------------------------------------------
MISSION PHASE VOllS 

RANGE 
(VDC) 

POWER (WATTS) TIME LIMIT !REMARKS 
! CONT. ! PE.AK ! ON PEAK POWER ! 

MAX. 
·----------------------·---------·--------·------·---------------·--------· . . . . . . . 
u;round. operation. 
I 

I 
I :JB:b 
! (2) 

I 
! 250 
I 1750 

! 
I 375 
13000 

I 
!1 5 min./3 hr 
! 15 min./3 hr 

! 
I (1) 

I (3) 

I 
! 

----------------------!---------!--------!------!---------------!--------! 
Ascent/Descent/ 
Post-landing 

TBO 250 375 !2 min/mission 
!phase 

----------------------!~--------!--------!------!---------------!--------! 
!On-orbit I (2) I 1750 13000 !1 5 min./3 hr ! ! 

-------------------------------------·------------------------------------

(2) See Figure 7.3.2.1~1 for voltage levels . 
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7.3.2.2 Xo645 Interface. Main DC electrical power provided by the Orbiter to 
the Primary PL BUS for each mission phase, shall be as shown in Table 
7.3.2.2-1. The primary electrical power interfaces are located at the X

0
645 • 

electrical power panel. Electrical power at the X0 645 interface shall not be 
available for cargo use except as agreed to in payload unique Ico•s. 

::Jable 7.3.2.2-1 Pri.m,Qry P.t. Bu.t.- X0 645 electrical Power Panel 

------------------------------------------------------------------------ ·-
MISSION PHASE 

VOLTS 
RANGE 
(VDC) 

POWER (KW) 
! MAX. 
! CONT. ! PEAK 

TIME LIMIT 
ON PEAK POWER 

!REMARKS ! 

!----------------------!---------!-------!------!----------------!--------! 
!{;round Operation ! 27.2-32 ! 7.0 ! 7.5 ! 75 min./3 hr ! (7) ! 
! !27.2-32 ! 7.0 ! 12.0 ! 15min.l3hr I (2) ! 
!-----------------------!---------1-------1-------1------------~----1--------! 
!Prelaunch/At.centl ! 27.2-32 ! 1.0 ! 7.5 2 minutes per ! 
!Descent/Post-Landing mission phase ! 
·----------------------·---------·-------·------·----------------·------ -· . . . . . . 
!On-Orbit ! 27.2-32 ! 7.0 ! 12.0 ! 15 min/3 hr 

------------------------------------------------------------------------
(1) Orbiter 6f16temt. powered to veater than on-orbit levelt.. 

(2) Orbiter 6flt.temt. powered to on-orbit Ievett.. 

IC0-2-19001 7-8 

• 

• 



• 

• 

• 

7.3.3 Cczbin.Pa.vload.8u.6. DC electrical power provided by the Orbiter to 
Cabin PL BUS (AFD), for each Cargo Element section by mission phase shall be as 
specified in Table 7.3.3-1 . 

:Ja.blt1 7.3.3-1 Cabin. Payload. &.4/Sin.fii•-S•ction S'mCJI 

--------------------------------------------------------------------------
MISSION PHASE VOLTS 

RANGE 
(VDC) 

POWER (WATTS)! TIME LIMIT 
! CONT. ! PEAK ! ON PEAK POWER 
! MAX. 

!REMARKS 

!----------------------!---------!-------!------!----------------!--------
!Ground operation ! 25.7-32 ! 188 250 !15 min/3 hr 
!----------------------!---------!-------!------!----------------!--------
!Ascent/Descent/ 
!Post-Landing 

! 24.2-32 ! 88 105 !2 min/mission 
!phase 

!----------------------!---------!--·-----!------!----------------!--------
! On-orbit ! 24.2-32 ! 188 250 !15 min/3 hr 
-------------------------------------------------------------------------

7.3.4 Aux PL A or Aux PL B. Total DC electrical power provided by the Orbit•r 
throu9h Aux PL A or Aux PL B, for each mission phase shall be as specified in 
Table 7.3.4-1, at station X0 645 and AFD respectively. 

The total auxiliary power utilized from both buses shall not exceed the 
allocations specified in Table 7.3.4-1. This table specifies power available at 
either one of these two buses. Power may be drawn from either one or both 
simultaneously. The auxiliary buses may be tied together if diode isolated . 
However, the total power capability is limited to that of a single auxiliary 
bus, which is 0.4 Kw maximum continuous at station X0 645, of which 0.2 Kw · 
maximum continuous is available at the AFD. AuxP.t.AandAuxPJ:.I3are 
available at separate connectors at X0 645 and at the AFD for each bus . 
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::Jablt1 7.3.4-1 AUX P.t. .A Or AUX PJ:. B 

-------------------------------------------------------------------------! 
MISSION PHASE VOLTS 

RANGE 
(VOC) 

POWER 
CONT. ! PEAK 
MAX. 

(KW) ! (AMP) 

TIME LIMIT !REMARKS 
ON PEAK POWER 

. I . 
---------------------·----------·-------·------·----------------·--------· . . . . . . 
Any phase (X0 645) !26. 1-32 !0.4 25 !2 seconds 

---------------------·----------·-------·------·----------------·--------· . . . . . . 
.Any phase (AFD) !25.7-32 !0.2 25 !2 seconds 

7.3.5 Aft PL B or Aft PL C. Total DC electrical power provided by the Orbiter 
to Aft PL B or Aft PL C, for each mission phase shall be as specified in Table 
7.3.5-1. This table specifies power available at either or both buses 
simultaneously. 

::Jable 7.3.5-1 .A:J.::J PJ:.B Or .A:J.::J PJ:. e (X0 1307) 

MISSION PHASE VOLTS 
RANGE 
(VOC) 

POWER (KW) TIME LIMIT 
! CONT. ! PEAK ! ON PEAK POWER 
! MAX. 

!REMARKS 

!----------------------!---------!-------!------!----------------!---~----· 
!Ground operation '25.7-32 I 1.5 ! 2 12 min./3 hr I (1) 

!---------------------- ---------!-------!------!----------------!--------
!Ascent/Descent/ 
!Post-landing 

25.7-32 1 ! 1.5 !2 min/3 hr ! (1) 

!---------------------- ---------!-------!------!----------------!--------
!On-orbit 24-32 1.5 2 !2 min/3 hr ! (7) 

-------------------------------------------------------------------------
u J ::JotaJ power a~~aiJable to pa.v/oad~ Prom both .A:J.::J PJ:. 6 and/or .A:J.::J P.C. e combined. 
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7.3.6 PL GSE Power. GSE power via the T-0 umbilical is independent of Orbiter 
power distribution subsystems. GSE power shall be provided in accordance with 
Paragraphs 7.3.6.1 and 7.3.6.2 . 

7.3.6.1 T-0 Wiring. Cargo Elements shall utilize T-0 wiring for power within 
the limits specified in Table 7.3.6.1-1. Each Cargo Element section shall be 
provided T-0 accomodations on the Orbiter port side SIP (connectors: J102, J104 
and J 1 06) . :Jhe entire :J-0 power accomoda.tiDM on. the 6tarboard. S9P are provided via 
:J-0 conn.ector974. Utilization of T-0 wires for commands and signals requires 
that these functions meet the EMC criteria (including voltage limits) specified 
in Paragraph 10.7.1. Connectors and pin assignments are specified in Section 13. 

7.3.6.2 T-0 Power Source. The power source(s) for T-0 power, whether Cargo 
Element or STS -provided, shall meet the EMC requirements specified in Paragraph 
7.3.7 (e). Current limiting shall be provided by the Cargo Element for each 
wire pair utilized, such that the limits of table 7.3.6.1-1 are not exceeded . 
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----------~---------------------------------------------------------------------------
MAX. ROUND TRIP 

!E c MAXIMUM I MAXIMUM DC RESISTANCE . 
!M L CURRENT I VOLTAGE (OHMS) 
!C A SMCH-SIP VIA PER WIRE! AT PWR !-----------------------------------------! 

s I/F CONN. T-0 SEGMENTS! SOURCE !SIP/T-O I SIP SIP I S9P I . . 
s (GAGE) CONN. (AMPS) I (VDC) CONN. !RM lOA !RM 220 ! Rm 221 !REMARKS I . 

!--- -----------!-------!---------!---------- --------!-------!-------!-------!--------! 
!HO .P1502/1S04 J74 22 100 0.42 1.0**! 7.5** ! 1.8** ! 

( 12) 

!HO !Jl02 (20) !JSS AND! 6 100 2.28 8.0 ! , 2.8 ! 13.1 ! 
!JSB 

!JIO !6102 * !655 An%>! 6 ! 100 ! 2.28 ! 3.0* ! 3.5* ! 3.8* ! 
! !658 ! ! ! ! ! ! ! 

!HO !Jl04 (22) !J67 AND! 1 100 2.88 9.6 ! , , .o ! 11.6 ! 
!J69 

!RF !Jl06 (24) I J59 1 100 2.83 13.2 ! 17.5 ! 18.1 ! . 
--------------------------------------------------------------------------------------

1. These voltage and current limits apply only when wires of.these conn~ctors are 
utilized to the Cargo Element. 

2. Power returns must be twisted with corresponding hot wires. 

3. Returns shall be single-point grounded at the payload (flight end) only. 

4. When wire bussing is utilized, current limiting (e.g. fusing, etc.) shall be 
provided for individual wires (hot side) at one end only when two wire pairs are 
utilized. When wire bussing of three or more wire pairs is utilized, current 
limiting shall be provided at each end of each wire pair (hot side only). 

5. :Due to atrno6Pheric con.dition.t. and.li/e cljde coll/Uictor wear. thll pa'lioad ~und. and. Plitjht 
hardware M&aJI be d.e6i9"8d to accornm.oda.te rewttmce 11ariation.t. of +101-20 percent. 

6. :Jrorn 30 rninutefl before launch un.til launch. tlul arnoun.t of current beirvj t~erred throu.tjh 
thll :J-0 umbilical M&aJI be limited to 1 oo m.illia.m.pt. per circuit (wire pair). 

* See Table 13.5.1.1-4 for low resistance circuit paths. 

** Calculated 11alue4. actu.al11alue6 are :JB:b. 
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7.3.7 DC Power Rioole and Transient Limits. Ripple and transient limits for 
electrical power provided by the Orbiter at the indicated interfaces shall not 
exceed the voltage values specified in the following sub-paragraphs . 

a. Inflight DC power bus ripple at the interface shall not exceed: 

1. 0.9 Volts peak-to-peak narrowband (30Hz to 7KHz) falling 10 dB per 
decade at 0.28 volts peak-to-peak at 70 KHz, thereafter remaining 
constant to 400 MHz. 

2. The momentary coincidence of 2 or more signals at any one frequency 
shall not exceed the envelope defined as 1.6 volts peak-to-peak (30Hz 
to 7 KHz), falling 10 db per decade to 0.5 volts peak-to-peak at 70KHz, 
thereafter remaining constant to 400 MHz. 

3. Under the conditions of a passive payload (resistive simulation of 
load), the ripple on the power supplied shall not be greater than 0.8 
volts peak-to-peak broadband (DC to 50 MHz); no discrete frequency shall 
exceed 0.4 volts peak-to-peak. This condition shall apply at the 
mid-body power interface only. 

b. Inflight DC Power Transients. 

1. Inflight DC power transients on the Orbiter DC power buses at the cargo 
element interface (measured common-mode) shall not exceed the voltage 
envelope of Figures 7.3.7-1 and 7.3.7-2. 

2~ Hydraulic circulation pump produced transient voltages on the Aft PL B 
and Aft PL C DC buses, at the cargo element interface, shall not exceed 
the voltage envelope of Figure 7.3.7-3. Hydraulic circulation pump 
produced transient voltages on the PRI PL Bus, Aux PL A, Aux PL B and 
the Cabin PL Bus, at the cargo element interfaces, shall not exceed the 
voltage envelope of Figure 7.3.7-4. 

3. Cargo element design shall accommodate sawtooth transient oscillations, 
having a maximum amplitude of 11 volts peak-to-peak on Aft PL B and Aft 
PL C DC buses and 4 volts peak-to-peak on the PRI PL Bus, Aux PL A, Aux 
PL B and the Cabin PL Bus, at the cargo element interface. The 
oscillation has a base frequency between 500 and 700 Hertz and contained 
within the inner envelope shown in Figures 7.3.7-3 and 7.3.7-4 
respectively. These bus voltage transients (caused by activation of the 
hydraulic circulation pump connected to that bus) may occur at any time 
during on-orbit operations, plus activation at touchdown, and shall not 
be subjected to pre-flight scheduling. 

c. The common-mode* voltage for the longest Cargo Bay dimension (Station 
X0 585 to X0 1307 bulkhead) shall not exceed 0.3 volts peak-to-peak, when 
measured in the time domain with an instrument bandwidth of at least 50 MHz 
ainearfunctionJ. This is inclusive of the DC component which may exist 
in the vehicle structural members. Voltages measured at discrete 
frequencies shall not exceed 0.15 volts peak-to-peak . 
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Transient excursions shall be limited to +50xlo-6 volt seconds with rise 
and fall rates not greater than 56 volts/microsecond; peak voltage shall not 
exceed ±2 volts when measured between Station X0 585 and X01307 bulkhead. 

*Common mode voltage, as used here, is defined as the voltage drop across 
two points of Orbiter structure caused by a current through the impedance 
between those two points. 

d. Ground DC Power (via Orbiter EPDS) 

1. The narrowband ripple voltage at the interface shall not exceed an 
envelope with limits 1.2 volts peak-to-peak (30Hz to 7KHz) falling 
log-linear to 0.28 Volts peak-to-peak at 70 KHz, thereafter remaining 
constant to 400 MHz. 

2. The momentary coincidence of two or more signals at any one frequency 
shall not exceed an envelope with limits 2.0 volts peak-to-peak (30 Hz 
to 7KHz), falling log-linear to 0.5 volts peak-to-peak at 70KHz, 
thereafter remaining constant to 400 MHz. 

3. Transients (measured common mode) shall not exceed the impulse 
equivalent of 300 X lo-6 volt seconds above or below normal line 
voltage. Peak transients shall be limited to ±50 volts from nominal bus 
voltage on the positive line, and ±30 volts from nominal on the negative 
line. Rise and fall times shall not be less than one microsecond. 

• 

e. PL GSE power source(s) for T-0 power, whether cargo element or STS-provided, 
shall meet the same EMC requirements specified for Cargo Equipment Level 
(cabin) in Figure 10.7.3.1-1. • 

f. During normal equipment operation, for both ground power and fuel cell 
power, voltage transients of opposite polarity shall not occur 
simultaneously on the positive and return de power buses. 

• 
ICD-2-19001 7-14 
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PAYLOAD POWER REQUIREMENTS (Kw) 

2. Voltalle level6 a6 6pecili.ed are at the end oP the STnCJI cable6 or at the STnCJI Standard 
9nte,.Pace Pan.el (S9fJ). whichever i6 applicable. 

3. maximum volta'le 6haJI be 32 v:bC. 

4. .A66Ume6 one 6ection at peak power. two 6ectioM at maximum contin.uoU6 power. and one 
6ection at 25% oP maximum contin.uou6 power. 
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7.4 AC POWER 

7.4.1 AC Power Characteristics. Total AC electrical power shall be provided in 
the Aft Flight Deck {AFD) for use in the AFD and/or cargo bay {X0 603) for each 
mission phase as specified in Table 7.4.1-1. This table specifies power 
available at either or both buses simultaneously. 

::Jable 7.4.1-1 .AC Power Characteri6tic6/.AC2 Or .AC3 (t) 

-------------------------------------------------------------------------
MISSION PHASE VOLTS !VOLTS-AMP(VA) TIME LIMIT !REMARKS 

RANGE ! CONT. ! PEAK ! ON PEAK POWER 
{VAC RMS)! MAX. 

---------------------- ---------!-------!------!----------------!--------
Ground operation 115±5 690 ! 1000 !2 min/3 hr {2) 

------------·---------- ---------!-------!------!----------------!--------
Descent/Post landing 115±5 350 420 !2 m.in./3 hr 

!Pha.6e 
I (2) 

I 
!---------------------- ---------!-------!------!----------------!--------
! On-orbit !115 ± 5 690 ! 1000 !2 min/3 hr 

-------------------------------------------------------------------------
(1 J .AC power i6 not a11aiiable during. prelaunch countdown and a6cen.t phafJe6. 

(2) .AC load.6 g.reater than. 1 oo V.A m.u6t be balanced three phafJe load.fJ. Sin.g.le pha.6e 
load6 are limited to le66 than. 100 V.A . 

7.4.2 Voltage Characteristics. Voltage characteristics on each AC power bus 
shall be as specified below: 

Type: 

Voltage: 

Frequency: 

ICD-2-19001 

AC, 3-phase, 4-wire, wye. 

System: 115/200 volts RMS 
Steady-state: 115 ±5 volts RMS 
Modulation: 3.5 volts maximum 
when measured as the peak-to-valley 
difference between th~ maximum and 
minimum voltages reached on the 
modulation envelope over a period 
of at least one second. 
Transient limits: 115 ±15 volts 
RMS - with 5 to 10 msec recovery 
to steady-state limits.· 
Spikes: -600 volts to +600 volts 
{refer to Paragraph 7.4.2.1) 

Limits: 400 ±1 Hz 
Modulation: ±1 Hz 
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Wavefonm: 

Phase: 

Power Factor: 

Sine with crest factor of 1.41 +0.15 
Total hanmonic: 5 percent of fundamental (RMS) 
Individual harmonic: 4 percent of the fundamental RMS 
when measured with a harmonic analyzer. 

Sequence: A-B-C 
Displacement: 120 ±2° 

Equipments shall present as near 
unity power factor as practicable. The fully loaded 
equipment loads shall present a power factor on the 
worst phase within the limits defined in Figure 7.4.2-1 

In addition, the average Orbiter inverter efficiency is 76.5 percent. Inverter 
losses in supplying AC power to the cargo shall be included in calculations of 
Cargo chargeable energy. 

7.4.2.1 AC Power Rioole and Transients. AC power bus ripple shall be limited 
to 1.5 volts RMS from 30Hz to 1.5 KHz falling to 0.6 volts RMS at 50 KHz 
thereafter remaining constant to 400 MHz, except that the ripple shall not 
exceed 4 percent RMS of the A.C. line voltage at inverter harmonic frequencies. 
With the AC neutral line grounded to Orbiter structure, the transient spikes 
measured on the three phases shall not exceed the levels defined in Figure 
7.4.2.1-1 for both normal and abnormal AC system operation. The impedance into 
which the spikes are generated shall be 50 ohms minimum for significant 
frequency components of the spikes. Figure 7.4.2.1-1 is not intended to 
represent actual spikes, but rather to define stress levels for design purposes. 
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1.5 LIMITATIONS ON CARGO UTILIZAliON OF ELECTRICAL POWER 

7 • 5 • I (t)eletedJ 

7 . 5. 2 (t}eletedJ 

7.5.3 Cargo Element Activation/Deactivation and Isolation. Each cargo element 
shall be able to disconnect via crew-operated controls all Orbiter power 
supplied to the cargo element, except for a total amount not to exceed one (1) 
amp. A maximum of 500 Watts of power per single-section payload allocation 
shall be latched on, such that if inadvertent power disconnection to the cargo 
element occurs, all cargo element loads except for a maximum of 500 Watts shall 
be disconnected. 

7.5.4 Pyrotechnic Initiation. Orbiter PRI PL or Auxiliary PL DC power can be 
utilized by each payload for pyrotechnic initiation under the following 
conditions: 

a. Payload pyrotechnic initiations, either singly or grouped, shall 
require no more than 80 amps. (peak) per initiation from the Orbiter 
PRI PL power source measured at the interface defined in the cargo 
element unique-reo (the initiator(s) should be assumed shorted 11 0 
ohms .. for this calculation). Current limiting shall be included in 
each initiator firing circuit which limits current to 10 amps (peak) 
per initiator firing circuit. When using the Orbiter Auxiliary PL DC 
power, the total current limit is 20 amps (peak). When a payload 
utilizes pyrotechnic initiation via the PRI PL source and one or both 
Auxiliary buses, the total power utilized per initiaton shall not 
exceed 80 amps (peak) measured at the interface defined in the cargo 
element unique-ICD. 

b. The capability to turn-off firing circuits within 10 seconds after 
utilization via timer or crew command shall be provided in order to 
preclude continuous draw if the initiator(s) shorts. 

c. Figure 7.5.4-1 shows the voltage reduction for the firing transient 
and subsequent 11 0n 11 time, which shall be applied (subtracted) from 
the minimum interface voltage levels defined for the PRI PL Bus and 
Auxiliary PL Buses, in their respective tables. 

d. A minimum of 10 seconds shall elapse between pyrotechnic initiation 
commands. 

e. Power consumption due to pyrotechnic initiation shall be included as 
part of the peak power allocated to the PRI PL or Auxiliary PL DC 
buses, as specified in the cargo element unique - lCD. 

7. 5. 5 Emergency Power Avai labi 1 ity. 1lurint~ Orbiter em.erfienc~j con.dition6. power 
will be prouided. tem.oorariJv to pa~oadt. a6 required. for pa~oad 64/int~ up to the power leuet 
6pecijied. ~ the unique pa~oad P9P and 9C1l. 

7.6 Retention System Power Provisions . 
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7.6.1 Availability to Cargo Elements. Orbiter/Cargo Element retention system 
power shall be used on an as-available basis to operate latches attaching 
deployable payloads to cargo element ASE or for other electrically actuated • 
functions compatible with system capability. 

7.6.2 Retention System DC Excitation Voltage and Returns. The Orbiter shall 
provide 28V DC nominal (32V DC maximum) stimulus voltage to the cargo element. 
This voltage shall be used exclusively for switch closure return to the Orbiter 
for the purpose of driving indications and stimulating control logic. The 
Orbiter shall provide current limited outputs for this voltage. The cargo 
element shall feed back to the Orbiter three 28V DC (nominal) signals. These 
signals shall be as follows: 

a. Ready for Latch Function. Signal indicating payload is mechanically 
oriented for latching. 

b. Latched Indication. Switch closure signal signifying latching system 
has achieved locked-up position. 

c. Released Indication. Switch closure which is activated when latch is in 
fully open condition. 

Function (a) shall be used by the Orbiter to operate crew talkback indicators 
and telemetry status signals. Indications (b) and (c) shall be used by the 
Orbiter to inhibit and enable AC latch power as well as provide status signal 
inputs to telemetry. 

7.6.3 AC Power Accommodations. The Orbiter PRLA voltage is 115 + 5, -7 VAC RMS 
(steady state) with the characteristics specified in Paragraphs 7.4.2 and • 
7.4.2.1. In addition, the Orbiter AC power shall provide for phase sequencing 
to reverse motor operation. Maximum latch power requirements are as follows: 

170 Watts per motor operating 
1.42 Amps per phase per motor operating 

315 Watts per motor starting 
2.0 Amps per phase motor starting 

The Orbiter shall provide three-ampere (derated to 2.85 ampere) circuit 
breaker/phase protection for this service. 

1.7 ELECTRICAL CONNECTORS 

1.7.1 ~lectrical Connector Deadfacing. Electrical deadfacing of interfacing 
connectors when mating or demating shall comply with JSCM-8080, Standard 69, 
except that connectors which mechanically demate in flight will not require 
electrical deenergizing of signals prior to demating under the following 
conditions: 

a. The demating connector is in the Orbiter cargo bay. 

b. At the time of connector demate, the Orbiter shall be in the 11 on-orbit 11 

flight phase with the cargo bay doors open. 
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c. At the time of connector demate, the current on any single circuit shall 
not exceed 500 milliamperes . 

d. The demated connector retained on the Orbiter side shall be mechanically 
retained. 

e. Either the demated connector retained on the Orbiter side shall be the 
socket (female) side of the connector, or all power shall be removed 
from the demated connector in the Orbiter bay before the entry phase of 
the flight . 
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B.O AVIONICS INTERFACES 

B.l CARGO ELEMENT AVIONICS SYSTEMS FUNCTIONAL DESCRIPTION 

(To be defined in the cargo element-unique ICD's.) 

B.2 ATTACHED PAYLOADS 

B.2.1 Payload Data Interleaver (POI) Interface. The Orbiter shall provide for 
the acquisition of asynchronous Payload Pulse Code Modulation (PCM) telemetry 
data via the POI. For attached Cargo Elements, the POI provides five input 
channels of which four are standard services with the fifth input channel an 
optional service. For detached Payloads, the POI provides a single dual 
redundant input channel via the Orbiter's Payload Interrogator and Payload 
Signal Processor. The POI is capable of simultaneously processing up to four 
Payload PCM telemetry inputs both for inclusion within Orbiter's PCM Telemetry 
Downlink, and for Orbiter GPC software services. Refer to Figure B.2.1-l for 
POI data flow. 

B.2.1.1 POI Input Data Characteristics- Shuttle Standard Formats. The Shuttle 
Orbiter Standard Telemetry Formats for Payloads are three in number, and are 
designated Format Synchronization Mode Type 1 Format, Type 2 Format, and Type 3 
Format. The distinctive characteristic of these three types of Payload PCM 
Telemetry formats is that their structure enables both the Orbiter's POI and the 
Orbiter's GPC software services to process Payload measurement data, and as a 
group satisfies the requirements of Table B.2.1.1-l and Figures B.2.1.1-1, 
B.2.1.1-2, 8.2.1.1-4, 8.2.1.1-5 and B.2.1.1-6. Each of these three Shuttle 
Standard Formats also enables the POI to process Payload Frame data as Time 
Homogenous Data Sets for inclusion within the Orbiter's PCM Telemetry Downlink . 

With respect to the Orbiter's PCM Telemetry Downlink, a Time Homogenous Data Set 
is defined to be those eight bit words decomrnutated from a Payload frame such 
that those words from one Payload frame shall never be mixed with those words 
from any other Payload frame within either the POI or PCMMU (PCM Master Unit) 
(refer to figure B.2.1.1-3). With respect to Orbiter GPC software services, 
maintaining the time homogeneity for both individual nudtUuond Payload 
measurements and Payload measurement word sets cannot be guaranteed. 

8.2.1.1.1 Type 1 Format. A Type 1 Payload Format is herein defined as a format 
consisting of Master Frames only (refer to Figure B.2.1.1-2), and a Master Frame 
sync pattern which occurs once every Master Frame. 

B.2.1.1.1.1 Orbiter PCM TLM Downlink Service. Throughputting Payload data to 
the ground via the Orbiter's PCM TLM Downlink is implemented via the POI's 
Toggle Buffer for individual Master Frames. Before individual Master Frames can 
be transferred to the POI's Toggle Buffer, recognition by the POI of two 
successive valid Master Frame Sync patterns must first occur. When this has 
happened, Toggle Buffer storage of each Master Frame shall proceed as follows: 

a. The Time Homogenous Data Set (THOS) within the POls Toggle Buffer shall, in 
part, consist of a complete Payload Master Frame or a subset thereof. The 
subset may consist of any number of uniquely identifiable contiguous or 
noncontiguous B-bit Master Frame words. The THOS to be downlinked shall be 
an even number of B-bit words. If an even number of B-bit words are not 
specified, the POI will add B-bits of fill data. 
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b. The remainder of the THDS shall consist of three additional 16 bit Status 
Words appended to the master Frame words by the POI as shown in Figure 
8. 2.1 . 1-3. 

8.2.1.1.1.2 Orbiter GPC Software Service. Transferring individual Payload 
measurements to the Orbiter's GPC Software Services is implemented via the POI's 
Data RAM. Before individual measurements within the Master Frame can be 
transferred to the POI's Data RAM, recognition of two successive valid Master 
Frame Sync patterns must first occur. When this has happened, Data RAM storage 
for each Payload measurement shall proceed as follows: 

a. Each Master Frame eight bit word associated with a Payload measurement that 
is required to be processed by the Orbiter's GPC Software Services shall be 
stored within a separate Data RAM byte address. 

b. A ~tUuond Payload Measurement shall have its constituent eight bit 
bytes independently stored within a separate Data RAM byte address whenever 
its word position within the Master Frame is processed. 

c. Maintaining the time homogeneity for both individual ~tUuond Payload 
measurements and Payload measurement word sets cannot be guaranteed. 

8.2.1.1.2 Type 2 Format. A Type 2 Payload Format is herein defined as a format 
consisting of Master Frames and Minor Frames (refer to Figure 8.2.1.1-4). Every 
Minor Frame shall be identified by a Minor Frame Sync pattern which occurs once 
each Minor Frame, and shall be the same sync pattern for all Minor Frames. A 
Master Frame, in general, shall contain two or more Minor Frames; otherwise, 
there is no distinction with a Type 1 Format. The start of a Master Frame shall 
be identified by a Master Frame Sync pattern which occurs once per Master Frame . 

8.2.1.1.2.1 Orbiter PCM TLM Downlink Service. Throughputting Payload data to 
the ground via the Orbiter's PCM TLM Downlink is implemented via the POI's 
Toggle Buffer for individual Minor Frames. Before individual Minor Frames can 
be transferred to the POI's Toggle Buffer, recognition by the POI of two 
successive valid Minor Frame Sync patterns must first occur. When this has 
happened, Toggle Buffer storage for each Minor Frame shall proceed as follows: 

a. The THOS within the POls Toggle Buffer shall, in part, consist of a 
complete Minor Frame or a subset thereof. The subset may consist of any 
number of uniquely identifiable contiguous or noncontiguous 8-bit Minor 
Frame words. The THDS to be downlinked shall be an even number of 8-bit 
words. If an even number of 8-bit words are not specified, the POI will 
add 8-bits of fill data. 

b. The remainder of the THDS shall consist of three additional 16 bit Status 
Words appended to the Minor Frame words by the POI as shown in Figure 
8. 2.1 .1-3. 

• 

• 

8.2.1.1.2.2 Orbiter &PC Software Service. Transferring individual Payload 
measurements to the Orbiter's &PC Software Services is implemented via the POI's 
Data RAM. Before individual measurements within the Minor Frame can be 
transferred to the POI's Data RAM, recognition of the second consecutive valid 
Master Frame Sync pattern with valid Minor Frame Sync patterns in all Minor 
Frames between the Minor Frames which contain these Master Frame Sync patterns • 
must first occur. When this has happened, Data RAM storage for each Payload 
measurement shall proceed as follows: 
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a. Within each Minor Frame word column of a Master Frame, those eight bit 
words containing data samples for a Payload measurement which is required 
to be processed by the Orbiter•s GPC Software Services shall be stored 
within the same Data RAM byte address. 

b. A ntultUuond Payload measurement shall have its constituent eight bit 
bytes independently stored within a separate Data RAM byte address whenever 
its word position within the appropriate Minor Frame is processed. 

c. Maintaining the time homogeneity for both individual ~tUuond Payload 
measurements and Payload measurement word sets cannot be guaranteed. 

B.2.1.1.3 Type 3 Format. A Type 3 Payload Format is herein defined as a format 
consisting of Master Frames and Minor Frames (refer to Figure B.2.1.1-6). Every 
Minor Frame shall be identified by a Minor Frame Sync pattern which occurs once 
each Minor Frame, and shall be the same sync pattern for all Minor Frames. 

A Master Frame, in general, shall contain two or more Minor Frames; otherwise, 
there is no distinction with a Type 1 Format. Additionally, every Minor Frame 
shall contain an eight bit Minor Frame Count word. The start of a Master Frame 
shall be identified as the Minor Frame which contains an initial value of the 
Minor Frame Count word. 

B.2.1.1.3.1 Orbiter PCM TLM Downlink Service. Identical to B.2.1.1.2.1. 

B.2.1.1.3.2 Orbiter GPC Software Service. Transferring individual Payload 
measurements to the Orbiter•s GPC Software Services is implemented via the PDI•s 
Data RAM. Before individual measurements within the Minor Frame can be 
transferred to the PDI•s Data RAM, valid recognition of two successive Minor 
Frame Sync patterns and their corresponding Minor Frame Count patterns must 
first occur. :bata 6torat• 6tart6 at the bet~ ol the 16t nta6ter lra.nte following 
thi6 occu.ra.nce. When this has happened, Data RAM storage for each payload 
measurement shall proceed as follows: 

a. Within each Minor Frame word column of a Master Frame, those eight bit 
words containing data samples for a Payload measurement which is required 
to be processed by the Orbiter•s GPC Software Services shall be stored 
within the same Data RAM byte address. 

b. A ~t~ payload measurement shall have its constituent eight bit 
bytes independently stored within a separate Data RAM byte address whenever 
its word position within the appropriate Minor Frame is processed. 

c. Maintaining the time homogeneity for both individual ~t~ payload 
measurements and payload measurement word sets cannot be guaranteed. 

B.2.1.2 POI Input Data Characteristics- Shuttle Non Standard Formats. The 
Shuttle Orbiter Non-Standard Telemetry Format is designated the Block Mode 
Format. The distinctive characteristic of the Block Mode Format is that the 
incoming Payload data can only be inserted into the Orbiter•s PCM Telemetry 
Downlink since the POI is not capable of processing individual Payload 
measurements for utilization by the Orbiter 6PC software services (refer to 
Table B.2.1.2-l) • 

ICD-2-19001 B-3 



8.2.1.2.1 Block Mode. The POI does not recognize that the incoming Payload 
data possesses any format structural properties (e.g. Master Frame, Minor Frame, 
Word interval, etc.) other than bit intervals, and as such cannot process • 
individual Payload measurements for the Orbiter GPC. The POI will restructure 
the incoming Payload bit intervals into Data Blocks appropriate for inclusion 
within the Orbiter•s PCM Telemetry Downlink. 

8.2.1.2.1.1 Orbiter PCM TLM Downlink Service. Throughputting block mode 
Payload data to the ground via the Orbiter•s PCM TLM Downlink is implemented via 
the POls Toggle Buffer for individual Data Blocks. Before individual Data 
Blocks can be transferred to the POls Toggle Buffer, establishment by the POI of 
valid bit lock with the Payload must first occur. When this has happened, 
Toggle Buffer storage for each Data Block will proceed as follows: 

a. A Data Block Sync Word, generated by the POI, shall first be transferred to 
the Toggle Buffer. 

b. The sequentially inputted Payload bit intervals shall next be transferred 
to the Toggle Buffer. 

c. Lastly, the POI shall append three additional 16 bit Status words as 
delineated within Figure 8.2.1.1-3. 

d.. :Jhe P:b9 in.t.erted. p611udo 6Vf'C and the thr1111 16 bit 6tatt.Ua word.6 are rlltn.Otllld. bv the 
'YIASAIISC mi66ion. Control C11n.t11r tmCCJ prior to routin.t the :J.t:m data 6tr11am to 
pallload. t.Uaef'6. 

8.2.1.3 Electrical Interface Characteristics. For Payloads using one of the 
three BI' data codes (Bif-L, M or S), the POI is capable of extracting 
associated Clock information and determining bit period boundary definition. 

For Payloads using one of the three NRZ data codes (NRZ-L, M or S), the POI 
requires the Payload to provide a CLOCK interface along with the DATA interface 
so as to enable the POI to determine bit period boundary definition. 

8.2.1.3.1 POI Data Input. The POI Data input electrical interface 
characteristics at the Orbiter/payload interface shall be as defined in Table 
8. 2. 1 . 3. 1-l and 3itiur•6 8.2., .3., -1. 8.2.1.3.1-2 and 8.2.1.3.1-3. 

8.2.1.3.2 POI Clock Input. The POI clock input electrical interface 
characteristics at the Orbiter/payload interface shall be as defined in Table 
8.2.1.3.2-1 and Figure 8.2.1.3.2-1. 

8.2.1.4 Reserved 

8.2.1.5 Grounding and Shielding. Grounding and shielding shall be as shown in 
Figure 8.2.1.5-1. 
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:Jable B.2. r. r -r ~ 9nput &tcz Cl&arczcterioti.co-Att~hed 
9n.terfczce Shuttle StandtJrd 3ormat 

• --------------------------------------------------------------------------------------I I I I &tcz 3ormczto I I I Parameter I %>lm.enolon. I ~ :Joleran.ce 1-----------------1 'not eo I I I I I r I 2 I 3 I I 
1---------------1---------------1--------------------1-----1-----1------1---------------1 
!Bit rate I BPS I r o BPS to 64 .KBPS I K I K I K I I llcen.ter I I I I I I I ''ret!IIUn.cvJ I I I I I I I I I I I I I I I 19nput Sbpaal I IYI~'Z.-.t. I K I K I K I (r) I I Code I 11l~Z-m I I I I I I I 11l~'Z.-S I I I I I I I IBJI-.t. I I I I I I I IBJI-m I I I I I I I IBJI-S I I I I I I I I I I I I I fUJord. len.t~th I Bito lB. or m.ultipleo of B I K I K I K I (2) I I I I I I I I I tmczot er 3rczm.e fUJord.o IB to r024 (B-bit I K I I I (3) I I I lword.o) I I I I I I I I I I I I I I lmin.or 3nzm.eo 12 to 256 I I K I K I (4) I I I I I I I I I tmczoter 3rczm.e 16ito IB, r6, 24 or 32 I K I I I (5) I ISipa.c I I I I I I I • I 16ito I B bito of unique I I K I I (6) I I I 16Vfi,C pczt tern I I I I ! I I I I I I I I I 16ito I B bit minor 3nzm.e I I I K I (7) ! I I ICoun.ter I I I I I I I I I I I I I lmin.or 3nzm.e fUJord.o IB to r024 (B-bit I I K I K I I l.t.en.t~th I lword.o) I I I I I I I I I I I I I tmin.or 3rczm.e IBito lB. r 6, 24, or 32 I I K I K I (B) I ISvn.c I I I I I I I I I I I I I I I I:Jrame ~cz.te tmczoter 1200 mczximum. I K I I I I I I:Jrame/S.c , , I , I I I I , 

I , I , I I tminor :Jrameo 1200 mczxim.um. I f K f K I I I IPerSec I I I I I I I I I I I I , I 13orm.cz.to SGmple t!Jczm,pleol1rk:l6tm.ti.m.ited onJv bv f K f K f K , (9) I IRcz.teo mon- , 
~e IPQIIIoad. input bit , , , , I I otGI'II'Itrd) I trcz.te I I , I I I I I I , I I I 1:1orm.cz.t SGmple ISGmpleol1flczotertmczoter ~ rcz.te f K , I 1 croJ I IRczteo I :Jrame lonlv I. I , I I ICStGI'II'Itrd) I I I , I , I • I I lOu etfUDI to minDr , f K I I (U) (r2) , 

I I I:Jrame rate I I , I I 
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:Jabl• 1.2. r. r -r ~Input J)ata Clurczcterl6tica-Attacud 
Interlace Shu.tUe Stcztu:lard 3orm.a.t lCon.tinludJ 

--------------------------------------------------------------------------------------
I I I I :bczta 3orm.a.t a I I 
I Parameter I J>imeMi.on. I ~ :Joleran.ce 1-----------------1 1lotea I 
I I I I r I 2 I 3 I I 
1---------------1---------------1--------------------1------------------1---------------1 
I I ISix etJUDI to I I x I I I 
I I lin.tefler tubm.ultiple I I I I I 
I I lo, minor 3rczm.e I I I I I 
I I Irate. I I I I I 
I I I I I I I I 
I I IOn.e etJUDI to minor I I I x I ( 1 1) ( 1 2) I 
I I 13rczm.e rate I I I I I 
I I I I I I I I 
I I !Six etJUDI to I x I I x I I 
I I lin.te'ler tubm.ultiple I I I I I 
I I I of minor 3rczm.e I I I I I 
I I Irate. I I I I I 

---------------------------------------------------------------------------------------
1lotea: 

(1) Re,er to :Jiflure 8.2. r. r-r. Bit rate cloc/tt i.6 required with 11RZ codea. 

(2) multiword. meCZ6Uremen.f6 (m.ultiple6 of I bitt~) 6111111 be atructured with tM moat tJ.tpai/ican.t 
byte 'irat-leCZ6t tJ.tpailican.t bytelaat. Bit pac/tt&n., 6111111 have the meat~uremen.t'a moat 
aVp&i/ican.t byte located within. the moat tJ.tpailican.t word. (moat tJ.tpailican.t bit 'ir6t) with 
UI'I.U611d bitalocated within. theleaat tJ.tpailican.t word. (moat tJ.tpailican.t bit 'irat). 

(3) Re,er to :Jiflur• 8.2. r. r -2. 

(4) Re,Br to :Ji'lurea 8.2. r. r -t and 8.2.1. J -6. 

(5) Al'llj pattern. (with exception. :JA3320.N bit pattern. 6111111 n.ot be U611dJ of con.tifluou,6 bit po6ition. 
located in. 'ir6t or ICZ6t word.( a) of 111/llf'V m.a.flter frczm.e. Utilization. of thllbt wordfa) lfl4ll 

preclude telemetry data atream. procea6&n., at .KSC. 

(6) ANI pattern. located within. the 'ir6t or lczat m.inDr ~in. at111 UIOf'd. column.. other thtm. the 
m.inDr 'ram.• fiii&C word coAun.nlaJ. 

(7) Aacel'ldin.'l or dllacel'ldin.'l bi.nllry count wh.ich in.cremen.h or dllcrem.en.ta 011.11 coun.t each m.in.or 
frame. tni.tial count 11alue i6 proff'CZift.m.able. COW&t pattern. 6ltoll C1/lwava be moat Si.tp&ilican.t 
Bit tmSBJ 'ir6t and riflh.t juati/illd. .location. of the m.in.or fram• cOW&t UIOf'd. within. each 
m.in.or fra.m.e can. be at111 word collUM.. other thtm. m.inDr frame Svn.c UIOf'd. coAun.nlaJ. but ha.a to 
be iWim.e 'or 111/llf'V minor fra.m•. 

An. example of tM 117i.n.or 3rczm.e Counter rm:JC) with a 3~ 3 ,orm.a.t with a m.in.of' framea i6 
CZ6 ,ollow6: 

:Jhll in.itit.rl wlue of the1173C i.6 oooooooo. ~the atart of the m.a.ater fra.m.•· :Jhe1173C 
in.cremen.t• each m.in.or 1rczm.e to a count of ooooo r r r • ailp&iJv&n., end. of m.a.flter 'rame. 
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:Jable 8.2. 1.1-1 P:/:JJ 9nput bzta C#&Qracteri4tico-Attached 
9n.ter1ace Shu.tUe Standard 3ormtJt (Con.clud.edJ 

(B) ANj pattern of contifu,out~ bit pooi.tlono located in. Pirot or laot wordlo) of every minor frame. 
(See 'Ylote 5 for .KSC lim.itationo.) 

(9) 3or thooe pavload.o which require no Orbit11r {;PC ooftware 611rtliceo (pavload. data via. thll P:t:IJ 
tot'll• bu/Per onJvJ. thllir Pcm tlll•mlltry formato can utilize nonotan.dard eample rateo. ANj 
ea.mple rate which i.6 not an inteter m.ultipleloubmultiple of til.. pavload. Pram• rat• i.6 
conoid.er11d a nonotan.dard rate. 

( 1 O) Refer to :Jifure B .2. 1. 1 -5. Pa.vload. meaour11mento within. the maoter :Jrame (:Jvpe 1) whooe 
mea.ouremento are at the maoter 3ram.e rat11 can be proceooed bv til.. P%iJ of'llv when multiple 
mea.ourem11nt Stimuluo 9denti/icatlon 2locum.ent (TfiSJ:b) numbero are ut~ed to opeci/'1 each 
pavload. mea.ourement. 

( 1 1) 3ormtJt :Jvpe 2 oha/1 contain. a mGXinwm. of 6111/en tampl11 rat eo per format. One of tample 
rateo ohall b11 equal to thll number of minor Prameo Pflr maoter Prameo. :111.. remain.in.t oix 
eample rateo 6holl be~ oubmultiple of the minor frame rate ao deocribed bv :J.itu,re 
8.2.1. 1-5. 

(12) Refer to :Jifure 8.2.1. 1-5. Pa.vload. meaourem11nto within. thll minor frame wh.ooe eample rat eo 
are in.teter multipleo of thll minor frame rat• can b11 proceooed bv the P%iJ but of'llv when 
multiple mSJ:b numbero are ut~ed to opeci/v each pavfoad. mea.ourem11nt. 

each pavload. mea.ourement io id.llnti/ied bv a I.UI.ictuf1 alpharuun.erical cod• (TfiSJ:b) aoof.tn.ed bv 
rlASAIISC ao directed bv •Spac11 Shuttl11 TT1aot11r mea.ourement &t•. document number ISC -
08220. 

:Jhe P:t:IJ io not capabl11 of proceoof.nt pavfoad. eample rat11o which arel11oo than. til.. omalleot 
in.teter oubmultiple of til.. pavfoad. minor frame rate (IJJ ao definlld within. :J.lture 8.2.1.1-5 . 
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TABLE 8.2.1.2-1 POI INPUT DATA CHARACTERISTICS-ATTACHED 
INTERFACE SHUTTLE NON-STANDARD FORMATS 

------------------------------------------------------------------------------------------
Dimension ! POI Tolerance !Payload Characteristic! Notes Parameter 

'---------------'-------------'-------------------·----------------------'-----------------' . . 
!Bit Rate 
! (center 
!frequency) 

!Input Signal 
!Code 

BPS 10 BPS to 64 KBPS 

NRZ-L 
NRZ-M 
NRZ-S 
Blllt-L 
Blllt-M 
Blllt-S 

I 

!Refer to Figure 
!8.2.1.1-1. Bit 
!rate clock is 
! required with 
!NRZ codes. 

------------------------------------------------------------------------------------------
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TABLE 8.2.1.3.1-1 POI DATA INPUT/PAYLOAD-TO~BITER 
ELECTRICAL INTERFACE CHARACTERISTICS 

--------------------------------------------------------------------

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 1 _____________ 1 _________ 1 ________________________ 1 ___________________ 1 

. . . . . 
!Signal Type !Differential-Balanced 
I . !Refer to Figures 

!8.2.1.3.1-1 and 
! 8. 2. 1 • 3. 1-2 

, I . 
!-------------'---------!------------------------!-------------------! 
!Amplitude Volts !2.4 Min !Measured line-to-

Pk-pk !9.0 Max !line 
------------- ---------!---------~-------------!-------------------! 
Duty Cycle 

Bit-Rate 
Accuracy 

Percent !50± 5 !(1)(2) 
---------~------------------------~-------------------1 . . . 

.Percent !±3.25 !(3) I 

-------------·---------·------------------------'-------------------' 
Stability . !~ 1 part in 105 over • · 

!60 sec Period 
-------------!---------·------------------------!-------------------! 
Waveform 
Distortion 

-------------·---------
!Noise 

!-------------
!Cable 

Mill i­
volts 

Overshoot and undershoot! 
less than 20 percent of ! 
peak amplitude level 
------------------------!-------------------! 
50 pk-pk, differential 
line-to-line, DC to 
100 KHz 

!Payload transmit­
!ting, not transmit-! 
!ting, or failed ! 

--------------------~---!-------------------! 
.2 conductor twisted, 
!shielded, jacketed, 
!controlled impedance 

!Rockwell design 
!standard MP572-
!0328-0002 

------------- ---------!------------------------!-------------------! 
Cable 
impedance 
z 0 

!Ohm !70 Min 
!80 Max 

!Measured conductor 
!to conductor at 
! 1 MHZ 

-------------!---------!------------------------!-------------------! Cable 
Capacitance 
(Orbiter) 

!Pi co­
! farads 

!2530 Max I . !(8) 

-------------!---------!------------------------!-------------------! 
lnput 
Impedance 
(Orbiter) 

!Ohm !74 Min 
!90 Max 

!DC resistance line-! 
!to-line includes 
!cable resistance 
!(8) 

-------------'---------!------------------------!-------------------· 
Rise/Fall !Max: Refer to Differ- !(4) 
lime !ential Phase Skew !RT/FT are indepen­

!dent of bit rate 
!and data code type 
!(BiiJ or NRZ). 

------------- ---------!------------------------!-------------------

ICD-2-19001 8-9 



3Gle a .2. r .3. J -J ~ J)cztcz lttpul!Pflflload.-3o....()r0Ur 
electrU:tlllt&tM1czc• Clu.rrczct.Utic• CConlinuMJJ 

--------------------------------------------------------------------

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
-------------!---------!------------------------!--~----------------· 
Skew­

.D1fferential 
Phase 

!Nano­
!second to! 
!Milli­
!second 
!depending! 
!on PL bit! 
! rate 

(5) (7) 

For BiiJ data:! !Max: 
Tp-.841 Tp -(J x lo-6)- 2 NTp -.125xJ06 -

ICD~2-19001 

T ;:OG GLPK - 100 millivolts)-; 
LR! e V ! 

! LPK - 300 millivolts ! 

.T !LOGe QTPK + 300 millivolt~ ~! 
! :JR! 

TPK + lOG millivolts ! 

!Where: 
!N = Payload Duty Cycle Offset O~N~O.OS 
I . 
!V • Peak amplitude level of BiiJ waveform 
! LPK leading edge. 

V = Peak amplitude level of BiiJ waveform 
TPK trailing edge. 

Tp • Reciprocal of max. payload bit rate. 

T • Max. rise time of BiiJ waveform 
LR leading edge measured between 10 

percent and 90 percent points. 

T • Max .. fall time of BiiJ waveform 
TR trailing edge measured between 10 

percent and 90 percent points. 
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3Gbl• a.2. r .3. r -r ~ J)catczlttput/Pcrvlood-3o-Orbi.tr 
~l•ct.ri.cal ln.t.,.,czc• CNra.ct.n..ti.c• (C~ 

---------------------------------------------------------------------

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
·-------------·---------·------------------------·--------------------· . . . . . 
!Skew-
!Differential 
!Phase (Cont.)! 
I . 
!For NRZ data: Max: 

Tp - .691 ,;,- NTp -

-c y T !LOG· VCPK - 100 m1111vo1ts i I I I CRt • I I I I I CP.X- 300 m.illi.volh I I I I I I I I I I I I I I I I I I (v ) I I I I I:J l.t.Og 1:lP .X + 300 m.illi.volt 6 I I I I I Z}Rf • ~.X + , 00 m.iMiuoltt 
I I I I I I I I I I I I I I I I I I fW~r•: I I I tn • Pa.vload Cloc• 2)cdv Cvcl• Ollut os_Yis_o.os I I I I I I I IV • P•a czm.plitw:t. l••utl ol Pczvload I I I I CP.X C.t.OC.X Wpaol. I I I I I I I IV • P•a czm.plituth l•v-' ol Pavload Yl R2. I I I IZ)p.X 1:)A:}A Wpllll I I I I I I I I:Jp • R•ciprocal ol m.tiK. ~Otlll. bit I"CCt• I I I I cc •n.t•r :1Ntun.cv> I I I I I I I I:J - mczx. tf'tln.6ition. tim• (f'i.u or ,. I I I ICR tim•> ol PQ!IIIoad. C.t.OC.X ti.tnd m.~d I I I I IHtw••n. ro prc•n.t an.d. 90 ,_rc•n.t I I I I point.. I I I I I I I I:J • 111czKinwm tf'an.6ition. tim• Criu or laM I I I 11lR tim•> ol fKI/iload. YIR2. 1lA:JA 6i.tpUJI I I I I m•C16111'Wd IHtw••n. ro ,_rcMt an.d. 90 I I I I ,_rc•n.t pointt. I 

1-------------1---------1-----------------------------------------------1 
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3Gb~• 1.2. r .3. 1-1 PSJI bztcz fnput/PQfllotltd.-3o....()r6it•r 
Cl•ctrkal Jn.t.,.,czc• Clurczct.n.ti.c• CCOtatilu.&MD 

--------------------------------------------------------------------

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
-------------!---------!------------------------!·------------------! 
Common Mode !Volt !Not to exceed ±3, 

!line to ground 
I . 

!(6) 
!Payload and POI 
!Connected 
I . 

, I . 

--------------------------------------------------------------------
(1) Relative position of Bif-L mid bit transition at interface. 

(2) Any bit or clock transition point occurs in time at the SO percent pk-pk 
amplitude point. · 

(3) The POI shall set an error flag within its BITE Status Registar whenever the 
Payload bit rate exceeds ±3.25 percent of its specified center frequency. 

(4) The maximum limit for Payload signal Rise/Fall time is not to be determined 
independently, but instead is to be determined as part of a tradeoff with other 
related offsets. In order to make that tradeoff, the appropriate general case 
equation for Differential Phase Skew shall be utilized. 

(5) These two general case equations for Bif data and NRZ data are an expression of 
how the Payload bit period is partitioned. between the POI•s Bit Lock Range, 
Payload Duty Cycle Offset, POI Programmed Bit Rate Offset (for Bif data only), 
and Payload maximum Rise and Fall time. The solution for each of these two 
general case equations indicates that amount of the Payload bit period which 
remains for partitioning between the payload signal Differential Phase Skew 
and/or Phase Shift. A solution for either of these two general case equations 
which produces a negative results indicates that the appropriate Offsets 
themselves have utilized all the remaining Payload bit period such that none is 
available for Differential Phase Skew and/or Phase Shift. POI Bit Lock Range 
identifies the absolute minimum amount of the Payload bit period required for 
the POI•s Bit Synchronizer to achieve and maintain bit lock. 

Data Type 

Bif 

NRZ 

Bit Lock Range 

0.841 Tp +(r K ro-6) 

0.691 Tp 

Payload Signal Differential Phase Skew, as defined here, shall consist of the 
absolute value of the difference between the Leading Edge Phase Shift and the 
Trainling Edge Phase Shift (refer to Figure 8.2.1.3.1-3), and is independent of 
Payload amplitude level. 

ICD-2-19001 B-12 
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TABLE B.2.1.3.1-l POI DATA INPUT/PAYLOAD-TO-ORBITER 
ELECTRICAL INTERFACE CHARACTERISTICS (Continued) 

Payload Signal Phase Shift is the time differential between the 50 percent 
points of associated amplitude transitions of the two Payload differential 
inputs. 

POI Programmed Bit Rate Offset shall be 0.125 ~sec for all bit data rates from 
1o BPS to 64 KBPS. 

(6) Volts over frequency spectrum from DC to 100 KHZ. 

(7) The example illustrates how the Bit Data general case equation for 
Differential Phase Skew shall-•e utilized by a Payload user. The following 
Payload interface characteristics are utilized as part of the first tradeoff 
for determining the Payload user's upper limit for each of the Offsets 
applicable to that Payload. 

Bit Rate (Center Frequency): 

Bit Data D~ty Cycle: 

Bit Data Peak Amplitude: 

Maximum Transition Time: 
(Rise and Fall Time) 

1600 BPS 

50 ± 5 percent 

1.25 volts 

5 ~sec 

For the specified center frequency of 1600 BPS, the corresponding amount of 
time for one bit period is: Tp = 1 • 625 ~seconds. 

1600 BPS 
Within each Payload bit period (Tp), the genreal case equation for Bit Data 
Differential Phase Skew provides for the following amounts to Tp time to be 
dedicated to: 

1) POI's Bit lock Range: 

0.841 Tp + 1 x lo-6 = 0.841 (625 ~sec) + 1 ~sec = 526.625 psec 

2) Payload Bit Data Duty Cycle Offset: 0.125 ~sec 

2 N Tp • 2 (0.05) (625 ~sec) = 62.50 ~sec with 
N = 0.05 corresponding to a 5 percent Duty Cycle Shift. 

3) POI Programmed Bit Rate Offset: 0.125 psec 

4) Ambiguity in Change of POI Receiver Output Due to Slow Transition Time of 
Payload Data Differential Inputs: 

T LOG 
LR e 

ICD-2-19001 

+ T LOG 
TR e 
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TABLE 8.2.1.3.1-1 POI DATA INPUT/PAYLOAD-TO-ORBITER 
ELECTRICAL INTERFACE CHARACTERISTICS (Concluded) 

5 ~sec!LOG 1.25- 0.10 
! e 1.25- 0.30 

+ 5 ~sec!LOG 1.25 + 0.30 
! e 1.25 + 0.10 

5 •sec~OGe (1.21) ~ + 5 •••ciLOG e(1.15) ~ • 1.64 •sec 

The remaining amount of Tp time which is available to the Payload user for 
partitioning between Payload Bi• Data Differential Phase Skew and/or Phase Shift 
is: 

Diff. Phase Skew/Phase Shift= 62S~sec- 526.625~sec- 62.5~sec 0.125~sec 
- 0125~sec- 1.64~sec = 34.ll~sec. 

This completes the first tradeoff such that the general case equation for Bif 
Data Differential Phase Skew has enabled the Payload user to dedicate the 
following amounts of time as upper limits for: 

0 ~ Duty Cycle Offset ~ 62.5 ~seconds 

0 ~Transition Time Ambiguity~ 1.64 ~seconds 
' 

0 ~ Oiff. Phase Skew/Phase Shift~ 34.11 ~seconds 

If these upper limits are acceptable, then the Payload user shall determine the 
actual amounts of time to be allocated to each appropriate Offset. These 
•Actual Values .. shall be specified within the corresponding Unique 
Payload/Shuttle Orbiter lCD so as to characterize the Payload-to-POI 
interface. If these upper limits are not acceptable, then the Payload user 
shall have to develop a second tradeoff with an appropriate change in either 
the Duty Cycle Shift, Maximum Transition Time, or Peak Amplitude. It should be 
noted that a Payload user can only change POI Bit Lock Range by choosing a 
different Payload Bit Rate. 

The general case equation for NRZ Data Differential Phase Skew is utilized in a 
manner identical to its Bi• Data counterpart with the exception that POI 
Programmed Bit Rate Offset is not included. 

(8) Calculations based upon 110 feet from POI to payload interface (end of SMCH) 
• 
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TABLE 8.2.1.3.2-1 POI CLOCK INPUT/PAYLOAD-TO-ORBITER 
ELECTRICAL INTERFACE CHARACTERISTICS 

--------------------------------------------------------------------

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
-------------~---------·------------------------·-------------------. . . 
Signal Type !Differential-balanced !Refer to Figures 

!8.2.1.3.1-1 and 

Amplitude Volts !Min: 2.4 !Measured Line-to-
-------------·---------!------------------------!-------------------. 

! 8. 2. 1 . 3. 1-2 

I 

Pk-pk !Max: 9 !line 
. 

------------- ---------!------------------------!-------------------! 
Duty Cycle Percent !50 ± 5 !NRZ bit rate clock ! 

Skew - Data 
to clock 
(NRZ) 

------------- ---------!------------------------!-------------------! 
!Max: ±10 percent of 
!clock period 

!Bit rate clock to 
!NRZ bit start (1). 
!See Figure 
! 8. 2. 1 . 3. 2-1 . 

I . 

-------------·---------·------------------------·-------------------1 . . . . 
Stability !< 1 part in 105 over 

!60 sec period 
-------------!---------!------------------------!-------------------! 
Clock !Percent !± 3.25 !(2) 
Accuracy 
-------------·---------·------------------------·-------------------· . . . 
Waveform !Overshoot and undershoot! 
Distortion !less than 20 percent of ! 

!peak amplitude level ! 
-------------!---------!------------------------!-------------------Noise !Milli- !100 pk-pk, differential !Payload transmit-

!volts !line-to-line, DC to !ting, not transmit-
!100 KHz !ting, or failed 

-------------·---------·------------------------~-------------------. . . 
.Cable !2 conductor, twisted, 

!shielded, jacketed, 
!controlled impedance 

!Rockwell design ! 
! standard MP572-
!0328-0002 

-------------·---------!------------------------!-------------------! 
Cable Ohm !70 Min !Measured conductor 
Impedance !80 Max !to conductor at 
Z0 ! 1 MHz 
------------- ---------!------------------------!-------------------! Cable Pico- !2530 !(4) 
Capacitance farads . 
-------------.---------!------------------------!-------------------! Input 
Impedance 

!ohm !74 Min 
!90 Max 

• (Orbiter) 

!DC resistance line-! 
!to-line at inter­
!face includes I . !cable resistance 
!(4) 

!-------------!---------!------------------------!-------------------! 
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TABLE B.2.1.3.2-1 POI CLOCK INPUT/PAYLOAD-TO-ORBITER 
ELECTRICAL INTERFACE CHARACTERISTICS (CONCLUDED) 

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
-------------!---------!------------------------!-------------------! 
Rise/Fall !Max: Refer to differ- !RT/FT are indepen-
lime !ential phase skew !dent of bit rate 

!and data code type 
!(Bi' or NRZ) 

-------------·---------!------------------------·-------------------! 
Skew 
Differential 
Phase 

Nanosec !Maximum value shall be 
to milli-!the same as that speci­
sec !fied for associated NRZ 
depending!data 
on bit ! 

.rate . 
-------------'---------!------------------------!-------------------' 
Common Mode Volt !Min: -3 pk-pk continuous!±3V from EMI, neg­

!or -60 pk-pk for lOpsec !ligible from pay-
!for damage level !load or POI 
!Max: +3 pk-pk continuous!(3) 
!or +60 pk-pk for lOpsec ! 
!for damage level 

(1) Any bit or clock transition point occurs in time at the 50 
percent pk-pk amplitude points. 

(2) The POI shall set an error flag within its BITE Status Register 
whenever the Payload bit rate exceeds ±3.25 percent of its 
specified center frequency. 

(3) Volts across frequency spectrum from DC to 100 KHz. 

(4) Calculations based upon 110 ft from POI to Payload Interface (End 
of SMCH). 
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MASTER FRAME ONLY 
8 1024 WORDS 

• 
-MASTER FR. SYNC MASTER FRAME 
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• FI&URE 8.2.1.1-2 TYPE 1 SHUTTLE STANDARD FORMAT 
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MASTER FRAME/MINOR FRAME 

f]MI~NO~RrnFR~.JS~YN~CaJ'tAS~T[iER!]FR:R.:-s~YrNNCCT---------.!8::·1~024 WORDS 

• 
2·256 MINOR FRAMES 

FIGURE 8.2.1.1-4 TY.PE 2 SHUTTLE STANDARD FORMAT 
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MINOR FRAME X WORDS 
y y y y y y y X I l' 1J r ,. 

SAMPLES SAMPLES SAMPLES SAMPLES SAMPLES SAMPLES SAMPLES 
PER PER PER PER PER PER PER 

MASTER MASTER MASTER MASTER MASTER MASTER MASTER 
FRAME FRAME FRAME FRAME FRAME FRAME FRAME 

- -............ - ....,... ............. - _, --
Y MINOR FRAMES PER MASTER FRAME NOTE: . A,B,C,D,E,F ,X, AND Y JIIJST BE 

INTEGERS. Y Y Y Y Y Y MUST BE 
Xll'lJrr 
INTEGERS 

FIGURE 8.2.1.1-5 SHUTTLE SIANOARD FORMAT SAM~LE RATES 
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• 

.MASTER FRAME/MINOR FRAME WITH MINOR FRAME COUNT 

MIN. FR. SYNC MFC 8-1024 WORDS 

- -........... -.......... 
MINOR FRAMES 

2·256 MFC • MINOR FRAME COUNT 

• 

• FIGURE 8.2.1.1-6 TYPE 3 SHUTTLE STANDARD FORMAT 
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MINIMUM 

PDI RCVR INPUT HI (DATA) 

PDI RCVR INPUT LO (DATA) +V2 -·---- -c-\ 
vl 

+V2 -------
PDI DIFF RCVR INPUT (HI-LO) 

-v2 ----- ----- -
V • SIGNAL GROUND 
V~ • 1.25 VOLTS LINE TO SIG. GND 
Y • 4.5 VOLTS LINE TO SIG. GND 
V~ • 2.5 VOLTS P-P LINE-TO-LINE DIFFERENTIAL BALANCED 
V5 • 9.0 VOLTS P-P LINE-TO-LINE DIFFERENTIAL BALANCED 

-v--- -----3. 

FIGURE 8.2.1.3.1-1 DATA/DATA- DIFFERENTIAL TRANSMISSION 
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• 

POI RCVR INPUT HI LINE 

POI RCVR INPUT LO LINE 

MINIMUM 

+V2 - -- -r-\ I\ 
vl. v:JC/~ 

- 2 
v+v2~ r--'\ r 

-v2 _1_ :::c:JCJ 

+2v ... ----n ~ PDI DIFF.RCVR INPUT (HI-LO) ~0. 
-2V2J\a..b -

V • SIGNAL GROUND 
V~ • 0.625 VOLTS LINE TO SIG. GND 
V • 2.25 VOLTS LINE TO SIG. GND v: • 2.5 VOLTS P-P DIFFERENTIAL LINE-TO-LINE BALANCED 
V5 • 9.0 VOLTS P-P DIFFERENTIAL LINE-TO-LINE BALANCED 

ICD-2-19001 

1 3 1 2 BI -POLAR LINES - DIFFERENTIAL TRANSMISSIONS FIGURE 8.2 ••• -
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PAYLOAD DATA _..., r-
LEADING ~TRAILING EDGE 
EDGE . PHASE SHIFT 

PAYLOAD i5ATA ------,sE SHIFTV 

DIFFERENTIAL PHASE SKEW • LEADING EDGE PHASE SHIFT - TRAILING EDGE PHASE SHIFT 
WHERE: 

• 

LEADING/TRAILING EDGE PHASE SHIFT IS THE TIME DIFFERENTIAL BETWEEN 50% POINTS OF • 
ASSOCIATED AMPLITUDE TRANSITIONS OF THE DIFFERENTIAL INPUTS. 

FIGURE 8.2.1.3.1-3 DIFFERENTIAL PHASE SKEW 

• 
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ICD-2-19001 

•J• 
501 POINT CLOCK POSITIVE GOING 

I LEADING £06£ 
•o .. I 

I I I ...., G) ...._SlEW 
I I . 

I I .1. I 
I 50S POINT Dt\TA POSITIVE &OIN6 

LEADING ED&£ 

•o• 

(i) THE RISING EDGE OF EACH CLOCK SIGNAL s.-LL IE COINCIDENT 
WITH TH£ STARTING EDGE Of THE CORRESPONDING Dt\TA liT PERIOD 
WITHIN PLUS OR MINUS 10 PERCENT OF THE Q.OCl PERIOD MXIU. 

FIGURE 8.2.1.3.2-1 SKEW 
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PARAGRAPH 

8.2.1.3.1 
POl ~TA INPUT 
8.2.1.3.2 
POI CLOCK INPUT 

ICD-2-19001 

PAYlOAD ~TA 
INTERLEAYER 

NOTE: 
!YMIOLS DEFINED IN . 
PARA&RAPH 10.0 

GROUNDIJI& MD SHIELDIJI& TERMINATIONS 

REFERENCE 0111. Y 
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PAYlOAD 
INTERFACE 

I I I I 
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TYPICAL DRIVER ,---;-1 
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- --------- ------------------------------------

8.2.2 Multiplexer/Demultiplexer CMOM) Interface. The Orbiter shall provide 
data channels for the acquisition and control of attached payloads through MOM•s 
which are under control of the on-board computers. MOM signal transfer 
capabilities at the Orbiter/payloads interfaces are: 

a. low level Discrete Outputs (DOL) 

b. High-level Discrete Outputs (DOH) 

c. low level Discrete Inputs (OIL) 

d. low-level Differential Analog Inputs (AID) 

e. Serial Input/Output (SIO) 

f. High-level Discrete Inputs (DIH) 

The MOM data flow is as shown in Figure 8.2.2-1. 

Measurement, Conmand, and Processing requirements to activate these interfaces 
shall be specified in the Software Section of the Unique lCD. 

8.2.2.1 Low Level Discrete Outputs COOL). The Electrical Interface 
characteristics of the MOM low level discrete output Conmands at the 
Orbiter/Payload Interfaces shall be as shown in Table 8.2.2.1-1. 

8.2.2.2 High-level Discrete Outputs (DOH). The electrical interface 
characteristics of the MOM high level discrete output commands at the 
Orbiter/payloads interfaces shall be as shown in Table 8.2.2.2-1. 

8.2.2.3 low level Discrete Inputs COIL). The electrical interface 
characteristics of the MOM low level discrete input signals from the attached 
payloads, at the Orbiter/payload interfaces, shall be as shown in Table 
8.2.2.3-1. 

8.2.2.4 low Level Differential Analog Inputs CAIO). The electrical interface 
characteristics of the MOM low level differential analog inputs at the 
Orbiter/cargo interfaces shall be as shown in Table 8.2.2.4-1. 

8.2.2.5 Serial Input/Output CSIO). Each serial 1/0 channel shall be dedicated 
to a single payload interface and when commanded from the Orbiter General 
Purpose Computer (GPC), one of two message discretes shall be output to the 
Payload interface to identify the direction of data transfer on the data line; 
as shown in Figure 8.2.2.5-1. A third discrete line shall gate each word 
transferred. Each transaction shall start with Word 1 and shall contain up to 
32 words per transaction. Each word shall contain 1& data bits preceded by a 
Sync pattern and followed by parity as shown in Figure 8.2.2.5-2. Data and ~ 
parity shall be ~anchester II format as defined in MIL-STD-1572 at 1-microsecond 
per bit. 

8.2.2.5.1 Channel Interface. One serial digital 1/0 channel shall consist of 
the following signal paths: (Figure 8.2.2.5-1). 

a • Data (half-duplex) 
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b. Word discrete (MOM-generated) 

c. Message out discrete (MOM-generated). 

d. Message in discrete (MOM-generated). 

The "true" state of message in and out discretes (c and d) shall be mutually 
exc 1 us 1 ve. :Jhe cabl11 tJu:dl h.a.v11 charact11ri.6tico ao op11ci/isd in S11ction 8.2.2.5. 12. 

8.2.2.5.2 Clock. The transmitting device shall generate data based on its 
internal clock with an average output bit rate of 1-mbps, plus or minus 0.1 
percent per word. When receiving data, the receiver shall derive the clock from 
the Manchester II code format as received. 

8.2.2.5.3 Word Format. Word sync shall be a non-valid Manchester codll. 
negative pulse followed by a positive pulse as shown in Figure 8.2.2.5.3-1. :Jhe 
tran.6m.itti.n.9 d11vic• tJu:dl fllnllra.t• the 6Vf&C and da.ta pulo11o bao11d on -ito in.t11I'TIDI cloc/tt. :Jhe 
6f1nc pulo11 width. m.lla.&U"IId from. br11a/tt point to br11a/tt point of the n~~,ativ11 pulo11, 6hDII be 
1.5 m.icroo11condo pluo or m.inuo 3 p11rc11nt. :Jh11 pooitiv11 holf 6'jnc pulo11 m.11aour11d from. br11a/tt 
point to br11a/tt point. of a 01 bit cod11 followin.tJ ovnc. 6hoJI be 1.5 m.icroo11condo pluo or m.inuo 
3 p11rcent ao ohown in :J.i9ur11 8.2.2.5.3-1. A mancheot•r I l/1 o code im.m.t~d.i.a.t•lv 
followint the da.ta word 6f1nc will incr~~ao11 the appar11nt width of the al'•ct11d pulo11 to 2.0 
m.icrooecondo pluo or m.inuo 4.75 p11rc11nt. Word ovnc tJu:dl be im.m.11d.i.a.t•lv follow•d bv the 
firot da.ta bit. Sixt11en da.ta bito tJu:dl be follow11d bv one paritv bit m.a/ttin.tJ the number of 
true da.ta bito for 11ach word odd. 3ollowi.n.9 the paritv bit of the pr11viouo word, th11 ovnc 
oh.all include an uncontrolled r•tion of the n~~,ativ11 90i.n.9 pulo11 that form.o the firot holf of 
the word ovnc dlltail ohown on :J.iliur• 8.2.2.5.3-1. ::Jhe word format io ohown in :J.iliure 
8.2.2.5-2. 

8.2.2.5.4 Data Transfer. Serial data transmission shall be under MOM control 
and shall be as follows: 

a. Transmission of word discretes and subsequent data shall be initiated when 
the message discrete is switched to a logic ''1" state, and shall be ended 
when the message discrete is switched to a logic "O" state. When a 
multiple word message is transferred, the message discrete shall remain in 
the logic "1" state during the entire multiple word message. 

b. Multiple word transfers shall take place beginning with the first word. 
The number of words transferred shall be a function of the number of word 
discretes issued from the MOM while the message discrete is true. A new 
message-in discrete ~True" condition shall cause the Payload to start its 
response with word one. A new message - out discrete "True• condition 
shall cause the Payload to expect an input from the Orbiter, starting with 
word one. 

c. The word discrete shall gate each word transferred between the MOM and 
Payload. 

d. The message-out discrete shall control data transmission from the MOM to 
the Payload. The message-in discrete shall control data transmission from 
the Payload to the MOM. 
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e. 

f. 

The time phasing of the discretes and data words shall be as shown in 
Figure 8.2.2.5.4-1. The rise and fall times for serial I/0 discretes shall 
be as shown in Figure 8.2.2.5.4-2 . 

Data transfers shall be transmitted MSB first. 

8.2.2.5.5 Data Validation by Hardware(Payload or Orbiter). Logic shall be 
provided in the data receiver to recognize the following: (1) improperly coded 
signals received from the data transmitter; (2) data dropouts in the received 
signals; and (3) excessive noise in the received signals. Each received word 
shall conform to the following minimum validation criteria. 

a. Detection of a valid Manchester II bit rate. 

b. Checks shall be made to determine that only 10 or 01 patterns occur and 
that only the proper number of receiver decision threshold transitions 
occur within each bit time. 

c. The data word shall consist of 20 bits; 3 sync, 16 data and odd parity 
bit. 

d. Parity bit verification. When a word fails to conform to the preceding 
criteria, the word shall be considered invalid and shall not be accepted by 
the receiving system. The receiving system shall set the proper bit in the 
BITE status word to indicate the applicable errors that have been detected; 
i.e., sync, validity, parity, etc. 

8.2.2.5.6 Receiver Performance Characteristics . 

8. 2. 2. 5. 6.1 Pavload Seri.al910 Receiver Circuit Chara.cteri6tic6. The receiver 
circuit shall be compatible with the incoming signals specified herein, and 
shall demonstrate a word error rate performance of less than 2 in 106 words. 
This performance shall be established with a line-to-line signal amplitude of 
2.0 volts peak, having a rise and fall time of 250 nanoseconds measured between 
the break and the oppo6itB th.rtl6hold and impressed white Gaussian noise of 300 
millivolts RMS distributed over the band 1000 Hz to 4.0 MHz. All measurements 
are made at the appropriate receiver input terminals. 

Word Error Rate is defined as: 

Total number of correctly received words 
1 - Total number of words transmitted 

The receiver shall operate with input waveforms varying from a square wave to a sine 
wave. 

8.2.2.5.6.2 MOM Serial I/0 Receiver Circuit Characteristics. The receiver circuit 
shall be compatible with the incoming signals specified herein, and shall 
demonstrate a word error rate performance of less than 2 in 106 words. This 
performance shall be established with a line-to-line signal amplitude of 2.3 volts 
peak, having a rise and fall time of 200 nanoseconds measured between 10 and 90 
percent of the peak to peak amplitude and impressed white Gaussiian noise of 300 
millivolts RMS distributed over the band 1000 Hz to 4.0 MHz. All measurements are 
made at the appropriate receiver input terminals . 
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Word Error Rate is ·defined as: 

Total number of correctly received words 
1 - Total number of words transmitted 

The receiver shall operate with input waveforms varying from a~• wave to a 
sine wave. 

8.2.2.5.7 Receiver Common-Mode Rejection. The MDM and Payload data receivers shall 
reject common mode signals for frequencies from DC to 2 MHz. The MDM shall not 
respond for amplitudes up to 10 volts peak, line-to-shield ground. The Payload 
shall not respond for amplitudes up to 10 volts peak, line to shield ground. The 
serial I/O transformers shall tolerate voltages between windings and ground, for up 
to plus or minus 50 volts DC peak. The Payload discrete receivers shall tolerate up 
to plus or minus 32 volts on either inputs to signal ground without damage and shall 
reject common mode voltage from DC to 2 MHz sinusoidal between -10 to +10 volts 
peak. 

• 

8.2.2.5.8 Receiver Input Sensitivity (Data Channel Receiving End). The data 
receiver shall respond to an input signal amplitude from plus or minus 8.0 volts 
peak line-to-line, down to a threshold level of plus or minus 0.6 volts peak, 
line-to-line. The receiver shall not respond to input signals less than plus or 
minus 0.4 volt peak, The receiver shall operate with input signal levels from plus 
or minus 8.0 volts peak, line-to-line, down to plus or minus 1.5 volts peak, 
line-to-line as measured at the input to the receiver. The input circuit shall 
reject noise at all frequencies below 1000 Hz and between 5 MHz and 30 MHz for 
voltages up to 6 volt peak line-to-line with a current limitation on the Payload 
data receiver of 5 MA for frequencies below 1 KHz. The message and word discrete 
receivers shall recognize a line to line voltage of plus 0.5 volts to plus 5.9 volts 
as a logic ''1" and minus 0.5 volts to minus 5.9 volts as a logic "0". • 

8.2.2.5.9 Output Waveform Distortion. Distortion of the waveform by the output 
circuit, including overshoot and ringing shall not exceed 250 millivolts 
peak-to-peak, line-to-line measured on the receiver input and feedthrough. 

8.2.2.5.10 Shield Grounding. The shield on the cable, for data and discrete 
interfaces, shall be grounded at the MDM and Payload I/O interface. Intermediate 
ground points shall be permitted by negotiation. 

8.2.2.5.11 MDM Power Off. Signal levels due to an unpowered MOM shall be 
interpreted by the Payload to indicate a failed channel and shall not cause any 
other degradation to other data processing assembly functions. 

8.2.2.5.12 Interface Cable. The interface cable for the SIO channel shall be a 
two-conductor twisted, shielded, jacketed cable. It shall conform to Specification 
MBOlS0-051 and Design Standard n7P572-0279-0002 and shall not exceed 150 feet 
( 46 M) in tot a 1 1 ength between the Orbiter MOM and the Pay 1 oad 910 unit (up to J 25 It. 
from. til.. Orbiter rn:bTfl to STTICJI-SSP in.ter/ac• and 25ft. from. STTICJI-S9P in.terlac• to PQIIIoad 
110 unit). 

8.2.2.5.13 Electrical Interface Characteristics. The electrical interface 
Characteristics of the MOM SIO Channel message-in discrete, message out discrete and 
word discrete shall be as shown in Table 8.2.2.5.13-1. The electrical interface 
characteristics of the MOM SIO channel data line for the transmission and reception 
modes shall be as shown in Tables 8.2.2.5.13-2 and 8.2.2.5.13-3, respectively . 
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8.2.2.6 Grounding and Shielding. Grounding and shielding shall be as shown in 
figure 8.2.2.6-1 . 

8.2.2.7 High-level Discrete Inputs CDIH). The electrical interface characteristics 
of the MOM high-level discrete input signals from the attached payloads, at the 
Orbiter/Payload interfaces, shall be as shown in Table 8.2.2.7-1 . 
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:Jabl• 1.2.2.1-1 .low-.bv•l %>l6crt1t• Output (1:>0.£)/0rbit•r...:Jo-Pavload. 
Cl•ctrkal 9nt•r1a.c• Chara.ct•rit.tkt. 

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
-------------!---------!------------------------!-------------------! 
Type !Single-Ended Discrete !Load isolated (1) 
------------- ---------~------------------------!-------------------! 
Code Step-Level (Software 

Programed) 
------------- --------- ------------------------!-------------------! 
Ana 1 og Range 

Min 
Max 

Discrete-

Volt 
Vclt 

I .. 
NA 

------------------------!-------------------1 
I . 

False Min Volt 
( 

11 011
) Max Volt 

!-0.5 
!+0.5 

------------- ---------!------------------------!-------------------
.Discrete-
! True Min !Volt !+4.0 !(1) 

(
11 111

) Max Volt !+6.0 ! 
!------------- ---·------!------------------------!-------------------
!Ripple and 
!Noise 

Max 
Milli­
Volt 400 

!------------- --------- ------------------------!-------------------
!CMV Max Volt NA 
!-------------.--------- ------------------------!-------------------
Rise/Fall 
Time Min 
(10 to 90 
percent) 

Max 

!Microsec 1 ! (2) 

Microsec !20 
------------- ---------!------------------------!-------------------
Noise Sup­
Pression 
Bandwidth 

Roll-off 
.Rate Min 

Hertz !NA 

---------~------------------------~-------------------. . . 
!dB/Octave!NA 

!-------------!---------!------------------------!-------------------! 
!CMRR !dB !NA 1 _____________ 1 _________ 1 ________________________ 1 ___________________ 1 . . . . . 
!Distortion !NA 1 _____________ 1 _________ 1 ________________________ 1 ___________________ 1 . . . . . 

I . Frequency !MBPS !NA _____________ 1 _________ 1 ________________________ 1 ___________________ 1 . . . . 
Bit Rate !MBPS !NA ! _____________ 1 _________ 1 ________________________ 1 ___________________ 1 . . . . 
Transfer !Direct Coupled !Grounded at Orbiter! 
-------------1 ---------I ------------------------1 ------------------·-1 . . . . 
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:JAbl• 8.2.2. 1-1 .low-.l.•v•l tli.6cnt• Output (1:JO.tJ/Orbit•r-::Jo-Ptzvload. 
el•ctrical9n.t•rPa.c• Chara.ct•ri6tica (Conclud.•dJ 

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
·-------------·---------·------------------------·-------------------· . . . . . 

I . !Source 
Impedance Min Ohm !30 
(Orbiter) Max Ohm !100 
------------- ---------!------------------------!-------------------! 
Load Imped-
ance Min Ohm !600 ! . 
(Payload) Max Ohm !4K !(3) 
------------- ---------!------------------------!-------------------! 
Capaci­

.tance 
Max Pico­

Farad 
!3500 !Payload not to 

!exceed 1500 
-------------.---------!------------------------!-------------------! 
Pwr. Off 
Impedance Min!Ohm !10K(+6 Vdc) 

!Payload shall 
!exceed 600 

-------------!---------!------------------------!-------------------· 
Current Drive!Milliamp !10 (Logic "1") 
-------------!---------!------------------------!-------------------
Current Sink !Milliamp !-10 (Logic "0") !±0.5 volts 
-------------!---------!------------------------!-------------------
Overvoltage 
Protection 

Max•volt !±32 !C4) • 
---------!------------------------!-------------------! 

Fault Voltage 
Emission Max Volt !±15 ! (4) 

------------- ---------!------------------------!-------------------' 
Fault Current 
Limitation 

Max Milliamp !±20 
------------- ---------!------------------------!-------------------
Power-Ground Megohms !10 
Isolation 
--------------------------------------------------------------------

0.2 m.illia•con.d. atat• un.c•rtain.tv maJCim.um. lollowi.ntl pow•r up. 

(1) Reference MOM Signal Ground 

(2) 400 OHM±5 percent in parallel with 5 nanofarad ±10 percent load 

(3) An open input shall not result 1n an ambiguous logic state 

(4) Line-to-line and line to ground 
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:Jabl• 8.2.2.2-1 .Jiill/t.-.l.•v•l ZXt.cNt• Output l1:>0.JIJ/Orbit•r-:Jo-PQIIIoad. 
Cl•ctrica19n.t•t1ac• C.Jiara.ct•ri4tic6 

Characteristics 
! Orbiter/Payload 

Parameter !Dimension! Interface Notes 
-------------·---------!------------------------!-------------------! 
Type !Single-Ended Discrete !(rJ ! 
------------- ---------·------------------------!-------------------! 
Code Step level 
------------- --------- ------------------------!-------------------! 

Min Volt NA 
Max Volt 

.Analog Range 
--------- ------------------------·-------------------! 

Discrete-
False Min Volt 0 

("0") Max Volt 3 
------------- --------- ------------------------ -------------------! 
Disc rete-
True Min.Volt 19.5 (3) 

("1") Max!Volt 32 
!-------------!--------- ------------------------ -------------------! 
!Ripple and 
!Noise Max!Millivolt!0.9 V P-P single Freq., ! 

! !1.6 V P-P Broadband !(2) 
!-------------!---------!------------------------·-------------------! 
!CMV Max!Volt !NA 
!-------------!---------!------------------------
! Rise/Fa 11 
'Time Min!Microsec !10 

Max!Microsec !100 

-------------------! 

-------------!---------!------------------------ -------------------! 
Noise Sup­
pression 
Bandwidth 

! Hertz !NA 

-------------!---------!------------------------.-------------------! 
Roll-off 1 

Rate Min!dB/Octave!NA 
-------------·---------·------------------------!-------------------! 
CMRR dB NA 
------------- --------- ------------------------!-------------------! 
Distortion NA 
------------- --------- ------------------------!-------------------! 
Frequency Hertz NA 
------------- ---------.------------------------!-------------------! 
Bit Rate .MBPS !NA ! 
-------------!------~--!------------------------!-------------------! 
Transfer !Direct Coupled 
-------------·---------·------------------------·-------------------· . . . . 
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TABLE 8.2.2.2-1 HIGH-LEVEL DISCRETE OUTPUT (OOH)/ORBITER-TO-PAYLOAO, 
ELECTRICAL INTERFACE CHARACTERISTICS {Concluded) 

--------------------------------------------------------------------
Characteristics 

! Orbiter/Payload 
Parameter !Dimension! Interface Notes 

·-------------·---------·------------------------·-~-----------------· . . . . . 
!Source 
!Impedance Min!Ohm !0 
!(Orbiter) Max!Ohm !450 
·-------------·---------·------------------------·-------------------· . . . 
!Load Imped-
!ance Min Ohm !3.2K 
!(Payload) Min Ohm !10K 
------------- ---------·------------------------!-------------------
Capaci- Max Pico­
tance Farad 

3500 !Payload 1500 Max 

------------- --------- ------------------------!-------------------! 
Pwr. Off 
Impedance Min Ohm 10K (<8 Vdc) 

!Payload 3K Min 

------------- --------- ------------------------!-------------------· 
!Current Drive Milliamp !10 (Logic "1") 
------------- ---------!------------------------!-------------------
Current Sink Milliamp !NA 
------------- ---------!------------------------!-------------------
Overvoltage 
Protection 

Max.Volt !±32 
-------------!---------!------------------------!-------------------
Fault Voltage! 
Emission Max!Volt !±32 
-------------·---------·------------------------·-------------------· . . . . 
Fault Current! 
Limitation 

Max!Milliamp !20 
-------------·---------·------------------------·-------------------· . . . . 

(1) Reference 28-volt power return. 

(2) 2.8 K Ohms ±5 percent parallel with 5000 Picofarads ±10 
percent loads. 

(3) Orbiter MOM minimum power voltage is 24 Vdc . 
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:Jabl• 8.2.2.3-1 .J:Dw-.1.•"-' 1:Ji6Cr•t• fnpcd ~IPI7JIIoad-::Jo-Orbit•r. 
Cl•ctrical9n.t•rfac• Ch.aract•ri.6tic6 

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
·-------------·---------·------------------------·-------------------· . . . . . 
Type !Single-Ended Discrete !Payload referenced ! 

!to MOM ground ! 
---------!------------------------!-------------------! 

Code !Threshold Decision ! 
---------!------------------------!-------------------! 

Analog Range 
Min Volt NA 
Max Volt 

!------------- --------- ------------------------!-------------------! 
!Discrete­
! False 

("0") 
Min Volt 
Max Volt 

-0.5 
+2.0 

! (1) 

!(7) (2) 

!------------- --------- ------------------------!-------------------! 
!Discrete-
! True Min!Volt +2.5 ! (7) 

("1") Max!Volt .+6.0 ! (7) 

-------------!---------!----·--------------------!-------------------! 
Ripple 
and Noise Mill i­

Max Volt !300 
------------- ---------·------------------------!-------------------! 
CMV Max Volt NA 

------------------------!-------------------· 
Rise/Fall 

. Time Min Microsec 
Max Microsec 

NA 

------------------------!-------------------
Noise Sup- Hertz 
pression 
Bandwidth Max lK ± 12 percent 

------------------------!-------------------. 
Roll-off 

.Rate Min dB/Octave 6 
!------------- --------- ------------------------!-------------------! 
!CMRR dB NA 
!------------- --------- ------------------------!-------------------! 
!Distortion NA 
!------------- --------- ------------------------!-------------------! 
!Frequency Hertz NA 
!------------- --------- ------------------------!-------------------! 
!Bit Rate .MBPS !NA 
·-------------·---------•------------------------·-------------------· . . . . . 
!Transfer !Direct Coupled 
·-------------·---------·------------------------·-------------------· . . . . . 
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:Jablt1 8.2.2.3-1 J:ow-..t.tlvtll %>i6crt1tt1 i'&put a:tu:JIPayload.-:Jo-Orbittlr. 
IJI•ctrical9n.ttlrfactl Ch.aractt~ri.6tic6 (Con.clud.tldJ 

--------------------------------------------------------------------

Parameter Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
Source ---------!------------------------!-------------------! 

I 

Impedance Min Ohm !0 
. 

(Payload) Max Ohm !lK . 
------------- ---------!------------------------!-------------------! load 

.Impedance Min Ohm !14K 
!(Orbiter) Max Ohm !21K 
!-------------.---------!------------------------!-------------------! 
!Capaci­
!tance 

max Pico­
Farad 

!5000 

!------------- ---------!------------------------!-------------------! 
1 Pwr-Off 
Input Min Ohm 
Impedance Max Ohm 

! lOK 
! 14K ! (3) 

------------- ---------!------------------------!-------------------! Current Drive Milliamp !NA 
------------- ---------!------------------------!-------------------! .Current Sink ! 

!-------------!---------!------------------------!-------------------! 
Max!Milliamp !0.43 !At 6.0 volts 

!Overvoltage 
!Protection 

Max Volt !±32 
------------- ---------!------------------------!-------------------1 Fault Voltage 
Emission Max Volt !±lSV 
------------- ---------!------------------------!-------------------Fault Current 
limitation 

Max Mi 11 iamp ! 2 
------------- ---------!------------------------!-------------------. 

(1) Reference return line 

(2) Open input interpreted as logic •o• 

(3) With ±6.0 volts or less applied . 
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TABLE B.2.2.4-l LOW-LEVEL DIFFERENTIAL ANALOG INPUT (AID), 
PAYLOAD-TO-ORBITER, 

ELECTRICAL INTERFACE CHARACTERISTICS 

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
-------------!---------!------------------------!-------------------! 
Type !Differential Analog 
-------------!--------- ------------------------!-------------------! 
Code Balanced Input !Line-to-Line 
-------------!--------- ------------------------!-------------------! 
Analog Range ! 

Min!Volt 
Max!Volt 

-5.0 
+5.0 

!(2) 

-------------!--------- ------------------------!-------------------! 
Disc rete-

• False Min!Volt 
Max Volt 

NA 
NA 

!------------- --------- -----------------·-------·-------------------· 
! Discrete­
!True Min Volt 

Max Volt 
NA 
NA 

!------------- ---------!------------------------ -------------------
!Ripple and .Milli- !NA 
!Noise Max!Volt 
!-------------!---------!-------------·-----------.-------------------
!Conmon Mode 
!Voltage Max!Volt !±10 
!-------------!---------!------------------------!-------------------! 
!Rise/Fall 
!Time Min!Microsec !NA 

Max!Microsec ! 
!-------------!---------!------------------------!-------------------
!Noise Sup­
pression 
Bandwidth 

!Hertz !DC to 40 ±10 percent 

-------------!---------·!------------------------!-------------------
Roll-off 
Rate Min!dB/Octave!6 
-------------!---------!------------------------!-------------------! 
CMRR !dB !60 (within BW) 
-------------!---------!------------------------!-------------------! 
Accuracy ! Percent !±0. 5 !(1) With 10 Ohms 

!Maximum Unbalance 
-------------!---------!------------------------!--~----------------! 
Frequency !Hertz !See Filter Bandwidth 

!and Sampling Rate 
-------------!---------!------------------------!-------------------! 
Bit Rate !MBPS !NA 
-------------!---------!------------------------!-------------------! 
Transfer !Direct Coupled 
-------------!---------!------------------------!-------------------! 
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TABLE 8.2.2.4-1 LOW-LEVEL DIFFERENTIAL ANALOG INPUT (AID), 
PAYLOAD-TO-ORBITER, 

ELECTRICAL INTERFACE CHARACTERISTICS (Concluded) 

--------------------------------------------------------------------

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
·-------------·---------·------------------------·-------------------· . . . . . 
Source 
Impedance Min!Ohm 
(Payload) Max Ohm 

•o 
100 ! ( 1) 

------------- --------- ------------------------!-------------------! 
load 
Impedance Min Ohm 
(Orbiter) Max Ohm 

500K 
NA 

!~lOOK power off 
I 

------------------------!-------------------
Capaci- Max Pico­
tance Farad 

.5000 

------------- ---------!------------------------!-------------------
Pwr-Off 
Impedance Min.Ohm ! lOOK 
------------- ---------!------------------------!-------------------. 
Current Drive Milliamp !NA 
------------- ---------!------------------------!-------------------! 
Current Sink Milliamp !0.024 At 5.0 volts 
------------- ---------!------------------------ -------------------! 
Overvoltage 
Protection 

Max Volt !±32 
------------- ---------!------------------------ -------------------

!Fault Voltage 
!Emission Max.Vo1t !±15 
!------------- ---------!------------------------!-------------------
!Fault Current 
! Limitation 

Max Mi 11 iamp ! 1 
! ------------- ---------! ------------------------! --------·-----------
!Cable !TSP-ML 

(1) Source impedance 100 Ohms maximum with 10 Ohms maximum unbalance 
for 0.5 percent RMS one sigma of F.S. encoding accuracy. 

(2) The measurement accuracy shall be within 0.50 percent (1 sigma full 
scale). The accuracy is directly affected by input noise within 
the filter passband or signals changing during the AID conversion 
time . 
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TABLE B.2.2.5.13-1 MOM SERIAL INPUT/OUTPUT DISCRETE LINE, 
ORBITER-TO-PAYLOAD, 

ELECTRICAL INTERFACE CHARACTERISTICS 

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
!-------------!---------~------------------------ -------------------
!Type 
I . 

Discrete Complementary 
Single-Ended 
Driver 

!-------------!--------- ------------------------ -------------------
!Code Message-In 

Message-Out 
.Word Discrete 

!-------------·---------!------------------------!-------------------! 
!Analog Range 

Min Volt !NA 
Max Volt !NA 

!------------- ---------!------------------------!-------------------· 
!Discrete 
!True 
( "1") 

Min.Volt 
Max! Volt 

!+2.2 
!+5.0 

!(1)(2) 

-------------!---------!------------------------!-------------------
Disc rete 
False 
("0") 

.Ripple 
!and Noise 

Min!Volt 
Max Volt 

!-2.2 
!-5.0 

!(1)(2) 

---------!------------------------!-------------------
Mi 11 i­

Max Volt 

1 . 
!±500 

!-------------
_________ 1 ________________________ 1 ___________________ 1 

. . . 
!CMV Max Volt I 

!-------------
_________ 1 ________________________ 1 ___________________ 1 . . . 

!Rise/Fall 
!Time 

I . 
Min!Microsec !See Figure 8.2.2.5.4-2 
Max!Microsec 

!-------------!--------- ------------------------!-------------------! 
!Noise Sup­
!pression 
!Bandwidth 

!Hertz NA 

!-------------!--------- ------------------------!-------------------! 
Roll-Off 
Rate Min!dB/Octave!NA 
-------------!---------!------------------------!-------------------! 
CMRR !dB !NA _____________ 1 _________ 1 ________________________ 1 ___________________ 1 . . . . 

I . Distortion 
Max!Volt Pk !±o.25 

-------------~---------~------------------------·-------------------1 . . . . 
.Frequency !Hertz !See Figure 8.2.2.5-2 1 _____________ 1 _________ 1 ________________________ 1 ___________________ 1 . . . . . 
!Bit Rate !mbps !NA 1 _____________ 1 _________ 1 ________________________ 1 ___________________ 1 . . . . . 
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TABLE 8.2.2.5.13-1 MOM SERIAL INPUT/OUTPUT DISCRETE LINE, 
ORBITER-TO-PAYLOAD, 

ELECTRICAL INTERFACE CHARACTERISTICS (CONCLUDED) 

--------------------------------------------------------------------

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
-------------!---------·------------------------ -------------------! 
Transfer Direct Coupled 
-------------!--------- ------------------------ -------------------! 
Source 
Impedance Min!Ohm NA 
(Orbiter) Max!Ohm 100 
-------------!---------.------------------------.-------------------! 
Load 

!See Figure 8.2.2.5.4-2 
! 100 

Impedance Min Ohm 
(Payload) Max Ohm 
------------- ---------!------------------------!-------------------! 
Capaci- Max Pico­
tance Farad 

!Cable length (ft)X 
!36/Ft 

!See Figure 
!8.2.2.5.4-2 

------------- ---------!------------------------!-------------------! 

!Diode to ground 
Pwr Off 

.Impedance Min Ohm 
--·----------- ---------!------------------------!-------------------! 
Current 
Drive Min Milliamp !20 
------------- ---------!------------------------!-------------------! 
Current Sink Milliamp !NA 
------------- ---------!------------------------!-------------------· 
Overvoltage 
Protection 

Max!Vo1t !±32 VDC via 320 Ohms !(4) 
-------------!---------!------------------------!-------------------
Fault Voltage! 
Emission Max!Volt !+8 !(5) 
-------------!---------!------------------------!-------------------. 
Fault Current! 
Limitation 

Max!Milliamp !40 
-------------!---------!------------------------!-------------------! 
Cable !Twisted shielded pair !(3) 
--------------------------------------------------------------------

(1) Reference Signal Return Line (L-L) 
(2) Based on 150-ft cable length 
(3) Cable impedence is 75±5 ohms with 20 pf/ft±lO percent, 

line-to-line. 
(4) This is for over voltage protection of the MOM from a user 

generated voltage source. 
(5) This is for maximum MOM output voltage to a user . 
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:Jable 8.2.2.5. 13-2 m:b1l'l Seri.al9npu.t/Output :bata ~ m:b1l'l 3f'GI&6mitti.n.t. 
Orbiter-:Jo-PQ.VIoad. electrical9n.te,.Pace Chtlracteri.6tic6 

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
-------------!---------!------------------------!-------------------! 
Type !Serial Half Duplex ! 
-------------!---------!------------------------!-------------------! 
Code !MIL-STD-1572 

!Manchester II Bif-L 
-------------!---------·------------------------!-------------------· 
Analog Range ! 

Min!Volt NA 
Max!Volt NA 

-------------!---------
Peak ! 
Positive Min!Volt 
Level Max!Volt 
-------------!---------
Peak 

.2.5 
6.0 

Negative Min!Volt -2.5 
Level Max!Volt -6.0 

-------------------· 

-------------!--------- ------------------------!-------------------
Ripple 
and Noise 

Max!Milli­
!Volt 

!200rms 
!+350Pk 

!Excluding Overshoot. 
!and Undershoot 

!-------------!--------- ------------------------!-------------------! 
!CMV Max!Volt NA 
!-------------!--------- ------------------------!-------------------! 
! Rise/Fa 11 
!Time Min!Microsec 0.06 
! ( 10 to 90 
! percent) 
! Max!Microsec 0.25 
!-------------!--------- ------------------------ -------------------! 
!Noise Sup­
!pression 
!Bandwidth 

! Hertz Up to 6.0 V rejection 
.below 1 KHz and between . 
! 5 and 30 MHZ .(1) 

•-------------·---------·------------------------·-------------------· . . . . . 
!Roll-off 
!Rate Min!dB/Octave!NA 
-------------·---------!------------------------!-------------------! 
CMRR 

Distortion 

Frequency 

dB !NA 
-------~-!------------------------!--~----------------! 

Min Milli­
Max Volt 

I . 
!-150 
! 250 ! ( 1) 

---------·------------------------·-------------------· . . . 
Hertz !NA 
---------·------------------------·-------------------· . . . 

• Bit Rate !mbps !1±o.1 percent (Data) 
!-------------!---------!------------------------!-------------------! 

ICD-2-19001 
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:Jabl• 8.2.2.5. 13-2 mz:m S.rial9npu.t/Output %lo:ta .li.ns mNn :JI"aMm.ittint. 
Orbit•r-:Jo-Pa.vload. Cl•ctricaiW•rlac• ChDract•ri6ticr. lCondud.dJ 

----------------------------------------------------------------------

Parameter Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
---------!------------------------!---------------------! 

Data Transfer !Transfonmer Coupled 'At both ends of line ! 
---------!------------------------ ---------------------! 

Source 
Impedance Min Ohm 
(Orbiter) Max Ohm 

load 

75±10 percent 
NA 

Impedance Min Ohm 75±10 percent 
(Payload) Max Ohm NA 

---------------------! 
I . 

------------- ---------.------------------------!---------------------! 
Quiescent 

.State 
! Recovery 

!"15 MV max from 5 micro­
!sec after parity until 
!next word sync pattern 

!------------- ---------·------------------------·---------------------· . . . 
!Capaci­
•tance 

Max!Pico­
! Farad 

!NA 

-------------!---------!------------·------------!---------------------! 
Pwr-Off 
Impedance Min!Ohm !NA 
-------------!---------!------------------------!---------------------! 
Current Drive!Milliamp !90 !At 6.0 volts peak 
-------------!---------!------------------------!---------------------! 
Current Sink !Milliamp !NA 
-------------!---------!------------------------!---------------------! 
Overvoltage 
Protection 

Max!Volt 
! Pk 

!±32 DC CM !line to power, 
!chassis, single gnd 

-------------!---------!------------------------!---------------------! 
Fault Voltage! 
Emission Max!Volt !±7 

!±32 (line-to-Gnd) 
! (1) 

.-------------!---------!------------------------!---------------------! 
!Fault Current! ! 
!Limitation 

Max!Milliamp !120 
!-------------!---------!------------------------!---------------------! 
!Word Rate !WPS !See Figures 8.2.2.5-2 

!and 8.2.2.5.4-1 
!-------------!---------!------------------------!------------------~--! 
!Pulse Width 
!Jitter 

!Nano­
!Second 

!40 

----------------------------------------------------------------------
11ot•r.: (1) R•f•r•n.c• R•tUI'ft .li.ns (J:-.J:) 

:Jabl• baHd on 1 so :h•t (45.7mJ mGKimum total Orbit•r,.,. P•OGII. cabi•I•Nith . 

:Jhrupu.t i.6 thfi.t&MJ. cu 1 minu61Ji.t error Rat• l&eR> CL• .• uali.d bi.tr. rwc•iun ,.r bi.tr. 
tn:uwn.i.tt•dJ. C.,..wal•n.t word. .-ror rat• of (1 .9Kror7 n1G1W IH U6«l for ualitJGti.on. (word. 
thrupu.t-1 -1.9 (1 o> -7 J. 
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:Jable 8.2.2.5.73-3 m:bm Seri.DI9npu.t/Output b.ztcz ~ m:bm Recewin.t. 
Pczvload.-:lo-Orbiter. 

electricalfnterfczce Chtua.cterit.tic6 

Parameter Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
---------!------------------------!-------------------! 

Type !Serial Half Duplex 
---------!------------------------!-------------------! 

Code !MIL-ST0-1572 ! 
!Manchester II Bif-L 

---------!------------------------!-------------------! 
Analog Range . 

Min!Volt NA 
Max!Volt NA 

------------------------!-------------------! 
Peak Positive 
Level(2) Min Volt +1.7 

Max Volt +8.0 
------------- --------- ------------------------!-------------------· 
Pk Negative 
Level (1) Min Volt 

Max Volt 
!-1. 7 
!-8.0 

------------- ---------!------------------------!-------------------
Ripple and Milli-
Noise Max Volt ! 250 rms 

!Excluding overshoot 
and undershoot 

------------- ---------!------------------------ -------------------
CMV 

Rise/Fa 11 

Max Volt !±10V from DC to 2 MHz 
sine 

Time Min!Microsec 0.06 
(10 to 90 
percent) 

Max!Microsec 0.22 
-------------!--------- ------------------------!-------------------. 
Noise Sup­
pression 
Bandwidth 

! Hertz • Reject up to 6V below ! (1) 

!1 kHz and between 5 MHz ! 
!and 30 MHZ 

.-------------!---------!------------------------!-------------------! 
!Roll-off • 
!Rate Min dB/Octave!NA 
·------------- ---------·------------------------·-------------------· . . . . 
!CMRR dB !NA 
·------------- ---------·------------------------·-------------------· . . . . 
!Distortion Millivolt!±250 Max !CrJ 
·------------- ---------·------------------------·-------------------· . . . . . 
Frequency ! Hertz ! NA 
-------------!---------!------------------------!-------------------! 
Bit Rate !mbps !l±o.1 percent (Data) 
-------------·---------·------------------------·-------------------· 
Transfer 

. . . . 
!Transformer Coupled !At both ends of 

!line 
I . 

-------------!---------!------------------------!-------------------! 
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:Jabl• 8.2.2.5.' 3-3 murt S.rial9npu.t/Output J)atcz .li.n8 m:b1l'l R•c•ivinll. 
Pa.vloati.-:Jo~Orbit•r. 

Cl•ctrical9nt•,.,czc• Chtlra.ct•ri6ti.c6 (Conclud.•dJ 

--------------------------------------------------------------------

Paramet~r !Dimension! 

Characteristics 
Orbiter/Payload 

Interface Notes 
-------------!---------!------------------------!-------------------! 
Source 
Impedance Min!Ohm !75±10 percent 

.(Payload) Max!Ohm !NA 
-------------!---------!------------------------!-------------------! 
load ! · 
Impedance Min!Ohm !75±10 percent 
(Orbiter) Max!Ohm !NA 
-------------!---------!------------------------!-------------------! 
Quiescent 
State 
Recovery ( Pk)! 

( 1) 

!75MV Max from 5Msec 
!after parity until next ! 
! sync word 
I . 

-------------!---------!------------------------!-------------------! 
Capaci- Max Pico- !NA 
tance Payload Farad 
Cable 
------------- ---·------ ------------------------!-------------------! 
Pwr-Off 
Impedance Min Ohm 75±10 percent 

------------------------!-------------------! 
load Current Milliamp .120 at 8V Pk 
------------- ---------!------------------------!-------------------! Overvoltage 
Protection 

Min Volt Pk 
Max 

!8 Oiff. 350 kHz-1.5 MHZ 
!±32 CM 

------------- ---------!------------------------ -------------------! 
Fault Voltage 
Emission Max Volt 

Max Volt 
!±7 (f) 

!±32 (line-to-Gnd) 
------------- ---------!------------------------ -------------------! 
Fault Current 

.limitation 
Max Milliamp !NA 

------------- ---------!------------------------!-------------------! 
Pulse Width 
Jitter 

Nano­
Second 

!50 

------------- ---------·------------------------·-------------------· . . . 
Word Rate .WPS !See Figures 8.2.2.5-2 

!and 8.2.2.5.4-1 
--------------------------------------------------------------------

71ot•: (f) R•l•r•n.c• R•tum. .li.tul 
::Jabl• ba.6•d on r so :h•t (.t5.7mJ mczKimum total OrbU•r plu.6 Pt:JIIIIoad cabl•l•n.tth. . 

• (r) ::Jhruput i6 tU/U...d CZ6 ' minu6 Bit Ctrar Rat• (IJeR) a .•.. llaliiJ. bit6 NCBWBd ,.r bit6 
traMm.Ut•dJ. etfll,i.ual•n.t word. Bf'NN' rate ol (f .9Kfot-1 """'b• U6Bd lor llalidation. 
(word. thruput- f-L9(fo)-1 ). 
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TABLE 8.2.2.7-1 HIGH-LEVEL DISCRETE INPUT (DIH)/ORBITER-TO­
PAYLOAD ELECTRICAl INTERFACE CHARACTERISTICS 

Parameter Dimension! 

Characteri sties 
Orbiter/Payload 

Interface Notes 
!------------- ---------!------------------------!-------------------! 
Type !Single-Ended Discrete 
------------- ---------!------------------------!-------------------! 
Code !Threshold Decision 
------------- ---------!------------------------!-------------------· 
Analog Min volt !NA 
Range Max volt 
------------- ---------!------------------------!-------------------
Discrete- Min volt !0 
False Max.volt !6 
("0") 
------------- ---------!------------------------!-------------------. 

!Discrete- Min volt !10 
True Max volt !32 
( .. , .. ) 
------------- ---------!------------------------!-------------------! 
Ripple Max Millivolt!600 
and Noise 
------------- ---------!----·-------------------- -------------------! 

.CMV Max volt !NA 
!------------- ---------!------------------------ -------------------! 
!Rise/Fall Min Microsec !10 
!Time Max Microsec !100 
!------------- ---------!------------------------ -------------------! 
!Noise 
!Suppression 
!Bandwidth 

Hertz !DC--lK ±12 percent (low-Pass Filter) 

!------------- ---------!------------------------ -------------------! 
!Roll-Off Min!dB/Octave!6 
!Rate 
!-------------!---------!------------------------.-------------------· 
!CMRR !dB NA 
!-------------!--------- ------------------------!-------------------
!Distortion NA 
!-------------!--------- ------------------------!-------------------
Frequency !Hertz NA 
-------------!--------- ------------------------!-------------------. 
Bit Rate !mbps .NA 
-------------·---------·------------------------·-------------------· . . . . 
Transfer !Direct Coupled 
-------------·---------·------------------------·-------------------· . . . . 
Source Min!ohm !0 
Impedance 
(Payload) Max!ohm !lK 
-------------!---------!------------------------!-------------------! 
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TABLE 8.2.2.7-1 HIGH-LEVEL DISCRETE INPUT (DIH)/ORBITER-TO­
PAYLOAD ELECTRICAL INTERFACE CHARACTERISTICS (CONCLUDED) 

Parameter Dimension! 

Characteri sties 
Orbiter/Payload 

Interface Notes 
---------·------------------------·-------------------· . . . 

Load Min ohm 
Impedance 

.(Orbiter) Max ohm 

!245K 

!357K 
·------------- ---------·------------------------·----------.. -------:-.• . . . . ' . 
!Capaci­
!tance 

Max!Pico­
! Farad 

!5000 \ i I 
; { . 
. 

·-------------·---------·----------------------~-·-------------------1 . . . . . 
!Pwr-Off Min ohm 
!Input 
!Impedance Max ohm 

!245K 

!357K 
!------------- ---------!------------------------!-------------------· 
!Current 
!Drive 
!-------------
!Current 

I 

Milliamp !NA 
---------!------------------------!-------------------

Sink Max!Milliamp !0.~3 !At 32 volts 
-------------!---------!------------------------!-------------------
Over- Max!volt !±32 
voltage 
Protection · 
------------~·---------~------------------------·-------------------· . . . . 
Fault Max!volt !±32 
Voltage ! 
Emission 
-------------·---------·------------------------·-------------------· . . . . 
Fault Max!Microamp !320 
Current 
Limitation 
-------------·---------·------------------------·-------------------· . . . . 
Power-

. Ground 
!Isolation 

!Megohms !10 

--------------------------------------------------------------------

ICD-2-19001 8-49 



PAYLOAD 
ELECTRICAL 
INTERFACE 

.... .... 
..... -
_.. -

r"" 

..... 

.. .... 

Ico...:2-19001 

PAYLOAD~ ORBITER 

FEED THROUGH 

~. 

.. 
• 

.... .... 

.... 

... .... 
~ .... 

.. 
• .. .. 

-.. .... 
.. .. 

... 

-.... 
.. 
.. 
• 

.. .. 
• 

-------
PAYLOAD 
STATION 
DISTR 
PANEL 

----
------

MISSION 
STATION 
DISTR 
PANEL 

------
------
------
-------
-----
------
~ 

- ---·- -------·-··--- ·--------------------

DIL • .. 
AID . .. 
DOH 

DOL 

SID • . 

DIH • .. 
AID .. .. 

SIO . 
• 

AID • .. 
DOL 

DOH 

OIL _., 
~ 

DIH .. .. 

DIL • .. 
AID . .. 

:Jit;UJ"e 8.2.2-7 rrr.bTfl :bata :Jiow :biatp'Q.m - 9nterface 

8-50 

• 

MOM 
(PF·1l 

• 
MOM 
IPF-21 

• 



• 

• 

• 
ICD-2-19001 

... 
~ 

MOM 
SERIAL I/O 

ORBITER 

PAYLOAD 
INTERFACE PLATE 

I 
I 

DATA 
' 

WORD DISCRETE 
I 

MESSAGE IN DISCRETE 
I 

MESSAGE OUT DISCRETE 
I 

I 

. 

. 

PAYLOAD .. 

FIGURE 8.2.2.5-1 MOM SERIAL I/0 INTERFACE 
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MESSAGE DISCRETE 
SIGNAL LINE 

(!) 

WORD DISCRETE 
SIGNAL LINE 

CD 

MESSAGE DISCRETE "T&UE" (ONE) 
{MESSAGE OUT Oil MESSAGE IN) 

"FALSE" "TB.UE" 

___ -f­
~ 

FALSE 

VOLTAGE LEVELS (V) GD TIME TOLERANCES (.&.\SEC) 

DISCRETE TRUE DISCRETE "FALSE" 
tl 

SIG/GND I RET/GND SIG/GND .I RET/GND 
t2 t3 t4 t5 

I/F VERIFY LINE-TO-LINE PER 2 XMIT 1.5!,0.6 
DUE TO FIGURE 8.2.2.5.4-2 +0.6 ,!1.0 _!1.5 TO 

MDM 16 
1.8!,1.0 RCV 

I/F VERIFY LINE-To-LINE PER 2 XMIT 1.5.:!:,0.6 
PAYLOAD FIGURE 8.2.2.5.4-2 +0.7 !,1.3 .:!:,1.8 TO 

REQ 16 RCV 1.5.!,0.7 J 

NOTES: 

1. DISCRETE RETURN LINE CARRY LOGIC COMPLEMENT OF SIGNAL'LINE LEVELS. 

2. VOLTAGE LEVELS ARE SHOWN AND TABULATED WITH REFERENCES TO !IDM SIGNAL GO GROUND. 

3. ALL TIMING PARAMETERS ARE REFERENCED TO THE MIDPOINT OF LEADING AND TRAILING EDGES. 
4. INHIBIT RESPONSES TO NOISE DURING THIS INTERVAL. 

5. INTERPRET OPEN RECEIVER INPUT AS LOGIC-D. 

6. MAX CABLE LENGTH 150 FEET. 

7. VOLTAGE LEVELS SPECIFIED IN TABLE 8.2.2.5.13-1 

FIGURE 8.2.2.5.4-1 MOM SERIAL I/0 TIMING 
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t--Tr•lO ~ 200 MSEC 
-1----9Cn 

I 
-1 
I 
I 

II)TE: MAY£ FORM WRESEMTS LINE-TO-LiN£ 
YOL TAGE EXCURSIOIC . 

ICD-2-19001 

FIGURE 8.2.2.5.4-2 RISE AND FALL TIMES FOR SERIAL 1/0 DISCRETE$ 
(SHEET 1 OF 2) 
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IcD:...2-1900l 

RECEIVER 
INTERFACE 
PAYLOAD 

INTERFACE 
DUE 

TOMDM 

INTERFACE 
LOAD 

REQUIREMENT 

LINE TERMINATION 

!INSIDE PAYLOAD) 

>4KQ• 90Q 
±5% 

10 11F 
>4KQ* ±10% 

v1 

VOLTS 

-2.2 
TO 

-5.0 

-2.1 
TO 

-5.9 
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VOLTS 

+2.2 
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+2.1 
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PARAGWJH GROUNDING ' SHIELDIIIG TERMINATIONS 

8.2.2.1 
LOW-LEVEL DISCRETE 

OUTPUTS (DOL) 

8.2.2.2 
HIGH-LEVEL DISCRETE 

OUTPUTS (DOH) 

8.2.2.3 
LOW-LEVEL DISCRETE 

INPUTS (OIL) 

8.2.2.4 
LOW-LEVEL 

DIFFERENTIAL 
INPUTS (AID) 

PF MOM 

SEC PWR 
P/L INTERFACE 

ORBITER - -PAYLOAD 

' TSP OR TSSC : 

REF ONLY 
(D UP TO 4 SIGNALS PER RETURN MAX 

PF MOM 
28 VDC 

P/L INTERFACE 
ORBITER -- ____. PAYLOAD 

OPTIONAL* 
(TWIST IF USED) 

REF ONLY 

PF MOM 
SEC PWR 

REF ONLY 

P/L INTERFACE 
ORBITER - ___. PAYLOAD 

;!; 4 SIGNALS PER RETURN MAX 
P/L INTERFACE 

NOTE: SYMBOLS DEFINED IN PARAGRAPH.lO.O 
*SEE LIMITATIONS IN PARAGRAPH 10.0 

**10 V MAXIMUM WITH RESPECT 10 MOM IN COMMON MODE 

P/L r--- --, 
I I 

I 
I 
I 
I 
I 

~---...1 

I '---t----t--. 
I -: I -: 
~- __ .... 

P/L 
r-~--, 
I I 

I 
I 

ANr I J, 
I I t... ___ .J 

m 

3i9W"e 8.2.2.6-1 m:bm 9nterface groundi.n'l .And. Shi.eldi.n'l 
(Sheet 1 op 2) 
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8.2.3 Orbiter/Payload Recorder (OPR) Interface. The OPR shall provide the 
capability to record Biphase-Level digital and analog data. Both digital and 
analog data may be recorded simultaneously on up to 14 tracks. Recording of 
either analog or simultaneous recording of digital and analog data requires 
hardwire programming at the Payload Distribution Panel. 

Orbiter/payload Interface inputs to the payload Recorder are as shown in Figure 
8.2.3-1. Data timing reference shall be supplied by the payload. 

8.2.3.1 Digital Data Recording. The OPR shall provide the capability to record 
a single channel of digital data by serial track sequencing of up to 14 tracks. 
The payload recorder bit error rate shall be equal to or less than 1 error in 
106 bits. 

8.2.3.1.1 Standard Record Speeds. The OPR shall record at the standard speed 
of 7 1/2 ips for mixed-cargo flights requiring recording of two or more cargo 
elements. Three other standard speeds (6, 38, and 120 ips) shall be available 
(as documented in payload-unique ICD•s) for flights requiring recording of a 
single cargo element. Their respective digital recording characteristics are as 
shown in Table 8.2.3.1.1-1. 

8.2.3.1.2 Non-Standard Record Speeds. Ten non-standard record speeds (9.5, 12, 
15, 19, 24, 30, 48, 60, 76, and 96 ips) are available. However, their usage 
requires Orbiter Mission changes. Utilization of these speeds necessitates 
rewiring of the program plugs at the recorder. The digital recording 
characteristics of each non-standard speed are as shown in Table 8.2.3.1.2-1. 

8.2.3.1.3 Digital Data Electrical Interface Characteristics. The electrical 
interface characteristics at the Orbiter/payload interface for digital 
recordings shall be as shown in Table 8.2.3.1.3-1. 

8.2.3.2 Analog Data Recording. The OPR shall provide the capability to record 
up to 14 analog channel inputs for a single pass only. Use of this capability 
requires hardwire reprogramming at the Payload Distribution Panel. Amplitude 
and phase recording fidelity of analog data is not provided by the recorder. 
The pre-emphasis requirement for multiplexed analog data recording shall be 
negotiated in the unique ICD. · 

8.2.3.2.1 Standard Record Speeds. The standard record speeds are defined in 
Paragraph 8.2.3.1.1. Their corresponding analog recording characteristics are 
as shown in Table 8.2.3.2.1-1. 

8.2.3.2.2 Non-Standard Record Speeds. The non-standard record speeds are 
defined in Paragraph 8.2.3.1.2. However, their usage requires Orbiter mission 
changes. Utilization of these speeds necessitates rewiring of the program plugs 
at the recorder. The analog recording characteristics of each non-standard 
speed are as shown in Table 8.2.3.2.2-1. 

8.2.3.2.3 Analog Data Electrical Interface Characteristics. The electrical 
interface characteristics at the Orbiter/payload interface for analog recording 
shall be as shown in Table 8.2.3.2.3-1. 

8.2.3.3 Grounding and Shielding. Grounding and shielding for the payload tape 
recorder interfaces shall be as shown in Figure 8.2.3.3-1 . 
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TABLE 8.2.3.1.1-1 ORBITER-PAYLOAD-RECORDER DIGITAL 
RECORDING CHARACTERISTICS, STANDARD SPEEDS 

-----------------------------------------------------
11 Turn Around'' 

Record/ I Interruption . 
Playback! Data Rate Record Time (Max Per 
Speed I (Kbps) (Per Track) Direction . 

( 1) Reversal) 
--------!------------!-------------!-----------------' 

6 IPS!25.5 to 51 80 Minutes 6 Sec 

7.5 IPS! 32 to 64 64 Minutes 6 Sec 

38 IPS! 162 to 324 12.6 Minutes 6 Sec 

120 IPS! 512 to 1024 4 Minutes 6 Sec 

-----------------------------------------------------
(1) Record time based on minimum tape length (BOT to 

EOT) of 2400 feet. 
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TABLE 8.2.3.1.2-1 ORBITER-PAYLOAD-RECORDER DIGITAL 
RECORDING CHARACTERISTICS, NON-STANDARD SPEEDS 

-----------------------------------------------------
11 Turn Around•• 

Record/ ! Interruption 
Playback! Data Rate Record Time (Max Per 
Speed (Kbps) (Per Track) Direction 

( 1) Reversal) 
--------·------------!-------------!-----------------! 
9.5 IPS 40.5 to 81 !50.5 Minutes 6 Sec 

12 IPS 51 to 102 40 Minutes 6 Sec 

15 IPS 64 to 128 32 Minutes 6 Sec 

19 IPS 81 to 162 25.3 Minutes 6 Sec 

24 IPS ! 102 to 205 20 Minutes 6 Sec 

30 IPS ! 128 to 256 16 Minutes 6 Sec 

48 IPS !205 to 410 10 Minutes 6 Sec 

60 IPS 256 to 512 8 Minutes 6 Sec 

76 IPS 324 to 648 6.3 Minutes 6 Sec 

. 96 IPS 409 to 819 5 Minutes 6 Sec 

(1) Record time based on minimum tape length (BOT to 
(EOT) of 2400 feet . 
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TABLE 8.2.3.1.3-1 DIGITAL DATA RECORDING 
ELECTRICAL INTERFACE CHARACTERISTICS 

--------------------------------------------------------------------

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface (4) Notes _____________ 1 _________ 1 ________________________ 1 ___________________ 1 . . . . 
Bit Rate !kbps I !To be supplied in 

!unique lCD (1) 
-------------!-------~-!------------------------!-------------------! 
Signal Type !Differential (Bi0-L) 

!-------------!---------!------------------------!-------------------! 
!Rise and Fall!Percent !10 Max 
!Time !Bit Cell ! 

! Time( BCT)! 1 _____________ 1 _________ 1 ________________________ 1 __________________ _ 

. . . . \, 

!Signal !V,P-P !3.6 Min 
!Amplitude !9 Max 
!-------------!---------!------------------------!-------------------
!Jitter and 
!Assymetry 

! Percent 
!of BCT !±2 

I .. 
-------------!---------!------------------------!-------------------
Input 1 

Impedance !Ohms,L-L !75±10 percent 
(Recorder) 1 • 

-------------!---------!------------------------!-------------------! 
Source 
Impedance 
(Payload) 

!Ohms,L-L !TTL Compatible !(5) 

---------!------------------------!-------------------! 
Common-Mode 
Voltage Volts 

!(2) 
_________ 1 ________________________ 1 ___________________ 1 

. . . 
Caole Type !Twisted Shielded Pair !(3) 
------------- ---------!------------------------!-------------------! 
Cable 
Impedance !Ohms !75±5 !(3) 
(Orbiter) _____________ 1 _________ 1 ________________________ 1 ___________________ 1 

. . . . 
Cable 
Capacitance 
(Orbiter) 

!Pi co­
! farads 

!2440 Max !(3) 

_____________ 1 _________ 1 ________________________ 1 ___________________ 1 . . . . 
Cable 
Resistance 
(Orbiter) 

!Ohms !6.4 Max !(3) {6) Round Trip ! 

--------------------------------------------------------------------
{1) Refer to Table 8.2.3.2.1-1 and 8.2.3.1.2-1 
(2) Referenced to Signal Ground 
(3) EMI class 'RF'. Refer to Table 10.7.1-1. Cable electrical 

characteristics typified by MP572-0328-0002. 
{4) Based on 106-ft cable length (End of SMCH). 
(5) TI SN55114, or equivalent driver. 
(6) At 68°F maximum. 
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TABLE 8.2.3.2.1-1 ORBITER-PAYLOAD-RECORDER, 
ANALOG, RECORDING CHARACTERISTICS 

STANDARD SPEEDS 

Record 
Playback 
Speed 

Data Rate 
Record 
Time 

( 1) 
----------!------------------ --------! 

6 IPS !1.9 KHz to 100KHz 80 Min 

7.5 IPS !1.9 KHz to 125KHz 64 Min 

38 IPS !4.8 KHz to 632 KHz 12.6 Min! 

120 IPS !15KHz to 1.6 MHZ 4 Min 

(1) Record time based on minimum tape 
length (BOT to EOT) of 2400 feet . 
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TABLE 8.2.3.2.2-1 ORBITER-PAYLOAD-RECORDER, ANALOG, RECORDING 
CHARACTERISTICS, NON-STANDARD SPEEDS 

ICD-2-19001 

!--;;~~;d----!------------~~--!------------! 

! Playback ! Data Rate I 1
\ ! Record Time ! 

Speed I I 
', I . . ( 1) 

!------------!----------------J-!------------1 
I 9.5 IPS !1.9 KHz to 158 KHz!50.5 Minutes . 

12 IPS ! 1.9 KHz to 200 KHz! 40 Minutes 

15 IPS !1.9 KHz to 250 KHz! 32 Minutes 

19 IPS !2.4 KHz to 316 KHz!25.3 Minutes 

24 IPS !3.0 KHz to 400 KHz 20 Minutes 

30 IPS 3.8 KHz to 500 KHz 16 Minutes 

48 IPS 6.0 KHz to 800 KHz 10 Minutes 

60 IPS 7.5 KHz to 1.0 MHz! 8 Minutes 

76 IPS .9.5 KHz to 1.26MHz! 6.3 Minutes 

96 IPS I 12 KHz to 1 ;6 MHz! 5 Minutes 

--------------------------------------------
(1) Record time based on minimum tape 

length (BOT to EOT) of 2400 feet. 
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TABLE B.2.3.2.3-l ANALOG DATA RECORDING, 
ELECTRICAL INTERFACE CHARACTERISTICS 

-----------------------------------w---------------------------------

Parameter !Dimension! 

Characteristics 
Orbiter/Payload 

Interface (4) Notes 
-------------!---------!------------------------ -------------------! 
Freq. Min!Hertz 

Max!Hertz 
( 1) (7) To be 
supplied in unique ! 
ICD. 

-------------!--------- ------------------------ -------------------! 
Signal Type 

.Amplitude 

Differential 

!Volts-RMs.l.l8 ± 10 Percent 
!at 1 MHZ 

(3) 

-------------!---------!------------------------ -------------------! 
Common Mode !Volts !±15 Volts (2) 
Voltage 
-------------!---------!------------------------!-------~-----------! 
Load 
Impedance 
(Recorder) 

Ohms !75 ± 5 percent !Isolated, trans-
• !former input 

---------!------------------------!-------------------! 
Cable· Type !Twisted Shielded Pair !(3) 
------------- ---------!------------------------!-------------------! 
Cable 
Impedance 
(Orbiter) 

Ohms !75 ± 5 !(3) 

---------!------------------------!-------------------! 
Cable Pico-
Capaci- Max farads 

.tance 
!2400 (3) 

!(Orbiter) 
!-------------!---------!------------------------ -------------------· 
!Cable Max!Ohms !6.4 Round-trip (3) (5) 
!Resistance 
! (Orbiter) 
!-------------!---------!------------------------!-------------------
!Pre-Emphasis ! ( 6) (7) To be 

!supplied in unique 
!ICD. 

--------------------------------------------------------------------
( 1) 
(2) 
( 3) 

(4) 
( 5) 
(6) 

{7) 

Refer to Table 8.2.3.2.1-1. Constrained by tape speed. 
Referenced to Signal Ground. 
EMI class "RF". Refer to Table 10.7.1-1. Cable electrical 
characteristics typified by MP572-0328-0002. · 
Based on 106-ft cable length (End of SMCH). 
At 68°F max. 
Pre-emphasis applicable only to FM/composite frequency signal from 
payload. 
The peak of any spurious or unwanted frequency signals below 5 
MHz shall be down a minimum of 30 db from the highest data 
frequency voltage level . 
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UNIQUE PROGRAMMING REQUIREMENTS 
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8.2.4 Ku-8and Signal Processor Interface. The Ku-Band signal processor shall 
be capable of accepting data from and providing data to attached payloads as 
shown in Figure 8.2.4-l . 

8.2.4.1 High Data Rate Maximum. Digital-Data and Clock Inputs. The 2 to 
48-mbps data and clock signals from the payload shall have the characteristics 
shown in Tables 8.2.4.1-l and 8.2.4.1-2, respectively. 

8.2.4.2 Low Data Rate, Digital-Data Input. The 16-Kbps to 
1.024(BI0-L/M/S)/2{NRZ-L/M/S)mbps data signals from the payload shall have the 
characteristics shown in Table 8.2.4.2-1. 

8.2.4.3 High Data Rate, Digital-Data Input. The 16-Kbps to 4-mbps data signals 
from the payload shall have the characteristics shown in Table 8.2.4.3-1. 

8. 2. 4. 4 Anaio9-1:>ata 9n.pu.t. The DC to 4. 5 MHZ ana 1 og signa 1 s from the 
payload shall have the characteristics shown in Table 8.2.4.4-1. 

8.2.4.5 Forward Link, Data and Clock Outputs. The 128-Kbps data and clock 
signals supplied to the payload shall have the characteristics shown in Table 
8. 2. 4. 5-1 and 8. 2. 4. 5-2 respective 1 y. :Jhe definition of :J.orward .link 
:bata-to-Ctock off6et Malt be a6 M.own in. :J.ifiLU'B 8.2.4.5-1. 

8.2.4.6 Grounding and Shielding. Grounding and shielding shall be as shown in 
Figure 8.2.4.6-1 . 
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::Jable 8.2.4. 1-1 2 :Jo 48 meps &ta 9t&put electrical 9nterface 
Characteri4tic4 

----------------------------------------------------------------------
Parameter !Dimension! Value Notes 

!-------------!---------!-------------------------!--------------------! 
!&ta Rate 

!Data Type 
I . 
!&ta 
I.A411mmetry 
I 
I 
I 

!Data 
!Stability 

! R i4ei:J.ail 
I ::lime 
I 
I 
!Frequency 
!Jitter 

! .Amplitude 
I 
I 

!Load 
!Impedance 

!Source 
ICou.plinr; 
I 
ISrlR(RmS> 
I 
I 
I 

!Cable Type 

!Percent 
I 
I 
I 
I 

! Percent 

lrlano4eC 
I 
! , 

Percent 
rms 

Volt4 
! 
! 

!Ohms 

I 
I 
I 
!db 
! 
I 
I 

I 
I 

12 to 48 mbp4 

!NRZ-L, M or S 

~~ 1 6 at 50 mbp4. 
tincrea4int;linearlrj to 
!38 at 8.5 mbp4 con4tant 
tat 38. lor rate4 
t< 8.s mbp4 

!~0. 01 

13.5 or 5 percent of bit 
!duration. which ever i4 
lr;reater 
I 
!±o.Ol of the data rate 
!at a rate of 0.01 
!percent rms of the 
!data rate 

l.lor;ic •1 ": 4.5 min to 
16.5 max. 
u:.or;ic •o": 0 ± 0.5 
I . 
!50±10 percent 

!Sinr;le-ended coaxial 
I 
I 
!30 min 
I 
I 
I 

!RG 142 B/U 

t:J.ir;ure 8.2.4.6-1 
I 

!(3) 

I . 
I 
I 
I 
I 
I 

!(1) :J.rom 10 percent 
Ito 90 percent of 
!initial to Pinal 
!amplitude-at S9P 

1(1) 

I 
I 

I 
I 
I 
t R elatille to Rms 
lnoi4e at input to 
t.Ku SP.A- rloi4e 
16/W to 200 m.JJz 

!50 ohms nominal 

!Shield multipoint 
lr;rounded. 

(2} 

----------------------------------------------------------------------

I . 

I 
I 
I 
I 
I 

I 
I 
I 

I 

I 
I 
I 
I 
I 
I 

I 
I 

(1 > &.4ed on 92-/t cable lent;th. !rom .C.RU (SP.A> to PI .C. interface at end oP smc.JJ. 
(2) ::Jhe data cable and the a44ociated clock cable Mall not diller in the overall 

lent;th b'l more than 12 inche4. ::Jhe environment oP the data and clock cable4 
Mall be un.ilorm and e44entiall'l the 4ame for both cable4. 

(3) ::Jhe maximum data rate which can be accommodated b'j the ::J1)RS r;round 
4tation'4 4tati4ticaJ multiplexer prior to tran.4mi44ion to the mi44ion Control 
Center via dome4tic 4atellite i4 48 meps ± 1 percent. 

ICD-2-19001 8-70 

• 

• 

• 



• 

• 

• 

Parameter 

:Jabls 8.2.4. 1-2 2 :Jo 48 mBPS Clock. Clsctrical9n.tsrfacs 
Charactsrit.tict. 

!Dimension! Value Notes 1 ________________ 1 _________ 1 ________________________ 1 ___________________ 1 . . . . . 
!Clock Rats 
I 
!Clock :Jvpe 

!Clock 
!Asymmetry 
I . 
!Clock 
tStabilitv 

!Duty Cycle 

! :ba.ta-to-Ciock 
IOfPt.et (t.ksw) 
I 
I 
!Amplitude 
! 
I 
I 
IS'YIR Rms 
I 
I 
I 
I 
l.t.oad 
!9mpedan.ce 
I 
!Source 
!Couplin.fi 
I 
!Cable :Jvpe 
I 
I (lroun.d.in.fi 
I 

! Bit Jitter 

!Frequency 
!Jitter 

12 to 48 
I 
!Squars waus (RZJ 

!Percent !~(10 + Ro/5) 
!of bit 1 

!period 
I 

!Percent !~ .01 
I ! 

!Percent !50± 5 of period 

!Percent 
loP bit 
/period 
I 
!Voltt. 
I 
I 
I 
!db 
I 
I 
I 
I 
!Ohmt. 
I 
I 
I 
I 
I 
I 
I 
I 
I 

!± 21 
I 
I 
I 
l.t.ofliC "1 ": 4.5 min. 
Ito 6.5 max. 
I.C.09iC "O": 0 ± 0.5 
I 
!30 min. 
I 
I 
I 
I 
/50± 10 percent 
I 
I 
ISin'lte-snded(coax~) 

I 
I 
IR(lt42 6/U 
I 
!Refer to 
I:J.iriurs 8.2.4.6-1 

!Percent !± 2 of bit period 
I 

!Sams rate at. data 
I 
I 

!Ro is a number 
!equal to the input 
!clock rate in MHz 

I 
! 

! 
I 
I 
I 
1(7) 

! 
I 
I 
! R elatiue to Rms 
/n.oit.e at input to 
/.Ku SPA n.oif.e 13/W 
Ito 200 m.JJz 
I 
I 
I 
I 
I 
I 
I 
150 ohmt. nominal 
I 
/Shisld multipoint 
lfiround.ed 

!Clock phase jitter 
!relative to data 

!Percent 
! rms 

!±0.01 of the input data ! 
!rate at a rate of 0.01 
!percent rms of data rate! 

(1) &4ed on. 92-Pt cable lsn.fith. from .lRU (SPA> to PI.J:. in.terfacs at end 
of smc.JJ . 
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Parameter 

:Jable 8.2.4.2-1 .low :I::Jata Rate. 1lig.ital - :I::Jata 9nput 
etectrical9nte,.Pace CJJaracteri6tic6 

Dimension! Value Notes 
---------·---------------------------------·-------------------------! 

Data Rate and bps 
Data Type 

16 Kbps to 1.024 Mbps 
Bi-~-L. -M, or -s 
16 Kbps to 2 Mbps,NRZ-L, M or S 

-------------·--------- -------------------------! 
Rise/Fa 11 
Time 

.Frequency 
Jitter 

Amplitude 

Load 
Impedance 

Nanosec 40 or 4 percent of Bit period 
.whichever is smaller 

.As measured between the 
!10 and 90 percent points ! 

---------·---------------------------------·-------------------------' . . . 
Percent !+ frequency deviation of 0.01 
rms of percent rms of the data rate at 
data rate a rate of 0.01 percent rms of 

the data rate 
---------------------------------'-------------------------· . . 

Volts P-P 2.7 to 5.0, line-to-line !(3) 
---------------------------------·-------------------------· . . 

Ohms 75 ± 5 ! ( 1) 

-------------!--------- ---------------------------------!-------------------------! 
Source I !&lanced dijferential direct I I 

!Coupling. I !coupled I I 
1-------------1----------1---------------------------------1--------------------------1 
/sri R ( RmS> !db !35 min. t Relative to noi6e at I 
I I I I.Ku SPA input I 

• 

~~~~;;r,n~d;1nt~t~-----:~t~-;o-J(ji;-;-~-;o---------------~(~)-----------------------: • 
/Voltag.e I 11 o to 1 oo .KJJz :becrea6in.g. at I I 
I I 110 db/decade Above 100 .KJJz I I 
I I t:becrea6in.g. at 7 o db/ octave I I 
1-------------1----------1---------------------------------1--------------------------1 
I:I::Jata !percent I~ 0.01 I I 
IStabilit'l I I I I 
1-------------1----------!---------------------------------!--------------------------1 
!Cable ::l'lpe ! I:Jwi6ted welded pair !C2J mP572-0328-0002 I 

!-------------1----------1---------------------------------!--------------------------! 
!Capacitance !P:J. 12093 IC3) I 
1-------------1----------1---------------------------------1--------------------------1 
/{;rounding. I !See :J.ig.ure 8.2.4.6-1 !Shield multipoint I 
I I I !g.rounded I 

rlote6: 
(1) :Jhe load impedence 6hall be a re6i6tive load matched to thelin.e impedence over a 3~ 

bandwidth of 0 to 2 m..JJz. 
(2) e7fl9 cla66 'R:J.' referenced to :Jable 10.7.1-1. 
(3) d3a6ed on 91-ft cable leng.th. from .CRU CSPAJ to interface at end of smCJJ. 
(4) Con6i6t of di6crete and 6pectral component6 to frequ.enc'l interval four time6 maximum 

data rate. Spectral component {;au66i.an noi6e with power 6pectral den6it'l of 10-20 
watt61Jiz. :bi6crete component6 randoml'l di6tributed over channel bandwidth. 

ICD-2-19001 8-72 

• 



·• 

• ·~ 

.. 

• 
' 

J 
I 

.. 

• 

::Jable 8.2.4.3-1 Jli9h :bata Rate. :bitiital- :bata 9nput. 
electrical 9nte,.Pace Chl:zracteritJtic6 

-----------------------------------------------------------------------
Parameter Dimension Value Notes 

!------------- ---------- -------------------------!--------------------' 
!Data Rate 

!Data Type 

!Data 
!Stability 

Rise/Fall 

Frequency 
Jitter 

bps 

• Percent 

Nanosec 

Percent 
rms of 
data rate 

16 Kbps to 4 Mbps 

NRZ-L, M or S 

~0.01 

!40 or 4 percent of Bit 
!period whichever is 
!smaller 

!± frequency deviation of 
!0.01 percent rms of the 
!data rate at a rate of 
!0.01 percent rms of the 
!data rate 

!As measured between 
!the 10 and 90 
!percent points 

.Amplitude !Volts P-P !2.7 to 5.0, line-to-line !(3) 

!Load 
!Impedance 
I 

!::Jermina.tion. I 

!Ohms 

I I 

!SNR (RMS) !db 

!Common. mode 1Volt6 
!Voltar;e ! 
I I 
t:bata !Percent 
tStabilitv I 
I I 
!Cable ::Jvpe I 
I I 
!Capacitance IP:J. 
I I 
l{;roun.d.in.r; I 
I I 

!75 + 5 

!&lanced di/Peren.tial 
!direct coupled 

!35 min 

!See ::Jable 8.2.4.2-1 
I 
! 
I < 0.01 
I 
I 
t::Jwi6ted welded pair 
I 
12093 
I 
!See :J.ir;ure 8.2.4.6-1 
I 

! ( 1 ) 

I 
I 

! 
I 
I 
I 
I 
I 
U2J mP572-o328-ooo2 
I 
!(3) 
I 
!Shield multipoint 
lr;roun.ded 

-----------------------------------------------------------------------
rlotetJ: 

(I) 

(2) 

(3) 

::Jhe load impeden.ce 6holl be a re6i6tiue load matched to the tine impeden.ce 
over a 3d8 bandwidth oP o to 4 mJJz. 
eTI'I9 clatJ6 'R:J.' referenced to ::Jable 10.7. 1 -I. 
&6ed on. 91-Pt cable len.r;th. Prom J:.RU (SP.AJ to interface at end op smcJJ. 
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:Jable 8.2.4.4-7 Anolo9 - :bata 9nput. electrical 9nterface 
Characterit.tict. 

--------------------------------------------------------------------------
Parameter !Dimension I Value Notes . 1 ________________ 1 __________ 1 _________________________ 1 ____________________ 1 

. . . . . 
!:bata I .I I 
l&ndwid.th !Jiz !:be to 4.5 m.JJz I (3) 
I I I I 
!Amplitude !Volh P-P to to 7. 7. line-to-line !Shall not have a :be 
I I I lbiat. with retJpect 
I I I Ito t.i'lnol t;round 
I I I /(7) (2) 

!Load 
!Impedance !Ohms !75 ± 5 

!Source !Ohm.t. /75 ± 5 I 
19mpedan.ce I I I 
I I I I 
/Source I li3a.lanced :bijferen.tial I 
ICouplin.9 ! l:birect Coupled I 

I . 
!SNR !dB !45 Min !P-P signal to RMS 

!noise 

! Pha6e Bitter !Percent ! ±2 of pultJe period for ! 
I I I::JV t.f1n.chron.izin9 pult.e ! 
I I I I 
!Common. mode /Voltt. !See :Jable 8.2.4.2-7 I 
1Volta9e ! ! ., 
I I I I 
!Cable :lflpe ! I:JwitJted Shielded Pair tmP572-3228-D002 
I I I I 
!Capacitance !P:J. 12093 I (2) 
I I I I 
l{;roundin.9 I !See :J.i9ure 8.2.4.6-7 !Shield multipoint 
I I I !t;rounded 

'YIO:JCS: 

(7) :Jhe load impedance 6hall be a re6itJtive load matched to the tine impedance 
over a 3 dJ3 bandwidth of o to 4 mhz. 

(2) &t.ed on. 9t-ft cable len.9th from. .lf~U (SPAJ to interface at end of smCJJ. 

(3) d3ecau6e the Pretjuen.C'I re6pon.6e of the mP572-0328-0002 twit.ted wire pair 
cable i6 poor above 2 m.JJz. the U6er m.u6t provide com.peMatin.9 n.etwork6 at 
hit. line driver. 
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:Jable 8.2.4.5-1 128 .KBPS 3:>ata Output :Jo A PavJoad.. 
electrical 9nterface CharactBri4tic~ 

--------------------------------------------------------------------
Parameter !Dimension! Value Notes 

!-------------!---------·------------------------!-------------------! 
Data Rate !Kbps 128 

Data Type NRZ.-L 

Data Percent ~0.01 
Stability of bit 

rate 

Data Percent ! 10 max 
Asymmetry of bit 

period 

Rise/Fa 11 .Nanosec !250 max ( 1) 10 percent and 
. Time 90 percent points 

!~equen.Cij !Percent I± a frequen.clj deviation. ~termined by I 
flitter tRms !of o. 1 percent rm~ of !tyOund ~tation. f 
f f !the data rate at a rate I f 
f I !of o. 1 percent rm~ of f f 
I I f the data rate I f 
I f I f f 
!Amplitude !Volt~ f.lot;ic "1 ": r .8 to 3.5 f(, ) Sit;n.alline f 
I I t.t.ot;ic •o•: o to 0.45 I mea&U"ed with I 
I I I lre~pect to 6it;n.a1 f 
I I I ltyOund I 
I I I I I 
I I I .t.ot;ic " r ": o to 0.45 ISit;n.al return. line f 
I I f.lot;ic "o": J .8 to 3.5 I mea&U"ed with I 
I I I lre~pect to ~it;n.al I 
I I I f tyOund (, ) I 
I I I I I 
I .load I I I I 
19mpedan.ce !Ohm~ 175±5 I I 
I I ! ! f 
!.load I !&lanced differential ! ! 
!Couplint; ! !direct-coupled ! ! 
f ! f ! f 
!Cable :ltjpe I I::JSP tmP572-0328-0002 I 
I f I f I 
!Capacitance IP:J 12093 f(J) ! 
I I I ! I 
!groundint; I !See :Jit;ure 8.2.4.6-J !Shield multipoint , 

,• 

I ! I ftyOunded I 

--------------------------------------------------------------------
(J) Ba~ed on. 97-ft cable len.t;th. from .t.RU (SPA> to Pl.t. interface at the end 

of smc.JJ . 
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::Jable 8.2.4.5-2 r 28 .K6PS Clock Output ::Jo ~ Pa.vload. 
electrical 9nterface Chara.cteri.6tict. 

. ..,~ 

Parameter !Dimension ! Value Notes 1 ________________ 1 __________ 1 _________________________ 1 __________________ _ 

. . . . 
!Clock Rate 

Clock Type 

Asymmetry 

Duty Cycle 

!KHz 

Percent 

Percent 
of bit 
period 

Percent 
of bit 
period 

• :ba.ta-to-Ciock 'Yian.ot.ec 
10fP6et (6kew) I 
I I 
I 
I 
I 
l~m.plitude 
I 
I 
I 
I 
I 
I 
I 
I 

!Frequency 
!Jitter 

! Phase Jitter 

Load 
Impedance 

Rise/Fa 11 
Times 

ICD-2-19001 

I 
I 
I 
1Volt6 
I 
I 
I 
I 
I 
I 
I 
I 

! Percent 
!rms of 
!bit 
!period 
I 

!Ohms 

!Nanosec 

! 128 

!Square wave 
I . 
! 10 max 

50 ± 5 

u:.ead.in.t; edg.e oP clock 
Ulog.ic "o" to log.ic "r ") 
loccur6 at the middle oP 
!the data bit period 
/within. t 50 nat&06eC. 
I 
l.t.og.ic •1 ": 1.8 to 3.5 
l.t.og.ic "o": o to 0.45 
I 
I 
I 
l.t.og.ic •1 ": o to 0.45 
l.t.og.ic "o": 1.8 to 3.5 
I 
I 

!± a frequency deviation 
of 0.1 percent rms of 
the data rate at a rate 
of 0.1 percent rms of 
the data rate 

75±5 

!250 max 

8-76 

I 
I 
I 
I 
I 
I 
!( r ) SV;nallin.e 
I m.eat.ured with 
lret.pect to t.ir;n.al 
lg.round 
I 
ISir;n.al return line 
I meat.ured with 
lret.pect to t.it;nal 
lg.round. (1) 

With respect to 
data 

!Measured at 10 to 
!90 percent ampli­
!tude points 

• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I • I 
I 
I 

• 



• 

• 
.. . ; 

• 

::Jable 8.2.4.5-2 128 .K6PS Clock Output ::Jo A Pavtoad. 
electrical 9nterface Characteri6tic6 

(Concluded) 

-------------------------------------------------------------------------
Parameter !Dimension ! Value Notes 

----------------!----------!-------------------------!-------------------! 
Load !Balanced differential 
Coupling !direct-coupled 

Cable Type !TSP !MP572-0328-0002 

Capacitance !P:J 12093 /(1) 

I I I I 
I g roundi.n.'i I !See :Ji,ure 8.2.4.6-1 I 
I I I I 
l:ba.ta/Ciock !Percent I 1 o ( oP bit period> !Clock jitter 

!Ditter I I Ito data 

-------------------------------------------------------------------------
( 1) &6ed on. 9 1 -Pt cable len.f/th. Prom .£RU CSPAJ to Pl.£ interface at. the end oP 

smc.JJ . 
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• 
X0576 

ORBITER CARGO BAY 

I - 2-48 MBPS NRZ-L/M/S 
I 

~ 
2-48 MBPS CLOCK I PAYLOAD 

KU -BAND l6KBPS - 4 MBPS DATA r -16-1024 KBPS Bi-~-L/M/S DATA OR STATION I 

SIGNAL - 16 KBPS-2 MBPS NRZ-l/M/S DATA I 
DISTRIBUTION I 

PAYLOAD 

PROCESSOR DC - 4.5 MHz ANALOG DATA PANEL J 

128 KBPS NRZ-L DATA - I 

128 KBPS CLOCK 
I 

- I • 

FIGURE 8.2.4-1 KU-BAND SIGNAL PROCESSOR INTERFACE 

• 
ICD-2-19001 8-78 



• ClOCK PERIOD • DATA BIT CELL TIME • T 

t"+-"'12-+1 
LOGIC "1" J.Sv 

I I . l.Bv LEADING 
CLOCK SIGNAL LINE EDGE 

LOGIC .. 0 .. ,0.45v 
O.Ov I 

I 
CLOCK SIGNAL RETURN I 
LINE I 

LOGIC "011 J.Sv -

I I I L 
l.Sv 

LOGIC "1 11 0·45V O.Ov I I 
I I I I 

• I I 
I 

-1 
I 
~ ~150 NANOSECONDS 1 I 

I I 

LOGIC IIlii 3. 5v I 

l.Sv FT/2~ I DATA SIGNAL LINE 

LOGIC IIQII 0.45V 
O.Ov t-T : I 

LOGIC 11011 3.5v 
l.Sv 

I I DATA SIGNAL RETURN 
LINE 

0.45v LOGIC· 11 l 11 

O.Ov 

• :1-ir;ure 8.2.4.5-1 :bePin.ition. op :J.orward .ti.n.k :bata-::Jo-Ciock 0Pf6et 
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8.2.5 Payload Signal Processor Interface. The Payload Signal Processor (PSP) 
shall provide command data to up to five attached payloads, while operating in 
the attached- payload mode, or to one detached payload at a time, via the 
Payload Interrogator while operating in the detached-payload mode (Reference 
Paragraph 8.3). It shall also be capable of receiving telemetry data from 
detached payloads via the Payload Interrogator. (Reference Figure 8.2.5-1). 

8.2.5.1 PSP Command Data Output. The PSP command data output shall have the 
characteristics shown in Table 8.2.5.1-1. Commanding shall be limited to a 
single payload at a time, attached or detached. 

8.2.5.1.1 PSP Command Data Formats. The format of the commands to be 
transmitted to payloads shall be defined in the unique lCD 6oftware 6ection.a6 
defined in. Para9ra.ph 9 .4.2. 1 :Data ~rmat6 an.d 9 .4.2. 1.1 Par;toad Communication. (on.e or 
more comman.d6). 

8.2.5.1.2 Command Bit Idle Pattern. A software selectable idle bit pattern 
shall be available when actual command bits are not being processed. ~hi6 
capabilitr; applie6 for both attached an.d detached pa'jload6. Utilization. of the idle pattern. 
tJ&alt be a6 defined in. the 6oftware 6ection.. Paratjra.ph 9.4.2.2.4 "PSP 9dJe Pattern.". 

8.2.5.2 (Reserved) 

8.2.5.2.1 (Reserved) 

8.2.5.3 Grounding and Shielding. Grounding and shielding shall be as shown in 
Figure 8.2.5.3-1 . 
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:Jable 8.2.5.1-1 PSP Command. :ba.ta Output. 
electrical9nterface Characteri6tic6 

. ------------------------------------------------------------------------
Parameter ! Dimension 1 Value Notes _____________ 1 ___________ 1 _________________________ 1 ____________________ 1 . . . . 

Subcarrier 
Frequency 

!KHz 

Subcarrier 
.Jiarmonic 

f1)i6fortion 

!Percent 
I 

Subcarrier 
Frequency 
Stability 

Subcarrier 
Modulation 

Data Rates 

Data Rate 
Stability 

I 

!bps 

!Data Types 
I . 
! ::Jrequenclj-to-1 
ld3it Rate I 
!Ratio I 
I I 
I I 
I I 
l:ba.ta I 
f::Jran.6ition I 
I I 
I I 
I I 
!Amplitude 1Volt6 P-P 

Phase Jitter Percent 
of bit 
period 

Data Percent 
Asymmetry of bit 

! period 

ICD-2-19001 

!16 ± 0.001 percent 
! (Long Term) 
I . 
l.l!e66 than. 2 percent of 
!the total power in the 
I 6Ubcarrier funda.mental 
I . 
!< lo-7 of the sub­
!carrier frequency over 
!a ten second period 
! (Short Term) 

!PSK 

!2000,1000,500,250,125, 
!125/2,125/4,125/8,or 
!125/16 ± 0.001 percent 
! (Long Term) 

!lo-7 over a ten second 
!period. (Short Term) 

!NRZ-L, -M or -S 

lexact multiple of the 
!allowed data ra.terJ 
I 
I 
I 
I 
l:ba.ta 6hall alter 6Ub­
l carrier pha6e bfl 
1±90 derp"eerJ ±10 
!percent 
I 
13.2 to 4.4. line-to-line 

!3 max 

2 max 

8-84 

!Sine Wave 

I:Jotal harmonic 
ldirJtortion 
I 

( 1) 

( 1) 

( 1) 

l:ba.ta waueform Mall 
fconjorm to rJUb­
lcarrier zero crorJfJ-
1 in'ifJ within ± 1 o 
fderp"eerJ 
I 
I 
I 
I 
I 
I 
I (2) (3) 

I 
I 

• 

• 



• 

• 

• 

::Jable 8.2.5. 1-1 PSP Command :t:>a.ta Output. 
etectrica19nte,.Pace Choracteri6tic6 (Con.cludedJ 

Parameter !Dimension! Value Notes 
·-------------!---------!------------------------!-------------------! 
Channel-to-
Channel 
Isolation 

Source 
Impedance 

Load 
Impedance 

Output Type 

Load 
Termination 

I 
I 
!Capacitance 

!Cable Type 

dB 

Ohms 

Ohms 

I 
I 
lp:Jarad6 

!40 min 

!<15 

!75±10 percent 

Differential 

Differential, direct 
coupled 

.o ± .5. either 
llin.B-to-6irp&a/ ground 
I 
12875 

!(2) Between-channel! 
!isolation when each! 
!channel is termina­
!ted with 75 ohms 

(2) 

(2) 

( 2) 

!(2) Controlled by 
! speci a 1 payload 
! integration 
!provisions 

I (2) 

I 
I 
I (2) (3) 

I 
I 
I 

!Twisted shielded pair !(2) EMI class 'RF' 
1RI Spec. MP572-0328-0002!refer to Table 

!10.7.1-1 

(1) Based upon MTU accuracy and stability. 
(2) Applicable to attached cargo element interfaces only. 
(3) &.6ed on. 1 25-Pt cable len.t;th. from .t.RU to Pl.£. interlace at end of 

smc.JJ . 
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8.2.6 S-Band FM Signal Processor Interface. The S-Band FM signal processor 
shall accept data from attached payloads as shown in Figure 8.2.6-1 . 

8.2.6.1 300Hz to 4 MHz Analog Data Input. The 300Hz to 4 MHz analog signals 
from attached payloads shall have the characteristics shown in Table 8.2.6.1-1. 

8.2.6.2 200 bps to 5 Mbps Data Input. The 200-bps to 5 mbps digital data from 
attached payloads shall have the characteristics shown in Table 8.2.6.2-1. 

8.2.6.3 250 bps to 256 Kbps DOD Data Input. The 250 bps to 256 Kbps digital 
data from attached DOD payloads shall have the characteristics shown in Table 
8.2.6.3-1. 

8.2.6.4 Grounding and Shielding. Grounding and shielding shall be as shown in 
Figure 8.2.6.4-1 . 
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TABLE 8.2.6.1-1 WIOEBANO ANALOG DATA INPUT, 
ELECTRICAL INTERFACE CHARACTERISTICS 

----------------------------------------------------------------------
Parameter !Dimension! Value Notes 

---------------!---------!------------------------!-------------------' 
Data 
Bandwidth 

Amplitude 

Source 
Coupling 

load 
Termination 

!Source 
!Impedance 
!(Payload) 

!Load 
!Impedance 
! (Orbiter) 

Cable 
Characteristic 
Impedance 

!Hz 

!Volts 

Ohms 

Ohms 

I . 
!300 Hz to 4 MHZ 

!1.38 Volts, peak-to­
!peak, line-to-line 
!±6 percent 
! < vl > 
I . 
!Balanced, Differential 

Balanced, Differential 

75 Ohms ±10 percent 

.75 Ohms ±10 percent 

(Orbiter) Ohms !70 to 80 

Cable 
.Capacitance 
(Orbiter) 

SNR 

Overvoltage 
Protection 

Pfarad 
(max) 

dB p-p 

!2440 

!Sig. to !55, for 45 out of 
!RMS Noise!Signal Processor 

!Volts ! 10 peak-to-peak 

1\ . 

!MP572-0328-0002 

!DC to 2 MHz 

----------------------------------------------------------------------
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TABLE 8.2.6.2-1 WIOEBAND DIGITAL DATA INPUT, 
ELECTRICAL INTERFACE CHARACTERISTICS 

----------------------------------------------------------------------Parameter Dimension Value Notes 
·t --------------- --------- ------------------------·-------------------! 

Data Rate 

. 

Data Type 

Rise/Fall 
Time 

'Amplitude 

Source 
Coupling 

.Load 
Termination 

Source 
Impedance 
(Orbiter) 

Load 
Impedance 

. (Orbiter) 

Cable 
Characteristic 
Impedance 
(Orbiter) 

Cable 
Capacitance 
(Orbiter) 

SNR 

.Overvoltage 
!Protection 

BPS 

Micro-

200 BPS to 5 MBPS,NRZ-L 

200 BPS to 2 MBPS,Bi-~-L 

seconds !Less than SO nanoseconds 

!Volts 

!Ohms 

Ohms 

!Ohms 

! Pfarad 
! (max) 
I 

!dB p-p 
!Sig. to 
!RMS Noise 

!Volts 

!6.50 peak-to-peak, 
!line-to-line± 0.3 
!volts (V1) 
I 

!Balanced Differential 

Balanced Differential 

75 ±1 0 percent 

75 ±10 percent 

70 to 80 

!2440 

46, for 45 out of 
Signal Processor 

10 peak-to-peak 

(1 )(2) 

!MPS72-0328-0002 

!DC to 2 MHZ 

----------------------------------------------------------------------
( 1) 

• (2) 

Based on worse case attenuation, at 2.5 MHz and 106 ft total cable 
length from the LRU (FM Sig. Processor) to the payload interface at 
the end of the SMCH cable. Signal amplitude requirements at other 
operating frequency/frequencies and cable lengths (SMCH harness) are 
determined by the generic equation defined by note (1) in Table 
8.2.6.1-1 . 
Signal requirement at the S-Band FM Signal processor (LRU) is 5.0 
volt, peak-to-peak, line-to-line ± 0.5 volt. 
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:Jabls 8.2.6.3-1 W:b :bi9ital :bata 9npu.t. 
Clsctrical9ntsrfacs Charactsri4tict. 

Parameter !Dimension! Value Notes 1 _______________ 1 _________ 1 ________________________ 1 ___________________ 1 

. . . . . 
!Data Rate 

!Data Type 

! .Amplituds 
I 

Rise/Fa 11 
Time 

Source 
Coupling 

!Load 
!Termination 

!Sourcs 
19mpsdan.cs 
I 
I.C.Oad 
19mpsdan.cs 
I 

!Cable Type 

!SNR 

!BPS 

I . . 
1Volt6 
I 

!Micro­
! seconds 

I 
10hm6 
I 
I 
IOhmt. 

!Ohms 

!dB 

!250 BPS to 256 KBPS 

!Bi-IJ-L or NRZ-L 

17.03 psak-to-psak. 
1±0.5 
I 

!Less than 100 
!Nanoseconds 

!Balanced Differential 

!Balanced Differential 

I 
175±7 o percent 
I 
I 
175±70 percsnt 
I . 
!TSP 

(1) Based on 150 foot cable length. 
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/(1) 

I 

!MP572-0328-0002 

!DC to 2 MHz 
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I 
I 
I 
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• 

8.2.7 Audio Central Control Network Interface. The Orbiter Audio Central 
Control Network (ACCN) shall provide duplex voice communications, paging, and 
aural caution and warning to attached manned payloads as shown in Figure 
8.2.7-1. 

8.2.7.1 Channels. The Orbiter ACCN shall provide the following analog channels 
with the characteristics defined in Tables 8.2.7.1-1 and 8.2.7.1-2. 

Air to Ground 1 
Air to Ground 2 
Intercomm A 
Intercomm B 
Air-to-Air 
Page 

AGl 
AG2 
1/CA 
1/CB 
AA 

::Jhe pafje channel au.di.o 6holl operate at a fixed hirJher volume level ouch that aJe au.di.o 
6tation6 can hear a pafje voice ret;ard/e66 of audio on other channel6. The Orbiter 
shall provide the capability for recording the five audio channels. 

8.2.7.2 Caution and Warning. The Orbiter ACCN shall distribute caution and 
warning signals to manned attached payloads with the characteristics shown in 
Tab 1 e 8. 2. 1. 2-1 . 

8. 2. 1. 3 ::lran.6rnitter and Paie .Key .tine. Carijo elernenf6 re'luirin'i acce66 to the 
Orbiter .ACC'Yl 6hatl provide kev line6 with the characerifltic6 defined in ::Jabte 8.2.7.3-1 for 
kevin'i a 6irnplex tran.6ceiver for voice tran.6rnitl6ion over the .A.A channel and kevin'i pafjin.fj 
onto the Orbiter operational channel6. 

8.2.7.4 Grounding and Shielding. Grounding and shielding shall be as shown in 
Figure 8.2.7.4-1 . 

ICD-2-19001 8-95 



TABLE 8.2.7.1-1 ACCN ORBITER-TO-PAYLOAD AUDIO CHANNELS, 
ELECTRICAL INTERFACE CHARACTERISTICS 

--------------------------------------------------------------------
Parameter !Dimension! Value Notes 

-------------!---------!------------------------!-------------------! 
Bandwidth/ !Hz !300 to 2300: ± 3dB 
Freq Response! !2300 to 3000: +3dB,-6dB! 
-------------!---------!------------------------!-·------------------! 
Filter 
Roll off 

!dB per !18 dB per octave below ! 
!Octave !300 Hz and above 3kHz 

-------------!---------!----------------------~-!-------------------! 
!Signal Level ! ! ( 1) 
'at 1 kHz !dBm ! .0 dBm±3dB 
-------------!---------!------------------------!-------------------! 
Crest Factor !dB !3dB (Nominal) Sinewave 

!6dB (Nominal) Voice 
I . !Ratio of peak to 

!rms signal level 
!controlled by voice! 
!processing 

-------------!---------!------------------------!-------------------! 
I . ! ( 1) Nominal !Volts, !2.2 + 3dB 

Amplitude !pk-to-pk ! 
-------------'---------'------------------------!-------------------! 
Source 
Coupling 

Load 
Termination 

Ohms Transformer coupled, 
balanced center tapped 

I . 
--------- ------------------------!-------------------! 

Transformer coupled, !Terminated in 600 
balanced, center tapped !Ohms whether in use! 

!or not 
---------.------------------------!-------------------! 

!TSP ! Cable Type 
-------------!---------!------------------------ -------------------! 

!Cable Charac-! 
!teristic 
!Impedance !Ohms ! 71 ± 10 percent 

!(Nominal) 
(2) 

I 

--------------------------------------------------------------------
(1) Based upon 104ft. cable length; from ACCN to P/L interface at 

·end of SMCH. 
(2) Cable characteristic impedance uncontrolled by Rockwell design 

standard but manufacturing process of TSP cable is similar to 
MP$72-0528-0002. 
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TABLE 8.2.7.1-2 ACCN PAYLOAD-TO-ORBITER AUDIO CHANNELS, 
ELECTRICAL INTERFACE CHARACTERISTICS 

--------------------------------------------------------------------
Parameter !Dimension! Value Notes 

-------------'---------'------------------------'-------------------· . . 
Bandwidth/ 
Freq Response 

Filter 
Roll off 

Hz !300 to 2300: ± 3dB 
!2300 to 3000: +3dB, -6dB 

---------!------------------------
dB per !18 dB per octave below 
Octave !300 Hz and above 3kHz 

-------------------! 
I . 

------------- ---------'------------------------ -------------------' . . . . 
Signal level 
at 1 kHz dBm 

! ( 1) 
! .0 dBm±3dB 

------------- ---------'------------------------'-------------------' . . . 
Crest Factor dB !3 (Nominal) Sinewave 

!6 (Nominal) Voice 
!Ratio of peak to 
!rms signal level 
!controlled by voice! 
!processing 

---------'------------------------'-------------------' . . . 
Nominal !Volts !(1) 
Amplitude !pk-to-pk !2.2 ± 3dB 
-------------'---------'------------------------'-------------------' . . . . 
Internal ! ! 
Noise !dB !57 dB below nominal OdBm! 
-------------'---------'------------------------'-------------------' . . . . 
Channel-to- !dB 
Channel 
Isolation 

!Greater than 57 dB !Any channel to any ! 
!other channel 

-------------'---------'------------------------'-------------------' . . . . 
.Crosstalk !dB !More than 50 dB down !Measured from talk-! 

!line of one channel! 
!to listen-line of 
!another channel 

-------------!--------- ------------------------!-------------------! 
Source !Ohms Transformer coupled, 
Coupling balanced center tapped 
-------------'--------- ------------------------'-------------------' . . . 
load 
Termination 

Transformer coupled, !Terminated in 600 
!balanced,. center tapped !Ohms whether in use! 
! !or not 

-------------'---------'------------------------'-------------------' . . . . 
Cable Type !TSP 
-------------'---------'------------------------'-------------------' . . . . 
Cable Charac-!Ohms 
teristic 
Impedance 

!71 ± 10 percent 
! (Nomina 1) 

!(2) 

--------------------------------------------------------------------
(1) Based upon 104 ft. cable length; from ACCN to P/l interface at end of 

SMCH. 
(2) Cable characteristic impedance uncontrolled by Rockwell design 

standard but manufacturing process of TSP cable is similar to 
MPS72-0328-0002 . 
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TABLE 8.2.7.2-1 ACCN EMERGENCY, CAUTION AND WARNING, AND 
SYSTEMS MANAGEMENT AUDIO TONES TO PAYLOAD, 

ELECTRICAL INTERFACE CHARACTERISTICS 

Parameter !Dimension! Value Notes 
·-------------·---------•------------------------·-------------------· . . . . . 
•siren: 
Frequency 
Cycle 

Hz 
Sec 

!666 to 1470 
!5 

---------·------------------------·-------------------· . . . 
Klaxon !2500 Hertz squarewave at! 

!a duty ·cycle of 2.1 
!milliseconds ON and 1.6 
!milliseconds OFF, gated 
!by a 270 Hertz square­
!wave at a duty cycle of 
!215 milliseconds ON and 
!70 milliseconds OFF 

---------!-------·-----------------!-------------------· 
Caution and 

.Warning 
!-------------
!System 
Management 

Amplitude 

!375 and 1000!2.5 Hz 
!(Square) !Steps 

---------!------------------------!-------------------
!550 ! 1 sec 
! (Square) ! (Nomina 1) 

---------·------------------------!-------------------
!Volts 2.2 ± 3dB ! ( 1 ) 
!pk-to-pk 

-------------!--------- ------------------------!-------------------! 
Noise !db -60dBm at 600 Ohms 
-------------!--------- ------------------------!-------------------! 
Source 
Impedance !Ohms 600 ± 10 percent 
-------------!--------- ------------------------!-------------------! 
Load 
Impedance !Ohms 600 ± 10 percent 
-------------·--------- ------------------------!-------------------! 
Source 
Coupling 

!Balanced, Transformer 
!Coupled 

---------!------------------------!-------------------! 
Load 
Coupling 

!Balanced, Transformer 
!Coupled 

---------!------------------------!-------------------! 
Cable Type !TSP I. 

---------·------------------------·-------------------· .. 
!Cable Charac-. 
!teristic 
!Impedance !Ohms 

. . . 

!75 ± 10 percent(Nominal)!(2) 

(1) Based upon 104 ft. cable length; from ACCN to P/L interface at 
end of SMCH. 

(2) Cable characteristic impedance uncontrolled by Rockwell design 
standard but manufacturing process of TSP cable is similar to 
MP572-0328-0002. 
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TABLE 8.2.7:3-1 ACCN KEYLINE CHARACTERISTICS, 
ELECTRICAL INTERFACE CHARACTERISTICS 

--------------------------------------------------------------------
Parameter !Dimension Value Notes 

!-------------!--------- ------------------------!-------------------
!Closed 
! Circuit 
!Impedance !Ohms Less than 25 Ohms 
!-------------!--------- ------------------------!-------------------
!Open Circuit 
!Impedance 
!-------------
!Closed 
!Circuit 
!Current 

Ohms !Greater than 100 K Ohms ! 
---------!------------------------!-------------------
Mi 11 i- !Less than 150 Milli-
amperes !amperes 
---------'------------------------'-------------------' . . . 

Open Circuit Micro- !Less than 280 Micro-
Current amperes !amperes 
------------- ---------'------------------------'-------------------' . . . 
Closed 
Circuit 
Voltage !Volts !Less than 3 volt drop 
-------------'---------'------------------------'-------------------' . . . . 
Power/Ground ! 
Isolation !Ohms !Greater than 1 Meg ohm 
--------------------------------------------------------------------
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FIGURE 8.2.7.4-1 AUDIO CENTRAL CONTROL NETWORK GROUDING AND SHIELDING 
INTERFACE (SHEET 1 OF 2) 
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8.2.8 CCTV Video Control Unit Interface. The CCTV video control unit shall 
provide and accept the video, sync, and control signals to/from attached 
payloads as shown in Figure 8.2.8-1. The Orbiter shall transmit, on a 
time-available basis, selected payload video signals to ground facilities over 
S-band FM and/or Ku-band links. 

8.2.8.1 Video Signal Characteristics. All television video signals to/from 
attached payloads shall conform with EIA specifications RS170 and RS330 as 
modified by Table 8.2.8.1-1 and Table 8.2.8.1-2. 

8.2.8.2 Sync and Control Signal Output. The format of the sync and control 
signal provided to an attached payload shall be as shown in Figure 8.2.8.2-1. 

8.2.8.3 Composite Video Waveform. All television video signals to/from 
attached payloads shall conform to the waveforms shown in Figure 8.2.8.3-1. 

8.2.8.4 Grounding and Shielding. Grounding and shieding shall be as shown in 
Figure 8.2.8.4-1 . 
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:Jabl• 8.2.8.1-1 CC:JV Vid•o Choracteri6tic6 ::Jrom. Orbit•r :Jo Pav/oad6. 
electrical 9nterface Characteri6tic6 

Parameter !Dimension! Value Notes 
-------------·---------·------------------------·---------------------· . . . 
Frame Rate ! frames/ 

!sec 
29.97 

-------------!--------- ------------------------·---------------------· 
Lines per 
Frame 

! inter­
! laced 
!lines/ 
! frame 

. . 
525 

-------------!---------.------------------------!---------------------' 
.Fields !Inter- !59.9 

! laced 
!fields/ 
!sec 

!-------------!--------- ------------------------!---------------------
!Aspect Ratio ! 4/3 
!-------------!--------- ------------------------!---------------------
!Horizontal 
!Scanning 
Frequency 

!Hz .15,734.264 ± 0.044 

-------------!---------!------------------------·---------------------! 
Horizontal 
Frequency 
Drift 

!Hz/sec !0.00044 

-------------!---------!------------------------
Vertical 
Scanning 

. Frequency 

!Hz !Horiz freq/262.5 

!-------------!---------!------------------------ ---------------------! 
! Compo6ite tmJiz /4.5 /Orbiter Communi.- I 
!Video I I fcation6 61j6tem I 
l&nd.width I I flimih video to 4.5 I 
I I I tmJiz. I 

/-------------1---------1-------------------------t----------------------1 
1Compo6ite fvolt6 10.83 ± 10 percent /(7) I 
/Video fpk-to-pk I I I 
!Amplitude I I I I 
I I I I I 
I I I I 
!-------------!---------!------------------------!---------------------! 
!Sync Tip 
!Amplitude 

!Volts 
!pk 

!0.00 ± 0.05 ! Differentially, 
!line-to-line. 

!-------------!---------!------------------------!---~-----------------! 
! Polaritlj I !White po6itwe I:Jhe white 6it;nal I 
I I 18/ack netjative /level 6haJl be .83 I 
I I I I± 10 percent volt6. I 
I I I fpk-to-pk. diJ- I 
I I I /ferentialllj. line- I 
I I I /to-line. I 
1-------------1---------1-------------------------1----------------------1 
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:Jable 8.2.8.1-1 CC::JV Video Cht:zracteri4tic6 :Horn Orbiter :Jo Paljload.6. 
etectrical9nterface Cht:zracteri6tic6 (Con.ti.n.uedJ 

~----------------------------------------·------------------------------
• Parameter !Dimension! Value ! Notes ! 
!-------------!---------!------------------------!---------------------! 
!Video 
1Cht:zracter­
li6tc6 

I db 
I 
I 

/(2) 

I 
I 

I Pk-pk 4ir;nal 
I( 1 volt> to r<ms 
ln.oi6e. 

I 
I 
I 1 _____________ 1 _________ 1 ________________________ 1 _____________________ 1 

. . . . . 
!Crosstalk !db !-40 db or less !Channel-to-channel I 1 _____________ , _________ 1 ________________________ 1 _____________________ 1 . . . . . 
!Source !Direct coupled 
Coupling 
-------------!---------!------------------------!---------------------! 
Load !Direct coupled 
Coupling 
-------------!---------!------------------------!---------------------! 
Source !ohms !75 ± 5 percent !0 to 4.5 MHz 
Impedance !differentially, 

.(Orbiter) !line-to-line. 
!-------------!---------·------------------------!---------------------! 
!Load 
!Impedance 
!(payload) 

!ohms 

!-------------!---------
!Signal/ 
!Ground 

4111t~~~~~~~~----~---------
!Cable Type ! 
!-------------!---------
!Cable Charac­
!teristic 
!Impedance 

75 ± 5 percent !0 to 4.5 MHZ 
! differentially, 
!line-to-line. 

------------------------!---------------------! 
Video and sync signal shall be isolated from 
power ground by at least 1.0 Meg ohm in the 
payload 
------------------------!---------------------
TSP !(MP 572-0328-002) 
------------------------!---------------------
75 ± 5 percent 

!------------- ---------!------------------------!---------------------
!Cable Shield 
!Grounding 

!multiple point 
I . 

----------------------------------------------------------------------
(1) mea6UI"ed at the end of a cable 61 feet from. the Xo 603 interface panel. 

Volta9e retjuired at the Xo 576 ABI1 connector i4 1 .o ± 10 percent volt6. 
Word Ca6e U6ed for calculation. i6 1.62 db attenuation. at 4.5 mhz. 

(2) Video 6hould meet T<S-1 70 cht:zracteri6tic6 for amplitude. tirnin.,. and snr< 
retjuirem.en.t6 applied to a balanced. dilferen.tiaJ drive 6i9nal with 
exceptioM a6 noted below: 

• 
a) :Jhe horizontal line fretjUen.clj i4 et:jLIDJ to 15.734.264 ± 0.044 JJz. :Jhe 

vertical field fretjuen.clj i6 etju.al to 21525 tim.e6 the horizontal line 
fretjuen.clj . 
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~able 8.2.8.1-1 CC:JV Video Chtzracteriatico 3rom Orbiter:Jo Pavloado. 
electrical9nterface Chara.cteriatico (Con.cludedJ 

b) ~he ovn.chron.izin.fj 4Lfjn.al. ao meaoured from blan.kin.'l level to ovn.c tip will be min.ut. 
0.286 ± 0.03 volta (n.omin.allv 40 9Re uni.toJ. ~he 61jn.c tip will be o.o volta :be. 

c) ~he blanked picture oitjn.al. ao meaoured from blan.kin.fj level to reference white level. 
will be pluo 0.714 ± o.o7 volto (n.omin.attv 100 9Re un.ito). 
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::Jabls 8.2.8.1-'2 CC:JV Vidso Charactsri6tid. :Jrom Pavload6 '!Jo Orbiter. 
Clsctrical 9n.tii,.Pacs Charact•ri.6tic6 

~-;~;~;;~;;--!~1;;~~1~~~-~-------~~~~;-------~--!--------N~~;~--------
-------------!---------!-~----------------------!---------------------
Frame Rate !frames/ !29.97 

!sec 
-------------!---------'------------------------!---------------------
Fields !Inter­

! laced 
!Fields/ 
!sec 

59.9 

-------------!--------- ------------------------!---------------------! 
Lines per 
Frame 

! inter­
! laced 
!lines/ 
! frame 

.525 

-------------!---------!------------------------!---------------------! 
!4/3 Aspect Ratio ! 

-------------! ---------! -------------------------! ---------------------'! 
!Hz !15,734.264 ± 0.044 

1 . 
Horizontal 
Scanning 
Frequency 

---------! ---·---------------------! ---------------------! 
.Horizontal Hz/sec !0.00044 
!Frequency 
!Drift •------------ --------- ------------------------!---------------------! 

ertica 1 Hz Horiz Freq/262.5 
Scanning 
Frequency 
-------------!--------- ------------------------!---------------------! 
Composite 
Video 
Bandwidth 

!MHZ .4.5 !Orbiter Communi­
!cations System 
!limits video to 
!4.5 MHZ. 

-------------!---------!------------------------!---~-----------------! 
!volt6, !1.20 ± 10 percent 
lpk-to-pk ! 
! ! 

/(7) 

! 
I 

I 
I 

!Compo6its 
!Video 
!Amplitude 
! -------------! ----~----! --·-----------------..i..--..:.-! ___ . ___ .:. ______________ ! 
!Sync Tip !Volts !0.00 ± U;05 !Differentially, 
!Amplitude !pk !line-to-line. 
!-------------!---------!------------------------!---------------------! 
!Polaritlj I !White pa6itive !::Jhe white 6i9-nal I 
I I l&ack ne,ative /levee 6halt be 1 .20 I 
! I . ! I± 10 percent volt6, I 
! I I lpk-to-pk diP- I 
I I I !Perentialllj, tine- ! 
I ! ! Ito-line. 
!-------------!---------!---~-------~------~-----!------~--------------! 

• 
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:Jabl• B.2.B. 1-2 CC::JV Vi.Uo Cluractt~ri.6tic6 31-om PtiiiOfll/.6 :Jo Orbltt~r. 
Cl•ctrical9n.t•rlac• Cluract.,Utic6 CCon.ttnu.tU 

Parameter !Dimension! Value Notes 
!----------------!---------!------------------------!-------------------! 
~Vidt1o Clurac- ldb 
lt•ri.6tic I 
I I 

I (2) 

I 
I 

IPit-to-plt 6i.tnDJ 
I( 1 uoltJ to RmS 
ln.oiN. 

I 
I 

'----------------'---------'------------------------·-------------------' . . . . . 
!Source !Same as video from 
!Coupling !Orbiter-to-payloads 
'----------------·---------'------------------------·-------------------' . . . . . 

' ' . . ~load ~Direct coupled 
!Coupling ! , ________________ 1 _________ , ________________________ 1 ___________________ , . . . . . 
!Source 
!Impedance 
(payload) 

~ohms !75 ± 5 percent 
I . ~Differentially, 

!line-to-line 

----------------'---------'------------------------'-------------------' 
load 
Impedance 
(Orbiter) 

. . . . 
!ohms !75 ± 5 percent !Differentially, 

! li ne-to-11 ne 

----------------'---------'------------------------'-------------------' . . . . 
.Cro••tallt 
I 

I db 
I 

I -40 db or I••• 
I 

tmt~G6UI'tld. b•tw••n I 
luid•o cl&aM.61• 

'----------------'---------'--------------------------------------------1 . . . . 
!Signal/Ground ! 
! Isolation 

!Video and sync signal return shall be 
!isolated from power ground by at least 
!1.0 Meg ohm in the Orbiter 

----------------'---------'--------------------------------------------1 . . . 
Cable Type !TSP !(MP 572-0328-0002) ! 
----------------'---------~------------------------~-------------------' . . . . 
Cable Charac- !ohms 
teristic 
Impedance 

! 75 ± 5 percent 
I . 

----------------·---------'------------------------~-------------------' . . . . 
Cable Shield 
Grounding 

!Multiple point 
I . 

C1J mt~G6UI'ed. at the input oP the StnCJI. ba6tld. upon 73 /t. cable l•ftllth from the 
X0 576 bulkhead. con.Mctor ABir. Voltat• NtfUir•d. at the Xo 576 con.Mctor i6 
7 .o ± 1 o perc•n.t uolt.. WOf'6t Ct%6tl UMd. lor calculation. i6 1 .62 db att•nuation. at 
4.5 mhz. 

(2) Vid•o 6hould. meet RS-1 70 cluract.,Utic• for amplitud.. timiftll. and. S'nR 
re~em.en.h applied. to a balanced.. dJif•r•n.tiDI dliu• 6i.tnDJ with •xc•ption.6 t%6 

noted. below: 

a) :Jhe horizontal liM fNtJUIIfi.C'I i6 •1UDI to 15.734.264 ± 0.044 Jlz. :Jhe 
uertical field. Prequt~n.cv i6 •tfUDI to 2/525 tim•• the horizontal lin.• 
fretjUefi.Cij. 
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:Ja.ble 8.2.8. 1-2 CC::JV Video Characteri6tic6 :Jrom Pav/oad6 :Jo Orbiter. 
electrical9nterface Characteri6tic6 (Concluded) 

b) :Jhe 6'jnchronizin.9 6i9n.al. a6 mea&U'ed from bla.n.kin.9 level to 6'jnc tip will be min.u6 
0.286 ± o.o3 volh (n.omin.all'l 40 9Re un.if6). :Jhe 6'jnc tip will be o.o volh :bC. 

c) :Jhe blanked picture 6i9n.al. a6 mea&U'ed Prom bla.n.kin.9 level to reference white 
level. will be plu6 0.714 ± o.o7 volt6 (n.omin.all'l 100 9Re un.ih) . 
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X~576 

..,__ORBITER 1 CARGO BAY ... 
I 

I 

.... PAYLOAD VIDEO CHANNEL I 

CCTV I 
- PAYLOAD VIDEO CHANNEL I VIDEO r- I 

SWITCHING PAYLOAD VIDEO CHANNEL I PAYLOAD -- I NETWORK ORBITER VIDEO CHANNEL I 
I 

ORBITER SYNC & CONTROL I • I 

FIGURE 8.2.8-1 CCTV VIDEO SWITCHING NETWORK INTERFACE 
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GROUND CONTROL COMMANDS 

PAYLOAD HANDLING SPECIALIST 
(PHS) CONTROL COMMANDS 

COLOR 
FRAME 

SYNC"'~ 
VERTICAL INTERVAL TEST SIGNAL 
(VITS) COMPOSITE SIGNAL 

1.00V, + 100 IRE 

~~~ ...; ~ 
yet..> ::; ... :::= 
-yiiiC --1-zw c:e~.~...., 
laC 1- =-'1-

I I 
I I 
I I 
I 

ACTIVE : 
VIDEO 
INTERVAL 

~~:!: ~~:!: 
1-----------FIELD 1 (ODD),-. ---------t 

NOTE: NUMBERS BELOW WAVEFORM ARE. 
LINE NUMBERS ! 

GROUND CONTROL COMMANDS 
PHS CONTROL COMMANDS---..-. 

+ 100 IRE 

0 IRE t 
COMPOSITE 
SYNC l 

·40 IRE~3)t 1 

COLOR 
BURST"' 

2 3 411516 718:191011U ..... 
Cl.l ' _,_,_, 

c:~c: 
yet..> 

COLOR· 
FRAM~, 
SYNC I 1 

I I 
I I 

It 
I 

13 1 15116 17118119 20 21.122 2 
ifi(1} 

262 
261 

t=uffi 
IIICZt-· w>-z 
>_en-: 

t-------...---.;----FIELD 2 (EVEN);-; ----------
NOTES: 

1. COMPOSITE SYNC TIMING IS DEFINED BY EIA STANDARD RS 170. 
2. THE HORIZONTAL FREQUENCY IS 15,734.264 Hz. 
3. COLOR FRAME SYNC IS TRANSMITTED EVERY THIRD FIELD. 
4. COLOR BURST IS DEFINED BY EIA STANDARD RS-240, APPENDIX "A" 

FIGURE 8.2.8.2-1 SYNC AND CONTROL SIGNAL FORMAT (SHEET 1 OF 6} 
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ADDRESS 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

CCTV VIDEO INPUT ADDRESS ASSIGNMENTS 
SYNC TV MONITOR 

ADDRESS CODE VIDEO INPUT DISPLAY CODE 

A2 A3 A4 A5 A6 A 7 AB 

0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 

CABIN CAMERA 1 (FLT DECK) 

FORWARD BAY CAMERA 

AR BAY CAMERA 

SPARE (YTR) 

0 0 1 0 0 0 1 CABIN CAMERA 3 

0 0 1 0 1 ONLY KEEL CAMERA 

0 0 1 1 1 SEE PORT RMS CAMERA 
NOTES 

0 0 1 1 1 STARBOARD RMS CAMERA 

0 1 0 0 0 CABIN CAMERA 2 (MID-DECK) 

0 1 0 0 1 VIDEO TEST SIGNAL 

0 1 0 1 0 SPLIT SCREEN A 

0 1 0 1 1 SPLIT SCREEN B 

0 1 1 0 0 CABIN CAMERA 4 

0 1 1 0 1 PAYLOAD 1 

0 1 1 1 0 PAYLOAD 2 

0 1 1 1 1 _...__ PAYLOAD 3 

C1 

FB 

AB 

VT 

C3 

KB 

RP 

RS 

C2 

TS 

(N/A) 

(N/A) 

C4 

P1 

P2 

P3 

NOTES: 1) THESE ADDRESS ASSIGNMENTS VALID ONLY FOR THE A2. A7, 
AB BIT CODES SHOWN 

2) A7, AB = 01 - DEFINES CAMERA CONTROL COMMAND - THE 
ASSOCIATED COMMAND IS OUTPUT ON THE SYNC SIGNAL 
INCLUDING COMMANDS TO ADDRESSES 9, 10, & 11 

3) A7. AB = 00- DEFINES VCU COMMAND (VIDEO OUTPUT SELECT. 
VCU MODE, CAMERA POWER, & CAMERA STOP-MOTION COMMANDS) 
THESE COMMANDS NOT OUTPUT ON SYNC SIGNAL 

4) ADDRESSES WITH A2 = 1 & ADDRESSES WITH A7, AB = 10 OR 11 ARE 
CURRENTLY UNASSIGNED 

.. 
FIGURE 8.2.8.2-1 SYNC AND CONTROL SIGNAL FORMAT (SHEET 3 OF 6) 
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COMMAND ASSIGNMENT 

COMMAND ASSIGNMENT SYNC 
SIGNAL 

(FOR A7, A8 = 01 ONLY) BIT 
POSITION 

SPARE 1A BO 
SPARE 1B B1 
SPARE 1C B2 
SPARE 1D B3 
SPARE 1E B4 
SPARE 1F B5 
SPARE 1G B6 
SPARE 1H B7 
DLR PEAK B8 
DLR MID B9 
DLR AVG B10 
GAMMA WHITE STRETCH B11 
GAMMA NORMAL B12 
GAMMA BLACK STRETCH B13 
AUX OFF B14 
AUX ON B15 
SPARE 3 B16 .. .. -· 
PAN-TILT RESET B17 
PAN-TILT SLOW B18 
PAN-TILT FAST B19 
PAN-RIGHT 820 
PAN LEFT 821 
TILT UP 822 
TILT DOWN 823 
IRIS CLOSE 824 
IRIS OPEN B25 
FOCUS FAR B26 
FOCUS NEAR B27 
ZOOM OUT B28 
ZOOM IN B29 
SPARE 2A B30 
SPARE 28 831 

NOTE: 
1. PRESENCE OF A COMMAND ON THE SYNC SIGNAL IS DENOTED BY 

A DATA "1" IN THE BIT POSITION 
2. COMMANDS B20 THROUGH B31 ARE REPEATED EVERY FIELD UNTIL 

CANCELLED BY AN UPLINK STOP MOTION COMMAND : 
3. BIT B18 OR B191S A "1" WHENEVER A PAN OR 

TILT COMMAND IS PRESENT . 
4. ALL OTHER COMMANDS ARE INSERTED ON THE SYNC SIGNAL FOR 

ONE FIELD ONLY I MUST BE LATCHED IN THE LRU AS NEEDED 

FIGURE 8.2.8.2-1 SYNC AND CONTROL SIGNAL FORMAT (SHEET 4 OF 6) 

8-114 

• 

• 

• 



• -N 
:::c 

l 
:E 
LD 

U) ..,. 
Cl !::: 
N z 
w :;, 
t- w cc a: 
a: I 
.,_; Cl 
z c 
::;) 

..... 
0 
(..;)' -I 

CO· 
N!-...... 

>-a: 
w 
> w 

~I 
0 
w 

cc t-
z !::: c co :E 
U) ..... U) 

(..;) w z 
z z cc 
>- ~ a: 

t-U) z 
w 0 

U) 

:E (..;) (..;) • cc z z a: >- >-LL U) U) 

a: w w o. :E :Ec ~ 
0 cc cc~ 
(..;) t-' a: a:w 

U)· LL LLU::::: 
a: a: a:c 
::;) ' 0 Oa: 
CCI ~ ~-
N 0 0::%: 

:::c (..;) (..;) t-

:E: . 
w ..... N co t-LD: 0 

I 
Ml z 

I I 

..,.: I 
N- I 

: 

Cl: ____ _ 

I 

i 

• FIGURE 8.2.8.2-1 SYNC AND CONTROL SIGNAL FORMAT (SHEET 5 OF 6) 

ICD-2-19001 8-115 



100 

0 

-.to 

VERTICAL INTERVAL TEST SIGNAl 
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I 
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NOTES: 1. SUBCARRIER OF STAIRCASE IN PHASE WITH BURST 
2. RISE & DECAY OF ALL LUMINANCE SIGNALS NOT LESS THAN 0.2 jiSEC 

RISE & DECAY OF ENVELOPE OF SUBCARRIER COMPONENT OF STAIRSTEP 
SIGNAL SHALL BE APPROX SINE SHAPED & RISE TIME 375jJSEC 

3. T0 =NOMINAL START OF ACTIVE PORTION OF LINE 19, FIELD 1 

MULTIBURST TEST SIGNAL 
100 

1.25 MHZ 3.0 MHZ .t.l. MHZ 

70 
0.5 MHz 2.0 MHZ 3.58 MHz 
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ICD-2-19001 

...., 
!: 

10 
0 

-.tO 
3 13 

NOTES: 

34 

To 

I 
I 

46 

. I 1 
1 I 

1 ~ ~1~ COUNTS 
1 ____.! ~ 2 COUNTS 1 
I I I I • I 

I I I 1 I I 
58+ 70 82 94 106 

2.045 MHz COUNTS 

1. EACH BURST = 60 IRE UNITS PEAK TO PEAK 
2. To = NOMINAL START OF ACTIVE PORTION OF LINE 19, FIELD 2 

I 
I 
I 
I 
I 
I 
1 I I 

118 128: 
130 

0 

3. RISE & FALL OF WHITE BAR SHALL HAVE RISETIME OF NOT LESS THAN D.21lS 

FIGURE 8.2.8.2-1 SYNC AND CONTROL SIGNAL FORMAT (SHEET 6 OF 6) 
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8.2.9 Caution and Warning Electronics Assembly (CWEA) Interface. The hardwired 
interfaces to the CWEA available for payload use are shown in Figure 8.2.9-1. 
Classified under emergency signals for habitable payloads are the two Fire/Smoke 
inputs (discrete signals) to the CWEA. In addition, for both habitable and 
non-habitable payloads, five warning parameter direct inputs are available at 
the interface. A relay switch closure for actuation of a Master Alarm Light for 
a habitable payload is also provided. 

In addition, Payload Caution and Warning parameters, either analog or discrete, 
may be hardwired to MOM inputs as defined in Paragraph 8.2.2. Use of this 
interface requires Orbiter Computer Software Support, as defined in Section 
9.0. Annunciation is provided via ~he Caution/Warning MOM interface. 

8.2.9.1 Fire/Smoke Input. The electrical interface characteristics for the 
Fire/Smoke emergency inputs at the Orbiter/payload interface are defined in 
Table 8.2.9.1-1. 

8.2.9.2 (Reserved) 

8.2.9.3 Caution and Warning Discrete Inputs. The electrical interface 
characteristics for the Caution and Warning discrete inputs at the 
Orbiter/payload interface shall be as shown in Table 8.2.9.3-1. 

8.2.9.4 Caution and Warning Analog Inputs. The electrical interface 
characteristics for the Caution and Warning analog inputs at the Orbiter/payload 
interface shall be as shown in Table 8.2.9.3-1. 

8.2.9.5 Payload Master Alarm Light. The Orbiter shall provide a switch closure 
to activate a master alarm light in habitable payload modules. The switch 
closure shall activate on all emergency, warning or caution signals. 

The electrical interface characteristics for the Payload Master Alarm Light 
output at the Orbiter/payload interface shall be as shown in Table 8.2.9.5-1. 

8.2.9.6 Grounding and Shielding. Grounding and shielding shall be as shown in 
Figure 8.2.9.6-1 . 
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TABLE 8.2.9.1-1 FIRE/SMOKE INPUT-ALARM, PAYLOAD TO ORBITER, 
ELECTRICAL INTERFACE CHARACTERISTICS 

!Characteristics Orbiter/! 
Parameter Dimension! Payload Interface Notes 

------------- ---------!------------------------!-------------------
Type Single-ended ! ( 1) 
------------- --------- ------------------------!-------------------
Discrete- Min Volt 0 
False Max Volt 4 
------------- --------- ------------------------!-------------------

.Discrete- Min Volt 21 
!True Max Volt .32 
!------------- ---------!------------------------!-------------------
!Transfer !DC Coupled 
!-------------!---------!------------------------!-------------------
!Load Min!Kilohm 
!Impedance 
!(Orbiter} Max!Kilohm 
I 

!4.88 

15.92 
14.95 ! ( 2) 

!------------- --------- ------------------------!-------------------
!Pwr-Off Min Kilohm 4.88 
!Impedance 
!------------- --------- ------------------------!-------------------
!Drive Min Milliamp 150 
Capability 
------------- --------- ------------------------!-------------------
Load Max Milliamp !6.6 !(3) 
Current 
------------- ---------!------------------------!-------------------! 
Over- Max Volt !37.5 
voltage 
Protection 

---------·------------------------·-------------------· . . . 
Fault Max Volt !±15.0 
Voltage 

.Emission 
!------------- ---------!------------------------!-------------------! 
!Fault Max Milliamp !10 
!Current 
!Limitation 

(1) Orbiter common hardware 
(2) If signal source referenced to structure. 
(3) At 32 volts 
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TABLE 8.2.9.3-1 CAUTION AND WARNING ANALOG/DISCRETE-INPUT 
HARDWIRE, PAYLOAD TO ORBITER, 

ELECTRICAL INTERFACE CHARACTERISTICS 

Characteristics Orbiter/! 
Parameter !Dimension Payload Interface Notes 

-------------!--------- ------------------------!-------------------! 
Type( Orbiter)! Differential Analog 
-------------!--------- ------------------------!-------------------! 
Analog 

.Range 
! Volt 0 to 5 ! ( 1 ) 

!-------------!--------- ------------------------!-------------------' 
!Discrete­
False 

Volt .0 ± 0.5 !(1), (2) 

---------!------------------------!-------------------
Discrete­
True 

Volt 4 to 28 !(1), (2) 

------------- --------- ------------------------!-------------------
Ripple Max Millivolt 25 !(3) 
and Noise 
(Orbiter) 
-------------!--------- ------------------------!-------------------
CMV Max!Volt 5 
-------------!---------.------------------------!-------------------

'Rise/Fall Min!Microsec !N/A 
Time Max!Microsec ! 
-------------!---------!------------------------
Noise 
Suppression 
Bandwidth 

CMR 

Transfer 

dB 

!N/A 

40 

DC Coupled 

(4) 

--------- ------------------------!-------------------
Source 
Impedance Max ohm 

.(Payload) 
!100 or Less 

0-5 Volt Analog 
Input Signals (7) 

!------------- ---------!------------------------ -------------------' 
!Load Min!Kilohms !200 
!Impedance 
! (Orbiter) 

ICD-2-19001 8-121 
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TABLE 8.2.9.3-1 CAUTION AND WARNING ANALOG/DISCRETE-INPUT 
HARDWIRE, PAYLOAD TO ORBITER, 

ELECTRICAL INTERFACE CHARACTERISTICS (Concluded) 

--------------------------------------------------------------------
!Characteristics Orbiter/! 

Parameter !Dimension! Payload Interface Notes 
-------------!--------- ------------------------!-------------------! 
Pwr-Off Min!Kilohm 
Impedance 

22 !5 VDC discrete 

-------------!--------- ------------------~-----!-------------------! 
Cable Max Pica- 2231 !(8) 
Capacitance farads 
(Orbiter) 

------------------------!-------------------· 
!Load Max Microamp !25 !5 VDC discrete and 

!0-5 volt analog 
!input signals (6) 

!Current 
!(Orbiter) 
!------------- ---------!------------------------!-------------------
!Over- Max Volt !±37.5 
Voltage 
Protection 
-------------!---------!------------------------!-------------------
Fault Voltage!Volt !± 15 
Emission Max ! 
-------------!---------!------------------------!-------------------
Fault Current!Milliamp !1.28 
Limitation 
Max 
--------------------------------------------------------------------

NOTES: (1) Payload input must be maintained between 0 and 2.5 volts 
or master alarm will be generated. C and W payload 
analog and discrete inputs are the same and have been set 
for 2.5 volts high trip. High alarm level adjustable. 

(2) 100 msec minimum pulse duration. 
(3) As determined using a 50-MHz bandwidth measuring device. 
(4) For 5 VDC discrete and 0 to 5 volt analog signals, with 

±5 volts peak common-mode signal over a frequency range 
of DC to 1.0 KHz. For 28 VDC discrete inputs, the 
presence of ±5 volts peak common-mode signal over a 
frequency range of DC to 1.0 KHz shall not cause the 
input to be misinterpreted. 

(5) Load impedance (Orbiter) is 2.8 kilohms minimum for 28 
VDC discrete input signals. 

(6) Load current is 10 milliamperes maximum for 28 VDC 
discrete input signals. 28 volt discretes are internally 
Zener limited to 12 volts. 

(7) 5 volt and 28 volt discretes capable of sinking or 
supplying 10 MA max. 

(8) Based upon 97 ft. cable length from CWEA to P/L interface 
at end of SMCH. TSP cable capacitance based upon 
controlled impedance cable MP572-0328-0002. 
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TABLE 8.2.9.5-1 PAYLOAD MASlER ALARM LIGHT OUTPUT, 
ORBITER TO PAYLOAD, 

ELECTRICAL INTERFACE CHARACTERISTICS 

--------------------------------------------------------------------
Characteristics Orbiter/! 

Parameter Dimension Payload Interface Notes 
------------- --------- ------------------------!-------------------! 
Type Discrete ! Isolated relay 

!contact closure 
------------- --------- ------------------------!-------------------! 
Discrete- Relay Contacts Open 
False 
------------- ---------·------------------------!-------------------! 
Discrete- Relay Contacts-Closed 
1 rue 

------------------------!-------------------! 
Rise/Fa 11 

.Time 
N/A !Contact closure 

!------------- --------- ------------------------!-------------------! 
!Transfer DC Coupled 
!------------- --------- ------------------------!-------------------! 
!Source Ohm 0.1 Contact Closed Max 
!Impedance 
!(Orbiter) 
!-------------!---------!------------------------!-------------------! 
Cable !Ohms 
Resistance 

. !3.4 !Round-trip resist­
!ance between Cargo 
!element interface 
!and Orbiter switch 
(1) (2) 

------------- --------- ------------------------ -------------------
.Capaci­
tance 
(Orbiter) 

Max Pico­
farad 

1846 (2) 

------------- --------- ------------------------ -------------------
Drive Max Amp . 1 
Capability 
Load 
Current 
--------------------------------------------------------------------

(1) At a maximum temperature of 200°F. 
(2) Calculations based upon 80.25 ft. from D and C panel Rl3Al to P/L 

interface at end of SMCH . 

ICD-2-19001 8-123 



.... n c I N
 I _,
 

1.
0 

0 0 _
, 

0
)
 

I _
, 

N
 
~
 

"T
1 .....
 

en
 

c:
 

:::
0 

I'T
'1 

0
)
 . N

 . 1.
0 I _
, 

n )
>

 
c:

 
-
!
 .... 0 :z
 

>
 

:z
 

c ~
 

)
>

 
:::

0 :z
 .... :z
 

C
j)

 

(/
) .... C
j)

 
:z

 
>

 
r "T

1 r 0 ~
 • 

PA
YL

OA
D 

IN
TE

RF
AC

E 

FI
RE

/S
M

OK
E 

DI
SC

RE
TE

 
(2

) 
FI

RE
/S

M
OK

E 
AN

NU
NC

IA
TO

 
PA

NE
L 

:A
UT

 IO
N 

C&
W 

AN
AL

OG
 A

ND
/O

R 
DI

SC
RE

TE
S 

fM
D

M
--

/G
P

C
--

fMD
~~ SC

RE
TE

 

W
AR

NI
NG

 A
NA

LO
G 

AN
D/

_O
IL

DJ
 S_

CR
ET

ES
 

( 5
) 

-
-
-

-

P/
L 

MA
ST

ER
 A

LA
RM

 L
IG

HT
 

p&
C 

PA
NE

ij 

• 

CA
UT

IO
N 

AN
D 

W
AR

NI
NG

 

EL
EC

TR
ON

IC
S 

AS
SE

M
BL

Y 

• 



-n c I N
 I .....
. 

1.
0 

0 0 .....
. 

C
D

 
I .....

. 
N

 c..
n 

• ..., -Ci) c:
: 

:::
0 ,...,
 

C
D

 . N
 . 1.
0 

(1
\ I .....
. 

("
")

 

:e::
 

,...,
 

l>
 

C
i)

 
:::

0 
0 c:

: 
:z

 
c -:z (
j)

 

l>
 

:z
 

c (.
/)

 
:I

: -,..., r- c -:z C
i)

 -:z -1
 

,...,
 

:::
0 ..., )
>

 
("

")
 

,.,.,
 

PA
RA

GR
AP

H 
s.z

.9
.1

 
FI

RE
/ 

S
M

K
£ 

IN
PU

T 

1
.2

.9
.3

 
C

 M
D

 W
 

DI
SC

RE
TE

 
IN

PU
T 

I.
Z

.9
.4

 
C

 "N
O 

W
 

N
I'J

.O
G

 
IN

PU
T 

l.
l.

t.
S

 
PA

n.
 M

D
 

M
ST

ER
 A

I.A
IIt

 
LIG

HT
 

!li
M

: 
S

nw
l.

S
 o

trt
M

.D
 I

ll 
PA

RA
GR

AP
H 

10
.1

.4
.Z

.4
 

• GR
OU

ND
ING

 A
ND

 S
HI

EL
DI

NG
 T

ER
MI

NA
TIO

NS
 

C
 A

NO
 \

1 

EL
EC

TR
O

N
IC

S 
U

N
IT

 

OR
BI

TE
R 

PA
YL

OA
D 

<1
 

1 
...

..,
I 

II
 
II

 1
•0

 
0 

1
•0

 
0 

I 
~
 

<J
 ,

 
, ..

...
. ,

 o
 o

 I•
O

 
o 

I•
H

 
n 

I 
-a

tn
 

C
 A

ND
 \

1 

El
EC

TR
O

N
IC

S 
U

N
IT

 

RH
ER

EN
CE

 
ON

LY
 

RE
F"

£R
EN

CF
 

ON
LY

 

D
 A

ND
 

C
 

PA
N

El
 

P
/l

 
IN

TE
RF

AC
E 

TY
PI

C
A

l 
D

RI
V

ER
 

r-
--

-,
 

I 
I 

I 
0 

0 
I•

O
 

0 
I 
~

8
vl 

P
/l

 
IN

TE
RF

AC
E 

' 

I I 

I 
? 

L
-
-
-
1

 

TY
PI

C
A

l 
D

RI
V

ER
 

·-
--

, 
I 

i _
.. 

I 

I 

I I I 

I 
v 

. 
I 

L
-;

j;
-1

 ~
 

r ai
"" 1 x

 
~iri

 i·
~~~

J ~ 
RE

FE
RE

NC
E 

ON
LY

 

• 



• 

THIS PAGE INTENTIONALLY LEFT BLANK 

• 

• 
ICD-2-19001 8-126 



• 

• 

• 

8.2.10 Master Timing Unit (MTU) and Payload Timing Buffer (PTB) Interfaces. 
The MTU has the following Payload dedicated outputs: 

a. Greenwich Mean Time (GMT) 

b. Mission Elapsed Time (MET) 

c. 4.608 MHz Reference Square-Wave Frequency 

d. 1 .024 MHZ Reference Square-Wave Frequency 

e. 1 KHz Reference Square-Wave Frequency 

f. 100 Hz Reference Square-Wave Frequency 

g. 10 Hz Reference Square-Wave Frequency 

The payload timing buffer shall accept single GMT and MET input signals from the 
MTU and provide to Cargo elements eight isolated GMT output timing signals and 
four isolated MET output timing signals. Figure 8.2.10-1 shows MTU and PTB 
interfaces data flow. 

8.2.10.1 Time Accumulator Interface. 

8.2.10.1.1 Greenwich Mean Time (GMT). The absolute time data, at any time 
during a seven day mission, shall not deviate by more than ± 10 milliseconds 
from the ground station GMT Reference Time Standard and shall be synchronized 
with the ground GMT at certain times during a mission, subject to mission 
procedural contraints to prevent unacceptable time base perturbations. The 
accuracy of these time updates shall be± 5 milliseconds. The MTU frequency 
offset and drift rates shall constrain the time error growth rate to a maximum 
of ± 10 milliseconds per 24 hours. 

GMT time is measured beginning with day count 001 on January 1st of each year. 
If lift-off occurs in one year and landing in the next, GPC time continues to 
increment across year end with an equivalent day count greater than 365. The 
MTU generated GMT, however, automatically resets to Day 001 following Day 365. 
The MTU day count will normally be maintained in agreement with the GPC 
equivalent day count via a GPC software Specialist Function, Item Entry. Once 
an update is initiated, the MTU and GPC times will differ for approximately 2 
minutes due to a time out requirement which is part of the MTU update 
mechanization. Updating of the MTU clock, in order to maintain its day count 
equivalency with the GPC is required following days 365, 366, 375, and 376. 
Following the last update to Day 377 the MTU will increment to a maximum day 
count of 399. (See Para. 9.4.5.1.2 for additional GMT information.) 

The GMT output format shall be a modified IRIG-B as shown in Figure 
8.2.10.1.1-1. The GMT electrical interface characteristics shall be as shown in 
Table 8.2.10.1.1-1. 

8.2.10.1.2 Mission Elapsed Time (MET). The Mission Elapsed Time shall be reset 
to zero by the Orbiter at T-0 and shall be synchronized and updated from the 
ground. MET time error growth rate shall not exceed ±10 milliseconds per 24 
hours . 
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The MET output format output format shall be a modified IRIG-B as shown in 
Figure 8.2.10.1.1-1. The MET electrical characteristics shall be as shown in 
Tab 1 e 8. 2.10. 1 . 1-1 . 

8.2.10.2 Square-Wave Reference Frequencies. The clock frequencies shall be 
derived from a single divider chain in the MTU. No permanent phase relationship 
shall exist between the various clock frequencies. Short term timing 
relationships (during a single power-up period) fall within the limits of the 
individual jitter specifications. The clock signals shall not have a fixed 
phase relationship with respect to the one second transition mark in the IRIG-B 
time code outputs and the frequency accuracy shall be determined by the MTU 
Master oscillator. For a stabilized MTU (16 hours after power-on) the offset 
shall not exceed 10 pp 108 from center frequency and the drift rate shall be + 
1 pp 109 per 24 hours maximum. -

8.2.10.2.1 4.608 MHz Square-Wave Reference Frequency. The 4.608 MHz 
square-wave reference frequency electrical interface characteristics at the 
Orbiter/payload interface shall be as shown in Table 8.2.10.2.1-1. 

8.2.10.2.2 1.024 MHz Square-Wave Reference Frequency. The 1.024 MHZ 
square-wave reference frequency electrical interface characteristics at the 
Orbiter/payload interface shall be as shown in Table 8.2.10.2.2-1. 

8.2.10.2.3 1 kHz Square-Wave Reference Frequency. The 1 kHz square-wave 
reference frequency electrical interface characteristics at the Orbiter/payload 
interface shall be as shown in Table 8.2.10.2.3-1. 

• 

8.2.10.2.4 100Hz Square-Wave Reference Frequency. The 100Hz square-wave 
reference frequency electrical interface characteristics at the Orbiter/payload • 
interface shall be as shown in Table 8.2.10.2.4-1. 

8.2.10.2.5 10Hz Square-Wave Reference Frequency. The 10Hz, square-wave, 
reference frequency, electrical interface characteristics at the Orbiter/payload 
interface shall be as shown in Table 8.2.10.2.5-1. 

8.2.10.2.6 Unused Output Termination. All frequency output interface 
connectors shall be capped when not used. Any extension from the interface 
shall be executed with multiple grounded.TSP cable. Load impedance termination 
shall not be required when these constraints are met. 

8.2.10.3 Phase Relationship. 

a. No fixed phase relationship shall exist between the one-second 
transitions occurring on the GMT and MET Time outputs. 

b. No fixed phase relationship shall exist between the 1024 kHz and MET 
time outputs. 

c. No fixed phase relationship shall exist between the 1024 kHz and GMT 
time outputs. 

8.2.10.4 Short-Circuit Protection. All MTU and PTB interface output drivers 
shall withstand indefinite line-to-line or line-to-ground short circuits. 
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8.2.10.5 Grounding and Shielding. Grounding and shielding shall be as shown in 
Figure 8.2.10.5-1 . 
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lABLE 8.2.10.1.1-1 MTU GREENWICH MEAN TIME/MISSION ELAPSED TIME, 
ORBITER-TO-PAYLOAD, 

ELECTRICAL INTERFACE CHARACTERISTICS 

!Characteristics Orbiter/ 
Parameter !Dimension! Payload Interface Notes 

!-------------!---------!------------------------ -------------------
! Time Code 
! Format 

!Modified IRIG-8 See Figure 
8.2.10.1.1-1 

!-------------·---------!------------------------ -------------------
!Type !Digital (Pulse Duration). 
!------------- ---------!------------------------ -------------------
!Element Rate Pulse/Sec!lOO See Figure 

8.2.10.1.1-1 
---------!------------------------ -------------------

Time Frame Sec !1 
------------- ---------!------------------------
Time Accuracy msec !±10 Max Error Per Day 
------------- ---------!------------------------
Signal Level .V pk-pk !3.6 to 6 ! ( 1 ) 
-------------!---------!------------------------!-------------------
Rise/Fa 11 
Time 

Micro- !< 50 
Sec 

!Measured from 10 to 
!90 percent Point(1) 

---------!------------------------!-------------------
Skew Nano-Sec !<20 at 50 percent Point ! 

---------!------------------------!-------------------
Signal/Nose 
Ratio 

!NA 

---------!------------------------!-------------------
Max Output .Volt !10 !Under any Failure 
Voltage !Condition 
-------------!---------!------------------------!-------------------
Impedance - !OHM 
Source 
(Orbiter) 

!~ 100 

-------------!--------- ------------------------!-------------------
.Impedance- !OHM 
Load 
(Payload) !OHM 

70 to 80 

70 to 80 
-------------!---------.------------------------!-------------------
Impedance - !OHM 
Line 

!70 to 80 !Per MP572-0328 

-------------!---------!------------------------!-------------------
Capacitance !PF 
Line 

! 1886 ! ( 1 ) 

(1) Based on 82-ft cable length, from PTB to interface at the end 
of SMCH. 
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TABLE 8.2.10.2.1-1 MTU 4.608 MHz SQUARE-WAVE REFERENCE FREQUENCY, 
ORBITER-TO-PAYLOAD, 

ELECTRICAL INTERFACE CHARACTERISTICS 

!Characteristics Orbiter/! 
Parameter Dimension! Payload Interface Notes 

------------- ---------!------------------------!-------------------· 
Type Digital (Square-Wave) 

------------------------·-------------------
Duty Cycle Percent 50 ± 3 

Signal Level !V pk-pk 2.5 to 5.4 (1) 
-------------!--------- ------------------------ -------------------
DC Offset !Vdc ~ 0.5 Line-to-Gnd 
-------------!--------- ------------------------ -------------------
Rise/Fa 11 
Time 

!Nano-Sec <100 Measured from 10 to. 
90 percent point(l) 

-------------!--------- ------------------------ -------------------
Skew !Nano-Sec <20 at 50 percent point 
-------------!--------- ------------------------ -------------------
Jitter ! Percent . 1 
-------------!---------!------------------~----- -------------------
Overshoot !V pk-pk !<6 Signal Plus overshoot 
-------------!---------!------------------------ -------------------
Max Output 
Voltage 

!Vdc ! 10 .Under any failure 
!condition 

------------- ---------!------------------------!-------------------! 
Long Term 
Stability 

!1 part in 109 per day 
I 

------------- ---------!------------------------!-------------------! 
Source 
Impedance 
(Orbiter) 

Ohm !~100 

------------- ---------!------------------------!-------------------! 
Load 
Impedance 
(Payload) 

Ohm !70-80 

------------- ---------!------------------------!-------------------! 
Line .Ohm 75 ± 10 percent !Coax Hs 179B 
Impedance 
-------------!--------- ------------------------!-------------------· 
Common Mode !Volt 
Output 
Voltage 

<10 ! Under norma 1 
!Operation 

-------------!--------- ------------------------!-------------------
Capacitance !PF Nom 
(Line) 

1794 ! ( 1 ) 

(1) Based on 92-ft cable length, from MTU to the STS/Payload 
interface . 
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TABLE 8.2.10.2.2-1 MTU 1.024 MHZ SQUARE-WAVE REFERENCE FREQUENCY, 
ORBITER-TO-PAYLOAD, 

ELECTRICAL INTERFACE CHARACTERISTICS 

Characteristics Orbiter/! 
Parameter Dimension Payload Interface Notes 

------------------------!-------------------
Type Digital (Square-Wave) 

------------------------!-------------------
Duty Cycle Percent 50 ± 5 

---------!------------------------!-------------------
Signal Level V pk-pk !3.2 to 6 ! ( 1 ) 

---------!------------------------!-------------------! 
DC Offset .VDC !~ 0.5 Line-to-Gnd 
-------------!---------!------------------------!-------------------! 
Rise/Fall 
Time 

!Nano-sec !~300 !Measured from 10 to! 
!90 percent point(1)! 

-------------!---------!------------------------!-------------------! 
Skew !Nano-sec 20 
-------------!--------- ------------------------!-------------------! 
Jitter !Percent 1.0 
-------------!--------- ------------------------!-------------------! 
Overshoot 'V pk-pk 

Max Output 
Voltage 

Vdc 

<6 Signal Plus Overshoot! 
------------------------!-------------------' 
10 !Under any failure 

!condition 
------------- --------- ------------------------!-------------------
Long Term 
Stability 

1 part in 109 per day 

--------~----!--------- ------------------------!-------------------
Source !Ohm !~100 
Impedance 
(Orbiter) 
-------------!---------!------------------------!-------------------
Load 
Impedance 
(Payload) 

!Ohm !70-80 

-------------!---------!------------------------ -------------------
Line 
Impedance 

Ohm !70-80 

---------!------------------------
Common Mode Volt 
Output 
Voltage 

! <1 0 

Per MP572-0328 

Under norma 1 
Operation 

---------!------------------------!-------------------! 
Capacitance 
(Line) 

PF Max !2116 ! ( 1 ) 

(1) Based on 92-ft cable length, from MTU to interface at the 
end of SMCH. 
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TABLE 8.2.10.2.3-1 MTU 1 kHz SQUARE-wAVE REFERENCE FREQUENCY, 
ORBITER-TO-PAYLOAD, 

ELECTRICAL INTERFACE CHARACTERISTICS 

--------------------------------------------------------------------
Characteristics Orbiter/! 

Parameter Dimension Payload Interface Notes 
------------- --------- ------------------------!-------------------! 
Type Digital (Square-Wave) 
------------- --------- ------------------------!-------------------! 
Duty Cycle Percent 50 ± 10 
------------- --------- ------------------------!-------------------! 
Signal Level V pk-pk !3.5 to 6 ! { 1 ) 

DC Offset 

Rise/Fa 11 
Time 

Skew 

---------!------------------------!-------------------! 
VDC !~ 0.5 Line-to-Gnd 
---------!------------------------!-------------------! 
Nano-sec !~700 !Measured from 10 to! 

!90 percent point(l)! 
---------'--------------~---------'-------------------' . . . . 

.Nano-sec !20 
-------------'---------'---------------~--------'-------------------' . . . . . 
Jitter !Percent !0.5 
-------------!---------'------------------------!-------------------! 
Overshoot !V pk-pk <6 Signal Plus Overshoot! 
-------------!--------- ------------------------!-------------------
Max Output 
Voltage 

!VDC 10 !Under any failure 
!condition 

-------------!--------- ------------------------!-------------------
Long Term 
Stability 

1 part in 109 per day 

'------------- ---------!------------------------!-------------------
Source 
Impedance 
(Orbiter) 

Load 
Impedance 
(Payload) 

Ohm !~100 

---------!------------------------!-------------------! 
Ohm I . ! 70-80 

-------------!---------!------------------------!-------------------' 
Line 

.Impedance 
!Ohm !70-80 

!-------------!---------!------------------------
!Common Mode !Volt !<10 
!Output 
!Voltage 
!-------------!---------!------------------------
!Capacitance !PF Max 
!(Line) 

! 2116 

! Per MP572-0328 

Under normal 
Operation 

{ 1) 

--------------------------------------------------------------------
(1) Based on 92-ft cable length, from MTU to interface at the 

end of SMCH . 
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TABLE 8.2.10.2.4-1 MTU 100Hz SQUARE-WAVE REFERENCE FREQUENCY, 
ORBITER-TO-PAYLOAD, 

ELECTRICAL INTERFACE CHARACTERISTICS 

!Characteristics Orbiter/! 
Parameter Dimension! Payload Interface Notes 

!------------- ---------!------------------------!-------------------! 
Type !Digital (Square-Wave) 
------------- ---------!------------------------!-------------------! 
Duty Cycle Percent !50± 10 
------------- ---------!------------------------!-------------------! 
Signal Level V pk-pk !3.5 to 6 ! ( 1 ) 
------------- ---------!------------------------!-------------------! 
DC Offset VDC !~ 0.5 Line-to-Gnd 
------------- ---------!------------------------!-------------------! 
Rise/Fall 
Time 

Nano-sec !~700 !Measured from 10 to! 
!90 percent point(1)! 

------------- ---------!------------------------!-------------------! 
Skew Nano-sec !20 
------------- ---------!------------------------!-------------------! 
Jitter Percent ! 0. 5 
------------- ---------!------------------------!-------------------! 
Overshoot V pk-pk !<6 Signal Plus Overshoot! 
------------- ---------!------------------------!-------------------! 

.Max Output 
!Voltage 

VDC ! 10 !Under any failure 
!condition 

!------------- ---------!------------------------!-------------------! 
!Long Term 
Stability 

!1 part in 109 per day 
I 

---------!------------------------!-------------------· 
Source 
Impedance 
(Orbiter) 

Ohm !~100 

---------!------------------------!-------------------
Load Ohm !70-80 
Impedance 
(Payload) 
-------------!---------!------------------------!-------------------
Line !Ohm !70-80 Per MP572-0328 
Impedance 
-------------!---------!------------------------ -------------------! 
Common Mode !Volt 
Output 
Voltage 

! <1 0 

-------------!---------!------------------------
Capacitance !PF Max 
(Line) 

! 2116 

Under norma 1 
Operation 

( 1 ) 

(1) Based on 92-ft cable length, from MTU to interface at the end 
of SMCH. 

ICD-2-19001 8-134 

• 

• 

• 



• 

• 

• 

TABLE B.2.10.2.5-l MTU 10Hz SQUARE-WAVE REFERENCE FREQUENCY, 
ORBITER-TO-PAYLOAD 

ELECTRICAL INTERFACE CHARACTERISTICS 

--------------------------------------------------------------------
Characteristics Orbiter/ 

Parameter !Dimension Payload Interface Notes 
!-------------!--------- ------------------------ -------------------
!Type Digital (Square-Wave) 
!-------------!--------- ------------------------ -------------------
!Duty Cycle !Percent 50±10 
!-------------!--------- ------------------------ -------------------
!Signal Level !V pk-pk 3.5 to 6 .(1) 
-------------!--------- ------------------------!-------------------! 
DC Offset !VDC ~0.5 Line to Gnd 
-------------!--------- -----------------·-------!-------------------! 
Rise/Fa 11 
Time 

!Nanosec <700 !Measured from 10 to! 
!90 percent Point(l)! 

-------------!--------- ------------------------!-~-----------------! 
Skew !Nanosec <20 !Measured at 50 

!percent Point 
------------- --------- ------------------------!-------------------! 
Jitter Percent 0.5 
------------- ---------.------------------------!-------------------! 
Overshoot V pk-pk !<6 Signal Plus Overshoot! 
------------- ---------!------------------------!-------------------! 
Max Output 
Voltage 

VDC ! 10 !Under any failure 
!Condition 

---------!------------------------!-------------------1 
Long Term 
Stability 

!1 Part in 109 per day 
I 

---------!------------------------!-------------------
Source Imped-!Ohm 

.ance 
!Orbiter) 

I 
!~100 

!-------------!---------!------------------------!-------------------
!Load Imped- !Ohm 
ance 
(Payload) 

! 70-80 

------------- ---------!------------------------·-------------------! 
Line Imped- Ohm 
ance 

!70-80 

------------- --------- ------------------------
Common Mode Volt <10 
Output Volt-
age 

Per MP572-0328 
___________________ I 

Under normal oper­
ation 

------------------------!-------------------
.Capacitance 
!(Line) 

PF Max 2116 ! ( 1 ) 

--------------------------------------------------------------------
(1) Based on 92-ft cable length, from MTU to interface at the end 

of SMCH . 
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1 SEC 

1 Hz 50S DUTY CYCLE 

BASE REF 

" 1 2 4 8 1 2040 1 2 4 8 

t l&ONDS t I MINUTES I l 
(18) 

HOURS ·! 
(21) 

1 2 4 8 10204080 100200 

t DAYS t 
POINT B 

P6 

FRAME TIME - 1 SECOND 
100 PPS (10 MS BETWEEN PULSES) 
BCD 
"ON TIME" REF - LEADING EDGE 

P7 · P8 

LPOIN~ A 

POSITION IDENTIFIER = 8 ms DURATION ± 50 MICROSECONDS 
BINARY 0 = 2 MS DURATION ± 50 MICROSECONDS 
BINARY 1 = 5 MS DURATION ± 50 MICROSECONDS 

(8) 

TIME AT POINT A= 191 DAYS, 14 HOURS, 08 MINUTES, 32.530 SECONDS 
TIME AT POINT B = 191 DAYS, 14 HOURS, 08 MINUTES, 32.760 SECONDS 

pg 

NOTE: THE IRIG-B FORMAT IS MODIFIED SUCH THAT THE 1 kHz MODULATED CARRIER AND 
THE "STRAIGHT BINARY SECONDS" ARE ELIMINATED. THE TIME SIGNAL IS 
TRANSMITTED SERIALLY AT 100 PULSES PER SECOND WITH A RESOLUTION OF 10 
MILLISECONDS AND WITH THE LEAST SIGNIFICANT BIT BEING TRANSMITTED FIRST. 

FIGURE 8.2.10.1.1-1 MASTER TIMING UNIT GMT AND MET OUTPUT FORMATS 
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8.2.11 Payload Safing-Command Interface. The hardwired interfaces available 
for Payload Safing commands area are as shown in Figure 8.2.11-1. Five switches 
from the Center Console Panel (C3A5) on the Flight Deck provide redundant • 
ACTIVE/SAFE functions. 

8.2.11.1 Commands. The electrical interface characterisitcs for the Payload 
Safing ACTIVE/SAFE functions are as defined in Table 8.2.11.1-1. 

8.2.11.2 Grounding and Shielding. Grounding and shielding shall be as shown in 
Figure 8.2.11.2-1. 
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TABLE 8.2.11 .1-1 PAYLOAD SAFING COMMAND-HARDWIRE, 
ORBITER-TO-PAYLOAD, 

ELECTRICAL INTERFACE CHARACTERISTICS 

!Characteristics Orbiter/! 
Parameter !Dimension! Payload Interface Notes 

·-------------·---------·------------------------·-------------------· . . . . . 
!Type !Switch Contact 
·------------- ---------!------------------------!-------------------
!Input Voltage 
! to Orbiter 

Max Volt DC !32 
!------------- ---------!------------------------!-------------------
!Transfer ! Direct 
!------------- ---------!--------------------~---!-------------------
!Input Max Ampere !8.5 !Closed contacts 
!Current 
! to Orbiter 
!-------------!---------!------------------------!-------------------
!Circuit Max!Ohms 
!Resistance 

!4.2 ! ( 1) 

(1) Round trip distance between cargo element interface at end of 
SMCH and the Orbiter switch is 211 ft. Resistance value 
calculated at a maximum temperature of 200°F in the cargo bay . 
(Note: Round-trip resistance from Xo603 interface to Orbiter 
switch measured 1.84 ohms at ambient). If SMCH not utilized, new 
calculation must be performed . 
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8.2.12 Orbiter to Cargo Element Data Bus System COBS) Interfaces. The Orbiter 
shall provide data bus interfaces to accommodate cargo servicing by the Orbiter 
data processing equipment. .A data bu6 cable shall interconnect the cargo 
element to support the flight mar.~fest as shown in Figure 8.2.12-1. Each DBS 
provided, (PL Bus 1, PL Bus 2, Launch Bus 1, Launch Bus 2), shall be terminated 
within the cargo bay at the end of the Bus. (See Figures 8.2.12-1 and 
8.2.12-2.) The OBS shall conform to Orbite.r standards for parts, interfaces, 
matching, isolation and fault protection to allow the Orbiter GPC, Orbiter Bus 
Terminal Units (BTU), and cargo BTUs to operate as a digital transmission 
system. The following notes provide the necessary requirements to meet this 
objective: 

Notes: 

a. 

b. 

c. 

All cargo BTUs shall interface with the OBS via a dedicated DBC (Data Bus 
Coupler, Rockwell Specification MC409-0020-0001), and cable stub as shown 
in Figures 8.2.12-1, 8.2.12-2, 8.2.12-3 and 8.2.12-4. The data bus 
interface characteristics shall be as shown in Table 8.2.12-1 for Orbiter 
transmission and in Table 8.2.12-2 for cargo element transmission. 

The vehicle data bus shall not be interrupted throughout flight. The stub 
cable may be interrupted due to separations, but only to an open state. 
Bus routing and pin assignments shall be as shown in Figures 8.2.12-1, 
8.2.12-2, 8.2.12-3 and 8.2.12-4 and in Paragraph 13.5.1.3. Depending upon 
flight requirements, the two alternate DBC connections shall be as shown in 
Figure 8.2.12-2, view (B) for continuing and view (A) for terminating the 
data bus. Bus termination lengths greater than 6 em shall use 
MP572-0279-002 cable. Shorter unshielded lengths shall meet the 
requirements of Rockwell Specification MP572-0504-002. Rockwell 
Specification MP572-0279-002, shall be used for the data bus stub and bus 
termination jumper. 

All Orbiter BTUs utilize a common data bus transceiver/decoder to interface 
with the data bus. This module is referred to as a Multiplexer Interface 
Adapter (MIA) and is packaged within the BTU. This unit is required for 
cargo equipment interfacing with the data bus and can be procured to 
Rockwell Specification MC615-0010 from the manufacturer, Singer/Kearfott 
Division, Little Falls, New Jersey. Rockwell Specification MC615-0010 is 
being invoked on an interim basis and will be replaced by applicable 
government specifications when such coverage is implemented. 

Any BTU which separates from the DBS during flight shall be connected to 
the DBS via a Data Bus Isolation Amplifier (DBIA), Rockwell Specification 
MC409-0019-0002. The DBIA is required to protect the DBS against any 
significant impedance changes. The DBIA is not an STS standard service. 
The DBIA shall be connected to the Orbiter DBS in a manner similar to any 
BTU. The other side of the DBIA shall provide a data bus extension. (See 
Figure 8.2.12-4.) The bus extension shall interface with the cargo element 
BTUs in accordance with the same requirements and constraints as the 
Orbiter DBS and as per the following: 

(1) The bus extension shall be hardwired to the DBIA . 
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(2) The bus extension shall be terminated on both ends; the DB.IA end per 
Figure 8.2.12-4 and the other end per Figures 8.2.12-1 and 8.2.12-2. 

(3) There shall be a maximum time delay of 5.25 ps for signal transfer ~ 
through the DBIA in both directions. 

d. The connectors at the Orbiter/Cargo interface (Figures 8.2.12-1 and 
8.2.12-2 and Tables 13.5.1.3-1) shall be as follows: Rockwell 
Specification ME414-0630-4001 feedthrough connector on the Orbiter side and 
NASA* NLS6GT12-35S, receptacle on cargo side. The interface connector 
plate shall be the SMCH-SIP connector panel unless otherwise specified in 
the cargo element-unique lCD. 

e. All data bus and stub cable shields shall be terminated at both ends of the 
cable within 3 em of the connector grommet and individually grounded to the 
backshell tag ring. 

f. DBC and DBIA thermal environments shall be maintained within -65°F to 
+165°F under operating and non-operating conditions. 

g. Cable bend radii shall be greater than or equal to 10 times the data bus 
cable diameter to preclude changes in cable impedances. 

h. 

i . 

MOM or FMDM addressing shall be accomplished by jumpering within the 
connector backshell a valid address code listed in Table 8.2.12.6.1.1-1, 
and shall be assigned by the payload integrator. The code wires shall be 
26 ga., less than 3 em long, and jumpered in back of the plug and inside 
the backshell. 

The maximum cargo BTUs allowable on the data bus shall be no more than four 
BTUs. 

j. Orbiter data bus cable length requirements are as follows: (Ref. Figure 
8.2.12-3) 

1. Total bus cable length shall not exceed 350 feet between end BTU 
couplers. 

2. 100 feet of each data bus is permanent Orbiter scar. The remaining 
250 feet length limit is established by each manifest. 

3. The cable length from the end BTU coupler to the termination resistor 
shall not exceed 65 feet. 

4. As a design guideline, the cable length shall be held to a minimum to 
avoid data bus signal degradation. 

k. Cargo element data bus cable length requirements are as follows: (Ref. 
Figures 8.2.12-1 and 8.2.12-3) 

1. The maximum length of the data bus within a payload, from the payload 
interface to the coupler(s) and back to the interface, shall not 
exceed 40 feet. 
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2. The maximum length of the data bus termination circuit within a 
payload, from the cargo BTU to the payload interface and back to the 
BTU termination resistor, shall not exceed 40 feet . 

NOTE: The data bus may be terminated on the cargo element side of the 
interface in order to satisfy Paragraph 8.2.12 (j) (3). 

3. As a design guideline, cable lengths shall be held to a minimum to 
avoid data bus signal degradation. 

8.2.12.1 Data Bus Transfer. All communications on a particular data bus shall 
be initiated by command words from the Orbiter bus control unit in control of 
that bus. The command words will identify the cargo BTU for which the command 
is intended and indicate the function to be performed. Data transfer will be in 
the form of messages. A message wil.l consist of a command word transmitted by 
the bus controller followed by either command data words from the bus 
controllers or by response data words transmitted by a BTU. BTUs will neither 
transmit nor respond on a bus unless commanded to do so by the Orbiter unit in 
control of that data bus. The information shall be transferred over the half 
duplex data bus in serial/digital pulse code modulation form and shall be 
Bi-Phase Level as defined in MIL-STD-1572 and as shown in Figure 8.2.12.1-1. A 
logic "1" shall be transmitted as a bipolar coded signal 10 (a positive pulse 
followed by a negative pulse). A logic "0" shall be a bipolar coded signal 01 
(a negative pulse followed by a positive pulse). Data shall be transferred at a 
1.0 MBPS ± 0.1 percent data rate and when receiving data, the cargo BTU I/0 
shall derive clocking as necessary to decode the received data message. The 
command and data words shall consist of 24 data bits plus sync and parity. Each 
response message shall be in a form of data words, each word of which shall 
consist of 24 data bits, plus sync and parity. 

The command word/data word sync patterns shall be non-valid Bi-Phase Level codes 
as shown in Figure 8.2.12.1-2. The width of the positive and negative going 
pulses that form a message sync pattern shall be 1.58 microseconds ±5 percent 
for the first half cycle and 1.5 microseconds ±3 percent for the second half 
cycle at the zero crossover, measured at the transmitter output, when terminated 
into a 70 ohm± 5 percent resistive load (on the stub). Note that a Bi-Phase 
Level 01 code immediately following the command sync will increase the apparent 
width of the affected pulse to 2.0 microseconds plus or minus 4.75 percent. 
Also, the Bi-Phase Level 10 code immediately following the data sync will 
increase the apparent width of the affected pulse to 2.0 microseconds plus or 
minus 4.75 percent. 

Each word shall contain a parity bit which shall be assigned a value such that 
the total number of "ones", including the parity bit in the word, is odd. 
During the reception the parity shall be checked by determining whether or not 
the received word contains an odd number of "ones". The sync field shall not be 
included in parity generation/validation. Consecutive words transmitted onto 
the data bus by the bus controller or BTUs shall be separated by a 5.5 ± 0.5 
microsecond gap time . 
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8.2.12.2 Data Bus Transmission line. The data bus transmission line shall be a 
two conductor twisted, shielded, jacketed cable. The stub shall be the same 
cable type as the data bus and shall not exceed 8 ft (2.43 m) in length. The • 
cables in the Cargo which extend and interface with the data bus shall be 
procured under Rockwell Design Standard MP572- 0279-0002. This Rockwell 
document is being invoked on an interim basis and will be replaced by applicable 
government documents when such coverage is implemented. The data bus phasing 
(Hi/lo) shall be carefully preserved throughout any single bus, stubs, 
terminations, and BTU connections. 

8.2.12.3 Output Circuit Characteristics. The ~ignal output voltage shall be 
between 12 and 15 volts peak line-to-line as measured at the output of the 
Orbiter data bus controller or Cargo BTU transmitter on the stub when driving a 
resistive load (on the stub) of 70 ohms plus or minus 5 percent. The waveform 
seen at the output of the Orbiter or cargo BTU data bus transmitter shall be a 
bipolar signal with characteristics as shown in Table 8.2.12-1. The rise and 
fall times of this signal, for positive or negative values, shall be 150 plus or 
minus 50 nanoseconds (as measured between 10 percent and 90 percent of the plus 
or minus voltage limits) during transmission when driving a resistive load of 70 
ohms plus or minus 5 percent. For a load resistance between 66.5 ohms and 63.5 
ohms (faulted conditions), the minimum output voltage shall be 9 volts peak 
line-to-line. 

line-to-line distortion of the waveform (within a 1.0 microsecond time period) 
by the output circuit, including ringing, shall not exceed 1.5 volts of 
overshoot or exceed 125 millivolts of undershoot at the plus and minus 15-volt 
levels, as shown in Figure 8.2.12.3-1, when driving a resistive load of 70 ohms 
plus or minus 5 percent. 

In the non-transmitting state, transmitter output noise shall be no greater than 
50 millivolts peak-to-peak. When signals are not being transmitted or when 
power is removed, the input impedance to the data bus terminals shall be a 
minimum of 6000 ohms in parallel with a maximum capacitance of 75 pF 
line-to-line from 330KHz to 1.5 MHz. 

8.2.12.4 Orbiter Bus Controller/Cargo Bus Terminal Unit Receiver Circuit 
Characteristics. The receiver circuit shall be compatible with the incoming 
signals specified herein and shall demonstrate a word error rate performance of 
less than 3 in 107 words. This performance shall be established with a 
line-to-line signal amplitude of 2.0 volts peak, having a rise and fall time of 
250 nanoseconds measured between 10 and 90 percent of the peak to peak amplitude 
and impressed white Gaussian noise of 300 millivolts RMS distributed over the 
band 1000 Hz to 4.0 MHz. All measurements are made at the appropriate receiver 
input terminals. 

Word Error Rate is defined as: 

1 _ Total number of correctly received words 
Total number of words transmitted 

The receiver shall operate with input waveforms varying from a square wave to a 
sine wave. 
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8.2.12.4.1 Input Sensitivity. The receiver shall respond with an input signal 
amplitude from plus or minus 15.0 volts peak, line-to-line, down to threshold 
level of + 0.6 volt peak, line-to-line . 

The receiver shall not respond to input signals of 0.0 volts to + 0.4 volts 
peak, line-to-line. The receiver shall operate as specified in Section 8.2.12.4 
with an input signal level of ± 15.0 volts peak, line-to-line, down to± 2.0 
volts peak, line-to-line, measured at the Orbiter bus controller/Cargo BTU input 
terminals. 

Input circuit impedance of the receiver with the transmitter not operating or 
with the power removed shall be a minimum of 6000 ohms in parallel with maximum 
capacitance of 75 pf line- to-line between 330KHz and 1.5 MHz. 

The input circuit shall reject noise at all frequencies below 1000 Hz and 
between 5.0 MHz and 30 MHz for voltages up to 10 volts peak, line-to-line. 

Signals from DC to 2.0 MHz with amplitudes up to plus or minus 32 volts peak, 
line-to-ground, applied to both the BTU receiver input circuit terminals, shall 
not cause the receiver to operate. 

8.2.12.5 Orbiter Bus Controller/Cargo Bus Terminal Unit Receiver Data 
Validation. The cargo BTU 1/0 coupler or the MIA shall output an error 
indication to the host LRU for invalid messages received from the data bus. The 
validation criteria shall be as follows: 

a. The word begins with a valid sync pattern . 

b. The bit orientation in the received waveform reflects a valid Bi-Phase 
Level code. Checks shall be made to determine that only a 11 10 11 or 11 01 11 

pattern occurs and that only the proper number of receiver threshold 
transitions occur within each bit time. 

c. The word contains 25 data bits including the parity bit. 

d. Parity bit verification. 

8.2.12.6 BTU-GPC Command/Response Protocol. 

a. GPC-to-BTU Data Transfer. The message sequence for the transfer of data to 
the BTU from the GPC consists of one command word (CW) followed by up to 32 
command data words, for a standard command. If a command word is not 
accepted by a BTU, the BTU does not respond to the subsequent command data 
words in that message. Figure 8.2.12.6-1 shows the message sequence for 
GPC-to-BTU data transfers. 

b. BTU-to-GPC Data Transfer. The message sequence from the transfer of data 
to the GPC from the BTU consists of one command word followed by 1 to 32 
response data words (ROW) for a response to a standard command. Exceptions 
are defined in Paragraphs 8.2.12.6.2.7(c), 8.2.12.6.2.12(c3) and 
8.2.12.6.2.12(c5). Figure 8.2.12.6-2 shows the message sequence for 
BTU-to-GPC data transfers . 
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8.2.12.6.1 Data Bus Word Formats. 

8.2.12.6.1.1 Command Word Format. The BTU command word format consists of a 
standard command format, a PROM sequence command format, or a BITE Test command 
format. 

( 1 ) Standard or Direct Command Format. 

1 3 4 8 9 13 14 17 18 22 23 27 28 
-----------------------------------------------------------------

Cmd MIA Mode Module Channel Number p 
Sync Address Control Address Address Of Words 

(3) ( 5) ( 5) (4) ( 5) ( 5) ! ( 1)! 
-----------------------------------------------------------------

The definition of contents of the standard command word is: 

Bit 
Position 

1-3 Command Sync. Three-bit non-valid Manchester 
code for a command data sync. 

4-8 

9-13 

Bit 
Position 

MIA Address. Five-bit code defined in Table 8.2.12.6.1.1-1 that 
identifies the BTU that will respond to a given command word. 
Address zero (00) is a non-valid address, and a BTU will not 
respond to it. 

Mode Control Field. Five-bit code used for 
determining the operational mode of the BTU. 

9 10 11 12 13 

0 1 0 0 0 Receive Command. Commands the BTU to 
receive command data. 

0 1 0 0 1 

0 1 0 1 0 

0 1 0 1 1 

0 1 1 0 0 

0 1 1 0 1 

ICD-2-19001 

Transmit Command. Commands the BTU to 
transmit response data. 

BITE Status Request (BSR). Commands the BTU to transmit 
the contents of the BITE status register and to then reset 
the BITE status register. 

Master Reset. Commands the BTU to reset all registers. 

Return Command Word. Conunands the BTU to return the 
received word. 

Spare. 
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0 1 1 1 0 Load BITE. Commands the BTU to load the BITE status 
register with the contents of the command data words . 

0 1 1 1 1 Spare. 

14-17 

18-22 

Module Address. A four-bit code (decimal 0 to 15) which 
identifies the 1/0 module where the selected channels are 
located. 

Channel Address. Five-bit code (decimal 0 to 31) that identifies 
one out of a maximum of 32 channels on the 1/0 module. This code 
also identifies a starting channel address for a multiple-word 
data transfer. The channel addresses available for the 
corresponding 1/0 module are: 

Number of Channel 
10M Type Channels Addresses 

OIL, DIH, DOL, DOH, POH 3 0 to 2 
SIO 4 0 to 3 
AOD 16 0 to 15 
AID 32 0 to 31 

The following different coding of these channel address bits is used during 
discrete output control. 

23-27 

ICD-2-19001 

Bit 
Position 

18 

19-20 

21-22 

Logical 1 indicates SET, logical 0 
indicates RESET. 

Spare 

Selects one of three discrete 
channels . 

.?l 22 

0 0 
0 1 
1 0 
1 1 

Channel 0 
Channel 1 
Channel 2 
Illegal Code 

Number of Words. Five-bit code that identifies the number of 
data words to be transmitted or received. The number of words 
shall be equal to the contents of the "Number of Words" field 
plus one (00000 = 1 word, ..... , 11111 = 32 words. The BTU shall 
transmit/receive words from/to a channel address increasing 
monotonically starting at the channel address specified in bits 
18-22. If the initial channel address is a serial channel, the 
"number of words" field shall be interpreted to be the number of 
words transmitted/received on the serial channel . 
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28 Parity. Odd parity. 

(2) PROM or Indirect Command Format. 

1 3 4 8 9 13 14 22 23 27 28 
--------------------------------------------------------------------

Cmd 
Sync 

( 3) 

MIA 
Address 

( 5) 

Mode 
Control 

( 5) 

Starting From ! Number of ! P ! 
Address !Instructions! 

! to Execute ! 
(9) (5) !(1)! 

--------------------------------------------------------------------
The definition of the contents of the PROM Sequence command word is: 

Bit 
Position 

1-8 Command Sync and MIA Address. Same as Standard command format. 

9-13 Mode Control Field. Five-bit code used for determining the 
operational mode of the BTU. 

14-22 

23-27 

Bit 
Position 

9 10 11 12 13 

0 0 0 0 0 Spare. 

0 0 0 0 1 Return PROM Address Word. Commands the BTU to 
return the word at the specified PROM address. 

0 0 0 1 0 Execute Command. Commands the BTU to execute the 
PROM command at the specified PROM address. 

0 0 0 1 1 Spare. 

PROM Starting Address. Nine-bit code that identifies the first 
PROM instruction to be executed. 

Number of Instructions. Five-bit code that identifies the number 
of PROM instruction to be executed by the BTU. The number of 
instructions shall be equal to the contents of the 11 Number of 
Words 11 field plus one. 

28 Parity. Odd parity. 

(3) BITE Test Command Format. When the BTU receives the BITE Test format, 
it sets bits in the BITE status register, as described in Paragraph 
8.2.12.6.2.3(c), and waits for a new command word. 
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1 3 4 8 9 13 14 17 18 22 23 27 28 

Cmd MIA Mode Module Channel Number I p I 

Sync Address Control Address Address Channels 

(3) ( 5) (5) (4) ( 5) ( 5) ! ( 1 ) ! 
-----------------------------------------------------------------

The definition of the contents of the BITE Test command word is: 

Bit 
Position 

1-8 Command Sync and MIA Address. Same as Standard command format. 

9-13 Mode Control Field. Five-bit code used for determining the 
operational mode of the BTU. 

14-17 

18-22 

23-27 

Bit 
Position 

9 10 11 12 13 

0 0 1 0 0 BITE Test 1 Command. Commands the BTU to execute 
BITE Test 1 (SCU Test). 

0 0 1 0 1 BITE Test 2 Command. Commands the BTU to execute 
BITE Test 2 (A/0 Test). 

0 0 1 1 0 BITE Test 3 Command. Commands the BTU to 
BITE Test 3 (PS Test). 

0 0 1 1 1 BITE Test 4 Command. Commands the BTU to 
BITE Test 4 (ICM Test). 

Module Address. A four-bit code (decimal 0 to 15) which 
identifies the 1/0 module where the selected channels are 
located. 

execute 

execute 

Channel Address. Five-bit code (decimal 0 to 31) that identifies 
one out of a maximum of 32 channels on the I/0 module. This code 
also identifies a starting channel address for a multiple-word 
data transfer. The channel addresses available for the 
corresponding I/O Module are the same as for the Standard or 
Direct Command Format, format (1) above. 

Number of channels. Five-bit code that identifies the number of 
channels to test. 

28 Parity. Odd parity . 
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8.2.12.6.1.2 Command Data Word Fonmat. The command data word format is as 
follows: 

3 4 8 9 24 25 27 28 
--------------------------------------------------------------

Data 
Sync 

( 3) 

MIA 
Address 

( 5) 

Data 

( 16) 

Pattern ! P ! 
Check 

1 0 1 
(3) !(1)! 

--------------------------------------------------------------

1 

The definition of the contents of the command data word is: 

Bit 
Position 

1-3 Data Sync. Three-bit non-valid Manchester code for a command 
data sync. 

4-8 MIA Address. Five-bit code that identifies the BTU that shall 
accept the command data word. 

9-24 Data. Contains the data to be transferred from the GPC to the 
subsystem. 

25-27 

28 

Pattern Check. Three-bit pattern, "101" for message validity 
test. 

Parity. Odd parity. 

8.2.12.6.1.3 Response Data Word Format. The response data word format is as 
follows: 

3 4 8 9 24 25 26 27 28 
-------------------------------------------------------------

Data 
Sync 

( 3) 

MIA 
Address 

( 5) 

Data !S!E!V!P! 

( 16) !(1)!(1)!(1)!(1)! 
-------------------------------------------------------------

The definition of the contents of the response data word is: 

Bit 
Position 

1-3 Data Sync. Three-bit non-valid Manchester code for a response 
data sync. 

4-8 MIA Address. Five-bit code that identifies the BTU responding to 
the command word. 

9-24 Data. Con~ains the requested subsystem or BITE data. 
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25 Power Transient Flag. Logical 1 in bit 25 indicates normal 
operation. Logical 0 in bit 25 indicates the occurrence of a 
power down/power up sequence since the transmission of the last 
message. 

26 Error Flag. Logical 1 in bit 26 indicates a subsystem serial 
channel error occurred during transmission of this word. The GPC 
may request BITE status information after the message 
transmission to determine the type of error. 

27 Validity Flag. Logical 1 in bit 27 indicates normal operation. 
Logical 0 in bit 27 indicates an internal BTU error has 
occurred. The computer may request BITE status at the end of the 
message transmission. 

28 Parity. Odd parity. 

SEV bit shall be forced to 11 10,.. for transmitting BSR data word response. 

8.2.12.6.2 BTU Modes. 

8.2.12.6.2.1 Receive Command. Commands the BTU to receive command data words. 

a. Command to BTU. 

3 4 8 9 13 14 17 18 22 23 27 28 

Cmd MIA Mode Module Channel Number p 

Sync Address I Control Address Address Of Words I 

!0 1 0 0 0 X X X X X X X X X X X X X X! 
( 3) ( 5) ( 5) (4) ( 5) ( 5) ! ( 1)! 

-----------------------------------------------------------------

1 

b. Command Data to BTU. As appropriate. 

c. Response Data from BTU. None 

8.2.12.6.2.2 Transmit Command. Commands the BTU to transmit response data 
words. 

a. Command to BTU. 

3 4 8 9 13 14 17 18 22 23 27 28 

Cmd MIA Mode Module Channel Number p 

Sync Address I Contro 1 Address Address Of Words I . 
!0 1 0 0 1 X X X X X X X X X X X X X X! 

( 3) ( 5) (5) (4) ( 5) ( 5) ! ( 1) ! 
-----------------------------------------------------------------

b. Command Data to BTU. None 

c. Response Data from BTU. As appropriate . 
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8.2.12.6.2.3 BITE Status Request. Commands the BTU to transmit the contents of 
the BITE status register and then reset the BITE status register. The BTU BITE 
status register is used to report BTU monitored conditions and BITE results to • 
the GPC. All monitored fault conditions, except for power applied/interrupt, 
set the validity bit (bit 27) in a response data word to a zero state indicating 
to the GPC that the BITE status register should be interrogated. The BITE 
status register is reset after a BITE status command, or a Master Reset 
Command. 

a. Command to BTU. 

1 3 4 8 9 13 14 17 18 22 23 27 28 

Cmd MIA Mode Module Channel Number I p I 

Sync Address I Control Address Address Of Words I 

!0 1 0 1 0 - - - - - - - - - - - - - -! 
(3) ( 5) (5) (4) ( 5) ( 5) ! ( 1) ! 

-----------------------------------------------------------------
b. Command Data to BTU. None. 

c. Response Data from BTU. 

(1) Normal BSR, i.e. No BTU BITE Command Transmitted. 

GPC BTU 
Bit Bit 

0 1 Power to the BTU has been applied, or interrupted. • 1 2 The BTU has detected an error in the incoming data from the 
GPC. 

2 3 The BTU has been requested to access a non-existent 
channel. 

3 4 The BTU is unable to transfer data to/from a subsystem. 

4 5 The BTU received too many words from the GPC in the last 
message. 

5 6 The last command received from the GPC by the BTU was not 
completed. 

6 7 Simultaneous execution on the primary and backup data bus 
has been. 

7 8 An illegal mode has been commanded. 

8 9 An internal BTU error has been detected. 

9 10 A gap-time error has been detected. 

10 11 BITE test has been successfully completed. • 
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11-15 12-16 BITE sub-test number that failed. 

(2) BSR After BITE Test 1 (Reference Paragraph 8.2.12.6.2.9). As a 
result of the BITE Test ~ command, one of the following 7 conditions 
will be loaded into the BSR, and may be accessed by the GPC 1.1 msec 
after the BITE Test 1 command: 

111111 
Qlf.~1i§.lft2.Qlf.~ii 
0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 1 

0 0 1 1 1 1 0 1 0 0 0 0 0 0 0 1 

0 0 1 1 1 1 0 1 1 0 0 0 0 0 0 1 

0 0 1 1 1 1 0 1 0 0 0 0 0 0 1 0 

0 1 1 1 1 1 0 1 1 1 0 0 0 0 1 1 

0 1 1 1 1 1 0 1 1 1 0 0 0 0 0 0 

Output of sequence memory parity network 
always indicates odd parity. 

Command Data Word Check pattern checker 
recognizes bad check pattern as good. 

Command Data Word check pattern checker does 
not recognize good check pattern. 

Sequence memory parity tree failure. 

Register file failure: 

a. Read/Write error 

b. Addressing error 

Module Interface Test: 

a. Addressed module responds to bad check 
bits, or 

b. Addressed module reply line always 
asserted, or 

c. Addressed module not powered. 

Note: If SCU BITE is repeated without cycling BTU 
power, bits 3 and 4 will not be set for error 
conditions b. and c. above. 

0111110111110011 

Bits 12 through 15 contain the binary address 
of the failed module. 

Successful SCU BITE completion. 

(3) BSR after BITE Test No. 2 (Reference Paragraph 8.2.12.6.2.10). As a 
result of the BITE Test 2 command, one of the following 7 conditions 
will be loaded into the BSR, and may be accessed by the GPC: 

111111 
Qlf.~1i§.lft2.Qlf.~ii 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
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First A/D Bite value transferred. 

Second A/D Bite value transferred . 

8-157 



1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 

0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 

0 0 0 0 0 0 0 0 0 0 1 u 0 1 1 0 

Note: 

Third A/D Bite value transferred. 

Fourth A/D Bite value transferred. 

Fifth A/0 Bite value transferred. 

A/D Reply line always asserted. 

Successful A/D Bite completion. 

Bit 4 set during any of the above is an 
additional failure condition. It indicates 
the A/0 reply line was asserted at the wrong 
time, or was never asserted. This condition 
will affect the V bit of the Response Data 
Words. 

(4) BSR After BITE Test No. 3 (Reference Paraqraoh 8.2.12.6.2.11). As a 
result of the BITE Test 3 command, one of the following 4 conditions 
will be loaded into the BSR, and may be accessed by the GPC 43 msec. 
after the BITE Test 3 command: 

111111 
Ql.f~i~§.l!!2.Ql.f~i~ 
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 

Power supply BITE reply line always indicates 
test pass. 

First half of power supply BITE failed. 

Second half of power supply BITE failied. 
(Redundant BTU only). 

Successful power supply BITE completion. 

8.2.12.6.2.4 Master Reset. Commands the BTU to reset all registers. 

a. Command to BTU. 

3 4 8 9 13 14 17 18 22 23 27 28 
-----------------------------------------------------------------

Cmd MIA Mode Module Channel Number I p I 

Sync Address I Contro 1 Address Address Of Words I 

!0 1 0 1 1 - - - - - - - - - - - - - -! 
( 3) ( 5) ( 5) (4) ( 5) ( 5) ! ( 1 ) ! 

-----------------------------------------------------------------
b. Command Data to BTU. None 

c. Response Data from BTU. None 

8.2.12.6.2.5 Return Command Word. Commands the BTU to return the received 
command word. 

a. Command to BTU. 
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1 3 4 8 9 13 14 17 18 22 23 27 28 
-----------------------------------------------------------------

Cmd MIA Mode Module Channel Number p 

Sync Address I Contro 1 Add res·. Address Of Words I 

_I !0 1 1 0 0 - - - - - - - - - - - - -
( 3) ( 5) ( 5) (4) (5) ( 5) ! ( 1 ) ! 

-----------------------------------------------------------------

1 

b. Command Data to BTU. None 

c. Response Data from BTU. One word containing the contents of the received 
command word. The BTU shall transmit 14 bits of the command word starting 
with bit 14 and ending with bit 27. Bits 14-27 of the command word are 
inserted into bits 9-22 of the response word. Bits 23 and 24 of the 
response word are loaded with "ZEROS". 

8.2.12.6.2.6 Load BITE. Commands the BTU to load the BITE status register. 

a. Command to BTU. 

3 4 8 9 13 14 17 18 22 23 27 28 
-----------------------------------------------------------------

Cmd MIA Mode Module Channel Number p 

Sync Address I Control Address Address Of Words I . 
!0 1 1 1 0 - - - - - - - - - - - - - _I 

( 3) ( 5) ( 5) (4) ( 5) ( 5) ! ( 1)! 
-----------------------------------------------------------------

1 

b. Command Data to BTU. One word with the same format as the BSR. 

c. Response Data from BTU. None 

8.2.12.6.2.7 Return the Word at the PROM Address. Commands the BTU to return 
the word at the specified PROM address. 

a. Command to BTU. 

3 4 8 9 13 14 22 23 27 28 
--------------------------------------------------------------------

Cmd 
Sync 

( 3) 

MIA 
Address 

( 5) 

Mode 
Control 

0 0 0 0 1 
( 5) 

Starting Prom 
Address 

X X X X X X X X X 
(9) 

1 Number of 
!Instruction 

to Execute 
X X X X X 

( 5) 

p 

! ( 1) ! 
--------------------------------------------------------------------

b. Command Data to BTU. None 

c. Response Data from BTU. For a PROM sequence command, the message consists 
of up to 512 response data words. 

B.2.12.6.2.8 Execute Command. Commands the BTU to execute the PROM command(s) 
starting at the specified PROM address . 

a. Command to BTU. 
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1 3 4 8 9 13 14 22 23 27 28 
--------------------------------------------------------------------

Cmd 
Sync 

( 3) 

MIA 
Address 

( 5) 

Mode 
Control 

0 0 0 1 0 
( 5) 

Starting Prom 
Address 

X X X X X X X X X 
(9) 

1 Number of 
!Instruction 

to Execute 
X X X X X 

( 5) 

p 

! ( 1 ) ! 
--------------------------------------------------------------------

1 

b. Command Data to BTU. As appropriate. 

c. Response Data from BTU. As appropriate. 

8.2.12.6.2.9 BITE Test 1. Commands the BTU to execute BITE Test 1 Sequence 
Controller Unit (SCU) test. 

a. Command to BTU. 

3 4 8 9 13 14 17 18 22 23 27 28 
-----------------------------------------------------------------

Cmd MIA Mode Module Channel Number I p I 

Sync Address I Control Address Address Of Words I 

!0 0 0 1 0 - - - - - - - - - - - - - -! 
(3) ( 5) ( 5) (4) ( 5) ( 5) ! ( 1 ) ! 

-----------------------------------------------------------------
b. Command Data to BTU. None. 

c. Response Data from BTU. None. 

d. SCU Test Description. the following tests are initiated internal to the 
BTU during the SCU test. 

(1) BTU receiver addressing is checked to insure response to only 1 of 32 
addresses by internally forcing all possible receiver addresses and 
verifying only one result in the BTU selected. 

(2) Data word pattern checking is verified by internally generating 
incorrect check patterns and verifying an error can be detected. 

(3) All counters are checked against one another by loading and monitoring 
simultaneous overflow. 

{4) PROM odd parity checking is verified by forcing bad parity. 

( 5) PROM cyclic checking is verified by executing a sequence with an 
incorrect cyclic check. 

(6) SCU OUT BUS, SCU IN BUS and ICM interfaces are verified by selecting 
and communicating with each ICM, and monitoring for the correct 
response. The ability of the IOMs and SCU to recongnize bad check 
bits on the SCU OUT BUS and SCU IN BUS will also be verified at this 
time. 
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The above tests are further subdivided into up to 32 subtests. The 
number of the failed subtest is loaded into the BSR. Any detected 
failure while testing the SCU will stop the test with the BITE subtest 
failed number in the BSR The GPC, after allowing time (1.1 
milliseconds) for the BTU to perform its BITE test, may interrogate 
the BSR status. 

8.2.12.6.2.10 BITE Test 2. Commands the BTU to execute BITE Test 2, Analog to 
Digital Converter (A/D) Test. The A/D converter is tested with a GPC command to 
execute the A/D test. Five references are converted and sent to the GPC for 
evaluation. The GPC should evaluate these references against programmed 
constants. The constants and sequence are as shown in the Response Data. 

a. Command to BTU. 

3 4 8 9 13 14 17 18 22 23 27 28 

Cmd MIA Mode Module Channel Number I p I 

Sync Address I Contro 1 Address Address Of Words I 

!0 0 1 0 1 - - - - - - - - - - - - - -! 
(3) ( 5) ( 5) (4) ( 5) ( 5) ! ( 1 ) ! 

-----------------------------------------------------------------

1 

b. Command Data to BTU. None 

c. Response Data from BTU. 

Correct Bit Pattern (16 Bits) 

WORD 5 
WORD 1 
WORD 2 
WORD 4 
WORD 3 
or WORD 

0111111111000000 
1000000000000000 
1011010XXXOOOOOO 
0100101XXXOOOOOO 
oooooooxxxoooooo 

3 llllllOXXXOOOOOO 

+Full Scale 
-Full Scale 
-Reference 
+Reference 
Null 
Null 

8.2.12.6.2.11 BITE Test 3. Commands the BTU to execute BITE Test 3, Power 
Supply (PS) Test. During the PS Test, the associated core power-supply 
regulators are placed in a slight offset condition and monitored for back-up 
takeover. Primary, secondary, and 28V sources are verified. 

Any detected failure while testing the PS will stop the test with the BITE 
subtest failed number in the BSR. The GPC, after allowing time for the MOM to 
perform the test (43 msec), may interrogate the BSR status. 

a. Command to BTU. 

3 4 8 9 13 14 17 18 22 23 27 28 

Cmd MIA Mode Module Channel Number I p I 

Sync Address I Control Address Address Of Words I 

!0 0 1 1 0 - - - - - - - - - - - - - -! 
(3) (5) ( 5) (4) ( 5) ( 5) ! ( 1 ) ! 

-----------------------------------------------------------------
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b. Command Data to BTU. None 

c. Response Data from BTU. None 

8.2.12.6.2.12 BITE Test 4. Commands the BTU to execute BITE Test 4, Input 
Output Module (IOM) Test. A command may test a module sequentially or on a 
single channel basis using the normal module address, channel number, and number 
of words fields in the command word. 

a. Command to BTU. 

3 4 8 9 13 14 11 18 22 23 27 28 
-----------------------------------------------------------------

Cmd MIA Mode Module Channel Number p 
Sync Address I Control Address Address Of Words I 

!0 0 1 1 1 X X X X X X X X X X X X X X! 
(3) (5) ( 5) (4) ( 5) ( 5) ! ( 1)! 

-----------------------------------------------------------------
b. Command Data to BTU. See a through e. 

c. Response Data from BTU. See a through e. 

(1) AOD Module Type. Test of the AOD modules will result in one response 
data word per channel. The AOD test response should be compared by 
the GPC with the Programmed output. During AOD test, the GPC must 
account for output settling before testing. When testing an AOD 
module the GPC should compare the programmed output with the BITE 
reply by subtracting the two. The difference should be less than a 
predetermined value as given by the following equation. 

(Programmed output) - (BITE Reply) 

= ooooooxxxxoooooo 
or 

= 111111XXXXOOOOOO 

(2) DOH, DOL, and POH Module Type. Test of the these modules will result 
in one response data word per channel. The value of the responses 
data word(s) will be the state of the actual command discrete output 
signals. 

(3) DIH and~ Module Type. Test of DIH or~ modules will 

ICD-2-19001 

result in two response words per channel, not to exceed 64 response 
data words. The two input 10M test response words should be compared 
by the GPC against each other. These test words will consist of 
predetermined complement bit patterns, independent of subsystem 
inputs. The GPC should verify that the two test words are complement 
bit patterns of the correct form. The bit patterns for each channel 
are: 
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Channel Word Bit Pattern 

0 1 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 
0 2 1 1 1 1 0 ( 0 0 0 0 0 0 1 1 1 1 
1 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
1 2 1 1 1 1 0 0 0 0 1 1 1 1 0 0 0 0 
2 1 1 1 1 1 0 0 0 0 1 1 1 1 0 0 0 0 
2 2 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 

{4) SIO Module Tvoe. The bit pattern will be alternate ones and zeros 
starting with a one in the first bit. 

WORD 1 
WORD 2 

Bit Pattern 
1010101010101010 
0101010101010101 

{5) AID Module Type. Test of the AID module will result in two response 
data words per channel, not to exceed 64 response data words. 

CHANNEL 

0 
1 
2 
3 
4 
5 
6 
7 

The first word will consist of the actual analog input modified by a 
gain change and constant. The second word will be the actual analog 
input. The GPC should unmodify the first word using a programmed gain 
change and constant and compare it against the second word. The 
equation which the GPC should implement is as follows, where BIT 
RESPONSE is the first response word and ACTUAL RESPONSE is the second: 

{BIT RESPONSE) - {ACTUAL RESPONSE)/2 = CONSTANT 

The value of the CONSTANT is either positive or negative depending on 
the channel number and the bit patterns should be as given below. 

Bit Pattern 
CONSTANT {+) 0 0 1 1 0 X X X X X 0 0 0 0 0 0 
CONSTANT {-) 1 1 0 0 1 X X X X X 0 0 0 0 0 0 

The channel number and sign are as follows: 

SIGN CHANNEL SIGN CHANNEL SIGN CHANNEL SIGN 

+ 8 16 24 + 
9 + 17 + 25 

10 + 18 + 26 
+ 11 19 27 + 

12 + 20 + 28 
+ 13 21 29 + 
+ 14 22 30 + 

15 + 23 + 31 

8.2.12.6.3 BTU Data Characteristics. The Data Conventions and Scaling 
Requirements are defined in Section 9.0, Software Interfaces, Paragraph 9.4.4, 
Orbiter Data Bus System Interface. 

8.2.12.6.3.1 {Deleted) 
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8.2.12.6.3.2 (Deleted) 

8.2.12.6.3.3 (Deleted) 

'8.2.12.6.3.4 (Deleted) 

8.2.12.6.3.5 (Deleted) 

8.2.12.6.3.6 (Deleted) 

8.2.12.7 Cargo Terminal Address Codes. Cargo terminal (BTU) address codes are 
allocated according to Table 8.2.12.6.1.1- 1. Only these addresses shall be 
used for the Orbiter/Payload (BTU) communications. 

Orbiter bus controller support for multiple BTU•s is defined in Section 9.0. 
Cargo elements shall make accommodations to change cargo terminal address codes 
on a mission basis. These addresses will be assigned when the cargo element is 
manifested for each flight. 

8.2.12.8 Cargo Bus Terminal Unit Error Handling. The address field of all 
command and command data words shall be decoded and checked within the BTU. 
When a command word is received by a BTU which does not have that BTU•s address 
the BTU shall not respond to the command word nor the following command data 
words in any way. If a command word which contains a BTU•s address is received 
by that BTU, but the word is otherwise invalid, the BTU shall not use that 
command word, shall not respond to any following command data words in that 
message, and shall set a bit in the BITE status register in the BTU. 

• 

When a command data word is received by a BTU that does not have that BTU•s • 
address, but has been preceded by a valid command word addressed to that BTU, 
the command data word shall be considered invalid by the BTU, and a bit shall be 
set in the BTU BITE status register. logic shall be provided in the BTU to 
detect an invalid check bit pattern in the command data word. When a BTU 
receives a command data word with an invalid check bit pattern or data 
validation errors as defined in paragraph 8.2.12.5, the command data word shall 
be considered invalid by the BTU, and a bit shall be set in the BTU BITE status 
register. 

The BTU shall also contain logic to count the words in a message and compare it 
to the number of words indicated in the command word. All BTUs shall check to 
insure that a word has not been missed in a message as the result of an 
inter-word gap time-out. This time-out shall be between 8 and 35 microseconds. 
When a BTU detects a time-out it does not respond to any of the command data 
words following the time-out, it shall set a bit in the BTU BITE status 
register, and it shall disregard the entire message which was not completed. 

8.2.12.9 Orbiter Bus Controller Error Handling. The bus controller shall be 
capable of detecting errors, generating error status information, and processing 
error status information. Upon detection of one or more errors, a status word 
shall be generated which indicates error condition detected. 

8.2.12.9.1 Error Detection. 
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8.2.12.9.1.1 Address Check. The address or outgoing command words shall be 
saved and compared with the address on the returned response data word. If an 
invalid address is detected in the response word, the word shall be considered 
invalid. 

8.2.12.9.1.2 Pattern Check. If a response data word is received with a pattern 
other than "101" in bit locations 25- 27, The data word shall be considered 
invalid. 

8.2.12.9.1.3 Data Validation Errors. If a response data word is received with 
a data vaiUiation error, as defined in paragraph 8.2.12.5, the data word 
shall be considered invalid. 

8.2.12.9.1.4 Missing Word. The bus controller shall detect missing words 
within a data stream received on a data bus. 

8.2.12.9.1.5 Turnaround Time. The Orbiter bus controller shall perform a check 
to insure that the maximum turnaround time is not exceeded. The turnaround time 
is the time between the last bit of the command word transmitted and the first 
bit of the received response word. This time will depend on the particular bus 
terminal unit being addressed. If the maximum turnaround time is exceeded, an 
error condition will be presumed to exist and the data shall be considered 
invalid. The cargo BTU turnaround time shall be 5 to 23 microseconds. 

8.2.12.10 Failure Detection and Isolation. The Orbiter bus controller shall be 
capable of utilizing the information derived from error checking and BITE status 
failure detection and fault isolation . 

8.2.12.11 Grounding and Shielding. Grounding and Shielding shall be as shown 
in Figure 8.2.12-2 . 
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:Jabee 8.2. r 2-r Orbiter/Carvro :bata eu~ (Orbiter :Jran.~m.ittint;J 
Orbiter :Jran.~m.ittint;- Carvro d3:JU Receiving electrical 

9n.te,.Pace Characteri~tic~ 

--------------------------------------------------------------------
ICD INTERFACE (5) 

!-----------------------------
DUE .t.oad 

PARAMETER ! DIMENSION! TO SOURCE ! Requirement~ 
----------------------------!---------!-------------!---------------
Type 

Code 

Analog Range Min Volt 
Max Volt 

Positive Signal Peak Max!Volt 
Min!Volt 
Max Volt 

Min Volt 

Negative Signal Peak Max Volt 
Min Volt 
Max Volt 

Min! Volt 

!Serial Burst 
! (See Figure 
!8.2.12.6.2) 
I 

!Serial Burst 
! (See Figure 
!8.2.12.6.2) 

!MIL-STD-1572 !MIL-STD-1572 
!Bi-Phase L !Bi-Phase L 

!NA 
!NA 

!NA 
!+2.5 
!+5.9 

!+2.6 

!NA 
!-2.5 
!-5.9 

!-2.6 

(4) 

(4) 

!NA 
!NA 

!+0.56 (NO RESPONSE) 
!+1.0 (MUST RESPOND) 
!+7.9 

!+2.5 (Ref. Paragraph 
!8.2.12.4.1) 

!-0.56 (NO RESPONSE) 
!-1.0 (MUST RESPOND) 
!-7.9 

!-2.5 (Ref. Paragraph 
!8.2.12.4.1) 

Ripple and Noise Max!Millivolt!300 RMS !300 RMS 
(Excluding overshoot and 
undershoot) 

CMV 

Rise/Fa 11 Time 
(10 to 90 percent) 

Noise Supp Bandwidth 

CMRR 

lCD-2-19001 

Max!Volt 

Min!Microsec 
Max! 

! Hertz 

!dB 

!±lOV Peak 
!from de to 2 
!MHz sine Ref 
!shield 

0.10 
0.26 (3) 

NA 

!NA 

8-166 

!No Response to 
!±32 V Peak 
!from de to 2 
!MHz sine Ref 
!shield 

0.10 
0.26 (3) 

Reject up to 
±14 V Peak 

!below 1KHz and 
!between 5MHz 
!and 30 MHz 

!Reject CMV 

• 

• 

• 



• 

• 

• 

:Jable 8.2. r 2-r Orbiter/Carv;o :bata &~(Orbiter :lf"t1.11.4mittin.t;) 
Orbiter :Jran.~mittin.t; - Carv;o i3:JU Receiuin.t; electrical 

9nt e,.Pace Charact eri~tic~ (Concluded) 

--------------------------------------------------------------------
lCD INTERFACE (5) 

!-----------------------------
DUE .C.oad 

PARAMETER ! DIMENSION! TO SOURCE ! Requirement~ 
----------------------------!---------!-------------!---------------
Distortion 

Frequency 
Bit Rate 

Transfer 

Impedance 

Pwr-Off Imp 
Per Stub 

Drive Capability 

Load Current 

Overvoltage 
Protection 

Fault Voltage 
Emission 

Fault Current 
Limitation (Estimate) 

Max!Volts 

MBPS 

Min!Ohm 
Max!Ohm 

!Ohm 

Milliamps 

Max Milliamps 

Max Volt 

Max Volt 

!10 percent 
!overshoot to 
!1 percent 
!undershoot 
!(Ref signal 
!Peak) 

! 1 ± 0.1 
percent 
(See Figure 
8.2.12.1-1) 

Direct 
Coupled 
Balanced 

.70 
!80 

NA 

85 Peak 
5.9V 
NA 

NA 
±8 Diff 

·±8 Diff 
!NA (2) 

at 

( 1) 

( 1) 

Max!Milliamps!200 

! 10 percent 
!overshoot to 
!1 percent 
!undershoot 
'(Ref signal 
peak) 

1 ± 0.1 
percent 
(See Figure 

.8.2.12.1-1) 

!Direct 
!Coupled 
!Balanced 

70 
80 

.NA 

!NA 

! 101 
!7.9V 

Peak at 

!32 Vdc CM 
!±8 Diff (1) 

!±8 Diff (1) 
!NA (2) 

!200 

--------------------------------------------------------------------
(1) Within the signal bandwidth of 330KHz- 1.5 MHz. 
(2) Single point fault voltage cannot draw current on unreferenced, 

transformer isolated lines. 
{3) Operational Boundaries . 
(4) Faulted condition. 
(5) Main data bus parameters. 
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:Jabte 8.2. 7 2-2 Orbiter!Cart~o :Data &o (Cart~o 6:JU :Jran.omittin.g.) 
Carg.o 6:JU :Jran.omittin.g. -Orbiter Receiving. etectricaJ 

9n.terface Characteriotico 

--------------------------------------------------------------------
lCD INTERFACE (5) 

!-----------------------------
PARAMETER 

DUE .t.oad 
! DIMENSION! TO SOURCE ! Refiuiremento 

----------------------------·---------!-------------!---------------
Type 

Code 

Analog Range Min Volt 
Max. Volt 

!Serial Burst Serial Burst 
!(See Figure (See Figure 
!8.2.12.6.2) 8.2.12.6.2) 

!MIL-STD-1572 MIL-STD-1572 
Bi-Phase L Bi-Phase L 

NA 
NA 

NA 
'NA 

Positive Signal Peak (1) Min!Volt 
Min!Volt 

+2.5 
.+2.6 

(4) +1.0 (MUST RESPOND) 
+2.5 

Negative Signal (1) 
Peak 

Ripple and Noise 
(Excluding overshoot 
and undershoot) 

CMV 

Rise/Fa 11 Time 
(10 percent to 90 
percent) 

Noise Supp Bandwidth 

CMRR 

IC0-2-19001 

Max!Volt 

Max Volt 

Min Volt 
Min Volt 

Max Volt 

!+5.9 

!NA 

!-2.5 
-2.6 

-5.9 

Max.Volt NA 

(4) 

Max!Millivolt 300 RMS 

+7.9 (Ref. Paragraph 
8.2.12.4.1) 

.+0.56 (NO RESPONSE) 

-1.0 (MUST RESPOND) 
-2.5 

-7.9 (Ref. Paragraph 
8.2.12.4.1) 

-0.56 (NO RESPONSE) 
300 RMS 

Max! Volt ±lOV Peak No Response to 
from de to 2 .±32 Volts Peak 
MHz sine Ref.!from de to 2 
shield !MHz sine Ref. shield 

Min Microsec 0.10 
Max Microsec 0.25(3) 

Hertz !NA 

!dB !NA 

8-168 

!0.10 
!0.26(3) 

!±14 Volts Peak 
!Below 1KHz and 
!between 5 MHz 
!and 30 MHz 

!Reject CMV 

• 

• 

• 



• 

• 

• 

::Jable 8.2. 12-2 Orbiter/CQ1'9o :bata &6 (C!Q1'90 d3::JU ::lran.6m.ittin.t;) 
CQ1'9o d3::JU ::lran.6m.ittin.9 -Orbiter Receivin.9 electrical 

9nterface Characteri6tic6 (C!onclud.edJ 

--------------------------------------------------------------------
lCD INTERFACE (5) 

!-----------------------------
DUE .load 

PARAMETER !DIMENSION! TO SOURCE ! Requirem.ent6 

---------------------------- ---------!-------------'---------------
Distortion 

Frequency 
Bit Rate 

Transfer 

Impedance 

Pwr-Off Imp 

Drive Capability 

Load Current 

Overvoltage Protection 

Fault Voltage 
Emission 

Fault Current 
Limitation 

Max Volts 

Hertz 
MBPS 

Min!Ohm 

Max!Ohm 

!Ohm 

! 10 percent 
!overshoot to 
!1 percent 
!undershoot 
! (Ref 
!Peak Sig.) 
I 

!NA 
!1 ± 0.1 per­
!cent (See 
!Figure 
!8.2.12.1-1) 

Direct 
Coupled 
Balanced 

70 

80 

.NA 

Max Milliamps!85 Peak at 
!5.9V 

Max Mi 11 iamps !NA 

Max Volt(PK) !NA 
!±8 Diff ( 1) 

Max!Volt(PK) !NA (2) 
!±8 Diff 

Max!Milliamps!200 

10 percent 
overshoot to 
1 percent 
undershoot 
(Ref 
Peak Sig.) 

NA 
1 ± 0.1 per­

!cent (See 
! Figure 
!8.2.12.1-1) 

!Direct Coupled 
!Balanced 

70 

80 

NA 

NA 

101 Peak at 
7.9 v 

±32V de CM 
±8 Diff ( 1) 

! NA ( 2) 
!±8 Di ff 

!200 

-------------------------------------------------------------------
(1) Within the signal bandwidth of 330KHz- 1.5 MHz. 
(2) Single point fault voltage cannot draw current on unreferenced, 

transformer isolated lines. 
(3) Operational Boundaries. 
(4) Faulted condition. 
(5) Main data bus parameters . 
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TABLE 8.2.12.6.1.1-1 CARGO TERMINAL ADDRESS CODES-

---------------------------------------------------------
PAYLOADS BTU! 

!-----------------! BTU 1 ! BTU 2 ! BTU 3 ! BTU 4 ! BTU 5 ! 
! DATA BUS 
·-----------------·-------·-------·-------·-------·-------· . . . . . . . 

Pll ( P) 6 9 15 29 30. 
!-----------------!-------!--·-----!-------!-------!-------! 

PL2 (S) 6 9 15 29 30 
---------------------------------------------------------

(P) - PRIMARY PORT 
(S) - SECONDARY PORT 

NOTE: On the Orbiter/Payload Data Bus System there are 5 BTU 
addresses available to support a maximum of four cargo BTUs. 
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ORBITER 
BUS 

INTERFACE 

CARGO BUS 
TERMINAL 
UNIT 11 

CARGO BUS 
TERMINAL 
UNIT 12 

-:1 
I 
I® 

r-- ~ I 
I I 

~----:J 
DBC • DATA BUS COUPLER 
MIA • MULTIPLEXER INTERFACE ADAPTER 

~FOR DATA BUS STUB LENGTH SEE PARAGRAPH 8.2.12.2 
tJD FOR DATA BUS TERMINATION LENGTH SEE PARAGRAPH 8.2.12 

. __ (CONFIGURATION IS TYPICAL, BUT NEED NOT RETURN TO SAME DBC 
FOR TERMINATION) 

FIGURE 8.2.12-3 ORBITER/CARGO BTU INTERFACE 
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+VOLTAGE 

-VOLTAGE 

II I I t t 1000 NANOSEC PLUS OR MINUS 5 PERCENT}. MEASURED AT 
1000 NANOSEC PLUS OR MINUS 5 PERCENT PLUS/MINUS 

......_ ___ 500 NANOSEC PLUS OR MINUS 10 PERCENT TRANSITION POINTS 

NOTE: BI-PHASE LEVEL (MANCHESTER II) 
"1" REPRESENTED BY 10 
"0" REPRESENTED BY 01 

FIGURE 8.2.12.1-1 DATA CODE 
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SYNC (O) 
COMMAND - D8A1T_f~ 
58~-tSf-- - 1~-tS 

+ VOLTAGE ±
5

% r· 

I 0 ------~"----+---;.....&...---COMMAND WORD SYNC 

- VOLTAGE 

+ VOLTAGE 

I 
I 

..__,J 

j l~i~sf-L 
2.01JS 
±4. 75% 

~4~fs; r 
1.5~-tSL 

±3% r , 
I 

0 ---y----+---'~·---DATA WORD SYNC 
I ( C0fof4AND DATA & 
I RESPONSE DATA) 

-VOLTAGE L-

-f l.~~~sr-- c~!t 
~DATA SYNC-- BIT 

(1) 

FIGURE 8.2.12.1-2 WORD SYNCS, NONVALID MANCHESTER CODE 
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0 VOLTS 

125 MY MAX 

• 

• FIGURE 8.2.12.3-1 TRANSMITTER OUTPUT WAVEFORM DISTORTION 
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28+0.1 - . 
5.5+0.5f-l$EC { 5.5+0.5JJSEC 

r- ~SEC __., ,._~ 
I cw Hr---co-w---iH cow 1---- __ r--cow ___ L._ 

L ________ J 

FIGURE 8.2.12.6-1 DATA TRANSFER FROM GPC TO INTERFACE UNITS 

CW - COMMAND WORD 
COW - COMMAND DATA WORD 
ROW - RESPONSE DATA WORD 

NOTE: SEE PARAGRAPH 8.1.6.9.1.5 FOR TURNAROUND TIMES 

J SEE NOTE / ~-~ 5+0. 5~E~ 

1_28:s~~·1-~ ~ 
CW ~~--R-0-W--~~~---RD-W----~~----!R_DW __ -Jr--

ICD-2-19001 

RESPONSE DATA FROM INTERFACE UNITS 
DATA REQUEST FROM GPC 
TO INTERFACE UNITS 

FIGURE 8.2.12.6-2 DATA TRANSFER FROM INTERFACE UNITS TO GPC 
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8.2.13 {Deleted) 

B .2.14 Cbeteted> 
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8.3 DETACHED PAYLOADS 

The Payload Interrogator shall provide full duplex RF communication between the 
Orbiter and detached payloads. This capability shall include transmission of 
commands to, and the reception of telemetry data from, such payloads. Both NASA 
(STDN and DSN) and DOD (SGLS) transmit/receive frequency pairs shall be 
available. See Appendix C for specific selectable channels. 

In addition to two-way RF communication, Ku-band rendezvous radar shall also be 
available. :Jhe radar 4hall 6kin.-track tarv;et6. 

In the following paragraphs, "characteristics" refers to those Orbiter avionics 
characteristics of which the payload must be cognizant, and "requirements" 
refers to specifications placed upon payload communication equipment. 

8.3.1 Payload Interrogator (PI) RF Interfaces. 

8.3.1 .1 Transmitter Characteristics. The principal transmitter characteristics 
shall be as listed in Table 8.3.1.1-1. 

8.3.1.2 Receiver Characteristics. The principal receiver characteristics shall 
be as listed in Table 8.3.1.2-1. 

8.3.1 .3 Antenna Characteristics. The PI/Payload link shall utilize a single 
beam antenna for both transmission and reception. The antenna shall have a beam 
width bounded by an 80° cone aligned with the +Z axis. Polarization, either 
RHCP or LHCP, shall be switch selectable in the Orbiter . 

8.3.2 PI Data Interfaces. Data interfaces provided for detached payload use 
are classed as standard or non-standard. Standard interfaces are prewired 
interfaces provided by the baseline Orbiter employing pre-established data 
handling methods. Non-standard interfaces are those requiring payload-provided 
unique wiring and processing equipment to be installed at the AFD. Input/output 
data interfaces shall be available at the PSDP for access to and from the PI. 
Figure 8.3.2-1 presents a block diagram of the signal routing for both standard 
and non-standard operation. 

8.3.2.1 Standard Payloads. 

8.3.2.1.1 Commands. Command data shall be accepted by the Payload Signal 
Processor from the GPC. This data shall be modulated onto a 16 KHz subcarrier 
and handed off to the PI for RF transmission to detached payloads. Refer to 
Para. 8.2.5 and Table 8.2.5.1-1 for command structure and subcarrier performance 
characteristics. 

8.3.2.1.2 Telemetry. Telemetry data in standard operation shall be modulated 
onto a 1.024 MHz subcarrier by the payload. The PI receiver shall strip the RF 
carrier and hand off the subcarrier signal to the PSP. A single form of 
telemetry signal shall be allowed with summary requirements as listed in Table 
8.3.2. 1 .2-1. 

8.3.2.2 Non-Standard Payloads . 
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8.3.2.2.1 Commands. A payload selectable input port to the PI transmitter 
shall exist at the payload station distribution panel (PSDP) (Ref. Para. 
8.3.2.2.3). This port shall allow non-standard command signals to directly • 
modulate the PI transmitter. Such signals shall comply with the requirements 
shown in Table 8.3.2.2.1-1. 

8.3.2.2.2 Telemetry. An output port from the PI receiver shall exist at the 
PSDP. The interface characteristics for demodulated RF signals from the PI 
shall be as defined in Table 8.3.2.2.2-1. 

8.3.2.2.2.1 Telemetry Modulation Criteria. Phase modulation (PM) of the 
payload transmitter carrier shall be the only allowable type. (Quadriphase 
modulation shall not be allowed). When employed, subcarriers shall be either 
phase or frequency modulated. Further restrictions on the use of subcarriers 
will follow. Direct carrier modulation by analog signals shall not be allowed: 
however, direct modulation by digital signals shall be allowed subject to 
restrictions to follow. Carrier modulation by periodic signals having 
fundamental frequencies less than 250 KHz shall not be permitted. No incidental 
and/or spurious discrete frequency component sideband levels shall be greater 
than 29 db below the unmodulated carrier within a frequency range of 250 KHz 
about the carrier. 

8.3.2.2.2.1.1 .7requetio; modulated Subcarrier6. 

a. Analog Modulations. The subcarrier frequency shall be greater than 250 KHz 
and the analog modulation shall satisfy the inequality: 

fmM > 4.6 X 105 

where fm is the bandwidth or maximum frequency of the baseband analog 
signal in Hz and ~f is the peak frequency deviation of the subcarrier in 
Hz. Provided the above inequality is satisfied, the maximum allowable 
carrier phase modulation index, B, by the frequency modulated sinusoidal 
subcarrier shall be the lessor of 1.85 radians (106°) or the B which 
satisfies the relationship: 

b. Digital Modulations. The subcarrier frequency shall be greater than 250 
KHz and the data .bit rate (Rb) of the frequency shift keyed (FSK) 
modulation shall be greater than 2KBPS. Provided Rb is greater than 
2KBPS, the maximum allowable carrier phase modulation index, B, by the FSK 
modulated sinusoidal subcarrier shall be the lessor of 1.85 radians (106°) 
or the B which satisfies the relationship: 

8.3.2.2.2.1.2 Phase Modulated Subcarriers. 

a. Analog Modulations. Phase modulation of subcarriers by analog baseband 
signals shall not be allowed. 
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b. Digital Modulations. The subcarrier frequency shall be greater than 250 
KHz and Rb of the phase shift keyed (PSK) modulation shall be greater 
than 2KBPS. Provided Rb is greater than 2 KBPS the maximum allowable 
carrier phase modulation index, a. by the PSK modulated sinusoidal 
subcarrier, shall be the lessor of 1.85 radians (106°) or the a which 
satisfies the relationship: 

8.3.2.2.2.1.3 :Direct Carrier modulation. 

a. Analog Modulation5. Direct phase modulation of the carrier by an analog 
baseband signal shall not be allowed. 

b. Digital Modulations. The allowable NRZ bit rate must satisfy the following 
inequality: 

R 6 > 9. 2 X 1 o4 ( tan213) 1 12 

The maximum number of such bits without transition shall be less than 1.0 x 
to-4R6 . The minimum Bi-0-L bit rate allowed shall be the larger 
bit rate calculated from: 

R6 = 1.23 x 103 tan213 , or 

R 6 = 2. 83 X 1 04 ../ tanl3 

The modulation index 6 for all digital modulations shall not exceed 71.5° 
or 1.25 radians. 

8.3.2.2.3 PI/PS Control Discrete. A control discrete shall be provided via the 
PSDP to the PI to enab 1 e the Paijload Station (PS) input and output ports and 
disable the PSP input and output ports to/from the PI. The characteristics of 
the control discrete shall be as follows: 

True State (PS ports to/from 
PI enabled) 

False State (PSP ports to/from 
PI enabled) 
Termination 

True State Current 
Power Off Impedance 
Load Impedance 

18 to 32 VDC 

0 to 3 VDC 

Single ended return 
to pwr grnd 
10 milliamps maximum 
10 K ohms minimum 
3.2 K ohms minimum 

Cargo element signal processors installed in the PS shall utilize an indication of 
which PI has been selected for use to direct command data and the PS control 
discrete to the correct interrogator. One of two circuits from the forward load 
control assemblies (LCA No.2 and No. 3) shall contain a 28 VDC signal indicating 
which of the two interrogators has been powered on. Interfaces with these circuits 
at the PSDP shall be used to provide limited control power, as required, for the 
PI. The characteristics of the two circuits shall be as follows: 
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Logic '1 • State (PI on) 
Logic •o• State (PI off 
Maximum Current 
Termination 

24 to 32 VDC 
0 plus 2.5, minus 0 VDC 
125 milliamps 
Single ended return to 
power ground 

Circuit protection shall be provided in the cargo element user unit such that 
overloads shall not fault the fusing in the LCA's. 

If a power return line is required in the Cargo element user unit, power return 
for Bus A, B or C shall be used. 

8.3.2.3 Payload Interrogator Receiver Status Data. The Orbiter acquires and 
displays the Payload Interrogator's (PI) configuration status. The Orbiter GPC 
processes and displays the following PI receiver parameters: 

a. Phase Lock - Determine if Phase Lock has occurred and indicated YES or NO. 

b. Phase Error - +85 KHz to -85 KHz. 

c. Payload Signal Strength - Indicates the relative signal strength of the 
received cargo element telemetry data stream - displays o to s volt6 <-102 dbm to 
-20 dbm). Vottat;e pre6en.tation. i6 relative (but n.ot proportional) to the mea6ured 6it;nal 
6tren.t;th received. 

In addition to the above a dedicated AGC (received signal strength) meter is 
provided at the Flight Station. 

• 

8.3.3 Bent Pipe Modes for Detached Payloads. The Orbiter Payload Interrogator • 
shall provide a 'bent-pipe• mode for detached payloads to permit the remodulation of 
received S- Band signals onto the Ku-band return link carrier. The Ku- band signal 
processor shall accept the demodulated signal from the payload interrogator and, as 
a function of its frequency content, route the signal, in response to external 
commands, to either the narrowband channel (Channel 2, mode 1 or mode 2) or the 
wideband channel (Channel 3, mode 2). Received data modulated on a single 
subcarrier and having its highest frequency component less than 2 MHz, shall be 
routed to the narrowband channel. Data modulated on more than one subcarrier and/or 
having frequency components between 2 MHz and 4.5 MHz, shall be routed to the 
wideband channel. 

no:Je: :Jhe bent-pipe mode 6hael be 6elected on.l~j alter the detached pa~oad commun.ication.6 
have been. e6tabei6hed with the P9. :Jhe bent-pipe operation.6 6haet be terminated when. 
the detached pa~oad 6it;nal t>tren.t;th decrea6e6 to a rn.art;in.ae levee (below -t t t .3 c/J3m). 
:Jhi6 operational precaution. wile prevent the det;radation. and/or lo66 oP the .Ku-ban.d 
return. link when. P9 n.oi6e become6 the predominant "Sit;nal" in. the ab6en.ce oP a 
detached pa~oad 6it;nal. · 

8.3.4 Ku-Band Rendezvous Radar Interfaces. 

8.3.4.1 9n.terface Characteri6tic6. The rendezvous radar shall have the interface 
characteristics defined in Table 8.3.4.1-1. 

8.3.4.2 <X>eletedJ 

8.3.4.3 <X>eletedJ 
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:Jable 8.3.1.1-1 Principal P9 :Jran.6m.itter Choracteri6tic6* 

---------------------------------------------------------------------
PARAMETER VALUE . UNITS NOTES 

!--------------------------!---------------!-----------!--------------
!DOD/L-Band Frequency Range! !See Appendix 

c for in­
dividual 
channel freq 
selections 

(SGLS) !1763.721 to 
!1839. 795 

NASAlS-Band Frequency 
Range: 

STDN 

DSN 

!2025.833400 to 
!2117.916600 
!2110.243056 to 
!2119.792438 

MHZ 

MHZ 

MHZ 

--------------------------·---------------!-----------!--------------
Carrier Frequency 

.Stability 
±0.0012 Percent 

-------------------------- ---------------!-----------!--------------
Carrier Phase Noise ~10 !Degrees RMS! ( 1) 
-------------------------- ---------------!-----------!--------------
Carrier Spurs ~ - 55** dBc 
-------------------------- ---------------!-----------!--------------
Carrier Sweep Range 

NASA (Wide) ±15±5 KHz 
DOD (Wide) ±55±5 kHz 
NASA/DOD (Narrow) +33+3 kHz 

----=--=-------!-----------!--------------
.Carrier Sweep Rates 

10±3 
10±3 

250+75 

75 KHz Range (Nominal) 
55 KHz Range (Nominal) 
33 KHz Range (Nominal) 

KHz/sec 
KHz/sec 
Hz/ sec 

!--------------------------!-------=-------!-----------!--------------
!e9RP-- .1Ji9h ! +31.4 ! cl.em. !:Jhree 6elect-
! medium. ! +21.4 ! cl.em. !able level6 
! .Cow ! -2.6 ! cl.em !at antenna 
I I ! lin.te,.Pace.(2) 

! 
! 
! 
I 

---------------------------------------------------------------------
* at Orbiter interface. 
** 0.2 MHz to 16 GHz from carrier 

(1) Steady state error for a 100Hz (Nominal) tracking loop bandwidth. 

(2) Specified for 80 de9. cone 
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:Jable 8.3.1.2-1 Principal R9 Receiver Characteri6tic6* 

PARAMETER VALUE UNITS NOTES 
!----------------------------!-------------------·----------·--·-------------------
'DOD/S-Band Frequency Range 

(SGLS) 

NASAlS-Band Frequency 
Range: 

STDN 
DSN 

!2202.500 to 
!2297.500 

2200.000 to 
2300.000 
2290.185185 to 
2299.814815 

MHZ 

MHZ 

MHZ 

See Appendix C 
for individual 
channel freq 
selections 
selections 

!---------------------------- ------------------- ------------!-------------------
! noi6e :Jit~ure <max> ! 6.0 max. ! dJ3 ! *** ! 
l----------------------------!--------------------!-------------1-------------------! 
!Carrier Acqui6ition. Sweep ! ± 80 ! .KJJz ! ! 
!Ran.t~e <mw 1 1 t 1 
1----------------------------!--------------------!-------------f-------------------f 
!Carrier Pha6e .t.ock :Jim.e ! .$_ 3 ! Sec 10.9 probabiiitlj ! 
'----------------------------'-------------·------·------------·-------------------· . . . . 
!Carrier Sweep Range 

Minimum 
Maximum 

±112 
+132 

KHz 
KHz 

!----------------------------!-----=------------- ------------!-------------------! 
Modulation Index !1.0±10 percent 

!----------------------------!------------------- ------------!-------------------! 
!False Lock Immunity 

Sideband Components 
Signal Levels 

** 

·----------------------------'-------------------'------------'-------------------· . . . . . 
! Output :J.requen.clj R e6pon.6e ! .003 to 4.3 ! m.JJz ! -3d.b Point. 1 6id.e 
!----------------------------!-------------------!------------!-------------------
Flux Density at Orb. I/F 

Acquisition !3.63xlo-12 !Wfm2 
Tracking: 

Threshold ! 1.44xl o-12 !Wfm.2 
InLock (Min) !9.12xlo-12 !W/m.2 
InLock (Max) !1.34 (1~ !W/m.2 

Max. Level w/o Damage ~2.69x10 !Wfm.2 

~80° antenna cone 
!at 2200 MHZ 

----------------------------!-------------------!------------!-------------------
G/T (Gain/Temp) -36.2 !dB/degree K ! 
----------------------------'-------------------'------------'-------------------' . . . . 

! 8 !de,ree6 rm.6 !roo JJz to 5.5 m.JJz ! 
----------------------------'-------------------'------------'-------------------' 
Freq. Shift Rate 

Freq. Shift 

. . . . 
<17 
<87 

KHz/Sec 
KHz 

----------------------------·-------------------·------------·-------------------' . . . . 
Carrier Suppression <10 dB 
----------------------------·-------------------·------------·-------------------' . . . . 
modulation. :Jijpe6 ! ! ! ! 

! Carrier ! Pm I ! ! 
I Subcarrier6 !Pm<PS.K) or :J.Tf/(:J.S.K) ! ! ! 
l----------------------------1--------------------1------------!--------------------! 
16en.t Pipe .t.lm.ltint~ Ratio ! 2.9 to 4.4 ! V-PIV-Rms ! **** ! 
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:Jabee 8.3.1.2-1 Principal P9 Receiver CharacterU.tic6* (Concluded> 

* At Orbiter interface 

** To preclude false lock no periodic modulation components greater than -29 dbc 
shall be allowed within 250 KHz of the carrier frequency. 

*** Referenced to the RF PI input/output port. 

**** 2.0 uolt6 rm6 ± 0.4 uolt6li.n.e-to-li.n.e. with 7 uolt6 peak-to-peak. maximum. 

(1) Will not lock or track above this level . 
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TABLE 8.3.2.1.2-1 STANDARD TELEMETRY SIGNAL REQUIREMENTS 

--------------------------------------------------------------------
PARAMETER VALUE UNITS NOTES 

'--------------------------'---------------'-----------'-------------. . . 
!Waveform 

!Modulation 

Subcarrier Frequency 

Subcarrier Harmonic 
Distortion (Max) 

.Subcarrier Frequency 
Stability over a 10 
second period 

P/L Modulation Index 

Bit Rate 

Bit Rate Accuracy 

Bit Format 

!Data Asymmetry 

Bit Rate Stability over a 
10 second period 

Data Formatting Reqts. 

Transition Density 

!Sinusoidal 

PSK, ±90 

1 .024 
±0.01 percent 

~1.0 

<0.001 

1.0 ± 0.1 

16,8,4,2,1 

!within ± 0.04 

!NRZ-L,M or S, 
!or Bifi-L, M, 
!or S 

<0.01 

Degrees 

MHZ 

Percent 

Percent 

Radians 

kbps 

Percent 

Percent 

Percent 

See Paragraph 8.2.1.1 

!~64 transitions! 
!in 512 bits 

!~64 consecutive! 
!bits w/o 
!transition 

( 1) 

(2) 

(2) 

--------------------------------------------------------------------
(1) The data bits and subcarrier phase may be asynchronous or, 

if synchronous, no specific relationship is required. 
(2) The combination of subcarrier frequency stability and accuracy 

shall not exceed ± 0.01 percent. 
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:Jabte 8 .3.2.2.,-, pS3)p :Jo P9 :Data 9n.put etectricat 
9nterface Requiremen.t6 

PARAMETER VALUE UNITS NOTES 
!--------------------------!-----------!---------------!-------------' 
!Carrier Modulation PM/FSK 

!Modulator Type Linear 

!Modulator Input Bandwidth 1 to 200 KHz 3db, One-
Sided 

!Signal Level Volts (1) 

Load Impedance 75 ± 5 Ohms 

Load Termination ! Differen-
!tial, 
!balanced 
!direct 
!coupled 

--------------------------------------------------------------------
( 1) 1.0 to B.O ± 10 percent peak-to-peak line-to-line (0.2 ~ B ~ 2.5). 

The phase deviation shall be directly proportional to the 
amplitude of the input signal. The linearity of the phase 
modulator shall be maintained to within 10 percent from 0.2 
radians to 2.5 radians when measured from best straight line . 
(1.0 ± 0.1 volts P-P, L-L, is equivalent to 0.3 radians; 
8.0 ± 0.8 volts, P-P, L-L, is equivalent to 2.4 radians.) 
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TABLE 8.3.2.2.2-1 PI TO PSDP DATA OUTPUT ELECTRICAL 
INTERFACE CHARACTERISTICS 

PARAMETER VALUE UNITS NOTES 
--------------------------!-----------·--------------- -------------! 
Output Frequency Response !.001 to 4.5 

Output Signal Level 

Load Impendance 

Load Termination 

ICD-2-19001 

2.0+0.4 
-0.6 

Differen­
tial, 

.balanced 
!direct 
!coupled 

MHZ 

VRMS 

ohms 

8-190 

one sided, 
3 dB 

Not to exceed 
8 volts P-P, 
L-L. 
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TABLE 8.3.4.1-1 RADAR PASSIVE MODE 
ELECTRICAL INTERFACE CHARACTERISTICS 

Parameter !Dimension! Value Notes 
--------------------------------------------------------------------! 
1. Target Type 
--------------------------------------------------------------------! 
Size Meter2 1 .0 Minimum ( 1) 

------------------------!-------------------! 
Scintillation 
Characteri s­

.tics 

Swirling Case I target !Target stabilized 
!in 3 axes to an 
!angular rate of TBD! 
!deg/sec. 

2. Radar 

Operating !GHz 
Frequency ! 

!Nominal Minimum at 
!13.779 

( 2) 

3. Antenna Characteristics 

Side lobe !db !20 minimum 
!relative 
!to 
!mainbeam 

4. Transmitter Power 

EIRP !dbw !52 peak !At 13.779GHz (3) 
-------------!---------!------------------------!-------------------
PRF !pulses/ !nominal 7000 and 3000 

!sec 
!PRF varies with 
! range 

5. Receiver 

Noise Figure !db !5 

(1) Radar system is designed to detect a 1 m2 scintillating 
target at 12 NM with a probability of detection of 0.99. 
Angular searchfield varies with range from a 20 degree half 
angle cone at 12 NM to a maximum of a 30 degree half angle 
cone at 8 NM or less. 

(2) 5 frequency, 4 step frequency diversity - 52 MHz per step 
during search, acquisition and tracking. 

(3) Peak and average power vary with range and duty cycle. Duty 
cycle varies with range from approximately 0.001 to 0.3. 
Peak power selectable - medium and low power selections 
provide nominal reductions of 12 or 24 dB respectively. 
Automatic switch to TWT bypass (approx. 40 dB reduction in 
transmitted power) at short ranges . 
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9.0 SOFTWARE INTERFACES 

9.1 SOFTWARE OVERVIEW 

9.1.1 Scope. The software system functional interfaces between the Orbiter and 
the pa.v/oad~ shall be as shown in Figure 9.1.1-1. :Jhe interface6 a660cia.ted 
with ~oftware are the Payload-Orbiter Payload Data Interleaver (POI) interface, 
the Orbiter Payload Signal Processor CPSPJ interface. the Orbiter m:bTrl interface, 
and the Orbiter data bus interface. The detailed hardware requirements and 
characteristics of these interfaces are described in Section 8.0. The 
constraints, formats, and data content that are software dependent for each of 
these interfaces shall be as defined in the following Paragraphs. 

9. 1 .2 .JJardware/SoPtware Correlation. STnC.JJ CStandard. mixed Ca.fVIO .1Jarne66) 
harwarel~oftware correlation i6 6peci/ied in ::Jable 1 3.5. 1.1-2 for the PSP and P:t:IJ interface6 
and in ::Jable6 1 3.5.1. 1-2 and 1 3.5.1. 1-3 for the Orbiter rrr.t>m interface. i-t order to in6LU'e 
hardwarel6oftware com.pa.tibilitlj when U6inlj Orbiter rrr.t>m srnc.JJ capabilitlj the 6iljfi.QI 
function (:/)0.£. , • :/)0.£. 2 ...• :t:JJ.t. , • :t:JJ.t. 2 ...• etc.) wutd be included a~ part of the 
6peci/ic com.m.andlm.ea6LU'em.ent nomenclature in Annex 4 (Command and :bata Annex) . 
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--- PAYLOADS 

PM C~ SYS PI (UPLINK) 
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MCDS 
LOB 

cc 

OOWNLISt 

DOWNLINK·· TLM ..,_...-t 

LM 

PL MOM 
PF 112 

CMOS 

TLM 

CMOS 
MONITOR 

TO 
ATIACHED 
PAYLOADS 

""'------t• DATA BUS TO 
PAYLOAD-PROVIDED BTU 

LEGEND 

PF 
PI 
PSP 
POI 
DFL 
BTU 
NSP 
PL 
FF 
ICC 
DATA ACQ 
FPL 
GPC 
GNC 
SM 
MOM 
PD1MU 
MCDS 
TLM 
04DS 
LOB 
SID 

PAYLOAD FORWARD 
PAYLOAD INTERROGATOR 
PAYLOAD SIGNAL PROCESSOR 
PAYLOAD DATA INTERLEAVER 
DATA FORMAT LOAD 
BUS TERMINAL UNIT 
NETWORK SIGNAL PROCESSOR 
PAYLOAD 
FLIGHT CRITICAL FORWARD 
INTERCOMPUTER CONTROL 
DATA ACQUISITION 
FETCH POINTER LOAD 
GENERAL PURPOSE COMPUTER 
GUIDANCE. NAVIGATION AND CONTROL 
SYSTEMS MANAGEMENT 
MULTIPLEXER/DEMULTIPLEXER 
PULSE CODE MODULATION MASTER UNIT 
MULTIFUNCTION CRT DISPLAY SYSTEM 
TELEMETRY 
COMMANDS 
LAUNCH DATA BUS 
SERIAL INPUT/OUTPUT 

FIGURE 9.1.1-1 ORBITER- PAYLOAD SOFTWARE 
FUNCTIONAL INTERFACE 
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9.2 ORBITER GPC SOFTWARE INTERFACE. The Orbiter provides the following 
software interfaces for use by the payload . 

9.2.1 Payload Data Interleaver/PCMMU. Payload data interleaver/ PCMMU for data 
acquisition and monitor for attached or detached payloads. 

9.2.2 Payload Signal Processor. Payload Signal Processor for attached or 
detached payloads (commands to attached/detached and telemetry for detached). 

9.2.3 Payload MOM. Payload MOM for data monitoring and command for attached 
payloads. 

9.2.4 Data Bus. Data bus interface with payload provided BTUs for data monitor 
and commands for attached payloads. 

9. 3 FLIGHT PHASE APPLICABILITY. :Jhe abilit'l of the (JPC ooftware to oupport the 
paljloado io both fli'jht and fli'jht time (event> dependent. 

:lime .C.in.e. normael'l. other than. 6upportin'i P:IYJ data throufjhpUt to the 'jrOun.d. the on.e'l 
(JPC ooftware that 6upporto paljloado io an. on-orbit memorfl con.fi'iuration.. S11otemo 
man.a'jemen.t (Sffl). :J.or a nominal miooion. sm io availabee from approximatel'j 77 min.uteo 
alter lift-off until approximatel'l three houro prior to en.trlj. sm ooftware io aeoo briefl'l 
in.otatled durin'i firOun.d proceooin'i alter paljload in.otatlation. into the Orbiter and before 
paf~load ba'l door clooure in. order to 6upport atp'eed-to paljload teotin.fj. 

:Jhere are two other memorfl con.fifiLU'Q.tion.o. e:JS and VU/(;9, con.tain.in.'i verf~ limited 
paljload oerviceo that are on.e'l availabee when. opecificatl'l a'jreed to in. the P9P. e:JS io uoed 
durin'i aocen.tldeocen.t. 9t io in.otatled from approximatel'l .C.-20 min.uteo until on-orbit when. 
sm io loaded and from approximatel'l three houro prior to deocen.t throufih landin.fi. VU/(;9 io 
uoed durin'i other Orbiter prelaunch operation.o. Para'jraph 9.3.1.3 deocribeo the prelaunch 
(poot and pre-paljload ba'l door clooure) paljload ooftware 6upport reotriction.o. 

9.3.1 Prelaunch<VU/49>. The Orbiter software (vehicle utility) in 
conjunction with ground software provides the services in this section 
periodically during the prelaunch phase of the flight for critical payload 
command and monitoring function. The availability of these services during 
prelaunch depends on the Orbiter schedule. :Jable 9.3.1-1 deocribeo the prelaunch 
(poot and pre-paljload ba'l door clooure) paljload ooftware oupport reotriction.o. 

9.3.1 .1 Payload Control and Monitoring. The Orbiter software provides the 
ground complex the capability to communicate with the payload subsystems 
utilizing the launch data bus interface. This capability allows the ground to 
send individual requests to the Orbiter GPC for execution. The capability also 
exists to specify that a resulting response be transmitted to the ground via the 
launch data bus. 

9.3.1.1 .1 Data Acquisition. The Orbiter GPC provides the capability to acquire 
data from the PCMMU/PDI interface, Orbiter payload MOM interface, and payload 
BTUs attached to the payload buses. The legal BTU modes for the payload MOMs 
and payload BTUs attached to the payload buses are defined in Paragraph 
8.2.12.6.1 .1. The data bus configuration for payload BTUs attached to the 
payload data buses shall be as defined in Section 9.4.4.1. The capabilities 
supported via the payload POI interface are defined in Section 9.4.1 . 
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9.3.1.1.2 Data Output. The Orbiter GPC provides the capability to output data 
to the Orbiter pa~oad m:bm interface. and to payload BTUs attached to the 
payload buses. Up to 64-6ixteen bit data word.6 can be output to the PSP. but onl11 • 
throut;h the J:au.n.ch :bata &~ 9nte,.Pace. Depending on the IO modu 1 e, up to 
32-sixteen bit words can be output to Orbiter payload MOMs and payload BTUs 
(refer to Paragraph 8.2.12.6.1.1). 

9.3.1.2 Payload Data Acquisition for Downlink. The Orbiter GPC provides the 
capability to acquire data at 1 Hz from the Orbiter payload MOMs and payload 
BTUs attached to the payload buses. This data is made available to the ground 
via the Orbiter downlink. The only BTU mode supported via this service is 
transmit command (mode 01001, refer to Paragraph 8.2.12.6.1.1). The data types 
acquired are defined in Paragraph 9.4.3.1.4, 9.4.3.3, 9.4.3.4, 9.4.4.3.4, 
9.4.4.6 and 9.4.4.7. The GPC shall acquire data from a maximum of fourteen data 
acquisition elements per payload BTU or per Orbiter payload MOM. The following 
are data acquisition elements: 

a. An Analog Input Module. One to 32 ten bit analogs may be acquired from this 
e 1 ement. 

b. A Discrete Input Module. One to 3-sixteen bit packed discrete words may be 
acquired from this element. 

c. A Serial I/O Channel. One to 32-sixteen bit data words containing any of 
the dasta types specified in Paragraphs 9.4.4.3.4 or 9.4.3.1.4 may be 
acquired from this element. 

9. 3. 2 A~centl:be~cent (6:J.S>. ::Jhe data available for payload support during 
critical flight phases (ascent, abort, descent) shall be limited. This support • 
includes acquistion, first order scaling, limit sensing, fault detection and 
annunciation, display and downl~t*. 

The GPC cannot process subcommutated data. That is each time a data element is 
acquired, it will be processed as a different sample of the same payload 
measurement. The software system functional interfaces between the Orbiter and 
the payload shall be as shown in Figure 9.3.2-1. The interfaces a~~ociated 
with software are the Orbiter MOM interfaces and the Orbiter data bus 
interface. and the Orbiter puJ~e code modulation m.a~ter unit (PCmmu>. The 
constraints, formats, and data content that are software dependent for each of 
these interfaces shall be as defined in the following paragraphs. 

* P:b!J data to the ,round i6 ~ta.ndard and~ available when ~pecified in. the P9P and in. 
Parar;raph s.2.1. 

9.3.2.1 Payload MOM interface. Data shall be input/output from Orbiter GPC 
to/from the payload via the payload MOMs. The types of input/output shall be 
analog and discretes. The only capability to output commands shall be via 
Orbiter up 1 ink.. The Orbiter software provides the capabi 1 ity to acquire a 
maximum of 50 payload parameters, including those defined in Parar;raph69.3.2.2 
and 9.3.2.3. 

9.3.2.1 .1 Uplink Discrete Commands. The Orbiter GPC provides the capability to 
throughput uplink commands to payloads. These uplink commands shall be limited 
to discrete commands as defined in Paragraphs 8.2.2.1 and 8.2.2.2. 
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9.3.2.1.1.1 Single Stage Discrete Commands. The single stage discrete command 
consists of a reset command and a set command. These commands do not require 
preview by the ground. The Orbiter GPC software provides at least 150 
miscroseconds between the reset and set command. 

9. 3. 2. 1 . 1 . 2 ::Jwo-Sta9e :Di6crete Comm.and..6. ::Jhe two-6tat;e di6crete command 
consists of a reset command followed by a set command. These commands will 
normally be transferred to the designated channel within 2 seconds of 
validation/correction by the sender and receipt of a cooperative command to 
execute the uplink load. The Orbiter software provides at least 150 
microseconds between the reset command and the set command. 

9.3.2.1.1.2.1 multiple :Di6crete Comm.and..6. ::Jhe multiple di6crete command con6i6t6 oP up 
to ten pair6 oP re6et and 6et comm.and..6 <two-6tat;e di6crete comm.and..6). ::Jhe number oP 
r;roup6 oP re6etl6et command6 to di6crete within a multiple command yaup 6halt be limited 
to a maximum oP ten. 

9.3.2.1 .1.3 Multiple Discrete Stored Program Commands. Multiple Stored Program 
Commands (SPCs) have an execution time associated with them. SPCs via the MOM 
discrete channel consists of up to 10 discrete command groups. Normally the SPC 
shall be transferred to MOM discrete channels within 2 seconds after GMT time of 
execution has occured. If the GMT time of execution has already occured when 
the load is received, the SPC shall normally be output within 2 seconds of 
receipt. The GPC storage (incuding those reqiured to support Orbiter functions) 
is limited to a maximum of 10 at any given time in the mission. 

9.3.2.1 .2 Discrete Inputs. The Orbiter GPC software provides the capabilitity 
to acquire discrete parameters under GPC control. The payload acquisition rate 
shall be at 1.04 Hz. The hardware characteristics of Discrete Input Low/High 
(DIL/DIH) are as defined in Paragraph 8.2.2.3 and 8.2.2.7, respectively. 

9.3.2.1.3 Analog Inputs. The Orbiter GPC software provides the capability to 
acquire analog parameters from the MOMs under GPC control. The analog parameter 
acquisition rate shall be at 1.04 Hz. The hardware characteristics of analog 
input are as defined in Paragraph 8.2.2.4. The analogs are converted for GPC 
processing to 10-bit two's complement binary by the MOM. The Orbiter GPC will 
provide the capability to acquire analog data which is in the format defined 
below. The bit numbers refer to the serial GPC/MDM data bus format. 

Signed Ten-Bit Analog. Each analog parameter shall be a signed parameter (bits 
9 through 18 of the command data word) with the MSB (bit 9) representing 
polarity. Positive values are indicated when bit 9 is equal to binary zero. 
Negative values are in the form of binary two's complement when bit 9 is equal 
to binary one. The analog-to-digital conversion convention for analog 
parameters is defined as follows: 

ICD-2-19001 9-5 



MSB 

+5.11 VDC = 0 

+0.01 VDC = 0 

0.00 VDC = 0 

-0.01 VDC = 

-5.12 VDC = 1 

Binary 

111 111 

000 000 

000 000 

111 111 

000 000 

LSB 

111 = 

001 = 

000 = 

111 = 

000 = 

Decimal Value 

511 Maximum positive value PCM count 

· 1 Minimum positive value PCM count 

0 0 

-1 Maximum positive value PCM count 

-512 Minimum negative value count 

Bits 19 through 24 shall contain fill zeros. 

9.3.2.1.3.1 Analog Input Scaling. Analog parameters (10 bit) acquired by the 
GPC are scaled from PCM counts to engineering units for display and limit 
sensing. The scaling is accomplished using a linear polynominal equation as 
follows: 

EU = A0 + A1 X 

Where: EU = the engineering unit value desired for display 

X = the decimal value of the PCM count 

A0 , A1 = the polynomial coefficient 

• 

9.3.2.1.4 Downlist. The Orbiter GPC provides the capability to acquire data at • 
1.04 Hz in the Orbiter high data rate payload MOMs. The data is made available 
to the ground in the Orbiter high data rate downlink. There are 25 16-bit words 
assigned for payload downlist, including those defined in paragraph 9.3.2.2.5. 

Twenty-five analog parameters, or 50 discrete parameters, or a combination of 
both, ranging from 49 discretes and 1 analog, to 24 analogs and 1-16 discretes, 
can be downlisted. Since all payload parameters processed are required to be 
downlisted, their quantity and data type mixture are constrained by these 
downlist processing requirements. 

Downlist processing is not affected by invalid or mission data. 

9.3.2.2 Orbiter Data Bus System Interface. The Orbiter GPC shall provide for 
the acquisition/output of data to a unique payload BTU via the Orbiter data bus 
system. The data bus interface shall be a demand response system under Orbiter 
GPC control. The interface constraints, formats, and data convention are 
defined in the following paragraphs. 

9.3.2.2.1 Data Bus Interface Configuration. The Orbiter GPC shall provide 
unique address codes for payload BTUs interfacing with the data bus system 
(refer to Paragraph 8.2.12.6.1.1). The assigned address codes shall be used by 
the GPC when communicating with payloads via data bus PL 1 or PL 2 (refer to 
Paragraph 8.2.12.7, Cargo Terminal Address Codes). 
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The Orbiter GPC shall communicate with one of a maximum of five different BTU 
address codes per flight. 

~ Each address code may be supported via one bus only (single port BTUs) or via 
both buses (dual port BTU which is either a single BTU with a redundant port or 
two redundant single port BTUs). The Orbiter shall provide the BTU address and 
bus assignment at the cargo integration review for each flight. For a dual port 
payload BTU interfacing with the Orbiter data bus system, one BTU port will 
interface with PL 1 and the other with PL 2. The two BTU ports shall have 
identical channelization and shall appear to the GPC as identical systems. This 
interface design shall not preclude the GPC from addressing other BTUs on both 
PL 1 and PL 2 at any time. The GPC shall communicate with the dual port BTU via 
only one bus at a time in accordance with the PL bus mode (primary or secondary) 
selected by the crew. 

~ 

~ 

A maximum of three BTUs can be accessed on each PL bus in either the primary or 
secondary mode. BTUs which are supported via both buses will be assigned a 
primary bus and a secondard bus (by the Orbiter software contractor). ~i9ure 
9.4.4.1-1 defines the types of BTUs which may be attached to the payload 
buses. Payload BTUs shall be designed such that their function is not affected 
by data bus transmission to other address codes. 

9.3.2.2.2 Data Bus Interface Communication Conventions. The message sequence 
for transfer of data to/from the payload via the data bus interface shall be as 
defined in Paragraph 8.2.12.6. GPC support for data bus word formats and BTU 
modes shall be as defined in Paragraph 8.2.12.6.1, Data Bus Formats, and 
Paragraph 8.2.12.6.2 BTU Modes, to the extent specified below. 

9.3.2.2.2.1 Command Word Formats. The GPC supports the direct command word 
format. The GPC support of control modes is specified in Paragraph 9.3.2.2.3, 
BTU Control Modes. 

9.3.2.2.2.2 Data Word Formats. The GPC shall support the response data word 
format defined in Paragraph 8.2.12.6.1.3 and the command data word format 
defined in Paragraph 8.2.12.6.1.2. 

9.3.2.2.3 Command Word Mode Control (BTU Mode). The control modes supported by 
the GPC are defined below. 

9.3.2.2.3.1 Receive Command. The receive command control mode (01000) shall be 
used to transmit commands to the payload via the Orbiter data bus system. The 
sequence of transmission from the GPC is defined in Paragraph 8.2.12.6.2.1, 
Receive Command. Commands must be uplinked and throughput by the GPC (no crew 
initiated commands onboard). 

9.3.2.2.3.2 Transmit Command. The transmit command control mode (01001) shall 
be used to acquire data from the payload via the data bus system. The sequence 
to acquire data to the GPC is defined in Paragraph 8.2.12.6.2.2. 

9.3.2.2.4 Flex MOM (or MOM BTU). The Orbiter GPC provides the capability to 
transmit or receive data via the data bus system to and from a payload-supplied 
MOM. The types of input/output shall be analog and discretes. The only 
capability to output commands shall be via Orbiter uplink. The Orbiter software 
provides the capability to acquire a maximum of 50 payload parameters including 
those defined in Paratyaph6 9.3.2.1 and 9.3.2.3. 
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9.3.2.2.4.1 Uplink Discrete Commands. The Orbiter GPC provides the capability 
to throughput uplink commands to payloads. These uplink commands shall be 
limited to discrete commands as defined in Paragraph 8.2.2.1 and 8.2.2.2. 

9.3.2.2.4.1..1 Single stage Discrete Commands. The single stage discrete 
command consists of a reset command and a set command. These commands do not 
require preview by the ground. The Orbiter GPC software provides at least 150 
microseconds between the reset and set command. 

9.3.2.2.4.1.2 Multiple Discrete Commands. The multiple discrete command 
consists of a reset command followed by a set command. These commands will 
normally be transferred to the designated channel within 2 seconds of 
validation/correction by the sender and receipt of a cooperative command to 
execute the uplink load. The Orbiter software provides at least 150 
microseconds between the reset command and the set command. The number of 
groups of reset/set commands to MOM discrete channels within a multiple command 
group shall be limited to a maximum of 10. 

9.3.2.2.4.1.3 Multiple Discrete Stored Program Commands. Multiple Stored 
Program Commands (SPCs) have an execution time associated with them. SPCs via 
the MOM discrete channel consists of up to 10 discrete command groups. Normally 
the SPC shall be transferred to MOM discrete channels within 2 seconds after GMT 
time of execution has occurred. If the GMT time of execution has already 
occurred when the load is received, the SPC shall normally be output within 2 
seconds of receipt. The GPC storage (including those required to support 
Orbiter functions) is limited to a maximum of 10 at any given time in the 
mission. 

• 

9.3.2.2.4.2 Discrete Inputs. The Orbiter GPC software provides the capability • 
to acquire discrete parameters from BTUs under GPC control. The payload 
parameter acquisition rate shall be at 1.04 Hz. The data bus characterisitics 
of Discrete Input Low/High (DIL/DIH) are defined in Paragraphs 8.2.12.6.1 .1 (1) 
mode 01001, 8.2.12.6.1.3, (response data word format) and 8.2.12.6.2.2 (transmit 
command). 

9.3.2.2.4.3 Analog Input. The Orbiter GPC software provides the capabilty to 
acquire analog parameters from BTUs under GPC control. The analog parameter 
acquisition rate shall be at 1.04 Hz. The data characteristics of analaog input 
are as defined in Paragraphs 8.2.12.6.1.1 (1) and 8.2.12.6.1.3. The analogs 
shall be 10-bit two•s complement binary format defined below. The bit numbers 
refer to the serial GPC/BTU data bus format. 

Signed Ten-Bit Analog. Each analog parameter shall be a signed parameter (bits 
9 through 18 of the command data word) with the MSB (bit 9) representing 
polarity. Positive values are indicated when bit 9 is equal to binary zero. 
Negative values are in the form of binary two•s complement when bit 9 is equal 
to binary one. The analog-to-digital conversion convention for analog 
parameters is defined as follows: 
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Bi.r&arv 
mss .ISS 1:Nicimol Value 

0 111 111 111 - 511 maximum. po6itiue value PCm count 

0 000 000 001 - mini.m.um. po6itwe value pcm count 

0 000 000 000- 0 0 

111 111 111 - -1 maximum. netjatiue value PCm count 

000 000 000- -512 mini.mum. netJatwe value count 

Bits 19 through 24 shall contain fill ~ros. 

9.3.2.2.4.3.1 Analog Input Scaling. Analog parameters (10 bit) acquired by the 
GPC are scaled from PCM counts to engineering units for display and limit 
sensing. The scaling is accomplished using a linear polynomial equation as 
follows. 

Where: EU = the engineering unit value desired for display 

X = the decimal value of the PCM count 

A0 , A1 = the polynomial coefficients 

9.3.2.2.5 Downlist. The Orbiter GPC provides the capability to acquire data at 
1.04 Hz from the Orbiter payload flex MOMs. The data is made available to the 
ground in the Orbiter high data rate downlink. There are 25 16-bit words 
assigned for payload downlist, including those defined in paragraph 9.3.2.1 .4. 

Twenty-five analog parameters, or 50 discrete parameters, or a combination of 
both, ranging from 49 discretes and 1 analog, to 24 analogs and 1-16 discretes, 
can be downlisted. Since all payload parameters processed are required to be 
downlisted, their quantity and data type mixture are constrained by these 
downlist processing requirements. 

Downlist processing is not affected by invalid or missing data. 

9.3.2.3 Pa'tload.-P:b9 9n.terface. :Jhe orbiter gpc 6oPtware prouide6 the capability. to 
acce66 P:b9 data Prom. the PCmmtJ d.urin9 a6cent and de6cent. :Jhe orbiter 6oPtware prouidefl 
the capability. to acquire a maximum. oP so pay.load. param.eterfl. inclu.din9 thofle dePined in 
ParafiraPh6 9 .3.2.1 and 9 .3.2.2.4. 

9.3.2.3.1 :bata .Acqu.i6ition. :bata i6 acquired on a parameter ba6i6 and tran.6Perred to the 
PCmmtJ Por acquiflition by. the gpc. :Jhe parameter. itfl word location within a minor 
Pram.e. the Pirflt minor Pram.e in which it appear6. and itfl 6am.ple rate will be 6peci.pied a6 
part oP the decom.m.utation provam.. 

a. :bata Selection. :Jhe P:b9 will6elect the parameter each time it appearfl in the pay.load. 
:J.t:m fltream. and fltore 6am.e Por acce66 by. the Orbiter gpc via the PCmmtJ. :Jhe 
confltraintfl and Porm.at ty.pe6 6Upported are dePined in ParafiraPh 8.2.1.1 . 
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b. X>ata ~'tpe4. ~he Orbiter gpc 4oftware provide4 the capabilitv to proce46 8-bit analo9 
parameter6 and 8-bit d.i6crete word6 ( R eferen.ce 9 .3.2.3.1 .1 ). .All data i6 decommutated 
a4 8-bit word6. 

c. ~he allowable proce66 rate4 for data acquired by the gpc fJhoJI be limited to 1.04 .JJz. 

:J.or gpc proce66in.9. the P:b!J i4 n.ot capable of proce46in.9 pa'lload 4ample rate6 which 
are le66 than. the 4malle6t in.te9er 6ubm.ultiple (1JI.A.1JI6. YIC. YIX>. yte. YI:J.J of the 
pa'lload minor frame rate delineated within. :J.i9U"e 8.2.1.1-5 and ~able 8.2.1.1-1. 

main.tain.in.9 the time homo9en.eitv of in.dividu.al mea6Uremen.h with the len.9th 
tJreater than. 8-bit4 or pavload mea6Uremen.t word 6eh can.n.ot be 9uaran.teed. 

9.3.2.3.1.1 X>ata ~'tpe4. ~he lollowin.9 are the onJv data tvpe6 reco9ff.ized bv the Orbiter 
gpc 4oftware via the PX>9 interface. 

9.3.2.3.1.1.1 .An.alofi6. ~he followin.9 tvpe of ana/096 will be reco9ff.ized by the Orbiter 
g PC. :J.or all ana/096 the mo4t 6itJn.ifican.t bit (mS43> £4 bit o and £4 tran.4mit ted fir6t. 

9.3.2.3.1.1.1.1 Si9n.ed 8-bit. each analo9 parameter fJhoJI be a 4i9ff.ed parameter with the 
4i9n. in. bit o and the lea4t 6i9n.ifican.t bit in. bit 7. Po6itive value4 are indicated when. the 4i9n. 
but i6 eCJual to bln.arv o. rle9ative value4 are in. the form of bln.arv 2'6 complement when the 
4i9n. bit i4 eCJual to bln.arv 1. ~he analo9-to-d.i9ital con.ver4ion. convention 4hall be a4 
foiiOW4: 

Bi.na!v 
mS43 ~ X>ecimal Value 

01 111 111 - 127 maximum po4itille value PCm count 

00 000 001 - mi.n.im.u.m po4£tive value PCm count 

00 000 000- 0 0 

11 7 7 7 111 - -1 maximum n.B9Q.tive value pcm count 

10 000 000- -128 minimum n.e9Q.tive value count 

9 .3.2.3.1. 7 .2 Un.6i9ned 8~it. each analo9 will be un6i9ff.(ld. 8-bit. po6itwe number with 
the mo6t 6i9nifican.t bit in. the bit 0 and the eea6t 6i9n.ifican.t bit in. the bit 7. ~he 
analo9-to-di9itiaJ con.ver6ion. convention. MwJI be a6 follow6: 

Bi.n.ary 
X>ecimal Value 

11 111 111 - 255 maximum po6itive value pcm count 

00 000 001 - minimum po6itive value pcm count 

00 000 000- 0 0 
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9.3.2.3.1.1.3 An.aloQ 9n.Put Scali.n.Q . .An.alo9 param.eter6 (8 bit) acquired by the gpc are 
6caled Prom. PCm coun.t6 to en9ineerin9 un.it6 Por di6play and limit 6en6in9. :Jhe 6calin9 i6 
accom.pli6hed u6in9 a Pir6t order polynomial eCJUQ.tion a6 Pollow6: 

eu- .-f> + A1X 

Where eu- :Jhe en9ineerin9 un.it6 value de6ired Por di6play. 
X - :Jhe decimal value oP the PCm count. 
~.A, - :Jhe polynom.in.al coePPicient6. 

9.3.2.3.2 :bi6crete6. :bi6crete param.eter6 are packed with a maximum. oP 8 bit6 per word 
(bit6 o throu9h 7). 

9.3.3 On-OrbitlsmJ. The orbiter software processes acquired payload data 
and displays to the crew, the health, performance and configuration of payload 
subsystems. Processing capability includes limit sensing, fault detection and 
annunciation, display, payload sequencing, payload unique computations and 
transferring data (downlist) to the Orbiter PCMMU for downlinking. The GPC 
cannot process subcommutated data. That is, each time a data element is 
acquired, it will be processed as a different sample of the same payload 
measurement. The Orbiter software also provides the capability to send 
commands, either crew initiated or via Orbiter uplink. :Jhe con6trai.nt6. 
format, and data content that are software dependent for each of these 
interfaces sha 11 be as defined in ParaflraPh 9.4 . 
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::Jable 9 .3. 7-7 .launch Proce66in.9 Sl;6tem (.f.PS) 
Prelaunch Support :Jar Pa'lload6 

-------------------------------------------------------------------
! I mate ! P.tEb Clo6e ! ::J-20 min.. ! 
! ! ::Jo I ::Jo I ::Jo I 
! :J.un.ction I P.tEb Clo6e ! ::J-20 mint ! ::J-o ! 
!------------------------1-------------!---------------!---------------! 
!J::t:x/3 l Control and ! l 7 )( 2) ! ( 3) ! 'YII.A ! 
! monitor) ! ! ! ! 
!------------------------!-------------!---------------!---------------! 
!Uplink Command6 I (7) I (6) ! 'Y/1.4 ! 
!------------------------!-------------!---------------!---------------! 
! 1 28/64 .K6PS :bownlin.k ! ! ! ! 
! ::Jelemtry Via: ! ! ! I 
! ! ! ! ! 
! 7. PI .C. m:bm 9/:J. and I (7) (4) ! (4) ! (4) ! 
! PI .C. d3:JU6· .Attached ! ! ! ! 
! ::Jo PI .C. &66e6 ! I ! ! 
! ! ! ! ! 
! 2. PCmmuiPX:S 9/:J. ! (7) ! (5) ! (5) ! 

--------------------------------------------------------------------
'Y/1.4 • 'Yiot .Applicable 

'Yiote6: 

(1) Command and/or telemetry 6Upport i6 provided Por pa'lioad6 d.urin.9 the 
Pollowin.9: 

a. 9nte,.Pace VeriJication ::Je6t (gtj::J) 

b. end-to-end 

c. Pa'lload 6peciJic te6tin.9 a~eed to in. the P9P 

(2) .launch :bata 6u6 commandin.9ldata acCJui6ition 6Upport i6 provided Por btj.t.PS 
but mu6t be proced.urail'l coordinated with the Orbiter te6t team. 

(3) .launch :bata 13u6 commandin.9ldata ac'jui6ition 6Upport i6 6everl'l re6tricted 
becau6e oP the Orbiter conli9Uf"ation6 and operatioM. 

(4) :bata ac'jui6ition via gpc pollin.9 oP PIJ:. m:bm'6 and 13::JU'6 i6 re6tricted b'j 
gpc memory conli9Uf"ation. ::Jhi6 data i6 included in. the downli6t which i6 
part oP the 128164 Orbiter downlink. 

(5) :bata acCJUi6ition i6 re6tricted b'j ::Jelemetry :J.ormat J:.oad (::J:J.J:.) 
con/i9Uration. Chan9e in. ::J:J.J:. conli9Uf"ation mu6t be proced.ura/1'1 
coordinated with Orbiter operatioM. 

(6) Uplink command6 6ent hardlin.e via .t.PS are re6tricted b'l gpc memory 
con/i9uration and Orbiter operation6. 
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PF Payload Forward PCMMU 

POI Payload Data Interleaver 

BTU Bus Terminal Unit 
NSP Network Signal Processor 
PL Payloads 
FF Flight Critical Forward 
GPC General Purpose Computer 
GNC Guidance, Naivation and Control 
MOM Multiplexer/Demultiplexer 

MCDS 

TLM 
CMOS 
BFS 
LOB 
PM 
COMM 
SYS 

POI TLM 

CMOS 
MONITOR 

DATA BUS TO 
PAYLOAD-PROVIDED BTU 

Pulse Code Modulation Master 
Unit 
Multifunctional CRT Display 
System 
Telemetry 
Commands 
Backup Flight System 
Launch Data Bus 
Phase Modulation 
Communications 
System 

:J.iflur• 9.3.2-1 e:J.S-Pav/oad Software :J.u.n.ction. 9n.terface 
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9.4 SOFTWARE CONSTRAINTS/COMMUNICATION CONVENTIONS. 

9.4.1 Payload- POI Interface. Selection of up to four payload asynchronous • 
Pulse Code Modulation (PCM) streams and the required decommutation program 
(stored in mass memory unit) is provided to the POI under GPC control. The 
Orbiter POI provides two modes of decommutation; format synchronization mode and 
block mode. 

9.4.1 .1 Format Synchronization Mode. In the format synchronization mode, the 
POI decommutates payload telemetry data into two different groups for transfer 
to the PCM master unit. 

9.4.1.1.1 Data Group 1. Data Group 1 includes payload data selected on a 
telemetry frame basis and transferred via the POI Toggle Buffer (TB) to the 
PCMMU solely for interleaving (by the PCMMU) into the operational downlink. The 
constraints and format type are defined in Paragraph 8.2.1.1. 

9.4.1 .1.2 Data Group 2. Data Group 2 is selected on a parameter basis and 
transferred to the PCMMU for acquisition by the GPC. For data Group 2, a 
parameter, its word location within a minor frame, the first minor frame in 
which it appears, and its sample rate will be specified as part of the 
decommutation program. 

a. Data Selection. The POI will select the parameter each time it appears in 
the payload TLM stream and store same for access by the Orbiter GPC via the 
PCMMU. The constraints and format types supported are defined in Paragraph 
8.2.1.1. 

b. Data Types. The Orbiter GPC software provides the capability to process 
eight bit analog parameters and eight bit discrete words (Reference 
9.4.1 .1.2.1). All data is decommutated as eight bit words. 

c. The allowable process rates for data acquired by the GPC shall be limited to 
0.52 or 1.04 Hz. 

For GPC processing, the POI is not capable of processing payload sample 
rates which are less than the smallest integer submultiple (Y/A, Y/B, Y/C, 
Y/0, Y/E, Y/F) of the payload minor frame rate delineated within Figure 
8.2.1.1-5 and Table 8.2.1.1-1. 

Maintaining the time homogeneity of individual measurements with length 
greater than 8 bits or payload measurement word sets cannot be guaranteed. 

9.4.1 .1.2.1 Data Types. The following are the only data types recognized by 
the Orbiter GPC software via the POI interface. 

9.4.1.1.2.1 .1 Analogs. The following type of analogs will be recognized by the 
Orbiter GPC. For all analogs the Most Significant Bit (MSB) is bit 0 and is 
transmitted first. 
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9.4.1.1.2.1.1.1 Signed Eight Bit. Each analog parameter shall be a signed 
parameter with the sign in bit 0 and the least significant bit in bit 7. 
Positive values are indicated when the sign bit is equal to binary zero . 
Negative values are in the form of binary two's complement when the sign bit is 
equal to binary one. The analog-to-digital conversion convention shall be as 
follows: 

Binar~ 
MSB LSB Decimal Value 

01 111 111 = 127 Maximum positive value PCM count 

00 000 001 = 1 Minimum positive value PCM count 

00 000 000 = 0 

11 111 111 = -1 Maximum negative value PCM count 

10 000 000 = -128 Minimum negative value count 

9.4.1 .1 .2.1.1.2 Unsigned Eight Bit. Each analog will be unsigned, eight bit, 
positive number with most significant bit in bit 0 and the least significant bit 
in bit 7. The analog-to-digital conversion convention shall be as follows: 

Bi nar~ 
MSB LSB Decimal Value 

11 111 111 = 255 Maximum positive value PCM count 

00 000 001 = 1 Minimum positive value PCM count 

00 000 000 = 0 0 

9.4.1 .1 .2.1.1.3 Signed Parameter Plus Magnitude Eight Bit. Each analog 
parameter shall be a signed parameter plus magnitude with the sign bit in bit 0 
and the least significant bit in bit 7. Positive values are indicated when the 
sign bit is equal to binary zero. Negative values are indicated when the sign 
bit is equal to binary one. The analog-to-digital conversion convention shall 
be as follows: 

Binar~ 
MSB LSB Decimal Value 

01 111 111 = 127 Maximum positive value PCM count 

00 000 001 = 1 Minimum positive value PCM count 

00 000 000 = 0 

10 000 001 = -1 Maximum negative value PCM count 

11 111 111 = -127 Minimum negative value PCM count 
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9.4.1.1.2.1.1.4 Analoq Inout Scalinq. Analog parameters (8 bit) acquired by 
the GPC are scaled from PCM counts to engineering units for display and limit 
sensing. The scaling is accomplished using a third order polynomial equation as • 
follows: 

EU = A0 + A1X + A2X2+ A3x3 

Where EU = The engineering units value desired for display. 
X = The decimal value of the PCM count. 
A0 , A1, A2, A3 = The polynomial coefficients. 

9.4.1.1.2.1.2 Discretes. Discrete parameters are packed with a maximum of 
eight bits per word (bits 0 through 7). 

9.4.1 .2 Block Mode. Block mode allows the POI to throughput payload nonstandard 
telemetry formats into the Orbiter operational telemetry downlink. Since the 
POI cannot decommutate this non- standard data, data cannot be acquired or 
processed by the GPC. For details on the block mode, see Paragraph 8.2.1.2. 

9.4.2 PSP/Payload Interface. Hardware characteristics of the PSP/payload 
interface are as defined in Paragraph 8.2.5. The Orbiter GPC software provides 
the capability to process command data loads to an attached or detached payload 
via this link. 

9.4.2.1 Data Formats. Each load transferred to the payload via the PSP shall 
be structured as follows: 

9.4.2.1.1 Payload Communications (One or More Commands). The Orbiter vehicle 
software limits the maximum message length to the equivalent of 64 x 16 bits • 
(1024) transmitted to the payload without a break in transmission. Each 
command/data word format shall be preflight-defined and specified in the 
payload-unique reo. 

9.4.2.2 Data Content. The data content of the message transmission shall 
consist of Orbiter computed data, uplink throughput, or data prestored in the 
GPC for transmission under crew control. ::Jhe time in.tervaJ between command 
me66a9e6 could be a6lon9 a6 the time required by the PSP to output the command 
data from the command output buffers plus 1.5 seconds: 

Ex amp 1 e: tm = Command me66aie .£en2th in. 8it6 + 1 .5 6econd6 
PSP Command Bit Rate in. BPS 

Where: tm = Time Minimum 
BPS = Bits per Second 

9.4.2.2.1 Orbiter State Vector/Attitude. The Orbiter state vector/attitude 
message shall be transmitted to the payload on demand, utilizing Orbiter 
keyboard entry. The Orbiter state vector/attitude data sets for payloads are 
defined in Paragraph 9.4.5.1. 
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9.4.2.2.2 On-Board Command Data Loads. The Orbiter software provides the 
capability to execute prestored command/data loads to the PSP utilizing 
CRT/keyboard entry. The PSP command load is executed by accessing a prestored 
command load and a payload dependent configuration message and transmitting of 
both to the PSP. The Orbiter GPC provides the capability to prestore command/ 
data loads. The prestored command/data load for any single load may consist o 
up to 64-sixteen bit payload command words. 

The total storage required for the sixteen bit payload command words (including 
those defined in Paragraph 9.4.3.1.6.2 and 9.4.4.3.6.2) shall not exceed 
2000-sixteen bit words for all payloads manifested per flight. 

9.4.2.2.3 Uplink Throughput Data Loads. The uplink throughput data load 
provides the capability to uplink data and/or commands to payloads. The Orbiter 
GPC software shall not be required to be aware of the data content/format 
internal to these 16 bit words. Any command sent before transfer completion of 
the previous command will cause a rejection of the later command. The Orbiter 
will support the uplink throughput data loads as defined below. 

9.4.2.2.3.1 ::Jhrou2hput Command!ba.ta.Coad. The capability is provided to 
throughput up to 64-sixteen bit (1024 bits) payload command words per 
transmission. These words will be downlisted for ground validation/correction 
before being transferred to the PSP. These words will normally be transferred 
to the designated PSP channel within two seconds after receipt of a cooperative 
command to execute the uplink load. 

9.4.2.2.3.2 Throughput Command Data Load-Single Stage Processing. The 
capability is provided to throughput up to 64-sixteen bit (1024 bits) payload 
command words per transmission. These words will normally be transferred to the 
designated PSP channel within two seconds after receipt of the last command word 
in the uplink load. The Orbiter does not provide validation of these commands 
and therefore, for critical commands, the payload must provide two-stage 
execution or other comparable validation systems. 

9.4.2.2.3.3 Time Executed Commands (TEC}. TECs via the PSP consist of a 
configuration ID, and up to 63-sixteen bit payload command data words per 
transmission. Normally, the TEC shall be transferred to the PSP within two 
seconds after GMT time of execution has occurred. If the GMT time of execution 
has already occurred when the load is received, the TEC shall normally be output 
within 2 seconds of receipt. GPC storage of TEC (including those defined in 
Paragraphs 9.4.3.1 .6.3.3 and 9.4.4.3.6.3.3) is limited to a maximum of 10 at any 
given time in the mission. 9f more than. one command ha.6 the 6ame gm::J time oP 
execution or more than. one command gm::J time oP execution ha.6 aJreadv occurred. thev 
mav be executed in anv order. 

9.4.2.2.4 PSP Idle Pattern. The capability is provided for the PSP to generate 
an idle pattern consisting of alternating ones and zeros. The idle pattern is 
selectable by the Orbiter GPC and shall be generated at the preselected command 
data rates in NRZ-L, M, or S format as specified. 

If no idle pattern is required or the previous command data output utilized the 
same umbilical (1-5) or PI selection, the command data will be output to the PSP 
without delay . 
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If an idle pattern is required and the umbilical number (1-5) or umbilical 
versus PI selection differs from the previous command transmission, the GPC 
shall configure the PSP to generate an idle pattern. After a minimum of 150 
idle pattern bits have been generated, the GPC will output the command data. 

9.4.2.2.4.1 Payload Commands. Each command message transferred to the payload 
via the PSP link shall consist of an idle pattern, followed by command word(s). 
The interval between consecutive command transmissions with no transmission 
interruption shall be filled by the PSP idle pattern. There shall be no idle 
pattern between consecutive command words of the same command transmission. 

Upon receipt of command data, the idle pattern will terminate with a logic zero 
and command data will be transmitted. At the completion of command 
transmission, the idle pattern will again be generated and start with a logic 
one. If the payload requires~ minimum idle pattern, it shall be provided 
through procedural control. 

The idle pattern between consecutive command transmissions, and following the 
last command to a particular payload, shall begin with a logic one and end with 
a logic zero. The PSP shall always output command data words in multiples of 16 
bits. Command data words less than multiples of 16 bits shall contain fill 
data. The command data will be transmitted Most Significant Bit (MSB), Most 
Significant Syllable (MSS) first. 

9.4.2.2.4.2 Non-Standard Idle Pattern. Payloads requ1r1ng preamble or 
postscript idle patterns other than alternating ones and zeros shall include 
their unique idle pattern as part of the prestored command data. The command 

• 

data, including idle pattern, is limited to the equivalent of 64 X 16 bits per • 
command transmission. The total prestored command data load shall not exceed 
the limits set in paragraph 9.4.2.2.2. 

9.4.2.3 PSP/Payload Telemetry Interface. The Orbiter provides the capability 
to acquire RF telemetry in the format synchronization mode from the payloads in 
NRZ-L, S, M or BI-0-L, S, M. The RF telemetry link to the Orbiter shall be via 
the PI/PSP to the POI. The PSP shall demodulate the PCM from its carrier and 
output the PCM data to the POI in NRZ-1 format with clock. The capability 
supported via this link shall be as defined in Paragraph 9.4.1.1. 

9.4.3 Payload MOM Interface. Data shall be input/output from the GPC to/from 
the payload via the payload MOMs. The types of inputs/outputs shall be analog, 
discrete, and digital (SIO) data (refer to Paragraph 8.2.2). The GPC shall 
normally acquire data at 1.04 Hz from a maximum of fourteen data acquisition 
elements per payload MOM. The follow~ng are data acquisition elements. 

a. An Analog Input Module. One to 16 ten bit analo96 may be acquired from 
this element. 

b. A Discrete Input Module. One to three 16 bit packed discrete words may be 
acquired from this element. 

c. A Serial I/0 Channel. One to 32 16 bit data words containing any of the 
data types specified in Paragraph 9.4.3.1.4 may be acquired from this 
e 1 ement. 
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9.4.3.1 Serial Input/Output. The Orbiter GPC provides the capability to 
transmit or receive data via the MOM serial input/ output (SIO) channel. Data 
transmissions between the MOM to/from the payload shall be under GPC control . 
Up to eight Standard Serial Interfaces (SSI) shall be supported per mission 
(including those defined in Paragraph 9.4.4.3). Procedurally there shall be no 
more than four simultaneously active serial interfaces. Two basic standard 
serial interface configuration exists; single channel and dual channel. 

9.4.3.1.1 Single Channel Standard Serial Interface. Single channel Standard 
Serial Interface (SSI) will be assigned a single MOM module and channel address 
to be used for both commanding and data aquisition. 

9.4.3.1 .2 Dual Channel Standard Serial Interface. A dual channel SSI will be 
assigned a single MOM address and a single module address 15 (01111 binary 
format) and up to to two channel addresses 0 and 1 (00000, 00001 in binary 
format). Data shall be acquired from two channels and output to one. Output 
commands may consist of up to 32-sixteen bit words. Data shall be acquired from 
up to 32-sixteen bit words for each of the SIO channels. The read request 
(acquisition) of data from the two SIO channels shall be output from the GPC 
within 5 milliseconds of each other. The time from the last word of the first 
read request to the start of the second read request shall be at least 300 
microseconds. 

9.4.3.1.3 Input Data Processing. Each SSI will have the capability to acquire 
up to 32-sixteen bit data words from each of its assigned channel(s) at a cyclic 
rate of 1.04 Hz while the SSI is enabled. The activation of the SSI data 
acquisition will be initiated by the crew . 

9.4.3.1 .4 Data Types. The data types recognized by the Orbiter GPC via the MOM 
SIO channel are defined below (bit numbers refer to the specific bits in the 
serial data format defined in Paragraph 8.2.2.5). Capability is provided to 
access any of the 8 bit analog parameter types defined below and an 8 bit 
discrete word from the same 16 bit word (data bit 0 through 15, reference Figure 
8.2.2.5-2). When this occurs, the analog will start in either bit 0 or 8. 

9.4.3.1 .4.1 Analogs. The following type analogs will be recognized by the 
Orbiter GPC. For all analogs the Most Significant Bit (MSB) is bit 0 and is 
transmitted first. 

9.4.3.1 .4.1 .1 Signed Ten-Bit Analog. Each analog parameter shall be a signed 
parameter with the sign bit in bit 0 and the least significant bit in bit 9. 
Positive values are indicated when bit 0 is equal to binary zero. Negative 
values are in the form of binary two•s complement when bit 0 is equal to binary 
one. fhe analog-to-digital conversion convention for analog parameters is 
defined as follows: 
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MSB 

0 

0 

0 

Binary 

111 111 

000 000 

000 000 

111 111 

000 000 

LSB 

111 = 

001 = 

000 = 

111 = 

000 = 

Decimal Value 

511 Maximum positive value PCM count 

1 Minimum positive value PCM count 

0 0 

-1 Maximum negative value PCM count 

-512 Minimum negative value PCM count 

Bits 10 through 15 shall contain fill zeros. 

9.4.3.1 .4.1 .2 Signed Eight Bit Analog. One or two 8 bit analog parameters per 
16 bit word. Each analog parameter shall be a signed parameter with sign in 
bits 0 and 8, respectively, and least significant bits in bits 7 and 15, 
respectively. Positive values are indicated when the sign bit is equal to 
binary zero. Negative values are in the form of binary two•s complement when 
the sign bit is equal to binary one. The analog-to-digital conversion 
convention for analog parameters is as follows: 

MSB 

01 

00 

00 

11 

10 

Binary 

111 

000 

000 

111 

000 

LSB 

111 = 

001 = 

000 = 

111 = 

000 = 

Decimal Value 

127 Maximum positive value PCM count 

1 Minimum positive value PCM count 

0 0 

-1 Maximum negative value PCM count 

-128 Minimum negative value PCM count 

9.4.3.1 .4.1.3 Unsigned Eight Bit Analog. One or two eight bit analog 
parameters per sixteen bit word. Each analog will be an unsigned eight bit 
positive number with the most significant bit in bits 0 and 8, respectively, and 
the least significant bit in bits 7 and 15, respectively. The analog-to-digital 
conversion convention for these parameters is as follows: 

Binary 
MSB LSB Decimal Value 

11 111 111 = 255 Maximum positive value PCM count 

00 000 001 = 1 Minimum positive value PCM count 

00 000 000 = 0 0 
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9.4.3.1 .4.1.4 Sign Plus Magnitude Eight Bit Analog. One or two eight bit 
analog parameters per sixteen bit word. Each analog parameter shall be a signed 
parameter pllls magnitude with the c;ign bit in bits 0 and 8, respectively, and 
the least significant bit in bits i and 15, respectively. Positive values are 
indicated when the sign bit is equal to binary zero. Negative values are 
indicated when the sign bit is equal to binary one. The analog-to-digital 
conversion convention for these parameters is as follows: 

Bi nar~ 
MS8 LSB Decimal Value 

01 111 111 = 127 Maximum positive value PCM count 

00 000 001 = Minimum positive value PCM count 

00 000 000 = 0 0 

10 000 001 = -1 Maximum negative value PCM count 

1 1 111 111 = -127 Minimum negative value PCM count 

9.4.3.1 .4.1 .5 Analog Input Scaling. Analog parameters (8 or 10-bit) acquired 
by the GPC are scaled from PCM counts to engineering units for display and limit 
sensing. The scaling is accomplished using a third order polynomial equation as 
follows: 

WHt:.RE lU = The engineering units value desired for display. 
X The decimal value of the PCM count. 

A0 , A1, A2, A3 =The polynomial coefficients. 

9.4.3.1 .4.2 Discretes. Packed with a maximum of 16 bits per word (bits 0 
through 15). 

9.4.3.1 .5 Command Data Formats. The Orbiter GPC software provides the 
capability to process command data loads to an attached payload via this link. 
Each load transferred to the payload via the MOM SIO channel shall be structured 
as fo 11 ows. 

9.4.3.1 .5.1 Pa~load Command Communication (One or More Commands). The Orbiter 
GPC software limits the maximum message length to 32-sixteen bit words per 
transmission. Each command/data word format shall be premission-defined and 
specified in the payload- unique ICO. Payload command communication via an MOM 
serial channel (either single or dual) will be assigned a single MOM module and 
channel address per standard serial interface. 

9.4.3.1 .6 Data Content. The data content of the message transmission may 
consist of Orbiter computed data, uplink throughput, or data prestored in the 
GPC for transmission under crew control . 
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9.4.3.1.6.1 Orbiter State Vector/Attitude. The Orbiter state vector/attitude 
message shall be transmitted to the payload on demand utilizing Orbiter keyboard 
entry or cyclically at 0.52 Hz, also initiated/terminated via the keyboard. The • 
Orbiter state vector/attitude data sets for payloads are defined in Paragraph 
9. 4. 5.1. 

9.4.3.1 .b.2 On-board Command Data loads. The Orbiter GPC software provides the 
capability to execute prestored command/data to the MOM SIO channel utilizing 
CRT/keyboard entry. 

The prestored command/data load for any single load may consist of up to 
32-sixteen bit payload command words. 

The total storage required for the sixteen bit payload command words (including 
those defined in Paragraphs 9.4.2.2.2 and 9.4.4.3) shall not exceed 2000 sixteen 
bit words per flight. 

9.4.3.1 .6.3 Uplink Throughput Data loads. The uplink throughput data load 
provides the capability to uplink data and/or commands to payloads. The Orbiter 
GPC software shall not be required to be aware of the data content/format 
internal to these 16 bit words. Any command sent before transfer completion of 
the previous command will cause a rejection of the later command. The Orbiter 
supports the uplink throughput as defined below. 

9.4.3.1 .6.3.1 Throughput Command Data load-Two Stage Processing. The 
capability is provided to throughput up to 32-sixteen bit words of data received 
via uplink to a payload via MOM SIO channel. These words will be downlisted for 
ground validation/correction before being transferred. These words will 
normally be transferred to the designated SIO channel within two seconds after • 
receipt of a cooperative comrnand to execute the up"link load. 

9.4.3.1 .6.3.2 Throughput Command Data load-Single Stage Processing. The 
capability is provided to throughput up to 32-sixteen bit (512 bits) payload 
command words per transmission. These words will normally be transferred to the 
designated SIO channel within two seconds after receipt of the last command word 
in the uplink load. The Orbiter does not provide validation of these commands 
and therefore, for critical commands, the payload must provide two-stage 
execution of other comparable validation systems. 

9.4.3.1.6.3.3 :lime executed Command6. TECs via the MOM SIO consist of up to 
32-sixteen bit payload command data words per transmission. Norma"lly, the TEC 
shall be transferred to the SIO channel within two seconds after GMT time of 
execution has occurred. If the GMT time of execution has already occurred when 
the load is received, the TEC shall normal Jy be output within 2 seconds of 
receipt. GPC storage (including those defined in Paragraps 9.4.2.2.3.3 and 
9.4.4.3.6.3.3) of TEc•s is limited to a maximum of 10 at any given time in the 
mission. 9f more than. one command ha.6 the 6ame gm:J time of execution or more than. 
one command. gm:J time of execution ha.6 aJreadv occurred. thev mav be executed in anv 
order. 
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9.4.3.2 Discrete Output. Discrete conrnand outputs shall be 11 Crew-initiated" or­
via uplink. Discrete commands are comprised of a command word and a command 
data word. The two types of discrete command outputs available are Discrete 
Output Low (DOL) and Discrete Outpu;. High (DOH). The hardware characteristics 
of the discrete outputs are defined in Paragraphs 8.2.2.1 and 8.2.2.2, 
respectively. MOM discrete output logic levels are controlled by the reset an;' 
set masks, reference Paragraph 8.2.12.6.1.1 (1). When bit 18 of the command 
word is a logic one, the command data word (8.2.12.6.1.2) following will ' 
set mask. Conversely, when bit 18 of the command word is a ·logic zero, tht 
command data word following will be a reset mask. 

The command data word format (8.2.12.6.1.2) contains 16 data bits, bit 9 through 
24. For the reset mask, when any of the 16 data bits (bit 9 through 24) are a 
logic one, the corresponding MOM discrete output but will be set to a logic 
zero. For a set mask, when any of the 16 data bits (bit 9 through 24) are set 
to a logic one, the corresponding MOM discrete output bits are set to a logic 
one. fhe command data word•s bit 9 through 24 corresponds to the MOM discrete 
outputs bit 0 through 15 respectively. Oiscretes either reset or set are 
accomplished 16 bits at a time. The Orbiter GPC support for discrete output 
command is defined below. 

9.4.3.2.1 MOM Discrete Commands. The Orbiter GPC provides for a request via 
crew initiation to output reset and set commands to a Discrete Output Low (DOL) 
or Discrete Output High (DOH) channel on the payload MOM. When the command is 
initiated by the crew, the reset mask will be sent to the specified channel 
followed by the set mask. 

The current set/reset status of each discrete channel commanded by an MOM 
disc rete command i.4 available on. reCfue4t Por di.4pla'l and/or downii4t. fhi s is 
accomplished by means of MOM Bite Test 4 which allows the current status of the 
discrete output channel to be read by the Orbiter GPC. 

:Jhe time interval between the reset convnand and the set command sha 11 be from 
300 microseconds to 1.0 second. 

:Jhe time interval between the set convnand and the MOM Bite Test 4 shall be 
from 300 microseconds to 1.0 second. 

g.4.3.2.2 Pulsed MOM Discrete Commands. The Orbiter GPC provides for request 
via crew initiation for pulsed output to a discrete channel on the payload MOM. 
When the command is initiated by the crew, the set mask shall be sent to the 
specified channel. Between 35 milliseconds and two-seconds later the same mask 
shall be sent as a reset command. 

9.4.3.2.3 Uplink Discrete Command. The Orbiter provides the capability to 
throughput uplink discrete command to payloads. These uplink commands shall be 
limited to discrete corrmands as defined in Paragraphs 8.2.2.1 and 8.2.2.2. 

9.4.3.2.3.1 Single Stage Discrete Commands. The single stage discrete command 
consists of a reset command and a set command. These commands will normally be 
transferred to the designated channel within two seconds of receipt. The 
Orbiter software provides from 300 microseconds to 200 milliseconds between the 
reset and the set command . 
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9.4.3.2.3.2 Two-Stage Discrete Commands. The two-stage discrete commands 
consist of a reset command followed by a set command. These commands will 
normally be transferred to the designated channel within two seconds of • 
validation/corrections by the sender and receipt of a cooperative command to 
execute the uplink load. The Orbiter software provides from 300 microseconds to 
200 milliseconds between the reset and set command. 

9.4.3.2.3.2.1 Multiple Discrete Commands. The multiple discrete command 
consists of up to ten pairs of reset and set commands (two-stage discrete 
commands). The number of groups of reset/set commands to discrete within a 
multiple command group shall be limited to a maximum of ten. 

9.4.3.2.3.3 Multiple Discrete Stored Program Commands. Multiple Stored Program 
Commands (SPCs) has an execution time associated with it. SPCs via the MUM 
d·iscrete channel consists of up to 10 discrete command groups. Normal·ly the SPC 
shall be transferred to MOM discrete channels within 2 seconds after GMT time of 
execution has occurred. If the GMT time of execution has already occurred when 
the load is received, the SPC shall normally be output within 2 seconds of 
receipt. fhe GPC storage (including those required to support Orbiter 
functions) is limited to a maximum of 10 at any given time in the mission. 

9.4.3.3 Discrete Inputs. ·rhe Orbiter GPC software provides the capability to 
acquire discrete parameters from MOMs under GPC control. The parameter 
acquisition rate shall be 1.04 Hz. The hardware characteristics of Discrete 
Input Low/High (UIL/OIH) are as defined in Paragraph 8.2.2.3 and 8.2.2.7, 
respectively. 

9.4.3.4 Analog Input. The Orbiter GPC software provides the capability to • 
acquire analog parameters from MDM•s under GPC control. The analog parameter 
acquisition rate shall be 1.04 Hz. The hardware characteristics of analog 
inputs are as defined in Paragraph 8.2.2.4. The analogs are converted for GPC 
processing to 10 bit two•s complement binary by the MOM. The Orbiter GPC will 
provide the capability to acquire analog data which is in the format defined 
below. The bit numbers refer to the serial GPC/MDM data bus format. 

Signed ten-bit analog. Each analog parameter shall be a signed parameter (bits 
9 through 18 of the command data word) with the MSB (bit 9) representing 
polarity. Positive values are indicated when bit 9 is equal to binary zero. 
Negative values are in the form of binary two•s complement when bit 9 is equal 
to binary one. ·rhe analog-to-digital conversion convention for analog 
parameters is defined as follows: 

Volts Binary 
MSB LSB Decimal Value 

+5. 11 voc = 0 111 111 111 = 511 Maximum positive value PCM count 

+0.01 VDC = 0 000 000 001 = Minimum positive value PCM count 

o.oo vue = 0 000 000 000 = 0 0 

-0.01 VDC = 111 111 111 = -1 Maximum negative value PCM count 

-5.12 voc = 000 000 000 = -512 Minimum negative value count 

Bits 19 through 24 sha 11 contain fill zeroes. 
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9.4.3.4.1 Analog Input Scaling. Analog parameters (10-bit) acquired by Lh~ urC 
are scaled from PCM counts to engineering units value for display and limit 
sensing. The scaling is accomplished using a third order polynomial equation as 
follows: 

Where EU = The engineering units value desired for display. 

X = The decimal value of the PCM count. 

A0 , A1, A2, A3 =The polynomial coefficients. 

9.4.4 Orbiter Data Bus System Interface. The Orbiter shall provide for the 
acquisition/output of data to a unique payload BTU via the Orbiter data bus 
system. The physical characteristics for interfacing a unique payload BTU to 
the Orbiter data bus shall be as defined in Paragraph 8.2.12. The data bus 
interface shall be a demand response system under Orbiter GPC control. The 
interface constraints, formats, and data conventions are defined in the 
following paragraphs. 

9.4.4.1 Data Bus Interface Configuration. The Orbiter shall provide unique 
address codes for payload BTUs interfacing with the data bus system (refer to 
Paragraph 8.2.12.6.1.1). The assigned address codes shall be used by the GPC 
when communicating with paYloads via data bus PL 1 or PL2 (refer to Paragraph 
8.2 .. 12.7, Cargo Terminal Address Codes). 

The GPC shall communicate with a maximum of five different BTU addresses codes 
• per flight. 

• 

Each address code may be supported via one bus only (single port BTUs) or via 
both buses (dual port BTU which is either a single BTU with redundant ports or 
two redundant single port B·rus). 

The Orbiter shall provide the BTU address and bus assignment at the cargo 
integration review for each flight. For a dual port payload BTU interfacing 
with the Orbiter data bus system, one BTU port will interface with PL 1 and the 
other with PL 2. The two BTU ports shall have identical channelization and 
shall appear to the gpc a~ identical ~lj~tem~. This interface design sha 11 not 
preclude the GPC from addressing other BTUs on both PL 1 and PL 2 at any time. 
The GPC shall communicate with the dual port BTU via only one bus at a time in 
accordance with the PL bus mode (primary or secondary) selected by the crew. 

A maximum of three BTUs can be accessed on each PL Bus in either the primary or 
secondary mode. BTUs which are supported via both buses will be assigned a 
primary bus and a secondary bus (by the Orbiter software contractor). Figure 
9.4.4.1-1 defines the types of BTUs which may be attached to the payload buses. 

9.4.4.1 .1 Payload BTU Design Constraints. Payload BTUs shall be designed such 
that their function is not affected by data bus transmission to other address 
codes . 
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Payload BTUs shall be designed such that module address codes 0, 2, 7 are not 
used for command data transmission (receive data BTU mode) from the GPC to the 
payload BTU. These module addresses correspond to output cards on Orbiter • 
payload MOMs. Any receive command from the GPC with an incorrect output module 
address shal I be rejected by the BTU. 

When payloads have multiple payload BTUs connected to the same data bus, output 
cards should not be assigned to the same module address on different BTUs. In 
addition the same module address in a given BTU should not be used for input and 
output data transmission. The intent of these constraints is to prevent 
inadvertent commanding of a payload BTU due to address decoder failures. 

9.4.4.1 .2 Payload Unique Data Bus Interface Configuration. 
interface configuration for each payload shall be specificed 
unique ICD. Use of bus address code 15 may preclude payload 
Cargo Integrated Test Equipment (CITE) for payload checkout. 

The data bus 
in the payload 
support at the KSC 

9.4.4.2 Data Bus Interface Communication Conventions. The message sequence for 
transfer of data to/from the payload via the data bus interface shall be as 
defined in Paragraph 8.2.12.6. GPC support for data bus word formats and BTU 
modes shal I be as defined in Paragraph 8.2.12.6.1, Data Bus Word Formats, and 
Pdragraph 8.2.12.6.2, BTU Modes, to the extent specified below. 

9.4.4.2.1 Command Word Formats. The GPC supports the direct command word 
format and the BITE test command word format. The GPC support of special 
control modes is specified in Paragraph 9.4.4.2.3, BTU Control Modes. There 
will be 300 microseconds minimum between the end of the one command transmission 
and the initiation of the next command transmission. 

9.4.4.2.2 Data Word Formats. The GPC shall support the response data word 
format defined in Paragraph 8.2.12.6.1.3 and the command data word format 
defined in Paragraph 8.2.12.6.1.2. 

9.4.4.2.3 Command Word Mode Control (BTU Mode). The control modes supported by 
the GPC on-orbit are defined below: 

9.4.4.2.3.1 Receive Command. The receive command control mode (01000) shall be 
used to transmit commands to the payload via the Orbiter data bus system. The 
sequence of transmission from the GPC is defined in Paragraph 8.2.12.6.2.1, 
Receive Command. Commands may be either prestored in the GPC, and initiated by 
the GPC, or uplinked and throughput by the GPC, as defined in Paragraph 
9.4.4.3.6.2 and 9.4.4.3.6.3. 

Any received commands from the GPC without a legal module address shall be 
rejected. 

9.4.4.2.3.2 Transmit Command. The transmit command control mode (01001) shall 
be used to acquire data from the payload via the data bus system. The sequence 
to acquire data to the GPC is defined in Paragraph 8.2.12.6.2.2. rhe GPC shall 
normally acquire data at 1.04 Hz from a maximum of fourteen data acquisition 
elements per payload BTU. The fo.llowing are data acquisition elements. 

a. An Analog Input Module. One to 32-ten bit analogs may be acquired from this 
element. 
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b. A Discrete Input Module. One to three-16 bit packed discrete words may be 
acquired from this element . 

c. A Serial I/O Channel. One to 32-si~teen bit data words containing any of 
the data types specified in Paragraph 9.4.4.4 may be acquired from this 
element. 

9.4.4.2.3.3 Bite Test 4. The BITE test and command control mode (00111) · 
used ·in conjunction with discrete output command (refer to Paragraph 
9.4.4.4.1). The sequence of command transmission and data acquisition is 
defined in Paragraph 8.2.12.6.2.12 (a), (b), (c)(2). (Excluding pulse commands 
reference Paragraph 9.4.4.4.2 and 9.4.4.4.3. 

9.4.4.3 Serial Input/Output. The Orbiter GPC provides the capability to 
transmit or receive data via the data bus system. ·Data transmission between the 
data bus system to/from the payload shal I be under GPC control. 

Up to eight Standard Serial Interfaces (SSI) shall be supported per mission 
(including those defined in Paragraph 9.4.3.1). Procedurally there shall be no 
more than four simultaneously active serial interfaces. Two basic standard 
~eria·l interface configurations exists; single channel and dual channel. 

9.4.4.3.1 Single Channel Standard Serial Interface. Single channel Standard 
Serial Interface (SSI) will be assigned a single BTU address and a single BTU 
module address to be used for both commanding and data acquisition. 

9.4.4.3.2 Dual Channel Standard Interface. A dual channel SSI will be assigned 
a single BTU address and up to three module and channel address combinations . 
Oata shall be acquired from two module/channel addresses and output to one 
module/channel address. Output commands may consist of up to 32-16 bit words 
from each of the SIO channels. The read request (acquisition) of the data from 
the two SIO channels sha.ll be output from the GPC within 5 milliseconds of each 
other. The time from the last word of the first read request to the start of 
the second read request shall be at least 300 microseconds. 

9.4.4.3.3. Input Data Processing. Each SSI will have the capability to acquire 
up to 32-sixteen bit data words from each of its assigned channel(s) at a cycle 
rate of 1.04 Hz while the SSI is enabled. The activation of the SSI data 
acquisition will be initiated by the crew. 

9.4.4.3.4 Data Types. The data types recognized by the Orbiter GPC via the MOM 
SIO channel are defined below (bit numbers refer to the specific bits in the 
serial format defined in Paragraph 8.2.2.5). Capability is provided to access 
dny of the 8-bit analog parameter types defined below and an 8-bit discrete word 
from the same 16-bit data word (data bits 0 through 15), reference Figure 
8.2.2.~-2) when this occurs, the 8-bit analog shall start in either bit 0 or 8. 

9.4.4.3.4.1 Analog Input Data. The GPC shall provide the capability to acquire 
analog data at 1.04 Hz. The analog data shan conform to the following format 
for GPC analog conversion algorithm. For all analogs the most significant (MSB) 
is bit zero and is transmitted first . 
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9.4.4.3.4.1 .l Signed Ten-Bit Analog. Signed ten-bit ana·log words include bits 
9 through 18 of the response data word, with the MSB (bit 9) representing 
polarity. Positive values are indicated when bit 9 is equal to binary zero. • 
Negative values are in the form of binary two's complement when bit 9 is equal 
to binary one. The analog-to-digital conversion convention for analog 
parameters is defined as follows: 

Bi nar~ 
MSB LSB Decimal Value 

0 111 111 111 = 511 Maximum positive value PCM count 

0 000 000 001 = 1 Minimum positive value PCM count 

0 000 000 000 = 0 0 

111 111 111 = -1 Maximum negative value PCM count 

000 000 000 = -512 Minimum negative value count 

Bits 19 through 24 sha 11 contain fill zeros. 

9.4.4.3.4.1 .2 Signed light-Bit Analog. One or two eight bit analog parameters 
per sixteen bit word. Each analog parameter shall be a signed parameter with 
sign in bits 9 and 17, respectively, and least significant bits in bits 16 and 
24, respectively. Positive values are indicated when the sign bit is equal to 
binary zero. Negative values are in the form ot binary two's complement when 
the sign bit is equal to binary one. The analog-to-digital conversion 
convention for analog parameters is as follows: • 

Binar~ 
MSB LSB Decimal Value 

01 111 111 = 127 Maximum positive va·lue PCM count 

00 000 001 = 1 Minimum positive value PCM count 

00 000 000 = 0 0 

11 111 111 = -1 Maximum negative value PCM count 

10 000 000 = -128 Minimum negative value PCM count 

9.4.4.3.4.1.3 Unsigned Eight-Bit Analog. One or two eight-bit analog 
parameters per 16 bit word. Each ana1og shall be an unsigned eight bit positive 
number with the most significant bit in bits 9 and 17, respectively, and the 
least significant bit in bits 16 and 24, respectively. The analog-to-digital 
conversion convention for these parameters is as follows: 
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MSB 

11 

00 

00 

Binary 

111 

000 

000 

LSB 

111 = 

001 = 

000 = 

Decimal Value 

255 Maximum positive value PCM count 

1 Minimum positive value PCM count 

0 0 

9.4.4.3.4. 1.4 Sign Plus Magnitude Eight-Bit Analog. One or two eight bit 
dnalog parameters per sixteen bit word. Each analog parameter shall be a signed 
parameter plus magnitude with the sign bit in bits 9 and 17, respectively, and 
the least significant bit in bits 16 and 24, respectively. Positive values ar~ 
indicated when the sign bit is equal to binary zero. Negative values are 
indicated when the sign bit is equal to binary one. The analog-to- digital 
conversion convention for these parameters is as follows: 

MSB 

01 

00 

00 

10 

11 

Binary 

111 

000 

000 

000 

111 

LSB 

111 

001 = 

000 = 

001 = 

111 = 

Decimal Value 

127 Maximum positive value PCM count 

1 Minimum positive value PCM count 

0 0 

-1 Maximum negative value PCM count 

-127 Minimum negative value PCM count 

9.4.4.3.4.1 .~ Analog Input Scaling. Analog parameters (8 or 10-bit) acquired 
by the GPC are scaled from PCM counts to engineering units for display and limit 
sensing. The scaling is accomplished using a third order polynomial equation as 
fo 1·1 ows: 

WHERE EU = The engineering units value desired for display. 
X =The decimal value of the PCM count. 

A0 , All• A2, A3 =The polynomial coefficients. 

9.4.4.3.4.2 Oiscretes. Packed with a maximum of 16 bits per word (bits 9 
through 24 of the response data word). The discrete parameter acquisition rate 
shall be at 1.04 Hz. 

9.4.4.3.5 Command Data Formats. The Orbiter GPC software provides the 
capability to process command data loads to an attached payload via this link. 
Each load transferred to the payload via the payload BTU SIO channel shall be 
structured as follows . 
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9.4.4.3.5.1 Payload Command Communication (one or more commands). The Shuttle 
vehicle software limits the maximum message length to 32-sixteen bit words per 
transmission. Each command/data word format shal I be premission-defined and • 
specified in the payload-unique !CO. Payload communication via a BTU serial 
channel wil I be assigned a single BTU module and channel address per standard 
serial interface. 

9.4.4.3.6 Data Content. The data content of the message transmission may 
consist of Orbiter computed data, uplink throughput, or data prestored in the 
GPC for transmission under crew control. 

9.4.4.3.6.1 Orbiter State Vector/Attitude. The Orbiter state vector/attitude 
message shall be transmitted to the payload on demand utilizing Orbiter keyboard 
entry or cyclically at 0.52 Hz, also initiated/terminated via the keyboard. The 
Orbiter state vector/attitude data sets for payloads are defined in Paragraph 
9.4. 5.1. 

9.4.4.3.6.2 On-board Command Data Loads. The Orbiter GPC software provides the
1 

capability to execute prestored command/data to the BTU SIO channel utilizing 
CRT/keyboard entry. 

The pre-stored command/data ·load for any single load may consist of up to 
32-sixteen bit payload command words. 

lhe total storage required for the sixteen bit payload command words (including 
those defined in Paragraphs 9.4.2.2.2 and 9.4.3.1.6.2) shall not exceed 2000 
sixteen-bit words per flight. 

9.4.4.3.6.3 Uplink Throughput Data Loads. The uplink throughput data loads • 
provides the capability to uplink data and/or commands to payloads. The Orbiter 
GPC software shall not be required to be aware of the data content/format 
internal to these 16-bit words. Any command sent before transfer completion of 
the previous command will cause a rejection of the latter command. The Orbiter 
supports the uplink throughput as defined below. 

9.4.4.3.6.3.1 Throughput Command Data Load-Two Stage Processing. The 
capability is provided to throughput up to 32-sixteen bit words of data received 
via uplink to a payload via BTU SIO channel. These words will be downlisted for 
ground validation/correction before being transferred. These words will 
normally be transferred to the designated SIO channel within two seconds after 
receipt of a cooperative command to execute the uplink load. 

9.4.4.3.6.3.2 Throughput Command Data Load-Single Stage Processing. The 
capability is provided to throughput up to 32-sixteen bit (512 bits) payload 
command words per transmission. These words will normally be transferred to the 
designated SIO channel within two seconds after receipt of the last command word 
in the uplink ·load. The Orbiter does not provide validation of these commands 
and therefore, for critical commands the payload must provide two-stage 
execution or other comparable validation systems. 
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9.4.4.4 Discrete Output. Discrete command outputs shall be crew initiated or 
via uplink. Discrete commands are comprised of a command word and a command 
data word. The two types of disrrete command outputs avai"lable are Discrete 
Output Low (DOL) and Discrete Out~ut High (DOH). The hardware characteristic 
the discrete outputs are defined in Paragraphs 8.2.2.1 and 8.2.2 respectively 
MOM discrete output logic levels are controlled by the reset and set masks, 
reference Paragraph 8.2.12.6.1 .1 (1). When bit 18 of the command word is a 
logic one, the command data word (8.2.12.6.1.2) following will be a set 
Conversely, when bit 18 of the command word is a logic zero, the command cata 
word following will be a reset mask. 

The command data word format (8.2.12.6.1.2) contains 16 data bits, bit 9 througi1 
24. For the reset mask, when any of the 16 data bits (bit 9 through 24) are a 
logic one, the corresponding MOM discrete output bit will be set to a logic 
zero. ~or a set mask, when any of the 16 data bits (bit 9 through 24) are se~ 
to a logic one, the corresponding MOM discrete output bits are set to a log~c 
one. The command data word•s bit 9 through 24 corresponds to the MOM discrete 
output bit 0 through l~ respectively. Discrete either reset or set are 
accomplished 16 bits at a time. The Orbiter GPC support for discrete output 
command is defined below. 

9.4.4.4.1 BTU Discrete Commands. The Orbiter GPC provides for a request via 
crew initiation to output reset and set commands to a Discrete Output Low (DOL) 
or Discrete Output High (DOH) channel on the payload BTU. When the command is 
initiated by the crew, the reset mask will be set to the specified channel 
followed by the set mask. 

The current set/reset status of each discrete channel commanded by a BTU 
disc rete command i6 available on. reque6t for di6pla'j and/or d.ownii6t. This is 
accomplished by means of BTU Bite Test 4 which allows the current status of the 
discrete output channel to be read by the Orbiter GPC. 

:Jhe time interval between the reset command and the set command sha 11 be from 
300 microseconds to 1.0 second. 

:Jhe time interval between the set command and MOM Bite Test 4 shan be from 
300 microseconds to l .0 seconds. 

9.4.4.4.2 Pulsed BTU Discrete Conmands. The Orbiter GPC provides for request 
via crew initiation for pulsed output to a discrete channel on the payload BTU. 
When the command is initiated by the crew, the set mask shall be sent to the 
specified channel. Between 35 milliseconds and two-seconds later the same mask 
shall be sent as a reset command. 

9.4.4.4.3 Data Bus Discrete Commands to Hardware Pulsed Channels. The Orbiter 
GPC provides for a request via crew initiation to output a set command to a 
Pulsed Output High (POH) channel on a payload BTU. When the command is 
initiated by the crew, the set mask will be sent to the specified channel. The 
POH discretes will be automatically reset by the BTU. 

9.4.4.4.4 Uplink Discrete Command. The Orbiter provides the capability to 
up ·1 ink disc rete commands to payloads . 
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9.4.4.4.4.1 Single Stage l>iscrete Commands. Single stage discrete commands 
consist of a reset command and a set command. The commands win normally be 
tr·ansferred to the designated channel within two seconds of receipt. The • 
Orbiter software provides from 300 microseconds to 200 milliseconds between the 
reset and the set command. 

9.4.4.4.4.2 Two-Stage Discrete Commands. The two-stage discrete commands 
consist of a reset command followed by a set command. These commands will 
normally be transferred to the designed channel within two seconds of 
validation/corrections by the sender and receipt of a cooperative command to 
execute the uplink load. The Orbiter software provides from 300 microseconds to 
200 milliseconds between the reset and set command. 

9.4.4.4.4.2.1 Multiple Discrete Commands. The multiple discrete command 
consists of up to ten pairs of reset and set commands (two-stage discrete 
commands). The number of groups of reset/set commands to discrete within a 
mulitple command group shall be limited to a maximum of ten. 

9.4.4.4.4.3 Multiple Discrete Stored Program Commands. Multiple Stored 
Programs Commands (SPCs) has an execution time associated with it. SPCs via the 
BTU discrete channel consists of up to 10 discrete command groups. Normally the 
SPC shall be transferred to BTU discrete channe·ls within 2 seconds after GMT 
time of execution has occurred. If the GMT time of execution has already 
occurred when the load is received, the SPC shall normally be output within 2 
seconds after GMT time of execution has occurred.The GPC storage (including 
those required to support Orbiter functions) is limited to a maximum of 10 at 
any given time in the mission. 

9.4.4.5 Analog Outputs. The GPC shall provide the capability to transmit • 
analog data on demand via keyboard entry. Command data for an analog shall 
consist of a single sixteen bit word containing a ten bit analog value. The 
command data for an analog channel (non-SIO) shall be computed from the desired 
lngineering Unit (EU) value, entered via keyboard. 

Analog Output Scaling. Analog values are output by the GPC in the form of 
signed 10-bit two 1 s complement parameters as described below. The PCM count 
output is derived from the computed value in engineering units using a linear 
polynomial as follows: 

EU - A0 
EU = A0 + A1X X = ---------

WHERE EU = The engineering units value used in the computation. 
X = The decimal value of the PCM count output. 

A0 , A1 = The polynomial coefficients. 

The analog command data shall conform to the following format for GPC analog 
conversion algorithm. 

Analog Signed Ten Bit. Ten bit words (bits 9 through 18 of the command data 
word) with the MSB (bit 9) representing polarity. Positive values are indicated 
when bit 9 is equal to binary zero. Negative values are in the form of binary 
two 1 s complement when bit 9 is equal to binary one. The digital to analog • 
conversion convention for analog parameters is defined as follows: 
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ei.JUJrll 
mSIB .t.S/3 :becimal Value 

0 111 11 1 111 - 577 maximum po6itive value PCm count 

0 000 000 001 - minimum po6itive value pcm count 

0 000 000 000- 0 0 

111 111 111 - -1 maximum tte'IQ.tive value PCm count 

000 000 000- -57 2 minimum tte'IQ.tive value count 

Bits 19 through 24 shall contain fill zeros. 

9.4.4.6 Discrete Inputs. The Orbiter GPC provides the capability to acquire 
discrete parameters from BTUs under GPC control. The payload parameter 
acquisition rate shal I be 1.04 Hz. The data bus characteristics of Discrete 
Input Low/High (DIL/DIH) are as defined in Paragraphs 8.2.12.6.1.1 {1) and 
8.2.12.6.1 .3, respectively. GPC data acquisition does not imply that the data 
are acquired and downlisted in a fixed time interval. The time interval between 
data acquisition samples wil I nominally be one second divided by the sample rate 
~55 ms. The variable time interval between data and the fact that data 
acquisition and downlist processing are asynchronous to each other might cause 
some data samples to be double downlisted or skipped. 

9.4.4.7 Analog Input. The Orbiter GPC provides the capability to acquire 
analog parameters from BTUs under GPC control. The analog parameter acquisition 
rate shall be 1.04 Hz. The data bus characteristics of analog inputs are as 
defined in Paragraphs 8.2.12.6.1.1 (1) and 8.2.12.6.1.3. The analogs shall be 
10-bit two's complement binary in the format defined below. The bit numbers 
refer to the serial GPC/BTU data bus format. GPC data acquisition does not 
imply that the data are acquired and downlisted in a fixed time interval. The 
time interval between data acquisition samples will nominally be one second 
divided by the sample rate~ 55 ms. The variable time interval between data and 
the fact that data acquisition and downlist processing are asynchronous to each 
other might cause some data samples to be double downlisted or skipped. 

Signed Ten-bit analog. Each analog parameter shall be signed parameter (bits 9 
through 18) with the MSB (bit 9) representing polarity. Positive values are 
indicated when bit 9 is equal to binary zero. Negative values are in the form 
of binary two's complement when bit 9 is equal to binary one. rhe analog-to­
digital conversion convention for analog parameters is defined as follows: 
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8i.narv 
mSJ3 J'.S/3 :becimal Value 

0 111 111 111 - 511 maximum pot.itiue ualue PCm count 

0 000 000 001 - mini.mum pot.itiue ualue PCm count 

0 000 000 000- 0 0 

111 111 111 - -1 maximum n.e'IQ.tiue ualue PCm count 

000 000 000- -512 mini.mum fl.ti'IQ.tiue ualue count 

Bits 19 through 24 shall contain fill zeros. 

9.4.4.7.1 Analog Input Scaling. Analog parameters (10-bit) acquired by the GPC 
are scaled from PCM counts to engineering units for display and limit sensing. 
This scaling is accomplished using a third order polynomial equation as follows: 

WHERE 

ICU-2-19001 

EU = The engineering units value desired for display. 
X = The decimal value of the PCM count. 

A0 , A,, A2, A3 =The polynomial coefficients. 
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9.4.5 Orbiter Computed Data. The capability exist to transfer the output of 
payload related Orbiter processes to the payload. The Orbiter computed data and 
Orbiter/payload related processes available to support payloads are defined in • 
the following paragraphs. 

9.4.5.1 Orbiter State Vector/Attitude Data. The capability is provided to 
transfer Orbiter State vector/attitude data to payloads. The data to be 
transferred consists of the Orbiter State vector and attitude relative to 
Greenwich true of date Cartesian or Aries mean of 1950 Cartesian coordinate 
system and Orbiter attitude rates about the Orbiter body axes (reference 
Paragraph 3.1.1.5 and 3.1.1.6). 

9.4.5.1.1 Guidance Navigation Parameters. The Orbiter software shall provide 
parameters listed in the following paragraphs as time-homogeneous data sets. 
Homogeneity of a data set shall be maintained during transfer of the data to the 
payload via the PSP, Orbiter payload MOM serial input/output channel or data bus 
interface. However, time homogeneity shall not exist between data sets. The 
parameters other than for PSP are single-precision floating-point except for the 
time tags and Orbiter position, which are double-precision floating-point 
parameters, and the header word, which is an integer. The time homogeneity of 
the attitude/attitude rate set will be maintained to within 100 ms. 

9.4.5.1 .2 Guidance Navigation Data Transfer. The data transfer contains the 
GMT time tag of the transferred parameters. The GMT time tag other than for PSP 
shall be in one double-precision floating-point word. The GMT tag of the 
Orbiter state vector shall be as measured from the beginning of the year the 
mission started. The initial value of this time on January 1, of the year in 
which the mission started is the equivalent of one day, zero hours, zero 
minutes, zero seconds (i.e., 0001 of January 1 is represented by one day, zero • 
hours, one minutes, zero seconds). If lift-off occurs in one year and landing 
occurs in the following year this time tag will not reset to one day at midnight 
of December 31 of the lift-off year. Instead it will continue to monotonically 
increment across the end of the year. 

Time fag Accuracy. Under error-free on-orbit conditions, the GMT shall be 
within plus or minus five milliseconds of the time at whcih the state vector or 
attitude is calculated. 

Transport Lag. The Orbiter state vector/attitude message shal I be output from 
the GPC no later than five seconds past the GMT time tag of the data. However, 
errors occurring in the Orbiter Data Processing System (DPS) and GN&C sensors 
may cause, occasional degradation of this interface. 

The specific data set content and sequence of transfer of Orbiter state vector, 
attitude, and attitude rate shall be as defined in the following sub-paragraphs. 

Data defined below shall be transmitted Most Significant Bit (MSB),Most 
Significant Syllable (MSS) first. 
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9.4.5.1.2.1 Oata Set 1 Greenwich True of Date (TOO) State Vector. 

Data Word Name ~ Units 

OWl Header (AAAA) N/A hex 

OW2-DW5 

UW6-0W9 

UW10-UW13 

UW14-0W17 

UW18-DW19 

DW20-DW21 

DW22-0W23 

GMT time tag of state vector 

Orbiter X position (TOO) 

Orbiter Y position (TOO) 

Orbiter Z position (TOO) 

Orbiter X velocity vector (TOO) 

Orbiter Y velocity vector (TOO) 

Orbiter Z velocity vector (TOO) 

OP 

OP 

DP 

OP 

SP 

SP 

SP 

sec 

ft 

ft 

ft 

fps 

fps 

fps 

9.4.5.1 .2.2 Data Set 2 Greenwich True of Data Attitude/Attitude Rate. 

Data Word Name ~ Units 

OWl Header (5555) N/A hex 

DW2-DW5 

DW6-UW7 

DW8-DW9 

OWl 0-DW.Il 

UW12-DW13 

DW14-DW15 

UW16-0Wl7 

ICU-2-19001 

GMT time tag of attitude/attitude rate DP 

Orbiter earth relative pitch angle SP 

Orbiter earth relative yaw angle 

Orbiter earth relative roll angle 

Orbiter pitch rate 

Orbiter yaw rate 

Orbiter roll rate 

9-37 

SP 

SP 

SP 

SP 

SP 

sec 

rad 

rad 

rad 

rad/sec 

rad/sec 

rad/sec 



9.4.~.1 .2.3 Data Set 3 Aries Mean of 1950 (M50) State Vector. 

Data Word 

OWl 

DW2-UW5 

DW6-DW9 

UW10-DW13 

UW14-DW17 

DW18-DW19 

UW20-DW21 

DW22-DW23 

Header (A5A5) 

M50 state vector time tag (GMT) 

Orbiter X position (M50) 

Orbiter Y position (M50) 

Orbiter Z position (MSO) 

Orbiter X velocity vector (MSO) 

Orbiter Y velocity vector (MSO) 

Orbiter Z velocity vector (MSO) 

N/A 

UP 

DP 

DP 

DP 

SP 

SP 

SP 

hex 

sec 

ft 

ft 

ft 

fps 

fps 

fps 

9.4.5.1 .2.4 Data Set 4 Aries Mean of 1950 (MSO) Attitude/Attitude Rate. 

Data Word 

OWl 

DW2-DW5 

DW6-DW7 

DW8-DW9 

OWl 0-DWl ·1 

UW12-DW-13 

UWI4-DW15 

DW16-DW17 

DW18-DW19 

Header (SASA) 

MSO attitude data time tag (GMT) 

Orbiter Body to MSO Quaternion* 
E.lement One 

Orbiter Body to MSO Quaternion* 
Element Two 

Orbiter Body to MSO Quaternion* 
Element Three 

Orbiter Body to MSO Quaternion* 
Element Four 

Orbiter pitch rate 

Orbiter yaw rate 

Orbiter roll rate 

N/A hex 

OP sec 

SP 

SP 

SP 

SP 

SP rad/sec 

SP rad/sec 

SP rad/sec 

* The quaternion for the transformation from Orbiter body coordinates 
to Aries-Mean of 1950, inertial Cartesian, coordinate system is 
defined below: 

Cos a, Cos B, Cos y are the direction cosines of the eigen axis for the 
transformation with respect to the x, y, and z axes, respectively, of either 
coordinate system. 
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e is the magnitude of the right handed rotation about the eigen axis required to 
carry out the transformation. 

~ The elements of the quaternion are defined by: 

~ 

~ 

Element One 
Element Two 
Element Three 
Element rour 

= Cos e/2 
= Sin e/2 Cos tt 

= Sin e/2 Cos B 
= Sin e/2 Cos y 

The parameters in each data set shall be transmitted in 16 bit words in the 
parameter order defined. Each parameter shall be transmitted with the most 
significant bit and most significant syllable first. The time homogeneity of 
each data set shall be maintained. 

9.4.5.1 .3 GN&C Data Transfer Sequence. Crew keyboard entries are used to 
transfer GN&C data. GN&C state vector and/or attitude and attitude rate 
shall be transferred to the payload in the following modes. 

a. Single Shot Mode. A single state vector data set or a single 
attitude/attitude rate data set is transferred when initiated by keyboard 
command. 

b. Cyclic Mode. (Data bus and MOM SIO Interfaces Only). State vector and/or 
attitude and attitude rate data set are transferred repeatedly when 
initiated by keyboard command until terminated by keyboard command. When 
state vector and attitude/attitude rate is the data set selected for 
transfer, the time between state vector and attitude/attitude rate may be as 
great as 960 milliseconds or as short as 300 microseconds. A data set is 
transferred once in every 1.92 second time period. 

9.4.5.1.4 PSP Unique Orbiter State Vector/Attitude Data. fhe Orbiter state 
vector/attitude message shal I be transmitted via the PSP to the payload on 
demand uti ·1 i zing Orbiter keyboard entry. The state vector/attitude data set for 
payloads is defined in the following paragraphs. 

9.4.5.1 .4.1 Payload Communications. Each state vector/attitude message 
transferred to the payload via the PSP link will be structured as follows: 

--------------------- ----------------------! PREAMBLE ! CMD 1 CMD N ! POSTAMBLE ! --------------------- ----------------------
1. The command message preamble shall consist of alternating ones and zeros 

followed by command word(s), and ending with a postamble consisting of 
alternating ones and zeros. The preamble and postamble begin with a one and 
end with a zero. 

The interval between consecutive command message transmissions shall be 
procedurally controlled such that the minimum preamble/postamble may be 
satisfied by the PSP IDLE pattern. 

2. E.ach command word is 40 bits. Command words sha 11 be formatted as fo 11 ows: 
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BITS 

1-8 

9-15 

16-18 

19-26 

27-34 

35 

36-40 

DESCRIPTION 

Ambiguity Word - Fixed 8-bit (11110010) sequence used 
to resolve subcarrier phase ambiguity, fixed for all 
missions. 

Address- 7-bit address code (1110000), fixed for all 
missions. 

Identification - 3-bit identification code, bit 16 
message control. Zero State= start of command (data 
word one). 
One State = continuation word. 

Bit Position 

16 17 "18 
0 0 0 · First word of command (header word). 

0 0 Data words for multi-word commands. 

Byte - 8-bit command data. 

Byte 2 - 8-bit command data. 

Odd parity such that bit 16-35 contaih an odd number 
of one•s. 

Fill - Fixed bit pattern 01010. 

9.4.5.1.4.2 Orbiter State Vector. The Orbiter state vector data messages shall 
contain the following. 

The Orbiter state vector data shall be a time homogeneous data set. The data 
content and sequence of data transmission shall be as follows: 

OWl 

DW2-0W3 

DW4-0W5 

DW6-0W7 

OW8-DW9 

ICD-2-19001 

Command Headed - 1101000000000000 

GMT time tag of the Orbiter state is in the fixed 
point format for the PSP (See Paragraph 9.4.5.1 .2). 

As part of the conversion process for the GMT 
tirnetag, a constant equal to 0.01 x (23Ll) seconds 
is subtracted to ensure that the required LBS 
resolution can be met. fhe payload is required to 
add this constant back in order to determine the 
true GMT time. 

Orbiter Y position in the Aries Mean of 1950, 
Inertial Cartesian, coorinate system. 

Orbiter Z position in the Aries Mean of 1950, 
Inertial Cartesian, coordinate system. 
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OWlO-OWll 

UW12-UW13 

OW14-DW1S 

Orbiter X velocity vector element in the Aries Mean 
of 19SO, Inertial Cartesian, coordinate system . 

Orbiter Y velocity vector element in the Aries Mean 
of 19SO, Inertial Cartesian, coordinate system. 

Orbiter Z velocity vector element in the Aries Mean 
of 19SO, lntertial Cartesian, coordinate system. 

Data items contained in OW2 through OWlS shall be double precision 32-bit fixed 
point integers as defined in Paragraph 9.4.S.2.3. The binary point shall be to 
the right of the LSB. 

The data defined above shall be transmitted MSB, Most Significant Syllable (MSS) 
first. Each data word defined above (OWl-OWlS) shall be transferred in bits 19 
through 34 of the respective command word, refer to Paragraph 9.4.S.l .4.1. 
While the payload is attached to or detached from the Orbiter, this data shall 
be transmitted to the payload on demand via crew initiation. 

9.4.5. 1 .4.3 Orbiter Attitude. The Orbiter attitude shall be a time homogeneous 
data set. The Orbiter attitude data content and sequence of data transmission 
shall be as follows: 

OWl 

OW2-0W3 

OW4-0WS 

OW6-0W7 

OW8-0W9 

Header - 1101100000000000 

Element one of the quaternion representing the 
transformation from Orbiter body coordinates to the 
Aries Mean of 19SO, Inertial Cartesian, coordinate 
system. (See Note 1) 

Element 2 of the quaternion described for OW2-UW3. 

Element 3 of the quaternion described for OW2-UW3. 

Element 4 of the quaternion described for OW2-0W3. 

Data items contained in OW2 through OW9 shall be double precision 32-bit fixed 
point integers as defined in paragraph 9.4.S.2.3. The binary point shall be to 
the right of the LSB. Each data word defined above (DW1-DW9) shall be 
transferred in bits 19 through 34 of the respective command word, refer to 
Paragraph 9.4.S.l .4.1. While the payload is attached to the Orbiter, this data 
sha·1·1 be transmitted to the payload on demand via crew initiation. 

Note 1 : The quaternion for the transformation from Orbiter body coordinates to 
the Aries Mean of 19SO, Inertial Cartesian Coorinate System is defined 
as follows: 

Cos a, Cos B, Cos y are the direction cosines of the eigen. axis for the 
transformation with respect to the x, y, and z axes, respectively, of either 
coordinate system. 

e is the magnitude of the right handed rotation about the eigen axis required to 
carry out the transformation . 
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lhe elements of the quaternion are defined by: 

Element One = Cos e/2 
Element Two = Sin e/2 Cos OL 

Element Three = Sin e/2 Cos B 
E.lement Four = Sin e/2 Cos y 

a. Transport Lag Requirements. The Orbiter state vector 
message shall be output from the GPC no later than 5 
seconds past the GMT time tag of the data when operating 
under error-free on-orbit conditions. The Orbiter attitude 
shall be output from the GPC no later than 5 seconds past 
the GMT of its computation by the GPC under error-free 
on-orbit conditions. 

b. Transformation/Resolution Requirements. The 
transformation/resolution requirements are as follows: 

State Vector Time Tag (GMl) LSB = 0.01 sec 

Orbiter Position LSB = 1.0 ft 
Orbiter Velocity LSB = 0.1 ft/sec 
Orbiter Attitude Quaternion LSB = 2-31 

c. Time Tag Accuracy. Under error-free on-orbit condition, 
the GMT sha 11 be within ±5 ms of the time for which the 
state vector is calculated. 

9.4.5.1 .4.4 PSP Orbiter State Vector/Attitude Transfer. The PSP state 
vector/attitude command load is executed by accessing the state vector or 
attitude data and a payload dependent configuration messgae and transmission of 
both to the PSP. 

The command load provides data sets consisting of fifteen 40-bit command words 
(state vector set) or nine 40-bit command data words (attitude set). An 8-bit 
pattern of 10101010 is added to the data set after the last command word. 

The configuration message format (1-5) to be used shall be the same for either 
load and shal I be a single premission defined format. The Orbiter uplink 
process provides the capability to change the premission defined format to 
support multiple payloads. 

9.4.5.2 Data Conventions. The GN&C data transferred by the Orbiter GPC 
software via output to the PSP, payload MOM serial input/output, and data bus 
input/output to a payload BTU shall be as defined below. 

9.4.5.2.1 Single-Precision. Floating-Point (SP). The SP shall _consist of a 
number, X, in hexadec ima I format and transmitted as two 16-bit data words in the 
order OWl, then OW2 (the bit sequence isS, c1 ~--- M8, then Mg, 
M1 0 ---- M24) · 
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
-------------------------------------

! ! c! c! !C!M!M! !M ! 
OWl !S! ! !-------! ! ! !--------------! 

! !1!2! !7!1!2! ! 8! 
-------------------------------------
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
-------------------------------------

!M!M! !M ! 
OW2 ! !1! !----------------------------!2 ! 

! 9! 0! ! ! 4! 
-------------------------------------

S - Sign of Mantissa: 1 = Negative 
0 = Positive 

C1 - C7 - Characteristics: Coded Hex EXCESSIVE 4016 

M1 - M24 -Mantissa (M): 

lCD-2-19001 

Normalized by HEX digits to the range 
(16-1, 1-16-14) 

x = (Sign) 16v -M) 

Where V = C16 -4016 
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9.4.!l.2.2 Double-Precision, Floating-Point (OP). The DP shall consist of a 
number, X, in hexadec ima 1 format and transmitted as four 16-bi t data words in 
the order OWl, DW2, OW3, then DW4 (the bit sequence isS, c1 ---- M8, then • 
M9, M1o ---- M24• etc.). 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

! !C!C! !C!M!M! !M ! 
OWl !S! ! !-------! ! ! !--------------! 

! !1!2! !7!1!2! ! 8! 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

!M! ! M ! 
DW2 ! !--------------------------------!2 ! 

! 9! ! 4! 

0 1 2 3 4 !j 6 7 8 9 10 11 12 13 14 15 

!M! !M ! 
OW3 !2!--------------------------------!4 ! 

! 5! ! 0! 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

!M! !M ! 
OW4 !4!--------------------------------!5 ! 

! 1 ! ! 6! 

S - Sign of Mantissa: 1 = Negative 
0 = Positive 

C1 - C7 -Characteristics (C): 

M1 - M!l6- Mantissa (M): 

Coded HEX EXCESSIVE 4016 

Normalized by HEX digits to 
the range (16-1, 1-16-14) 

x = (Sign) 16V -M) 

Where V = C16 -4016 
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9.4.5.2.3 Double Precision Fixed Point. The data transferred to the SIC shal 1 
consist of the following data type . 

Double Precision Fixed Points: 

o 2 3 4 5 6 7 8 9 10 n 12 13 14 15 
-----------------------------------------------· -----

!M 
!S !S ! VALUE 

! B ! 

-----------------------------------------------------
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
-----------------------------------------------------

VALUE 

---------------------------------------- ·-------

! L 
!S ! 
!B ! 

Fixed point values consist of 32 bits contained in two 16-bit data words. 
Positive values are indicated when bit zero of data word one is equal to a 
binary zero; negative values are in the form of binary two 1 s complement when bit 
zero of data word one is equal to binary one. 

9.4.5.3 Payload Sequencing/Payload Unique Computations. The Orbiter software 
provides services which can be used to perform payload unique computations for 
crew display and/or payload sequencing. The basic Input/Output (l/0) services 
are described in paragraphs 9.4.5.3.1 and 9.4.5.3.2. The minimum computational 
operations provided with these services include addition, subtraction, 
multiplication, division and logical "and", "or", and "exclusive or". lhese 
services also include the capability for the crew to control and monitor the 
computations via the keyboard and display. 

1he availability and definition ot these services will be negotiated on an 
individual payload basis. 

9.4.5.3.1 Data Acquisition. fhe capability is provided to acquire data (of the 
types defined in the referenced paragraphs) from the PCMMU/POI (refer to 
Paragraph 9.4.1.1 .2.1), payload MDM interface (refer to Paragraphs 9.4.3.1 .4, 
9.4.3.3 and 9.4.3.4), and Orbiter data bus system interface (refer to Paragraphs 
9.4.4.3.4, 9.4.4.6, and 9.4.4.7). 

9.4.5.3.2 Output Data Processing. The capability is provided to output data to 
payload MDM 1 s and payload BTUs on the Orbiter data bus system. The only mode 
that sha 11 be supported is receive command data (mode "01 000"). Output sha 11 be 
at a 1.04 Hz rate to upto 16con.titj.UOuflchan.n.elfl on an ana-log module or upto 
three con.ti9uoufl chan.n.elfl on a disc rete modu 1 e. The tota 1 command data output to 
these channels is limited to fifty sixteen-bid words per flight. 

The capability is also provided to output up to 32 16-bit data words via a 
standard serial interface (refer to Paragraphs 9.4.3.1 and 9.4.4.1) . 
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The capability is provided to output up to 64 16-bit data words via the PSP 
interface (refer to Paragraph 9.4.2). 

Data values to be output via the above services shall be calculated by the 
payload unique computations. 
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10.0 INDUCED ENVIRONMENTS 

10.1 VIBRATION 

(See Paragraphs 4.1.6 and 4.2.1.3) 

10.2 ACOUSTICS 

(See Paragraphs 4.1.5.2 and 4.2.2) 

10.3 SHOCK 

Pav/oad. irul.uced PP"Otechn.ic tJ&ock to the Orbiter and pyotechn.ic tJ&ock from other 
60W'Ctl6 i6 di6cu66ed in Para'ii"Qph. 4.1.9. CQrr~o located in th.e alt fliih.t deck 6h.all n.ot 
r;enerate P'P'Otech.nic tJ&ock n.or tiXperience anv Orbiter irul.uced PP"Otechn.ic 6h.ock. 

10.4 LOAD FACTORS 

(See Paragraphs 4.1.3 and 4.2.1) 

10.5 TEMPERATURE 

(See Paragraphs 6.1.3 and 6.1.4) 

10.6 ORBITER/CARGO BAY PARTICULATES AND GASES ENVIRONMENT 

10.6.1 Purge Gas in the Cargo Bay . 

10.6.1.1 Ground Operations With Closed Cargo Bay. Conditioned gas (air or 
GN2) which has been HEPA filtered, Class 5000, and containing 15 PPM or less 
hydrocarbons based on methane equivalent, shall be used to purge the cargo bay 
as spec if i e d i n Tab l e 6 . 2 . 1 -1 . :Jh.e CafVIO 6hall h.aue been in6talled. th.e Car'fiO baij 
door6 clo6ed. and th.11 Shuttle Vehicle fullij mated before purr;e i6 6tarted. 

10.6.1.2 Lift-off Through Orbit Insertion. The cargo bay gas shall be the 
residue remaining from the Orbiter ground purge conducted prior to lift-off. 
The nominal cargo bay pressure during ascent shall be within the curves shown in 
Figure 10.6.1.2-1. The maximum cargo bay ascent pressure decay rate (i.e., 
dP/dt) is shown in Figure 10.6.1.2-2 with a maximum value of 0.76 psi/second. 
Table 10.6.1.2-1 presents values for the data plotted in Figures 10.6.1.2-1 and 
10.6.1.2-2. 

10.6.1.3 Entry and Descent. Atmospheric air filtered through 35-micron 
glass-bead-rating filters shall be used to repressurize the cargo bay. Figure 
10.6.1.3-1 defines the Orbiter Cargo Bay internal pressure history to be used by 
payloads for design and venting analyses. Orbiter Cargo Bay vent door opening 
shall occur at altitudes between 70,000 ft (21,336 m) and 94,000 ft (28,651 m). 
The repressurization rate (i.e., dP/dt) of the Cargo Bay shall not exceed 0.3 
psi/sec during descent. 

10.6.2 Contamination . 
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·10.6.2.1 Accessability for Cleaning. Interior surfaces of the Cargo Bay and 
exterior surfaces of the Cargo shall be designed to provide accessability for 
cleaning purposes. 

10.6.2.1.1 Cargo Bay and Cargo Element Cleaning Condition. Internal Cargo Bay 
surfaces and external Cargo element surfaces shall be maintained to a visibly 
clean level, as defined in NSTS Specification SN-C-0005, both prior to and 
following, Cargo element installation in the Cargo Bay. 

1 0. 6. 2. 2 Cargo E f f 1 uent s . ::Jh.e Pormati.Dn. or tran.oPer. within. the CQ/"90 bav oP tl.n.v 
CQ/"90 e"luen.to which. can. rewlt in. pa.vload croot.-con.tamiruzti.Dn. or jeopardize the 
perlorman.ceoPOrbiterovt.temt. (i.e., radiators, windows, optics, etc.) shall be 
precluded. The Cargo shall provide cleanable exterior surfaces. All 
nonmetallic materials exposed to the cargo bay shall be selected for low 
outgassing characteristics. Material selection criteria of 1 percent, or less, 
total mass loss and 0.1 percent, or less, volatile condensible material (VCM) as 
defined in NASA/JSC specification SP-R-0022A, or its equivalent, shall be used. 

10.6.2.3 Gases and Liquids Vented Overboard. fluids vented overboard shall 
limit contamination of the cargo, cargo bay, Orbiter windows, optical surfaces, 
and/or Orbiter thermal protection system surfaces to a level which does not 
jeopardize mission objectives. Dump design shall be time- selectable in order 
to program occurrences to be compatible with other flight operations. No 
payload shall dump or vent any fluids into the Cargo Bay during ascent or 
descent (including aborts). On-orbit dumps of non-hazardous fluids shall be 
performed only with the Cargo Bay doors open. Venting or dumping, as used in 
this paragraph, shall not include the release of non-hazardous gases in internal 
umpressurized volumes at atmospheric pressure at liftoff which are continuously 
vented during ascent and continuously repressurized during entry. All other 
requirements for payload venting will be included in payload unique !CO's. 

10.6.2.4 Cargo Bay Liner. The Orbiter shall provide a cargo bay liner, as 
required, to isolate cargo element surfaces which are sensitive to particulate 
contamination effects from the Orbiter lower mid-fuselage. The liner shall 
prevent the transfer of particulates greater than 35 microns GBR (nominal max. 
particle size 87 microns in length) from the lower mid-fuselage to the cargo 
bay. All cargo bay surfaces, including the cargo bay liner shall be cleaned to 
a visibly clean level as defined in NSTS specification SN-C-0005. 

10.6.2.5 Orbiter Sources of Contamination. Number column density and return 
flux predictions for outgassing, flash evaporator, leakage, and RCS e"luen.tt. 
Por vari.Dut.lin.eo-oP-oiflh,t and altitudeo are ohDwn. in. ::Ja.ble 10.6.2.5-1. 

10.6.3 Thruster Bipropellant Combustion Products. Table 10.6.3-1 lists the RCS 
and VRCS exhaust products due to the combustion of the MMH/N2o4 
bipropellant. Distribution of these products within the engine plumes is 
defined in paragraphs 11.2.2 and 11.2.3. 
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TABLE 10.6.1.2-1 ASCENT CARGr BAY PRESSURE AND DECAY RATE 

-----------------------------------------------------------
MAXIMUM CARGO ! MINIMUM CARGO ! MAXIMUM RATE OF ! 

TIME BAY PRESSURE ! BAY PRESSURE !DEPRESSURIZATION ! 
--------- ---------------!---------------!-----------------

10 
20 
30 
35 
38 
39 
40 
41 
45 
48 
49 
50 
51 
52 
55 
60 
65 
70 
80 
90 

100 

14.45 
13.20 
11.25 
10.05 
9.40 
9.15 
8.95 
8.70 
7.75 
7.20 
7.05 
6.90 
6.60 
6.10 
5.35 
4.30 
3.50 
2.70 
1.30 
0.60 
0.25 

14.20 
12.50 
10.00 
8.90 
8.20 
7.60 
7.20 
6.80 
5.70 
5.10 
4.90 
4.70 
4.50 
4.30 
3.65 
2.70 
2.00 
1 .40 
0.60 
0.20 
0.10 

0.155 
0.255 
0.360 
0.510 
0.735 
0.760 
0.760 
0. 760 
0.640 
0.570 
0.575 
0.550 
0.520 
0.455 
0.355 
0.273 
0.255 
0.195 
0.150 
0.115 
0.075 

-----------------------------------------------------------
NOTE: 

(1) PRESSURE IN PSIA 

(2) RATE OF DEPRESSURIZATION IN PSI/SECOND 

(3) TIME IN SECONDS FROM LIFT-OFF 
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I Source 

::Jable 10.6.2.5-1 Pred.i.cted. 7lum.ber Column. :beMitv ~ Return :Jiw, 
Con.tributioM :Jrom ShutUe Orbiter Sourceo Of Con.tamin4tion. 

I Parameter I 7lumber Column. I Return :JiwdR3J 
<Tinoleculeolcm2!oec) :ben.oitv 

<Tinolecule41cm2) 300 .Km 400 .Km 700 .Km 

VRCS 
.43::1 -Z 
R i.'iht Si.d.e 

VRCS 
.43::1 +Y 

PRCS 
.43::1 -Z 
R i.'iht Si.d.e 

PRCS 
.43::1 +Y 

NOTES: 

.t.OS 1 
3 
7 

.t.OS 1 
7 

.t.OS 1 

7 

.t.OS 1 

7 

.t.OS 1 

7 

.t.OS 1 
7 

2.1x1o10 
3.1 x1o10 
2.7 x1o10 

6.7 x1o 13 
3.3 x1o14 

1 .6x1o14 
B.7x1o14 

B.6xto15 

2.9x1o16 

s.2x1o1o 
2.9x1o10 
2.sx1o10 

3.0x1o12 
1.6x1o12 

B.1xto12 
3.7x1o12 

6.0x1o 1 3 
5.4xto12 

1.1x1o10 
6.2x1o9 
5.3x1o9 

6.3x1o1 1 

3.4xto' 1 

1.2x1o 1 1 

1.7x1o12 
7.9x7of 1 

1.3x1o 1 3 
1.1Xf012 

2.sx1oB 
1.4x10B 
1.2x1oB 

1 .7x1o10 

4.0>C1 010 
1.sx1o10 

2.6xto' 1 

3.0>C1 0 1 1 

2.6xto10 

{1) Ambient velocity direction: -z, Field of view: 10°, medium density 
atmosphere. 

{2) Maximum temperature, after 100 hours. 

{3) LOS 1, zero degree line-of-sight {in the +Zo direction) originating at 
Xo = 1107, Yo= 0, Zo = 507. 
LOS 3, 60° off of +Z towards + Xo {backward) originating at 
Xo = 1107, Yo= 0, Zo = 507. 
LOS 7, 60° off of +Z towards +Yo {right) originating at 
Xo = 1107, Yo= 0, Zo = 507. 

{4) Elevon is in nominal position, maximum flow. 
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TABLE 10.6.3-1 N2 04/MMH EXHAUST PRODUCTS (MOLE FRACTIONS) 
AND TRACE PARTIALLY REACTED CONTAMINANTS 

-----------------------------------------------------------------------------------
!Steady State Operations RCS VRCS OMS ENGI; 
!---------------------------------!----------------- ----------!------------------------! 
!Completely Reacted Products 

H20 
N2 
H2 
co 
C02 
02 
NO 

0.339 
0.309 
0.163 
0.129 
0.042 
0.002 
0.001 

0.333 
0.312 
0.181 
0.129 
0.042 
Traces 

(TBD) 

!--------------------------------- -----------------!---------- ------------------------! 
!Free Radicals (TBD) 

H 
OH 
0 

0.012 
0.006 
Traces 

0.003 
Traces 
Traces 

!-------------------------------------------------------------- ------------------------! 
!Pulse Mode Trace Products (solid or liquid) 
!--------------------------------------------------------------!------------------------! 

(TBD) 

MMH 
MMH-nitrate 

Nitric Acid 
Ammonium nitrate 

N2H3 CH3 (TBD) 
N2H2 CH3 N03;N2H CH3 (N03)2 

HN03 
NH4 N03 

---------------------------------------------------------------------------------------
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10.7 ELECTROMAGNETIC COMPATIBILITY (EMC) 

10.7.1 Circuit EMEC Classifications. Circuit EMEC Classifications are as 
defined in Table 10.7.1-1. As a design goal, cargo wiring on the payload side 
of the interface shall meet the requirements of Table 10.7.1-2, or utilize 
equivalent shielding. In any event, the payload shall comply with the radi?~ 
and conducted electromagnetic interference requirements of Paragraphs 10.7.3, 
10.7.3.1 and 10.7.3.2. 

10.7.2 Shuttle-Produced Interference Environment. 

10.7.2.1 Conducted Interference. (See Paragraphs 7.3.7and7.4.2.1). 

10.7.2.2 Radiated Interference. The Shuttle-produced radiated fields 
environment shall be limited as follows: 

a. AC magnetic fields shall be limited to less than 140 dB above 1 picotesla 
(30Hz to 2KHz), falling 40 dB per decade to 50 KHz. The de field shall be 
less than 170 dB above 1 picotesla. The above are worst case values for 
locations near the Orbiter power buses at Yo = ± 79, Zo = 349, Xo = any 
value in the cargo bay. 

The above values of magnetic flux density are reduced in accordance with 
the following equation for separation from the power busses in the Y-Z 
plane. 

dB (reduction) = 20 log10 (57R2) where R (meters) = radial separation 
in the Y-Z plane from the nearest port or starboard power bus described by 
the above location coordinates. 

For locations within 2.5 meters of the 576 or 1307 Xo locations, the value 
of R in the equation should be the separation from the Xo = 576 or Xo = 
1307 locations in meters. 

b. Electric fields along the cargo bay center line under normal operating 
modes are defined in Figures 10.7.2.2-1 and 10.7.2.2-2 for unintentional 
emissions. These levels should be considered when evaluating the 
possibility of operating radio frequency receiving equipment or electric 
field sensing instruments in the cargo bay. The worst case electric field 
intensities produced by Orbiter-installed transmitters, with the exception 
of the Ku-Band system, are defined for the cargo bay and for the volume 
above the cargo bay/cabin. The values defined in Figure 10.7.2.2-3 are the 
maximum field intensities on the upper (+X, +Y), (+Z, -Y) quadrants of the 
payload bay envelope with the doors open. The values defined in Figures 
10.7.2.2-4, 10.7.2.2-5, ro.7.2.2-6and 10.7.2.2-7 are the maximum field 
intensities that may impinge on payloads in the +Z hemisphere above 
the Orbiter during deployment and retrieval operations. The electrical 
field strengths produced by Orbiter installed transmitters are defined in 
Figure 10.7.2.2-3. These values, with the exception of the Ku-Band system, 
are worst case values in the upper (+Z) quadrant of the cargo bay envelope 
with doors open. The Ku-Band levels are greater along a line defined by 
the +Yo=90 and +Zo=444. Reduced levels can be expected in the lower Y 
and Z areas of the cargo bay; however, the levels are payload geometry 
dependent . 
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For equipment that can be in the main beam of the Ku-Band Antenna, the • 
field level can be approximated byE= 2500 (R= METERS) See~iure 

R 
10.7.2.2-8 for electrical field in.teMitie6 whlln o,_ra.tita.i in. thll com.m.uni.cation6 m.ode 
and :Ji9urB 10.7.2.2-9 when o,_ratin.i in. thll ra.dar m.od.B. When operating the Ku 
Band system in the radar mode the field may be attentuated in accordance 
with Paragraph 8.3.4.1. 

Table 10.7.2.2-1 gives the frequency range and modulation type associated 
with the transmitter field strength in Figure 10.7.2.2-3. 

c . .t.i9htnin.'i prod.u.ced m.a~etlc field6 in. thll Pavload Bav for vehlcle6 in/lii/Lt 6hoJI not 
excud a peak IBvel of 20 am.pere61m.eter; /or vehlcle6 on thll vound. protected bv 
facilit'l or other 6tructure6 the peak leve16hall not exceed 40 am.pere6/m.etBr; and for 
vehlciB6 on thB vound. not protected bv facilitv or other 6tructure6 thB peak levBI 4holl 
not exceed 75 am.pere61m.eter. :Jhllliilttnita.i prod.u.ced m.a~etlc field6 in. the Crew 
Compartment for vehicle6 in/liiht 6holt not exceed a peak level of 3 am.pere6/m.Bter; 
for vehicle6 on thB firOund. protBcted bv facilitv or other 6tructure6 thB peak level 4holl 
not Bxceed 5 am.pBre61m.Bter; and for vehlcle6 on thB vound. not protBcted bv facilit'l 
or othBr 6tructure6 thB peak level6hall not exceed 10 am.pere61m.eter. :Jhe ri6e to 
peak valuB if> 2 m.icro6econd6 and the fall to zero value i6 1 oo m.lcro6econd6. :Jhe 
pavload 4holl btl de6i.~ed 60 that a failure due to liihtnin.i 6trike 6hall not propa~te to 
the Shuttle. 

d. lhe design of the cargo bay and cargo bay doors shall preclude any 
electrostatic discharges. 

10.7.3 Cargo-Produced Interference Environment. 

10.7.3.1 Cargo-Produced Conducted Noise. The Cargo-generated conducted 
emission limits, applicable to all DC and AC power interfaces, shall be as 
follows: 

a. DC Power 

1) The power line conducted emissions shall be limited to the levels 
indicated in Figure 10.7.3.1-2. These levels may be exceeded when 
operating from a dedicated fuel cell provided the radiated emissions 
limits of Paragraph 10.7.3.2 below are met; however, the power-bus 
ripple voltages of Paragraph 10.7.2 shall not be applicable. 

2) The cargo-generated spikes produced on DC power lines by switching or 
other operations shall not exceed the limits defined in :Jl.iure 

lCD-2-19001 

10.7.3. 1-2 whBn fed from. a 60urce impedance clo6e to but not IB66 than the 
value6*defin.edin.:Jiiurt16 10.7.3.1-3and 10.7.3.1-4. Rise and fall times 
shall be greater than 1.0 microseconds. 

*The use of a battery cart is preferable to regulated DC power 
supplies. 
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b. AC Power 

1) The AC-power-line-conducted emissions of the Cargo AFD equipment shall 
not exceed the limits defined in :J.iflur• 10.7.3.1-1. 

2) AC power bus transient spikes generated by the Cargo AFD equipmenl 
shall not exceed the limits defined in :J.iflur• 10.7.3.1-5 for both 
normal and abnormal operations when fed from a source impedance not 
greater than 10 ohms. Peak spikes below 10 microseconds duration, for 
normal electric system operations, shall be limited to ±60 volts 
superimposed on the 400Hz sine wave. Rise and fall times shall be 
greater than 1.0 microseconds. 

10.7.3.2 Cargo-Produced Radiated Fields. The Cargo-produced radiated fields 
shall be limited as follows: 

a. The generated AC magnetic fields (applies at a distance of 1 meter from any 
payload equipment) shall not exceed 130 dB above 1 picotesla (30Hz to 2 
KHz) falling 40 dB per decade to 50 KHz. :Jhe9en.eratedX>Cma9neticfieldf. 
6halt not exceed 1 70d/3p:J at the pa'jload envelope. :lhi.f. limit applief> to 
electroma9n.etic and permanent ma9netic devicef.. 

b. The unintentional radiated electric fields shall not exceed the levels 
defined in Figures 10.7.3.2-1 and 10.7.3.2-2 except that the broadband 
emissions for Cargo equipment in the cargo bay shall be limited to 70 dB 
above 1 microvolt/meter/MHz in the frequency range of 1770 MHz to 2300 
MHz. Narrowband emissions shall be limited to 25 dB above 1 
microvolt/meter from 1770 MHz to 2300 MHz, excluding any payload 
intentional transmitters. 

c. Allowable levels of radiation from payload transmitter antenna systems are 
shown in Figure 10.7.3.2-3. These radiation limits apply at the surfaces 
defined as follows: 

1. The allowable Payload-to-Payload (cargo element-to-cargo element) 
fimit* is defined as the radiation impinging upon imaginary planes 
(Orbiter Y, Z) located at the smallest and largest Xo allocated to the 
radiating payload, or upon the imaginary planes (Orbiter X, Z) located 
at the smallest and largest ±Yo allocated to the radiating payload. 
These limits have been established to permit flexibility in 
manifesting payloads. 

* Palj/oad con.tractorf. requ.ired to dem.onf.trate performance tn.a/"tiLnf> when. their 
pa'jloadfo are expo6ed to thef>e limit4. ars advi.6ed to rai.6e ths te6t emu6ion.6 
levelf> proportion.atelv in their radiated 6U.6Ceptibititv procedure6. 

2. The allowable Payload-to-Orbiter limit is defined as the radiation 
impinging upon an imaginary surface 3-inches beyond the payload 
allowable envelope for envelope Zo of 410 or less. This does not 
limit radiation at higher levels with a directional antenna through 
open cargo bay doors (Zo > 410) . 
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3. The allowable Payload-to-Remote Manipulator System (RMS) limit for • 
payloads attached to the RMS is defined as the radiation impinging 
upon an imaginary plane containing the RMS wrist roll joint end face, 
which is the mating interface for the Standard End Effector to the RMS. 

The allowable Payload-te-RMS limit for payloads intentionally 
producing radiated fields while mounted in the cargo bay is defined as 
the radiation impinging on an imaginary surface 3-inches beyond the 
envelope of the actual surface of the payload in the +X, +Y, and +Z 
direction during RMS operation. - -

The foregoing is in reference to radiation with the cargo bay doors 
open. No intentional radiation will be permitted with doors closed. 

d. Altowablt1 ltlvtllt. ol radiation from cabin. pav/oad or experiment tran.omitt11r f>llt.ttlmt. 
are 4hown in. :J.ir;ur• 10.7.3.2-4. ~h.tlt.Biimito applw at 1 m•t•r Prom window mounted 
antenn.ao. Other antenna mounted locatioM will be ner;otiat11d with. the s:JS. 

e. Electrostatic discharges shall not occur within the cargo bay other than 
those isolated from the AFD and cargo bay gaseous environment 
(hydrogen-oxygen mixture) and shielded by the Cargo to satisfy the 
requirements of subparagraphs a and b above. 

f. Payloads intentionally producing radiated fields before deployment shall 
include remote turn on/off capability, from either ground stations or from 
the aft flight deck, to be implemented in the event of an unanticipated RF 
interference problem. 

10.7.4 Avionics Electrical Compatibility. 

10.7.4.1 SecoruiarvPowerandSirma.IReturno. Circuit returns and isolation of 
circuit returns for DC signal circuits, plus the handling of shield grounds, 
shall be as identified in the following paragraphs. Interface circuits shall 
comply with the circuit-return criteria defined herein. 

10.7.4.1.1 Cargo Elements Secondary Power and Signal Returns. ~h.ebaoicr;roun.d 
refertlnce i4olation requirement lor carr;o elemento i4: A one mer;oh.m :bC i4olation between 
Orbit11r prim.ary :be. Orbiter prim.ary AC. Orbiter oecondory powerloir;nal referenceo. and 
otructure r;roun.d i4 required in. th.tl carr;o element. ~h.tl otructure reference 4h.all be provided 
in the Orbiter. Primary power return ioolation requiremento are more completelv opeci.fied 
in. Parar;raph. 10.7.4.3. exceptioM to th.U baoic requirement are diocuoo•d below. alonr; with. 
the r;eneral interlace power and 4ir;nolo r;roun.d ref•rence criteria. Speci/ic 11xceptiono to 
the ba4ic requi.r11ment will be delin.tld in. th.tl carr;o unique 9CD. 

:J.or pav/oado uoinr; a oin.r;le point r;roun.d referBnctl to otructure lor power and oir;nal 
in.te,.PacBo. th.• followin.r; ar• aloo acceptable t•ch.ni.qu.tlt. by which this 28 V power 
return structure ground in the cargo element can be made compatible with the 
Orbiter: 

a. Cargo element shall use a dedicated power supply, return floated in the 
cargo element, for all low level discrete interfaces with the Payload MOM, 
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b. Cargo element shall use a pav/oadB:ltJ where possible excessive 28 V 
return current will affect only that cargo element's circuits, or 

c. Cargo element shall restrict level of 28 V DC return current to less than 
10 amperes peak including transients. The heavier load currents shall be 
returned to the Orbiter via wire only. Hard wire return for the light 
current loads grounded to cargo element structure shall be provided by 
dioding between the heavy load and the light load returns so that current 
flows from the light load return to the heavy load return. The circuit 
shall be equivalent to that shown in the diagram below . .l.owl•v•l4itptal 
P:J. 7'f11)m i.t.otati.on. rtJquirtJtn.tJn.tf. (> 1 o.K ohm.4J t'fi.U!It be m.ain.tain.tJd. m:bm cl.i.6cr.te 
i.n.pu.t4 from. the cart~o •l•m.en.t 4hoJt be balan.ct~d. Cargo e 1 ements using thi.6 
option should be identified in the unique ICD. 

+28Y POWER ------------...... ---

lOA PEAK -
~zsvm 

The following subparagraphs contain criteria for the referencing of typical 
circuit returns used in the Shuttle. 

1 0. 7. 4. 1 . 1 . 1 Orbiter Siifi.QJ 9n.terfactl4. The sing 1 e-ended disc rete signa 1 
interfaces shall be as illustrated in Figure 8.2.2.6-1 for DOL, DOH, OIL and 
:b9JJ. :b9.C. and X'JO.C. 4Lin.al~ 4hall maintain. at leaf.t 1 o.K ohtn.4 re~i~tan.ce bt~twun. it f. circuit 
rtJturn.andprirn.ary.powtJriroundhtructurtl. Use of single-ended circuits can 
result in ground loops in the return wires and structures at the LRU. 
Single-ended circuits with the same reference in the cargo element and 
interfacing with the Payload HOM shall be treated as shown in Figure 8.2.2.6-1 
(Par. 8.2.2.1 and 8.2.2.3). figure 8.2.2.6-1 (AID) shows an analog signal 
circuit removing the potential ground loop problems of circuits for OIL because 
they have isolation from signal reference. These circuits may be used 
concurrently between equipment in the Orbiter and the cargo element. 

Un.ltJ46 WCU44tld in. followir&Ji paraiMPh4. all othtJr Car'fiO tJiem.en.t 6itptal in.ttJrface6 to 
Orbittlr avion.ic6 tJquipm.en.t that do n.ot utiliz.tJ coaxial cabtin.i 4hall btl di/ftlrtJn.tiol and 
if.olattJd from. 6tructure bv at ltJaf.t to.K ohm.4. exctJpt a4 follow6: 

a. :bata bu6 in.terfacef. 6haJI btJ i.t.olattJd from. 4tructure. prirn.ary. and f.ecof'l.darv power 
r•f•rtlr&.Ctl4 bv 1 tn.tliohm. minimum. . 
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b. .Audio Central Control 'network circuit4 4haJt be tran.t.form.er-coupled. baiQ/\ced 
circuih . .All circuih. includin9 tran.4m.itter and. pa911 circuih. MaJI be it.olated from. 
t.tructuraJ and. prirrr.arv pow11r r11turn bv 1 m.1190hm. minimum. 

c. Orbiter paijload r11cord.er aru:tlo9 input circuih 4haJt b11 trart4form.tlr-coupled and. 
i4olated from prirrr.arv power reft~rence and. 4tructur• by 1 m.e9ohm. minimum. 

10.7.4.1.1.2 rrr.t:>mserial910. The serial 1/0 data exchange 4haltbt~i4olated 
from. t.tructurtl and. power reference a4 4hown in :J.i(jure 8.2.2.6-1 for me44a9B :bi.t.cretet. and. 
:t:>a.ta. :Jhe m.et.4a9B di4crete4 4haJI be i4olated from 4tructure by 10.000 ohm.t. minimum and. 
the data circuitt. 4h.all be i4olated from. otructure by r m.e9ohm. minimum.. 

1 0. 7. 4. 1 . 1 . 3 CC:JV 9nterface4. :Jhe Orbiter CC:JV e~id.eo. control and. 4fll'lC oi~ 
interfacet. with Car(jO elem.entt. are 4hown in :J.i9ure 8.2.8.4-1. :Jh•v are dilferential4i9nalt. 
and. MaJI be ioolated from. otructure and prinuuy power referenceo bv r m.e(jehm.. Sp11cial 
Wtlldtld-twi4ted pair cabl114 (nom.i.n.allv 75 ohm.4) 4hdl be wed for the4e circuito. 

10.7.4.1.1.4 Controlled Impedance Signals. 

10.7.4.1.1.4.1 COAX Cables. Circuits using coax cables will inherentlv create 
multiple point (jroundin9 t.ituationt.. Such circuito MaJI be coord.i.nated with the S:JS and. 
MaJI be identified in the paijload unique 9C:b. 

10.7.4.1.1.4.2 R:J. Siinal4. All pulse or clock. interface circuits having a 
pulse repetition rate of greater than SOK PPS or signals with fundamental 
frequencies greater than 50 KHz or circuits processing pulse rise/fall times 

• 

equal to or less than 10 microseconds shall carry an RF classification. The • 
distribution shall be via shielded-twisted-pair cabling. The method of shield 
termination shall be via wire pigtails to the connector back.shell. No RF 
circuit shield shall be broken out such that more than 2.0 inches of wiring is 
exposed within the connector metal back.shield. RFI back.shells with individual 
shield grounding provisions are required for multiple RF shield terminations. 

10.7.4.1.1.5 Electrical Explosive Device CEED) Firing Circuitry. EED firing 
circuits, if utilized, shall be isolated from other electrical circuits and each 
other. This isolation requirement does not apply during the actual firing phase 
(when power is being applied to the initiator). Each firing circuit shall be 
routed as a multiple-point-grounded, shielded twisted pair and shall be 
connected to structure at one point only by bleederreoiotort. from each side of 
the circuit. EED's and Firing Circuits shall comply with the requirements of 
specification NSTS 080&0 and/or NHB 1700.7, Paragraph 210. Further requirements 
are specified in Paragraph 7.5.4, if Orbiter power is utilized. :JheCC:bfirin9 
circuit i4 defin•d a4 the circuit betwetln the Pvro 9nitiator Control :Junction and. the Pvro. 

10.7.4.1.1.& (Reserved.) 

10.7.4.1.1.7 Wire Shield References. See grounding and shielding diagrams. 
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10.7.4.1.1.7.1 Single-Ended and Diff.erentia1 Analogs. Shields for single-ended 
and differential analogs shall be referenced to structure at only one point and 
in general this reference shall be at the load end of the circuit. For 
interface circuits within the Orbiter, the reference shall be at the Orbiter end 
of the circuit. Lightning protection may add multiple point grounding of an 
overall shield. 

10.7.4.1.1.7.2 5-V and 28-V Discretes. When shields are required on 5-V and 
28-V discretes, the shields shall be referenced to structures at the source and 
load and at all intermediate breakpoints. 

10.7.4.1.1.7.3 RF Circuits. All digital data, pulse and high frequency 
circuits with a basic frequency greater than 50 KHz or having a rise or fall 
time less than 10 microseconds shall be considered RF circuits. The shields of 
RF circuits shall be referenced to structure at the source and load and at all 
intermediate breakpoints. 

10.7.4.1.1.7.4 Electrical Explosive Device CEED) Firing Circuits. If utilized, 
EED firing circuit shields shall be continuous from the Pyro Initiator 
Controller to the EED case. At the EED the shields shall be terminated to the 
connector backshells with 360 deg. circumferential coverage. 

10.7.4.2 Electrical Bonding. The Orbiter-to-Cargo electrical bonding interface 
shall be electrically bonded to provide homogeneous electrical characteristics. 
All electrical and mechanical elements shall be securely bonded to structure in 
compliance with ~~-5087~. All aluminum surfaces used for bonding shall 
be originally cleaned to bare metal and then chemical filmed per MIL-C-5541, 
C 1 ass 3 (gold a 1 od i ne 1200LN9368, or equ iva 1 ent) . ::Jhree cia~~·~ of bond.~ per 
~~-50878 are applicable: Cia~~ S. C. and. R. ::Jhe~e bond cia~~·~ are d.efin.ed. in. the next 
three w.bpara~. 

a. Static Bond-Cia~~ S. Refer to Pararpoaph, 10.7.4.2.3.5. 

b. :Jault-Current 8ond.-Cia~~ C. All Carvjo element~ u.~in.t~ Orbiter power 6hall have 
mechanicall'l ~ecu.re electrical connection. to the Orbiter ~tru.ctu.re capable of carrvin.t~ 
the maximum trip retLU"f1. current. Rms u.~er~ are an exception a~ d.efi.ruld. in. Pararpoaph, 
14.4.2. 

c. R:J. Potential~ Sond.-Cia~~ R. Carvjo elemenh con.tai.n.in.t~ electrical circuit~ which 
t~enerate radio frequ.encie~ or circu.ih which are ~~ceptibte to radio fretju.enclj 
in.te,.Perence malj retju.irtl a low-impedance path to 4tru.ctu.re in. order to meet the erne 
retju.irement6 of Pararpoaph, 10.7.2.2 or 10.7.3.2. ::Jhe :t:>C r•t.i.4tan.ce of a Cla66 R bond. 
6haJI be 11166 than 2.5 milliohm6. Rms u.6er6 are an Bxcttption a~ d.efi.ruld. in. Pararpoaph, 
14.4.2. 

10.7.4.2.1 Electrical Bonding of Equipment. Equipment containing electrical 
circuits which may generate radio frequencies or circuits which are susceptible 
to radio frequency, shall be so installed that there will be a continuous, 
low-impedance path from the equipment enclosure to structure. The metallic 
shells of all electrical connectors shall be electrically bonded to the 
equipment case or the bulkhead mount with a DC resistance of less than 2.5 
milliohms. The DC resistance between the mated halves of the connectors shall 
not exceed 50 milliohms . 
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Wire harness shields external to equipment, requ1r1ng grounding at the 
equipment, shall have provisions for grounding the shields to the equipment 
through the harness connector backshell, or for carrying single point grounded 
shields through the connector pins. 

All equipment electrical bonds and their respective interfaces shall comply with 
MIL-B-5087. 

10.7.4.2.2 Electrical Bonding of Structures. 

10.7.4.2.2.1 Cargo-to-Orbiter Main Bond. 

10.7. 4. 2. 2.1 .1 Primary PL BUS Connector Bond. Pavloado 4haJI utilize ofl6 ol the 
wireo in. the power connector ao the principle Orbiter/Cart;o electrical bond. 

Pavloado U4i.n.'i the Standard Umbilical Retraction. Stjotem lSURSJ or the Remotelv 
Operated electrical Umbilical lROeuJ m.av uoe muliple wireo ol om.aJter fia'ie ao the main. 
interface bond. :Jhe current carrvi.n.'i ca.pabilitv ol "o" fia'ie to 26 fia'ie wire io 'iiven in. 
Parat;raPh 7 .3. 1 .2. :Jhe current carrvi.n.'i ca.pabilitv ol theoe multiple wireo 6h.oll be fireater 
than. the maximum ultimate trip current ol the circuit protection. device(o) in. the pavload 
power wiri.n.fl. 

::Jhef>e bondo 6h.oll meet the appropriate bond claf>o reCJUiremen.h ol Parat;raPh 10.7.4.2 and 
6h.oll have leof> than. or etjual to 0.25 milliohm4 at each junction. oP the Pault current 
interface. 

• 

10. 7. 4. 2. 2. 1 . 2 Cargo-to-Orbiter Bond Strap. ~lieu ol the power connector bond. • 
the Carfio-to-Orbiter bond otrap 6h.oll be S::JS-provided (af> an option.aJ oervice) and oh.all be 
connected between. Orbiter otru.cture and cart;o firaund otud provioion.o. :Jhio bond 4haJt meet 
the appropriate bond claoo re(jUiremen.to ol Parafirph 10.7.4.2 and 4h.all have leoo than. or 
etjual to 0.25 milliohmo at each junction. oP the lault current interface. 

10.7.4.2.2.2 Cargo-to-Orbiter Attachment Fittings. The 11 Payload Retention 
System 11 electrically isolates all payloads from Orbiter structure, except when 
Paragraph 3.3.6.3 is applicable. 

lach sill longeron bridge fitting shall be Class-R bonded to Orbiter structure 
per rm.t.43-50B7d3 il active electron.ico are mounted on. the bridfie. otherwioe a Claoo-S 
otatic bond io applicable. 

10.7.4.2.2.3 Cargo-to-Orbiter Gas and Fluid lines 6ondi.n.2. All metallic 
pipes (hardlines) used to connect the Cargo environmental control system to the 
Orbiter, including the G02 and H2o services, shall be Class-S electrically 
bonded per ~~-50876. 

10.7.4.2.2.4 Tunnel, Orbiter to Cargo Bonding. An Orbiter-to-Cargo tunnel 
may create an additional bonding path between the Orbiter and Cargo module 
structure. This bond path shall not be relied upon as a designated bond path. 
However, all electrical or mechanical equipment installed within the tunnel 
shall comply with ~~-50876. 
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10.7. 4. 2. 2. 5 Bondi.n.e lor eCV90 element On-Orbit Reberthin.2. e01"9o elem.en.t4 with 
reberthin9 requirem.ent4 are required to provide a ela4o S electrical bond to Orbiter 
otructur• upon. b•rthin.9. Pav/oad4 which utilize Orbiter power alter reberthinf1 are required 
to m..a.k11 provUion.4 for a elaa4 e electrical bond to Orbiter 4tructure upon. rt1berth£n9. ela44 
R bondin9 m.av be rlltfuired for reberthed pav/oado in. order to m.11.t the erne requirt~m.en.t6 ol 
Para~ 10.7.2.2 or 10.7.3.2. 

10.7 .4. 2. 3 electrical &ndi.n.2 lor Static Protection.. A 11 Orbiter and cargo 
interfaces shall comply with Paragraph 10.7.4.2. 

10.7.4.2.3.2 (Re4erve~ 

1 0 • 7 • 4 • 2 • 3 • 3 ( R eoerve~ 

10.7.4.2.3.4 (Re6erv•~ 

10.7.4.2.3.5 Static Electricity Protection. All cargo hardware elements~ 
complv with the ela46 S bond requirement6 of rm.t.-6-50876. All conductin9 item4 w.bject 
to triboelectric (frictional) or anv other cl1.ar9in9 m.ech.an.U.m. 4h.aJI have a m.ech.a.nicaJiv 
6ecure electrical connection. to the CQ/"90 element 4tructure. :Jhe re6i4tance of the 
connection. oh.a.ll be le64 than. one (1) ohm.6. 

:Jht~rmal btanket4 of m.etalized m.ultilaver con.4truction. and m.etalized 4Urface6 oholl be 
bonded. 60 that the :b.e. re4i6tance between. anv two blank tit te6t tab6 and between te6t tab6 
and CQ/"90 6tructure oh.a.ll bele66 than. 10 ohm.6. Red.u.ndan.t 9f'Oun.d.in9 tab6 on. all blanket6 are 
retfuired. a6 a minimum.. :Jab6 ohould. be located. on. blanket ed9e6 and opaced. 60 a6 to 
minimize the maximum. diotance from. an.v point on. the blanket to the n.eareot tab. extra 
tab6 mav be n.eed.ed. to meet additional condition.6 li.e. an.v point on. anv blanket ohould. be 
within. one (1) meter of a 'if'OuM tab). 

e01"9o elemen.t6 U6in9 hifih volume re6i6twitv material6 (t;reater than. 10 9 O.Jifrl em> oh.a.ll be 
de4i9n.ed to prBven.t d.ilferen.tial chartiinf1 between. CarfiO element parto and the Orbiter. :Jhe 
6pecific retfuiremento and d.e6i9fl. method.6 emploved. oh.a.ll be n.e9otiated. with s:JS. 

10.7.4.2.4 Circuit Reference Svmbols. The circuit reference symbols for use on the 
Space Shuttle program shall be as illustrated and defined as follows: 

...... --
10.7.4.3 

ICD-2-19001 

Structure reference - a connection to vehicle structure. 

Primary power reference - a connection to the vehicle primary de power 
return. 

Signal reference - a connection to an LRU signal return. 

Power Circuit Isolation and Grounding. 
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10.7. 4. 3.1 Remote manipulator $v6tem. (RmSJ to CQI'iO element electrical &n.di.n.ri. • 
:Jhe tyapple fi.xturelcart~o element interface io the n.ormol 6tatic bond in.terface and 6h.aJI be 
the onlv corat:.Wctive path to the Rms 6tru.cture. :Jhio path 6l&all have a retti.6tan.ce of not le06 
than 5 k ohm.4 and not more that 1 o k oh.m.6. :Jhe cart~o element mav al4o utilize pin.6 1 5 and 
25 (6tructure 'i"fJundJ of the see (Standord. end effectorJipavload interface (11141 0 for 
Cla44 S 8ondin.9. Cart~o elem.enh utilizin.9 the Rms are re'fUi,red to fu.mi6h Prim.al'fl Power 
Circuit protection. <i.e .• fu6e6. circuit breakef'6J. within the element. (Reference Paratp'tlPh. 
14.4.1.3) 

1 0. 7 . 4. 3. 2 :be Power (;round R elerence. Orbiter :be power 4UPplied to a Car'fO 

element 6haJI be 4tructure referenced in. the Orbiter and :be ioolated from. 6tructure 9"0und 
at the Car'fO element bv 1 m.e9ohm.. except a6 6peci/ied in. Paratp'tlPh. 10.7.4.1.1. :Jhe Orbiter 
prim.arv :be power return 4V4tem. 6haJI be a combination of a hardwired return 6V4tem. and a 
4tructure-return 6V4tem.. with the U6e of the wire return re6tricted to 6pecijic load-4Bn4itive 
area6 Q.6 6hoUJn in. :JifiUI"e 10.7.4.3.2-1. 

10.1. 4. 3. 3 AC Power (;round Reference. Orbit11r AC power 4UPplied to a Car'fO element 
6hall be 6tructure referenced in. the Orbiter and :be i4olated bv 1 m.e9ohm. in. the Car'fO 

element from. the oth11r AC bu4114. :be prim.al'fl power. 4i9fl.a/14econdarv power and 4tructure 
reference6. The Orbiter AC neutral is a wire-return system grounded at a 
single point at Station Xo 576 for each AC bus, as shown in Figure 
10.1. 4. 3. 2-1 . 

1 0. 1. 4. 3. 4 Crew Com.partm.Bnt elt~ctrical (;roundin.i. A onll m.efiohm. :be i4olation 
between Orbiter prim.al'fl :be. Orbiter prim,arv AC. Orbit11r 6BcontJ.arv powerl6i9fl.a/ 
referencll4. and 6tructure fi"'und i4 retJuirBd in. all Car'fO BtJuipm.ent mounted in. the Cr11w 
Compartment. :Jhe de4i9n criteria for wire weld referen.ce6 i6 9iven in. :Jable 10.7. 1 -1. • 

The distribution of primary :bCpowertodedicatedpavload.t.RU'4iAthBa/tfli9ht 
deck (.A:Jt)J shall have a hardwire-return path to the Power Control Assembly 
common return bus and shall be referenced to structure at the Xo 576 Bulkhead. 
The AC neutrals shall be isolated from eachother. structure and DC power 
returns by one megohm :be resistance in AFO cargo equipment. 

10.7.4.3.5 Cargo Bay Power-Circuit Returns. When Orbiter power is supplied to 
the Cargo Bay, the returns shall be referenced to structure in the Orbiter only, 
except as specified in Paragraph 10.7.4.1.1 and durin.90rbiterpowertopav/oad 
in.tern.al power chan9eover 6U1itchin9 (4Uiitch-over time duration fireater than 200 
m.illi4econd4 6h.aJI b11 reported to S:JS for review). 

10.7.4.3.6 Signal-Circuit Returns. Cargo equipment may have primary power 
returns connected to signal returns if treated per Paragraph 10.7.4.1.1. 

10.7.4.3.7 Ground Support Equipment Isolation and Grounding. GSE interfacing 
with payloads shall be isolated from payload circuits (power and signal return 
lines) by a minimum of 1 megohm, except where balanced differential circuits are 
used. In the case of balanced differential circuits, each side of the circuit 
shall be balanced to ground by no less than 4000 ohms. Coax cables, with their 
inherent grounding of the signal return to structure, are permitted, providing 
their interface with other LRU•s or systems does not propagate that ground to 
circuits which are already referenced to ground at some other point. 
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TABLE 10.7.1-1 CIRCUIT EMEC CLASSIFICATIONS 

------------------------------------------------------------------------------------
!Freq of Rise Source ! Load ! Shie~ 
! and/or Fall !Impedance!Impedance ! 
! Time ! {ohms) ! {ohms) ! 

Voltage or Circuit !Wire Type!Grou~ ng! 
Sensitivity !Classification! Reqd ' -• _____________ • _________ 1 __________ 1 _______________ 1 ______________ 1 _________ 1 _________ 1 

. . . . . . . . 
100-600K >lOOmv to <6v ML TWS SPG** 

<100 0-200 I >6v to ~4ov HO TW None 
0-200 I >40v EO TW None 

Analog, !--------- ----------!---------------!--------------!---------!--------~! 
Alternating ~2.SK 100-600K I ~100 mv ML TWS SPG . 
or Direct >600K I TWOS SPG 
Current --------- ----------!---------------~--------------!---------!---------! 

~200 >100mv to <6v ML TWS SPG 
<100 ~200 I >6v to ~4ov HO TW None . 

>200 I >40v EO TW None . 
------------- --------- -=--------!--------------- --------------!---------!---------

>10K ~6v ML TWS SPC 
~so KHz <100 I 0-200 >6 to ~40v HO TW None 

or I 0-200 >40v EO TW None 
Rise and 

1 _________ 1 __________ 

---------------
______________ 1 _________ 1 _________ 

Fall Time <2.SK 100-600K ~lOOmv ML TWS SPG 
>10 Micro >600K TWOS SPG 
Seconds --------- ---------- ---------------!-------------- --------- ---------

~200 >200 >lOOmv to ~6v ML TWS SPG** 
>200 I >6v to ~40v HO TW None 
>200 I >40v EO TW None . 

------------- --------- ----------!---------------!-------------- --------- ---------
>50 KHz All I ~lOOmv RF TWOS* MPG 
or Rise and All All I >lOOmv to >6 RF TWS* MPG 
Fall Time < ---------- ---------------!-------------- ---------!---------
10 Microsecs <1000 >6v RF TWS* MPG 
~1.024 MHZ ~1000 TWOS MPG 

!------------- --------- ---------- ---------------!--------------!---------!---------
I >1.024 MHZ All All All RF COAX MPG . 
!-------------!--------- ---------- ---------------!--------------!---------!---------
! TV Video I. RF TWS MPG***. 
!-------------------------------------------------------------------------------------1 
!Symbols Used 
!KHz -Kilohertz 
!mv -Millivolts 
!SPG - Single Point Ground 
!MPG - Multiple Point Ground 
!TW - Twisted 
!TWOS - Twisted Double Shielded 

RF - Radio Frequency 
TWS - Twisted Shielded 
AF - Audio Frequency 

< - less than 
~ - less than or 

equal to 
> - greater than 
~ - greater than or 

equal to 
-------------------------------------------------------------------------------------
* 

** 

*** 

If the capacitance per foot is critical, controlled-impedance wiring, special 
shielded-twisted-pair cables (nominal 75 ohms), should be used. 

If circuit is balanced by transformer, differential or optical, the shield 
shall be multi-point grounded to structure . 

Distance between shield grounds shall not exceed 18 meters. 
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~~~~~~--~----~~~--------------------~------------------------------------

TABLE 10.7.1-2 CARGO EDGE-TO-EDGE BUNDLE SEPARATION 
REQUIREMENTS 

! Routed ! Separation 
!Parallel!(in inches for parallel runs of 0 [feet])! 

To !-------!-----------!-----------!---------! 
Bundle! Bundle !1' > D !1 1 ~ D < 3'!3' ~ D ~ 5'! D ~ 5' 
------!--------!-------!-----------!-----------·---------! 

HO 0 1.0 2.0 4.0 
!--------!-------!-----------!----------- ---------! 

ML EO 0 1.5 3.0 6.0 
!--------!-------!-----------!----------- -~-------! 

RF 0 2.5 5.0 10.0 
!------ --------!-------!-----------!----------- ---------! 

EO 0 0.5 1.0 2.0 
HO --------!-------!-----------!-----------!---------! 

RF 0 1.5 3.0 6.0 
!------ --------!-------!-----------!-----------!---------! 

EO RF 0 1.0 2.0 4.0 
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TABLE 10.7.2.2-1 TRANSMITTER CHARACTERISTICS 

---------------------------------------------------------------------
TRANSMITlER ! ANTENNA (1) !CARRIER FREQ{ fc)! MODULATION 

--------------------! ---------~-----! __________ , ____ ...:_ __ ! -------~~------! 
S-BAND FM !S-BAND HEMl !2250.0 MHZ. FM 
--------------------·---------------·----------------·---------------· . . .• . . 
$-BAND PM (NETWORK !S-BAND QUAD 
TRANSPONDER) 

!2211.5 OR 
!2287.5 MHZ • I . PSK. PM 

--------------------!------------~--!----------------!---------------· 
PAYLOAD INTERROGATOR! 

STDN (NASA) (2) !S-BAND PAYLOAD 2025.8334 TO PM 
2111.9166 MHZ 

DSN (NASA) ( 3) !S-BAND PAYLOAD 2110.2431 TO PM 
2119.7924 MHZ 

SGLS (DOD) (4) !S-BAND PAYLOAD 1763.721 TO PM 
1839.795 MHz 

!--------------------!--------------- ---------------- ---------------
!KU-BAND !KU-BAND 

RETURN LINK 15.0034 GHz QPSK, FM 

RADAR RANGING!13.883 GHz (5) PULSED CARRIER 
PULSE RATES: 

268,3000, 
7000 PPS 

PULSE WIDTH -
66.4 llS max. 

122.0 11s min. 
--------------------!--------------- ---------------- ---------------
EVA/ATC !UHF 243.0, 259.7 OR .AM (90 PERCENT)! 

296.8 MHZ !(VOICE AND 
(SELECTABLE) ! DATA) 

---------------------------------------------------------------------
1) Cargo bay radiation levels defined in Figure 10.7.2.2-3. 
2) 801 Selectable channels over indicated frequency range. 

(See TABLE 8.3.1.1.1-1) 
3) 29 Selectable channels over indicated frequency range. 

(See TABLE 8.3.1.1.2-1) 
4) 20 Selectable channels over indicated frequency range. 

(See TABLE 8.3.1.1.3-1) 
5) Passive tracking uses frequency diversity technique employing 

center frequencies of 13.779, 13.831, 13.883, 13.935 and 13.987 
GHz . 
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SHUTTLE-PRODUCED PAYLOAD BAY 
RADIATED BROADBAND EMISSIONS 

70~~~~~~~~~~~~~~~~--~~ 
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FIGURE 10.7.2.2-1 SHUTTLE-PRODUCED CARGO BAY RADIATED 
BROADBAND EMISSIONS 
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10.8 NUCLEAR RADIATION 

Materials used in any of the Orbiter or payload subsystems, containing natural 
or man-made radioisotopes (in any quantity, including trace amounts), shall be 
avoided without prior approval by waiver obtained from NASA-JSC. The waiver 
request shall specify the radioisotope species, quantities or activities, and 
other pertinent data such as the location on the Orbiter where the material is 
to be installed. 

10.9 ILLUMINATION 

10.9.1 Cargo Bay Lighting. The lights provided to illuminate the Cargo Bay 
shall be as specified in Table 10.9.1-1. 

ICD-2-19001 10-40 

• 

• 

• 



• 

• 

• 

-----------------------------------------------------
Component Performance Orbiter Baseline 

!------------------------------!----------------------! 
Payload Bay Floodlights 

Watts 
Lumens/Watt 
Type 
Beam 

200 (a) 

40 Minimum 
Arc Discharge 
135° X 135° 

------------------------------·----------------------· 
Docking Floodlight 

Watts 
Lumens/Watt 
Beam 

. . 
200 

40 Minimum 
120° X 120° 

------------------------------!----------------------! 
Overhead/Docking Light 

Watts 
Lumens/Watt 
Beam 

130 
12 Minimum 
120° X 120° 

------------------------------!----------------------! 
RMS Light 

Watts 
Lumens/Watt 
Beam 

1 so 
12 Minimum 

80° 

-----------------------------------------------------
(a) 9ncludet. 40 wattt. in cold-plated balla6t 

ICD-2-19001 10-41 



1 o. 1 o Caao &.v 3-erry :Jiitht Crwironmento. %lurin9 3-el"f"Y :Jiiflht Operati.oM. the pav/oad • 
within. the cart~o ba.v will be expooed to ambient col'&d.lti.oM wh.i.ch will n.ot be controlled or 
monitored. Pav/oado normallv will n.ot be powered nor anv heatin9 or coolinfl ovotemo 
activated. :Jhe followinfl 3-el"f"Y :Jiiflht erwironment col'&d.lti.ono within. the cart~o bav &hall be 
teneraJiv cOMidered ao extreme col'&d.lti.ono to wh.i.ch a pavload mav be expooed. 3-or 
pavloado wh.i.ch re~uire a col'&d.lti.oned efWironment durin9 our-face operati.oM. purt~e 
coolintlheatint can be made available at oelected oiteo. Pavloado h4vinfl opeci.al thermal 
re~emento for either our-face or fliflht operati.ono ohaJt opecilv 6L&Ch re~emento in the 
applicable P9P. 

Surface _ 
16,000 3-eet Preooure .Altitude 

Surface - Uncontrolled: * 
Surface- Col'&d.lti.oMd: ** 
.Altitude: *** 

12.36 to 1 5.23 poi.a 
8.00 poiil minimum. 

+103- to +1253-
+483- to +1003- at 165lblmin. flow 
+353- to +803-

* :Jhe temperature extremeo applv onJv for fel"f"Y flithh between prirnaJ"V or oecon,dQry 
landin9 oitso and are the sxtremeo of the diurnal variati.ono for cold and hot conditi.ono 
reopectivetv. 

** Conditi.onsd purt~e air at the opeci/ied temperature ra.n9e and flow can btl made 
available at oelscted oiteo. :Jhe temperature f'Q.ILfle to be provided 6hall be netotiated • 
ba.oed on ohD.red CQr90 conoiderati.ono. 

*** Obtained by altitude adjuotment. maximum duration of anv fliflht oetment i4 4 h.ouro. 

10.1 o.3 Jlumiditv. :Jhe relative humiditv for both 6LU'face and altitude col'&d.lti.oM mav 
ra.n9e between 2 percent to 98 percent. 

10.10.4 b;namic 9ndu.ced environmenh. :i)vnamic loado. acouotic n.oios. and vibration 
induced erwironmenh for fel"f"Y fliflht col'&d.lti.oM other than carrier aircraft landin9 are leoo 
critical ao compared to Shuttle launch and landin9. 3-or carrier aircraft landin9 at hi9h oink 
rateo. the pav/oad compoMnh beinfl ferried mav experience load factoro on the oame order 
ao launch and landin9. 9f ouch a •h.ard.tandifLt• occuro the S:JS will conduct an.aJvoeo to 
determine the oeveritv of the loadin9 efWironment. 
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11.0 OTHER INTERFACE CONSTRAINTS AND ~IMITATIONS 

• 11 . 1 !Ja!et't Critical9nterface6. 

• 

• 

1 1.1 .1 9nterface 9d.entiJic({;tion.. (ns::JS to pa'j/oadr U,.terface6 wftirc:h w-• a!!ooctat•ct with 
fai)ure tolerQ.nce ret:Jui.rem.en.t6 of n./#3 1 7()0.7 t>hqll be ;.d.entlfied in. t,..tf pa~load. f,UI.L'J(lf 
9C;b.) 

11.2 ENGINE PLUMES 

11.2.1 OMS Engines. No~inal locations of the two OMS engin~s an~ orientatio~s. 
of the plumes are shown in Figure 11.2.1-1. NQminal engine ch~racteristicS, · 
affecting definition of OMS plume flowfields are shown in Table 11 .2.1-1. · 
Typical, plume, constant~dens;ty contours ge~erateQ by a sin9le engine operating 
in a vacuum are shown in Figure 11.~.1-2. Figure 11.2.1-3 shows the no~inal gas 
static temperature, as a function of the densi~y const~nt Kp, througro~t th~ ' 
plume shown in Figure 11.2.1-2. Figure 11.2.1~4 shows th~ nomina1 plume gas 
Mach number, as a function of the density constant Kp, throughout th~· Plume 
shown in Figure 11 .2~1-2. Figure 11.?.1-5 shows the nominal relqt1onsr1p 
between gas static pressure and impin~ement force on ~ normal fl~t pla~~ 
(computed by means of the Diffuse New~onian Gas Oynamic lntera~tion Model)., both 
as functions of the density constant ~P. throughout the plume shown in Figur~ · · 
11 .2.1-2. The referenced figures were generat~d py so~rGe flow analysi~, 
represent single engine only (m~ltiple engine effects pot considered)~ yqli~ fo~ 
continum flow only, free molecular flow not considered, an~ are presenteq for 
pr~liminary assessment use only. · 

11 .2.2 RCS Engines. Nominal loc~tio~s. nomencl~t~re 9nq orientations of th~ 
thirty-eight RCS engines and plume~ are shown in Fi9ure 11.2.2-1. Nominal 
engine characteristics affecting definition of RCS plume flowfields ~re $ho~n in 
Table 11.2.1-1. Th~ engine plume characteristics describ.ed in the following· 

· fi~ures corresponds to the effective ~ngine thrust vector, r•ther th~n the 
engine/no~zle centerline due to the effects of nozzle scarfing to conform to the 
Orbiter outer molqline. Typic~l. plijme, constant~densitY, contou,rs g~nerat~d q¥ · 
a single engine operating in a vacuum are shown in figure 11.2.2~2~ · Fi9ure 
11 .2.2~3 shows typical, contaminants (liquid/solid p~ase), constant · 
mass-flux-rate contours throughout the plume shown in Figure 11 ,2,2-2, With th~ 
nominal RCS nozzle tonfiguration (e, defined in Tpble ]};?.1-l) and the co~puted 
non-gas (liquid/solid) phase flow rat~. the contaminants plume has the maximum •. 
angular displacement (0M) ~efined in Tablp ,1.2.1~1. and it 1ies entirelY . 
within the gas-phase envelope. The distribution of contaminants 1n th1s plume 
is such that the largest mass particles are corta~ned within a cone defiqe~ b~ 
the effective nozzle expansion angle ~N· Compqs1tion of t~e Fontaminant$ 15 
defined in Paragrap~ 10.6.3. Figure 11.2,2~4 shows th~ nominal Qas st~t1c 
temperature, as a f~nction of the density constant Kp, t~roughaut tht-PlYme 
shown in Figure 11 .~.2-2. Figure 11,2.2~5 ~haws the nominal plum~ g~s M~ch 
nul)'lber, a~ a function of the d·~nsity constant Kp, throughol,lt the plume ~hown in 
Figure 11.2.2-2. Figure 11.1.2-6 shows the nominal relationship betwe~n g~s 
static pressur~ and j_mp-ingement force on a normal flat plate (t:oroputf!d tiy·means 
of the Diffuse Newtonian G•s Dynamic· Intera~tiqn Model), both as functi~ns of· 
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the density constant Kp, throughout the plume shown in Figure 11.2.2-2. The 
referenced figures were generated by source flow analysis, represent single • 
engine only (multiple engine effects not considered), valid for continuum flow 
only, free molecular flow not considered, and are presented for preliminary 
assessment purposes only. 

11 .2.3 Vernier RCS (VRCS) Engines. Nominal locations and orientations of the 
six VRCS engines and plumes are shown in Figure 11.2.2-1. Nominal engine 
characteristics affecting definition of VRCS plume flowfields are shown in Table 
11.2.1-1. The engine plume characteristics described in the following figures 
corresponds to the effective engine thrust vector, rather than the engine/nozzle 
centerline due to the effects of nozzle scarfing to conform to the Orbiter outer 
moldline. Typical, plume, constant-density contours generated by a single 
engine operating in a vacuum are shown in Figure 11.2.3-1. Figure 11.2.3-2 
shows typical, contaminants (liquid/solid phase), constant mass-flux-rate 
contours throughout the plume shown in Figure 11.2.3-1. With the nominal VRCS 
nozzle configuration(£, defined in Table 11.2.1-1) and the computed non-gas 
(liquid/solid) phase flow rate, the contaminants plume has the maximum angular 
displacement (~M) defined in Table 11.2.1-1, and it lies entirely within the 
gas-phase envelope. The distribution of contaminants in this plume is such that 
the largest mass particles are contained within a cone defined by the effective 
nozzle expansion angle ~N· Composition of the contaminants is defined in 
Paragraph 10.6.3. Figure 11.2.3-3 shows the nominal gas static temperature, as 
a function of the density constant Kp, throughout the plume shown in Figure 
11.2.3-1. Figure 11.2.3-4 shows the nominal plume gas Mach number, as a 
function of the density constant Kp, throughout the plume shown in Figure 
11.2.3-1. Figure 11.2.3-5 shows the nominal relationship between gas static 
pressure and impingement force on a normal gas plate (computed by means of the • 
Diffuse Newtonian Gas Dynamic Interaction Model), both as a function of the 
density constant Kp, throughout the plume shown in Figure 11 .2.3-1. The 
referenced figures were generated by source flow analysis, represent single 
engine only (multiple engine effects not considered), valid for continuum flow 
only, free molecular flow not considered, and are presented for preliminary 
assessment purposes only. 
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:Jable , , .2., _, en9inB Characteri6tic6 APPectin9 :bePinition op 
Plume :J.Iowfield6 

-------------------------------------------------------------------
PARAMETER OMS RCS VRCS 

-----------------------------------!----------!----------!---------! 
Pc, Chamber Pressure (psi) 

Tt, Chamber Temperature ( 0 R) 

R, Gas Constant (ft-lb/lb 0 R) 

y, Ratio of Specific Heats 

F, Thrust (lbs.) 

Isp, Specific Impulse (sec) 

c, Exit-to-Throat Area Ratio 
(nominal) 

lN, Nozzle Length (nominal, in.) 

0N, Effective Nozzle Expansion 
Angle (nominal, deg.) 

0M• Solid-Phase Limiting Streamline 
Angle (nominal, deg.) 

Xp, Effective Farfield Contaminants 
Fraction 

, 31.0 ! , 52.0 

5684.0 5468.0 

74.88 75.0 

, .228 ! , .28 

6000.0 

313.2 

55.0 

(TBD) 

870.0 

280.0 

22.0 

9.42 

21 .17 

53.37 

0.03 

! 110.0 

4342.0 

75.0 

! , .28 ! 

24.0 

265.0 ! 

20.7 

3.43 

12.15 

40.97 

0.06 

-------------------------------------------------------------------

ICD-2-19001 ll-3 



ICD-2-19001 

~FWD ORBITER Ci.~ER (REF) 

, GIMBAl PLANE 
ENGINE IN PITCH GIMBAL PLANE (NULL) 

YAW 

NOTE: BOTH VIEWS ARE SHOWN PERPENDICULAR TO ENGINE 
CENTERLINE IN NULL POSITION, WITH THE EXCEPTION 
OF THE PITCH NULL ANGLE (15049') WHICH IS SHOWN 
IN THE XZ PLANE. . 

.. FWD ORBITER GIMBAL PLANE 

PITCH 

+ DIRECTION OF PLUME THRUST 

OMS ENGINE LEFT HAND 
SIDE OF ORBITER SHOWN 
RIGHT SIDE SYJ+tETRICAL 

FIGURE 11.2.1-1 OMS ENGINE LOCATION AND ORIENTATION 

11-4 

• 

• 

• 



• 
• 

• 
~ 

50
0 

c:
;J

 
I N
 I _,
 

1.
0 

0 0 _
, _,
 

_
, I IJ
1

 

-n
 

.....
.. 

C
j)

 
c:

 
:;

o 
f'T

'l _,
 

_
, 

N
 _,
 

I N
 0 3
: 

(/
) 

"'1
:l 

r c:
 

3
: 

f'T
'l 

("
")

 

0 z (
/)

 

-
I
 

):
>

 
z -
I
 

c:
;J

 
rn

 
:z

 
(
/l

 
.....

... 
-
I
 

-<
 

("
")

 

0 z .....
 

0 c:
 

:;
o 

(
/l

 
. 7

' 
"t>

 

12
.~
 

Jl
.O

 
. 

v
v
 

20
0 

1
-
-
-
f
-
-
1

 '
;;

 •
 

·~·-:,
 ... 

p 
;-

. 
. ..

 
' 

I 
v
v
 ~.0 

• 
~p
•7
.5
 

. 
·K

,.
 L

OG
 
f.

 . 
. . 

I 
V

V
V

 
v
~
 

1
'-

-
-
t
-
-
f
 '.

'P
t•T

HR
US

T 
CH

AM
BE

R 
DE

NS
IT

Y 
1 

/V
 v 

lo"
"" 

.J
" 

.P
 •

LO
C

A
l 

GA
S 

DE
NS

IT
Y 

i 
8

.5
 

8 
~
 

1_
!.0

 
.. 

1.
; 

.o 
.J

"
 ~
 

..
..

.,
. .

...
...

. 

/V
:/,

.0
 "
'
~
/
~
 ./

V
."

 
. -
~
~
~
 

. 
/V

 v
 v
~
v
 ...

,v
 v

-
~"

"'
" 

'-'
f_

!.:
!5

 
. 

/ ~
 

./ 
/ 

/ 
./

 .
/ 

v 
--

• t:
 • ... 

~
~
~
~
~
v
~
 _/
~~

--
--

-~
-

w
 " ! 

~
t
/
/
r
 /
~
'
:
"
 ./

" 
/
:
~
,
.
,
.
 

/
~
 ·
/
 V

/
v
 ~
'
 
.
/
 ..

,.
 

-
~
 

· 
~
~
~
~
~
~
t
:
:
:
:
~
~
 

l'
~s

 .
 

A
~
~
~
~
~
~
~
 

~
~
5
 

~\
 

J~
~~

~~
~t

::
::

: 
---.

 6.
0 

~ 
\ 

t-
--

+-
~/

~J
if

VA
 ~
 y

t:
::

:-
-"

' 
~
 

I 
'\

. 
. 

TH
ES

E 
CU

RV
ES

 D
O 

NO
T 

-
' 

.
J
~
 ~
 ~
 ~
 

..
..

..
..

 ~
 jS

 
"'1\

 
\ 

\ A
CC

OU
NT

 
FO

R 
TH

E 
NO

ZZ
LE

 
t-

-h
~f

.,
jf

j~
~~

~~
~~

 
-
~
p
.
.
.
.
~
+
-
4
1
~
 

'-
+-

+4
--

ll
-\

--
\-

l-
--

J-
-.

J-
~1

-'
-l

!'
 V

IS
CO

US
 

BO
UN

DA
RY

 
LA

YE
R

. 
I
~
~
~
-
-
~
 

c;.
z~ 

""'
~5.

5 
' 

' 
.. 

"F
O

rt 
PR

EL
IM

IN
AR

Y 
·
:
-

~
 

~
 

I '
\ 

AS
SE

SS
M

EN
T 

PU
RP

OS
ES

 

~ 10
0 

~
-
~
·
I
 

5.0
 

' 
I 

'· tN
L_Y

i .
 ~~-

. 
I 

1-:
-

0 .0
 

40
0 

10
0 

20
0 

30
0 

CE
NT

ER
LI

NE
 R

AN
GE

 X
, 

FT
. 



. 400 

• 
"' ~ 

~ 

300 

Ei 200 
1-
u -tc 
t; 

100 

ICD-2-19001 

'Y •1.288 
Tt•S6840R 
Pt•12Spst 

. 

. 

l 

1'----
"""' 

2 4 ' 8 10 12 

DENSITY CONSTANT • lp 

FIGURE 11.2.1-3 OMS PLUME STATIC TEMPERATURE, 0 R, AS A 
FUNCTION OF DENSITY CONSTANT, Kp 
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+Z PRIMARY THRUSTER?/ 

(3 EACH MODULE) 

·Y PRIMARY 
THRUSTERS ( 4) 

2 VERNIER THRUSTERS 
(1 EACH SIDE) 

FORWARD RCS MODULE 

+l PRIMARY THRUSTERS 
(2 EACH MODULE) 

·Y.YERHIER ENGINE (1) ·Z VERNIER ENGINE 

• 
IC0-2-19001 

·Z PRIMARY THRUSTERS 
(3 EACH MODULE) 

·zoo OUTBOARD 

(1 EACH MODULE) 

AFT RCS CONFIGURATION (LEFT MOOUU SJI)WJC. II&HT MODULE SYti4ETRICAL) 

FIGURE 11.2.2-1 RCS/VRCS THRUSTER LOCATIONS AND ORIENTATIONS 
(SHEET 1 OF 4) 
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-Y 
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1 DIRECTION OF 
. THRUSTER PLUME 

t DIRECTION OF 
VEHICLE MJTION 

ICS 3at LocatioD• aDd Plume D1rect1oD8 

FIGURE 11.2.2-1 RCS/VRCS THRUSTER LOCATIONS AND ORIENTATIONS 
(SHEET 2 OF 4) 
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-------------------------------------------------------------------------
NOMINAL THRUST COMPONENTS AND APPLICATION LOCATIONS 

AFT RCS THRUSTS 
!-------------------------------------------------------------------------

NOMINAL THRUSTS !THRUST COMPONENTS,(1)LBS! THRUST APPLICATION (2) 
I DIRECTION ID LOCATION 

!FXsy !FYsy !FZsy Xo I Yo Zo 
----------- ---------!-------- -------!-------!--------!-------- --------

+X R3A 856.8 0.0 151 . 1 !1555.29 137.00 473.06 
R1A 856.8 0.0 151 . 1 !1555.29 124.00 473.06 
L3A 856.8 0.0 151 . 1 !1555.29 -137.00 473.06 

! LlA 856.8 0.0 151 . 1 !1555.29 -124.00 473.06 
+Y !L4L 0.0 870.5 I_ 22.4 ! 1516.00 -149.87 459.00 

!L2L 0.0 870.5 I_ 22.4 !1529.00 -149.87 459.00 
!L3L 0.0 870.5 !- 22.4 !1542.00 .-149.87 459.00 
!Lll 0.0 870.5 !- 22.4 !1555.00 !-149.87 459.00 

-Y !R4R 0.0 !-870.5 - 22.4 1516.00 149.87 459.00 
R2R 0.0 !-870.5 - 22.4 1529.00 I 149.87 459.00 
R3R 0.0 !-870.5 - 22.4 1542.00 ! 149.87 459.00 
R1R 0.0 !-870.5 - 22.4 1555.00 I 149.87 459.00 

+Z l4U 0.0 0.0 870.0 1516.00 !-132.00 480.50 
L2U 0.0 0.0 870.0 1529.00 !-132.00 480.50 
L1U 0.0 0.0 870.0 .1542.00 !-132.00 480.50 

.R4U 0.0 0.0 870.0 1516.00 I 132.00 480.50 
!R2U 0.0 0.0 870.0 1529.00 I 132.00 480.50 

R1U 0.0 0.0 870.0 1542.00 I 132.00 480.50 
-z L4D 170.4 291.8 -801.7 1516.00 !-111.95 437.40 

L2D 170.4 291.8 -801.7 1529.00 ! -111.00 440.00 
L3D 170.4 291.8 -801.7 1542.00 ! -110.06 442.60 
R4D 170.4 ! -291.8 -801.7 1516.00 I 111.95 437.40 
R2D 170.4 !-291.8 .-801. 7 1529.00 I 111.00 440.00 

.R3D 170.4 !-291.8 ! -801.7 1542.00 I 110.06 442.60 
!-Z(Vernier)!L5D 0.0 0.0 I_ 24.0 1565.00 ! -118.00 455.44 

!R5D 0.0 0.0 !- 24.0 I 118.00 455.44 
!+Y(Vernier)!L5L 0.0 24.0 !- 0.6 !-149.87 459.00 
!-Y(Vernier)!R5R 0.0 !- 24.0 !- 0.6 I 149.87 459.00 
-------------------------------------------------------------------------

FIGURE 11.2.2-1 RCS/VRCS THRUSTER LOCATIONS AND ORIENTATIONS 
(SHEET 3 OF 4) 
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NOMINAL THRUST COMPONENTS AND APPLICATION LOCATIONS 
AFT RCS THRUSTS 

!-------------------------------------------------------------------------! 
NOMINAL THRUSTS !THRUST COMPONENTS,(1)LBS! THRUST APPLICATION ( 2) 

I DIRECTION I ID LOCATION 
!FXBY !FYBY !FZBY Xo Yo I Zo . 

!-----------!---------!--------~-------~-------!-------- --------!--------
-X !F2F !- 879.4 - 26.2 119.9 I 306.72 14.65 392.96 

!F3F !- 879.5 0.0 122.7 306.72 0.0 394.45 
!FlF - 879.4 26.2 119.9 306.72 - 14.65 392.96 

+Y ! F1 L - 26.3 873.6 18.2 362.67 - 69.50 373.73 
!F3L - 21.0 870.3 0.5 364.71 - 71 . 65 359.25 

-Y !F2R - 26.3 -873.6 18.2 362.67 69.50 373.73 
!F4R - 21.0 -870.3 0.5 364.71 ·71. 65 359.25 

+Z !F2U - 32.3 - 11.7 874.4 350.93 14.39 413.46 
!F3U - 31 .9 0.0 873.5 350.92 0.0 414.53 
! F1 U - 32.3 11.7 874.4 350.93 ! - 14.39 413.46 

-z !F2D - 28.0 -616.4 !-639.5 333.84 61 .42 356.95 
! F1 D - 28.0 616.4 -639.5 333.84 - 61 .42 356.95 
!F4D 1

- 24.8 -612.6 -639.4 348.44 66.23 358.44 
!F3D - 24.8 612.6 -639.4 348.44 - 66.23 358.44 

-z !FSR - 8.0 - 17.0 - 17.6 324.35 59.70 350.12 
{Vernier)!FSL - 8.0 17.0 - 17.6 324.35 - 59.70 350.12 

I 

(1) MOTION COORDINATES BODY AXIS COORDINATE SYSTEM, SEE FIGURE 3.1.1.4-1 
{2) STATION COORDINATES ORBITER STRUCTURAL COORDINATE SYSTEM, SEE FIGURE 

3.1.1.1-1. 

FIGURE 11.2.2-1 RCS/VRCS THRUSTER LOCATIONS AND ORIENTATIONS 
(SHEET 4 OF 4) 
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13.0 ELECTRICAL WIRING INTERFACES. 

13.1 INTERFACE ALLOCATION (DEFINED IN THE CARGO-ELEMENT lCD). 

13.2 GE.NERAL. 

13.2.1 Connector Interface Oefinitions. 

13.2.1.1 Standard Cargo Interfaces. Standard cargo electrical interfaces shall be 
located in both the cargo bay and the AFD to provide standard services for cargo 
element use. 

13.2.1.1.1 Cargo Bay. Standard cargo electrical interfaces in the cargo bay are 
defined to include the following: 

a. Standard-lnterface-Panel standard (SIP-Standard) interfaces, consisting of all 
the connectors (receptacles) that are (1) mounted on the Standard Mixed Cargo 
Harness-SIP's (SMCH-SIP), (2) are continuations of the SMCH cables, and (3) are 
accessible to cables from cargo elements. · 

b. SMCH-Standard interfaces (relating to SIP), consisting of all the SMCH 
connectors (plugs) that normally terminate on the SMCH-SIP's and only become 
accessible as optional cargo interfaces when the SMCH-SIP's are removed. 
(Although the shell configurations are different, the pin assignments of any 
SMCH-Standard interface shall be identical to that of its corresponding 
SIP-Standard interface) . 

c. SMCH-Standard interfaces (independent of SIP), consisting of all the connectors 
(plugs) at the cargo end of those SMCH cables which do not terminate on the 
SMCH-SIP. 

13.2.1 .1.2 Aft Flight Deck. Standard cargo electrical interfaces are defined to 
include all of the connectors (plugs) at the Standard Switch Panel (SSP) end of the 
SMCH in the AFO Payload Station. 

13.2.1.2 Non-Standard Cargo Interfaces (Relating to SMCH). Non-Standard Cargo 
Element Interfaces (related to SMCH) are defined as those which become available for 
cargo use after removal of SMCH cables/components. 

13.2.1 .2.1 Cargo Bay. Non-standard cargo electrical interfaces (relating to SMCH) 
in the Cargo Bay shall consist of only those connectors (receptacles), on starboard 
and port panels at the stations listed below, which become available for cargo use 
after removal of the SMCH cables that are connected to them. · 

X0 603, port 
X0 645, starboard 
X0 693, starboard and port 
X0 1203, port 

13.2.1.2.2 Aft Flight Deck. Non-standard cargo electrica·l interfaces (relating to 
SMCH) in the AFD shall consist of only those connectors (receptacles) on the PSDP 
which become available for cargo use after removal of the SMCH cables that are 
connected to them . 

ICD-2-19001 13-1 



13.2.1.3 Non-Standard Cargo Interfaces (Independent of SMCH). Non-standard cargo ~ 
electrical interfaces (independent of SMCH) are defined as those which are 
accessible to optional cables in addition to those provided by, or related to, SMCH. 

13.2.1.3.1 Cargo Bay. Non-standard cargo electrical interfaces (independent of 
SMCH) in the Cargo Bay shall consist of only those connectors (receptacles), on 
starboard and port panels at the stations listed below, which are not assigned to 
SMCH. 

X0 603, starboard and port 
X0 645, starboard 
X0 1203, starboard and port 
X0 1307, starboard and port 

13.2.1.3.2 Aft Flight Deck. Non-standard cargo electrical interfaces (independent 
of SMCH) in the AFD shall consist of the following: 

a. Connectors (receptacles) on the Payload Station Distribution Panel (PSDP). 

b. Connectors (receptacles) on the starboard and port On-Orbit Station 
Distribution Panels (OOSDP). 

c. Connectors (receptacles) on the Mission Station Distribution Panel (MSOP). 

13.2.2 Approved Connectors for Cargo Element Use. All cargo element electrical 
connectors and connector contacts that interface with the Orbiter shall be selected 
from the following NASA and Rockwell International specifications, as applicable. 

40M38277 
40M39569 
40M38298 
40M38294 

Rockwell International 

ME414-0234 
ME414-0235 
ME414-0610 
ME414-0611 
ME414-0612 
ME414-0247 
ME414-0250 
ME414-0561 
ME414-0562 
MC414-0614 
ME418-0031 
ME418-0032 

13.2.3 Substitution of Cargo-Unique Items for Standard Service Items. 
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13.2.3.1 Cables to Cargo Bay Panels (Other than Bulkheads X0 576/X
0
1307) for 

SMCH. Substitution of cargo-unique cables for SMCH cables shall be possible on a 
cable-by-cable basis. 

13.2.3.2 Payload-Unique Panel for Standard Switch Panel. The substituted 
payload-unique panel shall provide connector interfaces identical to those in the 
SSP (1) for the SMCH cables leading to the Cargo, and (2) for any services provided 
to the Orbiter by the SSP. 

13.2.4 Coding Used in Tables. In the connector summary tables under the column 
headed "WIRE ·rvPE", the following coding has been used: 

COAX coaxial 
SC single conductor 
TXC X-conductors, twisted * 
TP twisted pair 
TSXC X-conductors, twisted, shielded * 
TSP twisted shielded pair 

* X = number of conductors 
In the detail connector/pin assignment tables under the column headed "CABLE UESC", 
the following coding has been used: 

I I I 

X X X X 

NO. OF WIRES COMPRISING WIRE CABLE 
fYPE OF WIRE CABLE (S = twisted, 

shielded. 
T = twisted) 

CABLE NO. IN CONNECTOR (1 or 
2 digit no.) 

(e.g., 2S1 is the first shielded pair at the subject connector.) 

13.3 CABLE SCHEMATICS. 

13.3.1 Signal and Control. 

13.3.1.1 RF. RF signal and data cable interfaces and routing are shown, for 
information purposes, in Figure 13.3.1.1-1. 

13.3.1.2 ML. ML signal cable interfaces and routing are shown, for information 
purposes, in Figure 13.3.1.2-1. 

13.3.1.3 HO. HO signal and control cable interfaces and routing are shown, for 
information purposes, in Figure 13.3.1.3-1. 

13.3.1.4 Get-Away-Special(GAS) ML signal cable interfaces and routing to 
accommodate the Get-Away-Special containers are shown, for information purposes, in 
Figure 13.3.1.4-1. 

13.3.2 Electrical Power. UC and AC electrical power cable interfaces and routing 
are shown, for information purposes, in Figure 13.3.2-1 . 
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13.3.3 Coaxial. Coaxial cable interfaces and routing are shown, for information ~ 
purposes, in Figure 13.3.3-1. 

13.3.4 Data Bus. Data bus cable interfaces and routing are shown, for information 
purposes, in Figure 13.3.4-1. 
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13.4 STANDARD PAYLOAD DISPLAY AND CONTROL INTERFACE (SPDCI). 

13.4.1 CCTV Monitoring. The SPDCI shall provide monitoring of Closed Circuit TV 
(CCTV) for cargo element use. Performance characteristics of the CCTV monitor 
(number 3) mounted on the Television Monitor Panel (TVMP) are defined in Paragraph 
8.2.8. 

13.4.2 Standard Switch Panel (SSP). The SPDCI shall provide two Standard Switch 
Panels (SSP) for cargo element use. Each SSP shall provide switching, circuit 
breakers, fusing and statusing for cargo element use, limited capability for 
controlling conduct of experiments, and power control for pallets. SSP payload 
switching and statusing interface schematics are shown in Figures 13.4.2-1 and 
13.4.2-2, respectively. Also identified, for reference purposes, are the 
connector/pin terminations at the cargo end of the standard mixed cargo harness in 
the AFO. The round-trip circuit resistance between the SSP and the cargo element 
interface shall not exceed 4.0 ohms (1.0 ohms when four parallel wires are used). 
All wire within the SSP is 22AWG unless otherwise noted. SSP component 
characteristics shall be as shown in Tables 13.4.2- 1, 13.4.2-2, 13.4.2-3 and the 
following specifications: 

Toggle Switch 
Circuit Breaker 
Fuse 
Event Indication 

ME452-0102 
MC454-0026 
ME451-0018 
MC432-0222 

• 

13.4.3 Cargo Element Deployment and Pointing. The SPDCI sha.ll provide for cargo 
element deployment and cargo element manual pointing by means of a Deployment Panel • 
and an attached Manual Pointing Controller (MPC) which operates in conjunction with 
it. The cargo element interface schematic is shown in Figure 13.4.3-1. 

13.4.3.1 Manual Pointing Controller (MPC). A portable hand- held MPC shall be 
available to crew members in various AFD locations for initiating pointing commands 
to an Orbiter cargo element. The MPC shall provide an LED Power ON-OFF indication 
capability, toggle switches for varying control characteristics, a two-axis, 
force-operated joystick which produces continuously variable outputs and two 
push-button switches for roll access control. 

13.4.3.2 Deployment/Pointing Panel. The Deployment/Pointing Panel shal I provide 
(1) selection, arming and firing switch functions for pyrotechnic devices, ·and (2) 
signal conditioning interfaces between the attached MPC and Orbiter circuits. The 
characteristics of the rotary switches and the togg·le switches shall be as specified 
in specifications M£452-0093 and ME452-0102, respectively. Signal characteristics 
of the pointing output functions are defined in Table 13.4.3.2-1. 
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fABLE 13.4.2-1 SSP TOGGll SWITCH CHARACTERISTICS 

No. of ! No. of ! 
Switch !dent. Poles ! Pos. Operations 

Vo"lt ! Amp 
Rating!Rating 

!----------------- ------!-------!-------------------- ------!------
!S1 ,S2,S5,S9,S13 
!S14,S17 ,521 

2 3 !momentary ON 
!maintained OFF 
!momentary ON 

32 VDC! 5 

!---------------- -------!-------------------- ------!------
!S10,S22 2 2 !maintained ON 

!maintained ON 
32 VDC! 5 

! ( 1 0*) 
!---------------- ------ -------!-------------------- ------!------
!S3,S4,S6,S7,S8, . 2 
!Sll ,S15,S16,S18, 
!S19,S20,S23 

2 !maintained ON 
!maintained ON 

32 VDC! 5 

!---------------- ------ -------!-------------------- ------!-------! 
!S12,S24 2 3 !maintained ON 

!maintained OFF 
!maintained ON 

* Up to 10 amperes for 2 seconds maximum with unique 
harness required 

Ref. Figure 13.4.2-1 
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TABLE 13.4.2-2 SSP PAYLOAD STATUS INDICATOR 
CHARACTERISTICS 

---------------------------------------------------· ----
Input 

!Impedance! 
Indicator Identification! Type VDC ! Kilohms ! 

-------------------------!--------------!--------!---------! 
DS1, US2, DS13, DS14 !3 position(l) ! 2B VDC !35.3±3.3! 
-------------------------!--------------!--------!---------! 
DS3 to DS12, DS15 to OS24!2 Position(2) ! 28 VDC ! 28±3 
--------------------------------------------------------
Ref. Figure 13.4.2-2 

( 1 ) 

(2) 

Full ON indication given (up or down) for greater than 
18 VDCapplied. 
Full OFF indication given (center position) for zero 
volts app 1 i ed. 

Full ON indication given for greater than 18 VDC 
applied. 
Full OFF indication given for less than 5 VDC applied. 

lCD-2-19001 13-14 

• 

• 

• 



• 

• 

• 

TABLE 13.4.3.2-1 SIGNAL CHARACTERISTICS OF POINTING 
CONTROLLER OUTPUT FUNCTIONS 

-----------------------------------------------------------! Parameter ! Dimension ! Characteristics ! Notes 
!-----------!-----------·---------~-------·-----------------

Roll Volts DC 
!-----------! (discrete) 

Mode 
·-----------! 

Gain 
------------! 

MPC On 

HI: +5 ± 1.0 
LO: 0 ± 0.5 

-----------!----------- -----------------! 
Pitch Volts DC 

-----------! (analog) 
Yaw 

Balanced 
! Differential 
! +5. 11 to -5. 1 2 

Compatib-le with 
MOM 

-----------------------------------------------------
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13.5 CONNECTOR/PIN INTERFACES ASSOCIATED WITH SMCH AND SMCH-SIP CONFIGURATION . 

13.5.1 Standard Cargo Connector/Pin Interfaces in the Cargo Bay. Table 13.5.1-1 
lists the SMCH cables and SMCH-SIP connectors, groups them according to 
interchangeability, and indicates the table in which the common pin assignments for 
signal functions are defined within each group. 

13.5.1 .1 Signal And Control. Signal and control connector/pin assignments are 
defined in rables 13.5.1.1-1 through 13.5.1.1-10. 

13.5.1 .2 Electrical Power. Electrical power connector/pin assignments are defined 
in Tables 13.5.1 .2-1 through 13.5.1 .2-6. 

13.5.1 .3 Data Bus. Data bus connector/pin assignments are defined in Table 
1 3. 5. 1 . 3-1 . 

1 3. 5. 1 . 4 (Deleted) . 

13.5.2 Non-Standard Cargo Interfaces (Relating to SMCH). Cargo use of non-standard 
cargo electrical interfaces (accessible when SMCH cables are removed) identified in 
the sub-paragraphs below shall be possible only as defined in Cargo-Element ICD's. 
Connector/pin assignments for connectors allocated to cargo use shall be defined in 
the Cargo-Element ICD's. 

13.5.2.1 Connectors In Cargo Bay. Table 13.5.2.1-1 summarizes pane·l-mounted 
receptacles, normally terminations for SMCH cables in the Cargo Bay, which can be 
made available by negotiation as alternate electrical interfaces for cargo use . 

13.5.2.2 Connectors in Aft Flight Deck. Table 13.5.2.2-1 summarizes PSDP 
receptacles, normally termination for SMCH cables in the AFD, which can be made 
available by negotiation as alternate electrical interfaces for cargo use . 

IC0-2-19001 13-23 
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13.6 NON-STANDARD CARGO INTERFACES (INDEPENDENT OF SMCH). 

13.6.1 Connectors In Cargo Bay. The non-standard cargo electrical interfaces 
(independent of SMCH) in the Cargo Bay are summarized in Table 13.6.1-1. Also 
inc·luded is the indication of the table in which pin assignments for each connector 
are defined. 

13.6.1.1 Signal and Control. Signal and control connector/pin assignments are 
defined in Tables 13.6.1.1-1 through 13.6.1.1-9 (starboard side) and Tables 
13.6.1.2-10 through 13.6.1.1-17 (port side). 

13.6.1.2 llectrical Power. Electrical power connector/pin assignments are defined 
in Tables 13.6.1.2-1 through 13.6.1.2-7. 

13.6.1.3 Coaxial. Coaxial connectors are defined in Table 13.6.1-1. 

13.6.1 .4 RMS End Effector. Pin assignemtns for RMS end effector/cargo element 
interface are defined in Table 13.6.1.4-1. 

13.6.1.5 get-Awa~j-SpeciaJ (gAS>. Connector and pin at.t.itp~.m.en.tt. for gAS inte,.Pacet. in the 
cartJo balj are defined in ::/able 13.6.1.2-7. 

13.6.2 Connectors In Aft Flight Deck. 

• 

13.6.2.1 Connectors On Payload Station Distribution Panel (PSDP). Non-standard 
cargo electrical interfaces (independent of SMCH) of the connectors on the PSDP are 
summarized in Table 13.6.2.1-1. Also inc·luded is the indication of the table in 
which the remaining pin assignments for each connector are defined. Each table • 
includes only those pin assignments which have not already been defined in Paragraph 
13.5.1, and its sub-paragraphs, or in Paragraph 13.6.1, and its sub-paragraphs. 

13.6.2.1.1 Signal and Control. PSDP signal and control connector/pin assignments 
are defined in Tables 13.6.2.7.1-2 through 13.6.2.1.1-27. 

13.6.2.1.2 Electrical Power. PSDP electrical power connector/pin assignments are 
defined in Tables 13.6.2.1.2-2 through 13.6.2.1.2-4. 

13.6.2.1.3 Coaxial. PSDP coaxial connectors are identified in Table 13.6.2.1-1. 
Pin assignment tables are not required. 

13.6.2.1.4 ::Jim.in2 8ulfer. PS3)P connector/pin at.t.itJn.m.en.tt. are defined in ::/able 13.6.2.1.4-1. 

13.6.2.1.5 get-Awa'j Special. Connector and pin at.t.itJn.m.en.tt. for APt :Jii'Jht X;,eck gAs 
in.te,.Pacet. on. the SSP are defined in :J.ifiu,re 13.4.2-3. 

13.6.2.2 Connectors On Mission Station Distribution Panel (MSDP). The non-standard 
cargo electrical interfaces (independent of SMCH) of the connectors on the MSDP are 
summarized in Table 13.6.2.2-l. Also included is the indication of the table in 
which the remaining pin assignments for each connector are defined. Each table 
includes only those pin assignments which have not already been defined in Paragraph 
13.5.1, and its sub paragraphs, or Paragraph 13.6.1, and its sub-paragraphs, or 
Paragraph 13.6.2.1, and its sub paragraphs. 
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13.6.2.2.1 Signal and Control. MSDP signal and control connector/pin assignments 
are defined in Tables 73.6.2.2.7-7 through 73.6.2.2.7-75 . 

13.6.2.2.2 Electrical Power. MSDP electrical power connector/pin assignments are 
defined in Tables 13.6.2.2.2-1 through 13.6.2.2.2-3. 

13.6.2.2.3 Coaxial. MSDP Coaxial connectors are identified in Table 13.6.2.2-1. 
Pin assignment tables are not required. 

13.6.2.3 Connectors On Starboard On-Orbit Station Distribution Panel (OOSDP). The 
non-standard cargo electrical interfaces (independent of SMCH) of the connectors on 
the starboard OOSDP are summarized in Tab·le 13.6.2.3-1 anddePinedin:JablefJ 73.6.2.3-2 
throu9h 73.6.2.3-5. Also included is the indication of the table in which the 
remaining pin assignments for each connector are defined. Each table includes only 
those pin assignments which have not already been defined in Paragraphs 13.5.1, and 
its sub- paragraphs, or 13.6.2.1, and its sub-paragraphs, or 13.6.2.2, and its 
sub-paragraphs. 

13.6.2.4 Connectors On Port On-Orbit Station Distribution Panel. The non-standard 
cargo electrical interfaces (independent of SMCH) of the connectors on the port 
UOSUP are summarized in Table 13.6.2.4-1 anddePinedin:JabtefJ 73.6.2.4-2throu9h 
73.6.2.4-5. Also included is the indication of the Table in which the remaining pin 
assignments for each connector are defined. Each table includes only those pin 
assignments which have not already been defined in Paragraphs 13.5.1, and its 
sub-paragraphs, or 13.6.2.1, and its sub-paragraphs, or 13.6.2.2, and its sub­
paragraphs . 
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14.1 Clearance en.velopet. 

74.7.7 maximum Rms 1:Jeplo11able Payload Stowed-in.-the43ay envelope. :Jhe maximum 
envelope pa.!jload (reference Volume XfJIJ • .Appendix B) require~ 24 inch tjuide~. ~cuff plate~. 
and 4 bulkhead CC:JV camera~. Remote manipulator s.,~tem mmSJ elbow and Orbiter keel 
camera~ malj al~o be required. althoutjh the~e are evaluated on. a mi~~ion. ~pecific ba~i~. 

7 4. 7 .2 Clearance~ for Rms Payload maneuver~. Clearance of 2 feet 6ha!l be maintained 
between. the pa.!jload and all other f.tructu.re~ until the pa.!jload trunnion.~ enter the tjuid.e~. 

:Jhe clearance (exclu~i.ve of the di~tance between. the pa.~jload tru.n.n.ion.~ and tjuide~) malj then. 
decrea~e u.n.iforml'l to f>i.x inche~ iu.~t pri.or to when. the trunnion.~ are full'# ~eated in. the 
retention. latche~. :Jhe f.i.x inch clearance preclude~ contact between. the pa.!jload and other 
6tructu.re6 f.hould the pa.!jload rotate ~itjhtllj du.rintj berthintjlu.n.berthin.tj. 

Paratjraph 3. 7 .2. 7.4 de~cribe~ variou~ pa.!jload balj protru.~ion.~ that 6ha!l be con.~idered for 
Rms deplo.,able pa.!jload~. 

7 4. 7.3 Rms .Auto :Jrajector~~ Clearance Requirement~ . .Auto traiectorie~ ~hale maintain. a 
minimum of 5 feet clearance between. the deplo~jed pa.!jload and anlj part of the Orbiter 
(in.cludin.tj other pa.~jload~ in. the ba~j) at all time~. Clearance between. the protective r<ms 
boom envelope and an., part of the Orbiter (in.clu.din.tj other pa.~jload~ in. the ba.,J ~hale al~o be 
maintained (fitju.re 7 4. 7.2-7 ) . 
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14.2 Pavtoad.1)eptovm.ent Operation~ 

f 4.2.7 :beefottm.ent Stabilization and Relea~e .Accuracy . .An RmS d.eplo.,ed. pa~jload. a~ larr;e 
a~ the maximum. fltowed.-in-the-ba'i envelope can be ~tabilized. prior to relea~e u~in9 the 
vernier reaction control ~'i~tem. (VRCS> for Orbiter attitude control with the followin9 
accura.c'i when ti9ht :b.AP control d.ead.zonefl are Ufled. . .Attainment of the «Juoted. accura.c'i 
re«Juiref:l turnin9 off the Rms brake6 120 ~econd.fl before Orbiter free d.ri.Pt and 1 5 to 120 

f:lecond.fl of Orbiter free drift (exact time ifl determined. b'i 'Yls:JS> prior to relea~e to allow 
Rms vibration ~ettein9. 

a. .Attitude uncertaint'i of lefl6 than or e«Jual to a total of 5 d.e9reefl, root -fll.lm.-6«Juare 
(r~~>of all 3 axefl. between the pa'iload and de6ired inertial or .t:IJ.t.JI reference. 

b. .An9ular rate uncertaintlj of lefl~ than or e«jual to 0. 7 de9ree~l6econd.6. root-6um.-~«Juare 
of all 3 axe6, between the pa'iiOad. and the de6ired inertial or .t:/J.t.JJ reference. 

c. .linear motion of le~~ than or e«Jua/ to 0.1 footl~econd.. relative to the Rms f:lhould.er 
attach point. 

d. :Jhe total relea~e accura.C'i can be computed b'i addin9 an additional uncertaint'i due to 
the tip-offl~eparation im.pul~e. :Jhe wor~t ca~e im.pul~e i~ 1.5 lbf-6econd.~ applied to the 
9rapple fixture in an'i one direction. 

14.3 Pa'iload Retrieval Operation~ 

1 4.3. 1 Stabilization for .Approach . .Attitude error relative to the de6ired. orientation in the 
inertial or .f.ocal Verticall.f.ocal .JJorizontal (.t:IJ.t.JJ> reference frame i~ limited. to.± 20 

de9ree~ total in all axe~. :lor pa~oad6 havin9 one or more uncon~trained axe~. the nominal 
pa~oad orientation relative to the fXJ.'iload. .t:IJ.t.JJ reference frame. durin9 the planned 
retrieval fle«Juence. flhall be m.ad.e known prefli9ht. 

14.3.2 Stabilization at grapple . .An9ular rate relative to the inertial or .t:IJ.t.JJ reference 
frame i6 limited to.± o. 1 de9reel~econd in each axi~. 

74.3.3 .Attitude Control and Pointin9. :Jhe 9rapple fixture location~(~) f:lhall be compatible 
with approach techni«Jue~. :lor pa~oad6 with m.ulitple ~table attitude~. 9rapple fixture 
location(~) f:lhall be compatible for all ~table attitude6. 

74.3.4 Pattload.fl with .Active Control .sv~tem6. :Jhe r<ms f:lhall not rp-apple pa~oad~ havin9 
active attitude or tran61ational control fl'i~tem.6. 

14.4 grapple :Jixture 9nte,.Pace 

74.4.7 general Requirement~. :Jhe location of the rp-apple fixture &hall be compatible with 
the Rms reach capabilit'i for berthin9 and deplo'iment. 

1 4.4.7 .1 t:V.A R elea6e. t:V.A rela~e capabilit'i i~ re«Juired for all rp-apple fixture~. Clearance 
re'juirem.enh for the t:V.A crewman. to perform. the t:V.A relea6e operation~ on Gn'# rp-apple 
fixture are 6hown in J.i9ure 14.4. 1.1-1 • 
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14.4.1.2 grapple :J.ixture ~oleran.ce6. ~he tyapple fixture 6halt be in6talted in compliance 
with the in6tallation. in6truction.6 provided with each tyapple fixture. ~he tyapple fixture • 
6hall be located 6Uch that the perpendicular di6tan.ce from the tjrapple fixture cen.terein.e to 
the pa~jload C(J i6 le66 than. or e<jual to 1 1 feet and the total di6tan.ce from the pa'lload C(J 
to tjrapple fixture ba6e i6 le66 than. 13 feet. 9f the tyapple fixture centerline pa66e6 throu9h 
or within 1 foot of the pa!jload cg. the di6tan.ce between. the tjrapple fixture ba6e and 
pa'jload cg can. be increa6ed to 20 feet. 

~he alitjn.men.t between. the tyapple fixture to end effector interface plane and the car9o 
element reference axe6 6hall be known. to within.± o. 15 de9ree in pitch. roll. and 'jaw; and to 
within.± 0.25 inch in X. y, and Z. 

~he pa!jload clearan.ce envelope re<juired to 6u.pport Rms operation.6 i6 6hown. in :J.i9ure 
14.4. 1.1-1. ~he Rms end effector-to-tyapple fixture allowable mi6alitjn.men.t at capture i6 
6hown. in :}i9ure 14.4. 1 .2-1. 

14.4. 1.3 electrical d3onding. (Jrapple fixture to pa!jload bondintj 6hatl be a6 6pecified in 
Para9raph 1 o. 7 .4.3. 1. ~he RmS 6hall not be utilized in a manner that would allow electrical 
current to Plow throu9h the Rms 6tructure. Pa'jload6 which reference Orbiter 6UPp/ied 
power to their 6tructure and which draw Orbiter power while 9rappled b'l the Rms 6hall 
utilize an. electricall'l i6olated tyapple fixture. 9f an. electrical connector i6 U6ed at the 
RmSipa'jload interface, the 6tructure electrical i6olation. 6hall not be compromi6ed b'l wirin9 
or 6hieldin9 termin.ation.6, thermal blan.keU6), or in. an.'l other Waf~. ~he re<juiremen.t for an. 
electricall'l i6olated tjrapple fixture ma'l be met b'l in.6ulatin9 the tyapple fixture moun.tin9 
6u,rface and hardware. 

Static electrical bondin9 of the tjrapple fixture i6 a re<juiremen.t. ~hi6 re<juiremen.t ma'l be 
met for i6olated tjrapple fixture6 b'l connectin9 the tjrapple fixture to the pa!jload 6tructure 
throu9h not le66 than. 5000 ohm6 and not more than. 10.000 ohm6 re6i6tan.ce. • 

1 4.4. 1.4 Roll mi6ali9n.men.t6. Under n.ormal(jrapplin9 condition.6 within the pa!jload bafl, roiP 
mi6ali9n.men.t at capture i6 le66 than. 10 de9ree6 and proper operation. of the RS(J::J and e:;g:; 
6haft6 wiiP occur. (Jrapplin9 operation.6 of a free-fl'lin'i pa!jload ma'l occur with roll 
mi6ali9n.men.t6 9reater than. 10 de9ree6 and ma'l re6ult in premature C'jclic operation. 
(exten.6ion.) of the RS(J:J. and e:;g:; 6haft6 d.urin9 ridi9ization.. ~he pa~jload de6i9n.er 6hatP 
take thi6 premature. momen.tarlj 6haft exten.6ion. into account when. de6i9n.in9 
activiation.ldeactiviation. lo9ic. 9n. the ca6e of the e:;g:;, the g:; electrical connector al6o 
extend6. :ba.ma9e to the matin.9 electrical compon.en.t6 ma'l occur if the exten.6ion. i6 held 
under a peak ri9idization. force. 
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CENTERLINE OF 
GRAPPLE FIXTURE 

NOT TO SCALE 

30 11 

/~\\ 
26.5 

DIA 

~- ALLOWABLE 
.PAYLOAD ENVELOPE 

PAYLOAD 
MOUNTING SURFACE 

I 

~ CLEARANCE ENVELOPE FOR 
~----- 84.0 DIA.------... .... -11 EVA RELEASE MECHANISM 

REf OPERATION 

NOTES: 

IC0-2-19001 

(1) CLEARANCE VOLUME CENTERED ON CENTERLINE OF GRAPPLE FIXTURE 

(2) CLEARANCES REQUIRED BEYOND 50 INCHES FROM THE ATTACHMENT 
PLANE WILL BE DEPENDENT ON THE PAYLOAD AND THE REQUIRED 
ARM CONFIGURATION 

(3) THE GRAPPLE FICTURE/TARGET MOUNTING ORIENTATION ON THE 
PAYLOAD VIEWING REFERENCE FOR THE OPERATOR 

(4) DIMINSION DEPENDENT ON TYPE OF GRAPPLE FIXTURE INSTALLED 

:J.ifiure 14.4.1.1-1 Clearance envelope :Jor grapple :J.ixture evA Relea~e 
mechan.i6m. Operation And Rms Operation6 
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14.4.2 :Jii2ht Relea6abte (jrapple :Jixture. :J/&6 filln.tJral conli.liuration and interfacinfi. 
prollit~iont~ are tihown in :Jifi.uret~ 7 4.4.2-7 throufih 7 4.4.2-5. :Jhermal and electrical it~olation 
between the :JRg:J and the payload are obtained by nonconducti11e wa6her6 and buflhinr;6 a6 
tihown in ::Jir;ure , 4.4.2-3. electrical bondinr; ifl efltablitihed by a r;roun.d fltrap C:J.ir;ure 
74.4.2-5). :Jhe otrap io 20 AWg. approximately 24 incheo lonr; and require6 termination by 
the carr;o element. AIR buohinr;fl and waflherfl required for mountinr; are t~upplied with the 
:JRg:J. :Jhe carr;o element ifl re6ponoible for pro11id.inr; the attachment bolto a6 t~pecified in 
:Jir;ure 1 4.4.2-3. 

14.4.3 Ri2id.ize Sen6intJ grapple :Jixture. :Jhe RSg:J ifl an adaptation of an :JRg:J that 
incorporateo a mo11able firapple 6ha.ft which extend under end effector rir;idization loado and 
retracto durinr; derir;id.ization. :Jhe 6haft motion i6 a11aitable behind the backplate to actuate 
limit t~Witcheo for initiatinr; otartup or tihutdown t~equenceo or for other purpo6e6 related to 
end effector operation t~Ubject to rls:JS appro11al. :Jhe RSg:J interface pa.rameter6 are 
defined in :Jir;ure6 74.4.3-7 and 14.4.3-2. :Jhermal and electrical i6olation are pro11id.ed in 
the t~ame manner a6 deflcribed for the :JRg:J. Attachment bolto tihall be pro11id.ed by the 
carr;o element and the attachment interface it. the t~ame ao t.pecijied for the :JRg:J in :Jir;ure 
14.4.2-3. A r;roun.d 6trap a6 deflcribed in Parar;raph 14.4.2 i6 in6talled afl flhown in :Jir;ure 
74.4.2-5. 

7 4.4.4 electrical :Jiittht grapple :Jixture. :Jhe tC:Jg:J i6 an adaptation of an RSg:J which U6e6 
the mo11able r;rapple 6haft to extend an retract an electrical connector. :Jhe r;rapple fixture 
connector mate6 with the 6pecial purpo6e end effector (SPtCtC) electrical connector on the 
end effector. See :Jable 74.4.4-7 for pin a66ir;nmentfl includinr; amperar;e limit6 and fu6in9 
requirement6. :Jhe location and orientation of the connector are a6 defined in :Jir;ure 
7 4.4.4-7. :Jhermal and electrical i6otation are pro11id.ed in the t~ame manner a6 de6cribed for 
the ::JRg:J. A r;roun.d 6trap a6 de6cribed in 74.4.2 i6 in6talled a6 flhown in :Jir;ure 74.4.2-5. 

Attachment bolt6 6hall be pro11id.ed by the carr;o element and the attachment interface i6 
the t~ame a6 opecified for the :JRg:J. in :Jir;ure 1 4.4.2-3 . 
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,._ ____ 16. 0-----M 

2.0 

~---------4-------;----~~~~~------~ 

22.49 
DIA. 

j 

I 11 I B '· 020J 

6.54 +.000 RAD TYP 
-.010 

FINISH-THIS SIDE ONLY 
DARK GRAY PAINT -
POLYURETHANE COLOR 
PER FED STD 595 
A 36173 

.002 

SEE FIG. 14.4.2-4 
FOR INTERFACE BOLT 
PATTERN. 

BLACK PAINT. 

ICD-2-19001 

I 

L:;~P~TE 

2. - Optional t;run.d.in.g poin.t location.~ on. 
back of fixture. t;;roun.d load ~uppli.ed. 
Pa'lloa.d re~pon.~ible for termination.. 

3. Abutment plate cutout~ color coded for etJA 
ope rat ion.~. 

:J.i'jure 14.4.2-1 :J.Rg:;. 9n.terface Parameter~ 
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• BUFFER 

• ICD-2-19001 

4.0 ~1+--- .08 

TARGET PLATE & ROD 
-1 ~.50 
1i ~t .80 

+-.04 

I 
BLACK PAINT 

T f 

GRAPPLE SHAFT 

/ 
END EFFECTOR TO GRAPPLE 
FIXTURE INTERFACE PLANE 
FLAT TO WITHIN .005 IN. 

BASE PLATE 
PAYLOAD 
MOUNTING STAND-OFFS 

v-~ 
--- _ THERMAL 

WASHERS 

11.6 14.0 
DIA. DIA. 

.55 

~ABUTMENT PLATE 

~PAYLOAD 
MOUNTING SURFACE. 
FLAT TO WITHIN .005 IN. 

14----10.173 ~:88g In!. oo2l 

1+----10.765 MAX--~It+-- .08 

14-----12.250 MAX---~•~ 

:J.it;ure 111.i.2-2 :J.R(;:J. 9nterface Parameter~ 
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P/N 51450Cl32-l WASHER 
CRES-QTY 6 SUPPLIED 

INSULATOR BUSHING 
P/N 51450Cl33 
QTY 6 SUPPLIED 

THERMAL WASHER-EPOXY GLASS LAMINATE, 
PART NO. SPAR 51450C132-3 QTY 6 SUPPLIED 
WITH EACH GRAPPLE FIXTURE AND INSTALLED 
AT FINAL GRAPPLE FIXTURE TO PAYLOAD 
INSTALLATION. 

SECTION D-D 
(NO SCALE) 

GRAPPLE FIXTURE TO PAYLOAD 
INTERFACE, 3/8 - 24 UNF BOLT 
NAS 1273 OR EQUIVALENT 

160,000 PSI TENSILE, 6 REOu -
SUPPLIED BY PAYLOAD 
MANUFACTURER (LENGTH TBA BY 
PAYLOAD USER). 

::J.ifiure '4.4.2-3 g::;. 9n.te,.Pace Parameter4 
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.• 377 + .001 DIA. 
;.6 PLAC!S 

TARGET 
q 

10.000 DIA. 

DETAIL E-E 
SCALE: NONE 

INTERFACE BOLT PATTERN 
PAYLOAD SIDE 

NOTES: 

/ 

l. USE THROUGH HOLES AND FLOATING 
NUTPLATES {SELF-LOCKING) OR 

I 
4.330 

l'i. 8.660 

EQUIV. FOR EVEN BOLT LOAD SHARING. 

2. PAYLOAD MOUNTING SURFACE TO BE 
FLAT TO WITHIN .005 IN. 

3. DRILLING TOOL AVAILABLE ON 
REQUEST . 

:J.i.9-ure 14.4.2-4 g:;. 9nterface Parameter6 
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INStn..-TED ATTACH 
PDlNT 
REF. FIG.l4.4.2~~ 

GROUND STRAP 

'--TERMINATION BY 
CARGO ELEMENT 

PAYLOAD STRUCTURE 

FRIOF ·-

GF BASE PLATE 

EVA BASE PLATE. 

RSGF AND EFGF 

:Jitjure 7 4.4.2-5 {;round Strap 9n.6taleation 
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,, 

NOTES: 

, 
,' 

,' 

, 
I 

o/ 
I 

I , , 

(!) EXCEPT AS NOTED ABOVE DIMENSIONS 
Of FIG. 14.4.2-1 APPLY 

~ RSGF WEIGHT - 42 LBS. 

.-G. F. MOUNTING BOLT TYPE 

EVA RI:.LEASE 
OPERATING ROD 

ABUTMENT PLATE 

:J.i.t;ure 14.4.3-r RSg:J. 9n.terface Parameter~ 
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TARGET PLATE & ROD 

LOCATION CAM 

GRAPPLE FIXTURF 

L __ 
1.250 DIA. 

t 
BUFFER 

BLACK PAINT 

11.~ 

.625 DIA. 

/ 
GRAPPLE SHAFT 

CAM ARM 

EVA RELEASE · 
OPERATING ROD 

END EFFECTOR TO GRAPPLE 
FIXTURE INTERFACE PLANE. 
FLAT TO WITHIN .005 IN. 

9.673 +.OOO t---- -.005 __ ... 

PAYLOAD 
MOUNTING PLATE 

16.0 
j DIA. 

2.00 

' --i ~ . 50 TRAVEL 
UNDER LOAD 

ABUTMENT PLATE 

PAYLOAD 
MOUNTING SURFACE 
FLAT TO WITHIN .005 IN. 

t----10.265 MAX------- .08 

:Ji9-ure 7 4.4.3-2 RSg:J 9nterface Parameter~ 
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TABLE 14.4.4-1 PIN ASSIGNMENTS FOR SPECIAL MPOSE END EFFECTOR CONNECTOR J411 

INTERFACING CARGO ELEMENT CONNECTOR lOENTlflER; P411 

CARGO 
! TERMINATION 

C! F!C INTERFACE 
L! U!A D !----··------! 

!E A!P N!B E !IN PANEL !HAXII1UM! PARAGRAPH 

lOCAllON SEE FIG. 14.4.4-1 

!M S!I C!L S !PIN! JUNCTION !PIN! ! LOAD ! DEFINING ORBITER COMPONENT 
!C S!N T!E C !NO.! IDENTIF. !NO.! SIGNAL FUNCTION ! AMP5 PERFORMANCE TERMINATION/N01~5 
! ---!-! -----! --! ---------! ---! ------------··-··----··-----! -------! ------------- -------- .. ------- ---- -! 

! ! 1! ! ! ! ! 
2! 

!HO !211 3! !+28VDC SPEE PWR * 
!HO !211 4! !SPEE PWR RTN * 
!HO !2T2 5! !+28VDC SPEE PWR * 
! !SHD! 6! !TERMINATE (SPEE SHLD) 
!ML ! !251 7! !SPEE NO. 5 1.5 

8! 
9! 

10! 
11! 

!HO !411 12! !SPEE NO. 3 HTR PWR 3. 7 
!HO !4T1 13! !SPEE NO. 2 HTR PWR 3. 7 
!HO !212 14! !SPEE PWR RTN ! * 

!1COND 15! !STRUCTURE GND 
!ML !451 16! !SPEE NO. 9 1.5 
! ML ! 251 17! ! SPEE NO. 6 1. 5 

18! 
19! 
20! 
21! 
22! 

!HO !4T1 23! !SPEE NO. 4 HTR PWR RTN 3. 7 
!HO !4T1 24! !SPEE NO. 1 HTR PWR RTN 3.7 

! lCOND. 25! ! STRUCTURE GND 
!ML !4S1 26! !SPEE NO. 10 1.5 
!ML !451 27! !SPEE NO. 11 1.5 

28! 
29! 
30! 
31! 
32! 

!HO ! 1COND! 33! SPEE NO. 13 1.5 
34! 
35! 

.SHD! 36! TERMINATE (SPEE SHLD) 
!ML !4S l 37! SPE~ NO. 12 I. 5 
!ML !252 38! !SPEE NO. 7 1.5 

39! 
40! 
41! 
42! 
43! 

!HO lCOND! 44! ! SPEE NO. 14 I. 5 
!HO lCOND! 45! !SPEE NO. 15 1.5 
!HO 1COND! 46! !SPEE NO. 16 1.5 

SHD. 47! !TERMINATE (SPEE SHLD) 
!ML !2S2 48! !SPEE NO. 8 1. 5 
! ! 49! 

SO! 
51! 

* NOTE; CARGO ELEMENTS USING THE ELECTRICAL FLIGHT GRAPPLE FIXTURE AND +28 VDC SPEE POWER MUST PROVIDE 
A 5 AMP FUSE ON EACH LINE OF THE CARGO ELEMENT SIDE OF THE INTERFACE. THE PAYLOAD HAY DRAW 5 
AMPS FROM ONE OUTPUT AMD ZERO FROM THE OTHER, BUT THE COMBINED TOTAL QJRRENT DRAWN BY THE 
PAYLOAD HAY NOT EXCEED 5 AMPS . 
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7.506 + 
RADIUS 

/ TARGtr ROO (REF) 

L 10. 

SPAR (SG459/010-102) 
CONNECTOR P411 
(TO BE MATED WITH SPAR 
(5114001897-1) 
CONNECTOR J411) 

:Jit~ure 14.4.4-1 e:;g:; Connector Alit~nment 
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14.4.5 Structural .l.Dad4 . 

74.4.5.7 grapple :Jixture .load~. 3ottowin.t; rit;i.dization. the nominal ten~iJe force exerted 
by the end effector on the tyapple fixture 4hall be 740 - 1300 lbf. :Jhe t;rapple fixture ~hale 
di~tribute the reaction force between the end effector end rin.t; and. the tyapple fixture 
ba~eplate wtiformly over the a.n.rwlar contact area. 

14.4.5.2 :De~i.9n .limit :Jorce~ and. momenh. .After rit;i.dization. the tyapple fixture 6ha!l be 
able to tran~mit the followin.t; force~ and. momenh between the end effector and. the payload 
model. Ca~e 7 !~how~ the maximum tor!lional moment expected (700 ft-lb~) with it~ 
a!l~ociated bendin.9 moment and. !~hear force. Ca!le 2 MoW!~ the maximum bendin.9 moment 
expected (1200 ft-lb~) with ih a~!lociated tor!lional moment and. !~hear force. 

a. :Jor~ional moment about the 
lont;itudinal axi6 of the end 
effector. 

b. 13endin.t; moment to end effector. 

c. Shear force a~~ociated with the 
bendin.tj moment of (b) above. 

ca~e 7 
700 ft-lb 

900 ft-lb 

40 lbf 

ca~e 2 
450 ft-lb 

7 200 ft-lb 

50 lbf 

:Jhe maximum bendin.'i moment without end effectorltjrapple fixture ~eparation i~ 350 

ft-lbf. Separation ~hale not exceed 3 detjree~ durin.tj the loadin.'i condition~ ljiven 
above. moment~ and. !~hear force~ !lhown 6ha!l be tran~fe,.,..ed at the 3 detjree6 antjular 
6eparation~. :Jhe ten4ile load in. the t;rapple fixture !~haft io 2215 lbf when the caoe 2 
bendin.'i moment i~ applied . 

:Jhe toroional moment and. bendin.tj moment for either caoe will be applied 
4imultaneout.ly. note the load ca~e~ 4hould not be combined. :Jhe payload 6ha!l be 
de~iljned to withotand. both caoe6, one caoe at a time. 

:Jhe actual forceo and. moment~ applied depend on arm con/itjuration. the maneuver 
bein.'i performed. the rate of motion. and. the arm control mode. 

7 4.4.5.3 Stippneoo. :Jhe t;rapple Maft Mall have the followin.t; oti.lfneo6 characterioitic~: 

a. .Axial direction (a/onfi the axio 
of the ljrapple fixture ohaftJ 

b. :Jranover!le direction (perpendicualr 
to the axio of the t;rapple fixture 
4haft) 

7 75.000 lblin. min.. 

7 oo lbl in. min.. 
7 25 lbl in. max. 

:Jhe 6tiffne6o defined above i4 with re6pect to the contact 6Urface of the end 
effectorlt;rapple fixture interface a~ defined in. :Jit;ure 14.4.2-1. Only the contact 6Urface io 
a6t.Umed fixed . 
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14.4.5.4 Vibration :Jrequencv. :Jhe major 6tructural vibration lrequ.encie6 ol a pa~jload and • 
it6 9rapple fixture interface. when cantilevered from the 9rapple fixture. Mall be 9reater 
than or equal to 0.2 .Jiz for pa1jload6 wei9hin9le66 than or equal to 35.K lb6 and fjreater than 
or equal to 0.5 .Jiz for pa~jload6 wei9hin9 fjreater than 35.K lb6. X>etai/6 of the pa'iload 
weifjht. Rms mode. 9rapple fixture interface frequenclj. deadzone 6ize. and envelope 6ize 
relation6hip6 are in:Jable6 74.9.7.7-7 and 74.9.7.2-7. Computation of the frequencie6 6hall 
exclude the 9rapple fixture. 

7 4.4.5.5 9mpact .Coad6. :burin'i the tyapplinfj of the paljload. there ma'l be an impact 
between the end effector and the fjrapple fixture abutment plate. :Jhe re6ultinr; impul6e 
which i6 ultimatel'i imparted to the payload Mall be a maximum of 10 pound-6econd6. :Jhe 
payload 6hall be de6i9ned to with6tand wch impact6 durin9 tyapplinfj. 

14.4.6 RmSIPav!oad :Jhermal9nterface. :Jhe thermal i6olation between the tyapple fixture 
and pa'iload i6 obtained b'i nonconductive wa6her6 and bu6hin96 a6 6hown in :Ji9ure 7 4.4.2-J. 
grapple fixture material6 and thermo-optical wrface propertie6 for thermal analij6L6 
purpo6e6 are defined in :J.i'lure 14.4.6-1. 

74.6.6.7 end ePPectorl(;rapple :Jixture <eelg:JJ :Jhermal Conductance. :Jhe thermal 
conductance between the rir;idized end effector and the pa'iload 9rapple fixture 6hall be 
a6wmed infinite for thermal analij6i6 purpo6e6. 

14.4.6.2 grapple :J.ixture!Payload Structure :Jhermal Conductance. :Jhe heat trant:~fer 
between the Rms and the pa'iload i6 controlled b'i thermal i6olator6 between the r;rappPe 
fixture and the pa'iload 6tructure. :Jhe allowable thermal conductance at:~ a function of 
pa'jload averar;e temperature i6 defined in :Jifjure 14.4.6.2-1. 
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J/1 II. DIA 100 C II. LOlli 
flUTE ILACl VITH MATTE 
VHITE TIP 

MATTE WMITE liNES 
0.2 IN. VIDE 
FED-STD-StSA 37875 

'----+----..­
z· 

,..------:--:..L 

L c·otA 
u· R£~ ="16=-irr:=====:..... .. l 1--..;._----- 16• REF' 

FINISH DARK 
GRAY MATTE 
FED-STD-StSA 36173 
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•• 0.87 
•• o ... 

14-19 

BASE 
PLATE 
TITANIIJIII 
•• 0.6 
•• 0.2 

\.~Itt--- CM ARM 
R£~. 

AlUMINUM 
•• 0.5 
•• 0.75 



a.o r--1 ----.,:----,-----,-----r-----

7.0.-----~r------;-------+----~~------~----~ 

..J 

12.0J------t~~~~~~~~~~I4~~~~-----J 

o--~~~~~~~~~-L~~~-L~~~__J 
+100 +200 +250 

ICD-2-19001 

PAYLOAD AVERAGE TEMPERATURE °F 
f 

:}i9ure 14.4.6.2-1 Allowable Pavtoad. Structure :Jo grapple :}ixture 
:Jherrnai Con.ductan.ce :}or Variou~ Pavload. :Jemperature~ 

C4cro~~ the .Area Of :Jhe g:} &~eplate) 

14-20 

• 



7 4.4.6.3 end elfector ::Jemperature. :Jar UOe in calculationo. th.e worot Caoe h.ot 
temperature for th.e ee it. 65 derp'eeo C (1 49 derp'eeo :J). and th.e worot caoe cold temerature 

• for th.e ee io- 10 derp'eeo C (14 dewreeo :J). 

• 

• 

74.4.6.4 (;rapple :J.ixture ::Jemperatureo. 

7 4.4.6.4. 1 non-Operational. ::Jh.e :J.Rt;;:J. RSt;;:J.. and t;;:J. 6hall not be expooed to 
temperatureo ouhide the otru.ctural temperature ra.ntJe of -156 derp'eeo C to +1 21 derp'eeo C 
(;t 250 derp'eeo :J.) at anv time prior to intended uoe. 

7 4.4.6.4.2 Operational. 

1 4.4.6.4.2. 7 :J.R(;:J.. ::Jh.e :J.Rt;;:J. 4hoJI function ao deoit;ned il uoed within a operational 
temperature ranfie of -76 derp'eeo C to +68 derp'eeo C ( -105 derp'eeo :J. to +1 54 derp'eeo :J.). 

1 4.4.6.4.2.2 RS(;:J. and e:J.g:J.. ::Jh.e RSg:J. and e:J.t;;:J. ryapple 6ha/t mechani.om 4h.all function 
ao deoi9ned i/ uoed within an operational temperature ra.nt~e of -57 derp'eeo C to +88 derp'eeo 
C ( -70 defireeo :J to +1 90 derp'eeo :J.). :Jh.e euA releaoe mechani.om and ee/t;;:J. interface 4hall 
function ao deoi9ned within an operational temperature ranfje of -76 derp'eeo C to +68 
derp'eeo C (- r 05 de fire eo :J. to + 154 dewreeo :J.). 

74.5 Vioual Acceoo Requi.remenh. Vi6ual cueo 4hall be prouided on paljloado to aid th.e Rms 
operator in berth.i.n.9. deplovment. and proximitv operationo. When a CC::JV uiew io required, 
th.e tarfjet aooociated with it 4hall be ali9ned per otandard. Rms orientationo. ::Jhe trunnion 
and 9uide i.n.terfaceo between th.e paljload and th.e retention ovotem oha.ll be ui6uallv 
acceooible to the Rms operator (either directlv or uia CC::JV). ::Jh.eoe oh.all be nefjotiated 
with 'YlS::JS . 

14.6 Paljload Unique Retention Sljotemo. Pavloado requirin9 non-otandard. paljload retention 
deuiceo oh.all meet th.e Orbiter otandard.o (i.e .• thermal and 40/etv conotrai.n.h) and follow 
th.eoe fiUideli.n.eo for Oljotem compati.bili.tv with Rms operationo. 

a. ::Jhe total force required to placelremoue a paljload into/from th.e retention OljOtem oh.all 
not exceed 12 lbf. 

b. V-fiUideo or other comparable alifjnment aido Mall be prouided to aid th.e 
berthi.n.fjlunberthin'i proceoo. ::Jh.e clearance requiremenh outlined in Pararyaph. 14.1. 1 
appl~j. 

c. ::Jhe retention ovotem latcheo require redundant readv-to-latch and latch cueo and 4hall 
be compatible with the Rms capabilitv of pooitionin9 the end effector. (not th.e Point of 
Reference (POR)), to within 2.0 in.ch.eo and 1 .o derp'ee with reopect to th.e oh.oulder 
at tach. point. 

d. ::Jh.e Rms operator 4h.all h.aue ou/fi.ci.ent in/ormation of paljload pooition and attitude 
with reopect to ito retention Oljotem uia ui6ual acceoo (either direct or CC::JV) to 
perform berthin9 and deplovment operationo. Reference Pararyaph 1 4.5. 

e. ::Jh.e retention Oljotem con/i'i"f'Q.tion 4h.all conoider in ih deoi.fjn th.e complexitv of Rms 
m.aneuuero (berthinfi) with. oinfi/e joint operationo in the euent of a looo of otandard. 
operatin'i modeo . 
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74.7 Pa~oad. 8erthi.nti ,Svt.temt.. 9f the pa~oad. providet. a berthi.nfi 6flt.tem. then the 
berthi.nti 6flt.tem t.halt accommodate the pa~oad.lr<ms motiont. without contact of Orbiter or 
pa~oad. critical t.u,rfacet.. 

74.8 Scuff Ptatet. .And &.mp Protection. 

a. :Jhe pa~oad. 6halt provide t.cuff platet. to preclude excet.t.ive motion in the 
portlt.tarboard. direction durinfi berthi.nfilunberthinfi . .Mt.o. critical or hazard.out. payload. 
etementt. (i.e .• hJpl.razine t.torafie tank61linet.. attitude control6flt.temt.. cryofien tankt.. 
and pyrotechnic devicet.) 6hall be welded from inadvertent contact durinti r<ms 
operationt. (f<eference Volume XfJU • .Appendix B). 

b. Pa~oad.t. on the 6ame pallet which are mani/et.ted within in 2 feet of pallet t.tructure 
(reference clearancet. in Parafl"(lPh 7 4. 7 .2) or each other 6hall be cont.tru.cted to 
witht.tand 7. 7 feetlt.econd contact velocitiet. between componenh. 

c. 9f an Orbiter r<eplacement Unit (0f<U) it. to chanfied out ut.infi the r<ms. both the Of<U 
and the hot.t pa~oad. t.hall be able to witht.tand 1. 7 feetlt.econd contact velocitiet.. 
tolerate end effector po6ition uncertaintv of.± 2 inchet. and 7 devee. and complv with 
the pavload. and evA clearance envelope6 for r<ms operation6 (:J.ifiure 1 4.4. 1.1-1 >. 

14.9 On-Orbit X>AP Stabilitv X>urinti r<ms Operation6 

• 

74.9.7 Vr<CS Operation6. :Jhe foltowinfi paravaPh6 6pecifv the acceptable envelope of 
pa~oad. center of ma66 (Cm> po6ition6 while attached to the r<ms and under Orbiter Vf<CS 
control. 6Ubject to con6trainh on pa~oad vaPple fixture 6ti,pfne66. X>itiital Auto Pilot (:J:>.AP> 
dead.zone parameter6. and X>.AP 9~oad.6. :Jhet.e con6trainh are de6ifined to minimize the 
likelihood of 6U6tained dvnamic o6cillation6 between the Orbiter and the pa~oad. durin9 • 
clo6ed loop (auto. ma.nu.al di6crete rate. or ma.nu.al.t:IJ.£JJ) flitiht control operation6. 

7 4.9. 7. 7 Vr<CS Operation6 with the r<ms Under Po6ition .JJotd Control. Clo6ed~oop Vr<CS 
control i6 available when the deploved pa~oad. em po6ition envelope and X>AP dead.zone 
parameter6 V6 pa~oad weifiht and lowe6t vaPple fixture to pa~oad. center of ma66 interface 
frefiuencv are 6h.own in :Jable 1 4. 9. 1. 1-1 . 

1 4.9. 1.2 Vr<CS Operation6 with the r<ms 6rake6 on. Clo6ed~oop Vf<CS control i6 available 
when the deploved pavload. em pot.ition envelope and X>.AP dead.zone parameter6 vt. pa~oad 
weifiht and lowe6t vaPple fixture to pa~oad. center of mat.6 interface frefiuencv are a6 
6hown in:Jable 14.9.1.2-1. 

14.9.1.3 Vr<CS Operationt. with r<mSIPavload motion. While the r<ms it. movinfi. Orbiter 
attitude can be t.imultaneou61v maintained U6infi the Vr<CS for pav/oad.6 weifihin9 up to s.ooo 
lbt. (3630 k9> providinti that the X>.AP attitude dead.band it. 6et to~ 3 deveet.. the X>.AP rate 
dead.band i6 t.et to~ 0.2 deveet.lt.econd. and the deploved ~oad. em pot.ition and lowet.t 
vaPple fixture to pav/oad. center of ma6t. interface frefiuencv are within the boundt. 6h.own 
in :Jable 14.9.1.1-1. Orbiter free drift it. refiUired for pa~oad.6 veater than s.ooo lbt. while 
the r<ms i.6 movinfi. 
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14.9. 1.4 Addition VRCS Control Con6trainh . 

a. .Ate clo$ed-loop operation$ for pavload$ weighing greater than 1 .ooo lb$ mu$t be done 
with the appropriate 2:>.AP 9-load$. :Jhe 9-load$ (TfJ.A{;-COrl::JRO.C-.ACCe.C and 
.Arl{;-9rlCRemen::JSJ mu6t be ba4ed upon the particular pavload ma$$ propertie$ and 
po$itiOn$. 

b. Clo$ed-loop 2:>.AP attitude control with tight 2:>.AP deadzone$ when pavload$ are near the 
boundarie$ defined in ::Jable$ 14.9.1.1-1 and 14.9.1.2-1 will refJUit in increa$ed propellant 
U$age and iet du.ttj Ctjcle6. 

c. ::Jhe 2:>.AP maneuver rate mu$t be .5 0.2 degree/$econ.d il the rate deadban.d i6 ~ 0.02 
defjreel$econ.d. ::Jhe maneuver rate mu4t be .5o. 1 degree/4econ.d i4 the rate deadband 
il < 0.02 degree/4econ.d. 

14.9.2 PRCS Operation$. ::Jo preclude a I0$4 of mi4$ion in the event that VRCS attitude 
control i4 lo$t, the pavload mu4t be de4igned to compatible with PRCS auto attitude control. 

Open. loop. manual. minimum impul6e PRCS can be U6ed for 6hort term attitude control for 
Orbiter 4afetv purpo6e4 il preflight analv6e6 mms configuration 4pecific) confirm adequate 
margin.6 of con.troltabilitv. 

PRCS X:JAP 4labilitv. PRCS-in.du.ced motion.. and PRCS-in.du.ced load6 Wtalt be anal'ized 
preflifjht for mi46ion. 6pecific. $tatiof"UU''#. RmSipa'jload con.fi'iuralion6 (i.e .• a pre-relea6e 
po$itionJ. U$in.fj PRCS. dep/ovment relea6e uncertain.tie6 ma'i exceed tho$e quoted for VRCS. 

:J,or an'i RmSipa~jload motion. PCRS will normall'i be inhibited for pavload6 weighin.fj greater 
than 1 .ooo lb6 . 
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:Jabte 14.9.1.1-1 (;en.eric VReS DAP Stabilitv envelope~ ~or 
Po~ition Jlold And Rms motion 

Permi~~ible RmS deploved pa.vload. em po~ition envelope and :bAP dead.zone parameter~ v~. 
pa.vload. wei9ht and eowe~t 9fY1,pple fixture to pa.vload. em interface frequencv (eruJ. effector 
Operatin.9 ::J.rame. ee-op for Rms in. po~ition hold or with commanded motion.) 

Pav/oad. grapple ::J.ixture minimum envelope 
Wei9ht r<ms 9nterface :bead.zone Size 
(k pound) mode :kequencv (Jiz) Size (in.che~ OeSJ 

o<w ~, PJI or m .2: 0.2 R.t. ,2:0.01 de9/~ec for Tlormal unloaded 
PJI without attached r<ms Re~tuction~ 
pa.vloa.d ,2: 0.2 
de91 ~ec for m with 
pa.v/oad attached 

M=Tiormae unloaded r<ms 
re~triction~ for PJI 
or without pa.veoad 
... 3 de9 form with 
pa.vload attached 

1<w~B PJI or m .2: 0.2 R.t. ,2: 0.01 de9/~ec for 400 ~X~ 7 300 
PJI ,2: 0.2 de9/~ec 
form 

M ,2: 0.5 de9 for PJI -90 ~'I~ 90 
.2: 3.0 de9 form 

s<w~ 35 PJI onlv .2: 0.2 R.t. ,2: 0.02 de9l~ec A1 ~X~ 151 
M ,2: 1 .o de9 e1~~~~:b1 

z ~e1 

8<~35 PJI onlv .2: 0.5 R.t. ,2:0.01 de9l~ec A2 ~X~ 152 
M ,2: 0.5 de9 e2 ~'I~ :1:>2 

z ~e2 

8~35 P.JJ onev .2: 0.5 R.t. ,2: 0.02 de9/~~e A3 <X< 153 
M ,2: 7 .o de9 e3 ~'I~ :1:>3 

z ~e3 

35~65 .2: 0.5 Pavloa.d ~peci.fic a~~e~~ment wile be performed 

Tlote: PJI denote~ po~ition hold 
m denoteo RmS motion allowed 
R.t. denoteo rate limit dead.ban.d. 

:1:>13 denoteo attitude dead.band 

envelope limit~ are parameterized b4j pavload. wei9ht W (in. thouoand.~ of poun.do) and pa.veoad 
X-Z c.9. pooition (orbiter coordinate ovotem) 
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::Ja.ble r 4.9. r. r -r {len.eric VRCS :b.AP Sta.biJitv en.velope6 :J.or 
Po6ition. .Nold .And Rms motion. <Con.tirwed> 

.A1 • ::Jhe 9rea.te6t of 400 a.n.d 10w + 300 
61 • ::Jhe leaflt of 1200 a.n.d r 557 .o - s.ow - .8S7z 
Cr - ::Jhe 9reateflt of -90 a.n.d 3w- r 50 
:b1 - ::Jhe leaflt of +90 a.n.d r 50 - 3W 
er • ::Jhe lea6t of 900 a.n.d 1817.0- 1.167>e- S.833w 

.42 • ::Jhe 9reate6t of 400 a.n.d row+ 300 
132 • ::Jhe leaflt of r 200 a.n.d r 557 .o - s.ow - .8S7z 
C2 • ::Jhe vea.te6t of -90 a.n.d 3W - 1 so 
:b2 • ::Jhe lea6t of +90 a.n.d 1 50 - 3w 
e2 • ::Jhe leafJt of 900 a.n.d 1817.0- 1.167X- S.833W 

.43 • ::Jhe veale6t of 400 a.n.d row + 300 
133 • ::Jhe leaflt of 1200 a.n.d 1657.0- s.ow- .857z 
C3 • ::Jhe 9reateflt of -90 a.n.d 3w- 1 so 
:b3 • ::Jhe leaflt of +90 a.n.d r 50 - 3W 
e3 • ::Jhe lea.6t of 950 a.n.d 1933.0 - 7.1 67x- S.833W 
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:Jable 14.9.7.2-1 (;eneri.c VReS '3).AP Stabilitv Crwelope~ ~r6rake~ On 

Permi~~ible Rms dep/oved paijload em po~ition envelope and '3).AP deadzone parametero vo. 
paijload wei9ht for lowe~t rrrapple fixture to paijload em interface frequenc'l U:nd Cffector 
Operatin9 :J.rame) ~ 0.2 Jlz and Rms with 13rakeo Or1. 

Paijload 
Wei9ht 
(k pound) 

o <w~ 1 

1 < w ~ 8 

8 < w ~ 25 

8 < w ~ 25 

minimum 
'3)eadzone 
Size 

R.t ~ 0.01 de9l~ec 

M > normal unloaded 
Rms re~trictiono without 
attached paijload 

R.t ~ 0.02 de9/~ec 
:DI~ ~ 2 de9 

R.l ~ 0.04 de9/~ec 
M~2de9 

R.l ~ 0.02 de9/~ec 
M~2de9 

R.l ~ 0.04 de9IMc 
M ~ 2 de9 

envelope 
Size 

lincheo oes> 

normal unloaded 
Rms Re~trictiono 

490 ~X~ 1040 
-75 ~'I~ 75 

z ~ 610 

490 ~X~ (;1 

-75 ~'I~ 75 
z ~ Jl7 

::J2 ~X~ (;2 
-75 ~'I~ 75 

z ~ Jl2 

::J3 ~X~ {;3 
-75 ~'I~ 75 

z ~JI3 

25 < w ~ 65 Pa'lload ~pecific a~oe~~ment wile be performed 

NOTE: Table valid for all payloads with grapple fixture/payload interface 
frequencies 1 0.2 Hz. 

ICD-2-19001 

RL denotes rate limit deadband 

DB denotes attitude deadband 

Envelope limits are parameterized by payload weight W (in klb) and 
payload X-Z center-of-mass position in ocs. 

61 = 1347.8 + 0.456Z 
H1 = The least of 895 and [2957.8 + (-2.194)~ 
F2 = 467 + 3.33w 
62 = 1200 - 20w 
H2 = 650 - 5w 

F3 = 467 + 3.33w 
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-:Jablt1 I ... 9. 1.2-1 gt1nt1ri.c VRCS SlAP StabiJiJ.v Cn.ut~IOPtl6 :J.or llra.kt16 On 
lContirw.t~d) 

g
3

• (w + 10 \ 
2 

_ ~row 2- 1175w + 62ooo)l 

\~ _ 47.5; t w _ 47.5 J 
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Appendix A 

Abbreviation.6 And Acron.f1m.6 



APPENDIX A 

ABBREVIATIONS AND ACRONYMS 

AA Air to Air • AC Alternating Current 
ACCN Audio Central Control Network 
AF Audio Frequency 
AFD Aft Flight Deck 
AG Air to Ground 
AID Analog Inputs, Differential 
A/L Airlock 
AM Amplitude Modulation 
AOA Abort Once Around 
AOD Analog Output, Differential 
ARS Atmoshperic Revitalization System 
ASE Airborne Support Equipment 
ATCS Active Thermal Control System 
AUX Auxiliary 

BCT Bit Ce 11 Time 
BER Bit Error Rate 
BITE. Built-in Test Equipment 
BOT Beginning of Tape 
bps Bits per Second 
BSR BITE Status Request 
BTU Bus Terminal Unit 

CCTV Closed Circuit Television • ccw Counter Clockwise 
CPC Cargo Processing Contractor cow Command Data Word 
CE Cargo Element 
CG Center-of-Gravity 
CMRR Common Mode Rejection Ratio 
CMV Common Mode Voltage 
COAX Coaxial, Coaxial Cable 
CRYO Cryogenic 
cw Clockwise 
cw Command Word 
CWEA Caution and Warning Electronics Assembly 

:b.AP :bir;ital Autopilot 
D~C Display and Control 
dB Decibels 
OBC Data Bus Coupler 
DBIA Data Bus Isolation Amplifier 
DBS Data Bus System 
DC Direct Current 
OIH Discrete Input, High Level 
OIL Discrete Inputs, Low Level 
DOD Department of Defense 
DOH Discrete Outputs, High Level 
DOL Discrete Outputs, Low Level • 
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OP 
OP 
OSN 

EEO 
EIRP 
EMC 
EMEC 
EMI 
EMU 
EOT 
EPOS 
ET 
ETR 
EU 
EVA 

:JCS 
FM 
FPV 
FS 
FSK 

GMT 
GN2 
GN&C 
GNO 
GPC 
GSE 

HE 
HEPA 
Hz 

1/CA 
1/CB 
1/F 
1/0 
I/ OM 
IPS 
IVA 

JSC 

kbps 
kg 
klb 
KSC 
kWh 

LEO 
LHCP 
L-L 
LOS 

IC0-2-19001 

Deployment Panel 
Double Precision Floating Point 
Deep Space Network 

Electrical Explosive Device 
Effective Isotropic Radiated Power 
Electromagnetic Compatibility 
Electromagnetic Effects Compatibility 
Electromagnetic Interference 
Extravehicular Mobility Unit 
End of Tape 
Electrical Power Distribution System 
External Tank 
Eastern Test Range 
Eng i nee ring Unit 
Extravehicular Activity 

:Rit;ht Control Sv6tem 
Frequency Modulation 
Flow Proportioning Valve 
Full Scale 
Frequency Shift Keyed 

Greenwich Mean Time 
Gaseous Nitrogen 
Guidance, Navigation and Control 
Ground 
General Purpose Computer 
Ground Support Equipment 

Heat Exchanger 
High Efficiency Particle Arrestor 
Hertz 

Intercom A 
Intercom B 
Interface 
Input/Output 
Input/Output Module 
Inches per Second 
Intravehicular Activity 

Lyndon B. Johnson Space Center 

Kilobits per Second 
K i 1 ograms 
Kilopounds 
Kennedy Space Center 
Kilowatt Hours 

Light Emitting Diode 
Left Hand Circularly Polarized 
Line-to-Line 
Line of Sight 

A-3 



LPS 
LRU 
J:U.t.JJ 

mbps 
MOM 
ME 
MECO 
MET 
MHz 
MIA 
MML 
MMU 
MPC 
M/S 
MSB 
MSDP 
MTU 
MPG 

N/A 
NM 
N/m2 
NRZ 

OA 
OMCF 
OMS 
oos 
OOSDP 
OPF 
OPR 

PCM 
PCMMU 
PCR 
POI 
PDRS 
PGHM 
P/L 
PM 
P-P 
PPS 
PRCB 
PRCBD 
PRCS 
PR9 
PROm 
PRSD 
PS 
PSDP 
PSK 
PSP 
PTB 
PWR 

lCD-2-19001 

Launch Processing System 
Line Replaceable Unit 
.local Vertical/ J:.ocal JJorizon.tal 

Million Bits per Second 
Multiplexer/Demultiplexer 
Main Engine 
Main Engine Cutoff 
Mission Elapsed Time 
Megahertz 
Multiplexer Interface Adapter 
Master Measurement List 
Manned Maneuvering Unit 
Manual Pointing Controller 
Mission Station 
Most Significant Bit 
Mission Station Distribution 
Master Timing Unit 
Multiple Point Ground 

Not Applicable 
Nautical Miles 
Newton per Square Meter 
Non-Return to Zero 

avera 11 

Panel 

Orbiter Maintance and Checkout Facility 
Orbital Manuevering System 
On-orbit Station 
On-Orbit Station Distribution Panel 
Orbit Processing Facility 
Orbiter/Payload Recorder 

Pulse Code Modulation 
Pulse Code Modulation Master Unit 
Payload Changeout Room 
Payload Data Interleaver 
Payload Deployment and Retrieval System 
Payload Ground Handling Mechanism 
Payload 
Pulse Modulated 
Peak to Peak 
Pulses per Second 
Program Requirements Control Board 
Program Requirements Control Board Directive 
Primary Reaction. Control S~6tem 
Primary 
Prot;rammabte Read. On.t~ memo~ 
Power Reactant Storage and Distribution System 
Payload Station 
Payload Station Distribution Panel 
Phase Shift Keyed 
Payload Signal Processor 
Payload Timing Buffer 
Power 
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RAM 
RCD 
RCS 
RCVR 
R1)W 
RF 
RFI 
RHCP 
RMS 
rms 
RPH 
RSS 
RTLS 

SAB 
SIC 
SGLS 
SID 
SMCH 
SNR 
SP 
SPA 
SPDCI 

SPG 
SRB 
SSP 
STON 
STS 

T-0 
T-4 
TAEM 
TBD 
TORS 
TDRSS 
TEC 
TOO 
TSP 
TTL 
TVMP 
TW 
TWOS 
TWS 

VA 
VAB 
VCM 
VRCS 

WPS 

IC0-2-19001 

Random Access Memory 
Record 
Reaction Control System 
Receiver 
R e6pOn.6e :bat a Word 
Radio Frequency 
Radio Frequency Interference 
Right Hand Circularly Polarized 
Remote Manipulator System 
Root Mean Square 
Revolutions per Hour 
Rotating Service Structure 
Return to Launch Site 

Shuttle Assembly Building 
Subcarrier 
Space Ground Link Station 
Serial Input/Output 
Standard Mixed Cargo Harness 
Signal-to-Noise Ratio 
Single Precision, Floating Point 
Signal Processor Assembly 
Standard Payload Display and 
Control Interface 

Single Point Ground 
Solid Rocket Booster 
Standard Switch Panel 
Spaceflight Tracking and Data Network 
Space Transportation System 

T minus Zero, Time of Launch 
4 Hours Prior to Launch 
Terminal Approach Energy Management 
To Be Determined 
Tracking and Data Relay Satellite 
TORS System 
Time Executed Command 
Greenwich True-of-Date Cartesian Coordinate 
Twisted Shielded Pair 
Transistor-to-Transistor Logic 
TV Monitor Panel 
Twisted 
Twisted Double Shielded 
Twisted Shielded 

Volt-Amperes 
Vehicle Assembly Building 
Volatile Condensible Material 
Vernier RCS 

Words per Second 
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APPENDIX B 

GLOSSARY 



Aerospace Support 
Equipment 

Aft Flight Deck 

Airborne Support 
Equipment 

Airlock 

Berthing 

Beta Angle 

Cable 

Cargo 

ICD-2-19001 

APPENDIX B 

GLOSSARY 

See Airborne Support Equipment. 

That portion of the crew compartment upper deck 
dedicated to orbital operations including the Payload 
Station, Mission Station and On- Orbit Station. 

Airborne Support Equipment (ASE) refers to 
those payload-supplied on-board equipment items and 
systems required to permit operation of specific 
payloads during flight. As used in this document, 
this term is synonymous with Payload Support 
Equipment, Aerospace Support Equipment and Space 
Support Equipment. 

A compartment, capable of being depressurized without 
depressurization of the cabin, used to transfer 
crewman and equipment. 

The process of using the RMS to softly bring together 
an orbital element and the Orbiter, i.e., the 
positioning of a payload on the repair/maintenance 
support fixture in the payload bay. 

The minimum angle between the earth-sun line and the 
plane of the orbit. 

Two or more insulated conductors (wire) contained in a 
common covering; or, two or more insulated conductors 
twisted or moulded together without a common covering; 
or, one insulated conductor with a metallic covering, 
shield or outer conductor. 

The total complement of payloads (one or more), 
including support equipment, carried on any one 
flight. In other words, everything contained in the 
Orbiter payload bay plus other equipment, hardware and 
consumables located elsewhere in the Orbiter which is 
user-unique and is not carried on board as part of the 
basic Orbiter. 
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Cargo Element 

Cargo Element 
Provided 

Caution 

Commonality 

Cooperative 
Target 

Dead Band 

Deployment 

Electrical Power 

ICD-2-19001 

As used in this document, Cargo Element is synonymous 
with Payload . 

See Payload-provided 

Any out-of-limit condition or malfunction of a system 
that affects primary mission objectives or could 
result in loss of a system if not responded to in 
time. Crew action is required, although not 
immediately. 

Commonality is the shared usage of technical or 
programmatic items among Shuttle System elements. 
Element requirements may permit common usage either in 
identical or similar configurations. 

A cooperative target is a three axis stabilized 
orbital element which has enhanced electro-magnetic 
reflection or signal characteristics. 

That attitude and rate control region in which no RCS 
or vernier correction forces are being generated. 

The process of removing a orbital element from a 
stowed or berthed position in the payload bay and 
releasing the orbital element to a position that is 
free of the Orbiter . 

As used in this document, electrical power is that 
power which is available for use as required to 
perform payload-designated functions. This does not 
include electricity used for signals or dedicated 
functions such as operating latch mechanisms . 
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Emergency 

Extravehicular 
Activity 

Experiment 

Flight 

Inclination 

Instrument 

Interobital 
Transfer Vehicle 

Intravehicular 
Activity 

ICD-2-19001 

Any condition which can result in crew injury or 
threat to life and requires immediate corrective 
action, including predetermined crew response. 

Crewman activities conducted outside the spacecraft 
pressure hull or within the payload bay when the 
payload bay doors are open. 

An instrument, or group of instruments and associated 
support equipment used to conduct research, or to 
perform useful tasks in space. Experiments are 
generally discipline oriented, as for example, 
astronomy, atmospheric and space physics, earth 
observations, communications, etc. 

That portion of a mission encompassing the period from 
launch to landing or launch to termination of the 
active life of a spacecraft. The term Shuttle 
"flight" means a single Shuttle round trip - its 
launch, orbital activity and return. One flight might 
deliver more than one payload. More than one flight 
might be required to accomplish one mission. 

The maximum angle between the plane of the orbit and 
the equatorial plane. 

An instrument is a mechanical, optical, electrical or 
electronic device used in conducting experiments or 
performing useful tasks in space. Such instruments 
observe, sense, or process materials and data, or 
manipulate other devices used for observation, 
sensing, and processing of data or materials. 

(Example: Camera, laser, telescope, furnace, etc.) 

An interorbital transfer vehicle is a 
separable upper stage used, as required, to boost a 
spacecraft/satellite from the low energy orbit of the 
orbiter to a prescribed higher energy orbit. 

Crewman activities inside the spacecraft, within 
a payload module carried in the payload bay, or within 
the payload bay when the doors are closed. The term 
IVA is dependent upon where the activity is performed 
and is independent of local atmospheric pressure. 
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Launch Pad 

Launch Processing 
System (LPS) 

Mission 

Mixed Cargo 

Mobile Launch 
Platform 

Multi Mission 
Payload Support 
Equipment (MMPSE) 

Orbiter 
Processing Facility 

Orbiter - Provided 

ICD-2-19001 

The pad area from which the Space Shuttle will be 
launched. The stacked Space Shuttle will undergo 
final prelaunch checkout and countdown at the launch 
pad. 

A high speed digital computer operated checkout 
system used to support test, checkout, launch control 
and operational management of launch site ground 
operations at KSC. 

The performance of a coherent set of investigations or 
operations in space to achieve programs goals. 
(Example -Measure detailed structure of Sun•s 
chromosphere; survey mineral resources of North 
America.) 

The term mixed cargo is used in the case where more 
than one payload is carried in the Orbiter payload 
bay. These payloads are generally under the 
cognizance and control of more than one user or 
discipline, and no overall mission manager has been 
designated. Mixed cargoes include all associated 
user- provided ASE required to operate the payloads in 
space. 

The elements of the Space Shuttle will be 
stacked upon the mobile launch platform while in the 
Vehicle Assembly Building (VAB). After stacking, it 
will be rolled out to the launch pad . 

MMPSE is a class of ground and flight hardware provided 
by the Shuttle Transportation System operator as the 
interface between the elements of the STS and the 
payloads. It will transport, handle, accomodate 
and/or operate a wide range of science applications 
and technology payloads. It can be furnished more 
economically from a standard equipment inventory 
rather than by individual payload suppliers. 

This is a building at KSC with two bays in which the 
Orbiter undergoes post flight inspection, maintenance, 
premate checkout prior to payload installation. 

Equipment or services provided by Rockwell 
International as part of the basic Shuttle Orbiter 
contract . 
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Passive Target 

Payload 

Payload Carrier 

Payload 
Supplier 

Payload Support 
Equipment 

Payload - Provided 

Prelaunch 

Reference Missions -

Retrieval 

Rotating Service 
Structure 

STS - Provided 
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A passive target is a three axis stabilized orbital 
element which is detected, acquired and tracked by 
means of electromagnetic energy reflected from the 
skin of the target. 

The total complement of specific instruments, space 
equipment, support hardware and consumables carried in 
the Orbiter (but not included as part of the basic 
Orbiter cargo element support) to accomplish a 
discrete activity in space. A payload is functionally 
independent of other payloads within a cargo. 

Payload carriers are defined as a special class of 
payload support equipment attached in the payload bay 
to provide support to, and/or deliver, one or more 
payloads for the accomplishment of objectives assigned 
to the payloads. Carriers are identified as habitable 
modules, such as Spacelab, and attached but 
uninhabitable modules such as pallets, free flyers, 
satellites, and propulsive stages. 

Owner/operator of any Space Shuttle payload. 

See Airborne Support Equipment. 

Provided by the payload supplier, be it a private 
or government agency. This category includes items 
supplied by a sponsoring government agency as an 
adjunct to a specific payload. 

The time period during which the Shuttle vehicle is 
situated on the launch pad being prepared for launch 
and lasting until the start of the liftoff sequence. 

Mission profiles to be used in conjunction with other 
specific systems requirements to size the space 
shuttle vehicle. 

The process of utilizing the RMS and/or other handling 
aids to return a captured orbital element to a stowed 
or berthed position. No orbital element is considered 
retrieved until it is fully stowed for safe return or 
berthered for repair/maintenacnce tasks. 

This structure moves into position and seals around 
the Orbiter to provide an environmentally controlled 
work area adjacent to the payload bay on the launch 
pad. 

Provided by the NASA or one of its contractors to 
supplement the basic Shuttle Orbiter. This category 
does not include items supplied by a sponsoring 
government agency as an adjunct to a specific payload 
element. 
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Space Support 
Equipment 

Spacecraft/Satellite 

Stability Rate 

STDN 

Stowing 

TORS 

Vehicle Assembly 
Building (VAB) 

Warning 

Wire 
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See Airborne Support Equipment. 

Is the combination of mission equipment and a carrier 
spacecraft capable of autonomous operation in space. 

The maximum angular rate error during steady state 
limit cycle operation. 

Is the Spaceflight Tracking and Data Network. It 
generally means a number of ground based systems 
(stations) having direct communications with NASA 
flight vehicles. Although technically incorrect, as 
used in this document, generally includes point-to­
point circuits (NASCOM) between the remote sites 
(stations) and the Mission Control Center. Also, as 
herein used, does not include TDRSS, although GSFC 
intends that TDRSS become a part of STDN when 
operational. 

The process of placing a payload or payload component 
in a retained position in the orbiter for ascent or 
return from orbit. 

Is the Tracking and Data Relay Satellite to be used by 
NASA for communications between the flight vehicle and 
ground. As is, includes only the satellites, of which 
there are two (2) active planned, located at 
geosynchronous altitude, and separated in longitude by 
about 130°. When used with a second "S", (i.e. -
TDRSS), it includes the ground system required to work 
with the satellites, (i.e. -Tracking and Data Relay 
Satellite System). 

This is the building at KSC that has four high bays 
that is used for vertical storage of the external 
tanks and to stack the Shuttle elements onto the 
mobile launch platform. 

Any existing or impending condition or malfunction of 
a system that would adversely affect crew safety or 
compromise primary mission objectives. Immediate 
action by the crew is required. 

A single metallic conductor of solid, stranded, or 
woven construction designed to carry current in an 
electrical circuit. The wire may be bare or 
insulated, but does not have a metallic covering, 
sheath, or shield . 

B-7 



Wire Harness 

Wiring 

ICD-2-19001 

One or more wires or cables and their terminations, 
mechanically held together, routed, and installed as a 
unit. ~ 

Collectively, w1r1ng shall mean wire and cable with 
their terminations. 

~ 

~ 
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APPENDIX C 

CHANNEL AND FREQUENCY ASSIGNMENTS 

C.l STDU CHAtJtJEL AtJD FREQUENCY ASSIGtUIEUTS. Specific STDN channel and • 
,frequency assignments are listed in Table C.l-1. (Reference Paragraph 8.3.1) 

• 

• 
ICD 2-19001 C-2 



TABLE C. 1-1 STDN CHANNEL & FREQUENCY .f\SSIGNrtENT 

• CHANNEL TRANS!~ IT RECEIVE 

221/240 0.1151 04f.1HZ 0.125t1HZ 

1 2025.833333 2025.833400 2200.000 
2 2025.948437 2025.948504 2200.125 3 2026.063542 2026.063608 2200.250 
4 2026.178646 2026.178712 2200.375 5 2026.293750 2026.293816 2200.500 
6 2026.408854 2026.408920 2200.625 7 2026.523958 2026.524024 2200.750 
8 2026.639062 2026.639128 2200.875 9 2026.754167 2026.754232 2201.000 

10 2026.869271 2026.869336 2201.125 11 2026.984375 2026.984440 2201 . 250 12 2027.099479 2027.099544 2201. 37!3 13 2027.214583 2027.214648 2201.500 14 2027.329687 2027.329752 2201 . 625 15 2027.444792 2027.444856 2201.750 16 2027.559896 2027.559960 2201 .875 17 2027.675000 2027.675064 2202.000 18 2027.790104 2027.790168 2202.125 19 2027.905208 2027. 905272 2202.250 20 2028.020312 2028.020376 2202.375 21 2028.135417 2028.135480 2202.500 

• 22 2028. 250521 2028.250584 2202.625 23 2028.365625 2028.365688 2202.750 24 2028.480729 2028.480792 2202.875 25 2028.595833 2028.595896 2203.000 26 2028.710937 2028.711000 2203.125 27 2028.826042 2028.826104 2203.250 28 2028. 941146 2028.941208 2203.375 29 2029.056250 2029.056312 2203.500 30 2029.171354 2029.171416 2203.625 31 2029.286458 2029.286520 2203.750 32 2029.401562 2029.401624 2203.875 33 2029.516667 2029.516728 2204.000 34 2029.631771 2029.631832 2204.125 35 2029.746875 2029.746936 2204.250 
36 2029.861979 2029.862040 2204.375 37 2029. 977Cl33 2029.977144 2204.500 38 2030.092187 2030.092248 2204.625 39 2030.207292 2030.207352 2204.750 40 2030.322396 2030.322456 2204.875 41 2030.437500 2030.437560 2205.000 42 2030.552604 2030.552664 2205.125 43 2030.667708 2030.667768 2205.250 44 2030.782812 2030.782872 2205.375 45 2030.897917 2030.897976 2205.500 

• 
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TABLE C. 1-1 STDtJ CHANt~EL & FREQUENCY ASSIGtJt:tHJT 

CHANNEL TRAtJStHT RECEIVE • 221/240 0.1151 0411HZ 0. 12511HZ 

46 2031 • 013021 2031.013080 2205.625 
47 2031 • 128125 2031.128184 2205.750 
48 2031.243229 2031.243288 2205.875 
49 2031.358333 2031.358392 2206.000 
50 2031.473437 2031.473496 2206.125 
51 2031.588542 2031.588600 2206.250 
52 2031.703646 2031.703704 2206.375 
53 2031.818750 2031.818808 2206.500 
54 2031.933854 2031.933912 2206.625 
55 2032.048958 2032.049016 2206.750 
56 2032.164062 2032.164120 2206.875 
57 2032.279167 2032.279224 2207.000 
58 2032.394271 2032.394328 2207.125 
59 2032.509375 2032.509432 2207.250 
60 2032.624479 2032.624536 2207.375 
61 2032.739583 2032.739640 2207.500 
62 2032.854687 2032.854744 2207.625 
63 2032.969792 2032.969848 2207.750 
64 2033.084896 2033.084952 2207.875 
65 2033.200000 2033.200056 2208.000 
66 2033.315104 2033.315160 2208.125 
67 2033.430208 2033.430264 2208.250 • 68 2033.545312 2033.545368 2203.375 
69 2033.660417 2033.660472 2208.500 
70 2033.775521 2033.775576 2208.625 
71 2033.890625 2033.890680 2208.750 
72 2034.005729 2034.005784 2208.375 
73 2034.120833 2034.120888 2209.000 
74 2034.235937 2034.235992 2209.125 
75 2034.351042 2034.351096 2209.250 
76 2034.466146 2034.466200 2209.375 
77 2034.581250 2034.581304 2209.500 
78 2034.696354 2034.696408 2209.625 
79 2034.811458 2034.811 512 2209.750 
80 2034.926562 2034.926616 2209.375 
81 2035.041667 2035.041720 2210.000 
82 2035.156771 2035.156824 2210.125 
83 2035.271875 2035.271928 2210.250 
84 2035.386979 2035.387032 2210.375 
85 2035.502083 2035.502136 2210.500 
86 2035.617187 2035.617240 2210.625 
87 2035.732292 2035.732344 221 0. 750 
88 2035.847396 2035.847448 2210.875 
89 2035.962500 2035.962552 2211.000 
90 2036.077604 2036.077656 2211.125 

• 
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TABLE C. 1-1 STDN CHANNEL & FREQUENCY ASSIGNMENT 

• CHANNEL TRANStHT RECEIVE 

221/240 0. 11 51 04f·1HZ 0. 125t1HZ 

91 2036.192708 2036.192760 2211 . 250 
92 2036.307812 2036.307864 2211.375 
93 2036.422917 2036.422968 2211.500 
94 2036.538021 2036.538072 2211 . 525 
95 2036.653125 2036.653176 2211.750 
96 2036.768229 2036.768280 2211.875 
97 2036.883333 2036.883384 2212.000 
98 2036.998437 2036.998488 2212.125 
99 2037.113542 2037.113592 2212.250 

.1 00 2037.228646 2037.228696 2212.375 
1 01 2037.343750 2037.343800 2212.500 
102 2037.458854 2037.458904 2212.625 
103 2037.573958 2037.574008 2212.750 
104 2037.689062 2037.589112 2212.875 
105 2037.804167 2037.804216 2213.000 
106 2037.919271 2037.919320 2213.125 
107 2038.034375 2038.034424 2213.250 
108 2038.149479 2038.149528 2213.375 
109 2038.264583 2038.26,1632 2213.500 
110 2038.379587 2038.379736 2213.625 
111 2038.494792 2038.494840 2213.750 

• 112 2038.609896 2038.609944 2213.875 
113 2038.725000 2038.725048 2214.000 
114 2038.840104 2038.840152 2214.125 
115 2038.955208 2038.955256 2214.250 
116 2039.070312 2039.070360 2214.375 
117 2039.185417 2039.185464 2214.500 
118 2039.300521 2039.300568 2214.625 
119 2039.415625 2039.415672 2214.750 
120 2039.530729 2039.530776 2214.875 
121 2039.645833 2039.645880 2215.000 
122 2039.760937 2039.760984 2215.125 
123 2039.876042 2039.876088 2215.250 
124 2039.991146 2039.991192 2215.375 
125 2040.106250 2040.106296 2215.500 
126 2040.221354 2040.221400 2215.625 
127 2040.336458 2040.336504 2215.750 
128 2040.451562 2040.451608 2215.875 
129 2040.566667 2040.566712 2216.000 
130 2040.681771 2040.681816 2216.125 
131 2040.796875 2040.796920 2216.250 
132 2040.911979 2040.912024 2216.375 
133 2041.027083 2041.027128 2216.500 
134 2041.142187 2041.142232 2216.625 
135 2041 • 257292 2041.257336 2215.750 

• 
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TABLE C. 1-1 STDN CHAtHJEL & FREQUENCY ASSIGNI,1ENT 

CHANNEL TRANStUT RECEIVE • 221/240 0. 1151 041·1HZ 0. 125i1HZ 

136 2041.372396 2041.372440 2216.875 
137 2041.487500 2041.487544 2217.000 
138 2041.602604 2041.602648 2217.125 
139 2041 • 717708 2041 • 717752 2217.250 
140 2041.832812 2041.832856 2217.375 
141 2041.947917 2041.947960 2217.500 
142 2041 • 063021 2041.063064 2217.625 
143 2042.178125 2042.178168 2217.750 
144 2042.293229 2042.293272 2217.875 
145 2042.408333 2042.408376 2218.000 
146 2042.523437 2042.523480 2218.125 
147 2042.638542 2042.638584 2218.250 
148 2042.753646 2042.753688 2218.375 
149 2042.868750 2042.868792 2218.500 
150 2042.983854 2042.983896 2218.625 
151 2043.098958 2043.099000 2218.750 
152 2043.214062 2043.214104 2218.875 
153 2043.329167 2043.329208 2219.000 
154 2043.444271 2043.444312 2219.125 
155 2043.559375 2043.559416 2219.250 
156 2043.674479 2043.674520 2219.375 -157 2043.789583 2043.789624 2219.500 • 158 2043.904687 2043.904728 2219.625 
159 2044.019792 2044.019832 2219.750 
160 2044.134896 2044.134936 2219.875 
161 2044.250000 2044.250040 2220.000 
162 2044.365104 2044.365144 2220.125 
163 2044.480208 2044.480248 2220.250 
164 2044.595312 2044.595352 2220.375 
165 2044.710417 2044.710456 2220.500 
166 2044.825521 2044.825560 2220.625 
167 2044.940625 2044.940664 2220.750 
1613 2045.055729 2045.055763 2220.875 
169 2045.170833 2045.170872 2221.000 
170 2045.285937 2045.285976 2221 . 125 
171 2045.401042 2045.401080 2221 .250 
172 2045.516146 2045. 516184 2221.375 
173 2045.631250 2045.631288 2221.500 
174 2045.746354 2045.746392 2221 .625 
175 2045.861458 2045.861496 2221.750 
176 2045.976562 2045.976600 2221.875 177 2046.091667 2046.091704 2222.000 
178 2046.206771 2046.206808 2222.125 179 2046.321875 2046.321912 2222.250 
180 2046.436979 2046.437016 2222.375 

• 
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TABLE C. 1-1 STDN CHANNEL & FREQUENCY ASSIGNMENT 

• CHMJUEL TRANSr.HT RECEIVE 

221/240 0.1151 04f1HZ 0.125r.1HZ 

181 2046.552083 2046.552120 2222.500 
182 2046.667187 2046.667224 2222.625 
183 2046.782292 2046.782328 2222.750 
184 2046.897396 2046.897432 2222.875 
185 2047.012500 2047. 012536 2223.000 
186 2047.127604 2047.127640 2223.125 
187 2047.242708 2047.242744 2223.250 
188 2047.357812 2047.357843 2223.375 
139 2047.472917 2047.472952 2223.500 
190 2047.588021 2047.588056 2223.625 
191 2047.703125 2047.703160 2223.750 
192 2047.818229 204 7. 818264 2223.875 
193 2047.933333 2047.933368 2224.000 
194 2048.048437 2048.048472 2224.125 
195 2048.163542 2048.163576 2224.250 
196 2048.278646 2048.278680 2224.375 
197 2048.393750 2048.393784 2224.500 
198 2048.508854 2048.508888 2224.625 
199 2043.623958 2048.623992 2224.750 
200 2048.739062 2048.739096 2224.875 
201 2048.854167 2048.854200 2225.000 

• 202 2043.969271 2048.969304 2225.125 
203 2049.084375 2049.084408 2225.250 
204 2049.199479 2049.199512 2225.375 
205 2049.314583 2049.314616 2225.500 
206 2049.429637 2049.429720 2225.625 
207 2049.544792 2049.544824 2225.750 
208 2049.659896 2049.659928 2225.875 
209 2049. 77 5000 2049.775032 2226.000 
210 2049.890104 2049.890136 2226.125 
211 2050.005208 2050.005240 2226.250 
212 2050.120312 2050.120344 2226.375 
213 2050.235417 2050.235448 2226.500 
214 2050.350521 2050.350552 2226.625 
215 2050.465625 2050.465656 2226.750 
216 2050.580729 2050.580760 2226.875 
217 2050.695833 2050.695364 2227.000 
218 2050.810937 2050.810968 2227.125 
219 2050.926042 2050.926072 2227.250 
220 2051.041146 2051 .041176 2227.375 
221 2051 • 156250 2051.156280 2227.500 
222 2051.271354 2051.271384 2227.525 
223 2051.386458 2051.386488 2227.750 
224 2051.501562 2051 . 501592 2227.875 
225 2051.616667 2051 • 616696 2228.000 

• 
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TABLE C. 1-1 STDtJ CHANNEL & FREQUENCY ASSHlNHENT 

CHAIHJEL TRANStUT RECEIVE • 221/240 0. 1151 04!'1HZ 0.12511HZ 

226 2051 • 731771 2051.731800 2228.125 
227 2051.846875 2051.845904 2228.250 
228 2051.961979 2051.962008 2228.375 
229 2052. 077083 2052.077112 2228.500 
230 2052.192187 2052.192216 2228.525 
231 2052.307292 2052.307320 2228.750 
232 2052.422396 2052.422424 2228.875 
233 2052.537500 2052.537528 2229.000 
234 2052.652604 2052.652632 2229.125 
235 2052.767708 2052.767736 2229.250 
236 2052.882812 2052.882840 2229.375 
237 2052.997917 2052.997944 2229.500 
238 2053.113021 2053.113048 2229.525 
239 2053.228125 2053.228152 2229.750 
240 2053.343229 2053.343256 2229.875 
241 2053.458333 2053.458360 2230.000 
242 2053.573437 2053.573464 2230.125 
243 2053.688542 2053.688568 2230.250 
244 2053.803646 2053.803672 2230.375 
245 2053.918750 2053.918776 2230.500 
246 2054.033854 2054.033880 2230.625 
247 2054.148958 2054.148984 2230.750 • 248 2054.264062 2054.264088 2230.875 
249 2054.379157 2054.379192 2231 . 000 
250 2054.494271 2054.494296 2231.125 
251 2054.609375 2054.609400 2231.250 
252 2054.724479 2054.724504 2231.375 
253 2054.839583 2054.839608 2231.500 
254 2054.954687 2054.954712 2231 .625 
255 2055.069792 2055.069816 2231.750 
256 2055.104896 2055.184920 2231.875 
257 2055.300000 2055.300024 2232.000 
258 2055.415104 2055.415128 2232.125 
259 2055.530208 2055.530232 2232.250 
260 2055.645312 2055.645336 2232.375 
261 2055.760417 2055.760440 2232.500 
262 2055.875521 2055.875544 2232.625 
253 2055.990625 2055.990648 2232.750 
264 2056.105729 2056. 1 057 52 2232.875 
265 2056.220833 2056.220856 2233.000 
266 2056.335937 2056.335960 2233.125 
257 2056.451042 2056.451064 2233.250 
268 2056.566146 2056.566168 2233.375 
259 2056.681250 2056.681272 2233.500 
270 2056.796354 2056.796376 2233.625 

• 
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TABLE C. 1-1 STDN CHANNEL & FREQUENCY ASSIGNMENT 

• CHANNEL TRANSf·1IT RECEIVE 

221/240 0.1151 04f·1HZ 0.1251·1HZ 

271 2056.911458 2056.911480 2233.750 
272 2057.026562 2057.026584 2233.875 
273 2057.141667 2057.141688 2234.000 
274 2057.256771 2057.256792 2234.125 
275 2057.371875 2057.371896 2234.250 
276 2057.486979 2057.487000 2234.375 
277 2057.602083 2057.602104 2234.500 
278 2057.717187 2057.717208 2234.625 
279 2057.832292 2057.832312 2234.750 
280 2057.947396 2057.947416 2234.875 
281 2058.062500 2058.062520 2235.000 
282 2058.177604 2058.177624 2235.125 
283 2058.292708 2058.292728 2235.250 
284 2058.407812 2058.407832 2235.375 
285 2058.522917 2058.522936 2235.500 
286 2058.638021 2058.638040 2235.625 
287 2058.753125 2058.753144 2235.750 
288 2058.868229 2058.868248 2235.875 
289 2058.983333 2058.983352 2236.000 
290 2059.098437 2059.098456 2236.125 
291 2059.213542 2059.213560 2236.250 

• 292 2059.328646 2059.328664 2236.375 
293 2059.443750 2059.443768 2236.500 
294 2059.558854 2059.558872 2236.625 
295 2059.673958 2059.673976 2236.750 
296 2059.789062 2059.789080 2236.375 
297 2059.904167 2059.904184 2237.000 
298 2060.019271 2060. 01 9288 2237.125 
299 2060.134375 2060.134392 2237.250 
300 2060.249479 2060.249496 2237.375 
301 2060.364583 2060.364600 2237.500 
302 2060.479687 2060.479704 2237.625 
303 2060.594792 2060.594808 2237.750 
304 2060.709896 2060.709912 2237.875 
305 2060.825000 2060.325016 2238.000 
306 2060.940104 2060.940120 2238.125 
307 2061.055208 2061.055224 2238.250 
308 2061.170312 2061.170328 2238.375 
309 2061.285417 2061.285432 2238.500 
310 2061 .400521 2061.400536 2238.625 
311 2061 • 515625 2061.515640 2238.750 
312 2061 .630729 2061.630744 2238.875 
313 2061.745833 2061.745848 2239.000 
314 2061.360937 2061.860952 2239.125 
315 2061.976042 2061.976056 2239.250 

• 
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TABLE C. 1-1 STDN CHANtJEL & FREQUENCY ASSIG~mENT 

CHANNEL TRANSI-UT RECEIVE 

221/240 0.1151 0411HZ 0. 12511HZ • 316 2062.091146 2062.091160 2239.375 
317 2062.206250 2062.206264 2239.500 
313 2062.321354 2062.321368 2239.625 
319 2062.436458 2062.436472 2239.750 
320 2062.551562 2062.551576 2239.875 
321 2062.666667 2062.666680 2240.000 
322 2062.781771 2062.781784 2240.125 
323 2062.896875 2062.896888 2240.250 
324 2063.011979 2062.011992 2240.375 
325 2063.127083 2062.127096 2240.500 
326 2063.242187 2062.242200 2240.625 
327 2063.357292 2062.357304 2240.750 
328 2063.472396 2062.472408 22tl0.875 
329 2063.587500 2062.587512 2241.000 
330 2063.702604 2063.702616 2241.125 
331 2063.817708 2063.817720 2241.250 
332 2063.932812 2063.932324 2241.375 
333 2064.047917 2064.047928 2241.500 
334 2064.163021 2064.163032 2241.625 
335 2064.278125 2064.278136 2241.750 
336 2064.393229 2064.393240 2241.875 
337 2064.508333 2064.508344 2242.000 
338 2064.623437 2064.623448 2242.125 • 339 2064.738542 2064.738552 2242.250 
340 2064.853646 2064.853656 2242.375 
341 2064.968750 2064.968760 2242.500 
342 2065.083854 2065.083864 2242.625 
343 2065.198958 2065.198968 2242.750 
344 2065.314062 2065.314072 2242.875 
345 2065.429167 2065.429176 2243.000 
346 2065.544271 2065.544280 2243.125 
347 2065.659375 2065.659384 2243.250 
348 2065.774479 2065.774488 2243.375 
349 2065.889583 2065.889592 2243.500 
350 2066.004687 2066.004696 2243.625 
351 2066.119792 2066.119800 2243.750 
352 2066.234896 2066.234904 2243.875 
353 2066.350000 2066.350008 2244.000 
354 2066.465104 2066.465112 2244.125 
355 2066.580208 2066.580216 2244.250 
356 2066.695312 2066.695320 2244.375 
357 2066.810417 2066.810424 2244.500 
358 2066.925521 2066.925528 2244.625 
359 2067.040625 2067.040632 2244.750 
360 2067.155729 2067.155736 2244.875 

• 
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TABLE C. 1-1 STDN CHANNEL & FREQUENCY ASSIGNMENT 

• CHAWJEL TRAtJS!UT RECEIVE 

221/240 0.1151 041~HZ 0. 12511HZ 

361 2067.270833 2067.270840 2245.000 
362 2067.385937 2067.385944 2245.125 
363 2067.501 042 2067.501048 2245.250 
364 2067.616146 2067.616152 2245.375 
365 2067.731250 2067.731256 2245.500 
366 2067.846354 2067.846360 2245.625 
367 2067.961458 2067.961464 2245.750 
368 2068.076562 2068.076568 2245.875 
369 2068.191667 2068.191672 2246.000 
370 2068.306771 2068.306776 2246.125 
371 2068.421875 2068.421880 2246.250 
372 2068.536979 2068.536984 2246.375 
373 2068.652083 2068.652088 2246.500 
374 2068.767187 2068.767192 2246.625 
375 2068.882292 2068.882296 2246.750 
376 2068.997396 2068.997400 2246.875 
377 2069.112500 2069.112504 2247.000 
378 2069.227604 2069.227608 2247.125 
379 2069.342708 2069.342712 2247.250 
380 2069.457812 2069.457816 2247.375 
381 2069.572917 2069.572920 2247.500 

• 382 2069.688021 2069.688024 2247.625 
383 2069.803125 2069.803128 2247.750 
304 2069.918229 2069.918232 2247.375 
385 2070.033333 2070.033336 2248.000 
386 2070.148437 2070.148440 2248.125 
387 2070.263542 2070.263544 2248.250 
388 2070.378646 2070.378648 2248.375 
389 2070.493750 2070.493752 2248.500 
390 2070.608854 2070.608856 2248.625 
391 2070.723958 2070.723960 2248.750 
392 2070.839062 2070.839064 2248.875 
393 2070.954167 2070.954168 2249.000 
394 2071.069271 2071 . 069272 2249.125 
395 2071.184375 2071 . 184376 2249.250 
396 2071.299479 2071.299480 2249.375 
397 2071.414583 2071.414584 2249.500 
398 2071.529687 2071.529688 2249.625 
399 2071.644792 2071.644792 2249.750 
400 2071.759896 2071.759896 2249.875 
401 2071.875000 2071.875000 2250.000 
402 2071 • 9901 04 2071 . 9901 04 2250.1'25 
403 2072.105208 2072.105208 2250.250 
404 2072.220312 2072.220312 2250.375 
405 2072.335417 2072.335416 2250.500 

• 
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TABLE C. 1-1 STDN CHANNEL & FREQUENCY ASSIGNtENT 

CHANNEL TRANSMIT RECEIVE 

221/240 0.1151 041·1HZ 0. 125r1HZ • 406 2071 .450521 2071.450520 2250.625 
407 2071.565625 2071.565624 2250.750 
408 2072.680729 2072.680728 2250.875 
409 2072.795833 2072.795832 2251.000 
410 2072.910937 2072.910936 2251 . 125 
411 2073.026042 2073.026040 2251.250 
412 2073.141146 2073.141144 2251.375 
413 2073.256250 2073.256248 2251.500 
414 2073.371354 2073.371352 2251.625 
415 2073.486458 2073.486456 2251.750 
416 2073.601562 2073.601560 2251.875 
417 2073.716667 2073.716664 2252.000 
418 2073.831771 2073.831768 2252.125 
419 2073.946875 2073.946872 2252.250 
420 2074.061979 2074.061976 2252.375 
421 2074.177083 2074.177080 2252.500 
422 2074.292187 2074.292184 2252.525 
423 2074.407292 2074.407288 2252.750 
424 2074.522396 2074.522392 2252.875 425 2074.637500 2074.637496 2253.000 
426 2074.752604 2074.752600 2253.125 427 2074.867708 2074.867704 2253.250 
428 2074.982812 2074.982808 2253.375 • 429 2075.097917 2075.097912 2253.500 
430 207 5. 213021 2075.213016 2253.625 431 2075.328125 2075.328120 2253.750 
432 2075.443229 2075.443224 2253.875 
433 2075.558333 2075.558328 2254.000 
434 2075.673437 2075.673432 2254.125 
435 2075.788542 2075.788536 2254.250 
436 2075.903646 2075.903640 2254.375 437 2076.018750 2076.018744 2254.500 
438 2076.133854 2076.133848 2254.625 439 2076.248958 2076.248952 2254.750 
440 2076.364062 2076.364056 2254.875 
441 2076.479167 2076.479160 2255.000 442 2076.594271 2076.594264 2255.125 443 2076.709375 2076.709368 2255.250 444 2076.824479 2076.824472 2255.375 445 2076.939583 2076.939576 2255.500 446 2077.054687 2077.054680 2255.625 447 2077.169792 2077.169784 2255.750 448 2077. 284896 2077.284888 2255.875 449 2077.400000 2077.399992 2256.000 450 2077. 5151 04 2077.515096 2256.125 

• 
reo 2-19001 C-12 



TABLE C. 1-1 STDN CHANNEL & FREQUHJCY ASSIGNt1ENT 

• CHAtJNEL TRANSNIT RECEIVE 

221/240 0.1151 04!.1HZ 0. 1251·1HZ 

451 2077.630208 2077.630200 2256.250 
452 2077.745312 2077.745304 2256.375 
453 2077.860417 2077.860408 2256.500 
454 2077.975521 2077.975512 2256.625 
455 2078.090625 2078.090616 2256.750 
456 2078.205729 2078.205720 2256.875 
457 2078.320833 2078.320824 2257.000 
458 2078.435937 2078.435928 2257.125 
459 2078. 551 042 2078.551032 2257.250 
460 2078.666146 2078.666136 2257.375 
461 2078.781250 2078.781240 2257.500 
462 2078.896354 2078.896344 2257.525 
463 2079.011458 2079.011448 2257.750 
464 2079.126562 2079.126552 2257.875 
465 2079.241667 2079.241656 2258.000 
466 2079.356771 2079.356760 2258.125 
467 2079.471875 2079.471864 2258.250 
468 2079.586979 2079.586968 2258.375 
469 2079.702083 2079.702072 2258.500 
470 2079.817187 2079.818176 2258.625 
471 2079.932292 2079.932280 2258.750 

• 472 2080.047396 2080.047384 2258.075 
473 2080.162500 2080.162488 2259.000 
474 2080.277604 2080. 277 592 2259.125 
475 2080.392708 2080.392696 2259.250 
476 2080.507812 2080.507800 2259.375 
477 2080.622917 2080.622904 2259.500 
478 2080.738021 2080.738008 2259.625 479 2080.853125 2080.853112 2259.750 
480 2080.968229 2080.968216 2259.875 
481 2081.083333 2081.083320 2260.000 
482 2081 • 198437 2081 . 198424 2260.125 
483 2081.313542 2081.313523 2260.250 
484 2081.428646 2081.428632 2260.375 485 2081.543750 2081 . 543736 2260.500 
486 2081.658854 2081.658840 2260.625 487 2081 • 773958 2081.773944 2260.750 
488 2081.889062 2081.889048 2260.375 489 2082.004167 2082.004152 2261.000 
490 2082.119271 2082.119256 2261.125 491 2082.234375 2082.234360 2261 .250 
492 2082.349479 2082.349464 2261.375 
493 2082.464583 2082.464568 2261.500 494 2082.579687 2082.579672 2261.625 495 2082.694792 2082.694776 2261.750 

• 
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TABLE C. 1-1 STDN CHANNEL & FREQUENCY ASSIGNMENT 

CHANNEL TRANStHT RECEIVE 

221/240 0.1151 041·1HZ 0.125t~HZ • 496 2082.809896 2082.809880 2261.875 
497 2082.925000 2082.924984 2262.000 
498 2083.040104 2083.040008 2262.125 
499 2083.155208 2083.155192 2262.250 
500 2083.270312 2083.270296 2262.375 
501 2083.385417 2083.385400 2262.500 
502 2083.500521 2083.500504 2262.625 
503 2083.615625 2083.615608 2262.750 
504 2083.730729 2083.730712 2262.875 
505 2083.845833 2083.845816 2263.000 
506 2083.960937 2083.960920 2263.125 
507 2084.076042 2084.076024 2263.250 
508 2084.191146 2084.191128 2263.375 
509 2084.306250 2084.306232 2263.500 
510 2084.421354 2084.421336 2263.625 
511 2084.536458 2084.536440 2263.750 
512 2084.651552 2084.651544 2253.875 
513 2084.766667 2084.766648 2264.000 
514 2084.881771 2084.881752 2264.125 
515 2084.996875 2084.996856 2264.250 
516 2085.111979 2085.111960 2264.375 
517 2085.227083 2085.227064 . 2264.500 
518 2085.342187 2085.342168 2264.625 • 519 2085.457292 2085.457272 2264.750 
520 2085.572396 2085.572376 2264.875 
521 2085.687500 2085.687480 2265.000 
522 2085.802604 2085.802584 2265.125 
523 2085. 917708 2085.917688 2265.250 
524 2086.032812 2085.032792 2265.375 
525 2086.147917 2086.147896 2265.500 
526 2086.263021 2086.263000 2265.525 
527 2086.378125 2086.378104 2265.750 
528 2086.493229 2086.493208 2265.875 
529 2086.608333 2086.608312 2266.000 
530 2086.723437 2086.723416 2266.125 
531 2086.838542 2086.838520 2266.250 
532 2086.953646 2086.953624 2266.375 
533 2087.068750 2087. 068728 2266.500 
534 2087.183854 2087.183832 2266.625 
535 2087.298958 2087.298936 2266.750 
536 2087.414062 2087.414040 2266.875 
537 2087.529167 2087.529144 2267.000 
538 2087.644271 2087.644248 2267.125 
539 2087.759375 2087.759352 2267.250 
540 2087.874479 2087.874456 2267.375 

• 
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TABLE C. 1-1 STDN CHANNEL & FREQUENCY ASSIG~MENT 

• CHAI'·UJEL TRAUS14IT RECEIVE 

221/240 0. 11 51 04t,1HZ 0. 125111lZ 

541 2087.989583 2087.989560 2267.500 
542 2088.104687 2088.104664 2267.625 
543 2088.219792 2088.219768 2267.750 
544 2088.334896 2088.334872 2267.875 
545 2088.450000 2088.449976 2268.000 
546 2088.565104 2088.565080 2268.125 
547 2088.680208 2088.680184 2268.250 
548 2088.795312 2088.795288 2268.375 
549 2088.91 0417 2088.910392 2268.500 
550 2089.025521 2089.025496 2268.625 
551 2089.140625 2089.140600 2268.750 
552 2089.255729 2089.255704 2268.875 
553 2089.370833 2089.370808 2259.000 
554 2089.485937 2089.485912 2269.125 
555 2089.601042 2089.501016 2269.250 
556 2089.716146 2089.716120 2269.375 
557 2089.831250 2089.831224 2269.500 
558 2089.946354 2089.946328 2269.625 
559 2090.061458 2090.061432 2269.750 
560 2090.176562 2090.176536 2269.875 
561 2090.291667 2090.291640 2270.000 

• 562 2090.406771 2090.406744 2270.125 
563 2090.521875 2090.521848 2270.250 
564 2090.636979 2090.636952 2270.375 
565 2090.752083 2090.752056 2270.500 
566 2090.867187 2090.867160 2270.625 
567 2090.982292 2090.982264 2270.750 
568 2091.097396 2091.097368 2270.875 
569 2091.212500 2091.212472 2271.000 
570 2091.327604 2091.327576 2271 . 125 
571 2091.442708 2091.442680 2271.250 
572 2091.557812 2091.557784 2271.375 
573 2091.672917 2091.672888 2271.500 
574 2091 • 788021 2091.787992 2271.625 
575 2091 • 903125 2091.903096 2271.750 
576 2092. 018229 2092.018200 2271.875 
577 2092.133333 2092. 133304 2272.000 
578 2092.248437 2092.248408 2272.125 
579 2092.363542 2092.363512 2272.250 
580 2092.478646 2092.478616 2272.375 
581 2092.593750 2092.593720 2272.500 
582 2092.708854 2092.708824 2272.625 
583 2092.823958 2092.823928 2272.750 
584 2092.939062 2092.939032 2272.375 
585 2093.054167 2093.054136 2273.000 

• 
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TABLE C. 1-1 STDU CHANNEL & FREQUENCY ASSIGNHENT 

CHAtHJEL TRANSmT RECEIVE • 221/240 0.1151 04t.tHZ 0. 125t1HZ 
586 2093.169271 2093.169240 2273.125 587 2093.284375 2093.284344 2273.250 588 2093.399479 2093.399448 2273.375 589 2093.514583 2093.514552 2273.500 590 2093.629687 2093.629656 2273.625 591 2093.744792 2093.744760 2273.750 592 2093.859896 2093.859864 2273.875 593 2093.975000 2093.974968 2274.000 594 2094.090104 2094.090072 2274.125 595 2094.205208 2094.205176 2274.250 596 2094.320312 2094.320280 2274.375 597 2094.435417 2094.435384 2274.500 598 2094.550521 2094.550483 2274.625 599 2094.665625 2094.665592 2274.750 600 2094.780729 2094.780696 2274.875 601 2094.895833 2094.895800 2275.000 602 2095.010937 2095.010904 2275.125 603 2095.126042 2095.126008 2275.250 604 2095.241146 2095.241112 2275.375 605 2095.356250 2095.356216 2275.500 606 2095.471354 2095.471320 2275.625 607 2095.586458 2095.586424 2275.750 • 608 2095.701562 2095.701528 2275.875 609 2095.816667 2095.816632 2276.000 610 2095.931771 2095.931736 2276.125 611 2096.046875 2096.046840 2276.250 612 2096.161979 2096.161944 2276.375 613 2096.277083 2096.277048 2276.500 614 2096.392187 2096.392152 2276.625 615 2096.507292 2096.507256 2276.750 616 2096.622396 2096.622360 2276.375 617 2096.737500 2096.737464 2277.000 618 2096.852604 2096.852568 2277.125 619 2096.967708 2096.967672 2277.250 620 2097.082812 2097.082776 2277.375 621 2097. 197917 2097.197880 2277.500 622 2097.313021 2097.313984 2277.625 623 2097.428125 2097.428088 2277.750 624 2097.543229 2097.543192 2277.875 625 2097.658333 2097.658296 2278.000 626 2097.773437 2097.773400 2278.125 627 2097.888542 2097.888504 2278.250 628 2098.003646 2098.003600 2270.375 629 2098.118750 2098.118712 2273.500 630 2098.233854 2098.233816 2278.625 

• 
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TABLE C. 1-1 STDN CHANNEL & FREQUENCY ASSIGNMENT 

• CHANNEL TRANSMIT RECEIVE 

221/240 0.1151 04t-1HZ 0.125nHZ 

631 2098.348958 2098.348920 2278.750 
632 2098.464062 2098.464024 2278.875 
633 2098.579167 2098.579128 2279.000 
634 2098.694271 2098.694232 2279.125 
635 2098.809375 2098.809336 2279.250 
636 2098.924479 2098.924440 2279.375 
637 2099.039583 2099.039544 2279.500 
638 2099.154687 2099.154648 2279.625 
639 2099.269792 2099.269752 2279.750 
640 2099.384896 2099.384856 2279.875 
641 2099.500000 2099.499960 2280.000 
642 2099.615104 2099.615064 2280.125 
543 2099.730208 2099.730168 2280.250 
644 2099.845312 2099.845272 2280.375 
645 2099.960417 2099.960376 2230.500 
646 2100.075521 2100.075480 2280.625 
647 21 00.190625 21 00. 1 90584 2280.750 
648 2100.305729 2100.305688 2280.875 
649* 2100.420833 2100.420792 2281.000 
650* 2100.535937 2100.535396 2281.125 
651* 2100.651042 2100.651000 2281.250 

• 652* 2100.766146 2100.766104 2281.375 
653* 2100.881250 2100.881208 2281.500 
654 2100.996354 2100.996312 2281.525 
655 21 01 • 111458 2101.111416 2281.750 
656 21 01 • 226562 21 01 • 226520 2281 .375 
657 2101.341567 21 01 • 341624 2232.000 
658 2101 .456771 2101 .456728 2282.125 
659 2101.571875 21 01 • 571832 2282.250 
660 21 01 • 686979 2101.686936 2282.375 
661 21 01 • 802083 21 01 • 802040 2282.500 
662 21 01 . 917187 21 01 . 917144 2282.625 
663 21 02.032292 2102.032248 2282.750 
664 21 02.147396 2102.147352 2282.875 
665 2102.262500 2102.262456 2283.000 
666 2102.377604 21 02.377560 2283.125 
667 2102.492708 2102.492664 2283.250 
668 2102.607812 2102.607768 2283.375 
669 21 02.722917 21 02.722872 2283.500 
670 21 02.838021 2102.838976 2283.625 
671 21 02. 953125 2102.953080 2283.750 
672 2103.068229 2103.068184 2283.875 
673 21 03. 183333 21 03.183288 2284.000 
674 2103.298437 2103.298392 2284.125 
675 2103.413542 2103.413496 2284.250 

• *Channels 649, 650, 651, 652 and 653 are to be used in the LO\~ Pov1er Transmit 
f··1ode only. 
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TABLE C. 1-1 STDN CHANNEL & FREQUENCY ASSIGNMENT 

CHANNEL TRANS~1IT RECEIVE • 221/240 0. 11 51 04t.1HZ 0.125t1HZ 
676 2103.528646 2103.528600 2284.375 677 2103.643750 2103.643704 2284.500 678 2103.758854 2103.758808 2284.625 679 2103.873958 2103.873912 2284.750 680 2103.989062 21 03. 98901 6 2284.875 681 2104.104167 2104.104120 2285.000 682 21 04.219271 21 04.219224 2285.125 683 2104.334375 2104.334328 2285.250 684 2104.449479 2104.449432 2285.375 685 2104.564583 2104.564536 2285.500 686 2104.679687 2104.679640 2285.625 687 2104.794792 2104.794744 2285.750 688 2104.909896 2104.909848 2285.875 689 2105.025000 2105.024952 2286.000 690 21 05.1401 04 2105.140056 2286.125 691 2105.255208 2105.255160 2286.250 692 2105.370312 2105.370264 2286.375 693 2105.485417 2105.485368 2286.500 694 21 05.600521 2105.600472 2286.625 695 2105.715625 2105.715576 2286.750 696 2105.830729 2105.830680 2286.875 • 697 2105.945833 2105.945784 2287.000 698 21 06.060937 21 06.060888 2287.125 699 2106.176042 21 06. 17 5992 2287.250 700 2106.291146 2106.291096 2287.375 701 2106.406250 2106.406200 2287.500 702 2106.521354 2106.521304 2287.625 703 2106.636458 2106.636408 2287.750 704 2106.751562 2106.751512 2287.875 705 2106.866667 2106.866616 2288.000 706 21 06. 9131 771 21 06.981720 2288.125 707 2107.096875 2107.096824 2288.250 708 21 07. 211979 21 07. 211928 2288.375 709 2107.327083 2107.327032 2288.500 710 2107.442187 21 07.442136 2288.625 711 2107.557292 2107.557240 2288.750 712 2107.672396 2107.672344 2288.875 713 2107.787500 2107.787448 2289.000 714 2107.902604 2107.902552 2289.125 715 21 08.017708 2108.017656 2289.250 716 2108.132812 2108.132760 2289.375 717 2108.247917 2108.247864 2289.500 718 2108.363021 2108.362968 2289.625 719 2108.478125 2108.478072 2289.750 720 2108.593229 21 08.593176 2289.875 

• 
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TABLE C. 1-1 STDN CHANNEL & FREQUENCY ASSIGNf1ENT 

• CHANNEL TRANS~HT RECEIVE 

221/240 0.1151 041·1HZ 0.125!·1HZ 

721 2108.708333 2108.708280 2290.000 
722 2108.823437 2108.823384 2290.125 
723 2108.938542 2108.938488 2290.250 
724 2109.053646 2109.053592 2290.375 
725 2109.168750 2109.168696 2290.500 
726 2109.283854 2109.283800 2290.625 
727 2109.398958 2109.398904 2290.750 
728 2109.514062 21 09. 514008 2290.875 
729 21 09.629167 21 09.629112 2291.000 
730 2109.744271 2109.744216 2291.125 
731 2109.859375 2109.859320 2291.250 
732 2109.974479 2109.974424 2291.375 
733 2110.089583 2110.089528 2291.500 
734 2110.204687 2110.204632 2291.625 
735 211 o. 319792 211 o. 319736 2291.750 
736 2110.434896 2110.434840 2291.875 
737 2110.550000 2110.549944 2292.000 
738 211 o. 6651 04 2110.665048 2292.125 
739 2110.780208 2110.780152 2292.250 
740 2110.895312 2110.895256 2292.375 
741 2111 • 01 041 7 2111 • 01 0360 2292.500 

• 742 2111.125521 2111 • 125464 2292.625 
743 2111.240625 2111.240568 2292.750 
744 2111 • 355729 2111.355672 2292.875 
745 2111.470833 2111 .470776 2293.000 
746 2111.585937 2111.585880 2293.125 
747 2111.701042 2111 • 700984 2293.250 
748 2111. 816146 2111.816088 2293.375 
749 2111 • 931250 2111 • 9311 92 2293.500 
750 2112.046354 2112.046296 2293.625 
751 2112.161458 2112.161400 2293.750 
752 2112.27 6562 2112.276504 2293.875 
753 2112. 391667 2112.391608 2294.000 
754 2112. 506771 2112. 506712 2294.125 
755 2112.621875 2112. 621816 2294.250 
756 2112.736979 2112.736920 2294.375 
757 2112.852083 2112.852024 2294.500 
758 2112.967187 2112.967128 2294.525 
759 2113.082292 2113.082232 2294.750 
760 2113.197396 2113.197336 2294.875 
761 2113. 312500 2113.312440 2295.000 
762 2113.427604 2113.427544 2295.125 
763 2113.542708 2113.542648 2295.250 
764 2113. 657812 2113.657752 2295.375 
765 2113.772917 2113.772856 2295.500 

• 
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TABLE C. 1-1 STDN CHANNEL & FREQUENCY ASSIGNMENT 

CHANNEL TRANSMIT RECEIVE • 221/240 0.1151 04f-1HZ 0.125f·1HZ 
766 2113.888021 2113.887960 2295.625 
767 2114.003125 2114.003064 2295.750 768 2114. 118229 2114. 1181 68 2295.875 769 2114.233333 2114.233272 2296.000 770 2114.348437 2114.348376 2296.125 771 2114.463542 2114.463480 2296.250 772 2114.578646 2114.578584 2296.375 773 2114.693750 2114.693688 2296.500 774 2114.808854 2114.808792 2296.625 775 2114.923958 2114.923896 2296.750 776 2115.039062 2115.039000 2296.875 777 2115.154167 2115.154104 2297.000 778 2115.269271 2115.269208 2297.125 779 2115.384375 211 5. 384312 2297.250 780 2115.499479 2115.499416 2297.375 781 2115.614583 2115. 614520 2297.500 782 2115. 729687 2115.729624 2297.625 783 2115.844792 2115.844728 2297.750 784 2115.959896 2115.959832 2297.875 785 2116. 07 5000 2116. 07 4936 2298.000 786 2116.190104 2116.190040 2298.125 787 2116.305208 2116.305144 2298.250 .-788 2116.420312 2116.420248 2298.375 789 2116.535417 2116.535352 2298.500 790 2116.650521 2116.650456 2298.625 

791 2116.765625 2116.765560 2298.750 792 2116.880729 2116.880664 2298.1375 793 2116.995833 2116.9957 68 2299.000 794 2117. 11 0937 2117.110872 2299.125 795 2117.226042 2117.225976 2299.250 796 2117.341146 2117.341080 2299.375 797 2117.456250 2117.456184 2299.500 798 2117. 571 354 2117. 571288 2299.625 799 2117.686458 2117.686392 2299.750 800 2117.801 562 2117.801496 2299.875 801 2117.916667 211 7. 916600 2300.000 

UNASSIGNED CHANNELS: 000, 802-849 
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TABLE C.2-1 NASA/DSN CHANNEL & FREQUENCY ASSIGNMENTS 

----------------- ------------------------ -----------------------RECEIVE NHz CHANNEL TRANSfUT t1Hz 
----------------- ------------------------ -----------------------2290.185185 

2290.555556 
2290.925926 
2291.296296 
2291.666667 
2292.037037 
2292.407407 
2292.777778 
2293.148143 
2293. 518519 
2293.888889 
2294.259259 
2294.629630 
2295.000000 
2295.370370 
2295.740741 
2296.111111 
2296.481481 
2296.851852 
2297.222222 
2297.592593 
2297.962963 
2298.333333 
2298.703704 
2299.074074 
2299.444444 
2299.814815 

I . 
I .. 
I . 
I . 

850 
851 
852 
853 
854 
855 
856 
857 
858 
859 
860 
861 
862 
863 
864 
865 
866 
867 
868 
869 
870 
871 
872 
873 
874 
875 
876 
877 
878 
879 
880 
881 
882 

2110.243056 
211 0. 5841 OS 
211 o. 925154 
2111.266204 
2111.607253 
2111.948303 
2112.289352 
2112.630401 
2112.971451 
2113.312500 
2113.653549 
2113.994599 
2114.335648 
2114.676697 
2115.017747 
2115.358796 
2115.699846 
2116.040895 
2116. 381944 
2116.722994 
2117.064043 
2117.405092 
2117.746142 
2118.087191 
2118.428241 
2118.769290 
2119. 11 0339 
2119.451399 
2119.792438 

------------------------------------------------------------------
Unassigned Channels: 883-899 
Transmit/Receive Ratio: 221/240 
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TABLE C.2-2 DOD/SGLS CHANNEL & FREQUENCY ASSIGNMENTS 

------------------------------------------ -----------------------

CHANNEL 

TRANS11IT 
ORBITER TO 

DOD PAYLOADS 
(f.1Hz) 

RECEIVE 
DOD 

PAYLOADS 
TO ORBITER 

01Hz) I 

.-----------------.------------------------ -----------------------
1 900 I 1763,721 2202,500 
! 901 ; 1767.725 2207.500 

902 1771.729 2212.500 
903 1775.733 2217.500 
904 1779.736 2222.500 
905 1733.740 2227.500 
906 1787.744 2232.500 
907 1791.748 2237.500 
908 1795.752 2242.500 
909 1799.756 2247.500 
910 1803.760 2252.500 
911 1807.764 2257.500 
912 1811.768 2262.500 
913 1815.772 2267.500 
914 1819.775 2272.500 
915 1823.779 2277.500 
916 1827.783 2282,500 
917 1831.787 2287.500 
918 1835.791 2292.500 
919 1839.795 2297.500 

------------------------------------------------------------------
Unassigned Channels: 920-999 
Transmit/Receive Ratio: 205/256 
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I. 1 INTRODUCTION 

This appendix provides the payload designer with information required to 
determine the compatibility of payload-induced loads with the Orbiter static 
limit load capability. 

Guidelines and equations are provided to determine the allowable loads for 
attach points on single bridges and on adjacent bridges. (A single bridge is 
defined as a longeron or keel bridge which does not share either of its mid­
fuselage support frames with another longeron or keel bridge respectively). 
Table I.l-1 provides guidelines for the applicability of the equations provided 
in the following paragraphs. It is in essence an index correlating the load 
combinations with longeron or keel attach points and with single or adjacent 
bridges. 

I~2 ORBITER STATIC LIMIT LOAD CAPABILITY 

Loads are transmitted from the payload trunnions through the payload attachment 
mechanisms to the longeron and keel bridges. The loads are then transmitted in 
turn from the bridges to the mid-fuselage frames. Positive X, Y, and Z loads 
are aft, right (looking forward), and up, respectively. Load capability data 
are provided in Tables 1.2-1, I.2-2, and 1.2-3. 

Table 3.3.1.1-1 should be examined to determine which attach points can be 
used. Table I.2-l provides the allowable limit load data defining for each 
attach point: (1) the allowable +Z and +Y loads at the longeron, where the Y 
load results from trunnion/bearing friction and/or bearing rotation (trunnion 
deflection), and (2) the allowable ±Y, ±X and ±Z loads at the keel, where the Z 
load results from friction or trunnion deflection, and the X load results from 
either friction or a keel (auxiliary) fitting which is restrained from movement 
in the X direction. 

The transfer of X load from the longeron bridge to the longeron is not affected 
by the fore and aft location of the attach fitting on the bridge. Thus the 
X-load capability for all attach points on a given bridge is the same. Table 
I.2-2 presents tabular data defining the allowable X load for each bridge. 

At landing, the payload imposed Z loads result in critical vertical shear loads 
in the mid-fuselage side skins. Table I.2-3 presents data defining the 
allowable limit load (Zs load), at landing only, for each frame . 

ICD-2-19001 1-7 



:Jable 9.1-1 Para.tp'aph t;;uideline~ 3or U~e Of .Attachment Point 
.t.imit-.load CapabiJitle~ • 

-----------------------------------------------------------------------------------------------------------------
! Longeron Attach Points ! 
!-----------------------------------------------------------------------------------------! 
! Single Bridge ! Adjacent Bridges ! 
!---------------------------!-------------------------------------------------------------! Longeron/Trunnion !Applled Z !Applled Z ! ! ! ! ! 

Bearing Friction !and X Loads !Load Onl)l !Pt.l,Primary !Pt.l,Stabillz. !Pt.l,Primary !Pt.l,StabiHz. ! 
Plus Bearing !Primary !Stabi 1 iz1ng ! ! ! ! ! 

! Rotation !Fitting !Fitting !Pt.2,Primary !Pt.2,Stabiliz. !Pt.2,Stabiliz. !Pt.2,Primary ! 
!-----------------------!-------------!-------------!-------------!---------------!---------------!---------------! 
! Yes !1.3.2.1.1 !1.3.2.1.2 !1.3.3.1.1 !1.3.3.1.2 !1.3.3.1.3 !1.3.3.1.4 ! 
-----------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------
! Keel Attach Points 
!-----------------------------------------------------------------------------------------! 
! Single Bridge ! Adjacent Bridges ! 

Keel !---------------------------!-------------------------------------------------------------! 
Trunnion/Bearing !Applied Y !Applied X ! ! !pt. l,X and !Pt. 1, Y Loads ! 
Friction Plus !Load Only !and Y Loads !Applled Y !Applled X !Y Loads !Pt.2, X and Y ! 
Bearing Rotation !Primary !Stabilizing !Loads Only !andY Loads !Pt.2,Y Loads !Loads ! 

-----------------------!-------------!-------------!-------------!---------------!---------------!---------------! 
Z Friction Load ! !1.3.2.2.2 ! !1.3.3.2.2 ! ! ! 
X and Z Friction Load!I.3.2.2. 1 ! !1.3.3.2.1 !1.3.3.2.3 !1.3.3.2.4 

-----------------------------------------------------------------------------------------------------------------! 

• ----------------------------------------------------------------------------------------------
.C.onfieron .Attach. Point~ I 

! ---------------------------------------------------------------------------1 :Jwo .Attach. Poinh on One Brid9e ! .t.onfieroni::Jru.n.n.ion 

1---------------------------------------------------------------------------------------------l Bearin~ :J.rlctlon :J.orward Primary and :J.orward and ,Aft :J.orward Stabillzlnfi :J.orward and APt 
I PIU6 6earin9 ,Aft StabiJlzin9 Prltn.aJ"V :J.lttin9~ and ,Aft :J.lttin9~ StabiJlzin9 :J.lttin9~ 
1---------------------------------------------------------------------------------------------l Ye~ 9.3.4. 7 9.3.4.2 9.3.4.3 9.3.4.4 

---------------------------------------------------------------------------------------------

• 
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:Jable 9.2-1 Pa'jload .Attachment Point .cim.it-.load. CapabiJitv .At 
.C.Ongeron .And )(eel :J.or All ::Jtight .And .t.andintj Condition~:, 

-------------------------------------------------------------------------------------------------------------------LONGERON, 1000 LBS PER SIDE KEEL, 1000 LBS 
!------------------------------------------------------------------!-------------------------------------------------------! VERTICAL + Z ! ! ! ! ! 

! !-----------------------=-------------------------! + Y ! +Z (X=O) ! +R (X,ZeO) 
! ATTACH! + Z ! - Z ! Z MODIFIERS ! LATERAL,±Y !(ZERO F~ICTION)!± X ! - K ! - K 
! POINT,!---------------!------------------!--------------!----------------!---------------! K !-------------!------------
! X ! Z ! Z ! Z ! Z ! K ! K ! +Y ! +Y ! +Y ! +Y ! ! +Z ! +Z ! +R !+R 

0 ! F A F A F A ! - LF ! - LA ! - F - A ! (Z=O) ! - KF ! - KA ! - KF ! - KA 
-----------------------------------------------------------------------------------------------------------BRIDGE BETWEEN FRAMES Xo582 AND Xo636 
-------------------------------------------------------------------------------------------------------------------------582.00! 19.30 ! -19.30 ! -.106 ! 3.00 ! ! 0.31 ! 0.31 ! 612.73! * * * * ! * * * ! * 6.96 ! 24.60 ! 0.90! 0. 71 ! 2.44 ! 0. 71 ! 0.9C 616.67! 53.92 ! 52.85 ! -53.92 -66.74 ! -.297 0. 166! 5.8 ! 6.8 8.38 ! 21.81 ! 0.90! 0.86 ! 2. 16 ! 0.86 ! 0.9C 620.60! 67.68! 47.47 ! -67.68 -59.95 ! -.373 0. 149! 7.2 ! 6.2 10.52 ! 19.58 ! 0.90! 1.08 ! 1.94 ! 1.08 ! 0.90 624.53! 90.86 43.08 ! -90.86 -54.41 I -.501 0. 135! 9.4 5.5 14.12 17.78 0.90! 1.45 1. 76 1.45 0.9C 628.47!138.41 ! 39.43 I -138.41 -49.79 ! -. 764 0. 124! 13.9 ! 4.9 * * ! * ! * * * ! * 632.40!289.50 ! 36.35 ! -289.50 -45.91 !-1. 597 0. 114! 28.2 ! 4.4 * * ! * ! * * ! * ! * 636.00! ! 33.93 ! -42.85 ! 0. 106! 14.00 ! 0.90! 1.39 ! 0.9( 
---------------------------------------------------------------------------------------------------------------------------BRIDGE BETWEEN FRAMES Xo636 AND Xo693 
---------------------------------------------------------------------------------------------------------------------------636.00! 33.93 -46.29 !-0. 101! 14.00! 1.39! 1.39! 644.20! 39.63 !183.67 -54.07 !-290.49 -0. 118! 0. 701! 5.8 27.0 * ! * * ! * ! * * ! * 648. 13! 43.10 ! 124.20 -58.80 !-196.38 -0. 128! 0.474! 6.2 17.9 * * * ! * I * * ! * 652.07! 47.25 93.75 -64.46 !-148.23 -0.140! 0.358! 6.7 13.3 19.50! 71.97! 1.80! 1.94! 7.18! 1.94! 1.8( 656.00! 52.27 75.33 -71.31 !-119.10 -0. 155! 0.288! 7. 1 10.5 21.57! 57.83! 1.80! 2. 14! 5. 77! 2. 14! 1.8( 659.93! 58.48 62.95 -79.79 -99.54 -0. 174! 0.240! 7.2 8.6 24. 13! 48.33! 1.80! 2.40! 4.82! 2.40! 1.8( 663.86! * * * * * * * * 27.39! 41.51! 1.80! 2.72! 4. 14! 2.72! 1.8( 667.80! * * *. * * * * * 31.67! 36.37! 1.80! 3. 14! 3.63! 3. 14! 1.8( 671. 73! * * * * * * * * 37.52! 32.37! 1.80! 3.72! 3.23! 3.72! 1.8( 675.67! * * * * * ! * •'! * * 46.05! 29.15! 1.80! 4.57! 2.91! 4.57! 1.8( 679.60! * * * * * * * * 59.55! 26.53! 1.80! 5.91! 2.65! 5.91! 1.8( 693.00! 26.43 -41. 79! !0. 101! 20.29! 1.80! 2.03! 1.80 ---------------------------------------------------------------------------------------------------------------------------

NOTES: 1. Before us1ng th1s table see paragraph I.3 through I.3.3 for guide11nes. 

2. See Tables I.2-2 and I.2-3 for 11mit long1tud1nal loads and 11m1t vertical side skin shear loads at landing. 

*Attach point not available at locations where asterisk appears. 
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:Jabte 9.2-1 Pavload Attachment Point .limit-.load CapabiJitv At 
.lon.9eron. And .Keel :J-ar All :Jiifiht And .l'.andin9 Con.ditioM (Con.tirwedJ A 

--------------------------------------~---------------------------------------------------------------! LONGERON, 1000 LBS PER SIDE ! KEEL, 1000 LBS ' 
!------------------------------------------------------------!---------------------------------------------' 

-----! VERTICAL + Z ! ! ! ! ! 
! !---------------------=-----------------------! ! + Y ! ! +Z (X=O) ! +R (X,ZeO) 
! ATTACH! + Z ! - Z ! Z MODIFIERS ! LATERAL,+Y !(ZERO F~ICTION)!+ X ! - K ! - K 
! POINT,!-------------!-----------------!----------!----------=----!--------------!- K !-------------!----------. 
! X ! Z ! Z Z ! Z ! K ! K ! +Y ! +Y ! +Y ! +Y ! ! +Z ! +Z ! +R !+R 
! 0 ! F ! A ! F ! A ! F ! A ! LF ! LA ! - F ! - A ! (Z=O)! - KF ! - KA ! - KF !- KA 
!-------!-----!-----!-----!-------!-----!------!------!-------!-------!------!----!-----!------!-----!--

BRIDGE BETWEEN FRAMES Xo693 AND Xo750 
-------------------------------------------------------------------------------------------------693.00! 26.43! -41. 79! !-0.101! I 20.29! ! 2.03 2.03 699.27! 29.69! 329.91! -46.96! -400.00! -0. 113! 0.917! 4.7 36.1 * ! * * ! * ! * ! * * 703.20! 32. 19! 202.80! -50.90! -245.88! -0. 123! 0.564! 5. 1 22.2 * ! * * ! * ! * ! * * 707. 13! 35.14! 146.39! -55.56! -177.49! -0.134! 0.407! 5.6 16.0 * ! * * ! * * * * 711.07! 38. 70! 114.47! -61. 19! -138.79! -0. 148! 0.319! 6. 1 12.5 29. 71! 84.03! 3.30! 2.96 8.40 2.96 3.30 715.00! 43.04! 94.02! -68.06! -114.00! -0.764! 0.261! 6.8 10.2 33.04! 69.02! 3.30! 3.30 6.90 3.30 3.30 718.93! 48.49! 79. 77! -76.67! -96. 72! -0. 185! 0.222! 7.2 8.8 37.22! 58.56! 3.30! 3. 71 5.85 3. 71 3.30 722.87! 55.53! 69.25! -87.80! -83.96! -0.212! 0. 193! 8.1 7.9 42.63! 50.84! 3.30! 4.25 5.08 4.25 3.30 726.80! 64.94! 61.20! -102.67! -74.20! -0.248! 0. 170! 9.2 7. 1 49.85! 44.93! 3.30! 4.98 4.49 4.98 3.28 730.73! 78.18! 54.82! -123.61! -66.47! -0.298! 0.152! 10.9 6.2 60.02! 40.25! 3.30! 5.99 4.02 5.99 3.08 734.67! * ! * ! * ! * ! * * * * 75.44! 36.44! 3.30! 7.53 3.64 7.53 2.90 738.60! * ! * ! * ! * ! * * * * 101.45! 33.30! 3.30! 10. 13 3.33 10. 13 2. 74 742.53! 201.67! 41.76! -318.88! -50.64! -0.770! 0.116! 25.7 4.3 ! * ! * ! * ! * * * * 746.47! 426.17! 38.68! -674.80! -46.90! -1.629! 0.108! 52.3 3.9 ! * ! * ! * ! * * ! * * 750.00! 36.29! -44.00! !0.101! ! 26.64! 3.30! ! 2.66 ! ! 2.33. 
-------------------------------------------------------------------------------------------------------------------------BRIDGE BETWEEN FRAMES Xo750 AND Xo807 
---------------------------------------------------------------------------------------------------------------------------750.00! 36.29! -44.00! !-0.101! 26.64! ! ! 2.66 ! 2.66 758.27! 42.45! 236.82! -51.47! -280.11! -0. 118! 0.695! 5.2 26.7 * ! * ! * ! * ! * * ! * 762.20! 46.17! 160.53! -55.98! -189.88! -0. 128! 0.471! 5. 7 18. 1 * ! * ! * ! * ! * * * 766. 13! 50.61! 121.42! -61.37! -143.61! -0.141! 0.356! 6.2 13.6 37. 15! 106.01! 4.60! 3.71 ! 10.60 3. 71 4.60 770.07! 56.01! 97.58! -67.91! -115.42! -0. 156! 0.286! 6.8 10.9 41. 12! 85.20! 4.60! 4. 11 8.52 4.11 4.45 774.00! 62.68! 81.61! -76.00! -96.52! -0. 174! 0.240! 7.6 9. 1 46.01! 71.25! 4.60! 4.60 7. 13 4.60 4.20 777. 93! 71. 16! 70. 12! -86.27! -82.94! -0. 198! 0.206! 8.0 7.8 52.24! 61.22! 4.60! 5.22 6.12 5.22 

3 .• 781.87! 82.31! 61.45! -99.80! -72.69! -0.229! 0. 180! 8.8 7.2 60.42! 53.66! 4.60! 6.04 5.37 6.04 3.7 785.80! 97.57! 54.71! -118.30! -64.71! -0.271! 0.161! 10.2 6.2 71.63! 47. 77! 4.60! 7. 16 4. 78 7.16 3.52 789. 73! 119. 78! 49.30! -145.22! -58.31! -0.333! 0. 145! 12.2 5.5 87 .93! 43.04! 4.60! 8. 79 4.30 8. 79 3.31 793.67! 155. 18! 44.85! -188.15! -53.05! -0.431! 0. 132! 15.3 4.8 113.91! 39. 16! 4.60!11.39 3.92 ! 11.39 3.13 797 .60! 220.06! 41. 15! -266.81! -48.67! -0.612! 0.121! 21.0 4.3 * ! * ! * ! * * ! * * 801.53! 378. 16! 38.01! -458.50! -44.95! -1.051! 0. 112! 34.6 3.8 * ! * ! * ! * * ! * * 807.00! 34.36! -40.64! !0.101! 30.00! 4.60! ! 3.00 ! ! 2.60 
---------------------------------------------------------------------------------------------------------------------------
NOTES: 1. Before using this table see paragraphs I.3.0 through I.3.3 for guidelines. 

2. See Tables I.2-2 and I.2-3 for limit longitudinal loads and limit vertical side skin shear loads at landing. 

* Attach point not available at locations where asterisk appears. 
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• 
:Jable 9.2-1 Pavload Attachment Poin.t .l.im.it-J:.oad. CapabiJitv At 

.C.On.t~eron And .Keel :Jar All :Jiitjh.t And .l.an.cJ.i.nrj Condi.tiont. (Contitw.edJ 

-------------------------------------------------------------------------------------------------------------------LONGERON, 1000 LBS PER SIDE ! KEEL, 1000 LBS 
!------------------------------------------------------------------!------------------------------------------------! 

----! VERTICAL + Z ! ! ! ! ! ! 
!-----------------------=-------------------------! ! + Y ! ! +Z (X=O) ! +R (X,ZeO) ! 

!ATTACH! + Z ! - Z ! Z HOOIFIERS ! LATERAL,+Y !(ZERO-FRICTION)!+ X ! - K ! - K ! 
!POINT,!---------------!------------------!--------------!-----------=----!---------------!- K !-------------!------------! 
! X ! Z ! Z ! Z ! Z ! K ! K ! +Y ! +Y ! +Y ! +Y ! ! +Z ! +Z ! +R !+R 
! 0 ! F ! A ! F ! A ! F ! A ! - LF ! - LA ! - F ! - A ! (Z=O)! - KF ! - KA ! - KF !- KA ! 
!------!-------!-------!---------!--------!-------!------!--------!-------!-------!-------!-----!------!------!------!-----! 

BRIDGE BETWEEN FRAMES Xo807 AND Xo863 
------------------------------------------------------------------------------------------------------------------------!807.00! 34.36! -40.64 ! ! -0. 103! 30.00! ! 3.00! ! 3.00! ! !813.33! 38.74! 286.90! -45.82 ! -324. 14! -0. 116! 0.908! 4.6 33.0 ! * ! * ! * ! * ! * ! * ! * ! !817 .27! 42.08! 176.83! -49.77 !-799.79! -0.126! 0.560! 5.0 20.3 ! * ! * ! * ! * ! * ! * ! * ! !821.20! 46.03! 127.89! -54.45 -144.50! -0. 138! 0.405! 5.5 14.7 40. 19! 108.45! 5.60! 4.02! 13.27! 4.02! 5.20! !825.13! 50.81! 100. 17! -60.10 -113.17! -0. 152! 0.317! 6.1 11.5 44.36! 84.94! 5.60! 4.44! 10.39! 4.44! 5.94! !829.07! 56.71! 82.29! -67.07 -92.97! -0. 169! 0.261! 6.7 9.4 49.51! 69. 78! 5.60! 4.95! 8.54! 4.95! 4.69! !833.00! 64.14! 69.85! -75.86 -78.92! -0.192! 0.221! 7.6 8.0 56.00! 59.23! 5.60! 5.60! 7.25! 5.60! 4.44! !836.93! 73.81! 60.68! -87.30 -68.55! -0.221! 0.192! 8.2 6.9 64.44! 51.45! 5.60! 6.44! 6.30! 6.44! 4. 19! !840.87! 86.95! 53.62! -102.84 -60.58! -0.260! 0.170! 9.4 5.9 75.92! 45.47! 5.60! 7.59! 5.56! 7.59! 3.95 1 !844.80! 105.72! 48.04! -125.05 -54.28! -0.316! 0. 152! 11.2 5.2 92.31! 40. 74! 5.60! 9.23! 4.99! 9.23! 3. 73! !848. 73! 134.84! 43.52! -159.48 -49. 17! -0.403! 0.138! 13.8 4.6 1H. 73! 36.90! 5.60! 11.77! 4.52! 11. 11! 3.52! !852.67! 186.27! 39.11! -220.31 -44.93! -0.557! 0. 126! 18.5 4.0 162.63! 33. 72! 5.60! 16.26! 4. 13! 16.26! 3.32! !856.60! 300.65! 36.61! -355.60 -41.37! -0.898! 0. 116! 28.7 3.6 * * ! * ! * ! * ! * ! * ! !860.53! 779.01! 33.93! -921.39 -38.33! -2.328! 0. 107! 71.0 3.2 * ! * ! * ! * ! * ! * ! * ! !863.00! 32.43! -36.64! 0. 103! 27.50! 5.60! 3.37! 2.88! 
--------------------------------------------------------------------------------------------------------------------------

BRIDGE BETWEEN FRAMES Xo863 AND Xo919 
--------------------------------------------------------------------------------------------------------------------------!863.00! 32.43! I -36.64 -0. 103! 27.50! ! ! 3.37! ! 3.37! ! !872.33! 38.91! 186.07! . -43.96 -236.24! -0. 123! 0.616! 4.5 23.8 * ! * ! * ! * ! * ! * ! * ! !876.27! 42.50! 130.82! -48.02 -166.10! -0. 135! 0.433! 4.9 16.7 * ! * ! * ! * I * I * ! * ! !880.20! 46.81! 100.93! -52.88 -128.15! -0. 148! 0.334! 5.4 12.9 39.69! 107.44! 5. 70! 4.86! 10.71! 4.86! 5.03! !884. 13! 52.08! 82.16! -58.84 -104.31! -0. 165! 0.272! 6.0 10.5 44. 16! 87.46! 5. 70! 5.40! 8. 72! 5.40! 4. 71! !888.07! 58.72! 69.25! -66.34 -87.92! -0. 186! 0.229! 6.7 8.8 49. 79! 73.71! 5.70! 6.09! 7.35! 6.09! 4.51! !892.00! 67 .26! 59.86! -75.99 -76.01! -0.213! 0. 198! 7.6 1.6 57.04! 63. 72! 5. 70! 6.98! 6.36! 6.98! 4.25! • !895.93! 78. 72! 52.72! -88.94 -66.93! -0.249! 0. 175! 8.8 6.5 66.75! 56. 12! 5.70! 8. 17! 5.60! 8. 17! 3.99! !899.87! * * * * * * ! * * 80.50! 50. 12! 5. 70! 9.85! 5.00! 9.85! 3.76! !903.80! * * * * * * ! * * 101.32! 45.29! 5. 70! 12.40! 4.52! 12.40! 3.54! !907.73! * * * * * * ! * * 136.65! 41.31! 5.70! 16. 72! 4. 12! 16.72! 3.34! !919.00! 31.00! -39.36! 0. 103! 33.00! 5. 70! 3.29! 2.85! --------------------------------------------------------------------------------------------------------------------------

NOTES: 1. Before us1ng th1s table see paragraphs I.3.0 through I.3.3 for gu1de11nes. 

2. See Tables 1.2-2 and I.2-3 for 11m1t long1tud1na1 loads and 11m1t vert1cal s1de skin shear loads at landing. 

* Attach point not available at locations where asterisk appears . 
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~able 9.2-1 Pavload Attachment Poin.t .lim.it-.load Capability At 
.t.orv1eron And .Keel :Jar All :Jii9ht And .lDndi.n.tj Cond.itionr. (Continued) 

-------------------------------------------------------------------------------------------------------------------~ ! LONGERON, 1000 LBS PER SIDE ! KEEL 1000 LBS 
!------------------------------------------------------------------!------------------------------------------------------! VERTICAL + Z ! ! ! ! ! 
!-----------------------=-------------------------! ! + Y ! ! +Z (X=O) ! ±R (X,ZiO) 

ATTACH! + Z - Z ! Z MODIFIERS ! LATERAL,+Y !(ZERO FRICTION)!+ X ! - K ! K 
POINT,!---------------!---------------!-------------!-----------=----!---------------!- K !-------------!------------

X ! Z ! Z ! Z ! Z ! K ! K ! +Y ! +Y ! +Y ! +Y ! ! +Z ! +Z ! +R !+R 
0 ! F A F A F ! A ! - LF ! - LA ! - F - A ! (Z=O)! - KF ! - KA ! - KF !- KA 

! ------! ----! -----! --------! ----! ----! --! -----! ------! ------! -----! ----! ----! -----! ----! ----
BRIDGE BETWEEN FRAMES Xo919 AND Xo979.5 

------------------------------------------------------------------------------------------------919.00! 31.00! -39.36! -0.095! 33.00! ! ! 3.29! ! 3.29 ! 923.47! 33.47! 564.53! -42.50! -544.22! -0. 103! 1.286! 4.3 54.0 * ! * ! * ! * ! * ! * ! * 927.40! 36.00! 300.41! -45.71! -289.61! -0. 110! 0.685! 4.6 28.7 * ! * ! * ! * ! * ! * ! * 931.33! 38.94! 204.66! -49.43! -197.30! -0. 119! 0.466! 5.0 19.5 * I * I * I * I * I * ! * 935.27! 42.40! 155. 10! -53.84! -149.52! -0. 130! 0.353! 5.4 14.8 45. 14! 148.74! 7.00! 4.50! 15.64! 4.50! 6.51 939.20! 46.54! 124.94! -59.09! -120.43! -0. 143! 0.285! 5.9 11.9 49.54! 119.80! 7.00! 4.94! 12.60! 4.94! 6.18 943. 13! 51.57! 104.58! -65.47! -100.82! -0. 158! 0.238! 6.6 9.9 54.89! 100.29! 7.00! 5.47! 10.55! 5.47! 5.86 947.07! 57.83.! 89.90! -73.43! -86.67! -0. 177! 0.205! 7.3 8.5 61.56! 86.21! 7.00! 6. 14! 9.07! 6. 14! 5.55 951.00! 65.83! 78.86! -83.55! -76.02! -0.202! 0.180! 8.3 7.6 70.05! 75.63! 7.00! 6.99! 7.95! 6.99! 5.26 954.93! 76.33! 70.23! -96.92! -67. 71! -0.234! 0. 160! 9.4 6.6 81.26! 67.35! 7.00! 8.10! 7.08! 8. 10! 4.98 958.87! 90.91! 63.29! -115.43! -61.02! -0.279! 0. 144! 11.0 5.8 96.78! 60. 70! 7.00! 9.65! 6.38! 9.65! 4.72 962.80! * * * * * * * * 119.55! 55.25! 7.00! 11.92! 5.81! 11.92! 4.47 966.73! * * * * * * * * 156.34! 50. 70! 7.00! 15.59! 5.33! 15.59! 4.24 974.60! 382.76! 45.39! -485.98! -43. 75! -1.173! 0.103! 40.6\ 3.7 * ! * I * ! * ! * ! * ! * 979.50! 41.71! -40.21! 0.095! 40.00! 7.00! 4.21! 3.61 ---------------------------------------------------------------------------------------------------------------------------
BRIDGE BETWEEN FRAMES Xo979.5 AND Xol040 

---------------------------------------------------------------------------------------------------------------------------979.50! 41.71! -40.21! -0.095! 40.00! ! ! 4.21! ! 4.21! 986.40! 47.08! 311.27! -45.391 -345. 73! -0. 107! 0.833! 4.6 34.4 * ! * ! * ! * ! * ! * ! * ! 990.33! 50.80! 198.31! -48.98! -220.27! -0.116! 0.531! 5.0 21.9 * ! * ! * ! * ! * ! * ! * ! 994.27! 55. 18! 145.41! -53.20! -161.51! -0. 126! 0.389! 5.4 16.0 52.92! 165.89! 8.00! 5.56! 24.69! 5.56! 7.69 ! 998.20! 60.37! 114.85! -58.20! -127.57! -0. 138! 0.307! 5.9 12.6 57.89! 131.03! 8.00! 6.09! 19.50! 6.09! 7.43 ! 1002. 13! 66.63! 94.91! -64.24! -105.41! -0. 152! 0.254! 6.5 10.4 63.90! 108.24! 8.00! 6.72! 16. 12! 6.72! 7.17 !1006.07! 74.37! 80.83! -11. 70! -89. 78! -0. 169! 0.216! 7.2 8.9 71.32! 92.22! 8.00! 7.50! 13. 73! 7.50! 6.91 ~ !1010.00! 84.12! 70.42! -81.09! -78.21! -0. 192! 0. 189! 8.0 7. 7 80.67! 80.37! 8.00! 8.48! 11.96! 8.48! 6.65 !1013.93! 96.80! 62.38! -93.31! -69.29! -0.221! 0. 167! 9.0 6.7 92.83! 71.17! 8.00! 9.76! 10.59! 9.76! 6.39 ! 1017.87! 114.03! 55.97! -109.93! -62. 11! -0.260! 0. 150! 10.3 5.9 109.35! 63.86! 8.00! 11.50! 9.50! 11.50! 6.12 ! 1021.80! 138.65! 50. 77! -133.67! -56.40! -0.316! 0. 136! 12.3 5.2 132.97! 57.93! 8.00! 13.98! 8.62! 13.98! 5.87 !1025.73! 176.84! 46.46! -170.48! -51.60! -0.403! 0. 124! 15.2 4.6 169.50! 53.00! 8.00! 17.83! 7.89! 17.83! 5.62 !1029.67! 244.28! 42.81! -235.50! -47. 55! -0.557! 0. 115! 20.3 4.1 234.27! 48.84! 8.00! 24.63! 7.27! 24.63! 5.3B ! 1033.60! 394.29! 39.70! -380.11! -44.09! -0.898! 0. 106! 31.7 3. 7 * ! * ! * ! * ! * ! * ! * ! 1037 .53! 1021.64! 37.01! -984.90! -41. 11! -2.328! 0.099! 78.6 3.3 * ! * ! * ! * ! * ! * ! * ! 1040.00! 35.50! -39.43! 0.095! 40.50! 8.00! 6.03! 4.82 ----------------------------------------------------------------------------------------------------------
NOTES: 1. Before using this table see paragraphs I.3.0 through I.3.3 for guidelines. 

2. See Tables 1.2-2 and I.2-3 for limit longitudinal loads and limit vertical side skin shear loads at landing. 

* Attach point not available at locations where asterisk appears. 
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:Jable 9.2-1 Pavload Attachment Point .J:imit-.load Capabilitv At 
J:on.fieron. And )(eel :Jar AII:Jii.rjht And .J:.an.d.in.9 ConditioM (Con.tin.uedJ 

LONGERON, 1000 LBS PER SIDE ! KEEL, 1000 LBS 
!------------------------------------------------------------------!------------------------------------------------

------! VERTICAL + Z ! ! ! ! ! 
!-----------------------=-------------------------! + Y ! +Z (X=O) ! +R (X,ZeO) 

ATTACH! + Z ! - Z ! Z MODIFIERS ! LATERAL,+Y !(ZERO FRICTION)!+ X K ! - K 
POINT,!---------------!------------------!--------------!-----------=----!---------------! K !-------------!------------

X ! Z ! Z ! Z ! Z ! K ! K ! +Y ! +Y ! +Y ! +Y ! ! +Z ! +Z ! +R !+R 
! 0 ! F ! A ! F ! A ! F ! A ! - LF ! - LA ! - F ! - A ! (Z:O)! - KF ! - KA ! - KF !- KA 
! -------! -------! -------! --------! --------! -------! ------! -----! -----! ------! -----! ---! ----! ------! ------! -----

BRIDGE BETWEEN FRAMES Xol040 AND Xol090.33 
---------------------------------------------------------------------------------------

! 1040.00! 35.50! -39.43! -0.114! 0.616! 40.50! ! ! 6.03! ! 6.03! 
! 1049. 11! 43.58! 219.55! -48.40! -244.69! -0. 140! 0.433! 4.8 23.0 * ! * ! * ! * ! * ! * ! * 
!1053.27! 48.21! 154.37! -53.55! -172.04! -0.155! 0.334! 5.3 16. 1 * ! * ! * ! * ! * ! * ! * 
!1057.20! 53.93! 119.09! -59.90! -132.73! -0. 174! 0.272! 5.9 12.4 61.53! 134.81! 8.00! 9. 16! 17.01! 9. 16! 7.24 
!1061.13! 61. 19! 96.94! -67.96! -108.04! -0. 197! 0.229! 6.7 10. 1 69.81! 109.74! 8.00! 10.39! 13.84! 10.39! 6.93 
!1065.07! 70.73! 81.71! -78.56! -91.06! -0.228! 0.198! 7.7 8.5 80. 70! 92.49! 8.00! 12.01! 11.67! 12.01! 6.60 
! 1069.00! 83.77! 70.64! -93.04! -78. 72! -0.270! 0.175! 9.0 7.7 95.56! 79.96! 8.00! 14.22! 10.09! 14.22! 6.27 
!1072.93! 102.68! 62.21! -114.05! -69.33! -0.330! 0. 156! 10.7 6.6 117.15! 70.41! 8.00! 17.44! 8.88! 17.44! 5.95 
!1076.87! 132. 74! 55.56! -147.44! -61.92! -0.427! 0.141! 13.4 5.7 151.44! 62.89! 8.00! 22.54! 7.93! 22.54! 5.63 
! 1080.80! 187.48! 50.21! -208.24! -55.96! -0.603! 0. 114! 18.3 5.0 * ! * ! * ! * ! * ! * ! * 
!1090.33! 40. 70! -45.36! 46.07! 8.00! 5.81! 4. 70 

BRIDGE BETWEEN FRAMES Xo1090.33 AND Xol140.67 
---------------------------------------------------------------------------------------------------------------------------
1090.33! 40.70! -42.85! ! -0. 114! 46.07! 5.81! 5.81! 
1092.60! 42.62! 1337.00! -44.87 !-1621. 97! -0. 120! 2.533! 4.8 174.7 * ! * ! * ! * ! * ! * ! * 
1096.53! 46.42! 489.52! -48.87! -593.85! -0.7 30! 0.927! 5.2 63. I * ! * ! * ! * ! * ! * ! * 
1100.47! 50.97! 299.31! -53.66! -363. 10! -0. 143! 0.567! 5. 7 38.8 * ! * ! * ! * ! * ! * ! * 
1104.40! 56.49! 215. 71! -59.47! -261.68! -0. 159! 0.409! 6.3 27.9 * ! * ! * ! * ! * ! * ! * 
1108.11! 63.35! 168.61! -66.70! -204.55! -0. 178! 0.319! 7. 1 21.7 71.71! 151.66! 7.20! 9.05! 16.30! 9.05! 6.59 
1112.27! 72. 14! 138.33! -75.96! -161.82! -0.202! 0.262! 8.0 17.7 81.66! 124.43! 7.20! 10.30! 13.39! 10.30! 6.34 
1116.20! 83. 73! 117 .32! -88. 15! -142.32! -0.235! 0.222! 8.6 15.0 94.78! 105.53! 7.20! 11.96! 11.34! 11.96! 6.0C 
1120.13! 99. 75! 101.85! -105.02! -123.55! -0.280! 0.193! 9.8 13.0 112.91! 91.61! 7.20! 14.24! 9.85! 14.24! 5.81 
1124.07! 123.42! 89.95! -129.94! -109. 12! -0.346! 0.170! 12.0 11.2 139.71! 80.91! 7.20! 17.63! 8. 70! 17.63! 5.55 
1128.00! 161.71! 80.57! -170.25! -97. 74! -0.454! 0. 153! 15.3 9.7 183.04! 72.47! 7.20! 23.09! 7.79! 23.09! 5.29 
1131.93! 234.42! 72.96! -246.80! -88.51! -0.658! 0.138! 21.3 8.5 * ! * ! * ! * ! * ! * ! * 
1135.87! 426.84! 66.64! -449.39! -80.85! -1. 198! 0. 126! 37.2 7.4 * ! * ! * ! * ! * ! * !* 
1140.67! 60.29! -73. 14! 0.114! 54.23! 7.20! 5.83! !4.53 

NOTES: 1. Before using this table see paragraphs I.3.0 through I.3.3 for guidelines. 

2. See Tables I.2-2 and I.2-3 for limit longitudinal loads and limit vertical side skin shear loads at landing. 

* Attach point not available at locations where asterisk appears . 
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Table 1.2-1 Payload Attachment Point Limit-Load capability At 
Longeron And Keel For All Flight And Landing Conditions (Continued) 

! LONGERON, 1000 LBS PER SIDE ! KEEL, 1000 LBS 
!------------------------------------------------------------------!-----------------~------------------------------

------! VERTICAL + Z ! ! ! ! ! 
!-----------------------=-------------------------! + Y ! +Z (X=O) ! +R (X,ZeD) 

ATTACH! + Z ! - Z ! Z MODIFIERS ! LATERAL,+Y !(ZERO FRICTION)!+ X - K ! - K 
POINT,!---------------!------------------!--------------!-----------=----!---------------! K !-------------!------------

X ! Z ! Z ! Z ! Z ! K ! K ! +Y ! +Y ! +Y ! +Y ! ! +Z ! +Z ! +R !+R 
! 0 ! F A F A F A ! - LF -LA ! - F -A !(Z=O)!- KF ! - KA!- KF !- KA 
!------!---!----!-------!-----!-----!----!-------!-------!----!-----!-----!----!----!----!----

BRIDGE BETWEEN FRAMES Xo1140.67 AND Xo1191 
---------------------------------------------------------------------------------------------------! 1140.67! 60.29! -73.14! ~- 114! 

!1151.60! 77.02! 424.60! -93.43! -478.57! -0. 146! 0.526! 
!1155.53! 85.55! 312.31! -103.78! -352.01! ~- 162! 0.387! 
!1159.47! 96.24! 246.86! -116.75! -278.23! -0. 182! 0.306! 

! 
!1163.40! 109.94! 203. 18! -133.37! -230. 13! -0.208! 0.253! 

!1167.33! 128.20! 174.00! -155.52! -196.20! -0.243! 0.216! 
! ! 
!1171.27! 153.80! 151.66! -186.58! -170.94! ~.291! 0. 188! 

!1175.20! 192.05! 134.40! -232.98! -151.49! -0.364! 0. 167! 

10.3 
11.4 
12. 1 

( 12.8) 
12. 1 

(14.6) 
12. 1 

( 15. 7) 
12. 1 

( 17. 5) 
23.4 

!1179. 13! 255.64! 120.67! -310. 12! -136.01! ~.484! 0. 150! 30.1 

! 1181.00! * * * * * * * 
!1183.07! 382.65! 109.46! -464.20! -123.37! -0.725! 0. 136! 43.3 

!1187.00! 758.60! 100. 17! -920.28! -112.90! -1.438! 0. 124! 81.9 
!1190.93!43348.57 92.34!-52587.66! -104.07!-82. 140! 0. 114!4430.3 
! 1191.00! 92.21! -103.93! 0.114! 

47.4 
34.7 
27.3 

22.5 

19.4 

18.2 

12. 1 
(17.1)! 
12. 1 I 

(14.8)! 
* 12. 1 ! 

( 12. 9)! 
11.3 
9.8 ! 

54.23! ! ! 5.83! ! 5.83! 
*! *!*! *! *! *!* 

76.95! 185. 10! 6.80! 8.27! 23.71! 8.27! 6.BC 
86.57! 146.31! 6.80! 9.31! 18.74! 9.31! 6.80 

98.89! 121.01! 6.80! 10.63! 15.50! 10.63! 6.BC 

115.31! 103.17! 6.80! 12.40! 13.21! 12.40! 6.BC 
I I 

138.34! 89.89! 6.80! 14.87! 11.51! 14.87! 6.8C 

112. 75! 79.66! 6.80! 18.57! 10.20! 18.57! 6.6C 

229.94! 71.52! 6.80! 24. 72! 9. 16! 24. 72! 6.29 

272.94! 67.09! 6.80! 29.34! 8.74! 29.34! 6.14 
344. 19! 64.87! 6.80! 37.00! 8.31! 37.00! 5.9S 

* ! * ! * ! 
* ! * I * ! 

54.65! 6.80! 

* ! * ! 
* ! * 

7.00! 
* ! * 
* ! * 

5.4~ 

NOTES: 1. Before using this table see paragraphs I.3.0 through I.3.3 for guidelines. 

2. See Tables 1.2-2 and 1.2-3 for limit longitudinal loads and limit vertical side skin shear loads at landing . 

3. The value within parentheses indicates the lateral capability of the mid-fuselage with a special bridge and 
retention mechanism; the value outside parentheses indicates the capability of the current bridge concept. 

4. If payload-required, a special, strong, heavier bridge and attach fitting can be developed to take advantage of 
the lateral load capability of the mid-fuselage. 

* Attach point not available at locations where asterisk appears. 
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:Jable 9.2-t Pav/oad .Attachment Point .lim.it-.load Capa.bili.tv .At 
.l.ontjeron. .And .Keel :Jar .All :Jiitjht .And .t.andi.n.9 Condi.tion6 (Continued) 

-------------------------------------------------------------------------------------------------------------------! LONGERON, 1000 LBS PER SIDE ! KEEL, 1000 LBS 
!------------------------------------------------------------------!------------------------------------------------

'------! VERTICAL + Z ! ! ! ! ! 
!-----------------------=-------------------------! + Y ! +Z (X=O) ! +R (X,Zeo) 

ATTACH! + Z ! - Z ! Z MODIFIERS ! LATERAL,±Y !(ZERO FRICTION)!± X ! - K ! - K 
POINT,!---------------!------------------!--------------!---------------!---------------! K !-------------!-----------

X ! Z ! Z ! Z ! Z ! K ! K ! +Y ! +Y ! +Y ! +Y ! ! +Z ! +Z ! +R !+R 
! 0 ! F ! A ! F ! A ! F ! A ! - LF ! - LA ! - F - A ! (Z=O)! - KF ! - KA ! - KF !- KA 
!-----! ----!-----! -------!------! ----! -----! --------! ------! -----! -----! ---! --! ------! ------! ----

BRIDGE BETWEEN FIWIES Xo1191 AND Xo1249 
-----------------------------------------------------------------------------------------! 1191.00! 92.21! -103.93! -0.099! 54.6 7.00 7.00 !1194.87! 98.80! 1305.97! -111.36!-1408.78! -0. 106! 1.486! 12. 1 101.9 * * * ! * ! * * ! * ( 13. 8) ! ! ! ! 1198.80! 106.54! 647.96! -120.08! -698.97! -0. 115! 0.737! 12.1 50.3 * * * ! * ! * ! * ! * 

!1202.73! 115.59! 430.87! -130.28! 
(14.8) ·-----------------------------------464.79! -0. 124! 0.490! 12. 1 33.3 

!1206.67! 126.34! 322.53! -142.40! -347.93! 
( 15. 9) 

-0. 136! 0.367! 12. 1 24.8 

!1210.60! 139.28! 257.86! -156.98! -278.16! 
( 17. 3) 

-0. 150! 0.293! 12. 1 19.7 
{ 18.6) .Allowable load6 are defined in. !1214.53! 155.15! 214.79! -174.87! -231. 70! -0.167! 0.244! 19.4 12. 1 Para.rp-aph 9.3.5 

( 16. 3) 
!1218.47! 175. 18! 183.99! -197.44! -198.47! -0. 188! 0.209! 20.3 12. 1 

( 13. 9) 
!1222.40! 201.06! 160.96! -226.61! -173.63! -0.216! 0.183! 21.9 12. 1 

(12.5) 
!1226.33! 235.91! 143.05! -265.90! -154.32! -0.254! 0. 163! 25. 1 11.8 .------------------------------------------------!1230.27! 285.54! 128. 70! -321.83! -138.83! -0.307! 0.146! 29.7 11.2 * * * ! * * ! * ! * !1234.20! 361.36! 116.99! -407.29! -126.20! -0.389! 0. 133! 36.5 10.7 * * * ! * ! * ! * ! * ! 1238. 13! 492.01! 107.24! -554.55! -115.68! -0.529! 0. 122! 48.1 10.4 * * * ! * ! * ! * ! * ! , 242.07!771 .74! 98.96! -869.83f-t06.76f-0.830! 0., 3! 72.6 10. 1 * * * ! * ! * * ! * !1246.00!1782. 73! 91.89! -2009.31! -99. 13! -1.917! 0.105! 160.9 9.8 * * * ! * * * * !1249.00! ! 87. 14! ! -94.00! ! 0.099! 56.5 2.94! 5.65 ! 5.6! 
---------------------------------------------------------------------------------------------------------------------------
NOTES: 1. Before using this table see paragraphs I.3.0 through I.3.3 for guidelines. 

2. See Tables I.2-2 and I.2-3 for limit longitudinal loads and limit vertical side skin shear loads at landing. 

3. The value within parentheses indicates the lateral capability of the mid-fuselage with a special bridge and 
retention mechanism; the value outside parentheses indicates the capability of the current bridge concept. 

4. If payload-required, a special, strong, heavier bridge and attach fitting can be developed to take advantage 
of the lateral load capability of the mid-fuselage. 

* Attach point not available at locations where asterisk appears . 

• IC0-2-19001 1-15 



::Jable 9.2-1 Pavl_oad Attachment Point .t.imit-.J:.ood Capa.bilitv At 
.t.on.geron. And .Keel :Jor All :Jiltiht And .t.andin.g Condi.tion.6 (Con.tirwed) 

! LONGERON, 1000 LBS PER SIDE ! KEEL, 1000 LBS 
!------------------------------------------------------------------!------------------------------------------------

----! VERTICAL + Z ! ! ! ! ! 
!-----------------------=-----------------------! + Y ! +Z (X=O) ! +R (X zeo) 

! ATTACH! + Z ! - Z ! Z MODIFIERS ! LATERAL,±Y !(ZERO FRICTION)!+ X ! - K ! - K ' 
! POINT,!---------------!------------------!--------------!----------------!---------------! K !-------------!------------
! X ! Z ! Z ! Z ! Z ! K ! K ! +Y ! +Y ! +Y ! +Y ! ! +Z ! +Z ! +R !+R 

0 ! F A ! F ! A ! F ! A ! - LF ! - LA ! - F ! - A ! (Z=O)! - KF ! - KA ! - KF !- KA 
!-------!------!-----!---------!--------!-------!------!--------!-------!-------!-------!-----!----!------!------!-----

BRIDGE BETWEEN FRAME Xo1249 AND BRIDGE ATTACH PIN Xo1301.00 
---------------------------------------------------------------------------------------1249.00! 87.14! ! -94.00! !-0.7,,! ! 
1269.60!144.31!167.36!-155.671-167.36!-0.183! 0.279! 

I I I I I ' 

1273.53! r 64.95i7 40.551-7 77.94 ·, _, 40.55i-o.2o9! 0.234! 
I I I I I I 

1277.47! 792.57;, 27. 10i-207.73 ·, -7 27. 70l-0.244! 0.202! 
1281.40!231.19/106.40!-249.39! -106.40!-0.293! 0.177! 
1303.00! ! 66.30! -66.30! !0.7 7,! 

12. 1 
(13.0) 
13.9 

14.8 
16.9 

! 56.5 ! ! 5.65! ! 5.65 ! 
15.5 !---------------------------------------

! 
12. 1 

( 13.0) No Keel Attach Points Available 
11.2 
10.3 

NOTE: 1. Before using this table see paragraphs I.3 through 1.3.3 for guidelines. 

2. See Tables 1.2-2 and I.2-3 for limit longitudinal loads and limit vertical side skin shear loads at landing. 

3. The value within parentheses indicates the lateral capability of the mid-fuselage with a special bridge and 
retention mechanism; the value outside parentheses indicates the capability of the current bridge concept. 

4. 9P palj/oad-required. a 6pecial. 6trontjer. heavier bridt;e and attach fittint; can be developed to take 
ad.vantat;e of the lateral load capabilitv of the mid-fu6elage. 
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:Jable 9.2-2 .limit J:.on.tiitud.inDI J:.oad Capabilitv Per Vehicle 
Side :Jar All :Jiifjht And .lDNJ.in'i Cond.ition4 

!Limit Longitudinal Load Capability X,1000Lbs 
!----------------------------------~-----------! 

Ascent Mode (1) Descent Mode (2) 
!------------------------!---------------------! 

Boost Max. ! TAEM Yaw TAEM 
Bridge Span, !SRB Post-! and All Other! Maneuver !Pitch-up ! 

Frame to Frame ! Staging ! Ascent Modes !and Landing!Maneuver 
--------------------!---------!--------------!-----------!---------

582 - 636 
636 - 693 
693 - 750 
750 - 807 
807 - 863 
863 - 919 
919 - 979.5 

979.5 - 1040 
1040 - 1090.33 

1090.33 - 1140.67 
1140.67 - 1191 

1191-1249 
1249 - 1301 

5.9 
5.9 
5.9 

11.4 
11.8 
18.7 
19.0 
19.7 
24.2 
36.0 
41.6 
41.6 
38.1 

17.0 
17.0 
17.0 
33.0 
34.0 
54.0 
55.0 
57.0 
70.0 

104.0 
120.0 
120.0 
110.0 

± 7.0 
± 7.0 
± 7.0 
±15.0 
±15.0 
±19.0 
±27.0 
±25.0 
±33.0 
±50.0 
±76.0 
±76.0 
±50.0 

24.8 
24.8 
24.8 
26.3 
26.9 
46.9 
57.5 
76.4 
90.0 

116.0 
120.0 
120.0 
110.0 

-------------------------------------------------------------------
NOTE: 

(1) During ascent, at post-SRB-staging (-1.10g), payload inertial loads 
combined with bending loads caused by thrust vector misalignment of 
the main engines result in critical longeron compression loading. At 
Orbiter maximum acceleration (-3.17g), payload inertial loads result 
in critical longeron compression loading. The noted limit load 
capability is applicable to any attach point on a particular bridge 
span. For single payloads, the noted capability applies. For 
multiple payloads or multiple attach points which react longitudinal 
loads, the +X-loads acting at each attach point are summed from front 
to rear in the payload bay to the aft most employed attach point. In 
addition the accumulation of +X loads cannot exceed the noted load 
capability at any intenmediate attach point in the summation. 

(2) During descent, payload inertial loads combined with bending loads 
caused by thenmal conditions, TAEM maneuvers and landing forces result 
in critical longeron loading. For single payloads, the noted 
capability applies. For multiple payloads or X-load attach points, 
the noted load capability at each X-load attach point applies also . 
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:Jable 9.2-3 Allowable .tim.it Vertical .toad CapabiJitv 
Per Vehicle Side .At J:Dndin.fi 

-------------------------------------------------
MAIN FRAME 
Xo STATION 

LIMIT VERTICAL LOAD 
-Zs, IN 1000 LBS(1) 

!---------------------!---------------------------
582 - 19.3 
636 - 57.2 
693 - 59.5 
750 - 67.9 
807 - 73.9 
863 - 73.9 
919 - 83.2 
979.5 - 90.5 

1040 - 96.9 
1090.33 -105.4 
1140. 6 7 -111 . 9 

(2) ----------1180!----------------
1191 -103.9 
1249 - 94.0 
1307* - 66.3 

-------------------------------------------------
NOTES: 

* Last bridge is attached to fuselage structure at 
Xo 1301.oo; loads are transmitted to Xo 1307 frame. 

(1) At landing, Orbiter side skins react payload-imposed 
vertical shear loads. The vertical loads are transmitted 
from the payload attach point to the side skins via the 
longeron bridge and bridge-to-main-frame attachment pins. 

(2) Fuselage Station Xo 1180 is the main landing gear station. 
Negative loads transmitted to the frames from 
payload-imposed landing loads at the primary and 
stabilizing attach points are accumulated aft from frame Xo 
582 to frame Xo 1140.67, and forward from frame Xo 1307 to 
Frame Xo 1191. For single or multiple payloads, the sum of 
the loads cannot exceed the noted capability for that 
frame. For the bridge spanning the landing gear station 
(i.e:, from frame Xo 1140.67 to frame Xo 1191) the 
payload-imposed load at Xo 1140.67 is summed with the aft 
accumulating loads; the load at Xo· 1191 is summed with the 
forward accumulating loads. Only negative vertical loads 
are referenced to the main landing gear; positive vertical 
loads are limited to those values shown in Table 1.2-1. 
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I. 3 (:luid.eiU...6/equtJtiona :Jor U6e 01 Attach Point .limit -.load Capabilitv &ta . 

The following paragraphs provide guidelines, equations, and symbol definitions 
for using Tables I.2-l through 1.2-3 in determining whether payload-imposed 
loads are within the attach point limit load capability. Paragraph 1.3.2 
presents the equations for determining the load capability of an attach point 
where only a single bridge is used (i.e., no other bridge is attached to either 
frame). In Paragraph I.3.3, equations are presented for determining the load 
capability of attach points which are mounted on adjacent bridges (i.e., the 
bridges are pinned to a conmon frame). PQI"Q.vraph 9.3.4 pre6ent6 the equtJtiona for 
treatint the allowable load.6 lor two lonteron attach poinh on one brii:J.9e. ::Jhe e'i'"Jtiona 
fiPeci/icallv addre66inf the allowable lteelload.6 for&.v r 2 (Xot 19f-f249) are pre6ented in 
PQI"Q.vraph 9.3.5. 

Before using the guidelines and capability data, the loads imposed by a payload 
at its attach points should be calculated based on the load factors presented 
in Section 4.0. Then, those applied loads can be checked against Orbiter 
capability presented herein. 

1.3.1 DEFINITION OF TERMS. 

The terms appearing in Paragraphs 1.3.2, 1.3.3, 9.3.4 an.d.9.3.5 and Tables 
I. 2-1 , I. 2-2 and I. 2-3 are defined be 1 ow; exclamation marlt6 have been u.aed in 
the formulaa to denote the ab6olute value of the quanitv encloaed bv the marlt6. i.e .• lxl: 

I. 3.1 .1 .ton2eron Attach Pointa. 

z = 

~.-

292-
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Applied vertica 1 load at a 6intle attach point on one brid.fe. 

Applied veritical load. at the attach point on the forward. bridte of an 
adjacent bridt;e pair. or the applied vt~riticalload. at the attach point on the 
forward. attach point of a 6intle bridte with two attach littinfa. 

Applied veritical load at the attach point on the a/t bridte of an adjacent 
bridt;e pair. or the applied veriticalload at the attach point on the a/t 
attach point of a 6intl• bridte with two attach littinfa. 

Attach point Z-load capability as limited by forward frame 
strength of a bridte. 

Attach point Z-load capability as limited by aft frame strength 
o1 a brit.tti•. 

3orward. attach point Z~oad. capabilitv aalimit•d bv the lorward frame 
6tr•ntth ol the lorward brit.ttie ol an adJac•nt brid.t• pair. or the lorward 
attach point Z~oad. capabilitv aalimit11d bv lorward fram• 6tnntth of a 
tinlil• brid.t• with two attach 'ittinfa. 

Alt attach point 2.~ ca.pabllitv aa limitlld bv. U&. lorward fram.• .trllntth 
ol U&. a/t brid.t• ol ern tll:liac•nt brid.tll pair. or U&. a/t attach point 2.~ 
capabilitv aa limit11d bv lorward fram.• •tr•ntth of a 6i.ntll• brUJII• with two 
attach littinf6 . 
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z.A, - :Jorward attach point Z-load capabiJitv a6limited bv the a/t frame 6tren.9th 
of the forward br£4e of an. adJacent brid9e pair. or the forward attach point 
Z-load capabiJitv a6limited bv a/t frame 6tren.fith of a ~e brid9e with 
two attach fittinfi6. 

,Aft attach point Z-load capabiJitv a6limited bv the a/t frame 6tren.9th of 
the a/t brid9e of an. adjacent brid9e pair. or the a/t attach point Z-load 
capabilitv a6limited bv a/t frame 6tren.9th of a 4infile brid.9e with two 
attach fittinfi6. 

Zs = Attach point Z-load capability at landing as limited by frame 
capability noted in Table 1.2-3. 

X = App 1 i ed 1 ong itud ina 1 1 oad, to be le66 than. the va 1 ues shown in 
Table 1.2-2. 

.K:J.i -

lX• 

lfj• 

lXt -

llyl = 

Pzl = 

Px2 = 

ICD-2-19001 

modilier of Z:J.i to accoun.t for couple re6Uitin9 from applied lon.fiitud.in.al 
load X. where i- 1. or 2. 

modifier of Z..4i to accoun.t for couple re6Uitinfi from applied lon.fiitu.d.in.al 
load X. where i • 1. or 2. 

Attach point Y-load capability as limited by forward frame 
strength. 

Attach point Y-load capability as limited by aft frame strength. 

Coefficient of friction. for X -direction. friction.load6 on. a 6in9/e attach 
fittin9 of a 4in9/e brid9e. 

Coefficient of friction. for Y-d.irection. friction.load6 on. a 4in.91e attach 
fittin9 of a 4infile bridfie. 

Coefficient of friction. for Z-d.irection. friction.load6 on. a 6in.91e attach 
fittin9 of a 4in.91e brid9e. 

Coefficient of friction. for X -direction. friction.load6 on. the forward brid9e 
of an. adDjcen.t brid.fie pair. or the coefficient of friction. for X -direction. 
friction. load on. the forward attach point of a 4infile bridfie. 

Coefficient of friction. for Y-d.irection. friction.load6 on. the forward brid9e 
of an. adDicttn.t brid.fie pair. or the coefficient of friction. for 'IJ-d.irection. 
friction. load on. the forward attach point of a 6in9/e bridfie. 

Coefficient of friction. for Z-d.irection. friction.load6 on. the forward brid9e 
of an. adDjcen.t brid.fie pair. or the coefficient of friction. for Z-d.irection. 
friction. load on. the forward attach fittin9 of a 4in.91e br£4e. 

Coe,ict.n.t of friction. lor X -direction. lriction.load.6 on. the a/t britltje of an. 
adDjcen.t brid.fie pair. or the coeffict.nt of friction. for X -direction. friction. 
load. on the a/t attach littinfi of a 4infile brid.fie. 
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l-ly2 = 

l-lz2 = 

Coefficient of friction lor lJ-d.irection friction load6 on the a/t brid.tje of an. 
adajcent brid.tje pair. or the coefficient of friction for lJ-d.irection friction 
load on the a/t attach littinti of a 6intj/e brid.tje . 

Coefficient of friction for 2-d.irection friction load6 on the a/t brid.tje of an. 
adajcent brid.tje pair. or the coefficient of friction for 2-d.irection friction 
load on the a/t attach littintj of a 6inf1/e brid.tje. 

ei = .Anfjle (defi.) of bearintj rotation du.e to trunnion deflection (See :J.itjure 
9.3. 1.1 -7J. a • 1 or 2) lor 2 attach point6 on one brit:J.9e or 2 attach point6 on 
adjacent brit:J.9e6. 

1.3.1.2 Keel Attach Point 

y -
YF = 

YA = 

Y:J.1• 

Y:J.2 • 

Y.A1. 

YA2 = 

XKl = 

x.K2-

ZKF = 

ZKA = 

2.K:J.7-

2.x:J.2• 

ZKAl'"' 
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.Applied lateral load lor one littintj on a 6intj/e brid.tje. 

Attach point Y-load capability as limited by forward frame 
strength. 

Attach point Y-load capability as limited by aft frame strength. 

:J.orward. attach point 1J-Ioad capabilitv a61im.ited bv forward frame 
6trentjth of the forward brid.tie for an. adjacent brid.tje pair . 

.Aft attach point lJ-Ioad capabilitv a6lim.ited bv forward frame 6trentjth of 
the a/t brid.tje for an. adjacent brid.tje pair. 

:J.orward. attach point lJ-Ioad capabilitv a6limited bv a/t frame 6trentjth of 
the forward. brid.tje for an. adjacent brid.tje pair . 

.Aft attach point 1J-Ioad capabilitv a6limited bv a/t frame 6trentjth of the 
a/t brid.tje for an. adJacent brid.tje pair . 

.Attach point X -load a.e .• impo6ed bv friction or fixed-X littinf16) capabilitv 
on the forward brid.tje for an. adJacent brid.tje pair . 

.Attach point X -load a.e .• empo6ed bv friction or fixed-X fittintj6) capabilitv 
on the a/t brid.tie for an. adJacent brid.tje pair. 

Attach point Z-load capability as limited by forward frame 
strength. 

Attach point 2-load capability as limited by aft frame strength. 

.Attach point 2-load capabilitv a6lim.ited bv forward frame 4trentjth of the 
forward brid.tie for an. adjacent brid.tie pair. 

Attach point 2-load capabilitv a6lim.ited bv forward frame 6trentjth of the 
tl/t brid.ti• for an. adjacent brid.tie pair. 

Attach point Z-load capability as limited by aft frame strength of 
the fo~ard bridge for an adjacent bridge pair . 
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l.l = 

e i = 

.Attach point Z-load capabiJitv at. limited bv alt frame t.trenfith of the alt 
bridtie for an adjacent bridfie pair. 

Attach point combined X-Z friction load capability as limited by 
forward frame strength. 

Attach point combined X-Z friction load capability as limited by 
aft frame strength . 

.Attach point combined X-Z friction load capabiJitv at. limited bv forward 
frame t.trenfith of the forward bridfie for an adjacent bridfie pair . 

.Attach point combined X-Z friction load capabilitv at. limited bv forward 
frame t.trenfith of the alt bridfie for an adjacent bridfie pair . 

.Attach point combined X -Z friction load capabiJitv at. limited bv alt frame 
t.trenfith of the forward bridfie for an adjacent bridfie pair . 

.Attach point combined X-Z friction load capabilitv at. limited bv alt frame 
t.trenfith of the alt bridfie for an adjacent bridfie pair. 

:Jhe definition of friction coefficient are the 6am.e at. thot.e in. Para~ 
9.3. 1.1. J:.onfieron .Attach Poin.t6 . 

.A~e (defi.) of bearin.fi rotation due to keel deflectiont. (See :J.i'iUJ"e 
9.3.1.2-1 ). i- 1. 2 for adjacent bridfie pairt.. 

1.3.2 ALLOWABLE LOADS FOR SINGLE BRIDGE. 

This paragraph outlines the procedure for deriving allowable payload attach 
point loads for a "single" longeron or keel bridge. A bridge is referred to as 
"single" when it does not share either of its mid-fuselage support frames with 
another longeron or keel bridge, respectively. Figure 1.3.2-1 depicts such a 
configuration. 

Paragraph 1.3.2.1 is concerned with the derivation of allowable payload-induced 
loads at the longeron for all pertinent load combinations. Each load 
combination is treated separately. All equations applicable to a particular 
combination of loads must be satisfied. The equations compare absolute values 
of payload-induced loads and Orbiter capabilities. 9fthet.itJ,noftheoum.in.t.ide 
the abt.olute value of the left hand t.ide of the equation it. pot.itive. a pot.itive z3 or Z.A 
capabilitv it. compared. 9f the~ of the quantitv it. neflative. a n•flative Z.:J. or Z.A 
value from. :Jable 9.2-1 it. compared. The absolute value of a payload-induced load 
must be less than the absolute value of Orbiter capability. Similarly, 
Paragraph 1.3.2.2 treats the allowable payload-induced loads at the keel. 

1.3.2.1 Allowable Loads at Longeron Attach Points. 
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1.3.2.1.1 Attach Point Reacts Z- and X-loads with:Jrunni.onl6earinfi~ictionand 
6earinfi Rotation .Coad6 . 

1 x2 + z2 (Py +tan !e!) < lower of !VlF! and !VlA! values 

!Z - KFX! < !Zf! and !Z - KAX! < !ZA! 

!Z! < !Zs load capability, at landing, as shown in Table 1.2-3! 

!X! < !X-load capability, for applicable flight conditions, as shown 
in Table 1.2-2.! 

For the above two equations, See Note (1) of Table 1.2-2 and Note (2) of Table 
1.2-3 for load accummulation procedure. 

I. 3. 2.1. 2 Attach Point React6 Z-.Coad with :Jrun.nion16earinfi ~iction and 6earinfi 
Rotation .Coad6. 

!Z! (Py +tan !e!) ~ lower of !VlF! and !VlA! values 

!Z - KfPxZ! < !ZF! and !Z + KAPxZ! < !ZA! 

! Z! 

' Z' ·Px . 

< !Zs load capability, at landing, as shown in Table 1.2-3! 

< !X-load capability shown in Table 1.2-2 for applicable 
flight condition! 

For the above two equations, see Note (1) of Table 1.2-2 and Note (2) of Table 
1.2-3 for load accumlation procedure. 

1.3.2.2 Allowable loads at Keel Attach Points. 

I. 3. 2. 2.1 Attach Point Reach Y-.£oad6. X-J.riction .Coadr.. and Z-J.riction and d3earinfi 
Rotation .Coadr. <X. Z 74 O). 

!V! (p +tan !e!) < lower of !RKF! and !RKA! values 

The p value in the above equation should be Px or Pz• whichever is greater. 

!V! < lower of !VF! and !VA! values 

1.3.2.2.2 Attach Point Reacts X- and V-loads (i.e., Keel Fitting Restrained 
from Movement in the X- Direction) andZ-J.rictionandd3earinfi Rotation.Coad6 
<X.Zil o). 

~2 + v2 (Pz +tan !e!) < !RKF! 

!V! < lower of !VF! and !VA! values. 
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1.3.3 Allowable Loads for Adjacent Bridges. This paragraph outlines the 
procedure for deriving allowable payload attach point loads for "adjacent" 
longeron or keel bridges. Two bridges are "adjacent" when the aft end of the • 
first bridge and the forward end of the second bridge are attached to the same 
mid-fuselage frame. This common frame reacts attach point loads transmitted to 
it by each bridge. Figure 1.3.3-1 depicts such a configuration. Paragraph 
1.3.3.1 is concerned with the derivation of allowable payload-induced loads at 
attach points on adjacent longeron bridges for all pertinent load 
combinations. Each load combination is treated separately. For each 
particular load combination, all equations must be satisfied. The equations 
compare absolute values of payload-induced loads and Orbiter capabilities. The 
absolute value of payload-induced load must be less than the absolute value of 
Orbiter capability. Paragraph 1.3.3.2 treats allowable payload-induced loads 
at attach points on adjacent keel bridges. These procedures must be repeated 
when more than two bridges are adjacent. Table 1.1-1 ·correlates specific load 
combinations with the paragraphs below. 

1.3.3.1 Allowable Loads at Longeron Attach Points 

1.3.3.1.1 Attach Points 1 and 2 React X-Loads and Z-Loads with ::Jrun.n.ionl 
d3earin.~ :7-riction. and d3earin.~ Rotation. 

----------------------------- + ----------------------------- < 1 
IY I 
· LAl · 

!Zl - KAl Xl z2 - KF2 X2! 
!----------- + -----------! 

lz I 
· Al · 

./x 2 + z 2 
1 1 

IZ I · F2· 

!Z2 - KA2X2! < !ZA2! 

ly I · LF2· 

< 1 

!X1! and !X2! < !X-load capability shown in Table 1.2-2! 

!Z1! and !Z2! < !Zs load capability, atlan.din.~onlr;. as shown 
in Table 1.2-3! 

For the previous two equations, see Note (1) of Table 1.2-2 and Note (2) of I 
Table 1.2.3 for load accummulation procedures. 
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when Z1 and Z2 are in opposite directions, also check: 

!Z1 - KA1X1! < !ZAl! 

!Z2 - Kf2X2! < !ZF2! 

I. 3. 3. 1 . 2 Attach Point6 1 and 2 React 2.-.t.oad6 with :Jrunn.ion18earing. :J.riction. 
and 8earing. Rotation. J:.oad6. 

! Z 1 ! ( lJyl + tan ! e1 ! ) 
--------------------- + 

I Y I · LAl · YLF2 ! 

! zl + KAllJxlZl z2 - Kf2lJx2Z2! 
!------------- + -------------! < 1 -I Z I 

· Al · ~z I · F2 · 

! zl ! ( lJyl + tan !el!) < ! YLFl! -
!Z2! (lJy2 + tan !e2!) < !YLA2! 

! z 1 - KfllJxlZl! < ! ZFl! -

!Z2 + KA2lJx2Z2! < !ZA2! -

< 1 

!lJxlZl! and !lJx2Z2! < !X-load capability shown in 
Table 1.2-2! 

!Z1! and !Z2! < !Zs load capability shown in Table I.2-3 
at landing only.! 

For the above two equations, see Note (1) of Table 1.2-2 and Note (2) of 
Table I.2-3 for load accummulation procedure. 

when z1 and z2 are in opposite directions, also check: 

! zl + KAllJxlZl! < ! ZAl! 

~z - Kf2lJx2Z2! < !ZF2! . 2 -

I. 3. 3.1. 3 Attach Point 1 Reach 2.- and X-.l.oad6 and Attach Point 2 React6 2.-.l.oad6 
Onl'# with :Jrunn.ionld3earing. :J.riction. and d3earing. Rotation.. 

J x 2 + Z 2 ( lJyl + tan !e1!) 
1 1 

---------------------------- + ----------------------- ~ 1 

ICD-2-19001 

!Z1 -KA1X1 Z2 - Kf2lJx2Z2 
!----------- + --------------! ~ 1 

I z I 
• A 1 • 

~z I · F2· 
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!Z2! (Py2 +tan !e2!) < !YLA2! 

!z,- KFl x,! < !ZFl! 

!Z2 + KA2 Px2Z2! < !ZA2! 

!X1! and !Px2Z2! < !X-load capability shown in Table 1.2-2! 

!Z1! and !Z2! < !Zs load capability shown in Table 1.2-3 
at landing only.! 

For the above two equations, see Note (1) of Table 1.2-2 and Note (2) of 
Table 1.2.3 for load accumulation procedure. 

when z, and. Z2 are in opposite directions, also check: 

! Z1 - KAl X1! < ! ZAl! 

!Z2 - KF2Px2Z2! < !ZF2! 

I. 3. 3.1 .4 Attach Point 1 React!! Z.-.f.oad!! Onl'l and Attach Point 2 React!! X- and 
Z.-.C.oad!! with ~run.nion./6earin9 J.riction and 6earin9 Rotation. 

!Z1! (Pyl +tan !e1!) J X 2 + z 2 ( Py2 + tan !e2!) 
2 2 

--------------------- + ---------------------------- ~ 1 
! y LA 1 ! ! y LF2! 

!Z1 + KAlPxlZl Z2 - KF2X2 
!--------------- + -------------! < 1 

! ZAl! !ZF2! 

!Z1! (Pyl +tan !e1 !) < !YLFl! 

!PxlZl! and !X2! < !X-load capability shown in Table 1.2-2! 

!Z1! and !Z2! < !Zs load capability shown in Table 1.2-3 
at landing only.! 

For the above two equations, see Note (1) of Table 1.2-2 and Note (2) of 
Table 1.2.3 for load accumulation procedure. 

when z1 and z2 are in opposite directions, also check: 

!Z1 + KAlPxlZl! < !ZA1! 

!Z2 - KF2X2! < !ZF2! 

• 

• 

• 
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• 

• 

1.3.3.2 Allowable-Loads at Keel Attach Points. 

I. 3. 3. 2.1 Attach Points 1 and 2 React Y-.t.oad.6. X-3-riction .load.6. and Z.-3-riction 
and Bearing. Rotation J:.oad.6 (X. Z. '# o). 

! y1 ! ( lll + 'tan !e1 ! ) !Y2! (P2 + tan !e2!) 
-------------------- + --------------------- < 1 

!RKA1! I R I · KF2· 

! y1 ! ( ll1 + tan !e1 ! ) < ! RKF1! -

!Y2! (P2 + tan !e2!) < !RKA2! 

The Pi value in the above three equations should be Pxi or llzi• whichever 
is greater (i = 1, or 2). 

y1 y2 
!----- + -----! ~ 1 
I I Y I 
· · Al · 

when Y1 and Y2 are in the opposite directions, also check: 

1.3.3.2.2 Attach Points 1 and 2 React Y- and X-Loads (i.e., Keel Fittings 
Restrained from Movement in the X-Direction) andZ.-:J.rictionand6earing. Rotation 
J:.oad.6. 

Jx 2 [1 + (pz1 +tan !e1!)2] 
1 

+ [Y 2 (Pzl +tan !e1!)2] 
1 

----------------------------------------------------------- + 
! RKA1! 

Jx 2 + Y 2 (pz2 +tan !e2!) 
2 2 

----------------------------- ~ 1 
!RKF2! 
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v, y2 
!----- + < 1 
''Y ' · · A 1 · ! YF2!! 

! v,! < ! YFl! -

!Y2! < !YA2! 

when v1 and v2 are in the opposite directions, also check: 

I. 3. 3. 2. 3 Attach Point6 1 React6 Y- and X-J:.oad6 (i.e., .Keee 3itting. Re6trained from 
mouemen.t in the X-:birectionJ and Z-:J.riction. and ~earing. Rotation. J:.oad6. Attach Point 2 
React6 Y-.C.oad6, X-:J.riction. J:.oad6, and Z-:J.riction. and ~earing. Rotation. J:.oad6. 

J~ 2 [1 + (l!zl + tan !e1! )2] 
1 

+ [Y 2 (llzl +tan !e1!)2] 
1 

------------------------------------------------------------- + 
!RKAl! 

!Y2! (l-1 2 +tan !e2!) 
-------------------- ~ 1 

!RKF2! 

The l-12 value in the above equations should be llx2 or llz2• whichever 
is greater. 

J X 2 + Y 2 ( llzl + tan !a, ! ) < ! RKFl ! 
1 1 

!Y2! (l-12 +tan !e2!) < !RKA2! 

The l-12 value in the above equations should be llx2 or llz2• whichever 
is greater. 

v, y2 
!----- + -----! < 1 -! ! y Al! !YF2!! 

! v, ! < ! YFl! -

!Y2! < !YA2! -
when v, and y2 are in opposite directions, also check: 

! v,! < ! y Al! -
!Y2! < !YF2! -
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I. 3. 3. 2. 4 Attach Poin.t 1 R eact6 Y-.t.oad6. X -3riction. .t.oad6. and 2-::J.riction. and 
Bearin.t; Rotation. .t.oad6. Attach Poin.t 2 React6 Y- and X-.t.oad6 (i.e • .Keel ~ittin.t; 
Re6train.ed Prom movement in. the X-1:>irectionJ and 2-::J.riction. and Bearin.t; Rotation. 
.t.oad6. 

Jx 2 + v 2 (Pz2 +tan !e2!) 
2 2 

-------------------- + ---------------------------- ~ 1 

! v 1 ! ( lll + tan ! e1 ! ) < ! RKFl ! 

l"he lll value in the above equations should be llxl or llzl• 
whichever is greater. 

vl v2 I 

!----- + -----! < 1 
!!VAl! !VF2!! 

! vl! < ! VFl ! -
!V2! < !VA2! -

when V1 and V2 are in opposite directions, also check: 

!Vl! < !VAl! 

!V2! < !VF2! 

I.3.4 Allowable Loads For Two Longeron Attach Points On One Bridge. 

This paragraph defines the allowable payload attach point loads when two 
longeron attach points are located on one bridge. Attach points 1 and 2 are 
the forward and aft longeron attach on the one bridge, respectively. These 
attachments may be primary fittings, i.e., each reacting both X and Z loads; 
stabilizing fittings, i.e., each reacting only Z load; or may be a combination 
of both, i.e., one primary and one stabilizing fitting. ~it;ure9.3.4-1 depict6 
6uch a con,fit;uration.. :Jhe brid.t;e 6hear capabilitv eCJuation.6 6hould be checked under the 
6tiputation.: U6e the +2 column. Prom :Jable 9.2-1 iP the 6it;n. of the value in.6id.e the ab6olute 
value 6it;n. on. the left hand 6id.e of the ~1 and ~2 in.eCJuaiitv eCJuation.6 i6 
po6itive. 9P the value i6 n.et;ative U6 the -2 column.. 

I. 3. 4.1 ~orward Attach Poin.t React6 X- and 2-load6 (i.e. primarv Pittin.t;>. APt Attach 
Poin.t React6 2-.t.oad6 On.lv a.e .• 6tabilizin.t; Pittin.t;). with :Jrunnion./Bearin.t; ~iction. and 
Bearin.t; Rotation.6 at Both Attach Poin.h. 

either+ or- 6it;n. for the lJx term 6houtd be u6ed 6Uch that the ratio of the 
ab6olute value on. the left hand 6id.e to the ab6olute value on. the rit;ht hand 6id.e of the 
Pollowin.t; in.eCJuaiitv eCJuatioM will be maximized. Both po6itive and n.et;ative value6 of 
2~ 7 and 2A1 mav have to be a66e66ed. 
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[ 

KFl ! ] !Z1 + -----! (Z2) - [(KFl) (Xl ± Px2Z2)] 
I KF2 ! 

< ! Zfl! 

[
KAl ! J !Z1 + -----! (Z2) - [(KAl> (X1 ± Px2Z2)] 

I KA2 ! 
< 

Note 
sign 
side 

that the choice of ZFl and ZAl from Table 1.2-1 shall 
as that of the value inside the absolute value symbol 
of the equations. 

be of the same 
on the left hand 

If z, and Z2 are of opposite signs, the shear load capability of the bridge 
fitting between attach point 1 and attach point 2 shall be assessed by using 
the following equations: 

! KFl ! !KFl I . 
!----! ( z 1) + !----! (Z2) -
!KAl !KF2 

< ! ZFl ! , and 

!KA2 !KA2 
!----! ( z, ) + !----! (Z2) -
! KAl I !KF2 I . 

If trunnion/bearing friction and bearing rotation loads are not available from 
coupled loads analysis, use the following equations: 

For v, and v2 of same sign, 

v, y2 v, y2 
!------ + ------! < 1 and !------ + ------! ~ 1 
I I y I 1y I I I IV I 1y I I · LFl · · LF2·· · LA 1 · · LA2 · · 

For v, and y2 of opposite signs (Not needed when v1 and y2 are 
computed with equations above) 

v, y2 v, y2 
!------! < 1 ' !------! < 1 ' !------! < 1 ' and !------! - - -I YLFl I I YLF2 I I YLAl I I YLA2 . . . 
!X1 ± Px2Z2! < !X load capability shown in Table !.2-2.! 

!Z1 + Z2! < !Zs load capability shown in Table !.2-3 
at landing only.! 

I 
< 1 -

For the above two equations, see Note (1) of Table !.2-2 and Note (2) of Table 
1.2-3 for load accumulation procedure. 
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I. 3. 4. 2 ~orward and .APt .Attach Poin.h React X- and Z.-.t.oa.d.6 <i.e .• primaJ"ff Pittin.g.6). with 
:Jrun.nionld3earin.g. :J.riction and Bearing. Rotation.6 at both .Attach Poin.t6 . 

:z, + c~~~ zJ- [(Kfl )(X1 + X2)] 
I [KF2 "j 
!Z1 + [~~~ zJ- [(KA1HX1 + X2)] < 

I LKA2 J 
Note that the choice of ZFl and ZAl from Table 1.2-1 shall be of the same 
sign as that of the value inside the absoulte value symbol on the left hand 
side of the equations. 

If Z1 and z2 are of opposite signs, the shear load capability of the 
bridge fitting between attach point 1 and attach point 2 shall be assessed by 
using the following equations: 

KFl KFl 
Z1 + ---- Z2 < ! ZF1! 

KA1 KF2 
and 

KA2 KA2 
Zl + ---- z2 

KAl KF2 

If trunnion/bearing friction and bearing rotation loads are not available from 
coupled loads analysis, use the following equations: 

v1 =.J X 2 + z 2 h.ty1 + tan !e1!) 
1 1 

and 

For v1 and v2 of same sign, 

yl y2 
!------ + ------! 
I I Y . I I Y . I I ·· LFl· · LF2·· 

yl y2 
~ 1 and !------ + ------! 

I 1y I 1y I I 
· · LA1 · · LA2 · · 

~ 1 

For Y1 and Y2 of opposite signs (Not needed when Y1 and Y2 are 
computed with equations above), 

y2 yl y2 y1 
!------! < 1 • !------! < 1 • !------! < 1 , and !------! - -I YLFl I I YLF2 I I YLAl I I YLA2 I . 
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!X1 + X2! < !X load capability shown in Table I.2-2.! 

!Z1 + Z2! < !Zs load capability shown in Table 1.2-3 at landing 
on 1 y. ! 

For the above two equations, see Note (1) of Table I.2-2 and Note (2) of Table 
I.2-3 for load accumulation procedure. 

I. 3. 4. 3 :J.orward Attach Point React Z-.£oad6 onilj <i.e .• 4tablizint~ Pittint~> and the APt 
Attach Point React6 X- and Z-.t.oad6 <i.e .• primary Pittint~>. with :Jrun.n.ionl8earint~ 
:J.riction and 8earinr;. Rotation6 at 8oth Attach Point4. 

either+ or- 4ir;.n Por the lJx term 6houid be U6ed 6UCh that the ratio of the 
ab4otute value on the eept hand 4ide to the ab6otute value on the rit~ht hand 6ide of the 
poeeowint~ ine(ju.aiitlj e(ju.ation4 wilt be maximized. 8oth po6itive and nef~ative value6 op 
2.:;1 and ZA 1 malj have to be a66e64ed. 

z, +8;;- (Z~ < ! ZFl! 

< Z1 +[~;- (Z2j 

Note that the choice of ZFl and ZAl from Table I.2-l shall be of the same 
sign as that of the value inside the absolute value symbol on the left hand 
side of the equations. 

If z1 and z2 are of opposite signs, the shear load capability of the 
bridge fitting between attach point 1 and attach point 2 shall be assessed by 
using the following equations: 

+ < ! ZFl!, and 

+ 

If trunnion/bearing friction and bearing rotation loads are not available from 
coupled loads analysis, use the following equations: 

For Y1 and Y2 of same sign, 

yl y2 
!------ + ------! ~ 1 and 

yl y2 
!------ + ------! < 1 

! ! y LFl ! 1y I I 
· LF2 · · I 1y I 

· · LAl · 
I y I I 
· LA2 · · 
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For Y1 and Y2 of opposite signs (Not needed when v1 and v2 are 
computed with equations above), 

y2 yl y2 yl 
!------! 
! y LFl ! 

~ 1, !------! ~ 1. !------! ~ 1, and !------! 
YLF2 YLAl I I YLA2 I . . 

!± PxlZl + X2! < !X load capability shown in Table I. 2-2.! 

!Z1 + Z2! < !Zs load capability shown in Table 1.2-3 at landing 
on 1 y. ! 

~ 1 

I. 3. 4. 4 :J.orward and APt Attach Poin.h React onilj Z.-.load6 <i.e .• 6tabalizin.t; Pittin.t;6). 
with :Jrunn.ion/8earin.t; :J.riction and 8earin.t; Rotation6 at 8oth Attach Poin.t6. 

either+ or- 6it;n Por the lJx term 6hould be U6ed 6UCh that the ratio oP the 
ab6olute value on the lePt hand 6ide to the ab6olute value on the rit;ht hand 6ide oP the 
Pollowin.t; in.et:Jualitlj et:Juation6 will be maximized. 8oth po6itive and net;ative value6 oP 
Z.:; 1 and Z. At malj have to be a66e66ed. 

Kfl 
Z1 + ---- Z2 

Kf2 

KAl 
z1 + ---- z2 

KA2 

< ! ZFl ! 

Note that the choice of Zfl and ZAl from Table I.2-l shall be of the same 
sign as that of the value inside the absolute value symbol on the left hand 
side of the equations. 

If Z1 and Z2 are of opposite signs, the shear load capability of the 
bridge fitting between attach point 1 and attach point 2 shall be assessed by 
using the following equations: 

+ 

+ 

Kfl 
---- (Z2) 

Kf2 

KA2 
---- (Z2) 

Kf2 

< ! Zfl ! , and 

If trunnion/bearing friction and bearing rotation loads are not available from 
coupled loads analysis, use the following equations: 

Y1 = !Z1! (Pyl +tan !e1!) and Y2 = !Z2! (Py2 +tan !e2!) 

For Y1 and Y2 of same sign, 

yl y2 
!------ + ------! ~ 1 and 
I 1y I 
· · LFl · 

1y I I 
· LF2 · · 

ICD-2-19001 

v, y2 
!------ + ------! 
I 1y I 
· · LAl · 

1y I I 
· LA2 · · 
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For Y1 and Y2 of opposite signs (Not needed when Y1 and Y2 are computed 
with equations above) 

y1 y2 y1 y2 
!------! ~ 1. !------! ~ 1. !------! ~ 1. and !------! 

YLF1 I 
YLF2 I I YLA1 I I YLA2 . 

!llx1Z1 ± Px2Z2! < !X load capabi 1 ity shown in Table I. 2-2.! -

!Z1 + Z2! < !Zs load capability shown in Table 1.2-3 at landing 
on 1 y. ! 

< 1 -

For the above two equations, see Note (1) of Table 1.2-2 and Note (2) of Table 
1.2-3 for load accumulation procedure. 

1.3.5 Allowable Loads at Bay 12 (Xo 1191-1249) Keel Attach Points. 

!!NOTE!! The Bay 12 keel bridge X0 attachment is one inch forward of the 
frame station. 

I. 3. 5.1 Attach Point Reach Y-..t.oado. X-:J.riction. .loado. and 'Z.-:J.riction. and d3earin.r; 
Rotation. .f.oado <X. 'Z. ¢ o). 

;;~~~ + ( ~~~~;~0 G~~oJ ~ 1 

[ 

(tan ! e! + ll z ) j ( ll 2 + 1 J ~ 1 

---------------------~------
3018 

I. 3. 5. 2 Attach Point Reacto Y- and X- .loado <i.e . .Keel :J.ittin.r; Reotrain.ed Prom 
movement in. the X -:Direction.> and 'Z.-::J.riction. and d3earin.r; Rotation. .loado X. 'Z. ¢ o>. 

2~~~- + ~~~~;~~ 3~~~~ ~ 1 

,~;~19 + [~~~;~~~ -~~~6d + !Z! c~;~=~v~,4~6o) + ( ~~=~~~~)tgs~4-j < 1 

[~~~~=~~ 2~~~0-J ~ 1 

t~~~~~~ 2~~~J ~ 1 
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Where Z = (tan !9! + llz) J x2 + y2 
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• 
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FIGURE .1.3.1.2-1 ANGLE OF BEARING ROTATION/KEEL DEFLECTION, e 

ICD-2-19001 1-37 



• 

FIGURE I.3.2-1 SINGLE BRIDGE 
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• FIGURE I.3.3-1 ADJACENT BRIDGES 
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X.l INTRODUCTION. Longeron trunnion lengths and attach points shall be 
selected to meet the following criteria: 

a. Minimum trunnion length shall be such that retraction of the end of the 
trunnion into the attach fitting bearing due to combined Payload/Orbiter 
deflection shall be precluded. 

b. Maximum trunnion length shall be such that the outboard end of the trunnion 
shall not contact Orbiter Structure or subsystems during combined cargo 
element/Orbiter 'together' deflection. The maximum stroke of the outboard 
end of the trunnion shall be limited to Y0 ± 101.25 for most attach 
points. At all other locations, listed in Table X.l-1, trunnion Y0 travel 
shall be restricted as defined therein. 

Keel trunnion lengths and attach points shall be selected to meet the following 
criteria: 

a. Minimum trunnion length shall be such that retraction of the end of the 
trunnion into the attach fitting bearing due to combined Payload/Orbiter 
deflection shall be precluded. 

b. Maximum trunnion length shall be such that the end of the cargo element keel 
trunnion shall not contact Orbiter structure during combined cargo 
element/Orbiter 'together' deflection. The maximum stroke of the end of the 
trunnion shall be limited to the Z0 values presented in Table X.l-1 for 
given keel attach points. 

• 

Payload preliminary design shall be based upon the deflection limits defined in • 
Table X.l-2 for payload and Orbiter structure at the longeron and keel attach 
fittings. Payloads requiring larger portions of the total allowance must verify 
that no interference occurs between the payload and the Orbiter under dynamic 
conditions. Compatibility of the final payload design with Orbiter physical and 
structural capability shall be verified by Payload/Orbiter coupled dynamic and 
quasi-static deflection analyses. Deflection, as used here, includes thermal 
effects, the effects of mechanical loading and manufacturing tolerances. 
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TABLE X. 1-1 LONGERON AND KEEL TRUNNION MAXIMUM PENETRATION LIMITS 

• ---------------------------------------------------------------------------
LONGER ON KEEL LON GERON KEEL 

ATTACH Y0 LIMIT I Z0 LIMIT ATTACH I Y0 LIMIT I Z0 Limit . 
POINT (inches) I (inches) POINT I (inches) I (inches) . 

----------- ------------~------------!------------!------------!------------
155 * 299.95 198 99.50 295.00 
156 101.25 297.00 199 99.50 295.00 
1 57 100.75 298.87 200 101 . 25 295.00 
158 101.25 300.75 201 101 . 1 5 295.00 
159 101.25 * 202 101 . 25 * 
160 101 . 2 5 * 203 101 . 25 * 
163 101 . 25 * 206 101.25 * 
164 101 . 25 * 207 101.25 * 

I 165 100.00 295.00 208 101 . 25 320.50 
166 100.00 295.00 209 101 . 25 298.25 
167 100.00 295.00 210 100.75 296.00 
168 * 295.00 211 101 . 25 295.00 
169 * 295.00 212 99.50 295.00 
170 * 296.25 213 99.50 295.00 
171 * 298.00 214 101 . 25 298.75 
172 * 299.95 215 99.50 299.00 
177 101 . 25 * 216 99.50 299.00 
178 100.75 * 217 101 . 25 * 
179 101 . 25 * 218 101 . 25 * • 180 101.25 298.75 221 100.75 * 
181 101 . 25 295.00 222 101 . 25 I . * . 
182 101 . 25 295.00 223 101 . 25 298.50 
183 101 . 25 295.00 224 101 . 25 296.00 
184 101 . 25 295.00 225 101.25 295.00 
185 101.25 295.00 226 100.75 295.00 
186 * 295.00 227 101 . 25 295.00 
187 * 295.00 228 * 295.00 
188 101 . 25 * 229 * 295.00 
189 101.25 * 230 * 295.00 
192 101.25 * 234 101 . 25 * 
193 101.25 * 235 101.25 * 
194 101 . 25 299.62 236 99.50 * 
195 101 . 25 297.50 237 99.50 299.38 
196 100.75 295.25 238 101 . 25 299.00 
197 101 . 25 295.00 239 101 . 25 299.00 

----------------------------------------------------------------------------
* Attach point not available at those locations where asterisk appears . 

• 
ICD 2-19001 X-5 



TABLE X.1-1 LONGERON AND KEEL TRUNNION MAXIMUM PENETRATION LIMITS 
CONCLUDED 

• ---------------------------------------------------------------------------
LONGE RON KEEL LONGE RON KEEL 

ATTACH Y0 LIMIT I Z0 LIMIT ATTACH Y0 LIMIT I Z0 Limit . 
POINT (inches) I (inches) POINT (inches) I (inches) . I ___________ 

------------!------------!------------ ------------!------------240 101.25 299.00 283 101 . 25 295.00 
241 100.75 299.00 284 100.75 295.00 
242 99.50 299.00 285 101 . 25 295.00 
243 99.50 299.00 286 101 . 25 295.00 
244 * 299.00 287 101 . 25 * 
245 * 299.00 288 101 . 25 * 247 101 . 25 * 292 101 . 25 * 

I 250 101 . 25 * 293 101 . 25 298.25 
251 100.75 * 294 101 . 25 295.00 
252 101.25 300.00 295 101 . 25 295.00 
253 101 . 25 297.75 296 100.75 295.00 
254 101.25 295.37 297 101 . 25 295.00 
255 101.25 295.00 298 101 . 25 295.00 
256 100.75 295.00 299 101 . 25 298.37 
257 101.25 295.00 304 99.50 * 
258 101 . 25 295.00 305 99.50 * 
259 101.25 295.00 306 99.50 305. 18 
260 1 01 . 2 5 295.00 307 101.25 305.26 
261 99.50 295.00 308 101 . 25 305.34 • 262 99.50 * 309 100.75 305.42 
263 101 . 25 * 310 101 . 25 305.50 
266 101.25 * 311 101 . 25 305.58 
267 101.25 * 312 101 .25 * 
268 101 . 25 297.25 313 100.75 * 
269 100.75 295.00 314 1 01 . 2 5 * 
270 101 . 25 295.00 315 101 . 25 * 271 101 . 25 295.00 316 101 . 25 * 
272 101 . 25 295.00 322 101 . 25 * 
273 100.75 298.00 323 101.25 * 274 101.25 * 324 100.75 * 
277 101 . 25 * 325 101 . 25 * 
278 99.50 * 
279 99.50 * 
280 99.50 * 
281 101 . 25 295.00 
282 101.25 295.00 

----------------------------------------------------------------------------
*Attach point not available at those locations where asterisk appears. 
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TABLE X.1-2 PAYLOAD/ORBITER DEFLECTION LIMITS FOR 
PRELIMINARY DESIGN 

-----------------------------------------------------------------------------
DEFLECTION LIMITS -- INCHES 

!-------------------------------------------------------! 
MOTION TOGETHER MOTION APART 

!---------------------------!---------------------------! 
INTERFACE LOCATION ! PAYLOAD ! ORBITER TOTAL ! PAYLOAD ! ORBITER ! TOTAL ! 

!---------------------!---------!--------- -------!---------!---------!-------! 
! LONGERON TRUNNION 
! SPACING ~ 100 IN 0.93 2.07 3.00 ! 0.74 0. 76 1. 50 ! 
!---------------------!---------!--------- -------!--------- ---------!-------! 
! LONGERON TRUNNION 
! SPACING > 100 IN 0.93 2.07 3. 00 ! 1. 99 
!---------------------!---------!--------- -------!---------
! KEEL FITTING 
! FWD OF Xq 1191 1.32 1.18 2.50! 0.95 
!---------------------!---------!---------!-------!---------
! KEEL FITTING 
! AFT OF X0 1191 0.33 0.37 0. 70 ! 0.21 

. 0. 76 2.75 ! 
---------!-------! 

1".42 2.37 ! 
---------!-------! 

0.78 0.99 ! 
-----------------------------------------------------------------------------
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