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Reference Data Book

The Reference Data (REF DATA) Book contains

lists of critical inoperative equipment with the

loss of a bus or subbus and an ac/de power
outlet chart. There are also lists of input/
output (I/O) GPC parameters lost when selective

MDMs are inoperative. Additionally, there is

a list of all fault messages, C/W and fault

detection and annunciation (FDA) tables, and a

complete stowage list for crew equipment,
clothing, and FDF.

Systems Data Book

The Systems Data Book (SYS DATA) is a large
document containing selected schematics

of most orbiter systems and structures taken
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directly from the Space Shuttle Systems
Handbook. These schematics are augmented
by photographs of major components and

structures.

Data Processing System Dictionary

The Data Processing System Dictionary (DPS
DICT) contains a compendium and explanation
of all CRT displays onboard the orbiter. It also

has program notes on software limitations and

peculiarities with corrective instructions.

Payload Systems Data/Malfunction Book

The Payload Systems Data/Malfunction (PL
SYS DATA/MAL) Book, detailed in the Off-

Nominal section, can also be considered a

Reference document because of some of the

payload related data it contains.

Maps and Charts Book

The Maps and Charts Book contains landing
charts, an orbit map (with a movable 3 revolution

groundtrack), star charts, and a World Atlas.

The World Atlas also contains a list of Earth

sites for observation and photography. Although
the Maps and Charts Book controls these media,

they are stowed as separate items on the flight
deck and middeck.
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CONTENTS

BD RiRabricationt’ ses.tetestassats eecttessnsesses 3.5-1

Brelimtinaries.s......1: 2am -ssesesscnssstsasscesee3.5-1

BASIC sccccscccasteossaitccrecsacccscndsccesstocsssvasostcsic ems3.5-1

FDF Fabrication

Materials acquired for the fabrication of FDF articles
or for inflight supplies fall under four categories:

° Printed material (print shop products, photos,
maps)

¢ Commercial materials (paper boards, pens,
markers, ring binders)

e JSC Components (edge labels, map frames,

accessory bags)
;

* Certified and approved materials with Federal

Stock Numbers purchased through the JSC
“Stores Stock Catalog.

These items used by FDF Operations must be in

compliance with current safety, reliability, and

quality assurance (QA) standards, or in receipt of

a Material Usage Agreement (MUA) waiver.

Appendix G of the CPMP identifies the documents

containing these standards and describes the

physical dimensions of all JSC fabricated FDF

items used onboard the orbiter.

Considering the tremendous volume of critical

information being presented in the Shuttle FDF,
it is essential that special symbols be used to

abbreviate procedures.
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comma—read*... and...”

‘stash— read”...andlor..."
parentheses—read*..or.”

> oF Dchevron—read“exit”
checkmark—read"verity..."or"check..." or"checkwith>

+ plusfollowedbyspacethenvalue— readas“add”
+ plusfolowedbyvaluewithoutspace— readas“positive”

— __TTinusfollowedbyspacethenvalue— readasmathematical“subtract”
= _ Mirusfollowedbyvalvewithoutspace— readas“negative”
Tp arrow— upperiit exceeded

1 downarrow— lowerlimitexceeded

4 Gelta—read“change”
doubledot—Indicatesthatprecedingdataistobehighiightedinightbook
Yericaline—read”...or..."betweenalternateconditionalstatements
verticalbar— inpagemargintoindicatechangeinproceduresincslastpublication
otedbor— enclosesahernaieoroptionalsieps

‘verticalstars—bracketscontingencysteps
bax— CRTcallout

‘box— read“blockn”whichrelerstocorrespondingblockofprocedures

FDF Symbols

Preliminaries

The development of the FDF for a mission

normally starts about a year prior to the launch

date. The preliminary work for payloads and

Spacelab may start as much as 2 years prior to

launch. The earliest FDF official publications
(typically the Flight Plan and payload related

books) are designated as Preliminary documents.

These books are published approximately eight
months prior to the launch date, after the

Cargo Integration Review (CIR). Preliminary
documents are not under the formal change
control of the CPCB. Accordingly, they are

under continual development, and changes may
be made informally by any cognizant individual

by working through the Book Manager.

Basic

Approximately 4 months prior to the launch date,

the Basic editions of all flight specific/ supplement
FDF are published. The documents are now under

the configuration control of the CPCB and all

changes must be requested through formal

channels that include approval by cognizant
personnel. Generic documents are also subject

3.5-1 SCOM 1.0
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to these formal change requirements, although their

publication cycles are independent of mission

cycles, Only those Generic books thatincorporate
temporary flight-specific pages will normally
require changes during the FDF preparationfora

specificmission. About 3 weeksafterthe publication
of the Basic FDF document, a Flight Operations
Review (FOR) is held at JSC. The FOR is a formal

review of payload related documents that the flight
crew and ground controllers will use for training
and flight. It also provides a forum to verify that

authorized customer requirements have been met

and that safety and Shuttleoperationalrequirements
related to payload operations are correct.

Representatives from the Flight Crew Operations
and Mission Operations Directorates, Shuttle

Integration and Operations Office, customer

personnel, and other NASA personnel, as required,
are invited to attend. These representatives may
submit Discrepancy Notice (DN) forms regarding
additions (for existing requirements), deletions, or

modifications to any FDF document under review
for that specific flight. The DNs are evaluated by
the book manager who recommends approval,
disapproval, or withdrawal to the FOR “preboard.”
DNs recommended for disapproval or withdrawal
will be reviewed in “splinter” meetingsasrequired.Final action on all of the DNs is taken by the formal
FOR board, which is chaired by the Manager, Space
Shuttle Integration and Operations, and made up
of management personnel representing the mission
payload(s) and NASA directorates. DNs receiving
an approval will usually be incorporated into the
next publication cycle of the appropriatedocument. If the data are critical to crew training,the material will be immediately incorporated
into all pertinent training documents via
simulation packages (Sim Pacs),

482

Subsequent to the FOR, changes to FDF must be
made via a Crew Procedures Change Request, JSCForm 482-B. The 482 Process is detailed in CPMP
Appendix D. As before, anyone may submit a 482
requesting a change to a particular FOF document.The 482 will be reviewed by cognizant personneland approved or disapproved.Disapprovalbyanyone in the review process causes the 482 to be
dispositioned by the CPCB. There is an appellateProcess for 482’s disapproved at the CPCB through

the appropriate Level II board. An alternative

method of changing minor FDF material is available

via an EZ 482. This form requires much less review

and fewer signatures, but its use is quite limited.
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Approximately 4 months prior to flight, the

crew determines the allowable additions and

deletions to the quantities of FDF documents and

supplies they wish to have onboard.

Final

Approximately 6 weeks prior to flight, the Final

versions of flight specific/supplement FDF

documents are published. Changes can still be made

to the FDF after publication of the Final version via

a 482. Changes that affect a small percentage of the

pages ina book will normally be implemented with

a Page Change Notice (PCN). When more than one

half of the pages must be reprinted, or many affected

pages are scattered throughout a book, a complete
revision (REV) will be printed. Other authorized

changes may be implemented via an Errata Pack.

These changes may be pen and ink modifications

or reprints of a particular page. Technical

modifications of the flight documents by the crew

during their review will be promulgated in an Errata

Pack subsequent to the completion of a 482. A

duplicate copy of the FDF is available to the crew

while they are in quarantine at JSC. The prime and

an identical backup set of the FDF are configured
for flight and shipped to KSC separately.

Flight

The crew has access to the backup copy of the FDF

while in the crew quarters at KSC. On launch day,
FDF representatives turn over the carry-on FDF to

the Astronaut Support Person (ASP), who installs

the appropriate FDF documents for launch. The

suit technicians lay out the other carry-on FDF for

the crew to stow in their FDF bags. After the crew

has ingressed, the ASP makes the final installations

and adjustments of the cue cards, flip books, and

checklists. Although the number can vary slightly
for a particular mission or crew, at launch there are

about seven copies of the three ascent related

checklists, five flip books, and 34 cue cards out/
mounted for the crew’s use. The checklists are
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attached to lanyards, while the cue cards and flip
books are affixed with Velcro. Additional cue cards
and checklists are readily available to the crew in
the CDR/PLT’s FDF containers and the MS’s FDF

bags for certain ‘ow probability contingencies. The
CDR and PLT post insertion checklists are also
stowed in the FDF containers.

Approximately 1 hour after launch, when the crew

transitions to the Post Insertion Checklist, MS 3

retrieves selected FDF froma middeck locker. Items
not needed right away are usually placed in a

stowage bag on the back of the CDR or PLT’s seat.

At this time, ascent related material is stowed in a

helmet bag and placed into a “return to Houston”

stowage bag. Subsequent to Mission Control's “go
for orbit ops,” the crew may unstow additional FDF

as required. FDF control during the ori-orbit phase
of the mission is basically a crew decision. There

are certain contingency FDF documents (CONT

Deorbit, Entry, Entry PCL) that should be readily
available. Others may be mounted in a convenient

place in the orbiter, stowed ina temporary location,
or stowed in the FDF locker. Prior to the last sleep
cycle, the crew will begin the stowage of on-orbit

oriented FDF. During the deorbit preparation phase,
the crew stows the remainder of their on-orbit FDF

and installs the Deorbit and Entry Cue Cards, Flip
Books, and Checklists.

After landing, the ASP enters the orbiter and collects

the Deorbit and Entry FDF and places them in

“return to Houston” bags with the other FDF. They
are returned to Houston with the crew. Kneeboard

cards and other items of importance to the crew are

collected by the suit technicians and returned to

Houston as soon as possible. During postflight
debriefings, the crew has access to the flown FDF,

kneeboard cards, and microcassettes to help
reconstruct events of the mission. The flown FDF is

copied onto microfiche and after 6 months it is

transferred to the National Archives in Washington,
D.C. The backup copies are reused if feasible, or

destroyed. The crew may request portions of the

backup material as mementoes.
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SOFTWARE
FLIGHT DATA FILE

FLIGHT NT MAJOR MODE
* *

PHASE
MS

MORY SYSTEMS TROUBLESHOOTING

ee GNC MGMT FLIGHT PROCEDURES: PROCEDURES
*

Precount
Z bel

=

Ascent Checklist

Terminal Count 1
bm OIEE

=

1 102 - COR Flip BookEee
ee

Ascent FlipBook Pilot Flip en ind Stage 1 103 ta Cue Cards Pilot Overhead FlipBook

eSeee eel ae

Cue Cards

5 Orbital Insertion 1 104
=

9

Ascent Checklist
ae3 Orbit Circularization i 105 -

CueCards ee— :. it Pocket Checklis'
Post-Insertion Coast 1 106 - Post-Insertion Checklist

STS Malfunction Procedures

RTLS 2nd Stage 1 601 =m CDR Flip Book
pa

, Pilot Flip Book
Glide RTLS-1 1 602 Satie (Abc ie. Bem

Pilot Overhead Flip Book
TRS

Cue Cards
Glide RTLS-2 1 603 ~

2 201 -eek eees

Post Insertion Checklist
| Orbital Maneuver 2 202 - Flight Plan ;

-
e Orbit Operations Checklist oeeet

nC, a

=

On-Orbit Checkout 8 801 _ Payload Checklists8
D t Preparation

STS Malfunction Procedures

Orbit Operations 4,5 = 201,401 | Checklist

| Payload Bay Door Operations | 4,5 _ 202, 402
|

Deorbit Preparation Checklist

|
Predeorbit Coast 3 301 -

Entry Checklist

| Deorbit Maneuver 3 302 =]

Envy checkist Entry Pocket Checklist

Cue Cards Cue cards
| f Preentry Monitor 3 303 -

| &

| “|

cary Enty 3 304 =

CDR Flip Book
|

Rae

ie Cars)
Pilot Flip Book

| TAEM/anding 3 305 _

|
4 Pilot Overhead Flip Booki= Post-Landing 3 901 - Envy Checklist

Bie Gards

During ascent and entry, the Mission Specialist uses the AscenvEntry Systems Procedures.
* Major modes separated by a dashed line have automatic transitions from one to the next. Major Mode discussion is in Section 2.6, Data

Processing System,

Shuttle Mission Overview

SCOM 1.0

November 1991
3.5-4

Es‘ =



4. OPERATING LIMITATIONS
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4.2 Engine Limitations............ssccccccsee 4.2-]

4.3 Airspeed Limitations ..........ce 43-1

44 Angle of Attack Limitations . 44-1

4.5 Sideslip Limitations oooh 5-1
4.6 Dynamic Pressure Limitations.......4.6-1

4.7 Crosswind Limitations ...............0 4.7-1

4.8 Landing Weight Limitations 4.8-1

4.9 Descent Rate Limitations ... 49-1

4.10 Center of Gravity Limitations .....4.10-1

4.11 Acceleration Limitations................ 4.11-1

4.12 Weather Limitations ...........:scee 4.12-1

4. OPERATING LIMITATIONS

This section delineates limitations for selected
orbiter systems, equipment, and operations. It is
not all inclusive. Limitations which the flight crew

should be aware of have been emphasized. It must
be noted that operations up to and including the

given limits for one system may cause aviolation of
the limits for another. An example would be flying
at the flight control system maximum allowable
KEAS. This KEAS would overspeed the landing
gear with a lower maximum allowable KEAS.

“Limitations are those measurable or detectable operational limits, which

if exceeded, will affect crew safety or result in performancedegradation.”

4-1 SCOM 1.0
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CONTENTS

PDBSEEIHON sis stastsscscapncssexeane satedaxiGeesaxcsins 41-1

Peaateeycee 41-1

--4.1-2

Panel F6 Indicator

Panel F7 Meters

Panel F8 Meters... +4.1-5

Panel’ F9) Meters 047 s1icichistedccstseess 4.1-7

Panel O1 Meters

Panel O2 Meters ..

Panel O3 Meters ..

Description

Instrument markings reflect the normal range
(green) and upper/lower limits (red). Caution and

warning alarms/tones will normally sound at the

points marked in red. In some cases an SM alert

will sound prior to the limits on the meters being
reached. The meter indications in this section are

arbitrary and are not intended to reflect actual flight
conditions.

4. OPERATING LIMITATIONS
4.1 InstrumentMarkings

Panel F6 Indicator

Alpha/Mach Indicator

The maximum lift to drag (L/D) Mach/angle of
attack (alpha) limits for the Alpha/Mach indicator
are printed on an Entry Checklist cue card and
affixed by Velcro to the indicator. The maximum

L/Ds for Mach 3, 2.5, and 2 are indicated by black

rectangles. The regions surrounding the maximum
L/D zones are colored to show proper alpha ranges
for those speeds. The Mach 3 to 2.5 region is shaded

pink. The Mach 2.5 to 1 region is shaded green.
The Mach 2 to .5 region is shaded orange. The color
selection is strictly arbitrary.

a
GREENSX
ORANGE

Alpha/Mach Indicator with Cue Card Attached
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Panel F7 Meters
OMS PRESS N2/He Tank Meter

i Separate N2 and He pressure sensors (left and right) €
CO eee wr aewinethrough a DSC to the meter and GPCs.

ane Redundant pressure sensors provide the pressure
i

he GNC SYS SUMM 2

High/low limits are indicated by: ae
for N2 and He on the

OMS PRESS Pc Meter

The left and right Pc (thrust chamber pressure) is

measured by a sensor that is routed through a [Nae inp

ee
dedicated signal conditioner (DSC) before beingdis- LEFTIKIT GH

played on the Pc Meter and sent to the GPCs.

ie ee ee

RIGHT

g

totitii
tii
th

100

&

°

OMS PRESS PC Meter

OMS PRESS N2/He TANK Meter

[METERMARKINGS(S)MARKING EXPLANATION(S)

|
95 — 110% Pe (green) | Normal operating range

| 80% (red) Low limit (Class 2 CW);
72% allowed during ullage blowdown METER MARKINGS(S)|__ MARKING EXPLANATION(S)

:

1500 psia (green) Low limit (Class 3 C/
105% Pc = approximately 131 psia chamber

_

pressure 750 psia (red) 110 psia above tank fail limit }He
|

i
(640 psia)

80% Pc = approximately 100 psia chamber
| pressure 1200 psia (unmarked) | Low limit (Class 3 C-W)

720 psia (red) 280 psia above tank fail limit }n,
(470 psia)
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MPS PRESS Pc Meter

The left, center, and right Pc (thrust chamber

pressure) are measured by a sensor that is wired

via the GPCs through flight forward multiplexer
demultiplexer (MDM) 2, 1, or 3 respectively, to the
Pc meter. Power failure of an MDM or a data path
failure will cause the affected Pc meter to drop to

zero. GPC failure and some flight forward MDM

failures can cause the affected Pc reading to freeze.

x
isaiamiaice StnAl

L c R

MPS PRESS Pc Meter

METER MARKINGS(S) MARKING EXPLANATION(S)

65 — 104% Pc (green) | Normal operating range (104% is

the nominal maximum with power

available up to 109%)

104% Pc = approximately 3,126 psi chamber

pressure

109% Pc = approximately 3,276 psi chamber

pressure

4. OPERATING LIMITATIONS
4.1 Instrument Markings

WARNING

MDM power failure can cause MPS Pc in-

dication to drop to zero. Confirm engine
failure with acceleration cues, MPS He con-

sumption, or MCC call. |

WARNING

flight beyond a power level of 104 percent.

]

|

MPS performance has not been verified in |

MPS PRESS ENG MANF Meter

The LO, and LH, manifold pressures are measured

by a single transducer in each LO, and LH, line

between the ET and SSMEs. The data is sent

directly to the meter and through an MDM to CRT

display BFS GNC SYS SUMM 1.

4.1-3 SCOM 1.0

November 1991



4, OPERATING LIMITATIONS

4.1 Instrument Markings

MPS PRESS ENG MANF Meter

The LO, and LH, manifold pressures are measured

by a single transducer in each LO, and LH, line

between the ET and SSMEs. The data is sent

directly to the meter and through an MDM to CRT

display BFS GNC SYS SUMM 1.

—
[——ENG MANF——,

LO2 LH2

a aieeee
MARKING EXPLANATION(S)

|

}Normal operating range for LO,

| 249 psia (red) High limit (Class 2 CW) for LO,
30 — 4S psia (green) | Normal operating range for LH,

MPS PRESS HELIUM Meter

The pneumatic, left, center, and right He tank

pressures are measured by a single sensor in each

system manifold. Data is sent directly to the meter

and through an MDM to the GPCs. The data are

available on this meter (TANK selected) by reading
the upper (non-boxed) numbers x 100 and on CRT

display BFS GNC SYS SUMM 1.

The Pneumatic regulator, Left, Center, and Right
He Regulator A pressures are measured bya single
sensor downstream of each regulator. Data is sent

directly to the meter and through an MDM to the

GPCs. The data are available on this meter (REG

selected) by reading the boxed numbers x 100 and

on CRT display BFS GNC SYS SUMM 1.

i
-——HELIuM—_,
PNEU L c oR

60 psia (red) High limit (Class 2 CW) tor LH,

REG

a

MPS PRESS HELIUM Meter
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METER MARKINGS(S) MARKING EXPLANATION(S)

(TANK) (TANK)
1150 psia (red) Low limit (Class 2 CW)

(REGULATOR) (REGULATOR)

810 psia (red) High limit (Class 2 CW)

680 psia (red) Low limit (Class 2C/W)

R Regulator

Panel F8 Meters

HYDRAULIC PRESSURE Meter

Three sensors in each hydraulic system measure

the fluid pressure. The “A” sensor is wired through
a DSC to the HYDRAULIC PRESSURE meter while

the “B” sensor provides inputs for CRT displays
SM SYS SUMM 2, SPEC 87 APU/HYD and SPEC

87 HYD THERMAL. Mission Control has access to

the data from the “C” sensor via downlist data. All

three sensors are used for priority rate limiting
(PRL). PRL status is available on CRT display
OVERRIDE (SPEC 51).

ph
,——PRESSURE——

HYDRAULIC PRESSURE Meter

4. OPERATING LIMITATIONS
4.1 Instrument Markings

METER MARKINGS(S) MARKING EXPLANATION(S)

2900 — 3200 psia Normal operating range
(green)

2400 psia (red) Low limit (Class 2 CW)

500 — 1000 psia Normal “low pressure” operating

(green) range

HYDRAULIC QUANTITY Meter

A sensor located in each of the three hydraulic
reservoirs provides the information displayed on

the HYDRAULIC QUANTITY Meter and on CRT

displays SM SYS SUMM 2 and SPEC 86 APU/
HYD. Data is sent to the meter and GPCs via a

DSC. It is also sent to the GPCs via an orbiter

instrumentation MDM.

HYDRAULIC QUANTITY Meter

METER MARKINGS(S)

40 — 80% (green)

MARKING EXPLANATION(S)

Normal operating range
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APU EGT, FUEL PRESS,
OIL TEMP Meter

APU EGT

There are two EGT sensors in each of the three APU

turbines. Data from one sensor is routed through a

DSC and displayed on the EGT meter and CRT

displays SM SYSSUMM 2and SPEC 86APU/HYD.
The redundant sensor does not provide data to the

meter.

—
FUEL Ol

EGT PRESS TEMP

APU EGT, FUEL PRESS, OIL TEMP Meter

METER MARKINGS(S) MARKING EXPLANATION(S)
I

700° — 1160° F (green)| Normal Operating range

1260° F (red) High limit (see NOTE)

NOTE

Data from the EGT transducers has often

been unreliable. Consequently, EGT “out

of limits” data from the transducers require
verification from other sources and will not

activate the C/W system.

Fuel Pressure

There are two sensors: one on the N, side and one

on the fuel side. Both go to the CRT display, SPEC

86 APU/HYD, but only the N, side sensor goes to

the meter via a DSC.

MARKING EXPLANATION(S)

Normal operating range; however, it

would require multiple failures before

the pressure could reach 50. SM alert

sounds at 100 and 350 psia

METER MARKINGS(S)

50 — 370 (green)

110 psia (red) Low limit for hot restart

Oil Temperature

The temperature of the oil in the three APUs is

measured by sensors located upstream and down-

stream of the water spray boilers. The data from
the downstream sensor is routed to the OIL TEMP

Meter via a DSC. CRT displays SM SYS SUMM 2
and SPEC 86 APU/HYD show data from both
sensors.

METER MARKINGS(S)

50° — 70° F (green)

MARKING EXPLANATION(S)

Normal operating range when APUs
are off

200° — 270° F (green) | Normal Operating range when APUs

are running

290° F (red) High limit (Class 2 C/W)

SCOM 1.0
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Panel F9 Meters DC VOLTS Meter

AC VOLTS Meter DC voltage is readdirectly at each fuel cell, main
bus, and essential bus. The data is routed to the
meter and to CRT displays SM SYS SUMM 1, SPECCphase voltage(A,B,andC) isreaddirectly atfine BUSS egy bane C18 Teed durecny, a
67 ELECTRIC,and SPEC69FUELCELLS.each of the three buses. There is no AC AMPS

meter for the AC system that monitors AC current.

The data is sent to this meter and to CRT displays
SM SYS SUMM 1 and SM SPEC 67 ELECTRIC.

@
AC VOLTS Meter

MAINVOLTS

SIGNAL yo a?
STRENGTH

2

METER MARKINGS(S) | __MARKING EXPLANATION(S) i / 308 1
115 — 119 (green) Normal operating range ESS FUEL

VOLTS peel123 (red Highlimit (Class 2C 2CA' |vad pat °

VOLTS/
108 (red) Low limit (Class 2 C/W) AMP

1B Sy

e

N
DC VOLTS Meter

METER MARKINGS(S) | MARKING EXPLANATION(S)

28 — 32 (green) Normal operating range (SM alert

at 32.5)

26.4 (red) Low limit (Class 2 CAV) |
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DC AMPS/SIG STR Meter

A current sensor for each of the three fuel cells

provides an input to the DC AMPS/SIG STR

Meter. (“SIG STR” refers to S-band signal strength
which is also monitored on this meter.) Essential

and main bus current are not monitored. The data

also appears on CRT displays SM SYS SUMM 1,

SPEC 67 ELECTRIC, and SPEC 69 FUEL CELLS.

°

“aieZ MAINPoul
A

|

| SIGNAL a
| STRENGTH

c

| Lf
3A8, N’

ESS FUEL

|
VOLTS CELL

| | |
2ca 2. |

i a VOLTS!

AMP

DC AMPS/SIG STR Meter

|METER MARKINGS(S)

| 90 — 350 A (green)

MARKING EXPLANATION(S)

Normal operating range

Panel O1 Meters

AIR TEMP, H,O PUMP OUT

PRESS Meter

Cabin Heat Exchanger Air Temperature

Temperature data from a sensor downstream from

the cabin heat exchanger is sent directly to the dual

function AIR TEMP Meter and is also available on

CRT displays SM SYS SUMM 1 and SPEC 66

ENVIRONMENT.

i Ce CRE
AIR PUMP OUT

PRESSTEMP

1

X .

‘AV BAY_

AIR TEMP, H 50 PUMP OUT PRESS Meter

METER MARKINGS(S)
50° — 60° F (green)

MARKING EXPLANATION(S)

Normal operating range
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Avionics Bay Air Temperature

Temperature data from a sensor located down-
stream of the avionics bay fans is sent directly to

the AIR TEMP Meter. This data is also available
on CRT displays SM SYS SUMM2 and SPEC 66
ENVIRONMENT.

METER MARKINGS(S)

75° — 110° F (green)

MARKING EXPLANATION(S)

Normal operating range

130° F (red) High limit for avionics bay air temp
(Class 2 CW)

H,O Pump Out Pressure

Sensors in water loops 1 and 2 send data to this

meter via a DSC and to CRT displays SM SYSSUMM
2 and SPEC 88 APU/ENVIRON THERM via an

MDM. Certain preconditions must exist for the

C/W system to activate at the values listed below.
Those preconditions may be found in the FDF

Reference Data book.

METER MARKINGS(S)

Loop

MARKING EXPLANATION(S)

55 — 65 psia (green) Normal operating range

55 — 65 psia (green)

81 psia (red)

45 psia (red)

79.5 (unmarked) High limit (Class 2 CW)

19.5 psia (red) Low limit (Class 2 CW)

Loop 2
Normal operating range

High limit (Class 2 CW)

Low limit (Class 2 CW)

4. OPERATING LIMITATIONS
4.1 InstrumentMarkings

NOTE

SM Alerts will occur at 75 psia (high)
and 50 or 20 psia (low), depending on

preconditions, for both loops.

4.1-9 SCOM 1.0
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4, OPERATING LIMITATIONS

4.1 InstrumentMarkings

FREON FLOW, METER MARKINGS(S) | __MARKING EXPLANATION(S)

EVAP OUT TEMP Meter 2300 — 2500 psia Normal operating range (Flow

(green) Proportioning Valve in Payload (PL),

Flow
SM alert at 1300 psia)

1400 — 2200 psia Normal operating range (Flow

A sensor located upstream from the H2O/Freon (green) sotae a ee
i

i
. al S|

Interchanger in Freon Loops 1 and 2 provides a one ser eeatshratiee

readout of Freon interchanger flow directly to the toreflect CWlimits)

meter and to CRT displays SM SYS SUMM 2 and
;

SPEC 88 APU/ENVIRON THERM.
1200 pela (red) Low limit (Class 2 CW)

B Bypass

R Radiator

Evaporator Out Temperature

A sensor located downstream from the flash

evaporator in each Freon Loop 1 and 2 provides
data directly to the meter and to CRT displays SM

SYS SUMM 2 and SPEC 88 APU/ENVIRON
THERM.

METER MARKINGS(S) MARKING EXPLANATION(S)

38° — 40° F (green) Normal operating range

65° F (red) High limit (Class 2 CW)

32° F (red) Low limit (Class 2 CW)

FREON FLOW, EVAP OUT TEMP Meter

SCOM 1.0

November 1991
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4. OPERATING LIMITATIONS
4.1 Instrument Markings

CABIN dP/dT PSIA/MIN,
02/N2 FLOW Meter

METER MARKINGS(S)| __MARKING EXPLANATION(S)
0.0 psia (green) Normal operating range

Cabin dP/dT -0.08 psia (red) Low limit (Class 2 CW)

The indication on this meter is a direct readout
of the dP/dT sensor. The data is also transmitted O2IN2 Flow

to CRT displays SM SYS SUMM 1 and SPEC 66
‘

ENVIRONMENT. The CRT displays also contain An O2 and N2 flow sensor in each of the two

an additional backup dP/dT supplied by PressureControl Systems (4 total) send data

computations. directly to the O2/N2 FLOW Meter. The readings
are also available on CRT displays SM SYS SUMM
1 and SPEC 66 ENVIRONMENT.

IN METER MARKINGS(S) MARKING EXPLANATION(S)

0.0 — 0.75 pph (green) | Normal operating range
CABIN

dP/ST O22 4.9 pph (red) High limit (Class 2 CW)
PSIAMIN FLOW

>

2

=
=

oF a‘ No Op SYS2

sys1_ 25

NY
CABIN dP/dT PSIA/MIN, O2/N2 FLOW Meter

Tu
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4, OPERATING LIMITATIONS

4.1 InstrumentMarkings

CABIN PRESS, PPO, Meter

Cabin Pressure

A cabin pressure sensor provides a direct

Dual selectable sensors (A or B) send data directly
to this meter and for CRT displays SM SYS

SUMM 1 and SPEC 66 ENVIRONMENT.

indication for this meter and for CRT displays SM

SYS SUMM 1 and SPEC 66 ENVIRONMENT.

(The airlock pressure on the CRT ENVIRONMENT

display can be used as a backup.)

SENSOR B

NI
CABIN PRESS, PPO 2Meter

PPO.
2

METER MARKINGS(S) MARKING EXPLANATION(S)

2.95 — 3.45 psia Normal operating range

(green)

3.6 psia (red) High limit (Class 2 C/W)

2.7 psia (red) Low limit (Class 2 C/W)

METER MARKINGS(S) MARKING EXPLANATION(S)

ees
14.7 psia Normal operating range

15.2 psia (red) High limit (Class 2 CW)

13.8 psia (red) Low limit (Class 2 CW)

SCOM 1.0

November 1991
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Panel O2 Meters

CRYO O, HTRASSY TEMP Meter

A temperature sensor in each of the eight O2 tank

heater assemblies monitors the temperature of

warmed O2 and sends the data via a DSC to this

meter and CRT displays SM SYS SUMM 2 and SPEC

68 CRYO SYSTEM.

CRYO O2 HTR ASSY TEMP Meter

4. OPERATING LIMITATIONS
4.1 Instrument Markings

METER MARKINGS(S) MARKING EXPLANATION(S)
~300° — +200° F Normal operating range
(green)

+ 349° F (red) High limit (Class 2 C/w)

NOTE

For OV-105, the METER TANK SELECT
switch will show HTRS 1 and 2 for tank 5 as

well.

4.1-13 SCOM 1.0
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4, OPERATING LIMITATIONS

4.1 Instrument Markings

CRYO O, PRESS Meter NOTE

One sensor for each of the O, tanks provides SM alerts occur at 960 psia (high) and 575

pressure data via a DSC to the meter and SM
psia (low),withheatersnotin AUTO or740

program while another sensor (heater controller) psia (low) with A or B heater in AUTO.

sends data to CRT displays SM SYS SUMM 2 and

SC CRYO H, PRESS Meter

One sensor for each of the H, tanks provides
pressure data to the meter via a DSC and SM

software while another sensor (heater controller)

sends data to CRT displays SM SYS SUMM 2 and

SPEC 68 CRYO SYSTEM.

™2 %1™%3

CRYO O, PRESS Meter

™1 ™K4

™HK2 1K3

METER MARKINGS(S) MARKINGEXPLANATION(S)
802 — 930 psia (green) | Normal operating range

ee

we
eres

985 psia (red) High limit (Class 2 Cw)

540 psia (red) Low limit (Class 2 CW)

SCOM 1.0
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NOTE

Tank 5 SELECT position is included on

OV-105.

METER MARKINGS(S) MARKING EXPLANATION(S)
200 — 250 psia (green)

293.8 psia (red)

153 psia (red)

Normal operating range

High limit (Class 2 CW)

Low limit (Class 2 CW)

NOTE

SM alerts occur at 283 psia (high) and

165 psia (low) with heaters not in AUTO,
or 189.8 psia (low) with A or B heater in

AUTO.

CRYO FUEL CELL

STACK TEMP Meter

A sensor in each of the three Fuel Cell systems
measures the temperature of the coolant leaving
the fuel cell stack and sends the data via a DSC to

this meter and CRT displays SM SYS SUMM 1 and

SPEC 69 FUEL CELLS.

4. OPERATING LIMITATIONS
4.1 Instrument Markings

200

CRYO FUEL CELL STACK TEMP Meter

METER MARKINGS(S) MARKING EXPLANATION(S)

243.7° F (red)

172.5° F (red)

190° — 225° F (green) Normal operating range

High limit (Class 2 C/W)

Low limit (Class 2 C/W)

NOTE

SM alerts occur at:

High

(1) 219°F

(2) 222°F

(3) 238°F

Low If FC Outputis:

180°F Less than 3.5 kW

190°F 3.5—7.5kW

198°F More than 7.5kW

41-15 SCOM 1.0
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4, OPERATING LIMITATIONS

4.1 Instrument Markings

Panel O3 Meters

RCS/OMS PRESS LEFT/FWD/

RIGHT OXID, FUEL Meter

RCS Pressure

RCS oxidizer, fuel, and helium (X10) pressures are

displayed for the left, forward, and right systems

by way of dual sensors. One sensor sends data via

a DSC to the meter and CRT display SPEC 23 RCS

while the other routes data via a DSC to CRT

display GNC SYS SUMM 2. RCS pressure limits/

normal ranges are marked on the left side of the

meters and are identical for oxidizer and fuel.

NOTE

There are no He limits marked on the

meters. An SM alert is generated if He

pressure reaches 500 psia (low).

METER MARKINGS(S) MARKING EXPLANATION(S)

235 — 255 psia (green) | Normal operating range

312 psia (red) High limit (Class 2 CW)

Low limit (Class 2 C/W)200 psia (red)

OMS Pressure

OMS oxidizer and fuel pressures are displayed for

the left and right systems by way of a single sensor

in each tank. The sensors send data via a DSC to

the meters and CRT display GNC SYS SUMM 2.

OMS limits/normal ranges are marked on the right
side of the meters and are identical for oxidizer and

fuel.

METER MARKINGS(S) MARKING EXPLANATION(S)

245 —255 psia (green) | Normal operating range

284 psia (red) High limit (Class 3 C/W; Class 2 and

BFS CW at 288 psia)

. 232 psia (red) Low limit (Class 2 hardware C/W;
software 234 psia)

LEFT — FwoxiT —— RIGHT

ee) FUEL oxio FUEL Oxio FUEL

ee

PSIA PSIA

TEN htt
aay

Beeler

| ee Saeee
e 2 = 3

EaxSl | Hee3

Eso F 104
|

E
ies Ea 4

a0 Facog =

aee—9

He x10

pret
OMS PRPLT

cS,

RCS/OMS PRESS LEFT/FWD/RIGHTOXID, FUEL Meter
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4.2 ENGINE LIMITATIONS

CONTENTS

Space Shuttle Main Engines ............ses-- 4.2-1

Orbital Maneuvering System .........:.-.+0 4.2-2

Reaction Control System .......ssssssssscesseene 4.2-3

Space Shuttle Main Engines (SSME)

Power

The SSME are designed to operate from 65 percent
Pc to 109 percent Pc above 8,700 MSL. The GPC’s
can command the engines only within this Pc range.
The following chart shows minimum Pc’s for

altitudes below 20,000 ft. MSL. The engines are

limited to 736 seconds of operation in the range of

65 percent to 104 percent Pc.

WARNING

Shuttle MPS in flight performance has not

been verified beyond a power level of 104

percent Pc.

109

eo) ACCEPTABLE

OPERATING

C) RANGE

De

z
a
g
a

q 0

2 «0 65% AT 8,700 FT

2
2 20
a

0 Ree ee eee eee
0 5,000 10,000 15,000 20,000

ALTITUDE (FT)

MINIMUM THROTTLE VS. ALTITUDE CONSTRAINT

MINIMUM MAIN ENGINE ALTITUDE
POWER LEVEL ABOVE SEA LEVEL

(RPL) a)

90.0 °

82.0 2,500

76.0 5,000

68.0 7,500

65.0 28,700

Pc Chart

4. OPERATING LIMITATIONS
4.2 Engine Limitations

Engine Temperature

There are no SSME temperatures monitored on

orbiter meters or CRT’s. Mission Control Center
(MCC) personnel monitor three critical engine
temperatures: high pressure fuel turbopump
(HPFT)-high temperature, high Pressure oxidizer

turbopump (HPOT)-high temperature, and HPOT
low temperature. Temperatures exceeding any of
the limits will result in a main engine shutdown
unless the crew has inhibited the shutdown limits.
The red main engine (ME) light will illuminate
regardless of the position of the LIMIT SHUT
DOWN switch if any one of these limits is exceeded.

Engine Propellant Pressure and Temperature

In addition to the main propulsion system (MPS)
manifold LH2 and LO2 pressure limits indicated
on the ENG MANF Meter (panel F7), an SM alert
will sound if MPS ullage pressure for LH2 or LO2
reaches the indicated maximums/minimums: LH2
46 psi/31.6 psi, LO2 29 psi/0 psi. MCC personnel
monitor additional data not available on crew CRTs
such as HPFT coolant liner pressure-high, HPOT
intermediate seal purge pressure-low, HPOT

secondary seal pressure-high, and main combustion

chamber pressure-low. Pressures exceeding any of

the limits will result in a main engine shutdown

unless the crew has inhibited the shutdown limits.

The red ME light will illuminate regardless of the

position of the LIMIT SHUT DOWN switch.

Engine Nozzle Position

The MPS nozzles have sufficient dynamic envelope
such that they can collide with one another, OMS

engine nozzles or pods (upper SSME), or the body
flap (lower SSMEs). The crew cannot monitor this

envelope. Post MECO, the GPC’s will position the

nozzles to prevent interference and control entry

heating on the lower engine nozzles. SODB Vol 1,

section 3, and The Shuttle Performance Analysis
Databook (SPAD), Chapter 6, graphically depict the

nozzle envelopes.

Engine He Pressure

In addition to the MPS He Regulator pressure limits

indicated on the MPS HE REG A Meter (panel F7),

an SM alert will sound if the Regulator A pressure
reaches 806 (high) or drops to 679 (low). He

4.2-1 SCOM 1.0
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4, OPERATING LIMITATIONS

4.2 Engine Limitations

Regulator B data is only available on CRT display
BFS GNC SYS SUMM 1and has no C/W limits.

Pneumatic He accumulator pressure isalsoavailable
on this CRT display.

SM Alert for Engine He Pressure

Accum low — 700 psi

Reg low — 700psi

Reg high — 806psi

TK low — 3800 psi

An SM alert will also sound if the He dP/dT exceeds

20 psi per 3 second sample.

Engine AC Power

Main engine controller operation requires that all

three AC phases and voltages must not fall below

100 volts (root mean square) for longer than 500

msec. Should this happen, channel switchover (A
8) or engine shutdown will occur. An electronic

lockup can occur if the main engine controller loses

both channels of Pc or fuel flow data. This will

ise the controller to maintain the last commanded

ottle position. The crew will see the

responding amber MAIN ENGINE STATUS

lightilluminate and an MPS ELEC (L,R,C) message.

Engine Hydraulics

If the hydraulic pressure drops to approximately
200 psig a shuttle valve will shut off the inlet and

yutlet hydraulic lines to all five affected SSME
control valves freezing the engine at the last
commanded throttle position. This is reversible if

system pressure recovers above approximately 1200

psig prior to the main controller issuing a throttle
command. Engine throttle commands during this
“soft lockup” will cause the engine to enter a “hard
lockup” that is not reversible. The throttle will
retain the last commanded position (prior to entry
into “soft” lockup). The crew will see the

correspondinging amber MAIN ENGINE STATUS
light illuminate and an MPS HYD (L,R,C)message.Affected engine shutdown will be either automaticor manual based on a vehicle performance
assessment by the Flight Dynamics Officer.

SCOM 1.0
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Orbital Maneuvering System (OMS)

Engines

Engine Chamber Pressure

There is no maximum Pc for the OMS engines due

to the stoichiometry of the fuel/oxidizer mixture.

Except during ullage blowdown, the OMS Pc should

never fall below 80 percent. Operation with low Pc

may cause engine damage or combustion instability.

Engine Operations

The engines are not rated for use below 70K feet

due to exhaust flow separation and damage to the

nozzles. With normal engine shutdown purge the

following limitations apply: (1) Engine firings of

less than 2 seconds are prohibited due to possible
propellant freezing or hard starts. (2) The minimum

engine off-time between firings is 240 seconds for

normal operations and 30 seconds for launch abort

operations (15 second minimum burn) due to

possible propellant freezing or hard starts. Without

normal engine shutdown purge, the off-time

increases to 10 minutes (for burns more than 10

seconds).

CAUTION

OMS engines must never be interconnected

to use RCS propellant during OMS burns

due to the smaller volume of the RCS tanks

and the large propellant flow required by
the OMS engines. RCS propellant tank

damage will result.

Engine Temperature

The only OMS temperature monitored is the fuel

injector temperature. This temperature is used to

assess engine burn stability.

A fault message will be generated if the fuel injector
temperature in either OMS pod exceeds 260° F
(indicative of low or high fuel inlet pressure).

4.2-2



Engine Propellant

If the OMS propellant quantity is less than 11

percent, an RCS settling burn should be

accomplished prior to OMS ignition. OMS

propellant quantity should be less than 22 percent
to remain within the structural limit for landing.

Engine Nozzle Position

If a nozzle moves more than .7 degrees from its

stowed position, a fault message will be generated
to the ground and crew. If MCC is satisfied that it

has moved more than 1.5 degrees inboard or up
during the maximum q-bar regime of ascent, then
the OMS engine will not be fired.

Engine N2 Pressure

The minimum nitrogen pressure for starting an OMS

engine is 299 psi (254 psi for contingencies though
abnormal start could occur). The maximum number

of starts that can be supported with the N2 system
is 17.

Reaction Control System (RCS) Jets

Jet Operations

The maximum nominal firing duration for forward
and aft primary jets is 150 seconds, or 300 (-X
forward RCS) and 800 (+X aft RCS) seconds for

contingencies. Verniers are limited to 125 seconds

under all conditions. The GPC’s will limit the

numberof simultaneous jet firings. The limit varies

from 4 to 7 jets per pod, depending on propellant
quantity, flight phase (mated coast, ET Sep, dump,
etc.), and abort mode (norm, RTLS, TAL, etc.). A

nominal ET separation requires the use of RCS from

all three pods. On entry, the aft yaw jets are

generally limited to 70K feet. All other aft jets are

limited to 165k feet. Forward jets are limited to

165K feet for ascent and abort and 400K feet for

entry except for program test inputs (PTIs).

4. OPERATING LIMITATIONS
4.2 Engine Limitations

ET SEPARATION RCS REQUIREMENTS

Jet Minimum Requirements

Group Nominal RTILS

FWD down 1 3

AFT lett 1 3

AFT right 1 3

AFT up ‘side Zside

AFT down | ‘1/side aside

FWD yaw = side

ET Separation Chart

Jet Propellant

The propellant tanks are not usable if pressure is
less than 185 psi. During ascent and orbit (also

entry when g load is low) the maximum allowable

pressure differential between tanks prior to

initiating a crossfeed is 80 psi. When acceleration is

between 0 and 1.5 g’s, the maximum differential is
55 psi. The maximum acceleration for initiating a

crossfeed is 1.5 g. A minimum of 1405 Ib of aft

propellant is required for entry from orbital

inclinations of 28.45 degrees through 30 degrees.
An additional 200 Ib is redlined for entry from

inclinations greater than 30 degrees.

RCS He Tank Pressure

The He tanks are considered lost if pressure is less

than 456 psi.

4.2-3 SCOM 1.0
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4.3 AIRSPEED LIMITATIONS

CONTENTS

ASCENE osenesosevessesnssncssscoseesssessnsessesnsonsrncesseraee 43-1

EMUy sssssssconsecsssssesssnsnscesssnnscecsssnessennnsscenne :-4.3-1
Approach and Landing .......--ssssssceceesnees 43-1

Ascent

The maximum airspeed (based on the q-bar limit

of 819 psf) for OV 103, 104, and 105 is 492 KEAS

where KEAS = Vq-barx 17.18). The OV 102 limit is

483 KEAS. These limits are based on thermal

protection system (TPS) constraints. Flight design

planning for each mission keeps the vehicle’s

airspeed (via q-bar) below about 465 KEAS.

& UOFERALING LIMIL ALMONDS

4.3 Airspeed Limitations

Approach and Landing

The maximum speed in the landing configuration
is 297 KEAS due to the restriction of q-bar on the

landing gear doors (300 psf).

The minimum speed for a 207,000 lb vehicle at

touchdown in the nominal landing configuration is

approximately is 151 KEAS due to potential body
flap or elevon scrape.

The maximum main gear touchdown groundspeed
of 225 kts must be converted for temperature and

density variations to arrive at the maximum KEAS

airspeed. The maximum nose gear tire speed is

217 kts, but aerodynamic loads (due to negative
alpha), occurring just prior to nose gear touchdown

dictate touchdown with nose gear at much lower

speeds(maximumto date 182 KGS).

There is no official minimum airspeed
for ascent. There is, however, a minimum

orbit (dictated by flight rule) that

designates 80 nm as the minimum

acceptable altitude. This altitude (given
a minimum apogee of 155 nm) assures at

least 48 hours before orbital decay to

400,000 ft. (A 105 nm X 85 nm orbit can

be tolerated for a few hours before the

orbiter must deorbit or raise the perigee.)
The minimum circular orbit allowed by

flight rule is 105 nm.
3 Ground

Speed
VG

~

knots

160

Entry
140

The maximum speed during entry is also

a function of q-bar which varies during
the descent profile. Itreaches amaximum

value at 342 psf or 318 KEAS.

240

180

Max. Ground Speed at

/ MG Touchdown = 225 kt

ss Oe NN NERNNNUNS

S.L. Siandard Day

Vg =1.0 VE

S.L. Hot Day (103°)

Vg = 1.0418 Ve

Edwards AFB Ho! Day

VG= 1.0967 Ve (Alt =2316 fl)

White Sands MR Hot Day.

VG = 1.1333 VE (All = 4101 f)

140 160 180 200 220 240

Equivalent Airspeed V —
~ knots

The minimum speed during entry
(subsonic) is approximately 151 KEAS fora 207,000

Ib vehicle. This speed is based on the maximum

usable angle of attack (alpha) which prevents the

orbiter from flying on the back side of the lift-to-

drag (L/D) curve.

GS vs EAS

4.3-1
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44 ANGLE OF ATTACK

LIMITATIONS

4. OPERATING LIIMITATIONS
44 Angle of Attack

CONTENTS

Ei triy/ionerceorreceerce meeee 44-1

Approach and Landing .........-ssesssessessenes 4.4-1

Entry

The maximum alpha for the orbiter during
entry is designed to protect the TPS,
maintain control in the three axes, meet

structural requirements during venting,
assure aerosurface hinge moments remain

within limits, and keep the orbiter within

guidance limits. Consequently, the alpha
limits may be well below the maximum

usable alphas.

The minimum alpha used in the aero

database is -10 degrees.

Approach and Landing

The maximum usable alpha during
approach and landing is 20 degrees until

final flare, when the alpha must be limited

to about 14.7 degrees to prevent body flap
or elevon scrape.

f

40

3

8

ANGLE
OF
ATTACK
(DEG)

3

ALPHA
(DEG)8

8

Beet eee oe eR PE e
MACHNUMBER

wo 11

NOTES:

© FUGHT CONTROL SYSTEM DESIGN REQUIREMENT

@ cry dvnamc

© VENTING, HINGE MOMENT

@ suiDance REQUIREMENT

Orbiter Design Angle of Attack Lim

BACK SIDE OFFRONT SDE OF

powercurve——S— powercunve

MACH NUMBER

+ Orbiter flies back side of power curve (increasing alpha implies increasing /D) at Mach » 3.5

* Orbiterfiestrontsideofpowercurveat Mach« 3.5.

* Thermal or q-bar constraints prevent fying max L/D alphas unt! Mach 3.

Orbiter Nominal Angle of Attack Profile

its

cron
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4. OPERATING LIMITATIONS
45 Sideslip

4.5 SIDESLIP LIMITATIONS RCS jet firings if steady state sideslip exceeds 2

degrees, one or more yaw jets fire continuously, or

Numerous sideslip limitations for the variousascent _ if scaled Ay (sensed lateral acceleration) exceeds

flight phases (SRB separation, ET separation, aborts, the 2 jet capability.
etc.) are available in the Shuttle Performance °

Assessment Databook (SPAD). During entry (2< In the landing configuration the maximum sideslip
Mach <12), the crew will manually trim to reduce _—_angle is +5 degrees.

222

+10

cee

8-

DEGREES
6g |

24 ob

|

|
22 |

° 1 L 1 1 1 1 1 1 1
|

0 #10 20 30 40 50 60 70 80 90 100 20 |
MACHNUMBER
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4.6 DYNAMIC PRESSURE

LIMITATIONS

CONTENTS

PASCOn taressensscarvssssvensevitarevesthso eenseet, 46-1

DEERCRYsecemecrestnecesscerceneertcanteertoastsnc seerinreecae4.6-1

Approach and Landing .....s.-sssesesssssecsseeee 46-1.

Due to the different flight configurations and

regimes in which the Space Shuttle operates, there
are multiple maximum dynamic pressure (q-bar)
values.

Ascent

During ascent when flight controls are fixed or

moved only slightly to trim out force, the maximum

allowable q-bar is 819 psf for OV 103 and 104,
and 790 psf for OV 102 (thermal protection tile limit

and flutter/buffet redline). SSME throttling, in

conjunction with SRB propellant loading, typically
keeps the pressure below 700 psf.

4. OPERATING LIMITATIONS
4.6 Dynamic Pressure

Entry

Current flight design limits for q-bar are as follows:

MACH Q-BAR

25 — $300 pst
>3but<5 — <342psf
<3 — $300 pst
<1 — Exursions 300 to 340 psf

allowed tor periods = 15

seconds

Minimum q-bar during entry is defined by the

maximum L/D.

NOTE

New q-bar limits are pending and should

be available about 12/1/91.

Approach and Landing

The maximum q-bar for landing gear extension is

300 psf based on gear door limits.

OV-103, 104, 105
820

800

750

c 102

& 600

¥ 675

% 700 740

¢ 763
&

iS 778

3 789

= 650 700
6

790

790

70

ca =
688

rf 1 l

080 1.0 15 2.0

MACHNUMBER

25
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4. OPERATING LIMITATIONS
4.7 Crosswind

4.7 CROSSWIND LIMITATIONS

Although the orbiter design landing crosswind limit

is 20 kts, Flight Rule 4-64 limits it to 15 kts based on

flight experience and Ames Vertical Motion

Simulator simulations for lateral control and tire

wear. Long duration missions or landings with one

failed APU lower the crosswind limit to 12 and 10

kts respectively.

~ SCOM 1.0a
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4. OPERATING LIMITATIONS
4.8 Landing Weight

4.8 LANDING WEIGHT

LIMITATIONS

Maximum Landing Weight

The maximum landing weight, based on the weight
used to certify the main gear and tires is 239,903 Ibs

(which is officially accepted to be 240,000). Flight
Rule (4-72) limitations for nominal end of mission

(EOM) landing weight is 230,000 Ibs. Planned EOM

weights above that value must havea flight-specific
waiver. The abort landing weight for AOA, RTLS,
and TAL was recently set at 240,000 Ibs.

Bs SCOM 1.0aoe
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4.9 DESCENT RATE LIMITATIONS

Main Gear Touchdown .

Nose Gear Touchdown .

Entry

Below 100,000 ft the maximum rates of decent

(H-dot) must not exceed 486 fps. The following
graph shows maximum H-dots for different

dynamic pressures.

500

Descent Rate 400

H ~ tusec

*

Cnange pencing

Main Gear Touchdown.

The maximum rate of descent at*main gear
touchdown is 9.6 fps for landing weights less than

211,000 lb and no crosswind. The following graph
shows the rate of descent limits for various orbiter

weights.

4. OPERATING LIMITATIONS
4.9 Descent Rate Limitations

10.0

20 CROSS WIND = 0 KNOTS

70

6FPS
6.0FPS 211k : 240K

60

SFPS

50 | CROSSWIND= 20 KNOTS 40K

a rr ae ea ee |ens |200 210 220 230 240 250 280

MAIN
GEAR
SINK
RATE
(FPS)

GROSS WEIGHTS (KIPS)

Main Gear Sink Rate

The type of payload returned in the payload bay
also establishes the maximum allowable sink rate

at main gear touchdown. The following graph
shows the limit for crosswind and sink speed for

the main gear for returnable and non-returnable

payloads.

ADon landing weight < 240,000 tplon-rel
4 a,

unable payload < 65,000 5
——

MAIN
GEAR
SINK
SPEED
(FT/SEC)

0 4 8 Jee lGah tO,

CROSSWIND VELOCITY (KTS) |

Landing SinkRate vs. Crosswind Velocity

Nose Gear Touchdown

The maximum rate of descent at nose gear

touchdown must not exceed 11.5 fps (9.9 degrees

per second) or the rate needed to prevent nose gear

vertical loads in excess of 90,000 Ibs. (Operational
rates of descent average 5 fps.)
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4. OPERATING LIMITATIONS
4.10 Centerof Gravity

4.10 CENTER OF GRAVITY

LIMITATIONS

Although ground personnel will normally
monitor and direct changes to the orbiter’s c.g. for

entry, the crew may in “lost comm” situations be

required to perform this task. The X and Y axis c.g.
envelopes for entry are shown on the following
graph:

The Z axis c.g. must be within the limits of 360.0
to 384.0 inches at entry interface (approximately
400,000 ft).

ENVELOPE

1077 1081 1085 1089 1093 1097 1101 1105 1109 1113 117

x INCH)
NOTES ce |

(1) Verified aero boundary.
(2) Design envelopeaft limit.

(3) Flight manifest forward limit (X = 1076.7 inches).
:

(4) Nominal CG envelope reflects a 1 inch uncertainty for Xgq_and a 0.5 inch uncertainty for Yog
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4.11 ACCELERATION LIMITATIONS

4. OPERATING LIMITATIONS
4.11 Acceleration

Vn Diagrams

The following Vn diagram demonstrates the

CONTENTS acceleration limits in the TAEM region of entry.

BeNSGET)bapefaseessrescoed Sehsteseseep¥yoe sacso¥easstucnesses ts4.11-1

Entry nok comin pecan mnena etek 411-1

Soc
Ze

Ascent 29
ze

52
2

Maximum longitudinal acceleration (N,) must not |
~ s |

exceed 1.2 g at lift-off and 3.0 g during ascent due yi |
to structural design limitations. 0 50 100 150 200 250 300 350 «00 |

EQUIVALENT AIRSPEED (KNOTS) |
Entry J

For orbiter weights less than, or equal to 214,000 Ib,
the maximum N, is 2.35 g. The following graph
shows the allowable Nz for various gross weights.
The negative acceleration limit is -1.0 g.

Nz = 4.8976 - 11.905 x 10 x WT ae
CR eee rapeoe ear LANDING

aac
2.

SITE <3

Se ORBITS
22

<<. ANDRTLS

20

_

nhTAEM 1.65

NZ 138 eS
|

Gs) Nz = 9.0375 -31.25 X10 XWT

| 16

ees NEXT PRIMARY LANDING

SITE > 3 ORBITS

1.2

1.0

180K 240K

214K

ORBITER GROSS WEIGHT (LB)

Orbiter Operational Maneuver Limits
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4. OPERATING LIMITATIONS
4.12 Weather

4.12 WEATHER LIMITATIONS

CONSTRAINT LAUNCH RTLS/TAL EoM/Aoa
|

Seen oe for on i necpaGn si Woe Bas
anding, an on of mission landing | -visiBie RAINVIRGA FLT PATH 20NMOFSITE ‘S0NMOFSITE

‘are presented in the table onthe right. _|
~ PRECIP ECHO ON ROR NOR NOR
- CUMULONIMBUS OR 1ONM LATERALLY | 2NM VERT

TOWERINGCU &2NM VERT (RTLS) | AT30NM RNG
TO 30 NM RNG.

VISIBLE LIGHTNING NONE W/ :

10NMOFSITE . E

OR FLT PATH

THUNDERSTORMS &

(INCL ANVIL)
5 y

DETACHED OPAQUE NOT THRU NONE W/ NONE W/

ANVILS -0NMOFSITE 20NMOFSITE |

(<3HRS OLD) NOR NOR

5NM LATERALLY | 20 NM LAT
TO 30 NM RNG TO 30 NM RNG

CUMULUS CLOUDS

-TOPS> +5C(__FT) | -NOT THRU *

EXCEPTION: RTLS MAY BE GO IF Wx
~ TOPS >-10C (__FT) -AVOIDBY SNM FRCST & JUDGEMENT ~ SUPPORTED
~TOPS >-20C(__FT) | -AVOIDBY 10NM BY CONTIN RADAR & AIRCRAFT

*

INDICATE ALL
CB DEBRIS CLOUDS NOT THRU

1. ISOLOR WIDELY SCATTERED
VERT CONT LAYER NOT THRU LTRAIN (TOPS <29 KFD

2 4500 FT WHEN 2 HORI MOVEM ISSTABLE &

ANY OC TO-20 NOSIGNIF CONVECTIVE
(Cerro Srp DEVELOP EXPECTED

3. BOTHAPPROACHESTO

ANY CLOUD TYPES>0C | NOT THRU OTHER RNWY MEET

(__FT) ASSOC WITH ALLLNDG CRIT

DISTURBED WX W/5 NM 4. VERT CLEARANCE OF 2NM

OFFLT PATH W/ 10 NM LATERALLY

OF APPROACH PATH EXISTS
FIELD MILL 1 MIN AVE & IS EXPECT TO EXIST

>1KVM THRU LANDING

W 15MIN

5NM

RTLS/TAL/AOA/ ]
CONSTRAINT | LAUNCH NEXT PLS / EOM (NON-KSC) KSCEOM

|

CEILINGBQOOFT
*

NO MLS : 10000FT 1QQQOFT
|

(RANGE MLS : BOOQFT( WITH Wx
|

SAFETY) RECON) | (CLOUDS |
< 10000

VISIBILITYSMI
*

NO MLS : 2SM MUST BE

(RANGE
|*

MLS : SSM (IF PAPI VISIBLE s02

. SAFETY) FROM 8000 FT TO PREFLARE,| OBSERVED

& BALL BAR VISIBLE FROM AT GO/

PREFLARE TO FINAL FLARE) | NOGO)

TURBULENCENA < MODERATE s MODER

Epo [1apu | xsc_ |

CONSTRAINT | LAUNCH DAY NIGHT (> 10 FD) | DOWN | EOM

SURFACE WINDS| RTLS: HW: s25KT | HW: <25

15XW | XW: s15KT| XW: s12 w2xXw | 10XW | 12xW

INCL GUST | INCL GUST (s 205000)

GUST <10KT | GUST s 10 KT (LIGHT
TuRB)| 10 XW

tcc: TW: s1SKT | TW:s15KT (> 205000)

SEE < 10 AVE S10 AVE

(225 KT PEAK

COMPASS | TIRE SPEEO)| (225 KT WIND:

ROSE TIRE SP) <20KT

(NOTE 3)
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5. NORMAL PROCEDURES

SUMMARY

CONTENTS

Br PYVe-AUN Chi crecccctescevsectecvertecestenccesyonsocts 5.1-1

5.2 Ascent .
5.3 Orbit.

5.4 Entry ... =

BD POSE Lariamy eerereccanssrasetiseeeesecanst- tegen5.5-1

5. NORMAL PROCEDURES SUMMARY

This section summarizes nominal procedures for a

generic Space Shuttle mission. More detailed

procedures may be found in the Astronaut Support
Personnel Book, the various Flight Procedures
Handbooks (FPH), and Flight Data File (FDF)
documents. The FPH documents also contain
rationales for thé various procedures listed herein.
For flight specific training, refer to the applicable
FDF checklists/cue cards.

SCOM 1.0
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5.1 PRE-LAUNCH

Pre-Launch Procedures

5. NORMAL PROCEDURES SUMMARY
5.1 Pre-Launch

canister installation, air sample,
pre-ingress switch reconfiguration,
ECLSS fuel cell payload “flow”

position verification, navigation
Hr:Min (approx) aids activation,and C/W memory

clearing.

L-33:00 Astronaut closeout crew (C? or

“cape crusaders”) conduct 1455 Crew wake up.
communications checks with the

launch team. Caution and 1:25 Crew breakfast and photo
warning (C/W) volumes are Opportunity.

adjusted so the air-to-ground
communication can be heard over

13:95 CDR, PLT, MS2 get weather
the C/W tone. UHF Guard is briefing.MS1/3(PSs) don flight
checked, and headset interface clothing and equipment.
units (HIUs) are checked for

proper operation, along with 13:45 CDR,PLT, MS?don flightclothing
intercom (ICOM) loops A and B. and equipment.
If the ICOM recorder has been

manifested, it is installed and 13:15 Crew departs for the Pad.

tested. Text and graphics system

(TAGS) paperis feeney Z

L-2:45 Crew arrives at the White Room;
ASP verifies the CDR and PLT

L-18:30 C? insures crew module has been Launch/EntrySuit (LES)/flight
vacuumed and performs ascent equipment is properly configured
switch list configuration. Prior to seat ingress, assists with

their ingress and the installation

L-16:30 The backup astronaut support
of ascent FDF,monitorsCDR/

person (ASP) conducts a check PLTcommunicationair-to-ground
of the middeck and flight deck Soe aoa aun c hosumeress
and installs certain cue cards, Seer tyi

d checklists. esie ae

volume adjustment; as the MSs

L-12:45 The backup ASP adjusts CDR aneressauicy oleverifiestheiCES/
.

and PLT seats to the full down and flight equipmentconfigurationand

aft position and then configures oe Qe
all seats for launch. Rotational COU rE eC eeKS

HAMA oral brakeL-1:45 ASP verifies all non-flight
thrust controllers are set full equipment is removed pom ne

forara
crew compartment, terminates

;

communication with the Launch

L-8:15 Pad is cleared for tanking.
seo O Cet) agen

egresses.
-5: ight

5 ‘ered

Ba tit ese oneer L- 1:30 After the hatch is closed, a cabin

Sacieyfay
y ae leak check is performed.

rl:

i

thL-5:30 ASP Checklist is initiated.
_b-1:20

eee
Checklist includes a communi- Ss CISPIAyS:

cations check, potable/supply PC MEMORY
water quantity adjustment, LiOH

eee Me)
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5. NORMAL PROCEDURES SUMMARY

5.1 Pre-Launch

L- 1:05

(2) GNC 104 GND IMU CNTL/

MON

(3) GNC GPC MEMORY; IMU

preflight alignment begins at

this time

CDR initiates the cabin vent

redundancy checks at LCC

direction.

Min:Sec (approx)

L-52:00

L-45:00

L-29:00

SCOM 1.0
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CDR prepares’ for the

primary avionics software

system (PASS)/backup flight
system(BFS) transfer. GNC BFS

MEMORY display is assigned to

CRTdisplay 3.

CDR places the OMS ENG

switches to ARM/PRESS for GN2

pressurization and opens the

cabin vent isolation valve.

All crewmembers conduct an

A/G voice check with MCC
and receive updates to ascent/
abort data.

CDR initiates PASS/BFS transfer

and closes the cabin vent isolation
valve (if not already directed to

do so by LCC).

Planned 10 min hold; OPS 1 Load
is initiated and GNC FAULT is

displayed on CRT 1 while C/W
is cleared. A ground-controlled
fuel cell purge takes place about
this time.

CDR initiates BFS to OPS 1 with
BFS, puts GNC FAULTS display
on CRT 3, and clears C/W.

PLT conducts horizontal situation

configuration for TAL sites and
RTLS to KSC with CRTs 2/3
displaying GNC 50 HORIZ SIT/
BFS GNC 50 HORIZ SIT. When
this activity is complete, the PLT

L-26:00

L-25:00

L-19:00

T-9:00

T-8:00

T-7:30

T-6:00

T-5:00

T-3:25

T-2:30

T-2:00

5.1-2

configures for OMS interconnect

with PASS and BFS. Displays for

CRTs 1-3 are GNC LAUNCH

TRAJ, GNC SYS SUMM 1, BFS,

GNCT SYS SUMM 2.

PLT performs the MPS He

reconfiguration by opening He

and pneumatic isolation valves.

The OMS/RCS crossfeed valves

are configured for launch by the

Launch Processing System.

Planned 10 min hold which

synchronizes L and T time.

Go for launch given, and event

timers started.

PLT connects essential buses to

the fuel cells.

Access arm retracts, and the crew

makes final checks on seat

positions, suit closures, and

restraints.

PLT performs APU prestart and

verifies three gray “READY TO
START” talkbacks. CRT 1-3

displays are GNC LAUNCH

TRAJ, GNC SYS SUMM 1, AND

BFS, SM SYS SUMM 2.

Pilot starts APUs and verifies
normal pressure. CDR turns off
flash evaporator feedline heaters.

Main engine nozzles are gimballed
during the next 30 sec. The crew

tay feel the motion/vibration.

PLT clears the C/W with GNC 99
FAULT and BFS GNC 99 FAULT

display on CRTs 2 and 3. Displays
are then changed to GNC SYS
SUMM 1 and BFS GNC LAUNCH
TRAJ.

All crewmembers start O2 flow
and close their visors.

@



5. NORMAL PROCEDURES SUMMARY
5.1 Pre-Launch

T-0:07 Ignition sequence for main

engines begins. Crew monitors

Pc’sincrease.

*T-0:03 Crew monitors main engines,
which should have Pc’s above

90 percent.

:
SCOM 1.0ae
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5.2 ASCENT

COonTENTS

MROwWerecgblipli teesrereseccrmsrarrssetresrrsttte: 5.2-1

OMS Burns

Post Insertion .

Powered Flight

Min:Sec (approx)

T-0:00 SRB ignition, software transitions

to MM 102, main engines at ~100

percent Pc, and event timer counts

up from zero. Throughout ascent

phase the crew monitors vehicle

performance using CRT and

dedicated displays intervening as

tequired/directed by MCC. The

crew also uses the Flight
Instruments, ADI cue card, No-

Comm Ascent Abort Mode

Boundaries, and Contingency
Abort cue cards, to monitor the

ascent trajectory and maintain

awareness of abort options. Cue

cards are used for malfunctions

procedures.

Typical CRT displays for Ascent

are CRT 1 ASCENT TRAJ, CRT 2

GNC SYS SUMM 1, and CRT 3

BFS ASCENT TRAJ. CRT 3 is also

used for both BFS GNC and

SM SYS SUMM 1/2as required.

Mission Elapsed Time (MET)

Min:Sec (approx)

0:04 If 104 percent is programmed for

launch, at a velocity of 60 fps, the

main engines are commanded to

that level.

0:07

0:20 or 0:30

5. NORMAL PROCEDURES SUMMARY
5.2 Ascent

At a velocity > 127 fps the vehicle

rolls, yaws, and pitches to the
heads-down ascent attitude.
Crew monitors and engages the
BFS if maneuver not begun
when required or not properly
completed.

(flight specific) Crew monitors main engines

1:00

1:30

2:00

throttling down to limit maximum

flight dynamic pressure and

to adjust for off-nominal

performance. Throttle level can

vary depending on flight design
and SRB performance.

Crew monitors main engines
throttling back up to ~104 percent.
Manual throttle may be selected if

required.
¥

Maximum q-bar phase is passed.
Control Stick Steering (CSS)

may now be selected in lieu of

BFS Engage if PASS guidance is

not nominal.

“ASCENT TRAJ display will

indicate PC < 50 when both

SRB Pc's drop below 50 psi.
SRB separation should occur

shortly thereafter (no later than

MET 2:20). If SRB separation
is inhibited, crew should be

prepared to correct out of

limit condition (for automatic

SRB jettison) or manually
separate SRBs. When the SRBs are

separated GNC changes to

MM 103. BFS commands flash

evaporator system (FES) on via

payload buses.

Post SRB separation the crew

checks PASS and BFS TMECOs

converge to expected values to

verify performance of Ascent

Guidance.

5.2-1 SCOM 1.0
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5, NORMAL PROCEDURES SUMMARY

5.2 Ascent

MET

Min:Sec (approx)

3:00

8:30

Post MECO

OMS Burns

SI

Crew verifies the flash evaporator
is working properly (T < 60° F and

decreasing on EVAP OUT T

overhead meter).

Main enginecutoff(MECO)occurs

on direct insertion (DI) missions.

Red MAIN ENGINE STATUS lights
illuminate. Time may vary slightly
depending on flight profile. MECO

time should closely match time

seen in simulations. PLT should

be prepared for manual shutdown

if automatic sequence fails (if in

manual throttle, manual shutdown

required, unless low level cutoff

occurs, prior to target velocity).

Crew verifies external tank (ET)

separation (MAIN ENGINE

STATUS lights extinguish). If ET

separation is inhibited, the crew

must null rate(s) (if > .7 degree/
sec) or react to feedline disconnect

failure; MS2 verifies ORBITAL

DAP lights illuminated indicating
MECO confirmed. for ET

separation. MECO velocity should

be approximately 25, 650 fps
(standard insertion (SI) due East)

or 25,850 fps (DI due east).

-Z translation occurs and GNC

transitions to MM 104 at

completion of -Z translation (if
THC not out of detent prior to

completion of translation).

OMS1targets will appear on GNC
OMS 1 MNVR EXEC displays
(CRTs 1 and 2). The burn is
executed for SIOMS 1 and available
for DI OMS1 if required due to a

large underspeed. The OMS 1 Bum
cue card and the OMS 1 Burn
Monitor cue card are referenced for

MECO

normal OMS 1 Burn procedures
and malfunctions that occur during
the burn.

Crew selects INRTL on ADI

ATTITUDE switch and begins the

automatic maneuver to burn

attitude if OMS 1 burn is required.
When in the proper attitude, the

error needles should be centered

and ADI attitude should match

bur attitude on the MNVR display.
VGOs should be cross-checked for

proper burn attitude and guidance.

Min:Sec (approx

+1:45

+2:00

EXEC key must be pressed on

CDR/PLT keyboard’ within

15 seconds of OMS TIG to enable

burn.

CRT 1 in GNC OMS 1 MNVR

EXEC, CRT 2 in SYS SUMM 1, and

CRT 3 BFS, GNC SYS SUMM 2.

OMS 1 ignition. Crew monitors

burn (OMS Pc ~100 percent, engine
control valves ~100 percent, He

pressure decreasing slowly, engine
inlet pressure drops to ~200 psi,
OMS quantity decreases ~15 sec

after ignition, delta VTOT

decrementing nominally) and

prepares to respond in case of an

off-nominal burn; burn duration

~2:30. Two seconds after the end of

the burn, the CDR places the OMS

ENG switches to OFF and trims out.

any delta V residuals in the X and Z

directions.

If DI (or if OMS 1 is MECO +6 min
or more), the MPS propellant dump
is initiated at MECO +2 min.

SCOM 1.0
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DI or SI

Post OMS 1 The crew performs the tasks listed

in the Post OMS 1 procedures
section of the Ascent Checklist.

CDR and PLT turn FLT CNTLR

POWER switches (2) OFF to

prevent inadvertent inputs to the

RHCs (which can initiate manual

DAP).

NOTE

Taking FLT CNTLR POWER switches to ON

on OFF may cause the DAP to downmode

from Auto to Manual. Power surges in the

system can be confused with an RHC input
causing the DAP to downmode.

MET

Min:Sec (approx)

12:55 PLT verifies the BODY FLAP push
button light is out (light will

extinguish at the end of a timer.

During that time, the MPS dump
should have completed (~2:21

duration). APU shutdown is then

performed.

CDR manually activates the FES

and its heater prior to the OPS 2

transition and securing BFS. PLT

activates the B heaters for the cryo
OQ2and H2 tanks.

>. INURMAL FROCEDURES SUMMARY
5.2 Ascent

CDR/PLT load OMS 2targets as

required and OMS gimbal trim data

(OMS 1 trim remains until changed.
Gimbals do not move until 15 sec

prior to burn); OMS targets are

verified (PASS and BFS).

PLT secures MPS engine power
and vacuum inerts the O2 and H2

lines for ~30 min, terminating
~5 min prior to.OMS 2 burn.

PLT closes the ET umbilical doors.

to door

ET centerline latches must be stowed prior

WARNING

closure to prevent door drive

mechanism damage.

OMS 2 Burn

TIG

PLT prepares OMS for the

burn by verifying proper valve

configurations.

CDR, PLT set ADI ATTITUDE to

INRTL position and maneuver to

the burn attitude.

Min:Sec (approx)

-5:00 PLT terminates MPS vacuum

PLT sets the AC BUS SNSR inerting. Crew transitions to OMS

switches to the AUTO TRIP 2 Burn and Bum Monitor cue cards

position (OFF during ascent to for procedural reference.

prevent SSME loss due to bus trip).
CDR, PLT make final verification

CDR/PLT modesGPCsto MM105 of burn attitude, DAP selection,

for the OMS 2 burn. Once in OPS OMSgimbaltrim,He PRESS/EVAP

105, the crew refers to the Ascent ISOL valve positions, and activate

Pocket Checklist for malfunction their FLT CNTLR POWER. CRT 3

procedures. display is changed to BFS, GNC SYS

SUMM 2.

CRT displays are as follows:

-2:00 CDR/PLT set OMS ENG switches

(1) GNC OMS 2 MNVR EXEC to ARM/PRESS and verify the

(2) GNC SYS SUMM 1 engine press valves are open

(3) BFS, GNC OMS 2 MNVR

EXEC

5.2-3 SCOM 1.0

November 1991



5. NORMAL PROCEDURES SUMMARY

5.2 Ascent

TIG

Min:Sec (approx)

-0:15 CDR/PLT initiates EXEC command

to perform burn. There is no need

for the crew to correct attitude

errors prior to OMS 2 ignition since

OMS engine thrust vector control

(TVC) will fly the vehicle to the

proper attitude. OMS TVC can be

used to take out attitude errors up
to 90 degrees, the maximum error

limit for OMS ignition to occur.

TIG

MET

Hr:Min (approx)

00:30-00:60

00:42 nominal

1) CDR, PLT monitor OMS 2 burn,

Pc’s (~100 percent), delta VTOT

and time to go (TGO) decreasing,
bipropellant valves (100 percent),
and perigee increasing. Crew

prepares to complete burn with

single engine or RCS if failures

occur. Burn duration is ~2 min for

160 nm circular orbit (based on

nominal ascent).

+2 sec CDR/PLT secure OMS engines
(2 sec delay for purge) and trim

all axes residuals < 2 fps (< 0.2 fps
for orbit critical burns).

Post OMS 2 The crew returns to the Ascent
Post OMS 2 section of the Ascent
Checklist for nominal procedurés
and the Ascent Pocket Checklist
for malfunctions. CDR/PLT
secure FLT CNTLR POWER and

verify the DAP is in AUTO.

SCOM 1.0

CDR performs an OMS TVC

gimbal check (secondary then

primary checks are conducted to

verify operations prior to on-orbit

use).

PLT reconfigures OMS and RCS

valves for on-orbit operations.

CDR/PLT change to MM 106.

CRT displays for 1 and 3 are

PASS and BFS GNC OMS 2

MNVR COAST, CRT 2 is GNC

SYS SUMM 1. Crew stows ascent

related FDF and unstows the Post

Insertion Checklist, Orbit

Operations Checklist and Pocket

Checklist, cue cards, and the orbiter

Malfunction Book.

Post Insertion

The Post Insertion Checklist is used for nominal

procedures. The Orbit Pocket Checklist and

Malfunction Book are references for malfunctions.

During post insertion the following six activities

must be accomplished to prepare for on-orbit

operations:

(1) Reconfigure to on-orbit software and GPC

configuration.

(2) Activate radiators.

(3) Open payload bay doors.

(4) Purge the fuel cells.

(5) Align IMU via star trackers (usually not

completed until a night pass after post
insertion phase is complete).

(6) Doff and stow LES, reconfigure cockpit for
orbit operations.
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MET

Day/Hr:Min (approx)

0/0:53 CDR/PLT reconfigure the GPCs.
On-orbit software (OPS 2) is loaded
into GPCs 1 and 2. Systems
management (SM) software is
loaded into GPC 4. GNC OPS 3

data is loaded into GPC 3 and

“freeze dried” (taken off line to

preserve an independent source

of data) while GPC 5 retains BFS
software but is placed in HALT.

With SM software loaded, uplink
for S-band and TDRSS is enabled
with a DPS utility. Since only
3 CRTs can be assigned to the

PASS, CRT 3 is deassigned, and

CRT 4 (powered up during MS
aft flight deck configuration)
is assigned to GPCs 2 and 4

(GNC and SM OPS). pulse-code
modulation master unit (PCMMU)
formats are loaded for on-orbit high
and low data rate telemetry.
Displays are called up as required,
but the crew must be careful to

avoid assigning all three CRTs to

the same GPC; e.g., don’t use all

three CRTs for SM.

Mission/Payload Specialists egress
seats during this period. MSs

perform the following functions on

the middeck:

e Install UV filter on hatch

window (except OV 102).

* Repressurize water supply
tank A.

* Unstow and configure head-

sets and microphones.

* Configure middeck audio

distribution unit (ADU) and

speaker box.

0/0:59

Sk NORMALPROCEDURES SUMMARY
5.2 Ascent

* Stow ascent FDF in “return to

Houston” bags and unstow

on-orbit FDF.

* Close appropriate circuit

breakers.

° Activate galley (or water
*

dispenser).

* Stow the escape pole.

* Activate the waste collection

system (WCS).

These activities may be

accomplished piecemeal during the

nexthour.

An MS begins flight deck

configuration, to include: open
cabin vent and cabin vent isolation

cb’s (to preclude accidental

venting), activate the OMS and

RCS heaters, which will keep them

at 55° to 90° F (A-heater in

AUTOMATIC, B-heater OFF),
activate APU lube oil heaters and

tank/fuel line H2O heaters.

Although the generator bed

temperatures will remain warm

until about MET 6:00, a caution is

included at this point to monitor

the APU fuel pump outlet and

bypass line temperatures and

activatetheheaters if required. Aft

flight deck communication

configuration is accomplished (OV

102 aft ATU is set up), S-Band

communication is configured for

TDRSS at the high rate, R15 cb’s

are closed as required, CRT 4 is

powered up, ascent thrust vector

control, engine interface units, and

master event controllers for the

main engines are secured, and the

display driver units (DDUs) cb’s

for the aft flight controllers and

displays are closed.

5.2-5 SCOM 1.0
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5.2 Ascent

MET

Day/Hr:Min (approx)

0/1:00

0/1:08

0/1:10

0/1:12

0/1:18

0/1:28

SCOM 1.0
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MSs unstow and activate

the Payload General Support

Computers (PGSCs).

PLT verifies the payload
electrical bus configuration
(payload dependent).

CDR, PLT don their headsets and

configure their personal communi-

cations equipment, normally
selecting push-to-talk (PTT) for air-

to-ground and voice activation

(VOX) for intercom.

PLT executes an automatic

maneuver to the PLBD opening
attitude -ZLV with a flight specific
bias. This is a time critical action;
DAP A/AUTO/PRI are selected.

CDR activates the radiators by
placing both the RADIATOR

BYPASS VALVE MODE and

CONTROLLER LOOP (A) switches

(2 each)in AUTOMATIC.

An MS sets up the aft panel
PAYLOAD BAY FLOOD switches

as required (given possible payload
limitations) for PLBD opening.
Lights require ~3 min for full

bright). If the CCTV is to be used

for PLBD opening, it will be

activated at this time.

PLT or MS2 initiates automatic
PLBD opening with CRT 4 display
SM PL BAY DOORS and switch
throws on panel R13L. Centerline
latches take ~20 sec, forward and
aft bulkhead latches take ~30 sec,
and each door (starboard then port)
Opens in ~63 sec. After the doors
are open and power removed from
them, display SM ANTENNA is

usually selected for CRT 4 when
other displays are not required.

0/1:35

0/1:36

0/1:37

0/1:50

0/1:52

0/1:56

0/1:57

0/2:00

5.2-6

The MCC will uplink table

maintenance block updates
(TMBU) as required.

CDR activates star trackers.

If there are no indications of

problems with the major orbiter

systems at this point, the MCC will

issue a GO for orbit operations.

CDR, PLT egress seats,andall crew

doff and stow launch/entry suits.

During this time, the MCC will

uplink the orbiter state vector and

RCS quantity compensations.

PLT initiates the fuel cell automatic

purge and verifies H2 and O2 flow

increase on CRT display SM 69

FUEL CELLS.

CDR selects CRT display SM 88

APU/ENVIRON THERM on

CRT 1, and if Freon loops are

operating nominally (Freon loop
radiator out temp < 60° F), secures

the flash evaporator and turns the

high load evaporator off. Radiators

are deployed at this point if

required. CRT 1 is returned to GNC
UNIV PTG display.

CDR selects GNC 22S TRK/COAS
CNTL display on CRT 1 and

activates the star tracker self test

(~20 sec). Both star tracker doors
are opened (8 to 12 sec), and star

trackers are activated. CRT 1 is

returned to GNC UNIV PTG

display.

PLT verifies the Main B Supply
H20 Dump Isolation cb is closed
then opens the supply H2O dump
isolation valve to ensure redundant

dump capability.

PLT activates the APU steam vent

heaters to remove any possible ice
formation on the water spray boiler
(WSB) vent openings.



MET

Day/Hr:Min (approx)

0/0:2:05

0/2:10

0/2:12

0/2:20

MS/PS seats are removed and

stowed.

After go for vernier operations
from MCC, CDR verifies use of

vernier jets is safe (radiators

operating and FES hi-load off) and

activates verniers on MCC call.

DAP selection is typically A/AUTO/
VERN.

Crew configure controls for on-

orbit operations by using panel
diagrams in the Post Insertion

Checklist that depict switch

positions.

If the remote manipulator system
(RMS) is flown, initial activation

procedures begin at about this time.

RMS AC cb’s are closed, power is

applied to the manipulator
controller interface unit, RMS

shoulder brace is released, heaters

are activated, and if required by
payload operations or constraints,
the arm is deployed.

0/2:21

0/2:24

0/2:25

0/2:27

0/2:29

5. NORMAL PROCEDURES SUMMARY
5.2 Ascent

PLT performs the hydraulic
thermal conditioning steps in

the Orbit Operations Checklist
which allows the GPCs to operate
hydraulic circulation pumps when

pressures or temperatures are

below set limits. Payload electrical

constraints may alter this activity.

MS resets C/W system from ascent

to on-orbit operations. Limits for
some systems are changed while
others are inhibited.

CDR performs automatic

Maneuver to the IMU alignment
attitude. This is a time critical

action. (The time depends on the

flight profile).

PLT switches the APU fuel pump
and gas generator cooling from

system A (activates during APU

shutdown procedure) to system B

for system verification.

Fuel cell performance is plotted
using with FUEL CELL PURGE cue

card.

5.2-7 SCOM 1.0
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Orbit Operations

This section summarizes typical orbit operations
for METs 0/2:30 through 0/22:00. Activities

occurring after 0/6:30 are representative of

subsequent flight days until the last full on-orbit

day. Actual activities and times will vary from

mission to mission.

D/H:M (approx)

0/2:30

0/2:45

0/3:10

0/3:20

. sec).

Crew completes post insertion

activity. Post Insertion Checklist

is stowed, and crew refers to the

Flight Plan for nominal activities.

The Photo/TV Checklist is

unstowed, and camera assembly is

begun. Other equipment required
for flight day (FD) 1 activities is

unstowed and set up.

IMU alignment (S TRK) is

accomplished during orbiter night
pass. CRT display GNC 21 IMU

ALIGN and GNC 22 S TRK/COAS.
CNTLare used for this activity. A

COAS calibration may also be

scheduled near the IMU alignment
time.

~ Aft controller checkout initiated in

each axis with the output verified

on CRT 4 display GNC 25 RM

ORBIT.

Ku-band antenna is deployed (~23
Antenna data is monitored

on display SM ANTENNA.

0/3:30

0/3:45

0/3:50

0/4:00

0/6:30

(various times)

0/8:00

5. NORMAL PROCEDURES
5.3 Orbit

Ku-band antenna activation (comm
mode only normally). Signal
strength is available on panel F9
DC AMPS/SIG STR meter (Ku

selected) as well asSM ANTENNA

display.

APU steam vent heaters are

secured (initiated at MET 2 hr).

CRYO O? tank heater sensor check
is accomplished to verify short
circuit protection for the O2 tank

heaters (CRT display SM 68 CRYO
SYSTEM).

APU fuel pump/valve cooling (B)
is secured on a call from the MCC.
Unless there is a FD 1 deploy or

other mission specific requirement,
the first on-orbit meal is prepared
and eaten at this time.

APU gas generator and fuel pump
heaters (B) are activated at panel
A12 to keep the generator bed 360°

to 425° F and the fuel pump 80° to

95° F (the B heaters are used to

exercise the redundant system).

Crew begins payload activities.

This may include payload deploy,
Spacelab activation, or secondary
experiment activation depending
on the type of mission.

Pre-sleep activities begin 3 hr (2:15

for dual shift operations) prior to

the sleep period (this can be

shortened to 2 hours for single shift

and 1:30 for dual shift operations if

required). With the exception of

the IMU alignment, the sequence
of pre-sleep activities is at the

crew’s discretion. Pre-sleep
activities on the flight deck include:

5.3-1 SCOM 1.0
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_ Reposition

IMU alignment maneuver

may not be requiredif attitude

allows star trackers to collect

data on stars of opportunity.

Manually purge fuel cells

(FD 1 only to save ground
turnaround time). Use CRT

display SM 69 FUEL CELLS

to monitor purge. All other

purges will be uplinked from

MCC.

Conduct supply/waste water

dump, monitored using CRT

display SM 66 ENVIRON-

MENT (purges and dumps are

not accomplished during star

tracker use due to possible
contamination)

Configure cryo heaters and

manifold valves as directed by
MCC,

Update SM checkpoints.

Set CRT timer for crew wake

up and C/W alert tone

duration.

Adjust the cabin temperature
control as required.

Power down unnecessary
electrical equipment (CRTs,
TV power, TV cameras, VTR,
cabin and PLB lights, DDUs).

the Ku-band
antenna cable to prevent
chafing.

Install window shades/filters.

Remove power from primary
reaction jet drivers (8) to

preclude primary jet ON
failures.

Maneuver to sleep attitude.

Minor payload or experiment
related activity can also be

scheduled during the pre-sleep if

required.

Pre-sleep activities on the middeck include:

0/9:50

0/11:00

5.3-2

e IMU Alignment.

* Food preparation and cleanup
for the evening meal.

* (CQ2 absorber (LiOH) replace-
ment (one of two canisters is

replaced).

¢ General housekeeping and

WCGS cleaning.

* Setup of next day’s equip-
ment (if practical).

* Write/record mission notes.

¢ Configure communications

panels and lighting.

¢ Empty TAGS paper tray to

minimize paper jams.

APU gas generator and fuel pump
heaters (A) are activated at panel
A12 along with the APU tank/fuel
line/H20 system (A) heaters (3) (B

heaters off).

Sleep period is scheduled to begin
no later than 16 hr after the crew’s

launch day wake up (4:55 prior to

launch) but can be extended up to

2 hr if unexpected launch holds
occur. The sleep period will be

scheduled for 8 hr but can be
shortened to 6 hr if required.



0/19:00 The post-sleep period begins about

8 hr after the start of the sleep
period and extends for 3 hr for

~

single shift operations (1:30 for dual

shift) but may be shortened to 2 hr

(1:15 dual shift) if required. IMU

alignment/COAS maneuvers and

activities are scheduled for specific
times. The sequence of other

activities is up to the crew.

Middeck post-sleep activities include:

° Reconfigure lighting and

communications panels.

* Replace CO2 absorber (one of

two canisters is replaced).

* Review teleprinter/TAGS
messages.

Install O2 bleed orifice (first

post-sleep) to increase O2 to

the middeck.

° Meal preparation and cleanup.

* General housekeeping.

Post-sleep flight deck activities include:

¢ IMU Alignment. Maneuver

may not be required if

attitude allows star trackers to

collect data on stars of

Opportunity.

¢ Reconfigure lighting, window

shades, communications

panels and instruments.

¢ Reposition Ku-band antenna

cable.

* Power on CRTs (3).

* Deselect BFC CRT display.

¢ Adjust cabin temperature.

0/22:00

5. NORMAL PROCEDURES
5.3 Orbit

* Configure OMS/RCS inter-

connect as required to

preserve aft RCS propellant.

* Power primary RJD drivers (8)
ON.

* Initiate supply/waste water

dump (pre or post IMU

alignment).

* Configure cryo heater/
manifold valves per MCC
instructions.

* Conduct another cryo O2 tank

heater sensor check (see MET

0/3:50).

The crew begins a full workday on

orbit with their flight specific
activities. Each day, Photo/TV
scenes will be activated per the

P/TV Checklist. Normally, the

crew will downlink live TV of

flight deck or middeck activities

once each day. At a minimum,
a VTR dump of crew activities

will be downlinked. When the PLB

cameras are not required for

flight requirements, MCC will

occasionally ask to control the

cameras and conduct Earth

viewing. MCC will not activate

cabin cameras without prior
crew coordination. Once during
a 4 day mission (twice for longer
flights) the avionics filters: are

cleaned. Additionally, the

operating humidity separator is

checked for water accumulation

about every 12 hours during
the first few on-orbit days and

cycled between the A and B

separator. Once each flight day
(the morning of likely/scheduled
EVAs and entry day), each

crewmember has an opportunity
to communicate privately with a

flight surgeon during a private
medical conference (PMC).

5.3-3 SCOM 1.0
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5.3 Orbit

OMS (RCS) Burns

OMS/RCS burns are used on orbit to raise or lower

the orbital altitude, for rendezvous phasing, and

deorbit. The burn may be done with one or both

OMS engines or the RCS depending on the delta V

required. Propellant for the burn can come from
either OMS pod or the RCS system. OMS BURN

cue cards (OMS-2/ORBIT OMS BURNS (2) and

OMS BURN MONITOR (2)) are installed on the

forward panels for the burn. On-orbit burns require
OPS 202 (302 for entry) with CRT displays GNC

ORBIT MNVR EXEC and GNC SYS SUMM 2.

Procedures for on orbit OMS/RCS burnsare similar

to thosediscussedin the OMS 2 section. Burn target
data is normally uplinked by MCC and loaded

automatically. If delta V total > 6 fps an OMS burn

will be required. If delta V total is > 4 and < 6 fps,
a+X RCS burn is used (thereby limiting the amount

of forward RCS burned). If the delta V total < 4 fps,
the bum is multi-axis (RCS) with no maneuver to

Rendezvous

Scheduled rendezvous pro-cedures actually begin
at launch since the launch window will have been

designed to properly phase the orbiter with the

target, saving time, fuel, and optimizing the lighting
on the target. This section summarizes the major
events that occur during the final phases of a

rendezvous. Flight specific rendezvous procedures
are located in the Rendezvous Checklist. Flights
without a planned rendezvous utilize the

Contingency Rendezvous Checklist for generic
procedures. The Phase Elapsed Time (PET) below

is referenced to Target Intercept (Ti) TIG. PET is

used to track rendezvous events and is normally
displayed on the CRT. Actual times will vary

depending on flight profile.

burn attitude.
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5.3 Orbit

i initiated.
PET -3:03 Target track initiated

3 -2:59 PLT initiates star tracker target
Hr:Min (approx)

acquisition with CRT displays
se ti

y
i IMU ALIGN, GNC 22

3:44 At about this time prior to the Ti GNC 21 ,

burn, the CDR configures the aft S$ TRK/COAS CNTL, and GNC
flight station for rendezvous, and 33 REL NAV. Afterevaluation,
a Ku-band antenna self-test is S TRK angle data is incorporated
initiated. -Z COAS is installed via GNC 33 REL NAV to improve

along with RCS BURN and PROX the orbit/target relative state.

OPS cue cards.

-2:36 At orbital sunset PLT ends star

3:42 PLT verifies the DPS is configured tracker navigation to prevent
for rendezvous. Dual GNC erroneous data from being fed to

operations with strings 1 and 3 state vector computations. When

nominally assigned to GPC 1 and the target is not lit the star tracker

strings 2 and 4 assigned to GPC 2. might take marks on astar.

39 PLT sets the SM CRT Timer  -2:32 CDR prepares for height adjust
counting down to Ti TIG time on maneuver (NH) burn if required
CRT display SM 2 TIME. (nominally not required).

7

CDR or PLT enables rendezvous —-2:18 NH burn TIG.

navigation through CRT displays
GNC 33 REL NAV and loads Base —_-1:57 PLT configures for rendezvous

Time (TI TIG) on GNC 34 ORBIT radar (RR) acquisition when the

TGT. CDR, PLT, and MS2 work range to the target is <150 k ft via

together on targeting and burn set switches on panel A1U (Ku) and

up and NAV state management. CRT display GNC 33 REL NAV.

4

CDRconfigures DAP A, B to A7, —-1:33 CDR or PLT sets up the computer
B7 (rendezvous DAP) to calculate preliminary solution for

the corrective combination (NCC)
CDR or PLT loads targettrack burn using CRT display GNC 34

ae into CRT displayGNCUNIV ORBIT TGT. NCC is the first
PTG but delays initiating the onboard computed burn of the

target track until post NC (phasing) rendezvous sequence.
burn (~3:03).

-1:31 PLT begins another star tracker
3:24 CDR or PLT perform the target acquisition at orbital noon

aan 2 procedures for an NC and incorporates star tracker angleurn using the RCSor OMS. data into rendezvous navigation.
Phasingburns at this time are

usually retrograde decreasingthe
orbiter altitude and increasing
closing rate.

3:04 NC burn TIG.

SCOM 1.0
5.3-6



PET

Hr:Min (approx)

-1:14

-1:05

-1:01

-0:57

-0:55

-0:54

-0:52

-0:38

CDR or PLT initiates GPC

computations of intermediate
* solution for the NCC burn. State
~

vector updates should be small and

stable. This burn solution will

determine whether the NCC burn

will be RCS (+ X or multi axis) or

OMS depending on the delta V

required.

PLT terminates star tracker

operations (prior to sunset).

MS activates the port RMS heaters

A/B (2) if required for RMS

operations.

CDR or PLT computes NCC final

solution and prepares for burn.

Normally NCC delta V is less than

6 fps allowing the RCS to be used

for the burn.

NCCTIG.

CDR or PLT initiates -Z axis track

of the target if the -Y star tracker is

being used (if -Z star tracker failed)

. -Z track is required for the radar

to lock onto the target.

CDR or PLT initiates GPC

computation of preliminary
solution for Ti burn.

CDR or PLT initiates RR navigation
with CRT display GNC 33 REL

NAV when lock on occurs. Radar

range data is compared to REL

NAV (as improved by star tracker

data). Data checked for biases/

possible side lobe lock (asopposed
to main beam lock).

CDR initiates intermediate Ti burn

solution when the state vector

updates are small and stable. If.

delta V total is > 6 fps, an OMS

-0:23

-0:20

-0:17

-0:15

*

0:05

00:00

00:01

5. NORMAL PROCEDURES
5.3 Orbit

burn will be required. If delta V

total is > 4 and <6 fps, a +X RCS
burn is used. If the delta V total is
<4 fps, the burn is multi-axis RCS
with no maneuver to bumattitude.

PLT performs RR automatic

tracking acquisition if there has

been no lock on prior to 60 kft.

Acquisition of a 5 sq m target is

approximately 100 percent at

60kft.

CDR or PLT loads Ti delay burn

inputs if rendezvous must be

delayed. Ti delay burn PAD would
have been provided by MCC

earlier. Execution of this burn will

establish the orbiter co-altitude

with the target, but followingalong
behind to allow extra time for

rendezvous completion.

CDR initiates computation of the

final Ti burn solution if the

intermediate solution shows OMS

or +X RCS burn will be required
(reference delta V total). Final

solution on GNC 34 Orbit TGT will

be preceded by burn setup on GNC

ORBIT MNVR EXEC.

CDR or PLT prepares for

rendezvous OMS/RCS burn as

required. This may involve a

maneuver to attitude if the delta V

total>4 fps.

If the intermediate solution shows

that Ti will be a multi-axis burn,

the final Ti targeting is performed,
as the vehicle has remained in

attitude taking sensor data.

Ti TIG (usually +X RCS).

CDR or PLT computes preliminary
MC1 target solution with CRT

display GNC 34 ORBIT TGT.

5.3-7 SCOM 1.0
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PET

Hr:Min (approx)

00:03

00:04

00:05

00:12

00:33

00:36

SCOM 1.0
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CDR or PLT conducts post Ti

navigation procedures when the

maneuver to attitude is complete
(usually -Z). CRT display GNC 33

REL NAV is used to incorporate
RR data (star tracker data is not

preferred post Ti since its accuracy
is based on point light sources).

MS powers up the RMS if required,
and no rendezvous delay is

planned.

MS maneuvers RMS to preliminary
position for proximity operations.

CDR or PLT initiates GPC

computation of MC1 intermediate
solution when the state vector

updates are small and stable.

CDR initiates GPC computation of
final MC 1 burn solution (-4 min to

TIG).

CDR prepares for RCS burn.

MC 1TIG.

CDR initiates GPC computation of

preliminary MC 2 burn solution
with CRT display GNC 34 ORBIT
TGT. Star tracker (if utilized) is
terminated just prior to sunset. If
no sensor data is available at any
time during rendezvous, then the
BREAKOUT procedures must be
initiated.

CDR initiates MC 2 intermediate
solution when state vectorupdates
are small and stable.

CDR manually nulls out ofplane
component (YDOT) with THC,
referencing CRT display GNC 33
REL NAV for target/orbiterrelative state information. This

00:44

00:45

00:49

00:50

00:58:30

1:00

1:03

1:05

1:07

1:09

1:10

1:19

5.3-8

maneuver is performed at the node

where the orbiter and target orbits

cross (the actual time may vary).

CDR conducts MC 2 final solution

(TIG -5 min).

CDR prepares for RCS burn.

MC 2 TIG. MC 2 TIG will slip to

satisfy an onboard targeting
elevation angle constraint. After

any slip, the MC 2 elapsed time is

used to reference crew actions. The

following PET times are valid only
if MC 2 planned TIG = actual TIG.

CDR begins MC 3 preliminary
solution if RR data available

(if -Y star tracker was being used, a

maneuver to -Z track is done).

CDR initiates MC 3 final solution

(+4 min TIG).

MC3TIG.

CDR initiates preliminary MC 4

solution.

MS configures CCTV.

CDR initiates final MC 4 solution
(4 min TIG).

CDR prepares for RCS bum.

MC4TIG.

Manual trajectory control-begins at

about 22 minutes after MC 2. CDR
©

establishes inertial line-of-sight
rates by selecting inertial attitude
hold and using the aft THC to keepthe target stable in -Z COAS. The
CDR will fire jets as required to getthe orbiter/ target range rates
within these braking gates: ~4fpsat2k ft, -2 fps at 1.5k ft, and -1 fps
atlk ft.

CDR configures DAP A, B to A8,B8 for proximity operations.

ES Ho



Proximity Operations

Proximity operations begin when the range to

the target is <1,000 ft and the relative velocity is
<1 fps. Proximity operations may involve V-Bar

(standard), R-Bar, or inertial approach.

1:20 CDR configures for V-Bar on CRT

display GNC UNIV PTG (orbiter
tail to earth and target on the -Z

axis) but does not command track

until V-Bar has been achieved.

Braking gates are -0.5 fps for
500 ft, -0.4 fps for 400 ft, and
-0.3 fps for 300 ft.

1:25-1:34 CDR commands ~Z LV track when
the orbiter reaches the target's
V-Bar using GNC UNIV PTG

(ITEM 19). For an inertial

approach, DAP will remain in

INRTL. Normally at 200 ft DAP

is transitioned to LOW Z (flight
specific). MS begins to provide
ranging and relative position
information using the PLB CCTV
camera angles.

01:50 CDR puts RR (Ku) in standby when

the range to target is 80 ft (nominal
break track distance). When range

> is 60 ft, CDR selects NORM Z and

continues the approach to the

target. MS utilizes the CCTV

camera angles to provide ranging,
R-dot and position cues to the

CDR. Visual cues and MS calls

“are the CDR's only source of

rendezvous data.

01:52 CDR nulls rates when target is in

end effector camera field-of-view

(if RMS required).

01:55 CDR maneuvers to proper RMS

grapple or station keeping position
as required.

01:58 PLT disables rendezvous

navigation, and CDR configures
Ku-band for communications. MS

powers RMS down as required.

5. NORMAL PROCEDURES
5.3 Orbit i

Last Full On-Orbit Day

The last full on-orbit day includes the nominal flight
day activities plus general cabin stowage, FCS
checkout, RCS hot fire, and those unique procedures
that must be accomplished prior to transition to the
Deorbit Prep Checklist (-04:00 TIG). Prior to the

pre-sleep activities the crew conducts entry
planning, secures CRT4(if not Tequired), and stows
the KU-Band antenna. (If TAGS messages are

Tequired,antennastowage will slide into the deorbit

preparation.)

Pre-sleep and post-sleep activities are nominal with
the exception of the continuation of general cabin

stowage. Additionally, fluid loading preparation
(four 8 oz containers per person) and cabin air

samples may be accomplished in the post-sleep
period or deorbit preparation. The O2 bleed air
orifice is removed and stowed. The flight control

system is checked for proper entry operation (also
Saves ground test time). The test (conducted in two

parts) will be accomplished with an APU (MCC

designated) but may be done with a circulation

pump if required.

FCS Checkout, Part 1

FCS checkout Part 1 consists of the following
activities:

* Power on FCS sensors and controls prior to

the transition to OPS 8. Aerosurface

amplifiers (ASAs) must be ON prior to

OPS 8 if an APU is used and OFF if a

circulation pump is used.

* CRT 1 display is GNC FCS/DED DIS C/O,
and CRT 2 display is SM 86 APU/HYD.

¢ Event timer is set to count up (to track APU

ON time).

¢ Hydraulic thermal conditioning is terminated,
and APU is prepared for operation.

¢ ON MCC GO selected APU is brought on

line in low pressure and event timer is started.

¢ If APU operation is nominal, normal pressure
is selected for actuator checkout (CRT display
SM 87 HYD THERMAL).

5.3-9 SCOM 1.0
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5. NORMAL PROCEDURES

5.3 Orbit

+ Proper elevon switching valve operation
should be noted.

Surface drive is initiated (some surfaces may

not drive properly right away due to cold

hydraulic fluid). Test should be complete in

about 30 sec.

+ A’secondaryactuator check is initiated to test

the bypass feature of the actuators. When

test is complete, the APU is shutdown and

hydraulic thermal conditioning re-enabled

(if required). Expect a marked structural

vibration when ports pop during the

secondary actuator check.

FCS Checkout, Part 2

Part 2 of the FCS checkout begins with a sensor test

(CRT 2 display GNC 40 SENSOR TEST). The

TACAN is turned ON (other sensors ON from Part

1) and the orbiter is placed in freedrift(CRTdisplay
GNC UNIV PTG). Thecrewthen initiates the sensor

tests (accelerometer assemblies (AAs), microwave

landing system (MLS), TACAN, radar altimeter,
rate gyro assemblies (RGA),andair datatransducer

assemblies (ADTA)). Sensors failing the test will be

deselected for entry.

Following the sensor test, the FCS mode/channel

switch test is conducted. These procedures verify
FCS switch contacts and all entry-critical switches

(flight controller power required). The next series

of procedures verify proper operation of controllers

and their associated switches (left and right). Finally
the DDUs and head-up displays (HUDs) are tested

and adjusted for entry. When the FCS checkout is

complete, the DPS is returned to OPS 2 GNC (G8 to

G2 transition), and all entry equipment is secured.

RCS Hot Fire

This test is conducted to verify the operation of

seldom used RCS jets (thereby decreasing ground
turnaround time). Manual DAP is selected and the

orbiter is verified/placed in free drift. Each RCS jet
is tested (CRT display GNC 23 RCS) and the results

noted (3 sec delay between pulses to allow time for

a fault message and 30 sec delay if a failure is

annunciated). When the Hot Fire test is complete
the vehicle is placed in inertial hold to allow

damping of rates before returning to the required
attitude. RJDs, DDUs, and MDMsare then secured

as required.

SCOM 1.0
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5.4 ENTRY

CONTENTS

Deorbit Preparation ..

Deorbit Burn fee

ENtry) [ritexface ive....taeneasetteteveeserestcsten seers5.4-5

Terminal Area Energy Management .....5.4-7

Approach and Landing...

Deorbit Preparation

TIG

Hr:Min (approx)

-4:00 The crew transitions to the Deorbit

Prep Checklist for nominal

procedures. PLT sets CRT timer

for deorbit TIG using the GNC 2

TIME display and SM timer.

-3:58 DAP is verified/placed in Al/

AUTO/VERN.

-3:56 CDR initiates radiator coldsoak by
placing RAD CNTLR OUT TEMP

switch to the HI position and

activating topping FES to minimize

propulsive venting. Vehicle is

maneuvered to “tail sun" attitude

(-X SI) for the coldsoak.

-3:50 MSs continue entry stowage along
with deactivation of the galley/
water dispenser.

-3:45 Radiators are stowed (if deployed).

+330) Specialists install seats and FDF

containers. .

-3:30 to

-2:30 MS performs payload deacti-

vation/entry preparation in this

time frame as required.

-3:27

-3:05

-2:58

-2:49

-2:46

-2:44

-2:40

-2:35

5. NORMAL PROCEDURES
5.4 Entry

DPS is configured for deorbit

preparation. Inactive GPCs are

taken to STBY then RUN.

Ku-band antenna is stowed (if not

already accomplished in last pre-

sleep period).

Automatic maneuver to IMU

alignment attitude is accomplished.

CDR initiates radiator bypass to

retain Freon coldsoak. Alternate

FES is checked out to save ground
test time. PLBDs will not be closed

until this check out and until Freon

temperatures are down to 39° F.

DAP is put in B/AUTO/PRI to

hold the IMU alignment attitude.

H20 crossover valve is opened to

allow-all water tanks to feed the

FES equally.

MS prepares for PLBD closing (PLB

lights activated (as required),
cameras/VTR readied, RMS TV

camera positioned and RMS

heaters secured (if RMS flown)).

CDR, PLT perform IMU alignment
and verification, which ensures

misalignments of less than

5 degree at Entry Interface (EI)

using display GNC 22 S TRK/

COAS CNTL and GNC 21 IMU

ALIGN.

PLT, MS close PLBDs using SM PL

BAY DOORS display on CRT 4

(OPS 2) or BFS SM 63 PL BAY

DOORS on CRT 3. When door

closure is complete, CRT 4 is

powered OFF.

MS performs post PLBD closing

procedures, which include securing
PLB lights, deactivating/stowing
cameras, powering CRT 3 ON,

and taping down foot restraints

(to prevent tripping during egress).

5.4-1 SCOM 1.0
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5. NORMAL PROCEDURES

5.4 Entry

TIG

Hr:Min (approx)

-2:30

2:20

-2:10

-2:03

SCOM 1.0
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CDR receives MCC uplink of PAD.

OMS propellant data, deorbit,

entry, and landing data, current

state vector, and deorbit targets are

also uplinked. Prop PAD, DEL

PAD, and MNVR PAD are read up

to the erew by CAPCOM. Crew

can use PGSC (SPOC) to determine

targets and c.g. if required.

PLT terminates hydraulic thermal

conditioning.

PLT activates APU water boiler

steam vent heaters (2 hr prior to

APU start).

CDR, PLT power up FCS and

DDUs for entry (RGAs and ASAs

must be on prior to OPS 3

transition).

CDR secures water loop 1 prior to

OPS 3 transition (powered ON only
for contingency in OPS 3).

CDR monitors auto maneuver to

attitude suitable for S-Band

communications if required. Crew

may maintain IMU alignment
attitude or go to deorbit attitude

depending on flight profile and

TDRSposition.

PLT prepares for hydraulic
Tepressurization of the main engine
thrust vector controls (engine bells
must be properly stowed to prevent
thermal damage).

PLT computes N2 quantity prior
to OPS 3 transition to determine
deorbit time available in case of a

cabin leak.

CDR, PLT configure DPS (three

phases)to place GPCs 1,2,3, and 4
in PASS OPS 3 and GPC5 in BES,

-1:56

-1:55

5.4-2

OPS 3. Prior to OPS 3 transition,

entry TFLs are loaded and SM

Checkpoint Initiate is performed to

update the FDA in case a wave-off

is required. Once in OPS 3, the

crew refers to the Entry Pocket

Checklist for malfunction

procedures. CRT displays are

normally: CRT 1 GNC DEORB

MNVR COAST, CRT 2 GNC SYS

SUMM 1, and CRT 3 BFS, GNC

DEORB MNVR COAST.

MS deactivates star tracker and

closes doors.

CDR, PLT, MSs perform entry
switch list configuration and

verification at this time. The

following items will be performed
or verified:

Forward Flight Deck

¢ Electrical power to brakes,
brake heaters, anti-skid, and

nose wheel steering (NWS) is

applied.

¢ Verniers are secured.

* FES control is given to GPCs.

* One O2/N2 valve is opened
in case of a cabin leak.

* Communications panels are

configured to provide
maximum redundancy.

Aft Flight Deck

* Activate entry monitoring
equipment unique to

Particular vehicles (Aero-

dynamic Instrumentation

Package and Shuttle Infrared
Leeside equip-ment-OV102,
Modular Auxiliary Data

System-OVs 103 - 105.



5. NORMAL PROCEDURES
5.4 Entry

TIG 0:57 CDR, PLT remove HUD covers.

Hr:Min (approx) 0:53 Crew performs LES pressure
integrity check.

¢ Secure hydraulic heaters.

-0:50 Crew doffs and stows on-orbit
e Secure the teleprinter (via dc communications headsets.

utility Power MN C) and

remove the power cable. -0:49 MS deactivates WCS.

¢ Connect an LES communi-

cations cable (DC Utility Deorbit Burn
Power MNC).

ne -0:47 CDR, PLT stow all unnecessary
¢ Open Ku-band circuit FDF items and transition to the

breakers. Entry Checklist for the nominal

procedures.
Middeck

-0:46 CDR, PLT receive final deorbit
* Configure communications update/uplink. Deorbitflightrules

panel for entry. are verified with MCC. Exact time

may vary.
* Pressure Control System(PCS)

is configured for N2 water —_9:40 CDR performs OMS TVC gimbal
tank ullage pressure. check (during AOS), using OMS

MNVR EXEC display.
* Close 14.7 cabin regulators

(protects N2 if leak occurs) PLT initiates APU pre-start

procedures (during AOS). BFS,SM
* Close O2 regulators (so O02 SYSSUMM 2is used to check APU

flow goes only to LES). status.

-1:40 MS enables MPS helium system CDR, PLT conduct horizontal

pressure C/W (assists crew in situation configuration using CRT

isolating failed open regulator). 2 GNC 50 HORIZ SIT and CRT 3

Hydraulicsystem C/W parameters BFS, GNC 50 HORIZ SIT then

for low pressure are activated return CRT 2 to GNC SYS SUMM 1
(alarm will sound immediately and CRT 3 to BFS, GNC DEORB

since APU’s are OFF). MNVR COAST.

-1:39 Crew conducts entry review as PLT initiates OMS burn

required (15 min alloted). preparation which includes

checking engine trims and

-1:24 CDR, PLT don LESs. pressures.

-1:10 Specialists don LESs. MS2 stows remaining headsetsand

activates MS2 communications;

-1:04 Crew begins fluid loading MS3 removesandstowsside hatch

(containers filled in post-sleep). UV filter (not OV 102), locking
device, and Pyro Box Safing pin.

-0:59 CDR, PLT ingress seats.
,

TIG
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5, NORMAL PROCEDURES
5.4 Entry

TIG approaching0. DeorbitOMS
; burn time varies with orbital

Hr:Min (approx)
altitude. Typical burn times are

; reconfiguration 2-3 minutes. During the burn, the
ee a ae withCRT2 Deorbit Burn Monitorcue card is

in GNC 51 OVERRIDE. CDR, PLT used for malfunction procedures.
receive final deorbit update/ uplink
if required. MS] and MS2 ingress OMS Cutoff

ee

+2 sec If nominal burn, CDR secures

CDR proceedsto OPS302andGO/ OMS engines following the
NO GOisgiven fordeorbitburn. automatic purge and trims

residual (<2 fps for steep targets
-0:15 CDR initiates maneuver to deorbit and .5 fps for shallow ones). The

burn attitude on OMS MNVR crew returns to the Entry
EXEC display. CDR, PLT verify Checklist Post DeorbitBurnsection

OMS/RCS switches in proper for nominal proceduresand to the

positions. Entry Pocket Checklist for

malfunction procedures.
):05 PLT performs single APU start, one

APU must be operating in low PLT performs OMS/RCS recon-

pressure prior to the burn. First figuration by verifying the proper
APU start procedures vary position of RCS switches and

depending on lakebedavailability. closing OMS HE and crossfeed

CDR verifies the orbiter is in the valves; MS stows PGSC (SPOC).
deorbit burn attitude + 5 degrees.
Thecrewtransitions to the Deorbit CDR proceeds to OPS 303.
Burn cue card for nominal CDR loads or verifies the proper
procedures. The Deorbit Burn attitude data, and initiates

Flight Rules cue card should be maneuver to the entry interface -5
consulted prior to executing or mun attitude: CDR also conducts

continuing the deorbit burn past OMSgimbalpowerdownverifying
safe Hp if system failures occur. gimbals have driven to the proper

: entry position.
Deorbit Burn

: EI
0:0€ Deorbit burn TIG. CDR, PLT

monitor the burn using delta Min:Sec (approx)
VTOT, VGO, TGO, and Hp from

ihe BFS —-20:00 CDRinitiatesa secondaryactuator

ete
isplay is used check,if not previously performed

or Systemsdata.Deorbit during FCS checkout and time

page erageSoe allows, using GNC 53 CONTROLS

a

in Section7 of this on CRT 1, BFS, SM SYS SUMM 2
‘

on CRT 3, and GNC DEORB

rn ae MNVRCOASTon CRT 2.
s burn termination nears (TGO

going to 0), crew monitors current

perigee (HP) approaching
targeted HP and delta VTOT

SCOM1.0 54-4November 1991



EI

Min:Sec (approx)

-18:00

-13:00

-11:00

PLT performs forward RCS dump,
as required for X axis c.g. control
with CRT 1 in GNC 23 RCS, CRT 2

in GNC DEORB MNVR COAST
and CRT 3 in BFS, GNC SYSSUMM
2. Dump times for various forward

RCS quantities are listed in the

Entry Checklist. It takes 90 seconds

to dump 50 percent forward RCS

with 4 jets (twice as long using a 2

jet dump).

CDR, PLT perform entry switch

checks (using GNC 51 OVERRIDE

on CRT 3 for some checks) and

exercise brake pedals.

PLT starts remaining (2) APUs,
verifies nominal performance,
then switches all 3 APUs to

normal pressure and checks for

uncommanded brake pressure on

CRT3 display BFS, SM THERMAL.

PLT performs main engine
hydraulic system repressurization
to ensure the nozzles are properly
stowed.

PLT initiates hydraulic fluid

conditioning on MCC’s call and

monitors surface position
indicators for aerosurface cycling.

Crew makes burn report to MCC

and updates new state vector if

required. All crew members inflate

anti-g suits if desired.

All three CRTs are moded to GNC

DEORB MNVR COAST (CRT 3

BFS). PLT transitions AC BUS

sensors to MONITOR.

The crew transitions to the Entry
Maneuver cue card for nominal

entry procedures.

5. NORMAL PROCEDURES
5.4 Entry

CDR transitions GPCs to OPS 304
when verified at EI-5 attitude.
Crew switches to cue cards for
malfunction procedures. CRT

displays are: CRT 1 GNC ENTRY

TRAJ, CRT 2 GNC SYS SUMM 1,
CRT 3 BFS, GNC ENTRY TRAJ.

PLT verifies FWDRCS MANIFOLD
ISOLATION valve switches (4) are

closed (unless forward RCS

program test inputs (PTIs) are

scheduled).

Entry Interface

+ Time from EI
— = Time to touchdown

Min:Sec (approx)

+0:00

-32:14

+2:39

-29:35

+3:32

-28:42

Orbiter reaches EI (~400,000 ft) ata

velocity (V) of ~24,600 fps and

descent rate (H-dot) of ~500 fps.
The crew compares ADI, AMI,
AVVI, data and RCS activity lights
to Entry cue card data. ENTRY

TRA) (1 - 5), HORIZ SIT and GNC

SYS SUMM 1 are monitored on

CRTs 1 and 2. The BFS ENTRY

TRA] display is available on CRT 3
to compare PASS and BFS

guidance. The PLT can call up BFS

SYS SUMM displays as desired to

check system operation.

Automatic elevon trim begins at a

q-bar = .5 psf.

Aerosurface contro] begins at

q-bar = 2.0 psf. CDR, PLT monitor

elevon and aileron deflection

angles on surface position
indicator.

5.4-5 SCOM 1.0
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5.4 Entry

+ = Time from El

- = Time to touchdown

Min:Sec (approx)

44:45

7:29 Closed loop guidance initiated at

q-bar = ~8 psf or drag = ~3 fps’.
First roll maneuver takes place

shortly after guidance box appears

on ENTRY TRAJ to indicate closed
*

loop guidance.

+5:00

27:14

+5:18

-26:56

+6:10

26:04

+13:40

-18:34

+13:45

-18:29

SCOM 1.0

November 1991

Roll RCS jets deactivated at

q-bar=10 psf.

First bank command issued by

guidance.

Maximum surface temperature

region begins (Mach 24 to 19).

Actual drag should be within .5 fps*
ofprofile.

Pitch RCS jets deactivated at

q-bar = 40 and lateral acceleration

(N,) trim becomes active.

At drag = 11 fps, drag H updates
begin in NAV filter. Crew monitors

data on GNC 50 HORIZ SIT

display.

MPS feedlines are pressurized prior
to 200,000 ft.

First roll reversal is issued

by guidance when azimuth

error (delta AZ) = +10.5 degrees
occurs at a flight specific velocity
between 20,000 to 13,000 fps.

Equilibrium glide phase begins
(flightpath angle remains constant
as a transition from temperature
control to constant drag control).

+14:42

-17:32

Vege:= 19 k fps

+15:51

-16:23

Va:=17k fps

+17:00

-15:14

Vag = 15 k fps

+17:47

-14:27

Ve, =14,445 fps

+17:57

-14:17

Vyer=14k fps

+18:57

-13:17

Vie)=12 k fps

+19:20

-12:54

Vy =10.5k fps

5.4-6

Pitch and roll RCS activity lights
are reconfigured when q-bar = 50

psf to indicate RCS saturation.
f

PLT enters Item 6, twice on GNC

50 HORIZ SIT, to Left/Right
OVHD and ensures guidance is

computing for an overhead

approach (if required).

PASS and BFS TRA] displays mode

to ENTRY TRAJ 2.

NAVAID power on is verified and

RESET performed. This insures

NAVAIDs will warm up before

they are required (in case they were

off due to a powerdown).

Constant drag phase begins and

continues until about 10,445 fps,
maintaining drag at about 33 fps’.
Alpha begins to ramp down from

~40 to ~13 degrees at Terminal

Area Energy Management
(TAEM). :

PASS and BFS ENTRY TRA} mode

to ENTRY TRAJ 3.

Radiator bypass valves (2) are

placed in automatic and radiator

controller loops (2) are put in

AUTO B(A).

PASS and BFS ENTRY TRAJ mode
to ENTRY TRAJ 4.



Time from El

- = Time to touchdown

Min:Sec (approx)

+

+19:49

-12:25

Vi=10:4k fps Orbiter enters transition phase
. where alinear drag profile is flown.

Ranging is controlled by changes

5. NORMAL PROCEDURES
5.4 Entry

monitoring. The crew can check

for good probe deploy discretes by
noting the absence of OFF flags on

the AMI and AVVI tapes when the

AIR DATA select switch is taken

from NAV to LEFT then RIGHT.

Air data information will not be

valid until Mach is <3.4.

to the slope of drag profile. +24:24

-07:50

+20:03 Vie. = M4 CDR, PLT begin H-dot monitoring

-12:11 at Mach 4, verifying descent rate

Vag.=10kfps Speedbrake opens to 81 percent. < -500 fps.

+21:15 +25:00

-10:59 -07:14

Vag, = 78k fps GPC opens landing gear hydraulic Vier = M3.4 Using GNC 51 OVRD, GNC 50

isolation valve 2. HORIZ SIT, and instrument tapes
the crew checks air data is close to

421:34 NAV. MCC will give a GO to take

-10:40 air data to NAV and/or GNC using

Vag=7-5k fps MCC has sufficient tracking for Items 25 and 28 on GNC 50 HORIZ

state vector update. This time can SIT.

vary depending on ground track

and tracking station performance. +25:30

-06:44 :

+21:41 Veer= M2.6 PLT verifies APUs operating

-10:33 nominally. CDR, PLT activate

Vag.=7-3kfps First TACAN acquisition. HUDs.

+22:00 Terminal Area Energy Management
oe (TAEM)

Vin=7kfps MCC and the crew compare
TACAN data to NAV. If

+25:40

acceptable, MCC tells the crew to
—_¢.34

take TACAN. GNC50HORIZSIT vy ==¥425 PLT verifies air data incorporated
display is used to check TACAN

a

into guidance. If not, the CDR must

errors and accept TACAN data for take CSS control to avoid a

use by the NAV filter. transient when air data is

incorporated. Software transitions

+22:41 automatically to OPS 305.

-09:33 Guidance enters TAEM phase.
Vie =6k fps PASS and BFS ENTRY TRAJ PASS and BFS ENTRY TRAJ

displays mode to GNC ENTRY displays are replaced with VERT

TRAJ 5. SIT 1 displays.

+23:30 +25:55

-08:44 “06:19

Vee, = M5 At approximately 115,000 ft the
Vv... = M24 Fuselage vents open.

air data probes are deployed. CDR,
a

PLT begin aileron and rudder trim

SCOM 1.0
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5. NORMAL PROCEDURES
5.4 Entry

+ = Time from El

— = Time to touchdown

Min:Sec (approx)

+26:50

-05:24

Vee, = M2.0 Air data must be incorporated to

Guidance and Control or the crew

must stay within theta limits as

Approach and Landing

+31:00

-1:14

Vas. = 285 KEAS

Alt = 12k ft CDR, PLT monitor outer glide
slope (OGS). At 10,000 ft crew

verify Approach and Landing

guidance (flashing A/L on CRT 1),

shown on the VERT SIT display. body flap to TRAIL, and LES visors

down (KSC).

+31:20

RCS yaw jets are deactivated. -0:54

Ve, = 285 KEAS

Alt=5k ft Radar altimeter operation verified.

PLT begins landing voice calls.

CDR selects pitch, roll, and

yaw (R/Y) CSS. Speed brake +31:30

“commanded” versus “actual” 0:44

position is verified(manualas Viger= 285 KEAS

required). PLT flight controlleris  Alt=3k ft Speed brake command is verified.

verified ON. Nose wheel steering
(NWS) is verified in GPC. PLT may +31:47
take control for brief flyingqualities 9:27
evaluation prior to the HAC at the Vue.= 285 KEAS
CDR’s discretion. Alt=2k ft CDR initiates preflare and PLT

eh

arms landing gear.

+32:00

a ‘

~0:14
PLT verifies landing gear hydraulic Vie: = 270 KEAS
isolation valves (2) are open. Alt =300 ft PLT depl

i

PASS and BFS VERT SIT call Pasae eee"

displays transition to VERT SIT 2.
:

PLT and CDR monitor PASS and +32:06
BFS GNC 50 HORIZ SIT for __o.98

HeadingAlignment Cone (HAC) Vag,= 250 KEAS
;

acquisition. Alt = 100 ft Final flare begins.
+30:00

ae sae:
Vier = 280 KEAS ca 185 to
Alt=15kft PLT monitors MLS acquisiti

a
j quisition. 2

i

.
ifi

Residualegatdneatise isappeas
05 KEAS

ps ee?ere
PLT verifies

from PASS GNC 50 HORIZ SIT
i ae

upon MLS acquisition. 432:22

Vue=
185 KEAS CDR begins derotation at

~ 2 degrees/sec.

SCOM 1.0
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5. NORMAL PROCEDURES
5.4 Entry

+ = Time from El +33:00
~ = Time to touchdown Via
Min:Sec (approx) 40 KEAS CDR reduces braking to 4 ft/sec?

until wheels stop.
+32:28

Vee +33:10 Orbiter stops; CDR reports “wheels

160 KE Nose gear touchdown; PLT or MS2 stop” to MCC. Crew transitions to

selects SRB SEP to MAN/AUTO Post Landing Procedures in-the

and depresses push button to Entry Checklist.
ma

backup automatic discretes for

elevon load relief, NWS, and anti

skid circuitry.

+32:40 CDR applies brakes at 140 KEAS

or one half available runway

remaining, whichever occurs first.

Deceleration profile is typically
8 to 10 ft/sec.

5.4-9
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5.5 POST LANDING

CDR and PLT safe RCS/ OMS, and deactivate
air data probe heaters.

MS safes the landing gear.

PLT, after notifying MCC, opens the ET

umbilical doors and performs RCS/OMS valves

checkout and safing.

CDR activate the NH3 boiler as required (MCC
call or C/W).

PLT initiates hydraulic load test on MCC call.

CDR performs DPS transition to OPS 901 on

MCC call; CRT 3 is moded to BFS, GNC BFS

MEMORY.

PLT sets body flap to trail and performs main

engine reposition with PASS OPS 9 display
GNC 105 TCS CONTROL. PLT also performs
APU/HYD shutdown after main engine
repositioning is complete.

CDR performs PCS deactivation. With a GO

for extended powerup from MCC, CDR/PLT

begin system deactivation. CDR secures GPCs

5. NORMAL PROCEDURES
5.5 Post Landing

2-4 reassigning strings to GPC 1 and informs
MS to proceed with MS System Deactivation
Procedures (LRU and APU heater deactivation,
RCS/OMS heaters turned OFF).

Convoy personnel open hatch.

Flight Surgeon enters cabin for health check.

ASP, suit tech, and Shuttle Processing Contract

Spacecraft Operator (SPC SCO) enter the cabin
to assist with egress and removal of experiments
and early return items.

CDR, MS, (PS) egress seats. MS, PS retrieve
“return to Houston bags.”

CDR, PLT, MS, (PS) egress orbiter to begin
post landing activities. After medical

evaluations, showers, visits with family and

post landing medical data collection, the crew

returns to Houston. Normal return to Houston

occurs 6 to 9 hours after landing.

ASP removes special FDF but retains some entry
related FDF until handover to LCC.

ASP hands vehicle over to SPC SCO when MCC

(Houston flight) hands off to Orbiter Test

Conductor (OTC).
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CONTENTS

6.1 Launch Abort Modes and

IRACONANC cas sriasesscsesseesfestesccescerevtecrec, 6.1-1

62ugAscentAborts:..i.cecste. crane. 6.2-1

6.3. Return to Launch Site....... -6.3-1

6.4 Transoceanic Abort Landing.........6.4-1
6.5 Abort Once Around -6.5-1

GiGi A DONE tO) OTD trecrerssersctererescersansetenees 6.6-1

6.7 “Contingency ADOrt 1 srerccreereereceeeons 6.7-1

6.8 spSystemsHallures aecsccccssceteeennsetnnersccs 6.8-1

6.9 Multiple Failure Scenarios.

6.10 Switch and Panel Cautions

6.11 Systems Failure Summary.

This section covers critical failures to which the

crew must react expeditiously. Both performance-
related and system failures are presented. Critical

system failures are those requiring a response
within 5 minutes to safe the system or restore

its function. Performance-related failures may
result in an abort, depending upon the severity.
Launch and ascent aborts are discussed in detail.

The emergency procedures in this section are

designed to be general in nature and not flight
specific. Detailed procedures are available in

Flight Data File (FDF) checklists. It is very

important that crewmembers learn to recognize
failures and react properly. Failure identification

is the key. Only through study, training, and

practice will a crewmember achieve the desired

degree of proficiency priorto.flight.

In some areas, actual crew operations are described,

along with monitoring and control devices. This

is particularly important for aborts, where

dynamic flight cues, instruments, and cue cards

must be rapidly interpreted. Some abort rationale

is also included to ensure the crewmember

understands various abort modes.

6. EMERGENCY PROCEDURES

The key to most emergencies is to utilize all
information available, including inputs from the

Launch Control Center (LCC) while on the pad and

post-landing, and from the Mission Control
Center (MCC) during all flight phases. Both the

LCC and MCC have an enormous amount of data

at their disposal. With the highly trained Launch

Team and Flight Team working together with

the crew, most emergencies can be quickly
identified and proper actions started.

Three levels of protection exist to prevent loss

of a Shuttle due to failures: component failure

prevention, vehicle design, and training.

Component failure prevention is accomplished
through a stringent process of equipment design,
qualification tests, maintenance, checkout, quality
control, and proper operation.

The Shuttle is designed to a “fail-ops/fail-safe”
philosophy. This means that loss of any one

component can be tolerated without compromising
the mission, and loss of a second component will

not result in loss of vehicle or crew. Obviously, this

requires redundant systems and system
components. Managing this redundancy adds to

Shuttle complexity.

The third level of protection is the human element:

crew, MCC, and LCC training. In order to quickly
and correctly respond to performance or systems

problems, as well as complex multiple failures,

the flight crew and ground crews must be experts
on Shuttle systems and how to control them. Prior

to flight, both the ground teams and the crew

participate in many hours of intense simulations

to improve their teamwork and knowledge of

Shuttle systems. A stringent certification process

is also in place to ensure qualified and current

personnel in all disciplines.

Failures tend to fall into two general categories:

single component and multiple.

For single component failures, patience is

important. Shuttle design should allow time to

properly analyze what has happened and what

steps are necessary to regain the lost component
or to optimize remaining systems to protect

against additional failures. A common error
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6, EMERGENCY PROCEDURES

among inexperienced personnel is to act too

quickly, do the wrong thing, and make the situation

worse.

Multiple failures are more difficult to deal with,
since reaction time must be short, and procedures
may not be explicit. Most FDF procedures are

written considering a maximum of two failures.

To avoid burdensome complexity and maintain

credibility, this is the only way to realistically
tailor procedures to a vehicle as complex as the

Shuttle. The result is that a specific procedure
may not be available to guide the crew, or several

procedures must be combined or executed in rapid
succession. For these cases, the crew and ground
teams must rely on their knowledge and training.
Once again, reacting too quickly can jeopardize
vehicle integrity.

In order to cope with potential failures in a dynamic
environment, such as ascent or entry, the flight
crew must constantly keep in mind their current

status and mentally prepare for potential additional

failures before they occur. This “staying ahead

of the airplane” philosophy, along with system

reconfiguration for optimization and built-in

graceful degradation of systems, will enhance

the chances of a successful outcome when

multiple failures are encountered.
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6.1 LAUNCH ABORT MODES AND

RATIONALE

CONTENTS

Mode 1 — Unaided Egress/Escape ..

Mode 2 — Aided Escape
Mode 3 - Aided Escape -6.1-2

Mode 4 — Aided Escape ....s..ssssessscsseesees 6.1-2

A Shuttle launch may be scrubbed or aborted up
to solid rocket booster (SRB) ignition. Normally,
launch scrubs prior to Space Shuttle main engine
(SSME) start are followed by an orderly safing
procedure and crew egress, assisted by the

closeout crew. A fully fueled Shuttle on the launch

pad may present an extremely hazardous situation

if toxic vapors, fire, or structural damage are

present. A launch abort after SSME start is

automatically controlled by the Ground Launch

Sequencer (GLS). The most serious hazard here is

the presence of excess hydrogen, resulting in a

hydrogen fire, which is invisible to the eye and

very dangerous. This situation occurred during a

launch attempt for STS-41D.

In the event of an emergency at the launch pad,
the NASA Test Director (NTD), who mans a

console in the Launch Control Center (LCC) firing
“room, is in command. Priority is flight and ground

crew egress and escape, followed by preventing
destruction of the Shuttle, facilities, complex, and

support equipment.

Should an abnormal event occur that terminates

a flight or prelaunch operation and results in

substantial damage to the Shuttle and/or injury
to personnel, the NTD will declare a contingency
situation. This alerts fire and rescue personnel
and puts in motion pre-planned procedures to

minimize further damage and injuries.

The NTD may also initiate action if an emergency
condition exists that requires immediate action to

prevent loss of life or destruction of equipment.
In preparation for a potential emergency condition,

6. EMERGENCY PROCEDURES
6.1 Launch Abort Modes and Rationale

a hazardous condition may be declared if a threat
to personnel health or safety exists. A hazardous
condition may develop into an emergency
condition.

Depending upon the severity of the situation on

the launch pad, an emergency egress/ escape may
be required to evacuate personnel. The Shuttle

program has classified four launch pad escape
modes which are preplanned and rehearsed by
the flight crew, closeout crew, and all launch

pad personnel. Defining these modes prior to

the development of an emergency condition
or contingency situation ensures standard

procedures can be followed and minimizes risk
of additional injury and damage.

Mode 1 - Unaided Egress/Escape

This escape mode may be initiated by the NTD
or flight crew. The NTD will direct that the
orbiter access arm (OAA) be returned to its position
at the crew module hatch. The fire/rescue crew

will be dispatched if the NTD decides it is safe
to do so. Escape from the Shuttle vehicle and the

pad is performed by the crew. This procedure is

practiced in trainers and mockups in Houston and

rehearsed during terminal countdown

demonstration test (TCDT) at KSC. Since crew

complement varies from flight to flight, each

crew must develop their own particular
procedures. Use of a buddy system is strongly
recommended. Egressing the Shuttle along the

OAA and across the pad 195 ft level to the

slidewire baskets through the water deluge fire

suppression system is a hazardous operation.
Given the very real potential of fire, toxic vapors,
and explosion, flight crews must be well-trained

and prepared.
i

Mode 2 - Aided Escape

- Aided escape is initiated by the NTD, flight
crew, or closeout crew. This mode is used when

the six-person closeout crew is still on the pad.
The closeout crew leader is responsible for assuring
that all personnel egress from the Shuttle and

proceed along the prescribed escape route to a safe

area. The NTD will also alert the fire/rescue crew.

Injured personnel will be assisted/carried along
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6.1 Launch Abort Modes and Rationale

the escape route, and basic first aid will be

rendered if required. The closeout crew leader

keeps the NTD informed of medical conditions

and egress/escape progress.

Mode 3 - Aided Escape

Initiated by the NTD or flight crew, this mode

is used after the closeout crew has departed, and

a contingency occurs that requires assistance.

The OAA is repositioned, and the fire/rescue

crew proceeds to the pad to assist the flight crew.

The actual egress/escape is similar to the

Mode 2 operation, except the fire/rescue crew

substitutes for the closeout crew.

Mode 4 - Aided Escape

This mode is initiated by the NTD, closeout crew,

or flight crew. It involves a contingency where

one or more members of the closeout crew or

flight crew are trapped or injured. Rescue and

escape are performed by the fire/rescue crew,

assisted by the closeout crew and flight crew. Use

of all seven slidewire baskets may be required.
Personnel accountability is critical.

Insummary, launch aborts may range from a scrub/

turnaround to a complex rescue scenario. Crews

must be very familiar with all hardware and

procedures. This requires training and practice.
Prior to any launch pad evolution, a careful

review of emergency procedures is warranted.
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6.2 ASCENT ABORTS

CONTENTS

MerfOrmMaAnce ADOLtS scccescecscscesscecseccosecseceee 6.2-1

Systems: ADOrts|.:sistvs..ccsvacbesctcsescecceenvecassvers6.2-3

IATL OALELY.rcestececseusccctcossccscesretecccesdbeccds 6.2-4

Events that require an ascent abort can be generally
grouped into performance and systems failures.

Flight Rules that govern these two types of scenarios

are incorporated into various real time MCC calls,

along with the NO COMM MODE BOUNDARIES
and the SYS FLIGHT RULES cue cards.

Performance Aborts

The amount of performance lost when a Shuttle

engine loses thrust or fails is directly related to the

time of the problem. Early engine degradation
or failure while the Shuttle is heavy with fuel,

may preclude achieving a safe orbit. Late engine
problems may result in no underspeed at all.

Fortunately, it is not necessary to fly all the

way to main engine cut off (MECO) to find out

how large the underspeed will be. By using a

computer program called the abort region
determinator (ARD), MCC can predict the

underspeed that will result from any performance
problem. Thus, the MCC can immediately
determine whether the desired or even a safe orbit

can be achieved. If a safe orbit cannot be

achieved, some type ofabort will be required.

There are two basic types of ascent abort

modes: intact aborts and contingency aborts.

Intact aborts are designed to provide a safe

return of the orbiter to a planned landing site.

Contingency aborts are designed to permit crew

survival following more severe failures when an

intact abort is not possible. A contingency abort

will usually result in a crew bailout.

For cases where the orbiter comes close to

achieving normal orbit, the abort might simply
consist of going to a lower yet perfectly safe

orbit. This is called an abort to orbit (ATO).

6. EMERGENCY PROCEDURES
6.2 Ascent Aborts

If even a low orbit cannot be achieved, an abort
once around (AOA) may be used. The orbiter is

placed into a sub-orbital trajectory leading to a

landing after a single revolution of the Earth.

The next available abort mode, if performance
does not permit an AOA, is a transoceanic abort

landing (TAL), which results in landing on a

runway in Europe or Africa.

Finally, for intact aborts, if an engine fails after
lift-off and before TAL is possible, a return to launch
site (RTLS) abort would be performed.

During powered flight, the crew tracks vehicle

present abort capability by MCC voice calls. If

communications are lost, the NO COMM MODE

BOUNDARIES card provides a summary of

ascent abort mode capability.

NEG RETURN (104) 8300 2 ENG BYD (104)

PRESS TO ATO (104) 10300 (EUROS)

EOvi

5) [= Seep]DROOP BYD(109)(5) }|

SE BYD (104)

LAST MRN (104) 11000

(5) |
PRESS TO MECO(104) 12200

2 ENG BEN(104) 6500
DROOP BYD(109) 12600, -_——_—_$_$_$_________—___|

ABORT TAL BEN (2)
|

SE BYD (104) 13800 |

EOvi |
LAST BEN (104) 18100 | DROOP BYD (109) (5) }}

SE BYD(104) 6 }]
SE PRESS(104) LTO

ne Cd |

SEBEN(109) 2) [ |
LAST PRE MECO TAL 23000

| 2ENG MN (104 7600
| LAST TAL

| AML 23800 ABORTTALMAN(3

| BYD 24300 SS
ROB 24700 | FOV!

————

KIN 25200 | OROOP BEN(109)(2) [__} |

HDS 25400 | SE BYD(104) (C) [commen
SE BEN (104) (2)

SEMAN (109) (3)
|

NO COMM MODE BOUNDARIES Cue Card

This card does not reflect off-nominal performance
such as a stuck throttle. Only the ARD can

calculate abort mode boundaries based on actual

performance. The ARD takes real time performance
into account when predicting real time mode

boundaries.
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6.2 Ascent Aborts

The abort mode boundaries are flight-specific.
Times change significantly due to differences
in mass properties, environmental modeling,
and performance characteristics. Boundarynames
may also change. For example, some missions

will not have a Press to ATO boundary. Also,
TAL sites are mission-specific. Higher inclination

flights will require a different philosophy of

calls and checklist mode boundaries than lower

inclination flights.

A generic discussion of mode boundaries for

a low-inclination flight is presented here. Flight-
specific data is available from the Flight
Dynamics Officers (FDO).

Two-Engine TAL

Two-engine TAL is usually the first mode

boundary reached that allows a downrange
abort. It is the earliest inertial velocity (V,),or time

in the trajectory at which AUTO guidance
with 104% throttles may be used to successfully
complete a TAL abort to the designated primary
TAL landing site with two functioning engines.
There is usually an overlap of RTLS and TAL

capability. TAL is the preferred abort mode

for engine and systems failures in this overlap
region, since single engine completion capability
is attained much earlier for TAL than RTLS. The
MCC voice call for this boundary usually has
the TAL site name included in it (e.g., Two

Engine Ben Guerir).

Negative Return

The latest V,or time in the trajectory at which AUTO

guidance may be used to successfully complete an

RTLS abort is NEGATIVE RETURN. Past this V,,
the orbiter will have too much downrange energyto successfully return to KSC. If there is an abort

gap between NEGATIVE RETURN and TWO
ENGINE TAL, the calls will be based on throttlingthe good engine(s) to maximum throttle - 109%.

Press to ATO

This boundary represents the earliest engine out

V, time in the trajectory at which the orbiter can
achieve the design underspeed at MECO. The
constraints on design underspeed are ET impact,
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minimum performance,minimum altitude,

contingency c.g. envelope protection, and

minimum net positive suction pressure (NPSP)

for the main engines. This boundary occurs only
on missions requiring a pre-eMECO OMS dump
to achieve the design underspeed.

Press to MECO

This is earliest engine out V,on time in the trajectory
where the orbiter can reach the design

underspeed at MECO without a pre-MECO abort

selection.

DROOP (109)

The DROOP boundary represents the lowest

point in the trajectory where the Shuttle can

successfully reach MECO and ET SEP with the

failure of two engines without a trajectory
droop below 265,000 ft. Going below this

altitude violates ET heating constraints, and

loss of the vehicle is expected. The resulting
safe ET SEP state does not guarantee enough
energy to reach a TAL site, but will provide
bailout capability.

The DROOP boundary for staggered engines out

is a function of first engine out V,. The MCC

voice call for the boundary will include the

name of the TAL site that would be used should

the DROOP procedure be required.

SINGLE ENGINE (SE) TAL (104)

The SE TAL 104% boundary represents the
lowest V, or time where AUTO guidance with

104% throttles can achieve the desired TAL site

tange-velocity target line with the failure of
two main engines.

Both in-plane and out-of-plane TAL sites may be
used. This complicates abort mode determination,
and the TAL REDESIGNATION cue card, along
with MCC calls, will be required. This card is used
for sequential engine failures and indicates to the
crew which TAL site is attainable.
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NOTE: DROOP IS 109% THROTTLE:

FOR 104% THROTTLE, ADD 300 FPS

6. EMERGENCY PROCEDURES
6.2 Ascent Aborts

Single engine press is the lowest V, or

1ST E.O. VI 7700 | 7800 | 7900| 8000 | 8100| 8200| 8300 | time in the trajectory after which the
DROOP BEN (109) —(2)|11200] 11200| 11200] 11300] 11300] 11300] 11300| Critical underspeed canbeattained with
SE BYD(104) (5)|- - - - - - 5 two engines out. Critical underspeed is

se 4te) a sas ee eee aesse
15600) 15500} the same as design underspeed minus

(104) (3) 200] 17000] 16900} the ET impact constraint. Other criteria
f

:
:

1STE.O. Vi 8400 | 8500 | #600] 8700] e600 e900] e000]
MY be found in the Flight Rules.

DROOPBEN(109) —(2)|11400] 11400] 11400] 11400] 11400] 11500] 11500
-

SE BYD (104) | i 3 : % if :

Last Pre-MECO TAL

SE BEN(104) (2)| 15400] 15400] 15300] 15200| 15200] 15100] 15100
e

,

SE MRN (104) (3)| 16800] 16700] 16600] 16500) 16500} 16400] 16400, This boundary is the latest V, or time in
the trajectory, witha single engine failure,

1ST E.0.VI 9100 | 9200 | 9300 | 9400 | 9500| 9600] 9700} that AUTO guidance can be used to

DROOP BEN (109) _(2)| 11500] 11500] 11500] 11500] 11600| 11600| 11600| achieve thedesignated TAL landing site
SE BYD(104) (5)| 15800) 15700) 15600) 15500) 15300} 15200| 15100) Range/ Velocity(R-V) line. TheenginesSE BEN(104) (2)] 15100] 15000} 15000] 15000] 14900] 14900| 14900] are throttled down at TAL initiation to
SE MRN(104) (@)] 16400] 16400] 16400} 16400] 16500] 16500|16500}

Provide for a longer pre-MECO OMS

1STEO. Vi 9800] 9900 ] 10000] 10100 | 10200 | 10300 dump. LAST pre-MECO TAL is

normally not called out by the MCC.
DROOPBEN(109) (2)| 11600] 11600] 11600] 11700] 11700] 11720

SE BYD(104) (5)| 15000] 14900! 14700] 14600] 14500] 14400

SE BEN(104) (2)| 14900] 14900] 14900] 14800] 14800] 14800 Last TAL

SE MRN (104) (3)| 16600] 16600] 16700] 16700] 16700] 16800

MRN TAL REDESIGNATION Cue Card

As an example, if a TAL to MORON (MRN) has

been initiated due to an engine failure at V, = 7830

fps, the DROOP and single engine TAL boundaries

would be:

* 11,200 DROOP to Ben Guerir (BEN)
* 15,900 SE to Ben Guerir (BEN)
* 17,500 SE to MORON (MRN).

These velocities assume 109% or 104% throttle, as

specified in parentheses, is selected on the remaining

Last TAL is the highest MECO velocity
acceptable for successful completion of a TAL entry
to a TAL site or an emergency landing site (ELS).
This abort option is applicable to the early MECOs

where V, is below the AOA range. LAST TAL is not

an MCC callout.

Systems Aborts

The SYS FLIGHT RULES cue card summarizes the

Flight Rules requiring RTLS and TAL selection in

response to critical systems failures.

RATLS TAL

engine. For DROOP BEN (104), add 300 fps to the
OMS - 2HeTKs

DROOP BEN (109) velocity, or 11,500 fps in the
— 1 OX &FU TKS(ditt pods) x

example. These numbers ‘are entered on the NO = 20X or2FUTKS

COMM MODE BOUNDARIES card and used to APUMYD —2y &1falling ° 7

determine new abort mode boundaries.
CABIN LEAK —(-EQdP/dT>.15)| x x

]

NOTE CRYO — ALLO, (Hp) <ealaicat

If a TAL site redesignation is required, it 2 FREON LOOPSy x | x

must be quickly accomplished on SPEC 50
2MAIN BUSES } x

to begin heading to the selected site, thus

reducing crossrange during the entry phase. THERMAD WINDOMUEENE x |}
Single Engine Press SYS FLIGHT RULES Card
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6.2 Ascent Aborts

In most cases, additional insight provided by MCC
is necessary to accurately and fully diagnose a failure

and select the best response. In the

event of sudden multiple failures, help by MCC

is critical. For COMM loss, however, only the

SYS FLIGHT RULES cue card is available.

OMS Capability

A severe loss of OMS capability can make it

impossible to continue uphill and deorbit. For
example, loss of two propellant tanks results in

insufficient propellant to get to orbit. In this case,

TAL will be required.

APU/HYD

With two APU/HYDs down and the third failing,
a trajectory option with minimum time to the

ground is desired. This enhances the potential to

land prior to a complete loss of hydraulics.

Cabin Leak

Loss of cabin pressure integrity impacts both

breathing oxygen and equipment cooling. A
minimum time to the ground option is required.

Cryo

Loss of cryo O2 or H2 will result in a loss of fuel
cells and all electrical power. An RTLS or TAL
is required

Freon Loops

Losing both Freon loops will eventually result
in loss of all three fuel cells due to lack of
cooling. Since this is time critical, RTLS is
preferable over TAL.

Main Buses

Two main bus failures preclude ET door
closure. Since TAL entry trajectories are

thermally severe, RTLS is preferred. If RTLS
is no longer possible (past NEGATIVE RETURN),Pressing uphill is preferable to TAL.

Thermal Window Pane

Heating during nominal TAL entries is severe.

With a thermal window pane failure, RTLS

is preferable due to its more benign heating
characteristics.

Range Safety

Launch vehicles convert vast amounts of chemical

potential energy into equally vast amounts

of kinetic energy to put their payloads into

orbit. Despite all planning, design, and tests,

the possibility that a malfunction could cause

a vehicle to fly out of control toward a populated
area must be considered. Range Safety’s
function is to terminate flights that are far enough
out of normal bounds to endanger populated
areas. This is accomplished by remotely
detonating explosive charges aboard the vehicle.

For the Space Shuttle, there are explosive
charges on each SRB and two on the ET. A

single charge on each SRB runs the length of
the motor casing. Detonation splits the casing,
teleasing chamber pressure and neutralizing
thrust. In the ET, one charge each is placed on

the LO2 and LH2 tanks. Detonation shatters the

tanks, dispersing the oxidizerand fuel. Commands
to detonate the charges would be sent from

Cape Canaveral Air Force Station.

In order to protect populated areas, impact limit
lines are drawn around them. No lethal piece of
a vehicle can land behind an impact limit line.
Since termination would have to occur well
before an impact limit line is reached, destruct
lines are drawn inside the boundaries of the

impact limit lines. A vehicle Passing outside
the boundaries of the destruct line would be
subject to termination.

Controllability

During first stage, trajectory deviations may lead
to a violation of a destruct line by a Shuttle that
is still under control. It may be possible to return
the vehicle toward its nominal trajectory or to
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safely execute an abort. Therefore, the Flight
Director (FD) and Flight Dynamics Officer
(FDO) are in voice communication with the

Range Safety Officer (RSO) during ascent. If
the RSO detects a violation, the FDO and FD
are immediately informed. The FD must

determine whether the Shuttle is controllable
or uncontrollable, and inform the RSO. As long
as the FD declares the Shuttle controllable, the
RSO takes no action to terminate the flight for

trajectory deviations alone.

Range Safety Limit Avoidance

A deviation from nominal trajectory that is

large enough to warrant RSO action must be
corrected. First stage options are:

¢ State vector update
° Engage CSS (after 90 seconds MET)
¢ Engage BFS. -

6. EMERGENCY PROCEDURES
6.2 Ascent Aborts

In second stage, the options are:

* State vector update
¢ ATOselection
° Engage CSS
* TAL orRTLS selection
* Engage BFS
¢ SSME manual cutoff.

Options‘are listed in order of priority. The

Priorities are established such that higher
Priority options preserve lower Priority options
and involve fewer new dangers to the crew and
Shuttle when possible.
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6.3 RETURN TO LAUNCH SITE

CONTENTS

PoweredAborts
Gliding RTLS

RTLS abort is designed to provide intact abort

capability for a suborbital return of the Shuttle
to the KSC Shuttle Landing Field (SLF). An RTLS

abort may be declared for an engine failure after

liftoff and prior to NEGATIVE RETURN.

In order to reach the SLF, the Shuttle must

reverse course and fly back the way it came. The

turn to reverse course is called powered pitch
around (PPA). Timing of this maneuver is critical.

Engines must be shut down when the Shuttle
has exactly enough speed and altitude to glide
to the SLF runway. Also, for safe separation, the

ET must have no more than 2% propellant
remaining. Excessive propellant will slosh and

could cause the ET and Shuttle to collide.

6. EMERGENCY PROCEDURES
6.3 Return to Launch Site

Selection of an RTLS abort is driven by several
factors. Heat loading on the ET restricts RTLS
selection to no earlier than 2 minutes and 30
seconds (2+30) after lift-off. For RTLS systems
aborts, selection occurs at 3 minutes and 40
seconds. Abort overlap allows either an RTLS or

a TAL to be selected. When RTLS/TAL overlap
exists, TAL may be the preferred mode, since a

second engine failure can be accepted and still
make the Tunway. Also, the powered flight
phase of RTLS is several minutes longer,
causing more exposure to some types of MPS/
SSME failures.

Once the decision is made to initiate an RTLS

abort, MCC will direct the crew to “Abort
RTLS.” The FD will also turn on the ABORT light
on panel F6, using a switch on his console, as a

backup to the voice call. On-board, moving the
ABORT MODE rotary switch to RTLS and

depressing the Abort push button reconfigures GNC

software to RTLS. Asa backup, the crew can enter

OPS 601 PRO on any PASS keyboard.

500 4

i
5

POWERED ATLS T

} FUEL DISSIPATION PITCH AROUND

35 DEGTO65 DEGPITCH V=STO72

me
400 =

SSS =, FLYBACK

xe 45 DEG TO6S DEG

ee veNOMINAL LAUNCH CEA
z 300 4 TRAJECTORY 3

4
Wwa

=} ;

E 200 4: ‘eKABORTINTTATION LLM otcHOGWN
aT i | Va52T0S45
<

a ;

eeSRB STAGING Pee >
:

a a Pe oe
: i

START"g"CONTROL—-TRAJECTORY

/ es | ' VaS8
|

TAEM | r 7 |

Va32 | [ETTRAECTORY |
0 T 1 1 7 7 t oat

ares 50 100 150 200 250 300 350 400

O —LIFT-oFF

RANGE TO LANDING SITE (NM)

Typical RTLS Profile
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6. EMERGENCY PROCEDURES

6.3 Return to Launch Site

Powered RTLS

Powered RTLS (PRTLS) begins when the abort

is initiated and terminates at MECO. PRTLS

guidance is designed to deliver the Shuttle

to a MECO location at the proper altitude

(I-load), flight path angle, and speed (function
of range).

Guidance during PRTLS is closed loop.
Computed MECO conditions are compared
to desired MECO targets to determine a

miss vector. This vector is then used to

compute corrections in steering and throttle

commands.

The crew monitors guidance using cue cards and

CRT displays.

Should guidance not converge, the crew will

see “GUID INHB” on the RTLS TRAJ display.
MCC, in conjunction with the crew, will request
CSS takeover if guidance does not converge
within a reasonable time.

RTLS CDR

| Abort initiated

after 2:30 (2 eng)
at 3:40 (3 eng)

ABORT RTLS
*

No Joy
x

OPS 601 PRO
*

YGUIDANCE STATUS on RTLS TRAJ
Expect PPA when GUID % to go=0

*

If GUID "INHIB" im

YUNCONVERGED GUID TABLE *

MAN PPA per PRPLT *

50K

REMAINING *

40
*

After GUID CONVERGE *

30
PRY AUTO/AUTO THROTTLE *

20

AfterPPA:YBFSITEM1 (*) 7.
YBugs, V;ej, Waypoint 1 SURF

SPDBK @ 3000 FT
Pitchdown (8 = 0°, a= —49)

RTLS PLT

IfCSS: Man Throttle
Man MECO

VPc = 10494(2 eng) (63%)(3 eng)
DUMP.

UNCONVERGED GUIDANCE TABLE
ENG OUT | OUTBOUND | PITCHAROUND | FLYBACK

INITIAL @ al % (10°/sec) INITIAL @

Liftott 60° 44% 64°
230 56° 47% 63°

1:00 s7° 47% 63°
130 Sé° 48% 62°

2:00 49° 51% 61°

330 42° 51% 52°
3:00 38° 52% 50°

230 34° 53% 4g°

4:00 Last RTLS 52% 46°

YPc AT PPA + 20 sec
*

Pe = 104% (2 eng) =

*

G51 MAX THROT -ITEM 4 *

Pitchdown: VPc —m 65%

RTLS Pre-MECO Procedures
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The primary display for PRTLS is RTLS TRAJ. Some

of the information on this display comes directly
from NAV and is independent of guidance.

XOO00G0 TRAD XX X DDD/HH'MM SS

DDO/HH MM SS

x

Fon cole,oeneeeae eee er ss Oe ae
co PD Po3

XXXX ABORT ARM

3 E10 XXXXxx

2 EO XXXXXX 2x

ABORT ax

YAW STEER

GUID Xxxx

IMECO XX Xx

PRPLT xx

XXKXK

XXX XXX

6X SERC Xx

9
XXXKK XXXXX

RTLS TRA] Display

The central portion of the display isa plot of altitude

versus horizontal component of V,,.,,with the zero-

velocity point at the end of the top trajectory line to

the left of the screen midpoint. Shuttle position is

plotted witha triangle. Predictors are generated to

show 30 and 60 second positions. Trajectory lines

are approximations of a generic set of high and low

dispersed trajectories for an engine out at lift-off

and just before negative return.

The Delta H-dot scale is designed to achieve proper
H-dot at MECO. The bug is fly-to. This scale is

only useful if you are right on the canned

profile, and therefore its use is not taught during
training. Two guidelines (q-bar = 2 and q-bar = 10)

prescribe the limits. The Shuttle symbol should be

between these two lines while approaching MECO.

A delta range scale at the top of the display
represents current glide range. Near MECO, the

cut-off bug moves from right to left, passing the

pitchdown points for 3-engine (PD3) and 2-engine
(PD) PRTLS. The cutoff (CO) point indicates where

MECO should occur to obtain proper glide range to

the runway.

Digital readouts present useful data

for monitoring performance. Additional readouts

on the BFS RTLS TRAJ present computed values of

6. EMERGENCY PROCEDURES
6.3 Return to Launch Site

sideslip (beta), angle of attack (alpha), total vehicle

acceleration, attitude errors, and computed throttle
command.

6011/ RTLS TRAJ2 5 000/00:0457

BFS 000/00:04:57

vHa
+4 .

co PO PDs

GUID Xxxx

PPA 1"

BFS RTLS TRA] 2 Display

In order to function properly, guidance needs

to know the Shuttle’s speed and time when an

engine fails. Normally, the GPCs will capture
this data, but the crew should also note the

time. This becomes important later to determine

key trajectory parameters.

NOTE

If CSS flight control is selected, manual

throttle control must also be selected. This

will require manual throttle down and

shutdown.

Fuel Dissipation

After abort selection, the first phase is fuel

dissipation. During fuel dissipation, the Shuttle

continues heading downrange at a fixed inertial

thrust direction. Cyclical computations are

performed to determine the proper time to initiate

turnaround. Should the abort be declared near

the NEGATIVE RETURN boundary, pitch-around
may occur immediately with no fuel dissipation.
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6. EMERGENCY PROCEDURES

6.3 Return to Launch Site

For the crew to fly fuel dissipation phase in

CSS, they must know the proper pitch angle
(theta) and when to pitch around. Using

the engine fail time, the RTLS cue card

UNCONVERGED GUIDANCE TABLE is entered

and the appropriate theta and pitcharound
propellant remaining are determined. Theta is

chosen to minimize altitude loss while headingaway

from the runway. Once set, it remains constant

through the fuel dissipation phase.

Powered Pitch Around

This turn changes Shuttle attitude from heads-

down going away from the launch site to heads-up

pointing toward the launch site by an approximately
60 to 70 degree pitch down maneuver. Until zero

relative velocity is reached, the Shuttle is still

moving away from the launch site. Powered pitch
around occurs at 10 degrees per second pitch
rate in AUTO. This is a dramatic maneuver and

is designed to prevent lofting while passing
through vertical orientation.

Timing of powered pitch around is critical and

must occur within a certain interval to ensure

the Shuttle arrives at MECO with the proper
amount of fuel remaining and the proper energy.
The crew monitors guidance usingthe GUID %

to go on the RTLS TRAJ 2 CRT display. The

percentage displayed is the percent deviation of
the predicted final mass from the RTLS mass

target. When the percentage equals zero, PPA

should occur.

Should guidance be unconverged, the crew should
select CSS and manual throttle control and pitch
around manually at the appropriate propellant
remaining cue.

NOTE

It is much better to pitch around slightly
early than slightly late as late pitch
arounds may result in not reaching a

nominal RTLS MECO state.

OMS Dump

OMS propellant onboard at launch is mission

specific. Since the propellant is stored in tanks
located near the back end of the Shuttle, it causes

the c.g. to be considerably aft of the point
at which the Shuttle is designed to fly. For aborts

such as RTLS, this excess propellant is dumped.

The dump is actually a burn, using the OMS

engines and possibly the aft RCS jets. For inter-

connected dumps, valves are reconfigured
by the GPCs to allow OMS propellant to be

burned through the RCS jets. When RTLS is

selected, the OMS engines begin burning
immediately. RCS jets start burning 30 seconds

after the interconnect is complete, allowing the

crew to verify proper valve positions. Many
missions have interconnected-inhibited dumps
where the dump is through the OMS engines only.

Normally, RTLS dumps are a combination of two

OMS engines and 24 aft RCS jets. The jets used

are four +X jets and 20 null jets. The +X jets fire

directly aft and produce no significant rotational

movement. Null jets fire in opposite directions

so that they cancel each other out. Dump times are

mission specific and are depicted on the RTLS/
TAL DUMPS cue card.

‘Abort Select
2 OMS——_____ >

Pre

MECO

24/12 RCS (Irom OMS) ———m

CEMGETGP «
2+i2jets 2+24j1s  20MS

MM602 +:20

Post

MECO RCS 4 +X —

« re «.

RTLS/TAL Dumps

When the dump is complete, OMS/RCS valves are

automatically reconfigured by the GPCs in

Preparation for MECO. If required procedurally,the crew can secure one or both OMS engines by

SCOM 1.0
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placing the ARM/PRESS switch in OFF.The entire

dump can be terminated by executing a DUMP
STOP on the OVERRIDE display (SPEC 51).

XXXX/051 / OVERRIDEXX X DOO/HH:MM:SS

DDD/HH:MM:SS

ABORTMODE ENTRYFCSTAL 1X ELEVON FILTER ATMOSPHERE
ATO 2x AUTO 17X NOM 20X NOM 22x

ABORT3x FIXED 16X ALT 21X NPOLE 23x

MAX THROT 4x SSME REPOS” 19 XXX__S POLE 24x

IMU STAT ATT DES PAL

PROPLT DUMP 1S XXXX X 25X SYS AUT DES

2S XXXX XXX 26x 1S 28X 31x

XXX KCNCT 5 XXXX 3S XXXx 2% 28 20x 32x

OMS DUMP 3S_30X_33X
ARM 6X x H @ u

START 7X L 4S XXXXXK $XK.X XK. 34X

STOP ax BS XXXXXK XX.X XXX 35X

8 QUAN/SIDE Xxx R2S  XXXXXX 4XX.X XX.X 36x

OMS DUMPTTGXXX 4S 4XX.X_XX.X_37K

[ETSEP ROLLMODEXXKKKXKK
AUTO = 38X_- AUTOSEL 42K

AFT RCS 13 XXX SEP 30x

14 TIME XXX ETUMBDR VENTDOORCNTLBe

CLOSE 40X OPEN 43x

FWD RCS 15 XXX RCS RM MANF CLOSE 44x

16 TIME XXX CL OVRD 41

(xx)

Dump time-to-go (TTG) counts down to zero during
RTLS dumps. Interconnect can be inhibited or

enabled by toggling ITEM 5.

Onboard failures, such as electrical or

DPS problems, can cause serious OMS/RCS valve

reconfiguration problems. “Smart Interconnect”

Software should reconfigure the valves or inhibit

some or all of the jets to prevent any serious

problems.

Shuttle abort dumps are complex procedures and

must be executed correctly in a time-critical

situation. Consult the Ascent/Aborts Flight
Procedures Handbook for additional information.

Flyback

This phase is part of PRTLS where the Shuttle points
back toward the runway. Guidance computes
steering and throttle commands that direct the

Shuttle along the proper trajectory.

Should CSS control be required, the crew should

stop the PPA maneuver at the initial flyback
theta, as determined from the RTLS PLT

UNCONVERGED GUIDANCE TABLE. The Shuttle

6. EMERGENCY PROCEDURES
6.3 Return to Launch Site

pitch attitude must then be adjusted to fly back

along or parallel to the guidelines on the RTLS TRAJ
display.

CAUTION

Do not allow the predictors to fall below
the lower guideline during flyback.
Recovery from this low altitude condition

may be impossible.

In the area of high q-bar, the guidelines are very
important to avoid structural overload or ET SEP

problems. As the predictors reach the left edge of
the display, control theta to fly between the

guidelines until the delta-R bug begins to move.

When the bug reaches the appropriate pitch down
mark (PD3 or PD), the Shuttle should be pitched
down at 5 to 8 degrees per second to alpha = -4

degrees. At this point the crew should null beta.

Simultaneously, the engines are manually throttled
to 65 percent. These procedures are summarized

on the RTLS CDR & PLT cue cards.

Powered Pitchdown

To satisfy altitude and flight path angle constraints

at MECO, a positive angle of attack of about 30

degrees is required. However, to safely separate
the ET, an alpha of ~4 degrees is necessary. The

transition between these attitudes is called powered
pitchdown.

The maneuver must be completed rapidly (5 to 8

degrees per second) to avoid large sink rates, which

could cause over-heating or over-stressing. Engines
are throttled back to reduce trajectory impact.

MECO and ET SEP

Since the MECO time has been fixed bythe GPCs,
an attitude of alpha = ~4 must be held until the

delta-R bug reaches the CO mark, and the engines
are shut down by the GPCs or manually. After

shutdown, a mated coast phase occurs for

approximately 13 seconds. During this phase, valves

are closed, umbilicals retracted, and electrical

connections deadfaced. Attitude is controlled by
the RCS jets.
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The Shuttle is then ready for ET SEP, which will
occur automatically, provided certain constraints

are within limits.

PARAMETER | TARGET TOLERANCES —_|LIMITS, DEG/SEC

Roll rate, P O*%/sec35°/sec 5>P>-5

Pitch rate, Q —25¢/sec| +.5°/sec, —4.75°/sec| + 25 >Q>-5

Yaw Rate, R O*/sec s5°/sec +5>R>-5

Angle of attack, a | 4° +2,-85 -2° >a > -89°
*

Side Slip angie, 6] 0 2 2 >B>-2°"

*

Limits, deg

RTLS ET Auto Separation Limits

These limits prevent separation in an unsafe attitude

which might cause Shuttle/ET collision. If the

parameters are not within limits, an ET SEP inhibit
suspends the separation sequence until the out-of-

limits is corrected or 6 seconds expire, whichever

occurs first. The timer is necessary due to rapid
q-bar buildup which makes a safe separation
impossible regardless of attitude. Separation
can be commanded manually using the

ET SEPARATION switch and ET SEP push button

on panel C3.

Immediately after ET SEP, the DAP performs a

translation and pitch maneuver to fly the Shuttle

away from the ET. This is accomplished by firing
all of the Shuttle’s downfiring jets. The combination

of four forward and six aft downfiring jets results

In a simultaneous translation and rotation, which

moves the Shuttle up and away from the ET. Once
the Shuttle achieves an alpha > +10 degrees, the

GPCs mode to MM 602 and the glide portion of
RTLS (GRTLS) begins.

In CSS and manual throttle, a manual MECO
must be performed using the MAIN ENGINE
SHUT DOWN push buttons on panel C3. The

alpha = ~4 degree attitude must be maintained until
ET SEP. This will require a small negative pitch
Tate due to H-dot increase, which causes alpha to
become more positive. The -Z translation maneuver
will occur automatically unless the CDR intervenes
by moving the THC out of detent. If this is done, a

manual -Z maneuver should be performed to ensure
safe separation, and the pitch up manuever to

SCOM 1.0
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alpha 2 +10 degrees must also be manually

performed. Generally, it is preferable to allow the

DAP to perform these maneuvers automatically.

Gliding RTLS

The gliding portion of RTLS is very similar to the

final portions of entry, which are discussed in detail

in Section 7. Only significant differences are

presented here.

Post-MECO Dumps

After MECO and ET SEP, the remaining MPS

propellants must be dumped to assist in c.g.control
and, for the liquid hydrogen, reduce potential fire

hazard. This dump starts immediately upon

transition to MM 602. The LO2 and LH2 are

dumped simultaneously to save time.

LO2 is dumped through the main engines by
opening the oxygen valves. Liquid hydrogen is

dumped through an RTLS dump line on the orbiter

port side aft. To assure a rapid LH2 dump, the

hydrogen manifold is pressurized with helium.

The onboard software also allows a post-MECO
dump of RCS propellant through the RCS jets to

satisfy maximum tank landing weight constraints.

Guidance

During GRTLS, guidance manages the Shuttle’s

energy state to arrive at the runway with sufficient

energy to complete a safe landing. GRTLS guidance
1s divided into five phases:

Alpha Recovery
N, Hold

Alpha Transition
S-Turn

GRTLS TAEM.

.
These phases provide for transition from aballistic

trajectory, through hypersonic gliding flight, to an

energy management scheme designed to make the

runway.
i

The crew monitors guidance or manually controls
the Shuttle using cue cards and CRT displays.

6.3-6
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6.3 Return to Launch Site

ET SEP (MECO + 14 sec)
VMM602 (a> 10° and SEP + 10 sec) «

YP,R/Y, SPDBK, BDY FLP - AUTO

a = 50° until ~ 1.89, maintain 2.29

Adjust seat

H>-250 avs Mach
VRUD, All TRIM

M=3.2  VSPDBK—B™ 65%

M=27 HUD PWR (two) - ON
*

IfM<2.5; P CSS for ADTA to G&C incorp
*

M= 2.0 Ensure ADTA to G&C else THETA limits

M=0.9 P,R/VY— CSS, SPDBK — MAN (as reqd)
YNWS - GPC

POST LANDING: ENT C/L,POSTLANDING

YET DOORS - Closing
KEAS =77 VSPDBK—B 80%

YET SEP, SRB SEP - AUTO

Adjust seat

YTACANS, INCORPORATE
If KSC TACAN Fail: I

TACAN Ch 97X (COF), ITEM 5 EXEC +

YAIR DATA, INCORPORATEneeVes AIR DATA PROBES (two) - DEPLOY, (vHeat) MM603 HYD MPS/TVC ISOL VLV (three) — CL

(Hold 5 sec) Vtb- CL

H = 85K MLS (three) — ON

If Rwy 33(15): MLS CH (three) — 6(8)
VO RESET

Me=27 HUD PWR (two) — ON
~

M«=0.9 YRFLT CNTLR PWR - ON (GPC NWS REQD)
H=10K VBDY FLP-TRAIL

LES Visors - Down

POST LANDING: ENT C/L,POSTLANDING

CDR and PLT RTLS Flip Book Procedures

Alpha Recovery

Pullout from the ET SEP attitude must be

accomplished quickly before aerodynamic forces

build up to uncontrollable levels. To accomplish
this, the Shuttle maneuvers to a high (alpha = 50

degrees) angle of attack using both RCS jets and

aerodynamic controls.

Increasing dynamic pressure caused by the Shuttle

falling into the atmosphere causes more lift to be

generated by the wings. The resultant lift produces
a Z-axis acceleration (N,). At about 1.65 g, the

DAP starts to reduce alpha to hold an N, of 2.2 g’s.
The Shuttle design limit is 2.5 g.

Roll jets are secured at q-bar = 10. Pitch jets are

secured at q-bar = 40. Yaw jets are required until

Mach = 1.0. When q-bar = 20, the speed brake is

ramped open to about 80 percent to enhance lateral

stability by allowing the elevons to be trimmed

down. Below Mach = 1.0, the speed brake position
is modulated by TAEM guidance.

N, Hold

Alpha is smoothly decreased to maintain the 2.2 g
limit until] H-dot is greater than -250 ft/sec.

Excessive g-loading could cause structural damage
and also dissipate excessive energy. The ADI pitch
error needle displays N, error during this phase.

Alpha Transition

Upon termination of N, hold, alpha is changed to

conform to a profile that is a function of Mach

number. This profile provides the best vehicle

control until active ranging begins in TAEM. Also,

a bank maneuver is performed, either to null any

heading errors to the heading alignment cone (HAC)

tangency point, or to dissipate excess energy by

turning (S-turn) away from the HAC. The

maximum bank angle is 50 degrees. The ADI pitch
error needle displays alpha error during alpha
transition phase.
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To fly the alpha transition in CSS, the display in the

upper left corner of VERT SIT 1 is used. The Shuttle

symbol initially appears in this portion of the

display, which represents an alpha versus Mach
number profile. The dashed line is the nominal

profile, and the solid line is the q-bar limit.

*

1 0000018373051) VERT SIT 1

00000:18:37

|
o,

|

| NOSE Hi 8™m
<

| Nou

Vertical Situation 1 Display

The ENTRY ALPHA cue card can also be used for

alpha transition. Since there are no procedures to

initiate S-turns manually, ranging is accomplished
by exercising the OTT options described in
Section 7, The MCC can also request a GCA and

accomplish S-turns by asking the crew to fly
appropriate headings.

S-Turn

Normally, an S-turn is not executed until TAEM,

but for extremely high energy cases, an early S-turn

-can be initiated while still in alpha transition.

S-turns increase the distance to be flown, thus

decreasing energy. It is possible that more than one

S-turn would be required. Starting and stopping of

S-turns can be monitored using the E/W scale on

VERT SIT 1.

GRTLS TAEM

This phase is essentially identical to normal entry
TAEM, which is discussed in detail in Section 7.

The main difference is that GRTLS TAEM starts at

Van = 3200 ft/second.

The MPS/TVC ISOL valves must be closed by the

crew before the low altitude/high maneuvering
_ Tegions of TAEM to prevent PRL. These valves

must remain open until MPS dump completion at

approximately Mach = 4.5.

To conserve power during ascent, the MLS LRUs

are powered off. They must be turned on and

communication established (I/O RESET) at about

85 k ft during GRTLS.

Post landing procedures are the same as nominal

end of mission, except that the hydraulic load test is

not performed.
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6.4 TRANSOCEANIC ABORT

LANDING

CONTENTS

Nominal Transoceanic Abort Landing ....6.4-1

Post MECO Transoceanic Abort

ACATIGITIp ae esceertestomemiereete teeta secocrasahesreee 6.4-4

The purpose of a transoceanic abort landing (TAL)
is to provide an intact abort capability for single
engine failures between 2 ENGINE TAL and

PRESS TO MECO. It also offers an intact option
for two engine failures much earlier than SINGLE

ENGINE PRESS. TAL also supports system aborts

that occur after NEGATIVE RETURN suchas cabin

leaks, cooling problems, or OMS propellant loss.

During a TAL abort, the Shuttle flies an entry
trajectory across the ocean to land on a mission-

specific runway. Landing occurs approximately
35 minutes‘after launch. Powered flight guidance
has the capability to target seven different landing
sites, which are selected based on runway length,
weather, and orbital inclination. Landing sites near

the nominal ascent ground-track are more efficient

since crossranging requirements are reduced.

Nominal Transoceanic

Abort Landing |

TAL is selected prior to MECO by
placing the ABORT MODE rotary
switch on panel F6 in TAL and

pressing the ABORT push button.

Item entries on the OVERRIDE

display (SPEC 51) may also be used

to select TAL should the ABORT

MODE switch fail. The crew should

note the title of the ASCENT TRAJ
display changes to TAL TRAJ. The

Shuttle indicator (triangle) and

predictors should follow the lower

trajectory line on BFS TAL TRAJ 2.

ALTITUDE
(K

FT)

6. EMERGENCY PROCEDURES
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Abort Dump

When TAL is selected, an abort dump begins
immediately. OMS propellant is usually dumped
through the OMS engines plus 24 aft RCS jets
interconnected to the OMS propellant tanks.

Depending on flight-specific requirements, the
OMS/RCS interconnect may be enabled or inhibited

prior to lift-off. Some OMS propellant will be

dumped in MM 304 prior to 0.05 g. This dump is

performed primarily to increase separation from
the ET.

If an inplane two-engine TAL or any three-engine
TAL is initiated after an I-loaded velocity, there
will not be enough time to complete the OMS dump.
For these cases, the engines will be throttled down

automatically to 67% to gain extra dump time.

The OMS dump should be stopped if helium

pressure decreases to 2,000 psi to ensure helium

will not be ingested into the RCS lines.

Guidance

At abort selection, TAL guidance begins steering
the Shuttle toward the selected landing site plane.
Variable I-Y steering is used to bring crossrange to

the TAL site within acceptable limits (500 nm) at

MECO.

pS

/
EARUEST

NOMINAL

TRAJECTORY

4 1 1

200 400 600
M1

DOWNRANGE FROM KSC (NM)

TAL versus Nominal Ascent
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The crew monitors guidance during TAL aborts

using the TAL CDR and TAL PLT cue cards.

TALCOR

WV. > [23000]manualMECO,Go toPostMECO
ABORT TAL

SEL SITE, RWY (PASS/BFS)

SITE | Rwy TACANS ‘MLS| LENGTH

[> TREN] Te CEA TICTOUE) | 6 eeBEN 18 |BENT18 - CBATIE(OME) | —_| 1

SPUR aT |MAN100~AOD25 7) |

MAN03| MRN100- ADG23 ~—_|_11800

5 |8vOm | By tal¥-B76(OME) € 201

BYD 14 | BYD 1217- BU76(OME) - yet

7 ae Saat

AML 20_| CVS 100(OME) - 10890

%  joovos | TON 103 -

- 11160

° KIN@S B27 - TESTO
KINO? =| BZ 78 - 15510

To [ROS TE] REVS irs

Mos 96 _|HS 73, =| 13120

v= RolltoHeadsUp(¥V,< [20.2K]atTALselect)

= = MECO ~ - -BFS-C/OBUG(V;approx[240K)) - - MECO- -

MECO+18 YET SEP, VAUTO -2 TRANS

MECO+35 YMM106
*

Hinot previously selected, [G51]ABORT TAL
*

YP = 10330, Y= 02.30; RATES< .Si/sec

PASS OPS 301 PRO (¥304)

|
ROB04| ROBBS(OME)

|

|
|

|

| * Nojoyin 68sec: BFS —ENGAGE
*

| *

BFS OPS 301PRO
<

~------------ MM300----------

Roll to Heads up

BFS OPS 301 PRO (v¥304)

| YSITE,RWY,
SPDBK &ALT(PASS/BFS) 50K

YBUGS, HOG, RANGE, a = 40° 40

30
*

Lowenergy:CSS,a= 40"
WINGS LEVEL

* ey

“ADH 0: Bank
,

Y

2x sAZ7Omax) 2” SURF
*

At H=400: flya =31" SPDBK@3000 FTMaintain AZ< 10"
ALT

V = 10 YSPDBK —fie 81% AIM PT

SPDBK
Ve? Goto ENTRYMANEUVERS

CueCard|
|
LE

TAL PLT

YOMS DUMP

* WWhen second Eng Fail:
* ME SHUTDN pb (two) ~ push
: fea MAX THROT (i reqd)

DUMP ARM, START
*

HOMS He PRESS < 2K: DUMP STOP
*
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TAL CDR Flip Book Procedures

It is important to verify, using SPEC 50, that the
correct landing site is selected.

Should a second engine fail during a TAL, the

OMSdump will continue through the OMS
engines, but the dump through the RCS will

TAL PLT Flip Book Procedures

be terminated. The crew must push the two
failed engine MAIN ENGINE SHUT DOWN push
buttons on panel C3 to notify guidance that there
are two SSMEs out and establish single engine roll
control. The contingency dump must also be started

using SPEC 51.
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CAUTION

Ensuring guidance recognizes two engines
have faiied is time-critical to enable single-
engine roll control. Loss of control is likely
in powered flight on one SSME without

single-engine roll control.

Trajectory droop, along with guidance convergence
and main engine performance, are the deciding
factors in defining the earliest single engine TAL

capability. Drooping below the 265 k ft limit will

result in either an explosion due to ET heating or

a loss of control. If two engines fail near the

DROOP 109 boundary, the crew should throttle up
to 109 percent. It will be necessary to pitch up to

60 degrees on the ADI if guidance is unconverged
until the thrust-to-weight ratio improves. This will

minimize sink rate and enable the Shuttle to remain

above 265 k ft. When thrust-to-weight is greater
than 1, the Shuttle will begin to climb and accelerate

downrange.

To lessen ET heating effects and to put the Shuttle
in the correct entry attitude at ET SEP,aroll to

heads up is performed at an I-loaded reference

velocity greater than 15,400 fps. If TAL is selected

after this velocity, but before a velocity of

approximately 20,200 fps, guidance will roll the

Shuttle immediately. The roll is performed at

about 5 degrees per second. After 20,200 fps
until last pre-MECO TAL, the Shuttle will not roll.

After the roll, it is important to have the altitude

and altitude rate under control by V, = 22 k fps,
because the Shuttle accelerates very rapidly in this

region. Altitude rate is the most important
parameter, and should be as close to zero as possible.
It is far better to have a zero or small positive flight
path angle and a low altitude than to reach the

target altitude exactly with a large negative flight
path angle:

TAL MECO occurs about 2,700 nm from the

landing site. For inplane sites, very little banking
for azimuth control is necessary if started as

soon as possible after the first MM 304 pullout.
Waiting to null out delta azimuth until late

in the entry can severely reduce crossrange

capability.

6. EMERGENCY PROCEDURES
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The MCC will recommend the best approach to
the field. An overhead approach is preferred.

OPS Transition

TAL is a unique abort in that it requires transition
to OPS 3 after MECO and ET SEP, which is time-
critical. The PASS computers obtain this software
from upper memory.

CAUTION

To prevent loss of control, engage BFS and

key in OPS 301 PRO if the PASS does not

mode into OPS 3 within 68 seconds.

About 3 minutes are available to complete the OPS
transition between ET SEP and the start of

dynamic pressure buildup depending on the

altitude, flight path angle, and velocity at MECO.
This period is critical. The Shuttle is entering the

atmosphere, and the TRANS DAP is not designed
for atmospheric flight. All procedures must be

completed quickly and accurately. Ignore all

systems problems unless they are extremely critical

until correct entry flight control is available.

Post-MECO Dumps

An MPS dump similar to the RTLS dump begins
automatically at MM 304. The TAL LH2 MPS

dump is unpressurized.

Once in MM 304, the PLT restarts the OMS dump
to ensure separation with the ET. This dump
adds about 100 fps AV to the Shuttle’s energy. For

post-MECO TALs, the dump also ensures landing
weight and c.g. constraints are met.

An aft RCS dump is commenced at V,,, = 8 k fps.
This dump reduces aft propellant to meet tank

landing constraints. The dump time is an I-load,

which is usually 88 seconds. Should the aft RCS

quantity be low, the dump can be inhibited using
SEECSI:
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6.4 Transoceanic Abort Landing

Entry

MM 304 is very similar to a normal end-of-mission

entry which is discussed in detail in Section 7.

The shortfield speed brake option is automatically
selected for TAL. Should nominal speed brake be

desired, an ITEM 39 (S/B) on SPEC 50 will be

required.

Post MECO Transoceanic Abort

Landing

An intact abort capability is available between

V, ~ 21.5 to 23 k fps (mission specific) and AOA

capability by using the TAL entry software. The

abort is declared after MECO. For late systems

problems after last pre-MECO TAL, the crew

performs a manual MECO at the specified
velocity using the MAIN ENGINE SHUT DOWN

push buttons.

NOTE

For high inclination missions, a crew-

initiated (MAN MECO) post-MECOTAL is

not an option. This is because, for high
inclination missions, the post-MECO TAL

landing sites are ELSs, and the program has

decided to try for an AOA rather than land

atan ELS,

TAL PLT
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*

WWhen second Eng Fail:
* MESHUTDN pd (two) - push

[G51] MAX THROT (it reqd)

DUMP ARM, START
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*
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*
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Goto ENTRYMANEUVERS CueCard

TAL PLT Flip Book Procedures

SCOM 1.0

November 1991
6.4-4



MECO velocity takes into account the AV due to

SSME tailoff. This number is flight specific and

depends upon inclination.

The boundaries chart shows approximate TAL site

coverage for a range of early MECO conditions.

Using the real time downrange abort evaluator

(DAE), the MCC will determine the appropriate
“site and communicate data to the crew. Cue card

boundaries are used for loss of communications.

Post MECO Dump

The late TAL post-MECO OMS dump is similar

to the TAL OMS dump. . For some cases

when MECO velocity is near the upper limit,
the OMS propellant must be dumped only
through the RCS jets to minimize additional AV.

This type of OMS dump is referred to as a

non-propulsive OMS dump. Procedures remind

6. EMERGENCY PROCEDURES
6.4 Transoceanic Abort Landing

the crew to place the OMS ENG switches on panel
C3 to OFF in these areas. This dump must be

stopped manually since the AUTO cutoff at the

appropriate OMS propellant quantity is not operable
with the OMS engines off. Interconnected dumps
are performed only in indicated regions.

Guidance

Upon entry into MM 304, guidance will roll the
Shuttle to heads up.

The crew should verify that the proper runway is

selected. For low energy cases, CSS flight control
is required until the Shuttle is within the

trajectory lines on the ENTRY TRAJ display.

After runway selection is verified, and guidance
is converged, AUTO flight control may be
reselected. The remaining late TAL procedures
are identical to the nominal TAL.
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Powered Flight ....

The abort once around (AOA) abort mode is used

in cases where Shuttle performance has been lost
to such an extent that it is impossible to achieve
a viable orbit, or not enough OMS propellant is

available to accomplish the OMS-1, OMS-2, and

deorbit burns. AOA may also be used when a

Major systems failure makes it necessary to land

quickly.

In an AOA for a standard insertion, or a low

performance direct insertion, one OMS burn is

made to adjust the post MECO orbit such that a

second burn will result in the orbiter deorbiting
and landing at an AOA landing site. In an AOA

for a systems failure during a nominal performance
direct insertion, only the deorbit burn is required.
Landing occurs about 1 hour and 45 minutes after

lift-off.

There are two AOA trajectories with several

different options for each one, depending upon the

reason for performing an AOA: steep AOA and

shallow AOA.

Entry trajectory for the steep AOA is very similar

to a nominal entry and is the preferred trajectory
due to thermal considerations. However, steep
targets require more AV and therefore more

propellant. Shallow AOA results in a flatter

trajectory which places the Shuttle closer to the

skipout boundary and thermal limits. This is less

desirable, but requires less OMS propellant,
which is important for severe underspeed cases

or if both OMS helium tanks have failed with

propellant quantities above max blowdown.

6. EMERGENCY PROCEDURES
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Execution of an AOA is determined by an MCC
call and by checking the OMS-1 target solution

against the OMS TARGETING cue card. If

tequired, OMS-1 targets are loaded and burned.
After OMS-1, the desired OMS-2 targets are

selected on the MNVR EXEC display. Then the
software is moded to OPS 3 and the appropriate
OMS-2 (deorbit) targets are loaded and burned.
After the deorbit burn, an entry is flown that
is very similar to the nominal end of mission.

Powered Flight

A pre-MECO AOA can be selected only indirectly
by first selecting ATO. This provides the earliest
AOA capability by performing a pre-MECO OMS

dump, switching to abort MECO targets, and

possibly enabling variable I-Y steering.

Abort Dump

An OMS dump may be initiated upon ATO abort
selection. Duration of the dump is a function of

engine-out velocity or abort selection velocity
for a three engine ATO. This dump may be either

OMS engines only or interconnected. ‘Since

excess propellant can be burned during the

deorbit burn, pre-MECO dumps are performed
only to protect critical land masses from ET debris.

OMS-1

AOA may be selected post MECO by crew selection

of an AOA target set on the OMS MNVR display.

The OMS-1/2 targeting chart provides the crew

with information describing the appropriate
OMS-1/2 target sets as a function of MECO

underspeed. This cue card assumes no system
failures but does account for any ATO dump
performed pre-MECO. The crew obtains the

correct target set by calculating orbital energy
(HA + HP) and noting the amount of OMS

propellant remaining. Current HA + HP is

obtained from the OMS-1 MNVR EXEC display
after MM 104 transition.
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OMS1 TIG:

TTA=2
'pe
izVi 25.3 a

7 59 111 197

31 FULLDUMP= 31.9%

2:00: 0 | 32

a] 34

36
1:30 +

1

al 38 ATOY
w

MINHP
= a

(85 NM)4 10 40

g
w

> 1:00 45oO

w Q 42
2

352
¥

=
4a

S05) 4 aan

48 E7

&

0:00J so ffl

42

J

F

<0

T

-120

4

80

—103

4

T

IF 1 ENG & AV > 500

W1

1 L 1
Veg T

40 80

125

1

TT T

0 120

CURRENT HA + HP

+ 1 OMS + FAILED OMS INTERCONNECTEDTo RCS THC +X

OMS 1/2 TGTING Cue Card

The OMS 1/2 TGTING cue card should be used in
conjunction with the SYSTEMS FAILURE card, and
worst case requirements will prevail. For
combinations of failures, MCC help will be
Tequired. In any case, MCC is prime for all targetselections as long as COMM exists.

For all flights there exists an “ATO OMS-1 targetSet that will allow either an ATO, AOA steep,AOA shallow, or minimum perigee (MIN Hp)

OMS-2. This target’ set is referred to as the
common targets. The common targets can be
burned, and the decision to abort AOA may be
delayed until after OMS-1 for most cases. If
AOA is selected after OMS-1, the crew depressesthe hydraulic systems instead of shutting down
the APUs. This Procedure avoids an APU
shutdown and restart and conserves APU fuel.
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OMS 2 TARGETING
(STD INSERTION)

FAILURE OMS 2 TARGET

OMS - 1 PRPLT TK PEG 7; TTA-1

CUTOFF Hp = 100

OMS - 2.N2 TKS (Ienect
to RCS)

2OMS ENG PEG 7: TTA-1
1 He TK CUTOFF Hp =80

EPS - MNA&B

MNA &C

OMS - 20Xor2FU or AOA/AOA-S
2HETKS

10X81FUTK

diff PODS

2 FREON LOOPS AOA
2 H20 LOOPS

3 AV BAY FANS (BAYS 1,2)
CABIN LEAK

(BKUP dP/AT > .12)

ATO

NOTE

Thesetablesonly apply atterATO OMS 1 burn (ITGT = ®.AOA to EDW). Assumes OMS and ARCS deorbi.

DUAL POD - OMS REQUIRED
Includes 7.8% unusable (3.9% per pod)

POSTOMS 1| ATOOMS2& | MINHPOMS2 | AOA STEEP JAOASHALLOWHP STEEP DO | & SHALLOW | DoBURN| DO BURN
BURN (%) D/O BURN (%) (%) (%)

95 35 15 33 20
0 36 13 31 198s 37 "1 30 780 39 12 28 1675 40 14 26 470 42 16 24 1265 43 7 2 10

SINGLE POD - OMS REQUIRED
Includes 3.9% unusable

POST OMS 1| ATOOMS2&] MINHPOMS2] AOA STEEP | AOA SHALLOWHP. STEEP D/O | & SHALLOW | D/O BURN D/O BURN
BURN (%) | D/O BURN (%) (*) ()

95 31 WW 2 16

90 32 9 27 15
85 33 7 26 13

80 35 9 26 12

75 36 10 2 10

70 38 12 20 8

65 39 13 18 6

OMS: 5 FPS% PER POD

LIFTOFF BLL ON PER POD Cia)
MIXED XFD

MAX BLON (39%) PER POD[157]
AFT RCS: ABOVE AFT OTY1 (Revd)

2(105] (Reva)
FWD RCS: [_49] (AVAIL FOR UPHILL IF HP_> 70)

Post-ATO (1) OMS Required

OMS-2

After OMS-1 is burned, the OMS-2 TARGETING
cue card is checked to determine the appropriate
OMS-2 targets. Additionally, the OMS REQUIRED
card is used to determine the appropriate abort
mode in the event of an OMS propellant shortage
or to confirm that sufficient OMS propellant
is available for completion of the planned abort
mode.

OMS targeting optionsare complex and vary greatly
from flight to flight. For a complete explanation of

targets, refer to the Ascent/AbortsFlight Procedures
Handbook.

For all AOA aborts, deorbit targets are called

up in OPS 1 and carried across the transition
to OPS 3. Targets are not loaded until after the
OPS 3 transition due to different guidance
targeting logic. Where the OMS-1 maneuver (if

required) establishes a temporary orbital
trajectory, OMS-2 is a deorbit burn.

AOA software computes the amount of excess

OMS that may be burned out of plane during
the deorbit maneuver. The crew can change this
amount through keyboard entries on the OMS
MNVR EXEC display.

6.5-3 SCOM 1.0

November 1991



6. EMERGENCY PROCEDURES

6.5 Abort Once Around

Once the appropriate AOA OMS-2 targets are

loaded, burn TIG may need to be adjusted to correct

range from entry interface (REI). The FDF

checklist provides the procedure for TIG adjust.
The MCC may recommend a TIG that has

already been adjusted.

If the key-in AOA targets are used, an AOA target
set should still be called up in OPS 1 using Item

35 on the OMS MNVR display to establish the

AOA Kalman filter co-variance matrix. The key-in
AOA targets can then be entered and ultimately
loaded in OPS 3.

Entry

After the OMS-2 burn, the orbiter is maneuvered

to an EI-5 attitude, which is similar to the

nominal entry attitude. If AOA shallow targets
were burned, a prebank will be required to

ensure atmospheric capture.

The software transition from OPS 1 to OPS 3

will automatically load landing site data for an

AOA. Included are data for the runways shown

on the HORIZ SIT SPEC 50, an associated set of

TACAN stations, and MLS data for the primary
and secondary runways. Potential AOA landing
sites are Edwards Air Force Base, California;

Kennedy Space Center, Florida; and Northrup Strip,
New Mexico. The crew should verify that the

appropriate site and runway are selected.

The entry and landing phase of an AOA is

similar to the normal entry and landing
discussed in Section 7.
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ATO aborts are designed to achieve a safe orbit that

is lower than the nominal orbit. This requires less

OMS propellant and allows time for problem
evaluation to determine whether an early return is

required, or additional burns can be performed to

raise the orbit and continue the mission. ATO may
be selected for either a performance shortfall or

certain systems failures.

Powered Flight

ATO is selected pre-MECO by using the ABORT

MODE rotary switch or by item entry on SPEC 51.

Primarily, pre-MECO ATO selection provides an

OMS dump, switches to abort MECO targets

(usually the same as nominal), and may enable

variable J-Y steering to reduce inclination. The

crew monitors ascent performance and keeps
abreast of abort mode capability using the NO

COMM MODE BOUNDARIES cue card, along
with calls from the MCC.

ATO procedures during powered flight, with the

exception of the pre-MECO OMS dump, are

identical to nominal ascent, which is discussed in

Section 7.
K
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OMS-1

If possible, ATO abort is declared after MECO to

ensure that other downmode options are available
as long as possible. ATO OMS-1 targets are

automatically called up if an ATO is declared either

pre-MECO or pre-OMS 1. This may be a common

target set from which either an AOA deorbit
burn or an ATO circularization burn can be

performed at OMS-2. The final decision can thus

be delayed until after OMS-1 is completed.

OMS-1 targeting is performed using the same

procedures and cue cards as AOA. These are

discussed in Section 6.5. In order to provide a

fuel-efficient ATO or AOA burn, OMS-1 is

initiated at time to apogee (TTA) equals 2 minutes,
but no earlier than MECO + 2 minutes. If apogee
is greater than 6 minutes after MECO, the MPS

dump is manually initiated at MECO + 2 minutes.

OMS-2

The ATO OMS-2 burn is performed using nominal

Ascent Checklist and cue card procedures. Proper
targets are selected and loaded, the Shuttle is

maneuvered to burn attitude, and the burn is

executed.

After completion of both ATO OMS burns, the

orbiter should be inapproximately a 105 nm circular

orbit. Once this safe orbit is attained, mission

operations may be continued for at least 1 day.
Additional burns may be used to raise the orbit

or the mission may be ended early.

OMS-2 targeting for ATO is very similar to AOA

which is discussed in Section 6.5.
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Contingency aborts are performed when the

orbiter’s thrust to weight ratio is less than that

needed to achieve a safe orbit or an intact abort.

The purpose of a contingency abort is to guide the

orbiter to a safe gliding flight condition where

bailout can be performed. Most of the contingency
abort procedures are flown manually and are very

dynamic flight modes that take the orbiter to the

limits of its structural and flight control envelope.
A great deal of training is required to properly
execute a contingency abort. For certain cases,

especially high altitude and low velocity, the

resultant entry may not be survivable.

Contingency abort procedures are outlined on the

contingency abort cue cards. These procedures are

designed to protect the orbiter from exceeding
certain limits:

nce.
- aftof1,115in

¢  q-bar - 800 psf
omNG Oroe
¢ Thermal
¢ ETSEP - q-bar<2 psf -4°/sec sep

q-bar > 2 psf a= ~4° sep.

The procedures are separated into CONTINGENCY

ABORT and RTLS CONTINGENCY cue cards.

They are further subdivided into event timelines

and color-coded for easier use. For detailed

procedures, the Ascent/Aborts Flight Procedures

Handbook should be used. This section describes

the basic information applicable to all contingency
aborts, and is divided into three major phases:
Powered Flight, ET Separation, and Entry.

The PASS is moded to OPS 6 (RTLS) during most

contingency abort procedures. OPS 6 provides the

OMS/RCS dump capability and entry flight

6. EMERGENCY PROCEDURES
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control needed for contingency abort. The BFS
does not support contingency aborts since single
engine roll control is not available in BFS.

Powered Flight

If any thrust is available, the orbiter is maneuvered
to minimize entry sink rate and rolled to a heads-

up attitude.

Should two SSMEs fail, the remaining thrust is

used to reduce entry sink rate. To do this, the
thrust vector is directed to lower the orbiter’s
altitude and bring the flight path angle to zero

before ET separation.

To accomplish this objective, different procedures
are used, depending on when the engine failure
occurs. At an inertial velocity between 7,000 fps
and droop, a vertical thrust vector is used. For

earlier failures, when the orbiter has a large positive
H-dot, the thrust vector is pointed toward the

horizon to prevent further lofting. This increases

velocity and helps reduce severity of the entry
pullout. However, it may increase heat loads. At

inertial velocities greater than DROOP, the orbiter

may have enough energy to continue to a

downrange site.

Powered flight is also used to dump OMS

propellant. This reduces weight and moves the c.g.
forward. Reducing weight decreases the peak q-
bar during pullout, while more forward

c.g.’s reduce elevon and body flap deflection

required for pullout. This helps prevent aerosurface

saturation and possible actuator stall.

The heads up roll orients the bottom of the orbiter/

ET into the velocity vector, which is the proper
attitude for ET SEP.

ET Separation

Safe ET SEP is a

function of alpha and

q-bar. Asthe Shuttle
|

descends during |

powered flight, q-bar |
ey

increases and ET SEP
|

must be performed nny a 20

prior to 10 psf.
5

100° | |

ETRECONTACT(’|a
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At pressures above 10 psf, the ET may recontact the

orbiter. Between 2 and 10 psf, the Shuttle must be

at a small negative (about -4 degrees) angle of attack

to ensure successful separation. This is the same

technique used for RTLS ETSEP. Atless than 2 psf,

larger angles of attack are acceptable, but the -Z

translation must be increased to prevent recontact.

High sink rates during many contingency abort
scenarios result in rapid entry into the atmosphere
and therefore a rapid q-bar buildup. In most of

these cases, there is not enough time for an RTLS-

type PPD and a normal mated coast separation
sequence. A fast SEP is performed instead, which

takes about 5 seconds. The separation is

commanded while at a high angle of attack and a

-4 degrees per second pitch rate. This technique
allows separation to be delayed as long as possible
and extends the time available for powered flight.
It is initiated when EAS is greater than 7 and

increasing (q-bar of about 0.7 psf). The ET SEP

occurs prior to the 2 psf limit for high alpha
separations. Since the Shuttle is near the alpha
required for entry, the -4 degrees per second pitch
rate needs only to be slowed as the proper alpha
is reached. Maneuvering the Shuttle to a negative
alpha for separation would require a second pitch
maneuver to recover back to the entry alpha.

The pitch rate used for fast SEP is a compromise
between a rapid pitchdown and the need to

maintain control and slow the rate after SEP.

CAUTION

| Simulations have shown that pitch rates

greater than -6 deg/sec may result in loss

of control.

The GPCs will automatically mode to MM 602 10

secondsafter structural separation, provided alphais greater than 10 degrees. After MM 602transition,
Vx: is displayed as Mach number on the AMI.

Entry

The poweredflight and ET SEP portions of
contingency aborts are designed to deliver the
Shuttle at acceptable entry conditions without loss
of control. Entry phases include:

Alpha recovery

N, hold/pullout
Alpha-Mach
Bailout.

In general, reducing ET SEP altitude and H-dot

will improve entry conditions. Any errors

occurring in powered flight or ET SEP will result

in more stressful entry.

Alpha Recovery

Upon ET SEP completion, the orbiter is

maneuvered to an alpha that maximizes lift

and drag in a manner similar to GRTLS. The

appropriate alpha is a function of Mach number

and trim. A specific alpha in the range of 20 to 60

degrees is called out for each contingency abort

procedure.

In some cases, alpha recovery is accomplished
by stopping the 4 degrees per second pitch rate

at the appropriate alpha. Since the alpha tape
on the AMI pegs at 60 degrees, a maximum

alpha of 58 degrees is used.

The body flap is set during the alpha recovery
phase before the critical pullout begins. The speed
brake and body flap affect hinge moment loads on

the elevons.

The body flap can be left in AUTO for
M <4 (flight specific), or returned to AUTO after

N, hold. The speed brake is usually left in AUTO.

N, Hold/Pullout

Shuttle H-dot will continue to increase

throughout alpha recovery until sufficient q-bar
and the resultant lift are developed for equilibrium
flight. As lift increases, N, will also increase.
When N, = 1.0, the Shuttle is developing enough
lift to support its own weight, and H-dot will

begin to decrease. The maximum negative H-dot
is a good indicator of the severity of the entry.It is also used to calculate N, required for
pullout, using the equation:

N, target = -H-dot/1000 + 0.5 at N,=1.0.

SCOM 1.0

November 1991
6.7-2



This N, target is calculated by the GPCs and

displayed on VERT SIT. The N, hold/pullout is

flown in AUTO, which significantly increases

chances of survival. N, target is a compromise
between structural limits and q-bar limits.

Approximate limits used are 3.1 g and 800 psfs.

Load factor continues to increase until within

approximately 0.4 g of N, target. A pitchdown
is then initiated to hold N, target. The AMI

acceleration tape is scaled in g’s in MM 602, with

10=1g,20=2g,and 30=3g. Asalpha is reduced

while holding a constant g, q-bar will continue

to increase until the sink rate is stopped. When

H-dot is positive, pullout is complete, and g load

is reduced. The crew can then mode the body
flap to AUTO and monitor the alpha/mach
schedule.

The N, hold/pullout is the most critical phase
of contingency aborts. Even if flown perfectly,
some profiles will exceed structural, temperature,
or flight control limits. Target N, must be

maintained tightly.

Most regions of the contingency abort profile
have adequate flight control margins. However,
there are some regions where even flying the

maximum structural load factor limit during N

hold will not prevent q-bar from exceeding 800 psf,
stalling the elevons, and losing control.

Loss of control results from a number of factors.

In some cases, aerodynamic moments are so large
that the orbiter rates cannot be controlled, even

at maximum aerosurface deflection and with

maximum jet firings. Additionally, in some

cases the aerosurface loads are so large that the

6. EMERGENCY PROCEDURES
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actuators cannot drive the surfaces. This is called
actuator stall. Flight control gains were designed
for a maximum q-bar of 375 psf. Sometimes these
control problems can be avoided by flying a

higher g-level during pullout, but the best technique
is to follow the contingency abort procedures
explicitly and engage the AUTO system where
it has the capability to execute critical maneuvers.

Alpha-Mach

The crew monitors the alpha-mach phase by
making sure the vehicle is at the proper alpha
for the Mach number. This information is in a

table on the Contingency Abort Entry cue card.

Bailout

An attitude hold mode in MM 603 allows the
crew to stabilize the orbiter in gliding flight using
the AUTO DAP functions. It is activated when

Mach is less than 1.0, the ABORT MODE rotary
switch is placed to ATO, and the ABORT push
button is pressed.

Guidance snapshots current airspeed and roll

angle and attempts to hold both constant. The crew

should stabilize the orbiterat 185 to 195 KEAS and

zero roll angle, then abort ATO and select PITCH

and ROLL/YAW AUTO. If a new airspeed or roll

attitude is desired, select CSS, fly to the appropriate
parameters, and reselect AUTO.

Once attitude hold is established, a middeck

MS depressurizes the crew module using the

emergency vent handle. When cabin pressure is

equalized, the hatch is jettisoned, the escape pole is

extended, and bailout is commenced.
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Depending on flight phase, various Flight Data File

documents are used to diagnose, correct, and

reconfigure malfunctions of orbiter systems.

© Cue Cards
© Pocket Checklists
e Malfunction Book
¢ Payload Systems.

Dynamic phases of flight, such as ascent and entry,
do not allow leisurely identification and correction

of malfunctions. The CDR and PLT flip books,

along with the Ascent/Entry Systems book are

designed to allow quick response to certain critical

malfunctions in order to safe the affected system.

Procedures in the Ascent, Orbit, and Entry Pocket

Checklists (PCL) are designed to safe critical systems
where malfunctions require a response in less than

5 minutes. Three separate books are used, since

actions vary significantly depending upon the flight
phase.

On orbit, with the exception of certain systems such

as cabin pressurization, most malfunctions can be

thoroughly investigated and isolated, and backup
systems can be activated. The Malfunction Book

6. EMERGENCY PROCEDURES.
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provides step-by-step procedures that have been

developed to allow a very structured, methodical

approach to correcting systems failures.

Since each mission is unique, one or more Payload
Systems procedures will be flown to allow the crew

to troubleshoot various payload malfunctions.

None of these procedures relieve the crew from

understanding how various orbiter and payload
systems work and what failures may occur. This

in-depth knowledge across a broad range of systems
allows a well-trained crew to be confident that

nearly all credible malfunctions can be handled
without compromising safety or mission success.

The philosophy behind all emergency procedures
for the orbiter separates into three categories:

¢ Detect and confirm the malfunction.
* Ensure asafe configuration.
* Attempt to correct the malfunction or

reconfigure to optimize remaining systems.

Many orbiter malfunctions are accompanied by
some type of caution and warning alarm. These

are designed to help the crew identify the system
involved and direct them to the correct procedure.
Almost all emergency procedures titles reflect

either a hardware caution and warning light or a

software fault detection annunciation (FDA)

message. It is extremely important to confirm the

malfunction with whatever data is available.

Sources of data may include dedicated displays,
related system malfunctions, or an inventory of

failed equipment. Mission Control is often able to

provide confirmation, since a great deal more data

is available on the ground, and highly trained and

knowledgeable controllers are dedicated to each

system. :

Malfunction confirmation may be complicated by
previous failures. Also, the caution and warning
system cannot distinguish real failures from sensor

failures. Thus, identification of the malfunction and

selection of the correct procedure are sometimes a

difficult. Only through study, training, and practice
in simulators can crewmembers develop the

capability to quickly and accurately detect and

confirm malfunctions in a vehicle as complex as

the orbiter.
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Once a malfunction has been identified and the
proper procedure selected, the crew takescertain

well-defined steps to put the orbiter into a safe

configuration. An example is pressing the

appropriate MAIN ENGINE SHUT DOWN push
buttons after a second engine failure to establish

single engine roll control. Due to theredundancy
of most onboard systems, no immediate action

should be required for most single and many dual

failures. However, if multiple failures occur, there

may be very little time to switch to alternative

systems or take the necessary steps to prevent loss

of control. In multiple failure cases, the crew must

keep in mind the interaction of different systems
and prioritize their responses.

Most malfunction procedures involve correcting a

malfunction to recover lost capability or remaining
systems. In general, switching to backup systems,
inter-connecting to components of other systems,
or securing some remaining systems to reduce
heat loads or power consumption are methods
used by the crew.

On orbit, it may be possible to perform in-flight
maintenance (IFM) to install replacement
components or reconfigure systems. An IFM
Checklist covers many of these pre-planned
activities. A dedicated team of IFM specialists
supports each mission and responds to
MCC in the event an IFM procedure is

contemplated. Mission Control also excels at

developingnew procedures in real time to deal with
unexpected malfunctions. This capability is
frequently exercised during simulations.

This section discusses malfunction signaturesand confirming cues for some of the malfunctionsthat may be encountered during training and
in flight. Brief summaries of actions Tequiredfor safing and reconfiguration are also presented.For more detailed malfunctioninformation, refer
to Flight Data File books, Flight Procedures
Handbooks, and System Workbooks,

APU/Hydraulics

The APU/HYD cue cards and PCL are used to

Provideresponse to APU and HYD malfunctions.
Duringascent, unless the APU or hydraulicfailure could cause a Catastrophe, the systemwill not be shut down until after MECO to

avoid interrupting hydraulic power to the main

engines. Loss of a hydraulic system in powered
flight will result in an SSME hydraulic lock-up.
Loss of two hydraulic systems in powered flight
will result in two SSME hydraulic lock-ups, one

of which will have no thrust vector control

(TVC).

APU Failure

* Hydraulic pressure goes to zero

* APU speed goes to zero

APU SPD HI/LOW message

MASTER ALARM

APU OVERSPEED/UNDERSPEED light
on F7

* Accumulator pressure decrease to ~ 2600 psia

HYD PRESS light on F7

Specific software and hardware caution and

warnings occurring at the time of failure inform
the crew if the shutdown was due to an overspeed
or underspeed. MCC uses additional telemetry
data to confirm the type of shutdown.

To safe the system, the crew performs the APU
SHUTDOWN procedures to remove the start

“command, close fuel tank isolation valves, and
remove power from the APU controller. The
remaining APUs may be taken to high speed and
auto shutdown inhibited, depending upon
flight phase. - If sensor problems are involved,
reconfiguration of PRL may be required.

If APU shutdown was due to an underspeed, a
Testart may be attempted after completion of
the APU COOLDOWN procedure. An APUthat shut down due to an Overspeed will neverbe restarted.

Hydraulic System Failure

* Pressure decrease on both CRT and meter
(independent sensors)

* APU speed good

SCOM 1.0
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MASTER ALARM

HYD PRESS light

¢ HYD PRESS message

¢ Accumulator pressure drops to ~ 2600 psia

Two of the three pressure sensors in each hydraulic
system can be seen onboard. MCC receives data

from all three sensors. If the hydraulic failure

is confirmed, the APU will be shut down to

prevent additional damage. The remaining
APUs may be taken to high speed and auto

shutdown inhibited, depending on flight phase.

Partial hydraulic failure due to a degraded pump
or line blockage may produce pressure fluctuations.

For ascent, the system is allowed to operate as

long as sufficient pressure is available to keep a

main engine from going into hydraulic lockup
(~1200 psi). During other flight phases, the

hydraulic system is taken to low pressure in an

attempt to restore stable operation and to ensure

that the aerosurface switching valve has selected

a “good” hydraulic system for aerosurface

actuation. If the system is stable in low pressure,
the APU is kept running until an appropriate
shutdown time. If the system is required for

critical functions such as landing, the system may
be returned to normal pressure.

Hydraulic Leaks

¢ Unexpected drop in reservoir quantity
© SM ALERT :

* SM2 HYD QTY message

During powered flight, the system is left in normal

pressure to prevent SSME hydraulic lockup. At

other times, the system is taken to low pressure
to reduce leak rate. Normal pressure may be

reselected if required. MCC determines leak rate

and decides whether or not the system may be

returned to normal pressure.

APU Fuel/Nitrogen Leaks

Unexpected decrease in fuel quantity
SM ALERT

SM2 APU FUEL QTY message
Difference in fuel quantity among APUs

Decrease in fuel pressure

6. EMERGENCY PROCEDURES
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Since fuel and nitrogen leaks are indistinguishable
until very low levels are reached, crew response
is to assume a fuel leak (worst case). No action is

required pre-MECO unless the APU shuts down.
For other flight phases, the APU is shut down and
the fuel tank isolation valves closed to attempt
to isolate the leak. “If isolated, the APU is only
Started for critical operations. If non-isolatable,
the APU is restarted and run to fuel depletion.
This prevents damage in the aft compartment
from leaking hydrazine, which is very corrosive.

Water Quantity Low

¢ Abnormal decrease in water boiler quantity
¢ SM ALERT
* SM2 W/B QTY message

Water spray boiler nitrogen or water leaks, as well

as excessive spraying by a faulty water spray boiler

controller can cause an abnormal decrease in

water boiler quantity.

MCC can detect excessive spraying, but in any
case, the crew should switch to the alternate

controller. If switching controllers does not work,
boiler power is cycled to reduce water usage. MCC

will determine when and if APU shutdown is

required, depending on mission phase.

For a water leak, switching controllers will not help,
and APU cooling will be lost when the quantity
reaches zero. The APU will then overheat within

4 minutes. Nitrogen leaks allow cooling for a

short time even after water quantity reads zero.

W/B QTY is a PVT calculation.

APU Shifts to High Speed

¢ APU rpmincreases to 113%

¢ APUSPD HI CRT Message
© SM ALERT

An APU shift to high speed can be caused by an

APU controller electronic malfunction or an open

failureof the Primary Control Valve. The crew will

take APU control to high-speed to ensure proper

controller logic for high-speed control and check

for an rpm transducer bias. If rpm does not

shift when the controller is taken to high speed, the

failure is real. The APU will be shut down as

soon as possible post MECO as long as two other

APUs are working properly. APU auto shutdown
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must not be inhibited on an APU that has

shifted to high-speed since auto shutdown via the
fuel tank isolation valves is the only protection
from APU overspeed if both control valves were

to fail open.

Hydraulic Fluid/Lube Oil Overtemp

High hydraulic fluid temp

High lube oil temp
MASTER ALARM

APU TEMP light on F7

SM ALERT

APU TEMP message
HYD RSVR T message

Excessive hydraulic fluid temperature (> 230° F) or

lube oil temperature (> 290° F) are signatures of

inadequate cooling. This may be caused by
mechanical problems or a water spray boiler

malfunction. The crew should switch boiler

controllers first. If APU temperatures decrease,
then the problem was in the controller. If

temperatures continue to rise, APU shutdown may
be required.

An APU will run for 4 to 5 minutes without lube
oil cooling. Shutdown and restart may be possible
if the APU is required for critical maneuvers.

Although the system is not limited in run time
for excessive hydraulic temperatures, the system
may be taken to low pressure or shutdown in order
to maintain the hydraulic fluid below limits that
may cause system seal degradation if exceeded.

Fuel Tank Valve Overtemp

* High valve temperature
* SM ALERT
* FUTK VLV APU message

When the fuel tank isolation solenoid valves are

powered open without fuel flow for cooling,excessive heating can occur. High temperatures
may cause hydrazine detonation. The crew should
verify the fuel tank isolation valve switch is
closed, then open the appropriate circuit breaker
on panel R2 to remove power from the valve
solenoid.

SCOM 1.0

Priority Rate Limiting

* Possible differing hydraulic pressure on CRT

and meter

© SM ALERT

PRL DLMA message

APU accumulator pressure

* APUspeed

Pressure (or sensor) differences within a particular
hydraulic system may cause the PRL software to

be confused. MCC can see all three sensors in

each hydraulic system and will assist the crew

with proper actions. The first action is to use

confirming cues to determine if the APU is

running. Once APU status is known, the crew

should verify all good systems are selected for

PRL by executing appropriate item entries on the

OVERRIDE (SPEC 51) display.

Switching Valve Failure

* MCC call
¢ Control problems

This failure can prevent the hydraulic systems
from operating a control surface. The crew can

cycle the affected system hydraulic pressure
between LOW and NORM to attempt to reset the
valve upon MCC direction. The other option
is to deselect one or more hydraulic system in
the PRL software and operate on reduced PRL
rates. This will reduce the loads on the good
APU(s) and enhance flight responsiveness. This

procedure is also performed only at MCC direction.

Uncommanded Brake Pressure

* Brake pressure greater than zero in flight
¢ SM ALERT
* SMO BRAKE P message

Since brake pressure is measured downstream of
the brake/skid control module, there is no way to
determine which hydraulic system is responsible.
Therefore, action to isolate higherpressures from
the brakes must be taken on both systems
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simultaneously. Landing with pressure greater
than 200 psi in the braking system can cause the
wheels to be locked at touchdown. This will cause

one or more tires to fail, resulting in directional

control problems and possible loss of control.

The crew should close the appropriate isolation

valves, then reopen them after nose gear touchdown.

Since hydraulic system 1 supplies power for

nosewheel steering, this procedure is modified for

certain cases, and isolation valve 1 is reopened at

main gear touchdown.

Communications

The orbiter communications system is extensive

and complex. A great deal of redundancy
exists, and the system has been very reliable. For

normal operations, MCC commands system
reconfigurations. Loss of communication can occur

for reasons other than onboard equipment, such

as ground station or satellite problems and

antenna blockage. The crew should consider this

possibility as well as their current communication

mode, comm panel configuration, and position
over the ground prior to executing lost

communication procedures.

ICOM Lost

* Inability to communicate using ICOM

This problem is investigated by using the built-in

redundancy among audio terminal units (ATUs)

before troubleshooting hardware. If the problem
remains, the audio central control unit (ACCU)
is switched to an alternate power source.

A different ATU can also be used, or a different

headset.

Comm Lost

¢ ICOM operating properly
* S-band comm lost on multiple panels
¢ UHF comm status

The crew should first select ACCU alternate

power. If this is unsuccessful, S-band PM panel C3

controls are verified and the crew switches the

S-BAND PM CONTROL switch to PANEL, then back

to COMMAND. This causes the S-Band PM system
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to attempt to operate as specified by the panel AIL
switches. If this corrects the problem, one of the

originally selected S-Band subsystems has
malfunctioned.

CAUTION

Panel A1L switches must be set up for the
current comm mode.

To troubleshoot antenna problems, manual
antenna selection is attempted, using the SIGNAL
STRENGTH meter and SM OPS 201 ANTENNA

display to monitor signal strength. If comm is not

restored, the ANTENNA rotary switch on panel C3
is returned to GPC, and TDRS mode is configured
since it provides the greatest coverage.

An in-flight maintenance procedure is available

to bypass a completely failed ACCU.

Finally, the procedure provides steps to determine
if MCC can uplink to a GNC GPC for state vector

updates. If comm is not regained, the crew may
have to deorbit without MCC direction to preserve
IMU alignment entry limits.

UHF Lost

* Unable to communicate on UHF

The’ crew first turns off the UHF squelch system
to ensure good signal reception, then an alternate

ACCU power source is selected.

Three frequencies are available (259.7, 296.8, and

GUARD). All should be tried.

Since the UHF antennais located on the orbiter’s

belly, a roll to heads up is performed to ensure

optimum antenna gain.

Finally, an in-flight maintenance procedure may
be performed to bypass the UHF power amplifier.
If successful, a low power transmit mode will be

available.
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Cryo

The cryo O2 and H2 systems provide reactants

to the fuelcells from tanks located under the

payload bay. The cryo O2 system also supplies
oxygento the crew module for metabolic use

and also for direct breathing while using the LES

helmets.

Leaks

* MASTER ALARM

H2 (02) PRESS light (F7 matrix)

SM ALERT

CRYO O2 (H2) message

CRYOO2 (H2) PRES message

Decreasing tank pressure
MCC call

The first step is to determine the location, then

troubleshoot the leak. If pressure decreases in only
one tank, then a tank leak is indicated. Check

valves should prevent the other tanks from losing
cryo. Some cryo in the leaking tank may still

be usable, depending on the leak rate. Mission

duration may be affected.

A pressure decrease in all tanks requires closing
the manifold isolation valves to isolate the leak.
Once a potential leak area is isolated to a single
manifold, additional troubleshooting may allow
further isolation to either the PCS system or an

individual fuel cell. Should the leak be in the
manifold feeding a fuel cell or in the fuel cell itself,

a shutdown and powerdown may be required.
Mission duration may be affected, depending on

leak location and the mission cryo quantity
requirements.

Heater Problems

MASTER ALARM
H2 (02) PRESS light (F7 matrix)
02 HEATER TEMP light (F7 matrix)
CRYO O2 (H2) PRES messageCRYO 02 HTRmessage
High tank temperature
High tank pressure

High heater temperature

SCOM 1.0

November 1991 6.8-6

Cryo heaters can fail on, off, or shorted. A shorted
O2 heater will cause tripping of the O2 current

sensor logic and disable the affected heater. The

fai] “on” case may result in high tank temperature
or pressure, requiringthe affected heater to be

turned off.

A failed “off” heater can be caused by a control

problem or a failure of the heater itself. MCC

will normally alert the crew to this condition.

Redundant heaters are used if a heater problem
is present. For control problems, a manual heater

control procedure is used.

Failure of heaters in two tanks indicates a paired
logic problem. For this case, each tank’s heaters

must be operated individually to determine the

location of the failure.

Data Processing System

Hardware and software DPS problems are

normally detected by monitoring software and

annunciated by the caution and warning system.
Failure signatures are presented in a table in this
section. Once the failure is identified, the

appropriate procedure is worked. The impact
of a single.DPS failure in other systems is

normally a loss of redundancy rather than a loss
of capability.

Key safing steps in each procedure are used to

prevent commands to good systems from bad

computers and prevent good computers from

using data from bad components. To correct

transient errors, an 1/O RESET or power cycle is

attempted. For port-dependent failures, the port
mode procedure may allow communications to
be resumed using alternate ports and a different
data bus.

Duringascent or entry, when certain DPS
failures affect more than one flight-critical
string, the MULTI DATA PATH cue card is used
to identify failure effects and determine crew

actions. For some multiple failures, when FlightRules allow, the DPS system can be reconfigured
using the RESTRING cue card. This procedureallows good GPCs to take over flight-criticalbuses and components that are lost after oneor more GPC failures.
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FAILURE

CAUTION & WARNING

HARDWARE SOFTWARE PROCEDURE COMMENTS
Fail to Syne GPC light GPC Fail message GPC Fail GPC continues to send

. CAM lights Down arrow on SYS SUMM commands over data bus

Fail to Halt BP Output tb GPC Fail message GPC Fail Dead GPC, no commands
BP Mode tb Down Arrow on SYS SUMM

CAM light
GPC light
CRT Big X

Poll Fail

Fail to Quit GPC light GPC Fail message GPC Fail Like fail to halt, except
CAM light Down Arrow on SYS SUMM talkbacks (tbs)
CRT Big X

Generic PFS Fatal Fail to quit or halt on all four GPCs BFS Engage
Software Error

Power Fail Bp Output tb GPC Fail message GPC Fail Like fail to halt, but no CAM

Bp Mode tb Down Arrow on SYS SUMM lights or F7 GPC light
CRT Big X

Poll Fail

VO Term Bfails on Down Arrow on SYS SUMM GPC Fail GPC running, but commands

for FF and FA inhibited on flight critical

FF and FA I/O Error messages data buses

1/0 Term Afails on Down Arrow on SYS SUMM BFS or SM GPC running, but commands

for PL1 and PL2 GPC Fail inhibited on payload and

PL1 and 2 VO Error messages launch data buses

MDM I/O Error at

MDM

Varies with MDM VO Error message
Down arrows on

PFS SYS SUMM

M's on BFS SYS SUMM

MDM V/O Error GPC good, MDM lost

(at least on current port)

MDM W/O Error at

GPC

Varies with MDM PFS V/O Error message
BFS BCE String PASS message
Down Arrows on PFS for

failed MDM

M's on BFS SYS SUMM

for FF and FA

MDM VO Error Port mode may cause loss of

other MDM on string

Component comm

problems

BCE String x message
M's on PFS and BFS SYS SUMM

BCE String X Use Ref Data book to find

parameters lost and verity

signature

Ol MDM/DSC Fail Varies with MDM/

osc

M's on SYS SUMM for MOM

L's on SYS SUMM for DSC

VO Error PCM annunciated by
BFS for PCM port problem or

MDM problem
PASS SM machine will annunciate

$62 BCE BYP OF X or OA MSG

VO Error PCM

DPS Failure Signatures
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Set Splits

Since the GPCs run in a redundant set during ascent,

entry, and some on-orbit operations, it is possible
for one or more PASS GPCs to split apart from

the rest of the set and continue running. Various

combinations are possible, but in all cases it is

imperative to determine if a good PASS set exists.

A good set must include:

¢ 1IMU
* 2RGAs
e 2AAs
* 2FCS channels.

Restring or BFS engage is required if a good set

does not exist.

NOTE

For ascent only, a 2 vs. 2 set split is ridden

to MECO unless control problems exist.

Post-MECO, the GPC FAIL procedure is

worked for the GPCs identified as failed.

BFS Engage

For unrecoverable PASS failures, the BFS is

available to take over orbiter control. Monitoring
of BFS and GNC systems status prior to engage
is required to ensure the BFS is capable of control.
For a successful BFS engage, the BFS must have

a good nav state and be able to communicate

with/command:

1IMU

1RGA

1 AA (for 1st stage)
2 FCS channels

1TACAN

1ADTA.

BFS Failures

For most transient failures, the BFS will

automatically attempt a software restart. If this
is successful, operations will continue, and a GPC
BITE message will be issued. A Halt transient
Tesults in the BFS restarting in OPS 0, and it must
be moded to the appropriate OPS by the crew.
Total BFS GPC failures present a signature
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similar to a PASS GPC FAIL. The crew shouldsee
barberpole OUTPUTand MODE talkbacks, a big X

on the BFS CRT, and a POLL FAIL message.

Actions for BFS failures are listed in the

appropriate FDF procedures. Since the BFS also

controls several systems during ascent

and entry, the crew may be required to take

manual control of communications or ECLSS

equipment. The following table lists some

commands issued by the BFS:

SYSTEM COMMANDMAJOR MODE

ECLSS FES on 103

NH3 on 603, 305

COMM SPC to TORS 104

Antenna Ops 1,6,3

Other SPCs to Ops, 1,6,3

ground stations

for lost comm,

BFS Commands Over PayloadBuses

Environmental Control and

Life Support System

Environmental control and life support system
(ECLSS) malfunction procedures cover the four

subsystems of pressurization, air revitalization,
active thermal control, and supply/waste water.

Since the ECLSS is highly redundant, the normal

response to failures is to switch to the alternate

system.

Cabin Pressure

Klaxon

MASTER ALARM
Cabin pressure meter

dP/dT meter

SM SYS SUMM

High O2 or N2 flow
CABIN ATM light (F7 matrix)
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Crew reaction to cabin leaks consists of four basic

steps: assess magnitude of the leak, attempt leak
isolation through system reconfiguration, power
down, and prepare for deorbit.

The crew first closes cabin relief isolation valves

and uses available data sources (CRT displays
and meters) to verify the leak. If a leak is confirmed,
the leak rate determines whether an ascent abort

or an emergency deorbit is required. If enough
time is available, additional leak isolation

procedures are attempted.

An unexpected cabin pressure increase could be

caused by either a PCS leak or a malfunction in the

PCS control system. Flight Data File procedures
are used to secure the PCS and isolate the failure.

An early deorbit may be required for a non-

isolatable leak to prevent O2 or N2 depletion. PCS
leaks may be either internal or external to the

crew module.

Pump/Fan Failures

Rapid drop in flow rate

Pressure differential in loop
Rising temperatures
MASTER ALARM

Hardware caution and warning
Fault messages

The normal response is to switch to an alternate

pump/fan; however, during powered flight only
avionics bay fans and freon pumps are switched.

This prevents electrical transients. Should avionics

bay temperatures exceed limits, activation of the

alternate water loop is also permitted.

Water/Freon Leaks

Decrease in flow rate

Change in accumulator pressure
Decrease in pump delta pressure
MASTER ALARM.
Hardware caution and warning
Fault messages

Depletion of fluid makes the loop unavailable for

cooling. An early deorbit should be expected. On

ascent, an abort may be required for the loss of

2 H2O loops or 2 Freon loops.

6. EMERGENCY PROCEDURES
6.8 Systems Failures

Fire

Siren

Master alarm

SMOKE DETECTION lights on panel L1
Fault messages
Smoke concentration on CRT display

If a fire is confirmed by checking the smoke
concentration on the CRT display, the crew must

protect themselves with helmets using the helmet
retention assembly (HRA), then take steps to

extinguish the fire. Either a built-in or a portable
Halon bottle is discharged to extinguish the fire.

Once the fire is under control, the WCS charcoal

filter, ATCO, and LiOH canisters are used to clear
the cabin atmosphere of combustion products.
If the crew cannot purify the atmosphere to a safe

level, then an early deorbit will be required, since

the orbiter N2 supply is insufficient to maintain

cabin PPO2 below flammability limits for more than

4 to 8 hours while the crew is wearing helmets and

exhaling oxygen-rich air.

Cooling Loss

Loss of one or more heat rejection systems
(radiators, FES, NH3 boiler) requires a

reconfiguration to make up for lost cooling
capability while troubleshooting. A powerdown
may be required. For severe cooling loss, an early
deorbit may be performed.

Electrical Power System

The orbiter EPS configuration during all flight
phases is for all buses to be powered and operating
independently. Payload and other considerations

may mandate bus ties during orbit operations. EPS

malfunctions that require an immediate response

include reactant valves, fuel cells, major dc buses,

dc-ac inverters, and ac motors. Cryo-related
problems are discussed in the Cryo section.
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Shorts BUS SIGNATURE

Main MASTER ALARM

* High amps Hardware caution & warningMAINBUS

« Low volts UNDER VOLTlight on
F7 matrix

* Hardware caution and warning (F7 lights) estes
e MASTER ALARM CRT loss
¢ Fault messages FC amps =0

¢ CRT displays
e FO meter FPC MASTERALARM

Hardware caution & warning AC VOLTAGE
‘

i

PUMPIight
For a confirmed short, power is removedfrom eon —oat oe

the affected bus. Circuit protection equipment AC volts =0
built into the orbiter may also react to large AC amps = 0

shorts by tripping RPCs, blowing fuses, or popping MN volts good

circuit breakers. CRT loss

Pump/motors

Most bus shorts are characterizedby high current AC MASTER ALARM
and low voltage. Each bus failure has a particular Hardware caution & warning AC VOLTAGE

signature that should be learned through light, FUEL CELL PUMPlight

practice in failure recognition in the Single System Fault messages

Trainer (SST). It is important to be able to react AC volts low

7 : AC amps low
quickly and correctly to electrical shorts, particularly Pi J

:

ee! lumps/motors
during critical flight phases.

ESS MASTER ALARM

[ Hardware caution & warning

| CAUTION Fault messages

| ESS volts low

| Never tie a goodbus to a shorted bus while Set light on F7 matrix

executing malfunction procedures.
, a

CNTL | MASTER ALARM

Fault message CNTL BUS VOLTS

Bus Losses CNTL volts low

Bus loss ID

* Bus loss ID in FDF Panel’ | Equipment loss
* Fault messages Sub Bus } Bus loss ID
* Hardware caution and warning ;

The followingtable is an abbreviated list of cues Abbreviated Bus Loss Signatures
for certainbus losses. When the bus loss is

confirmed, an attempt may be made to recover

the bus, dependingon flight phase, criticality, and Fuel Cell Reactant Valves
the type of failure. Tfthe bus cannot be regained,
FDF bus loss actions must be completed to * MASTER ALARM

reconfigure and safe systems. ° SM ALERT
* FUEL CELL REAC light on panel F7
* SM FC REAC message
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If the failure is real, the response (an attempt to

open the closed react valve) must be quick to prevent
fuel cell loss and subsequent main bus loss. For

confirmed reactant valve failures, the affected

main bus should be tied and the fuel cell must be

shut down. If an O2 or H2 reactant valve fails

closed, the fuel cell will fail from lack of fuel

within 90 or 30 seconds respectively.

Fuel Cell Cooling Loss

MASTER

FUEL CELL PUMP light (F7 matrix)

FC PUMP message
FC coolant pump AP talkback barberpole

Fuel cell cooling can be lost for several reasons,

including: coolant pump failure, AC bus loss,
ECU failure, ESS bus loss, or a fuel cell coolant

leak. The fuel cell temperature signatures vary
with each failure, but in general, the fuel cell must

be secured within 9 minutes to prevent stack

overheating. To troubleshoot fuel cell cooling
problems, use the following rules of thumb,

although each is not applicable in all cases..

¢ With no sensor failures, a STACK T increase

should be accompanied by an EXIT T increase.

If the coolant pump is not running, EXIT T

should increase if the H2 pump is running.

¢ Both EXIT T and STACK T may be static

or decrease if neither the coolant pump nor

the H2 pump is running.

* Combined coolant/H2 pump failures

may be an indication of an ECU malfunction,
or an AC problem affecting both motors.

* Steadily increasing STACK T and EXIT T are

indications of a real fuel cell cooling problem.

Fuel Cell Internal Short

Low fuel cell volts

Low MN volts

Reduced FC amps

Increasing STACK T

Increasing substack delta volts

Increased reactant flow.

6. EMERGENCY PROCEDURES
6.8 Systems Failures

For this case, the MN BUS UNDERVOLTS
procedure is used. The fuel cell is shut down
after dropping the affected bus. For a confirmed
fuel cell short, the main bus may be regained using
the BUS TIE procedure.

Fuel Cell Crossover

SM ALERT

FC DELTA V message

Increasing STACK T and EXITT

Decrease in FC volts

The FC DELTA Vprocedure is used to bus tie

and safe the fuel cell.

Fuel Cell Shutdown

If a shutdown is required due to a failure

or malfunction, the FC SHUTDOWN procedure
is used. Upon completion, the appropriate LOSS

OF 1 FC powerdown should be performed.

Should a second fuel cell shutdown be required,
the 2ND FC SHUTDN procedure is used. In this

case, some powerdown is required prior to fuel

cell shutdown to prevent excessive loads on the

single remaining fuel cell. During ascent, one FC

cannot support the load of three main buses, so one

main bus will have to be dropped. As before,
a LOSS OF 2ND FC power down would be

performed after the fuel cell is shut down

Dual Gas Regulator

© SM ALERT
* FC COOL P message
* Reduction or increase in coolant loop pressure

Pressure that is either too high or too low

will cause the fuel cell to operate incorrectly,
and a shutdown will be required. The BUS TIE

procedure is used to prevent loss of an MN bus.

Time available before shutdown of the fuel

cell varies depending upon the severity of the

pressure problem.
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6.8 Systems Failures

Powerdowns

Powerdowns are performed to reduce electrical

power consumption and reduce heat loads.

The appropriate ascent, orbit, or entry FDF

procedure is used. These procedures are

designed specifically for each flight phase.

Guidance, Navigation, and Control

The most serious failures in GNC systems are

those that affect flight control. It is imperative
that the crew manage the flight contro] system
properly in a highl augmented vehicle such as

the orbiter. Since stability is negative in many
flight regimes, failures in the flight control systems
can rapidly deteriorate into a loss of control.

FCS Channel

MASTER ALARM

* FCS CHANNEL light on panel F7

* FCS CH message

* Downarrow on GNC SYS SUMM

* Down arrows on SPEC 53 CONTROLS
display

* MCC all

Due to. system redundancy, no action is requiredfor the first failure. A second failure on the
same effector requires the crew to place the
remaining channels to OVERRIDE. This prevents
a good channel from being bypassed in the event
of a third failure.

Sensor Failures/Dilemmas

SM ALERT
|

Fault message
Down arrow, ”?”, orMonGNCSYS SUMMDown arrow, “2”, or M on sensor displaysOFF flag on dedicated instruments

For single sensor failures or commfaults,tedundancy should allow the good systems to
continue to provide data without impactingcontrol
system performance. A second or third failure

may confuse the FDIR selection filter, requiring
crew intervention. MCC can generally resolve

sensor dilemmas quickly, using the additional data

available in the telemetry stream.

Mechanical

Malfunctions in orbiter mechanically actuated

systems such as payload bay doors and latches can

be electrical, mechanical, or DPS related. Since many
of these systems are critical for entry, itis important
to understand each system and troubleshoot

correctly.

Motor Failure

Allorbiter mechanical systems have two motors for

redundancy, and all systems can drive with just
one motor. Motor failures can occur due to power
failures, control logic failures, software failures, or

jams. Failure of a single motor doubles actuation
time for the system. Failure of both motors

precludes actuation. Workarounds, IFM, and,asa
last resort, EVA procedures are available to restore

capabilities on some systems.

Indicators

Microswitch failures can prevent automatic system
operation or give false indications of a malfunction.
Individual readouts of paired microswitches on
most mechanical systems allow the crew or MCC to
determine actual status of the system and its

*

associated talkback indicators.

Main Propulsion System

MPS failures during ascent can cause degradedperformance that may result in an abort. Most cue
card procedures must be executed quickly to safe
systems and protect against additional failures.
Close crew coordination is Tequired, especiallywhere an ascent abort must be executed.

Engine Failure

* MASTER ALARM

* Red MAIN ENGINE STATUSlight on

panelF7
* SSME FAIL message

SCOM 1.0
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* Pc goes to zero

* Change in acceleration

* Guidance transient

-* Reduced helium flow. (Helium flow increases
during shutdown and then decreases to zero

post shutdown).

¢ MCC call

The most important step following an engine
failure is to ensure the GPCs know that an enginehas failed. If the SSME FAIL message has not been
annunciated, the crew must push the appropriate
MAIN ENGINE SHUTDOWNpush button to mode

guidance. Failure of a second engine with limits
inhibited requires shutdown buttons to be pushed
to enable single engine roll control.

For any SSME failure, the PLT places the AC BUS
SENSOR switches to the off position. This protects
against other electrical failures causing an engine
shutdown. AC Bus sensors are also taken off for
AC power problems during ascent and entry, and
for loss of main engine controller redundancy.

Helium Leak

° MASTER ALARM

MPS HE message
HE dP/dT > 20

Down arrow on BFS GNC SYS SUMM 1
HE tank pressure lower than other engine
tanks

Early in ascent, a cue card isolation procedure
is used to secure one He leg at a time. If the
leak is isolated, the bad valve is kept closed and

MCC evaluates He remaining to determine if a

safe shutdown will occur at MECO. It may be

necessary to interconnect the pneumatic helium

system. Failures later in ascent may require a

shutdown using the shut down push button only if
there is insufficient time for leak isolation.
A push button shutdown requires less Helium
than a pneumatic shutdown, since hydraulic
pressure is used to actuate some SSME valves.

6. EMERGENCYPROCEDURES
6.8 Systems Failures

Ifa leak cannot be isolated, helium froma Previouslyfailed engine may be used as a source of additionalhelium to prevent a second engine failure. The
engine will fail when helium is depleted. Limits
must be enabled to ensure a safe shutdown. An
early crew-initiated shutdown could also be
required, depending on leak rate. MCC will analyzeleak rate and recommend action if comm is
available. Without comm, the-crew uses the
procedures on the MPS cue card.

Data Path Failure

Engine Pc goes to zero

MASTER ALARM

* SSME DATA message

* Yellow MAIN ENGINE STATUSlight on

panelF7
* Acceleration cues

° Helium flow

* MCC call

The onboard software automatically inhibits
limits for a data path failure. If the engine is
still running, the crew re-enables limits and
continues monitoring ascent. If the engine has
failed, the shutdown push button must be

pressed to mode guidance for the engine failure.

Stuck Throttle

¢ MASTER ALARM

* Yellow MAIN ENGINE STATUS light on

panelF7
* Static engine Pc

SSME CMD (HYD, ELEC) message

MCC call

SSME Pc is frozen in its last position for command

path failure, loss of a hydraulic system, computer
or sensor failures, and drifting valves. Procedures
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6.8 Systems Failures

for these malfunctions are found on the MPS
CMD/HYD/ELEC cue card. Engines with

command path failures must always be shut down

manually using the MPS controller ac power

switches. After shutdown, the shutdown push
button is depressed to set discretes that allow
software to recognize an engine failure. Thisis

called an AC/PB shutdown. A single engine

with a hydraulic or electric lockup will be shut down

only if first stage performance is low, and three

engines are running.

For single stuck throttle, shutdown time varies

for nominal ascent, TAL, and RTLS. The engine
is usually shut down shortly before normal MECO

to preserve the maximum amount of performance.

If two SSME throttles are stuck due to command

path failures, they are shut down one ata time near

MECO. The MPS ENGINE POWER switches (AC 1,

2, and 3) must be used for shutdown, followed by
the MAIN ENGINE SHUT DOWN push buttons

(AC/PB shutdown).

Two hydraulic or two electric lockups will cause

the orbiter to exceed three g’s in the latter part of

ascent. One engine is shut down per the cue card

or MCC call to prevent vehicle overstress.

Mi

ne

pric

xed failures require one engine to be shut down

MECO according to the following failure

rity:

Command

Hydraulic
. Electric.wre

ET SEP Inhibit

MAIN ENGINE STATUS lights remain on

panelF7
© SM ALERT

« SEP INH message

This malfunction can be caused by excessive rates
or a feedline disconnect failure. If rates are the
problem, the crew damps them manually and allows
the automatic separation sequence to occur.
Feedline disconnect failures Tequire the crew to
close the MPS manifold repress valves to preventloss of Helium, then execute a manual separation

SCOM 1.0
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6 minutes after MECO. For performance
problems or aborts, a manual separation may be
performed immediately.

ET SEP Switch

¢ SM ALERT
e ETSEP MAN message
¢ ETSEP AUTO message (RTLS)

The software automatically defaults to a crew-

initiated ET SEP if this switch fails to MANUAL,

except for RTLS aborts where the default is AUTO.

The switch is overridden using an item number

on SPEC 51.

MECO Confirm

¢ Noauto ET SEP
* Glareshield DAP lights remain on

* Panel C3 ORBITAL DAP lights remain off

* No software mode transition

A failure of the software to confirm MECO

prevents an auto ET SEP.The crew can seta MECO

confirm flag in the software by simultaneously
pushing all three engine shutdown push buttons,

providing no other failures have occurred. The

MECO confirm flag may also be set by manually
moding the software via an OPS 104 PRO. For

multiple failures, there are additional methods

to set MECO confirm.

Orbital Maneuvering System/
Reaction Control System

Failures in the OMS/RCS are handled using
*

procedures tailored for the current flight phase.
For ascent, achieving a safe orbit while

maintaining deorbit propellant margins is the

primary concern. On orbit, maintaining at least
two deorbit capabilities drive the procedures.

Duringentry, vehicle control is paramount.

Leaks

* Helium pressure decrease, propellant
quantity decrease

* MCC call

¢ MASTER ALARM



° OMS or RCS lighton panel F7

° Leak message

Leaks must first be confirmed, using independent
CRT and meter indications, since sensor failures

May cause false annunciation. Once confirmed, the

crew attempts to isolate the leak by securing the

affected system. Control requirements drive the

procedure to be used.

Helium tank leaks are identified by a continual He

pressure decrease after the system has been secured.
For this case, propellant is burned from the affected

system to achieve blowdown capability. This
amount of propellant remaining (39 percent OMS,
22 percent RCS) allows degraded use of the

system even though the remaining helium is

depleted.

A helium leg leak can be identified by the He

pressure stabilizing after the system has been

secured. In this case, the helium isolation valves

are manually operated to maintain pressure in

the propellant tanks.

If propellant tank pressure continues to decrease

when the system is secured, a tank leak is indicated

(RCS tank leaks in MM 304 are identified by
propellant tank pressure diverging from good
tank when the system is secured). The system
should be used as long as possible, then crossfeed is

established to the other system prior to tank

depletion. A burn may be performed to deplete the

affected propellant tank, preventing leakage
into the OMS/RCS pod where the corrosive

propellants could damage other systems.

Manifold leaks and leg leaks are indicated by a

pressure drop in the individual manifold or

manifold pairs after leak isolation. In general, the

leaking manifold/leg will be left secured and

operations will be continued using the good
systems.

Regulator Failed High

Pressure increase in OMS/RCS system
MASTER ALARM

OMS or RCS light on panel F7

OMS or RCS TK P message

6. EMERGENCY PROCEDURES
6.8 Systems Failures

He isolation valves are closed per the appropriate
procedure and troubleshooting performed to
isolate the bad regulator.

OMS Engine/Propellant Failure

MASTER ALARM

Drop in OMS Pc and/or increase in OMS

injectortemperature
Reduced acceleration

* Downarrow on MNVR display

OMS ENG PC message

* OMS light on panel F7

Depending on flight phase, the appropriate
OMS BURN MONITOR cue card is used. Engine
oxidizer/fuel inlet pressure is analyzed to determine
whether the failure is real and if it was caused by
a propellant problem upstream of the engine
(PRPLT FAIL) or problems within the engine
itself (ENG FAIL).

For engine failures, the remaining propellant can

be used by the other engine or the RCS by setting
up a crossfeed/interconnect. Propellant failures

are more severe, since the remaining propellant is

probably unusable. In some cases, where a partial
blockage exists, it may be possible to feed the

RCS jets using the remaining OMS propellant due

to the reduced flow rate requirements.

RCS Jet Failures

MASTER ALARM

RCS light on panel F7

RCS XJET FAIL message
GNC SYS SUMM indications

SPEC 23 RCS display indications

Jets can fail off, on, or leak. False annunciations

may also occur.

For a failed “on” jet, the RCS manifold must be

quickly secured to prevent propellant depletion. If

the failure was real, pressure will decrease in the

affected manifold.
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Since the RCS jets have a great deal of redundancy,

a single failed off jet usually has no majoreffect.
The remaining jets take over per the software jet

select priority. MCC will examine the telemetry

data to determine whether the failure is a transducer

or an actual jet problem. If required, the jet may be

reselected so that the DAP will attempt to fire it

again.

When ajet fail leak is annunciated, the crew and

MCC examine available data to determine if the

leak is real or an instrumentation problem. For

actual leaks, the appropriate manifold is secured

only if the leak is large enough to cause a quantity
divergence.

Interconnect/Crossfeed

Crossfeed valves and lines allow crossfeeds

between the left and right OMS pods or left and

right RCS pods. The crossfeed valves and lines also

allow the OMS and RCS systems to be inter-

connected. Placing the OMS/RCS switches

in GPC allows the software to automatically
reconfigure these valves and establish OMS/RCS

interconnects for abort dumps and RCS crossfeed

for large RCS leaks. The software will also

automatically deselect manifolds and reconfigure
the system for DPS and electrical failures for some

ascent aborts.

Generally, the automatic reconfiguration can handle
single failures and some multiple failures for ascent

aborts. The crew must ensure that valves are

configured correctly to prevent inadvertent
propellant depletion or loss of control.

When the systems are being operated in an

interconnect or crossfeed mode, failure isolation

becomes much more complex. If conditions

permit, it is better to secure the OMS/RCS
systems entirely prior to attempting trouble-
shooting procedures.

OMS Gimbal

MASTER ALARM

OMS TVC light on panel F7

OMS GMBL message
Downmode to secondary gimbal

Either a gimbal failure or its data path cause this

annunciation. For either case, operation on the

secondary gimbal is initiated. A second gimbal
failure may require securing the OMS engine
if control problems exist. Should the OMS engine
be pointed near the orbiter’s c.g., then the RCS

and the remaining OMS engine may be able to

maintain control.

A gimbal failure that occurs while a burn is

not being performed may be overcome if the

remaining gimbal system can be used to position
the engine through the c.g. Gimbal power is then

removed via an item entry on the MNVR display.
The procedure protects against additional failures

that might make the engine unusable.
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6.9 MULTIPLE FAILURE SCENARIOS

CONTENTS

MPS He Leak with APC/ALC
AUUT eS rrrct crm tectiincecacrr omcesses6.9-1

MPS He Leak with Degraded/Failed
SSMB ierrasssccnsttecsrecattomreusteersieteeversecasnet6.9-1

Set Splits/ MPS yéssadysators inst dsercemestecert 6.9-1

Stuck Throttle in the Bucket uu... 6.9-1

Second Hydraulic Failure and 1 SSME

Failed

Two APUs/Hydraulic Systems
APU 1 and Multiple Prox Box

Railuresiis.temecctsse nets

-6.9-2

-6.9-2

Two Freon/Water Loops .. 4

Total Loss of FES with BFS Failure.........6.9-2

Two Fuel Cells..

Both OMS

OMS/RCS Leak with DPS/EPS
Failures

Cryo Leak with Failed Manifold

Valve ..........

BFS Self Engage

This section briefly describes multiple failures

that may be encountered during training. Although
the potential for these failures in flight is very
low, they allow flight crews and MCC personnel
to exercise their knowledge of orbiter systems.
For each case,.crew actions are noted after the

multiple failure is discussed.

MPS He Leak with APC/ALC Failure

A failure of APC 4 (5,6) or ALC 1 (2,3) causes the

A helium isolation valve on the L (C,R) main

engine to close. Should a helium leak subsequently
occur, and isolation procedures are attempted,
closing the B helium isolation valve on the affected

engine would result in an unplanned engine
shutdown.

6. EMERGENCY PROCEDURES
6.9 Multiple Failure Scenarios

With an APC/ALC failure during powered flight,helium leak isolation must not be performed on the
affected engine. A helpful cue that an APC has
failed is the ullage pressure indication directly
below the Helium dp/dt readout on BFS GNC
SYS SUMM. With an APC/ALC down, LH2

ullage pressure reads 12.06, and LO2 ullage
pressure reads 0.0 beneath the affected engine.

MPS He Leak with Degraded/
Failed SSME

MCC evaluates leak rate to determine if it is

acceptable to interconnect to the leaking engine
helium supply to avoid a contingency abort. The

degraded SSME may be shut down early to extend
Tun time of the engine with a helium leak. Due
to insufficient onboard information, the crew

must await an MCC call for these cases.

Set Splits/MPS

Certain types of GPC set splits ( 2V1V1 or 2V2
with additional MPS electronic failures) can cause

MPS command and data path problems or inhibit
ET SEP. The situation is further complicated on an

ascent abort or if any additional DPS or EPS

malfunctions have occurred. Should aset split
occur, the crew must monitor the engines closely
and be ready to back up MECO with the engine

power switches. Restring or BFS engage may

be required for throttling or ETSEPif hidden failures

are present. The MPS multiple data path cue card

provides useful information in set split cases even

though it is designed to cover only two DPS string
failures.

Stuck Throttle in the Bucket

MCC uses the ARD to evaluate uphill capability
for this case. Depending on throttle level and

actual performance, it may be possible to continue

into orbit. If not, downmode preference is TAL

followed by RTLS. This is a real time call and can

only be made by the MCC.
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6.9 Multiple Failure Scenarios

Second Hydraulic Failure

and 1 SSME Failed

Loss of two APUs or hydraulic systems during

ascent causes a loss of TVC on one SSME. If

another engine fails, the non-gimbaling engine

may have to be shut down also to prevent lossof
control. Simulations have demonstrated a high

probability of control problems with two engines
running and one non-gimbaling.

Two APUs/Hydraulic Systems

Loss of two hydraulic systems will affect flight
control for landing, since aerosurface rates are

reduced. Abrupt maneuvers should be avoided

to prevent control system saturation. After main

gear touchdown, a 10 KEAS early derotation

may prevent a hard nose gear slapdown.

APU 1and Multiple Prox Box Failures

Either hydraulic system1orone of the landing gear

proximity boxes is required to deploy
the landing gear. APU 1 provides power for

hydraulic system 1, which performs hydraulic
gear deploy. Pyrotechnic backup is provided by
either prox box. One of these three systems is

required for a successful gear deploy.

If two of these systems are failed, attempts will

be made to recover at least one of them by
Tepowering failed buses, resetting RPCs/circuit
breakers, using a hydraulic circulation pump or

restarting APU 1. Failure of both prox boxes
results in all landing gear talkbacks remaining
barberpoled. Gear deployment verification may
not be possible via physical cues.

NOTE

Bailout is preferred over a gear up landing
attempt. :

Two Freon/Water Loops

Loss of cooling capability requires an emergencydeorbit. Procedures are contained in the
FDF CONTINGENCY DEORBIT PREP or the

SYSTEMS AOA books for losses during ascent.

It is extremely important to understand the

related powerdown procedures for these cases and

perform them expeditiously. Successful entry and

landing depend on proper execution of the

powerdowns.

Total Loss of FES

Complete loss of the FES during ascent requires
an emergency payload bay door opening to obtain

adequate cooling. Either the BFS or an SM GPC

is used, depending on urgency and what other

malfunctions are present.

If the FES has failed on orbit, the payload bay
doors will be closed as late as safely possible prior
to entry. The ammonia boiler will be activated

as soon as possible for cooling during entry.
Minimum acceleration of 0.05 g is required for

ammonia boiler operation. Due to entry heating
and lack of cooling with a FES failure, orbiter

temperatures will rise to high levels between

payload bay door closing and ammonia boiler

activation.

Total Loss of FES with BFS Failure

In order to accomplish emergency payload bay
door opening with BFS failed, it will be

necessary to either IPL a new BFS machine

using the BFS GPC IPL procedure in the
“Ascent Pocket Checklist or transition a PASS GPC
to SM OPS 2 using nominal post insertion

procedures. MCC and the crew will work

together to pick the best course of action depending
on the time available, progress through post
insertion when failures occur, and other system
failures.

Two Fuel Cells

On orbit, all three main buses may be tied upon
completion of the LOSS OF 2 FC POWERDOWN.

During ascent or entry, the cue card or Pocket
Checklist powerdown is performed, but one
main bus will remain unpowered to prevent
overloading the remaining fuel cell.
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Both OMS

RCS is used to perform the remaining ascent and

deorbit burns. If RCS is insufficient to accomplish
a safe orbit insertion or deorbit, then RCS

capability will.be used to obtain the best

performance possible. A staged deorbit burn

using aerobraking to provide some of the deorbit

deceleration maybe possible.

OMS/RCS Leak with DPS/EPS Failures

Electrical failures affect the capability to operate
the motor-driven OMS/RCS valves, and DPS
failures affect software commands to the valves.

EPS failures especially compromise leak isolation

capability. If time permits, the OMS/RCS
sliderule is used to determine which valves are

operational for various failures. Some workarounds

are available.

To work around a tank isolation valve that

cannot be closed, the corresponding helium

isolation valve should be closed. As pressure
decreases in the affected propellant tank, flow will

occur preferentially from another higher pressure
tank.

During entry after q-bar = 20 psf, to attempt leak

isolation, NO YAW JET may be temporarily
selected and the entire RCS system secured. Even

though some valves may remain open due to

DPS/EPS failures, it still may be possible to

isolate the leak if no jet fire commands are issued.

NOTE

Although NO Y JET is certified at

q-bar = 20 psf, it would be best if the RCS

system is not secured.untilq-bar = 40 psf.
Before q-bar = 40 psf, it is possible for a

pitch jet to fire. With an RCS system only
partially secured due to an EPS failure,
evacuated tank legs are possible. This

would complicate leak analysis due toa jet
firing.

6. EMERGENCY PROCEDURES
6.9 Multiple Failure Scenarios

For some control bus failures, it is possible to
actuate OMS/RCS valves using GPC commands.
The master crossfeed, automatic crossfeed, or a

software read/write procedure is used to command
the valve.

;

MDM failures can cause the GPCs to lose RCS
status information. This may result in good jets
being declared failed or unavailable by the RM
software. Using item entries on SPEC 23, it may
be possible to override the software to the
correct status and regain RCS jets or prevent firing
a failed jet or jets on a failed manifold.

Cryo Leak with Failed Manifold Valve

A bus tie and fuel cell shutdown may be required
to isolate the leak. The PCS systems may also

be secured individually to assist in leak isolation.
The manifold valve may be closed if the failed

bus can be temporarily powered or an IFM

performed. If the valve cannot be closed or the
leak isolated, then two fuel cells will be lost

when the cryo H2 or O2 is depleted. Emergency
deorbit or ascent abort may be required, depending
on leak rate.

BFS Self Engage

While this is not a multiple failure per sé, certain

failure modes of the Backup Flight Controller and

the BFS GPC can put the BFS one failureawayfrom

self engage. Should this occur, the crew must be

aware that moving the BFS OUTPUT switch out of

BACKUP could result in a self engage.

6.9-3 SCOM 1.0
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6.10 SWITCH AND PANEL CAUTIONS

CONTENTS

MPS Switches

Fuel Cell Reactant Valves

CRT Power Switch

GPC/MDMs

PLB Mech Power/Enable ...

HYD Press and APU Controller
Power Switches ..

Because the design of some orbiter controls is very
similar, when they are placed in close proximity,
inadvertent actuation can occur. Training, along
with close attention during high workload tasks,
will minimize these problems. This section discusses
several potential areas where crewmembers should
exercise caution to avoid pitfalls. By being aware

that these situations exist, crewmembers can execute

time-critical procedures confidently.

MPS Switches

The six ENGINE POWER switches and the six
He ISOLATION switches are located in adjacent
Tows on panel R2. The switches are very similar

except for a yellow band around the six power
Switches. Caution should be exercised during MPS
helium leak isolation or SSME shutdown

procedures.

Fuel Cell Reactant Valves

Due to panel design, which represents a schematic
of the PRSD and FC systems, the FUEL CELL REAC
valve switches are arranged in a 1-3-2 order
(1 on top, 3 in the middle, 2 on the bottom) on

panel R1. Closing the incorrect reactant valve results
in the loss of a second fuel cell and possibly two

main buses.

6. EMERGENCY PROCEDURES
6.10 Switch and Panel Cautions

CRT Power Switch

The CRT POWER switches on panel C2 are adjacent
to the MAJOR FUNC switch. This makes itrelatively
easy to power off a CRT when intending to switch
Major functions.

GPC/MDM

During ascent and entry, these switches on panel
O6 are very difficult to reach. They are also very
similar in appearance. When executing DPS
malfunction procedures, it is important to ensure
the correct switch is actuated. One technique is to
have the MS2 verify that the CDR has selected the
correct switch prior to actuation.

PLB Mech Power/Enable

These switches are located adjacent to each other
on panel R13L and perform entirely different
functions. Due to their similar nomenclature and
same appearance, they are easily confused. The PL
BAY DOORSYS ENABLE switches are used duringPLBD opening/closing. The PL BAY MECH PWR
SYS switches are used for other mechanical systems
in the PLB (such as radiators, PRLAs, RMS, etc). A
careful procedure crosscheck will avoid problems.

HYD Press and APU Controller Power
Switches

The HYD MAIN PUMP and APU CNTLR PWR

switches look similar and are in adjacent rows on

panel R2. It is easy to confuse these two switches

during the APU shutdown procedure or when

taking a hydraulic system to LOW PRESS.

OMS Kit

OMS Kit switches are on the left side of panel O8. It

is easy to confuse the OMS KIT switches with the

LEFT OMS switches.
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6.11 SYSTEMS FAILURE SUMMARY

This section summarizes actual, in-flight failures
that have occurred in the Shuttle program. It
includes major systems and selected repeatfailures important to the crew. The purpose is to

give crewmembers a feel for the type and severity

6. EMERGENCY PROCEDURES
6.11 Systems Failure Summary

of equipment failures and their potential impact
on operations. Complete lists of anomalies and
failures for both flight and ground operations are
available from the Orbiter Project Office. Failures
are presented by System, with the mission
number identified where the failure occurred.

MISSION NUMBER(S)
WHERE FAILURESYSTEM FAILURE CAUSE OCCURREDAPU/HYD | + APU lube oil temp high - WSB ice * STS-2,3,38* Two APUs underspeed shutdown. * Hydrazine leak and fire » STS-9* APU shifted to high speed * Failed contro! valve * STS-31* Hydraulic leak on entry * Leak in pump hose * STS-36+ APU underspeed — FCS checkout * Valve contamination + STS-7

COMM * Loss of KU antenna gimbal and stow contro! Loose screw and circuit burnout STS-41G* TAGS Jam
Paper jam STS-27, 33, 30, 32, 31,35

cRYO + O2Leak * PCS O2 restrictor installed * STS-41D
backwards

DPS * BFS failed pre-launch * Failed string tracking * STS-1,41D* GPC 1 and 2failed * Chip contamination + STS-9+ GPC 5failed
Engage term errors (32) + STS-511, 32, 38GPC 4failed on orbit * Failed to sync; changed on orbit + STS-30

* MDM OF3 failed pre-launch Component contamination + STS-2 |+ MDM port failure Power supply fail (34) * STS-51G,34+ MDM failure pre-launch * VOerrors » STS~O

ECLSS + FES shutdown * Ice, temp transducer, or thermal * STS—41G, 51D, 51B, 26, 29, 30,

transient 34, 33, 36,31, 41

EPS * Hum Sep signal conditioner B circuit breaker * Wire bundle short STS-6Popped
* TAGS cable arcing Cable short + STS-28

|
* Fuel cell 1 failed H2 pump fail due to blockage + STS-2

|* Fuel celis produced excessive hydrogen + H2 entrainment in new filter screen] - STS-9 |
GNC + IMU +failed + Power supply failed + STS-9|

+ Spurious IMU accelerometer output * Accelerometer component shitt STS-32, 40| “+ 3 deg/sec vehicle yaw rate during crew sleep Bad state vector uplink STS-32 |
|

* Radar altimeter loss of lock/intermittent lock + Transmission system malfunction STS-1,5.7,51A, 510
TACAN no lock up Low receiver sensitivity * STS-1,5,7

Mechanica! PLBD would not close Thermal warping STS-3, 4

Systems * Brake damage on landing Inadequate brake capacity STS-5. 6,7, 41C
.

41G, 51A.51C,51D,61C

MPS + Pad abon atter SSME start * Engine vaive slow to open + STS-~41D
* Launch scrub

|
* Various component failures + SIE*, 61C, 30, 34, 35

* 14,000 Ibs of LO2 drained from ET pre-launch. | « Operator error * STS-61C
Launch held due to strange LO2 temp

|indications in engine

|* Onrbiter/ET/SRB structural breakup Right SRB lower field joint + STS-5iL

burnthrough |

* SSME failed (auto shutdown) ATO * Failed sensor + STS-51F |
acaOMS/RCS | + OMS cracks discovered post flight + Launch stresses + STS-5

|+ Left OMS pod bun through * APU detonation and fire + STS-9
|+ Loss of verniers * FS5L and F5R leak + STS-28

RCS jet failed off * OX valve failed/ciogged Pctube/ | + STS-5,9,41G, |
main poppet stuck/He ingestion 51G, 511, 29, 30, 33, 31,35 |* RCS jet tailed leak * Leaks .

see
9, 51A, 51C, 51D, 61C,

|31
|

+ RCS Reg leak + Helium leaks + STS-5, 8, 41G,61C |
*

Mission cancelled
Systems Failure Summary Chart
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS

7. TRAJECTORY MANAGEMENT
AND FLIGHT CHARACTERISTICS

CONTENTS

7.1 Ascent

7.2 Orbit ..

OMEN) Unyfeettcscs

7.4 Terminal Area Energy Management
and Approach, Landing, and

IROOM teecrecsesesectrssitests creereae oes74-1

This section presents Space Shuttle flight
characteristics and trajectory Management during
powered flight, on-orbit, re-entry into the

atmosphere, approach, landing, and rollout.
Some guidance and navigation information is
included so the crewmember will be acquainted
with the parameters that are important in

influencing flight control. Much of the information
was supplied by crewmembers who have flown the

Space Shuttle. Additional information was derived
from simulator runs in the Shuttle Mission

Simulator, Shuttle EngineeringSimulator, and
Vertical Motion Simulator.

For each flight phase (ascent, orbit, entry), manual
control techniques are presented, along
with information on vehicle handling qualities,
performance monitoring, and takeover criteria.

For detailed information on these subjects, consult
the appropriate Flight Procedures Handbooks,
Flight Data Files, or Flight Rules.

Each subsection discusses the primary controls
and displays used during each flight phase. When
used, external devices, such as runway lighting,
ball-bar, and aimpoints, are integrated with the

flight crew techniques in order to present a

coordinated picture to the crewmember.

Where the backup flight system (BFS) differs
from the primary avionics system software
(PASS), (also called primary flight system (PFS)),
BFS characteristics are discussed separately. This

generally applies to ascent and entry flight
phases, since the BFS has limited capability on-orbit.

Each subsection concludes with rules of thumb.

SCOM 1.0
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS7.1 Ascent

7.1 ASCENT

CONTENTS

Powered Flight . 7.1-1

InsertionOMS Burns . 7.1-7

Backup Flight System ...........s:sssssscssecssssssns 7.1-8

DENSONCUES ca sanctesti tian ha tsa av state7.1-9

Powered Flight

During powered flight, the crew monitors orbiter

performance and system status using dedicated

displays, CRT displays, and cue cards. This section

describes the displays used, the monitoring task,
takeover criteria, and manual control.

CRT Displays

Several types of CRT displays are used to monitor

vehicle performance during powered flight. For a

more detailed description of the displays presented
here, refer to the Flight Procedures Handbook and

DPS Dictionary.

GNC TRAJ Displays

In first stage, BFS ASCENT TRAJ 1 displays a

nominal trajectory plot with altitude on the y-axis
and relative velocity (V,,,) on the X-axis. Altitude

scale is from 0 to 170,000 ft and velocity from 0 to

5,000 fps. Tick marks on the profile show attitude

director indicator (ADI) pitch attitudes at

appropriate reference points. Orbiter state (from
NAV) is displayed by a moving triangle with a 20

sec predictor circle. An airspeed scale is marked
with speeds, and the current knots equivalent
airspeed (KEAS) is shown byatriangle. A staging

‘(STG) tick mark denotes maximum q-bar for SRB

SEP:

This display, along with the ascent cue cards, is

used to monitor first stage trajectory.

( 192177 XXXXXK TRAJ 1 XX_X DDD/HHIMMISS

| BFS DOD/HHime1SS

|
|

090 )

BFS Ascent TRA] 1 CRT

Two CRT displays are available in second stage,
and both are used for trajectory monitoring. The
PFS ASCENT TRAJ is a plot of altitude vs V,...
Current vehicle state is indicated by a moving
triangle with 30 and 60 sec predictors.

Xx Xx DDD/HH Mu ss

ODD HH mu SS

|
co dy PD2

| OL ABORT ARM

GuIO xxxx 2 E/0 xxxxxx

IMECO xx xx 2 £/0 XxxxXxx 2x

PRELT xx agont o

KXXXK van STEER § xxx
|

XxX XE

Dex SERC xx
1

XXEXX ROKK

KK
Z

FSeorgste
|

PFS Ascent TRA]

Both altitude and velocity data are supplied by
NAV. BFS ASCENT TRAJ 2 is automatically
displayed at transition to major mode (MM) 103.

The profile represents a nominal second stage ascent

with altitude vs inertial velocity (V,) as the axes.

Altitude scale ranges from 140,000 to 525,000 ft and

velocity from 5,000 to 26,000 fps. Both PFS and BFS

displays have tick marks at the last return-to-launch-

site (RTLS) boundary and the point (GO) where no

action is required for a single engine failure. The

71-1 SCOM 1.0
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS
7.1 Ascent

BFS TRA] 2 has ashort line roughly parallel to the

last part of the profile. This represents a TAL TRA]

for an engine failure at the earliest TAL opportunity.
Also on the BFS display is an expanded V, scale

from 25,000 to 26,000 fps with a cutoff (CO) tick at

the main engine cutoff (MECO) velocity. Current

, is indicated by a moving triangle driven by NAV.

A vertical scale marked in total load factor (g) ranges
from 2.0 to 3.5 g with current value indicated by a

triangle.

1031 XKXXXX TRAJ 2 XX_X DDD/HHIMMISS
BFS DOD/HHIMM ISS

|
35

THECO xxi xxXXX XXX

BFS Ascent TRA] 2 CRT

The orbiter symbol and predictors should track the

propriate profile through MECO. Other

monitoring items are:

* 4 H-dot: used to ensure proper H-dot at

* Vi: used to monitor proper MECO

*
g: used to monitor throttling

NOTE

TRAJ DISPLAY titles change to include
the abort mode when an ascent abort is
executed.

GNC SYS SUMM Displays

GNC SYS SUMM displays are the principal means

of monitoring flight-critical systems. They should

be scanned frequently during ascent to verify system
status and aid in determining causes for alarms.

The BFS also supports a THERMAL display and

two SM SYS SUMM displays. These are accessed

by placing the BFS CRT MAJ FUNC switch to SM.

These displays should also be scanned frequently
to detect impending system problems and are also

used to deal with orbiter systems problems during
ascent. CRT displays are presented in Appendix B.

OVERRIDE Display

The OVERRIDE display (SPEC 51) allows the crew

to deselect/reselect certain line replaceable units

(LRUs) to solve a redundancy management (RM)

dilemma or to force RM to consider a previously
deselected LRU. The OVERRIDE display also

contains various software switches that maybe used
to override dedicated switch failures, controls for

OMS and reaction control system (RCS) dumps,
and several other additional functions.

Dedicated Displays

Dedicated displays are also used during ascent to

monitor Shuttle performance.

SCOM 1.0
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS
7.1 Ascent

ROLL RATE POINTER ROLL INDEX MARKER
a

ROLL "BUG" :

ROLL ERROR¢ NEEDLE

PITCH &

YAW INDEX +30°

MARKER PITCH
Se

CIRCLE

+30°
[OFF

YAW
FLAG

CIRCLE

PITCH

RATE

POINTER

PITCH

ERROR

NEEDLE

lo haan © °

YAW ERROR NEEDLE YAW RATE POINTER

'Attitude Director Indicator Displays 360-Degree Maneuvers in Roll, Pitch, and Yaw@ |
+ Positive Roll Command - Ball Rotates Counterclockwise
+ Positive Pitch Command - Ball Rotates From Top to Bottom

|
* Positive Yaw Command - Ball Rotates From Left to Right
+ Error Needle Deflections to Positive Commands

Roll - Left

Pitch - Down

| Yaw - Left
3

|
+ Rate Pointer Deflection to Positive Commands

| Roll - Right
| Pitch - Up
| Yaw - Right

Attitude Director Indicator

Attitude DirectorIndicator e REF: reference frame based on nominal

launch azimuth at lift-off (can be redefined)
The attitude director indicator (ADI) displays
attitude, rates, and error information and is used in ¢ LVLH: Earth-referenced pitch/roll
combination with the CRT displays and cue cards.

By cen .

ADI attitude depends upon the position of the ADI °

INRTL:referenced to Meanof 1950(M50)

ATTITUDE switch on panel F6 or F8. Switch inertial frame (see Section 2.13 for reference

positions are: frame definitions).

e
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7. TRAJECTORY MANAGEMENTAND FLIGHT CHARACTERISTICS
7.1 Ascent

ADI rates are body rates driven by the rate gyro
assemblies (RGAs). Scaling depends on the position
of the AD] RATE switch. Switch positions are:

* HIGH: 10 degrees per second
* MED: 5 degrees per second
« LOW: 1 degree per second.

ADI errors:are the difference between actual and

commanded body attitude. Scaling is controlled by
the AD] ERROR switch.

* HIGH: 10 degrees
¢ MED: 5 degrees
¢ LOW: 1 degree

The available scaling of ADI errors and rates is used

to tailor vehicle displays for the sensitivity
appropriate in each flight phase. If guidance is

unconverged, the error needles will be stowed. An

OFF flag is displayed for invalid or missing data.

CAUTION |
ADI malfunctions can occur without

tripping the OFF flag. Crosscheck other

displays during ascent to confirm

performance is appropriate for the
|

displayed attitude |

The horizontal situation indicator (HSI) is used to
monitor AUTO guidance and provide information
needed by the crew to fly manually. HSIs provide a

geometric view of orbiter location with respect to
various NAV points. During powered flight, the
HSI displays data relative to the target insertion
orbit

North on the compass card is the desired insertion
—

plane. Heading of the body +X axis with respect to
desired insertion plane is read at the lubber line.
The difference between current heading and north
is vehicle yaw. A course pointer indicates headingof V,.,, while the course deviation indicator shows
estimated sideslip (the angle between body X-axisand V,.,). The Primary bearing pointer indicates
heading to the selected Tunway for TAL and RTLSaborts only. It is not driven in first stage. Headingof V, with respect to target insertion plane isindicated by the secondary bearingpointer.

SCOM 1.0

The Alpha/Mach Indicator (AMI) isdrivenby NAV

during powered flight. ALPHA displaysangle of

attack, and ACCEL displays acceleration (computed
thrust/weight) in second stage. The ALPHA tape
is not driven in first stage.

M/VEL displays magnitude of V,,, infirst stage,
then V, in second stage, while equivalent airspeed
(EAS) shows equivalent airspeed throughout
powered flight. EAS is an indirect indication of

q-bar.

Altitude/VerticalVelocity Indicators (AVVIs) are

driven by NAV during powered flight. ALT is

displayedwith respect to the selected runway. ALT

RATE (H-dot) is the radial component of V,.

Push button indicators on the glare shield on panel
F2 indicate status of PITCH, ROLL/YAW, and SPD

BK/THROT. Lights within the push buttons

correspond to control modes. The BODY FLAP

push button light also indicates the status of the
Main propulsion system (MPS) dump sequence
post-MECO. The light comes on when the MPS

dump is started and goes out when the dump is

complete. All other push buttons extinguish at

Space Shuttle main engine (SSME) zero thrust
(MECO confirmed +3.75sec). The BFC light
illuminates when the BFS is engaged and flashes
when the BFS is standalone.

Powered Flight Monitoring

Sequential SSME start is monitored on the chamber
pressure (Pc) gauges on panel F7. After solid rocket
booster (SRB) ignition (about 7 seconds after SSME
Start) the orbiter should perform avertical rise for
about 8 seconds, followed by a combination roll,
pitch, and yaw maneuver onto the launch azimuth.
Roll attitude on the ADI should be 180 degrees upon
completion. Switch ADI ATT from REF to LVLH
after the roll is complete to obtain proper pitch/roll
attitude information. REF is used for lift-offs to
avoid large ADI movements at the LVLH 90-degreepitch singularity.

Throughoutfirst stage, the crew monitors the
parameters listed on the ASCENT ADI cue card
(especiallyattitude) and also vehicle rates. Some
deviation of the error needles during first stage can
be expected due to load relief, but the error needles
may not recenter precisely and veto differences in
the load relief flight software and error needle
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS7.1 Ascent

display software logic. Guidance will turn the
vehicle into unexpected winds to reduce
aerodynamic loading during the load relief phase.The crew will be briefed on expected dynamic
response prior to launch.

SSME throttle-down at

20 to 30 seconds and

throttle-up at about
60 seconds is monitored
on the Pc gauges. Throttle
command (T) is displayed
digitally on the BFS
ASCENT TRAJ, which
also displays the only
trajectory information in

first stage.

ASCENT ADI - NOMINAL

TME © HH
030 70 655 9K

0:50 64 975 26K

110 57 1383 49K

130 41 1801 2k
1:50__33 2231 124K

bo ec26a, Second stage followsACCEL-FT/SEC2a0. SRB SEP. CRT displays60 40 20 0

%PRPLTREMAIN should change to

ae
MM 103, and AMI/

Vi eum ea AVVI tapes display
6 2 16803s9NM | inertial velocity. Monitor
717 1253 48

ST ae eee || Gleeae! Heey>guidance9 12 656 58 convergence by noting
eos © that the time of main

4 +3 -82 62 engine cutoff (TMECO) on
Sree leis! the PFS and BFS CRT18 =i_=212_ 60

y
s way

20-2 -152 60 displays is within a few
22 “2-34 «60

on ee te
seconds of the expected

25873 -2 297. 61 MECO time.

ASCENT ADI] The BFS ASCENT TRA] 2

CueCard and the dedicated
displays are used to

monitor trajectory during second stage. Continue
to compare displayed data with the ASCENT
ADI cue card. The PFS ASCENT TRA] isprimarilyused during an RTLS.

The crew must be continuously aware of the orbiter’s
abort mode status. Boundaries are monitored by
Mission Control Center (MCC) based on trackingdata and projected vehicle performance capability
as computed by the abort region determinator
(ARD) program. Boundaries are transmitted to the
crew by the capsule communicator (CAPCOM), but
the crew should use the NO COMM MODE
BOUNDARY cue card to maintain onboard status
if communications with MCC are lost. Boundaries
listed on the CONTINGENCY ABORT cue cards
should also be monitored.

NEG RETURN (104) 8300 2 ENG BYD (104) 6400

PRESS TO ATO (104) 9300 ABORT TAL BEN

LASTMRN(104) 11300 | EOVvi

[aay
PRESS TO MECC (104) 11500 | OROOP AML (108) 11400

SE BYD (109)
DROOP BYD (109) 11300 if Bea
SE BYD(104) 13700 | SE BEN (103) cas
LAST BEN (104) 14600

2 ENG MAN (104) 7000 |SE PRESS (104) 18200
ABORT TAL MAN

LAST AUTO BYD EOVI
2 oF3engine (65) 19000 =
1 engine (104) 20000 | OROOP GDV (108) = [7]

SE BYD (1LAST LATE TAL BYD 24600
1 |

LAST LATE TAL KIN 24900 | SE BEN (109) [earraon]TLAST LATE TAL HDS 25500 | ce AN (109) =

NO COMM MODE BOUNDARY Cue Card

About 60 seconds prior to MECO, 3 g throttling
commences and is monitored on the Pc gauges and
CRT displays. MECO should be observed at

guidance predicted TMECO and near the designMECO velocity on the AMI. All three red MAIN
ENGINE STATUS lights on panel F7 will come on

for a nominal MECO, and the ORBITAL DAP pushbutton lights on panel C3 will illuminate when
MECO confirmed is set in the GPC software.

AUTO ET SEP should occur at MECO +18 seconds|
and is indicated by the red MAIN ENGINE STATUS
lights going out. A SEP INH meésage indicates
vehicle rate in any axis exceeds 0.7 degrees per
second or failure of a feedline disconnect valve to

close. For rate exceedance, wait for rates to damp,
and separation (SEP) will occur automatically.-
Feedline disconnect failure is handled using cue

card and checklist procedures to performa delayed
ET sep..

After external tank separation (ET SEP), an

automatic -Z translation occurs to obtain +4ft/sec
AV and move the orbiter away from the external
tank. Upon completion, the crew should observe

software transition to MM 104 by the appearance of
the MNVR displays on the CRTs.
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS
7.1 Ascent

Takeover Criteria

During powered flight, the crew should be prepared
to take whatever action is necessary in off-nominal

situations in order to preserve safety and mission

success. The Flight Rules define potential takeover

criteria, These rules are built into the Flight Data

File cue cards and checklists.

The most serious situations involve contro]

problems. In many cases, these are time-critical
and an FCS downmode (control stick steering (CSS)

or BFS engage) must be rapidly performed.
Downmode is an onboard decision that may be

made for:

¢ Impending loss of control

* Failure of an expected maneuver to occur

* Unexplained attitude/rate excursions or

undamped oscillatory motions.

If the roll maneuver is not initiated as scheduled,

auto guidance is considered no-go, and a BFS engage
should be performed.

Throughout first stage flight, rate excursions are a

parameter requiring crew action. Prior to 90

seconds, if pitch or yaw rates exceed 5 degrees per
second, the crew should engage BFS. After 90

seconds, the crew should select CSS, followed, if

necessary, by BFS engage

CAUTION

With manual throttle control selected, an

automatic guided MECO will not occur.

|

To obtain the correct MECO velocity,
| the main engines must be shut down
|

manually. In low performance cases, a

low-level shutdown may occur prior to the

planned MECO velocity.

After staging, if TMECO has not converged within
10 seconds, MCC should be consulted. In a NO
COMM situation, CSS and manual throttle should
be selected.

SCOM 1.0
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To avoid violation of range safety limits, ESS)
takeover may be required. MCC will provide yaw

steering commands to allow the crew to fly away

from limit lines. Trajectory deviations of such

magnitude to require takeover are extremely

unlikely. Potential causes are:

Faulty onboard NAV

Erroneous guidance
Launch day winds

SRB dispersions.

Range safety agreements for first stage deviations
allow for limit exceedance as long as control is

maintained.

As the orbiter approaches 3-g acceleration, throttling
commands and SSME throttle-down should be

observed. If this does not occur, manual throttling
must be performed using the pilot's speed brake/

thrust controller (SBTC) to ensure vehicle loads do

not exceed design limit constraints.

Any time the AUTO guidance is unacceptable for

vehicle attitude control, it should not be allowed to

contro] the main engines. Manual throttle should

be selected whenever CSS takeover is initiated.

Automatic guided MECO is inhibited with manual

throttles selected.
-

If MCC predicted TMECO is 2 seconds different

than onboard predicted TMECO, a manual SSME

shutdown will be initiated on the ground-computed
value.

The MCC abort region determinator (ARD) program
is the prime tool for determining abort capabilities.
The onboard NO COMM MODE BOUNDARIES

cue card lists inertial velocity values that define

flight design mode boundaries computed prior to

flight using predicted ascent performance and

including ground rule flight performance reserves.

The ARD is a real-time computational system
designed to handle:

* One or more SSME failures at any time

* Performance dispersions visible in the vehicle

state
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¢ Performance dispersions not visible in the

vehicle state

* SSME mixture ratio changes.

Multiple or single engine abort capabilities are

determined throughout ascent for any combination

of these failures using ground radar tracking or

telemetry of current vehicle state. A discussion of

performance boundaries is presented in Section 6.

Should the translational hand controller (THC) be

moved out of detent post-MECO and prior to the

completion of the -Z ET SEP maneuver, the

maneuver will be inhibited (terminated if in

progress) with no moding to MM 104. If for any
reason the -Z maneuver is not completed either

automatically or manually, the crew can manually
mode to MM 104 by keying in OPS 104 PRO.

Manual Control

Manual control during powered flight is selected

by depressing either the PITCH or ROLL/YAW CSS

push button indicator on the eyebrow panel. Any
push button indicator gives CSS in all axes to both

commander (CDR) and pilot (PLT) RHCs. If CSS is

selected, manual throttles should also be selected.

The PLT can select manual throttle by depressing
the red button on the left SBTC and moving the

lever to match current commanded throttle setting
within 4 percent. As throttle level is matched, the

AUTO SPD BK/THROT light on the eyebrow panel
will extinguish. When the button is released, SSME

throttling is completely controlled by the PLT’s

SBTC. Pushing the SPD BK/THROT push button

on the eyebrow panel will return control to auto

throttle.

The control system in powered flight is rate control,
attitude hold, with a maximum rate of about 12

degrees per second in pitch and roll, and about 6

degrees per second in yaw. With the RHC in detent,

attitude is maintained when rates fall below 3

degrees per second. This feature minimizes large
attitude overshoots. If both RHCs are out of detent

at the same time, the commands are summed.

To fly to a nominal MECO in CSS, the trajectory

displays and the ASCENT ADI cue card are the

prime tools. Displayed data are only as good as the

NAV state, so the crew must confirm NAV state

with MCC at takeover. Maintaining roll at 180

degrees and commanding yaw to keep V, (HSI

secondary bearing pointer) on the nose is the most

efficient yaw profile. Use the ASCENT ADI cue

card to evaluate trends in the pitch axis and to

confirm MECO and H-dot.

The BFS ASCENT TRAJ display provides
performance information. Keep the current state

(triangle) and the two predictors on the TRAJ line

and make small (less than 5 degrees) attitude

changes. Observe the results prior to making
another correction. If BFS guidance is good, BFS

digital information can be used to fly the ascent

profile.

Since H-dot at MECO is extremely critical,
concentrate on controlling H-dot above V, = 20,000

fps rather than altitude. Attempt to achieve the

nominal H-dot shown on the ASCENT ADI cue

card. This will result in a nominal H-dot at MECO,

although errors of + 100 fps are usually acceptable.

Whenever the CDR is flying CSS, the PLT should

take manual throttle control. Maintain full throttle

up to 3 g, then reduce SSME thrust to maintain 3 g.
Coordinate with the CDR, since thrust changes affect

attitude control. Lead target MECO by about 150

fps to allow for system lag time plus SSME tailoff.

Perform manual shutdown by depressing all three

shutdown push buttons on panel C3. This

procedure should result in achieving desired V, at

MECO.

Insertion OMS Burns

Monitoring and Targeting

To, monitor insertion OMS burns (OMS 1 and/or

OMS 2), the MNVR EXEC display and BFS GNC

SYS SUMM 2are used in addition to the ADI. These

displays are available in both PASS and BFS in

similar formats. The MNVR EXECdisplay provides
digital data to target and monitor orbital

maneuvering system (OMS) burns. MNVR EXEC

is an interactive display requiring keyboard inputs
from the crew, as well as monitoring prior to and

during burns. Current HA and HP are used in

conjunction with the OMS 1/2 TGTING cue card to

determine which OMS targets should be used. Each
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mission has a flight-specific card, which the crew

must understand thoroughly. The MNVR display
is described in detail in Section 2.18.

After the crew loads the appropriate targets, the

GPC software will compute a burn solution. The

target set and burn solution can be checked by
comparing data on the CRT display with the
expected solution listed in the OMS targeting section

of the ascent check list or OMS maneuver pads.

7041 XXXXX MNVRYYYYY XXX DODVHH:MM:SS

OMS BOTH 1X DDOHH:MM:SS

L axs BURN ATT XXXX

R 3xS 24 RXXX AVTOT = XXXX.X

| RCS SEL 4x 25 P XXX TGO XX XX

| STV ROLL Xxx
| 26 Y XXX

TRIM LOAD MNVR 27x
|

VGO X 2XxXxx . x06P ft Y  £XXX. xx

7Lyek RE! XXXX Z EXXXK XX

BRY [2)X.X | TXX XX xx

9 WTXXXXX x
|

GMBL
[0

TIG | U R HA HP

XXX/XX XX XXX Po 2X.XS 3X.XS | TOT xxx | EXKX

TGT PEG4 | ¥ +X.XS +X.xS CUR XXX -tXKX

PRI 28X 20X 35 ABORT TGTXx|SEC 30X 31X

OFF 32X 33x FWD RCS

ARM 36x

GMBL CK 34x OUMP37x
OFF 38x

XXXXXXX SURFDRIVE
ON 39x

OFF 40x

(Xx)

MNVR Display

For a quick check, scan AVTOT, TGO, apogee
tude (HA) and perigee altitude (HP), burn

attitude, and time of ignition (TIG) to make sure
ey are reasonable. Before executing a burn,

automatic maneuvers to the inertial burn attitude
may be performed using ITEM 27. Prior to executingthe burn, crosscheck the attitude with the ADI and

compare PFS and BFS solutions.

NOTE

Burn attitudes on the MNVR display are

inertial, and the AD] MODE switch must
be in INRTL for a Proper crosscheck of
orbiter bum attitude.

The ADI is used for OMS burns ina similar fashion
to its

use during powered flight. BFS GNC SysSUMM 2is used to monitor the OMS system duringInsertion OMS burns.

Once the targets are loaded, and a solution is

available, the crew follows ASCENT CHECKLIST/

OMS Burn cue card procedures to prepare for and

execute the burn. When in the correct burn attitude,

error needles should be centered, and the ADI

inertial attitude and commanded attitude on the

MNVR display should match. 3s

CAUTION

Maneuvering to burn attitude should be

delayed if the DAP has failed to maintain

the orbiter within 10 degrees of the ET SEP

attitude during the -Z translation. This will

avoid recontact with the ET.

Provided perigee is high enough to remain in orbit

for a few revolutions, cutoff conditions of an ascent

OMS burn are relatively unconstrained compared
to a deorbit burn. Achieving the planned orbit is a

Mission success issue. Reaching an orbit above
minimum HP is a safety issue. For insertion OMS

burns, the crew will downmode from 2 OMS
to 1 OMS to + X RCS to forward RCS as necessary
to reach at least minimum HP. Downmode

procedures are listed on the INSERTION OMS
BURN cue cards.

Manual Control

Takeover criteria and manual flight characteristics

during insertion OMS burns are similar to those
encountered during deorbit burns. Refer to Section
7.3 for a more detailed discussion of OMS burn
takeover criteria and flight characteristics.

Insertion OMS burns for ascent aborts are discussed
in Section 6.2 Some special situations encountered

during insertion OMS burns are discussed here.

Backup Flight System

The BFS is unique software contained in a singleGPC that supports nominal ascent and most Shuttleaborts. The BFS can be engaged at any time after
liftoff. Once engaged, it is irreversible until the
orbiter is in orbit or back on theground.

SCOM 1.0
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BFS state vector degrades very rapidly during
powered flight if the BFS is standalone, since it is

propagated using the last known AV from the
inertial measurement units (IMUs). Therefore, if
the PASS were to fail, BFS engage must be

performed within 10 seconds to ensure the vehicle
will remain under control.

BFS engage criteria are listed in the Flight Rules
and summarized on the DPS cue cards. They
include:

¢ Loss of redundant set

* Loss of PASS capability to control the vehicle

due to general purpose computer (GPC)/

multiplexer/demultiplexer(MDM)/LRU
failures

* Loss of control due to divergent trajectory

* Roll maneuver not initiated as scheduled.

There are a number of functional differences
between the PASS and the BFS:

* No manual control during powered flight.

* No manual throttling.

BFS does not support contingency aborts.

* No single engine roll control.

* BFS runs pre-engage in parallel with PASS

although not in control of the orbiter.

* BFS has only one memory load. Unique
ascent and entry requirements are merged
into one common set of guidance
requirements.

° When BFS is engaged, it takes command of

all flight-critical buses.

* Two CRTs are driven unless additional CRTs
are assigned with keyboard inputs.

¢ The BFS can drive all four CRTs

simultaneously while the PASS is limited to

three.

° The ADI and HSI are the only dedicated
displays driven in powered flight. The AMI
and AVVI are frozen and display OFF flags.

* Post ET SEP, only AUTO -Z translation is
available. In the TRANS DAP, attitude
Maneuvers are manual only.

° OMS burn attitude must be controlled

manually.

Sensory Cues

Prelaunch, SSME gimbal checks can be felt through
the Shuttle structure.

First stage is characterized by a rapid g buildup to

slightly over 2 g, accompanied bya great deal of
noise and vibration. Instruments and CRTdisplays
can be monitored, but precise tasks are difficult.

SRB SEP results in a large amount of flame across

the windows from the SRB separation motors.

When the flame disappears, forward windows

appear to be coated with residue, making them

nearly opaque at certain Sun angles.

At SRB SEP, g-load undergoes a nearly
instantaneous reduction from 2.3 g to 1.0 g, coupled
with a significant noise reduction. Since the orbiter

is above most of the atmosphere, many
crewmembers have remarked that it seems to stop
accelerating.

During second stage, g-load builds very gradually
until 3 g’s are reached and the SSMEs throttle to

maintain 3 g.
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Vehicle Acceleration During Ascent

A good fit of the pressure suit and harness is very

important to avoid discomfort during ascent,

particularly at high g loads. Centrifuge runs with

actual flight equipment should be performed to

ensure proper adjustment.

Some crewmembers report that the eye position in

an actual orbiter differs from that encountered in

the SMS. Checking seat position in an actual orbiter
prior to flight is recommended for first time flight

eck crewmembers

MECO results in g-load decreasing rapidly to zero.

Indication of MECO is limited to observing the red
SSME status lights, Pc meter readings dropping to
0, and g-reduction.

Some crews have reported an audible thump at ET
SEP which could be caused by the explosive severing
of the forward attach fitting. Other crews noted
that ET SEP had occurred by extinguishment of the
SSME status lights.

SCOM 1.0
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When the forward RCS jets fire to perform the -Z

translation, their ignition is accompanied by a loud

boom (just like “cannons” some crewmembers have

commented). Aft jets produce a noticeable structural

vibration, but no sound. The OMS engines do not

produce sounds, but the thrust can be noted by
unrestrained objects translating aft in the cabin.

Night launches are a special case. The SRB and
SSME plumes appear to reflect off the air molecules
and produce a “pulsing” light that is most

pronounced through the overhead windows, but
can be seen through the front windows also.
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Ascent Rules of Thumb * Monitor guidance convergence by observing
PASS and BFS TMECOs converging to

* Monitor roll program on the ADI and BFS expected time.
ASCENT TRA] display.

* Ifthe crew takes CSS, they should take manual
throttles. If the crew takes manual throttles,
manual shutdown is required unless a low

* Before L/O +90 seconds, BFS engage is the

crew’s only option for loss of guidance and/
orcontrol. After90 seconds, the crew can try level shutdown occurs due to low

GSS: performance. The cue for MECO is the BFS
MECO cutoff bug or planned MECO V,minus

¢ Monitor the trajectory on the ASCENT ADI 150 fps.
cue card and the PASS and BFS TRA] displays.
The Shuttle bug and predictors should follow * Use OMS 1 TGTING cue card for system
the nominal trajectory line. Also monitor the problems and OMS 1/2 TGTING cue card
HSI for the inertial velocitytobein the desired for performance problems to determine
orbit insertion plane. proper OMS 1 and 2 targets.
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7.2 ORBIT
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Attitude Control

Orbiter attitude is primarily controlled

automatically using either inertial attitude hold or

track mode. The universal pointing (UNIV PTG)

display, combined with the digital autopilot (DAP)

display and control panel C3 are used for automatic

attitude control. For manual attitude control, the

RHC is also used.

Orbit flight control software includes the RCS DAP,
OMS TVC DAP, an attitude processor to calculate

vehicle attitude, and logic to govern which DAP is

selected. Attitudes calculated by the attitude

processor are displayed on the ADI and UNIV PTG.

Vehicle attitude is used by the DAP to determine

attitude and rate errors.

As part of mission planning, an attitude timeline

(ATL) is generated. While the Flight Plan is being
developed, the ATL is also developed using
information about payloads, experiments, and other

constraints. An ATL is produced for both the Basic

and Final versions of the Flight Plan. When

complete, the ATL is incorporated into the Flight
Plan, although it is not usually flown. Missions

with large numbers of time-critical maneuvers may

carry the ATL onboard and use it to perform
maneuvers.

Common Attitudes

While each Shuttle mission is unique, some attitudes

are frequently used and are briefly described in this

section.

Top/Bottom Sun

These are inertial attitudes that point either the +Z

or -Z body axis at the Sun. They are normally used

for thermal control of payloads. Obviously, a

rotation angle about the pointing axis must be
defined to constrain the attitude. This is usually
flight-specific and is driven by look angles,
communications coverage, or other constraints.

Tail Sun

Another inertial attitude, but with the -X axis

pointed toward the Sun. This is one of the coldest

attitudes.

Nose Sun

Opposite to tail Sun. A semi-cold attitude used to

cool the aft section of the orbiter or to warm the

nose area, particularly the nose wheelwell.

Deorbit Prep Tail Sun

A special case of the tail Sun attitude designed to

“cold soak” the radiators prior to entry. This is a

track attitude using body vector of pitch = 184

degrees, yaw = 0 degrees, and OMICRON either

90 or 270 degrees.

Tail Sun Rotation

The coldest attitude for the payload bay. This is an

inertial attitude that keeps the -X axis pointed at the

Sun while phasing rotation to keep the payload bay

pointed away from the Earth. Itis used for thermal

bending tests or to meet specific payload
requirements.

Passive Thermal Control (PTC)

This is another inertial attitude rotation about the

+ or -X axis, but it maintains the Sun in the Y-Z

plane. The result is even warming of the orbiter.

PTC is sometimes called the “barbecue” mode. It is

used to meet various payload thermal constraints.

Gravity Gradient

Astable attitude controlled by balancing differential

gravitational and aerodynamic forces. The RCS is

not used. Combined forces are very small, and

only a few stable attitudes exist. These are difficult

to establish and vary according to altitude,

inclination, time of year, and many other variables.

Gravity gradient is used to conserve propellant or

to inhibit RCS firings during certain payload tests

and experiments.
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Displays

Attitude data for the attitude processor are provided
by the inertial measurement units (IMUs). Rate

data are derived from the IMUs bydividingattitude
delta by the time interval between attitude

measurements.

ADIs provide an analog attitude display relative to

three selectable reference frames. These are

selectable via the ADJ ATTITUDE switch. Inertial

(INRTL) and reference (REF) positions represent
inertial reference frames. Local vertical, local

horizontal (LVLH) represents the orbiter in a fixed

position relative to a rotating reference frame.

In addition to the forward ADIs, which always
operate in the +X sense, the aft ADI may operate in

either a -X or -Z sense. Selection is made using the

ADI SENSE switch. This allows proper orientation,

depending on whether the crewmember is viewing
through the payload bay (-X) windows (W 9/10)or

the overhead (-Z) windows (W 7/8).

The ADIs also display attitude errors that are

calculated from the difference between current

attitude and required attitude. The error needles

are mechanized to indicate a “fly-to” sense. Rate
needles are also fly-to. To correct attitude or rate

errors, the RHC is deflected in the direction
indicated by the needle.

Control

Attitude control on-orbit is provided by the RCS.
The RCS is designed to control the orbiter

independently in each of three axes. Minimum
on/off cycle time for the jets is 80 milliseconds.
Vernier jets (25 lb thrust) are normally used on orbit
for attitude control since the primary jets (870 Ib
thrust) use more propellant for fine attitudecontrol.
Primary jets are used for translation and higherrate attitude maneuvers. With Ol-20, there is also
ALT PRCS DAP which uses the primary jets but
limits the number, duration, and spacingofprimary
jetfirings to achieve attitude control and loadingsimilar to vernier jets.

For Omsburns, the OMS TVC DAP controls OMS
enginegimballing,allowingOMSengine thrust
vectorsto be independentlypointed several.degreesIn any direction relative to the orbiter c.g. This
allows complete attitude control with the OMS

SCOM 1.0
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engines alone duringnormaltwo-engineburns. For

single-engine OMS burns, the RCS isusedfor roll

control. The OMS TVC DAP also contains an RCS

“wraparound” capability. If the attitude error

exceeds 5 degrees in any axis during an OMS burn,

RCS jets are fired to correct the attitude.

DAP Configuration

The DAP uses current attitude to determine attitude

and rate errors.

Rotation ratesand deadbands are functions of DAP

configuration. Values may be changed on orbit

using SPEC 20 DAP CONFIG. For convenience,

each planned DAP configuration is assigned a

number. The crew uses these numbers, which are

called out in flight data file procedures, to select the

proper DAP mode for maneuvers. Typically,
DAP A has higher rates and larger deadbands than

DAP B. Wide deadbands minimize propellant
usage, while smaller deadbands allow more

precision in executing maneuvers or holding
attitude.

Attitude Control

Rotation and pointing maneuvers are required to

achieve correct attitudes for deployments, on-orbit

burns, star-tracker operations, thermal control,
flyarounds during proximity operations, and

pointing.

The RCS controls rotation independently in three
axes. Jets are appropriately located and oriented to

provide this control. Two independent sets of jets,
primary (NORM) and vernier (VERN) are capable
of attitude control. Most on-orbit rotation
maneuvers are performed with the VERN jets.

The UNIV PTG display is used to control automatic
attitude maneuvers input by the crew. Byentering
data on the UNIV PTG display, the crew can

command automatic maneuvers to point a specific
body axis at a specified target, maneuver to a

predetermined attitude, rotate about a specifiedbody axis, or maintain attitude hold. The UNIV
PTG display also shows attitude information, errors,
and completion time for current maneuvers. Typesof automatic attitude maneuvers are presented in
the followingsummaries.

o
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To perform an automatic maneuver, the crew first

enters the required data on the UNIV PTG display
for the desired maneuver. To start the maneuver at

a set time, that time is also entered on the UNIV

PTG display. After checking the data, the crew

enters an Item 18, 19, or 20, as appropriate, to start

the maneuver. With AUTO DAP selected, an auto

maneuver will begin at the set time or as soon as

Item 18, 19, or 20 is entered if the maneuver start

time is in the past. Item 21 is used to cancel a

maneuver.

Maneuver

The maneuver (MNVR) option is used to maneuver

the orbiter from current inertial attitude to a new

attitude specified on UNIV PTG. AUTO maneuvers

are three-axis at the rate specified on SPEC 20.

Maximum acceptable error in any axis is the

SPEC 20 ATT DEADBAND. Total error, displayed
on UNIV PTG, is the difference between required
and current attitude. Allowable rate error in any
axis is specified by RATE DEADBAND on SPEC

20. When the flight control software determines

the orbiter is at the required attitude, attitude hold

is initiated.

NOTE

Manually maneuvering away from a

commanded attitude is possible. However,
the DAP will return the orbiter to the

_

commanded attitude when AUTO is

reselected.

Track

The track (TRK) option is by far the most complex
in universal pointing software. There are six

subcases: orbital object tracking, center of Earth,
Earth target, center of Sun, celestial target (e.g.,
planet, Moon), and navigation star target. Each

subcase is selected by a target ID (TGT ID) on UNIV

PTG. The TGT IDis the line of sight or target vector

from the orbiter c.g. to one of the defined targets.

The track option is used in conjunction with a body
vector, which is centered at the orbiter c.g. and is

defined by a pitch and yaw combination. These

angles are referenced to the orbiter +X axis.

Track software allows the crew to point aspecified
body vector at one of the defined targets. Attitude
isnot completely constrained until body orientation
about the selected vector has been specified.
Rotation about the body vector (which is pointing
at the target) is called OMICRON. By selecting a

pitch, yaw, and OMICRON, a body vector and the

orbiter’s orientation with respect to that body vector

are specified.

When a TRK option is initiated, TRK software

performs a three-axis maneuver at the rate specified
by the current DAP, then begins active track of the

target. TRK subcases perform the following
functions:

Orbital object tracking (TGT ID = 1

State vectors of the orbiter and another orbiting
target are used to determine a relative target vector

The target state vector is maintained by the REL

NAV software. This mode is used post-deploy to

track a payload. It is also used extensively during
rendezvous operations.

NOTE

It is important to have REL NAV (RNDZ

NAV) enabled (SPEC 33, ITEM 1) prior to

tracking another orbiting body. It is also

important to disable a TGT ID = 1 prior to

OPS 8 or OPS 3 transition. Although UNIV

PTG remains active in OPS 8, REL NAV

does not. Excessive fuel usage couldoccur

due to universal pointing chasing a stale

state vector.

Center of Earth (TGT ID =2

Selected body vector is pointed at the Earth, with

orientation specified by OMICRON, and

maintained. This is, in effect, an LVLH mode

requiring the orbiter to establish’ a small rotation

rate that matches orbital rate. Center of Earth

tracking is frequently used on orbit for normal

operations that do not require specific attitudes.

Earth target (TGT ID =3

Latitude, longitude, and altitude of an Earth target
are entered on UNIV PTG. This determines target
line of sight from the orbiter. TRK maintains this

attitude. Latitude and longitude are entered in
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degrees/minutes/seconds. Altitude isenteredin
nautical miles. Typically, primary jets will be
required to maintain this track as the orbiter flies

over the target.
:

Center of Sun (TGT ID = 4)

Present values of right ascension (RA) and

declination (DEC) are used to determine lineofsight
to the center of the Sun. TRK then maintains the

proper attitude. RA and DEC on the UNIV PTG

display are updated as the Sun RAand DEC change.
This mode is used primarily for thermal control.

Celestial target (TGT ID = 5)

RA and DECof a desired celestial object are entered.

TRK will then point the defined body vector at this

target and commence tracking it. An astronomical

target can be tracked in this mode to point specific
instruments. It may also be used during payload
deployment to provide illumination or shading.

Navigation star target (TGT ID = 11-110)

TRK software contains the RA and DEC of 100

navigation stars that are defined by a number
(11-110). Selecting a particular star and defining a

body vector allows TRK to point the body vector at

the star and track it. Obviously, this mode can be
used for star sightings. It may also be used to point
instruments.

Rotation

The rotation (ROT) option takes the body vector
defined by pitch and yaw and initiates a rate

(specified on DAP CONFIG, SPEC 20) about it.

NOTE

Transitioning to OPS 8 with an active
rotation continues the rotation. Ensure
correct DISC RATE is selected prior to
transition, since neither UNIV PTG nor DAP
CONFIG (SPEC 20) is available.

Cancel

Executingthe cancel (CNCL) item on UNIV PTG
snapshots and maintains current inertial attitude.All other current and future options (MNVR, TRK,
ROT) are terminated. CNCL is selected
SCOM 1.0
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automatically when entering OPS 2 from any OPS

except OPS 8. Otherwise, the crew must select

CNCL via an ITEM entry.

Manual Attitude Control

The RHC controls roll, pitch, and yaw movements

on orbit with the OMS and RCS. Flight
characteristics depend totally on DAP configuration.
Various DAP configurations have been optimized
for certain tasks, using off-line simulation. With

the DAP mode in INRTL, and DISC RATE selected

on panel C3 or A6U, deflecting the RHC out of

detent fires appropriate RCS jets until an angular
Tate is achieved in thataxisequal to the rate specified
in the DAP CONFIG display (SPEC 20). Different

rates may be specified for DAP A and B, and for

PRI or VERN jets. When the rate is achieved, the

jets are turned off until the RHC is returned to detent

or deflected in another axis. Jets also fire to maintain

attitude or rates within selected DAP CONFIG
deadbands. Returning the RHC to detent snapshots
the attitude, and jets are fired to stop rates and hold

the snapshot attitude.

Deflecting the RHC beyond the soft stop causes jets
to fire continuously, producing a constant angular
acceleration. When the RHC is repositioned inside
the soft stop, jets are turned off, but rates continue
until the RHC is returned to detent.

With PULSE selected, RHC deflection fires jets to

achieve the angular rate change specified on

SPEC 20. PULSE is also a free drift mode.

For manual rotation maneuvers, modes generallyused are:

¢ INRTL DISC for inertial attitude hold and
small attitude maneuvers

¢ INRTL PULSE for large manual maneuvers.

High Rate Attitude Maneuvers

To quickly maneuver to attitude in an emergency, a

high maneuver rate may be required. Move the
RHC to the hard stop until the desired rate is
achieved, then hold the RHC out of detent between
the soft stop and detent. Lead the desired attitudeby returning the RHC to detent to stop the
maneuver.
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Flying Techniques for COAS Calibrations
and COAS IMU Alignments

To perform a COAS calibration or IMU alignment,
the orbiter must be maneuvered manually to align
the COAS reticle with a pre-selected star. The largest
portion of the maneuver will be performed using a

coarse control DAP with rates and deadbands
selected to minimize maneuver time without

exceeding propellant allotments.

Once the star is near the center of the COAS reticle,
the crew must switch to a DAP optimized for fine
attitude control. A vernier DAP will provide the
finest attitude control with minimum fuel

consumption.

Patience is very important when attempting to
center the star in the COAS reticle. After making an

RHC input, wait until movement is noticed, and
the star is near the desired position before releasing
the RHC. This will minimize jet firings and fuel

consumption. The coarse contro! DAP will usually
allow higher maneuver rates than the fine control
DAP. The higher rates require more time to start

and stop so pilots will notice a requirement to lead
RHC inputs when using the coarse control DAP

(i.e., return the RHC to the center detent slightly
before the star reaches the desired position in the
COAS reticle).

Translation

Orbit translation maneuvers can be conducted using
the OMS engines or RCS jets. The OMS engines are

usually used for larger maneuvers. Bur targets
for pre-planned orbit OMS or RCS burns are

normally transmitted to the crew from Mission
Control. The crew will then load targets and execute

the burn at the appropriate time. OMS/RCS burn

monitoring and control for orbit burns is similar to

that discussed in Section 7.3.

RCS Translation

The RCS is used to control translation when small

velocity changes are required. For example, the
RCS might be used for the initial maneuvers used

to separate from a payload after deploy. In these

situations, the CDR/PLT uses the THC and DAP

panel to transmit control commands to the GPCs
and ultimately to the RCS jets.

Translation flight characteristics depend on DAP
panel configuration and the DAP parameters listed
on the DAP CONFIG display. DAP parameters are

optimized for planned tasks preflight, using off-
line simulation.

THC deflection with PULSE selected on the
ORBITAL DAP panel fires jets to cause avelocity
change as specified on SPEC 20. SelectingNORM
allows continuous acceleration as long as the THC
is deflected. HIGH Z is a submode available for +Z
translations only. Selection of this submode fires
more jets than NORM Z mode.

LOW Zisa submode that allows +Z translations by
firing +X and -X jets simultaneously. LOW Z
translations also affect pitch and roll, since upfiring
jets are inhibited. There are significant translational

cross-coupling effects in this mode.

Rendezvous/Proximity Operations

Rendezvous and proximity operations require
coordinated attitude and translation maneuvers to

join with or maintain position relative to another

orbiting object. This section covers some of the
tasks and problem areas encountered during
Tendezvous and proximity operations along with
some suggested techniques. The normal rendezvous

sequence is presented in the orbit mission events

summary in Section 5. For a more detailed
discussion of Rendezvous/Proximity Operations,
refer to the Flight Procedures Handbook.

Plume Impingement

For translations near targets, there is a concern about

contamination and also the resultant induced body
rates and torques caused by an RCS jet plume
striking the target. Certain types of payloads may
be sensitive to propellant molecules. For example,
a payload with delicate optical equipment could be

damaged by an intense blast from an RCS jet at a

short distance. Selecting which jets to fire, as well

as distance and orientation of the orbiter with respect
to the target, may be adjusted to reduce

contamination.

Nearly all payloads are sensitive to the overpressure
and resultant body rates/torques caused by an RCS

jet firing at close range. Usually, a sphere of
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influence is identified, and no upfiring jetfiringsat

the target are allowed within it; typically, 200 to

60 feet from the target.

Braking Techniques

Braking is used to reduce relative velocity between

the orbiter and a target. Four techniques will be

discussed: normal Z, low Z, X axis, and orbital

mechanics effects.

Normal Z axis technique uses upfiring jets to

generate braking in a +Z direction. Since the jets
pointing toward the target provide the braking force,

plume impingement is a concern.

Low Z reduces plume impingement by using the

cant of the +X jets and scarfing (design of the nozzle)

of the -X jets to produce a resultant force in the +Z

direction. Jet firing is controlled by the DAP to

produce a near zero force in X axis direction. Low

Z braking can use up to 12 times the amount of

propellant as normal Z. This mode should only be

used where plume impingement must be

minimized. When in low Z, Y-axis jet firings induce

higher closing rates, requiring expensive braking
maneuvers.

CAUTION

Due to severe cross-coupling effects,
minimize Y-axis translations when flying
in low Z mode.

The +X or -X jets can provide braking force, but

operational constraints do not normally allow their
use. Brakingusingthe forward-firingjets requires
large propellant usage from the forward pod. Using
the +X jets masks visibility.
Orbital mechanics May provide small separation
forces for various approaches. This may be used

effectivelyfor plume-sensitive targets and to help
minimize propellant usage.

Stationkeeping

Stationkeepingis the technique used to maintain
the orbiter at a desired relative position, attitude,and attitude rate with respect to a target vehicle.
When stable in a Stationkeepingposition, the crew

has time to obtain navigation information and

determine and set up approach maneuvers.

Stationkeeping most commonly is performed on
the target’s velocity vector (V-bar) or the radius

vector of the target to the center of the Earth

(R-bar).

V-bar stationkeeping can be accomplished either

ahead of (+V-bar) or behind (-V bar) the target. The

only completely stable stationkeeping position is

on the target’s V-bar.

Target

V-Bar Stationkeeping

This results in the most efficient type of

stationkeeping because minimal propellant is

required to maintain theorbiter at the same altitude
and coplanar with the target. At about 1,000 ft on

the V-bar, position can be maintained for about
100 pounds of propellant per orbit, using optimum
techniques.

Similarly, R-bar stationkeeping can occur either
below (+R-bar) or above (-R-bar) the target.

R-Bar Stationkeeping

SCOM 1.0

November 199] 7.2-6
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This is an unstable configuration, since orbital
mechanics effects will result in the orbiter and target
changing their relative positions over an extended

period of time. R-bar stationkeeping is more

complex and requires higher propellant usage.
About 0.5 Ib/ft per rev, above and beyond V-bar
usage, is required.

Stationkeeping position is maintained using the

COAS, rendezvous radar, and CCTV triangulation.
The crew must judge when attitude and translation
corrections are necessary and make corrections

manually. Typically, attitude is controlled by UNIV
PTG so the crew has only translation corrections to

maintain position.

For convenience, stationkeeping operations are

classified by range (close in, short, medium, and

long). There are significant differences between

techniques used at different ranges.

RANGE DISTANCE

Close in | 35-200 tt

Short 200 — 1000 ft

Medium | 8 miles

Long 40 miles

StationkeepingRanges

Close In

Close in techniques are required after the orbiter
has achieved a stable position near the target.
Alignment with the desired target axis may or

may not have been completed. Orbital mechanics

effects are ignored, and flying is done using a

combination of out-the-window and CCTV cues.

Most payloads are below the plume’s impingement
area, so NORM Z operations can be performed.
Very large payloads may require use of LOW Z.

Also, if the payload drifts too far forward or aft,
LOW Z may be required to avoid plume
impingement. Close in stationkeeping requires
constant attention by the crew. A flyaround or

matching the target’s rates may be required to effect
a capture.

Short Range

Short range techniques are used after the orbiter is
positioned on the desired target axis or immediatelyafter target deploy. Orbital mechanics effects can

generally be ignored, but plume impingement must
be considered. The primary tasks are matchingattitude rates and translating to maintain correct

relative position on the desired target axis. These

Tequire visual translation guidance techniques that
can be described by three types of targets: inertially
stabilized, fixed in LVLH frame, and arbitrary rate.

Inertially stabilized targets usually have some typeof control system or are spin-stabilized. To keep
the same relative geometry, the orbiter must also
maintain inertial hold. This requires a constant

translation to stay on the desired axis and maintain
desired range. Procedurally, UNIV PTG and the
DAP are used to automatically maintain inertial

hold, while the crew uses the THC to remain on the

target axis at the desired range.

7.2-7 SCOM 1.0
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Stationkeeping WAT inenially stabilized target

Inertial Stationkeeping

Some targets may be maintaining a constant attitude

relative to the LVLH reference frame and therefore

rotating in the inertial frame at orbit rate. Thetarget
may have an active or passive (gravity gradient)
control system.

StationkeepingWRT target rotating in.inertial trame at orbital
Fale (.€., target attitude fixed relative to LVLH frame)

LVLHStationkeeping

SCOM 1.0
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The orbiter maintains a fixed position and attitude
with respect to the target LVLH reference frame.

Procedurally, UNIV PTG or LVLH is used to

automatically control attitude, and translation is

controlled manually. Since LVLH stationkeeping
is much more stable than inertial, fewer translation

inputs are required to maintain position.

Should the target lose its control system, causing it
to rotate at an arbitrary rate about a principal axis
of inertia, stationkeeping becomes more difficult.
Either an inertial or LVLH mode may be used,

depending on the situation.

Medium Range

Medium range stationkeeping may be required
during long-term payload checkout or activation.

Operations are usually automatically controlled

using NAV state data. The radar should provide
relative position information. One AUTO technique,
called a “football,” attempts to keep the orbiter
within some predefined boundary centered at some

range on the V-bar. When the orbiter approaches a

boundary, a maneuver is performed to drive it back
to the center. This is repeated as required. Orbital

mechanics effects can be used to maintain the
“football” with minimal maneuvering required.

Long Range

Long range stationkeeping is typically done at

40 nmi. This is usually done to support a possible
rendezvous at some later time in the mission (similar
to HST deploy). This stationkeeping is usually
maintained by ground targeted coeliptic (NSR

burns) and is done on the V-bar.

_ Techniques

Whenever possible, use the DAP and UNIV PTG to

automatically maintain attitude. Select vernier jets
for attitude control to conserve fuel.

Aim for an “ideal” target position in the -Z COAS
reticle. At 1,000 ft, the target should be 2.5 degrees
low. This places the orbiter c.g. on the V-bar, since

the c.g. is aft of the COAS position. At 500 ft, the

target should be at the bottom of the COAS, and at

200 ft, it should be at the bottom of the window.

Translate using the THC to maintain this Position.Small inputs and patience are essential. Use the
smallest translational pulse size available. Primary
jets must be used for translation. Use vernier jetsfor attitude control. Maintain the payload in an

imaginary box about the “ideal” position and
translate only when the target moves out of the
box.
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This will reduce fuel consumption and take

maximum advantage of orbital mechanics effects.

Use radar and REL NAV (SPEC 33) to maintain

distance and range rate.

NOTE

The tendency is to focus on keeping target

position fixed in the COAS. A good scan

and crew coordination are necessary to

control range rate and maintain distance.

Transition

Transitions are maneuvers that maintain the orbiter

ata constant distance from the target while it moves

from one position to another. The orbiter will

continue pointing a specified body vector (usually
-Z) at the target. In contrast to a flyaround, which

requires the orbiter to actually fly around the target
in an inertial sense, a transition involves moving
the orbiter around the target in a target-centered,
rotating LVLH reference frame without regard to

the target's inertial attitude. Transitions can be
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completed by placing the orbiter in inertial attitude

hold with the -Z axis pointed toward the target
(inertial stationkeeping), or by pitching the orbiter

(tail up or tail down).

Flyinga transition from the V-bar to the R-bar in
90 degrees of orbit using a pitch maneuver is

equivalent to a 90 degree in-plane flyaround about

an inertial hold target. Which transition is selected

depends on propellant concerns (inertial) or time

concerns (rotational pitch).

Separation

Translating away from another object requires
establishing an opening rate between the bodies.

Usually, relative state vectors are well known, and
a planned sequence can be followed to minimize

propellant usage. However, payload sensitivity to

plume impingement and unknown payload control

system characteristics tend to complicate separation
maneuvers. Long and short term recontact must be
considered; therefore, some separation sequences
require multiple separation maneuvers. Separation
is usually performed in two stages. A small

separation burn (< 1 fps) is performed to start

opening, then a larger burn is performed when the
orbiter is further away. The second burn typically
Occurs 22 minutes after the first bum.

Cross-CouplingEffects

Since the thrust of the RCS jets is not throughthe
orbiter c.g., commanded‘translation/rotation
maneuvers in one axis tend to induce motion in
other axes. This effect is called “cross-coupling,”and it can’have a significant impact duringrendezvous terminal phase and ProximityOperations.

With the orbiter on the target V-bar, tail-to-Earth,and payload bay toward target, the crew should be
aware of cross-couplingeffects as follows:

“
V-bar Stationkeeping R Target

V-BarApproach

SCOM 1.0
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NORM ROLL: affects every degree of

freedom. Much worse in LOW Z than

NORMZ.

LOW Z and NORM +x: induces significant
braking (+Z) translations, requiring closing
rate to be reestablished and pitch cross-

coupling. May look like translation in the

COAS. When flying Prox Ops, use the 1 to 5

Rule: 1 +Z input for every 5 +X inputs

NORM -Z: significant +X translation. Same
effect in LOW Z.

LOW Z +Z: major negative pitch if in free
drift. In attitude hold, translation pulse loses
half its force due to counteraction of attitude

firings.

LOW Z=Y: in attitude hold, majorclosing
(-Z) rates induced, more than half the size
of commanded Y-axis translation.

ROLL/PITCHDeadbanding: in NORM
jets, induces a small opening (+Z) rate. In
LOW Z, causes a major closing (-Z rate).
Minus pitch also produces a significant+X translation when in LOW Z.

TAIL ONLY: an off-nominal control mode
used to conserve forward RCS propellant.Pitch maneuvers induce a powerfulZ translation and a significant +X translation.
Yaw induces a powerful Y translation and
noticeable X and Z translations. All other
control mode effects are identical to normal
control (NOSE and TAIL).

NOSE ONLY: for pitch, translational effects
are mirror image of TAIL ONLY,except no
Xeffects. Yaw is also Opposite to TAIL ONLY,
but significantlyreduced.

These effects point out the Tequirements for
patience after performing translation pulses.Crewmembers should observe the line of
sight motion after deadbanding(keep ADI
rate needles and UNIV PTG in scan) and
Not be misled by initial line of sight rates.

Rotation-inducedcomponents must be
understood.Techniques are developedthrough practice in simulation facilities.

aa
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Vernier jets, when used for attitude control, induce
their own cross-coupling effects. Even thoughverniers produce much smaller forces than primary
jets, their geometry is even more awkward. All
vernier firings induce translational cross-couplingof roughly equivalent size in the -Z direction. The

firings do not randomly cancel out; rather, théy
accumulate in one body direction. This can induce
significant downtrack errors in orbiter position that
are important during rendezvous over long periods
of time.

Pitch/yaw deadbanding in LOW Z, or vernier
attitude control during PROX OPS can quicklyintroduce a -Z translation (closing rate). Expendingabout 35 - 40 Ib of RCS propellant to maintain
attitude using vernier jets results ina cross-couplingtranslation of 1 fps in the -Z direction. AVG G on

REL NAV (SPEC 33) is not a reliable source for this
information, since IMU noise accumulation and
much of the cross-coupled acceleration are below
the threshold measurement of AVG G. Time
required for buildup depends on how stable the
orbiter is when attitude hold is initiated. The-Z buildup is Significant during close-in

stationkeeping and especially during gentle
separations. The crew must closely monitor R-dot
using all Tanging devices (CCTV, tadar, COAS) to
avoid undesirable closing rates.

Maneuvering to attitude, especially using vernier
jets, causes downtrack errors due to translational
coupling. The resultant downtrack error can be
significant and will show up in navigation, sensor

passes, and targeting.
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Orbit Rules of Thumb

* In propellant-limited situations, use the

following guidelines:

- Stay in VERN as much as possible.

- Toconserve forward RCS, useTAILONLY

control mode.

- During prox ops, when controlling out-of-

plane errors, start as early as possible, wait

for the node to make inputs to null rates,

watch the deadbands, and do not fight
orbital mechanics effects.

* TRAJECTORY:

- NC: sets up 2-rev transfer to Ti (usually
retrograde)

- NCC: 1st Onboard, based on 2 ST Passes,

Targets to Ti
- Ti: Ist to target intercept, uses RADAR

Data (usually posigrade)
- MC1~: Trim Bums Targeted to intercept
- OOPN: Usually between MC] and MC2,

Tgt and Orb co-planar (Y = 0)
- Ti Delay: Football, Posigarde (2 x Ti DVX)

NEED: New Ti TIG

LOAD new Base Time
Start FDF at NCC intermediate

solution (may not burn new

NCC).
:

SOURCE OF ERRORS

Attitude maneuvers and jet cross

coupling
Bum trims

Orbiter Vents (APU, FES, etc.)

Draguncertainties.
* ST PASSES:

- DES IMU (Prime sel IMU for Attitude at
2level)

- Monitor RESIDS < .05 (Star Lock -

BREAK TRACK)

- 1st PASS:

Assumes on PROP

Gives Criteria to select FLTR

— 2nd PASS:

Assumes FLTR

Verify 1st PASS

Gives Criteria to do FLTR to PROP.

SOURCEOFERRORS
Prime selected IMU going bad

Star tracker bias

Maneuvers and length of time since

last SV update
Taking marks on a star

Either IMU accelerometer going bad.

RADAR PASS:

- Use if < 135 k (Range eclipsing)
- Procedure handles either FLTR or

PROP selected
- Gives criteria to select FLTR -or- to

do FLTR to PROP
- Verifies star tracker passes
- INH angles during maneuvers to

burn attitude

-RR MODE = ATRK during
maneuvers to burn attitude.

SOURCE OF ERRORS

Range eclipsing
EL/AZ greater than 30 deg
Ku biases (Range).

TARGETING:

- Load BASE TIME (Ti TIG) to TGT
SET #1

- Load TGT SET(ITEM1 +)
- Verify
- Compute(ITEM 28)
- Plot T1 Position

.

= M@2REI Angle for ILOS rates
= 0 approach)

Note Nominal Time

Compute TIG Change
TIG will be new BASE TIME
-3 and +7 limits for lighting.

SCOM 1.0
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Orbit Rules of Thumb (continued)

* NAV MANAGEMENT:

- FLTR to PROP (before taking DATA)
After new sensor acquisition
Reacquisition of Sensor Data

- RNDZ NAV enable creates the PROP
- Always havea FLTR vector
- COMM FAULT or suspect

data INHIBIT then ask questions.

bad

BURNS:

- POSIGRADE: TVR = 0
- RETROGRADE: TVR = 180
- <4-Multi-Axis (DAP:LVLH)
- >4-+XMnvrto Attitude (DAP:INTL)
- >6-OMS
- TRANS: NORM until VGO < 1 fps then

PULSE
- VGO Z is negative: Burn Z, X, Y
- Preliminary solution for NCC and Ti

can be considered the PROP solution.

PTG/DAP MANAGEMENT:

- -Z target track
- A/VERN - Attitude hold (.2 deg/

sec and 1 deg deadband)
- B/PRI - Maneuver (.5 deg/sec and

2 deg deadband)
A

- TRANS PULSE = .1 RNDZ and .05 Prox

Ops
- Config for VBAR at +RBAR
- PROX OPS DAP - when stable (VBAR).

;

SYSTEMS CONCERNS (single point):

- GNCGPC FAIL:

2 required for Ti and PROX OPS

RNDZ NAV disables at OPS MODE

RECALL

Saves FLTR Vector when RNDZ NAV

Disables
CNCL pointing (TGT ID = 1) before

OPS MODE recall

MDM FF3:

Loss of VERN (1-2-3 rule)
RADAR to NAV panel A2 is still good

-Y Tracker

MDM FA1 or 2:

Loss of VERNs (1-2-3 rule)
- MDM FF1:

-Z tracker

PIs:

Auto Ku Pointing (KU MODES: GPC
and GDSG lost)

- Loss of IMU 2- Restring 1221.

Expending about 35 to 40 1b of RCS propellant
to maintain attitude results ina cross-coupling
translation of 1 fps in -Z direction.

3 fps posigrade or retrograde = .9 nm

downtrack/rev.

1 fps posigrade or retrograde =:

16 kft downtrack/rev
3.5 kft radial/.5 rev

-5 nm altitude change (HA or HP).

1 fps radial =:

3.5 kft downtrack/.5 rev

900 ft radial/.25 and .75 rev (decoupled
from the other axis).

1 fps Out Of Plane = 900 ft/.5 rev (decoupled
from the other axis)

(SMA error) x (-10) = ft/rev downtrack error.

High +Z DV for MC2-4 = short trajectory.

MC2 Positive TIG slip = Early sunrise.

TGT EL ANG message = Very short case.

High in COAS = Short traj (subtract from ADI

pitch for THETA)
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Orbit Rules of Thumb (concluded)

* High at Ti (> 1.4 deg) = MC2 TIG slip
should be positive.

* ORB RATE= .06deg/sec; 4

ae
360

deg/90 min; 1.1 mr/sec. .

Ti done at orbital noon -3 min.
* +Y = South or going South.

* Sep Rate = 10 x delta H.

* (3/2) WAV for Coeliptic.

SCOM 1.0
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7.3 ENTRY * Navigation errors
* L/D dispersions
* Atmosphere variations

ConTENTS i vyinics
* Deorbit execution errors

.

* GNC failuresOverview of Entry Flying Tasks ............. 73-1 * Dégraded performance.IDEOrDiGBUrner
eee

ei ctoowettacees 7.3-1

Er try tien eccleccacseesscn eeeemieteaeneice 73-6 Any of these conditions, if left uncorrected, could

73-17

73-17

--7.3-18

Backup Flight System
Sensory Cues ..........+0+

Ground Controlled Approach......

Overview of Entry Flying Tasks

The entry phase of flight covers the transition from
Earth orbit to the end of landing rollout. Guidance
phases for portions of the entry phase are deorbit
burn guidance, entry guidance, TAEM guidance,
and approach/land guidance.

Monitoring

Crew monitoring of performance is required
throughout entry. This subsection presents the
information necessary to monitor and control the
vehicle during the deorbit burn and entry phases of
guidance. This task consists of monitoring vehicle

displays to determine ifguidance,navigation, and

flight control are performing correctly and taking
action, if required, to ensure a safe landing. An in-

depth knowledge of how these systems work, along
with an understanding of the reference trajectory
and orbiter flight control system (FCS) will enable
crewmembers to recognize off-nominal situations
and correct them before serious performance or

control problems develop.

Takeover

Takeover rules and criteria-are described in the

Flight Rules. Interpretation of onboard information
will aid the crew in their assessment of when to

manuallyintervene.From the availableinformation,
the crew assesses the performance of the automatic

guidance system and remains prepared to take over

with manual guidance for off-nominal situations.
Some of the conditions requiring crew takeover are:

lead to unrecoverable range problems or loss of
vehicle control.

Manual Control

In some instances, the crew will be required to take
manual control and fly the orbiter. The Deorbit
Burn and Entry sections contain the basic Principlesfor CSS flying, although these portions of the flightprofile are normally flown in AUTO. Manual flightcontrol is the normal mode of operation from .96
Mach until the completion of rollout. (This portionof the flight profile is discussed in detail in Section
7.4.) Generally, guidance will be good, even though
manual control may be necessary. Self-generated
guidance based on navigation information will be
discussed, but if guidance is good, flying the error

needles in CSS will result in the most consistent

tracking of the planned entry trajectory.

Deorbit Burn

Monitoring

Normally, the deorbit burn will be flown in AUTO

using both OMS engines. The OMS engines are

gimballed to control orbiterattitudein all three axes.

Capability exists to downmode from both OMS

engines to one OMS engine, to the aft +X RCS jets,
or to the forward -X RCS jets. Burn targets are

selected to protect for one OMS engine failure at

time of ignition (TIG) or at any time during the
burn. A single OMS engine can control pitch and

yaw, but roll must be controlled by the RCS. There
is no separate single-engine control logic for OMS
burns. Instead, OMS TVC always commands both

engines to gimbal to accomplish the burn, and RCS
control (wrap-around) is always available during a

one or two engine OMS burn to assist with attitude

control. Deorbit burns using the RCS only must be

flown manually.
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The DEORBIT BURN MONITOR and the DEORBIT

BURN FLIGHT RULES cue cards are used to

determine the required
affecting the burn. The

actions for malfunctions

philosophy embodied in

these cards is to either safely complete the burn or

stop the burn above a saf e altitude.

| Ooms Pe Low

| OMS Jang

ENG VLV 1 or 2 < 70%

ENG VLV 1 and 2 > 70%

andFUand OXTKP < 185

(System in Blowdown)

OMS ENG FAIL

Bum to Po = 72%

then OMS PAPLT FAIL

‘OX INP >| 227 ‘OMS ENG FAIL
es

Ps [227 OMS PRPLTFAIL
No OMS 1 SENSOR FAIL

OMS TEMP

___FYINP2[220] _-[OMSENGFAL
P< |204] OMS PRPLT FAIL

P[205-219] 210-223] | SENSOR FAIL

OMS OX/FU TK P

OX & FULOW He PRESS/VAP ISOL (two) - OP

Bum to OMS J , then OMS

PRPLT FAIL

OX & FU HIGH

He PRESS/VAP ISOL (two) - CL

Bum to OMS |
, then OMS

PRPLT FAIL

Cycle He to maint OMS TK P 234-284

Cyd He A(B) to isolate failed

leg
OMS GMBL 1stFAlL

2nd FAIL

RDNT FAIL, 4-WAY OR 2-2

SPLIT

Select SEC GMBL (twice)

it contro! problems or

high RCS fuel usage

Att OMS ENG - OFF

XFEED if AVTOT > 20

Qt Sate HP:

IMU DLMA_HP>[_[_] Stop burn, APUs - SHUT DN

a HP <ji] ty Continue burn:

2MN DC BUSES PASS SET FAIL only - BFS engage

PASS SET SPLIT only — YMCC

on Restring
IMU DLMA ~ Postbum, dese!

IMU with "ACC" > 0.03

(PASS& BFS)

GPCI(4) GPC1(4) MODE — STBY, HALT

FF1(4) - OFF,ON
L(R) OMS Gimbals ~ sel SEC

| FAI(4) L(R) OMS Gimbals - sel SEC

Deorbit Burn Monitor Cue Card

SCOM 1.0
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS7.3 Entry

ONE-ORBIT LATE AVAILABLE ONE-ORBIT LATE NOT AVAILABLE

PRE TIG | POST TIG PRE TIG| POST TiG|Delay Stop * Delay Stop
FAILURE (max) Bum, FAILURE (max) Bum,One | One | > Safe HP One > Safe HP

Orbit} Day Day
APU/HYD APU/HYD
First APU fails to start (LKBD not First APU fails to start (LKBD not

avail), Xx avail). x
First 2 APUs fail to start..___________. SASL sous First 2 APUs failto start_.__________—| eae
DPS DPS
RDNT fail, 4-way or 2-2 Split ax x RONT fail, 4-way or 2-2 Split XK x
1GPC__ X NIGRC aac oo cca ae

| et

2 GPCs (and spare available). Xx 2 GPCs (and spare available) is
BFS

eee

FF4 or FF2 (KSC) FF1 or FF2 (KS
GPC BITE (Multiple GPCs) GPC BITE (Multiple GPCs) Xx |

ECLS ECLS |

2 Av Bay Fans in Bay 3 >. 2 Av Bay Fans in Bay 3
2 Av Bay Fans in Bay 1 or 2 Xx 2 Av Bay Fans in Bay 1 or 2 x
ELEC ELEC
H2 Manf or TK leak. xX H2 Mant or TK jeak.
2 MN Buses

___ 222. ee Xx Xk 2 MN Buses
MNA, MNA 014 or MNA ALC1 (KSC) Kells

s MNA, MNA 014 or MNA ALC? (KSC)
CNTL AB3, CA1 or CAS (KSC). X CNTL ABS, CA1 or CA3 (KSC)

|

CNTL CA1 (No BFS Engage in GPC CNTL CA1 (No BFS-Engage in GPC |

3/5) xe 3/5) bys
|

Multi @ AC BUS (unshorted) az: Multi ® AC BUS (unsnorted)
GNC GNC

IMU Dilemma Xx x IMU Dilemma X
RHC Dilemma

__. Xx. mel RHC Dilemma
2 (IMUs.____. XK... 2 IMUs

3 ADTAs. x 3 ADTAs
2 AAs, RGAs, Elevon Pos Fb 2 AAs, RGAs, Elevon Pos Fb

any surface (if BFS NO-GO) xX any surface (if BFS NO-GO) Xx
2 ADTAs, AAs, RGAs, FCS 2 ADTAs, AAs, RGAs, FCS

(LKBD not avail) ____. xX. (LKBD not avail) _____. eeixt

@Stop Burn > OMS @ Stop Burn > OMS

PRPLT FAIL HP PRPLT FAIL HP

Ref: DEL Ref: DEL

PAD/BURN PAD/BURN

Ooms Card OMS Card

Prplt Tank Prolt Tank

Ignition (neither eng ignites) _ Ignition (neither eng ignites) ________|___. Kee |

Both OMS Eng fail x | Both OMS Eng fail sXe ol
PrpltLk after LAST LOS____________. perigee adjust | Prplt Lk after LAST LOS.__________ perigee adjust

|

AFT RCS AFT RCS
|

2jets, same direction, same pod * 2 jets, same direction, same pod x |

Prpit Lk after LAS LOS_________o ee de. Prpit Lk after LAS LOS._____.______.| paseeoeeel |
1 AFT RCS PROP TK fail Xx 1 AFT RCS PROP TK fail xX |

COMM COMM

MCC GO for DEORBIT not revd._____J eee
MCC GO for DEORBIT not revd

.____ so

Deorbit Burn Flight Rules Cue Cards

The ADI error needles are used to monitor guidance
and control during deorbit burns; however, the

needles may be incorrect due to ADI malfunctions,

wrong trim angles, MDM problems, or other

failures. Therefore, the body axis burn velocity
components (VGO,, VGO,, and VGO,), along with

TGO and AVTOT, should also be cross checked in

the event of ADI display problems.

7.3-3 SCOM 1.0
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7.3 Entry

1041/ i XXXXX MNVR YYYYY XX X DDD/HH:MM:SS"

OMS BOTH 1X |
DDD/HH:MM:SS

L 2xs | BURN ATT XXXX

R xs 24 RXXX
| BVTOT —XXXX. x

RCS SEL 4x 25P XXX TGO XX XK

STV ROLL XXX 26 YXXX

TRIM LOAD MNVR 27x |
VGO X EXXXX XX

6P (Px | Y XXX.XX
7LY [S)K.X RE|  XXXX | ZEXXX. XK

BRY [2)X.X TXX XX 2XX

WT XXXXXX GMBL
|

hone L Ra

HaeXXX! XXX P 4X.XS 4X.XS | TGT xxx +

TGT pada Y 4X.XS 4X.XS
|

CUR XXX XXX

14 C1

15 C2 [4K XXXX | PRI 28X 20x 35ABORT TGT XX
16 HT =XXX.XXX | SEC 30X 31K

17 01 XXX .XXX | OFF 32x 33x FWDRCSARM 36x18 PRPLT [:KXXXX
TGT PEG? GMBL CK 34x DUMP37x19 AVX(2)XXXXUX OFF 38x

20 avy [+]X20UX | XXXXXXX Soa2) aVZ {t])XXXUX
XXXX 22 / TIMER 23 | OFF 40x

(x)

DEORB MNVR Display

Monitoring the VGOs in addition to the error

needles provides insight into the health of guidance
dunng the burn. Noting the VGOs prior to TIG
will tell the crew whether guidance thinks the

vehicle is in attitude for the burn and whether the
OMS burn will ignite at all. Attitude must be within
+ 90 degrees of required bum attitude for OMS

ignition. If VGO, is positive, the OMS will probably
light and steer the vehicle to the bum attitude.

To monitor burn progress, the crew can watch
VGOs, HA, and HP during the burn. The VGOs

display how much AV is left to go in orbiter body
axis coordinates. For any OMS or + RCS burn, most
of the burn should be in the appropriate Xdirection.
HP will gradually increase or decrease depending
on whether the OMS burn is posigrade or

retrograde. For deorbit burns, HP should alwaysdecrease.

NOTE

Propellant-wasting,out-of-plane burns
will have larger PEG 7 Delta V, (LVLH)
components.

OMS burn thrust vector control (TVC) is calculated
independentlyfrom the ADI error needles.

* OMS TVC gimbals the OMS engines to null
vehicle rates and point sensed thrust in the
desired AVTOT direction.

SCOM 1.0
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* ADI error needles display vehicle attitude

error from the attitude that would point the

net thrust through the c.g., as defined by the

trim angles, and in the desired AVTOT

direction. If trim angles are incorrect, the

ADI error needles will not display correct

error information.

For a +X RCS burn, the ADI error needles display
errors based on an assumed thrust vector aligned
10 degrees down with respect to the orbiter +X axis.

Error needles are never correct for a -X RCS burn.

Approaching cutoff, the crew should monitor

current HP approaching targeted HP, TGO

approaching zero, and AVTOT approaching zero.

If TGO goes to zero, and the OMS engines do not

cut off (chamber pressure zero and engine valves

closed), the OMS engine switches should be turned

OFF to prevent an overburn.

If an early cutoff occurs, the appropriate procedure
from the DEORBIT BURN cue card should be
executed to achieve deorbit targets. OMS propellant,
aft RCS, forward RCS, and prebank may be used to

recover the underburn. If the underburn magnitude
exceeds RCS and prebank capability, landing site

redesignation may be required. For more detailed
information on OMS burn downmoding, consult
the appropriate Flight Procedures Handbook.

Takeover

Deorbit burns are normally flown in AUTO flight
control and are started and stopped by GPC
commands. Duration of the burn, as well as

maintaining proper attitude during the burn, are

the two most important criteria.

NOTE

Attitude changes vary little during a

nominal OMS burn, and a downmode from
automatic to manual control may not result
in noticeable attitude excursions or error

needle deflections until late in the burn.

Larger than desired residual velocities can

result if auto flight control is not
Teestablished unless the guidance needles
are re-centered manually. The ORBITAL
DAP push buttons on panel C3 should be
cross-checked prior to and occasionally

e
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during the deorbit burn to protect against
an inadvertent downmode from AUTO to

MAN flight control.

Deorbit burns that cut off at a perigee greater than

Safe HP will generally be retargeted for another
burn one orbit later or up to 24 hours later, since
Safe HP orbital lifetime allows the delay. Deorbit
burns that cut off at perigee less than Safe HP must

be completed to attain acceptable Entry Interface

(EI) conditions.

Since deorbit burns are usually large, El targets will
be met within allowable tolerances if post burn

residual AV is within 2 fps. Specifically, a 2 fps
underburn equates to a 30 nm energy error at EI,
which is well within guidance capability to converge
by Mach 12.

A5 degree attitude deadband is used in the TRANS
DAP. Attitude error or deviation greater than

5 degrees prior to the burn indicates a flight control

malfunction. The crew should downmode to MAN

DAP and maneuver back to ignition attitude. The
deorbit burn attitude is entered in a controlled,

timely manner, and the burn can be postponed for

an unacceptable attitude error.

Deadband in the TVC DAP is 5 degrees. If ignition
has occurred, a manual takeover should be

performed for unexplained deviations greater than

5 degrees.

NOTE

Engine out transients may cause a

momentary attitude deviation greater than

10 degrees. These transients are an excellent

confirmation of an engine out.

Manual Control

Fly the error needles or the ADI REF ball if available.

Use the VGO components to determine the correct

attitude. During OMS TVC DAP attitude

maneuvers, keep rates reasonable (less than

2 degrees per second). Approximate fractions of

AVTOT depend on the type of burn. If only one

OMS engine is used, yaw the vehicle about

‘10 degrees into the good engine. Normally, manual

flight control during an OMS burn requires very
few RHC inputs once the guidance needles are

centered, and the TVC DAP begins attitude hold.

For an RCS-only burn, the attitude deadband is
3 degrees, and the burn is flown manually using
the RHC for attitude control and the THC for the
burn with four +X aft RCS jets. One technique for
+X RCS burns is to fly the correct attitude as

displayed on the MNVR EXEC CRT display, check
the VGOs, set a REF ball, pitch up 3 degrees on the
ADI, let go of the RHC, and start the burn with the
THC. The vehicle will pitch down to the correct

attitude, since aft RCS jets are above the c.g., and
the 3 degree deadband will hold it there. Another

technique is to start the burn with the THC, allow
the vehicle to pitch down toward the 3 degree
deadband limit, then pitch up 6 degrees to the other
side of the deadband. The vehicle will slowly pitch
back down and hold the desired attitude.

If error needles or ADI attitude is not available, use

VGOs for initial attitude, except change VGO, to

1/5 AVTOT, then use the same bur procedure.
The vehicle will pitch down to the correct attitude

(VGO, = 1/6 AVTOT), and the DAP will hold it

there. The VGO ratio table below lists appropriate
ratios of VGO,,, to VTOT for different burn

maneuvers.

BOTH L(R) +X aa

Oms OMS RCS Rcs_ |

| VGO , 1 1 1

Sauer

|

| VGOy 0 5 (— 1/5) 0 0

|
VGO2 4 V4 6 13

VGO Ratios

One other case is possible if an RCS downmode is

required, and the GPCs do not know that the OMS

engines are not available. This could be caused by
an MDM failure, a commfault, or a GPC failure.

For this situation, the vehicle remains in TVC DAP

with a 10 degree deadband. Fly to attitude using

VGOs, except change VGO, to 1/5 AVTOT. Start

the burn. When VGO, = 1/10 AVTOT, pitch up
until VGO, again is 1/5 AVTOT. Repeat as

necessary. This procedure should keep the vehicle

within 3 degrees of desired attitude. Control will

be very sloppy, since the DAP is attempting to

respond to attitude commands using TVC, while

control is being provided by RCS. Keep rates small

and lead all maneuvers.

7.3-5 SCOM 1.0
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For -X RCS burns, procedures are similar. However,

error needles will not display the correct attitude,

and the ratio of VGO, to AVTOT must be used to

check the burnattitude. Fly to attitude using VGOs,

except use VGO, = 1/4 AVTOT, set a REF ball,

release the RHC, and start the burn using -X THG,

The vehicle will pitch down to the correct attitude,

since FWD RCS jets are below the c.g., and the
*

3 degree deadband will hold it there.

For the 10 degree deadband case, use VGO, = 1/4
AVTOT. When VGO, = 1/3 AVTOT, pitch up until

VGO, is 1/4 AVTOT again. Repeat as necessary.

Entry

Monitoring

During the entry phase, guidance provides steering
commands for trajectory control from initial

penetration of the atmosphere (about 400,000 ft) at

a range of about 4100 nm from the landing site,
until TAEM (2500 fps, about 60 nm from landing
site at an altitude of about 80,000 ft). The primary
objectives of entry guidance are:

* Guide the orbiter along a path that prevents
exceeding structural, thermal, and stability
design limits.

* Deliver the orbiter to a satisfactory energy
state and vehicle attitude at initiation of
TAEM guidance.

Entry guidance is based on an analytic solution of
the equations of motion defining a drag acceleration

profile. Guidance commands, which are based ona

control law that ensures damping of oscillatory type
trajectorymotion, are computed tosteerthevehicle
to this drag acceleration profile. Entry trajectory
constraints are shown in the followingchart

SCOM 1.0
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Entry Trajectory Constraints

Entry navigation (NAV) computes the orbiter’s

position, velocity, and distance/direction to the

landing site. NAV also computes Mach, q-bar, and

alpha. There are numerous interfaces between NAV

and flight control. The crew optimizes NAV

performance by accepting or inhibiting four types
of sensed data: drag, TACAN, air data, and MLS.

Bad NAV information can cause flight control

problems, since NAV information is used to tailor

flight control for the varying flight regimes
encountered. Mission Control monitors navigation
performance during entry using tracking data.

TACAN and air data should not be accepted to

NAV, or air data accepted to GNC without a go
from Mission Control, unless communication

capability is lost.

WARNING |

Large NAV errors can cause loss of vehicle

control, because NAV data are used to select
control effectors and set control gains.

Dedicated instruments, CRT displays, and cue cards
are available to assist the crew in monitoring entry
performance. The ADI, alpha/Mach indicator
(AMI), and the altitude/vertical velocity indicator.
(AVVI) are the primary dedicated instruments for

monitoring entry performance. Five entry trajectory
CRT displays are available for monitoring entry
guidance. Several cue cards are used as references
to compare actual and predicted performance.
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7.3 Entry

After the deorbit burn, the crew transitions to MM
303 and maneuvers to the EI-5 attitude that was

uplinked with the deorbit targets and voiced up in

the DEL PAD.

During the early part of entry, the RCS command

lights are a good indication of DAP activity. If the
crew transitions to MM 304 at EI-5, the vehicle will

be very close to attitude, and only occasional jet
firings will occur as attitude drifts back and forth
between DAP deadbands. If the crew is late

transitioning to MM 304, or if an attitude error has

been allowed to develop while working system
problems, a large number of jet firings can occur

since the entry DAP is very inefficient at low q-bar.
Up to 250 Ib of RCS propellant can be wasted. Crews
should closely check that the orbiter is in the proper
attitude prior to MM 304.

From q-bar = 0 to q-bar = 0.5, the RCS is used for

attitude control. One-sided pitch jet firings during
this period may be an indication of off-nominal

aero or an X c.g. problem. Panel trim should not be

used to inputelevontrim dueto weak elevon control

power in this regime. At q-bar = 0.5, the elevons
become active for automatic trim, and at q-bar =

8.0, the pitch jet trim is terminated. At q-bar = 10,
the roll jets are deactivated. Yaw jets continue to

fire for bank control until Mach is less than 1.0.

Yaw jets should fire from both pods ata similar rate

(symmetric firings)... Asymmetric jet firings or

continuous firing during a roll maneuver are

indications of a NAV or control problem. At

q-bar = 20, the number of yaw jets that the DAP can

fire changes from two to four, and at q-bar = 40, the

pitch jets are deactivated.

At q-bar = 50, the RCS PITCH and ROLL activity
lights are reconfigured. Illumination of the PITCH

light indicates elevon or aileron rate saturation.

Three or more yaw jet commands turn on the ROLL

light. The yaw jets are terminated at Mach 1. Any
yaw jet activity below Mach 1 indicates either a

Mach error or an MDM malfunction. The PITCH

jet light will continue to indicate elevon and aileron

rate saturation, which may result in the FCS getting
out of phase with the vehicle, producing flight path
oscillations. If this occurs, selecting CSS and

maneuvering less aggressively should be

considered.

WaTRAJECTORYMANAGEMENTAND FLIGHT CHARACTERISTICS

Orbiter performance during bank maneuvers is the
pilot’s cue to dynamic stability characteristics. The
two most important factors the crew must monitor
are YAW jet activity lights and roll rate. The first
roll command is at 3 deg/sec; subsequent roll
Teversals are commanded at 5 degrees per second.
The rate of roll maneuvers is important to minimize

flight path altitude and velocity excursions

(phugoiding).Prompt execution of roll commands
will minimize the bank angle required to establish
the entry profile.

Using the ADI, AMI, and AVV1, in conjunction with
the ENTRY ALPHA cue card, allows the crew to

monitor vehicle performance relative to pre-mission
planned trajectory. Comparing alpha, range,
altitude, H-dot, and roll reference to actual values
is a good crosscheck on guidance. If CSS is required,
the ENTRY ALPHA cue card presents the necessary
data to safely complete an entry.

VR a R H Hret_ Are!

24.4 40 4184 400

24 40 2730 255 -44 L85

23 40 2220 245 60 73

22 40 1850 240 -79 66

21 40 1555__230_ -100 63

20 40 1320 225 -117 61

19 40 1130 220 -139 61

18 40 980 210 -162 62

7 40 860 205 -181 62

16 40 760 200-192 64

15 Hi 40 LO 680 191 -204 Pee

14 43 42 37 610 189 -127 60

13 43 41 37 540 185 -137 59

12 43 40 37 480 180 -155 57

14 42_39 36 420 _170_-197 56

10 41 38 35 367 166 =-176 50

9 39 36 33 317 160 -211 46

8 36 34 «30 269 153 -245 L141

7 33 32 27 224 #145 -269 37

6 29 27 23 180 133-271 38

5 26 23 20 138 119 -272 40

4 22°19 17 101 105 -263 41

3 19.15 15 72 91 + -247 R36

25 60 84-269

2 43 78 = -281

1.5 37 67-336

1 27 $2. -272

a 17[15]12

MACH -WUDMAX | 3| 2 1

ENTRY ALPHA Cue Card
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Five CRT displays are also used for entry

monitoring or manually flying the orbiter entry.
ENTRY TRAJ 1 appears at MM 304 (OPS 304

PRO). TRAJ 2 through 5 appear at predetermined
velocity breakpoints. Each display is a continuation

of the previous one.

( 304) / ENTRY TRAJ 1 Xx xX DDD/HHIMMISS |

ep) pee DOpsHAHZ 55 |
|

so +50
100 8D 6

at / |}
J}

2 BIAS uxx

|) 2. y= DIRERERK ex |
45 $40 Gq _ Xxx.x

i

dr AGAR ERK. |
; XXX 200

| 40 }30 VS
|

|
lieecd 250/

35 $20 V VW |

R Sf /
1 X.XXx |

+ f/
NYTRIM X.XXx

sefie YY
76 alt EX

|
leat ee

Re

+ YY Pr ZEROA BIAS”2
a A 1

aie F/ |

i

Site ox |

=i 168 ROLL REF XXXxS

LPe yee CHD Xxx |
000)

D2 x x OOD/ ee

ENTRY TRA] 2 Display

SCOM 1.0

November 1991 7.3-8

Xx» DDD/HHIMM!SE|ENTRY TRAJ 2

DAE IESeS
Ds, Wey

/ j oS ey, vp
ie ES

S/ ye |v
/

/

aN Xx

Ny TRIM X.XKX

/ AIL Xxx

RUD XX.x

ZERO H BIAS €
KH BIAS 1Xxx

a
J REF =2 XxXXx

5

-250 1S
tee eenaeeee

(xx) J

ENTRY TRA]3 Display

we) / ENTRY TRAJ « XX X DDD/HH#MM:SS
a eee eee DOD/HtH ues45 750

to Biastax
7°

ay)
tp REF xx.x

40 $40 @ _ Xxx:x

} & AZ &xXx,x |
t Xxx

35 $3¢ |
:

|

30 $20 -160

rs OD iy M x:xx
ete Pe

AIL XK fet

:

zeroBIASi ea
H BIAS &

20 40 BIAS 2Xxxae eat ee REF xxx

ae res, MS
xx]

ENTRY TRA]4 Display

end ENTRY TRAS 5 XX x SDD/HHIMMISS )
0S. eeeee 1

30 a
} 5BIAStax

LPO
XX

25 i XXX.x

&
20 $30

ieshe -275

t

NY

10
NY TRIM Xx,

ad zie ee
i ZEROBIAS

5
2

5 Ie HBIAS  4xxx
REF ¢xxy j

-275 ROLL REF7245 XXXXS |
CMD XXxx” |

Ox )

ENTRY TRA] 5Display
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Monitoring the drag-velocity-range profile involves

the drag scale and the dynamic portion of the

display. The arrow on the drag scale indicates

reference (planned) drag, while the triangle displays
currentdrag.

In the center of the ENTRY TRAJ display is a

dynamic trajectory plot of range (X-axis) vs velocity
(Y-axis). This display reflects the relationship of

drag acceleration and relative velocity as a function

of range. The scales on both axes are quadratic.
Solid diagonal lines represent the following
trajectory guidelines (top to bottom): thermal limit,

“half-way” line, nominal energy, 37/20 roll

equilibrium glide, and full-lift equilibrium glide.
Vertical dashed lines represent nominal constant

drag acceleration values and are labeled near the

top of each line. TRAJ 4 and 5 represent energy
divided by weight (E/W) vs. range.

A Shuttle symbol] follows a path through each

ENTRY TRAJ display and plots orbiter position
relative to the range-velocity plane. As the symbol
proceeds down the trajectory lines, it leaves trailers

every 15 guidance cycles (28.8 sec), which are used

for trend analysis. For ENTRY TRAJ 3,4, and 5, the

trailers are displayed every 8 guidance cycles
(15.36 sec). Only six trailers can be displayed at one

time.

A guidance box appears upon initiation of closed

loop guidance and moves relative to the Shuttle

symbol to reflect drag errors (D-D,,.). The guidance
box also generates trailers. Ideally, the nose of the

Shuttle symbol will be inside the box, and a dot will

be located in every triangle. This indicates

converged guidance. The first roll command will

be visible on the TRAJ display shortly after the

initiation of closed loop guidance. Timely execution
of the first roll command will minimize the bank

angle required to establish the entry profile.

*

If the guidance box is to the left of the Shuttle symbol,
a positive range potential exists (you will land long)
and the guidance trend is toward high energy. The

opposite condition indicates a trend toward low

energy.

Pitch attitude and alpha are monitored on the ADI,

AMI, and ENTRY TRAJ displays. LVLH pitch
(theta) is displayed on the ADI, and measured alpha
is displayed on the AMI. These parameters should

be compared with the values on the ENTRY ALPHA
cue card. ENTRY TRAJ displays alpha command

(computed by guidance) via an arrow and nav-

derived (actual) alpha by a triangle. Normally, these

overlay each other. However, guidance can add
small biases to the roll and pitch profile to

compensate for transient drag errors. If the AD]

pitch and roll error needles are centered, and the

alpha/drag triangles are offset from the arrow, this
» isan indication of alpha and/or roll modulation, as

guidance seeks to reacquire the reference drag
profile.

Roll/bank monitoring is the major task for entry/
aerobraking guidance. The primary display for bank

angle is the ADI, which is in an LVLH reference

frame during entry. Bank is defined as rotation

about the stability X axis. Roll is defined as rotation

about the body X axis. Unfortunately, the terms are

sometimes used interchangeably. ENTRY TRA)

displays provide both roll (bank) reference and roll

(bank) command in the digital portion of the display.

NOTE

The ADI displays bank angle in MM 304

and MM 305. This angle is measured about

the velocity vector (defined stability axis),
not the Shuttle’s X axis.

Along the bottom of each ENTRY TRAJ are a series

of negative numbers. These indicate reference H-

dot values. In the event of a guidance failure, they
can be used, in conjunction with the ENTRY ALPHA

cue card and the AVVI, as H-dot trend indicators

Also on the AVVI is an altitude acceleration (H-

double dot) scale. Roll/bank angle, H-dot, and H-

double dot must be correlated to converge drag
and maintain the drag profile.

Heading error is defined as delta azimuth (DEL AZ

or AAZ on the ENTRY TRAJ displays) and is the

angle between the velocity vector and the great circle

direction to the runway. DEL AZ is displayed on

the HSI as the difference between the primary

bearing pointer and the lubber line. There is also a

digital value of DEL AZ on the ENTRY TRA]

displays. Bank angle controls drag, and therefore

energy, during entry. Because the bank angle causes

the orbiter to continually turn, a crossrange

capability of 750 nm can be obtained. This gives the

orbiter the advantage of using landing sites that are

73-9 SCOM 1.0
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The ENTRY MANEUVERS cue card itemizes

important events that the crew must monitor during

entry. This is a flight-specificcue card, since each

entry trajectory is somewhatdifferent.Off-nominal
activities are indicated by asterisks (*). Crew action

items are keyed to velocity. Items to be verified

only are marked with a check ().

not directly under the orbital groundtrack. Roll

reversals are performed to keep DEL AZ within

limits. The velocities at which the reversals occur

are a function of crossrange.

Initiation of a roll/bank reversal is indicated by a

flashing Shuttle symbol and phugoid damper bar
on the ENTRY TRA] and a full scale deflection of

the roll error needle on the ADI. The first roll

reversal will occur at a DEL AZ of 10.5 degrees.

Subsequent roll reversals occur at a DEL AZ of

17.5 degrees.

FLIGHT FLIGHT

CONDITIONS MANEUVER | CONDITIONS MANEUVER

ELS VLVLH ATT | Vv = 7K YTACAN status

|
GNC, OPS 30¢ PRO

* PREBANK [| [_] (90° if AOA-S)* V- 5K ADTA PROBES - DEPLOY(VHEAT)
|

It previous OMS OX TK oF He TK or RCS OX TK Begin AIL and RUD trim monitoring
|

| leak) G51 VENT DOORS- OP
ier :

PTI - ENA at El-5 when applicable } | Mes Begin H monitoring (v < 500 fps)

El-3 | VFWD RCS MANF ISOL 1,2,3,4 - CL
|

M = 27 | VAPUs

(OP if FWD RCS PTIs SCHED) HUD PWR (two) - ON

@ =
1

| (AOA) HYD MN PUMP PRESS (three) - NORM | * If M< 2.5; PCSSfor ADTA to G&C incorp
*

"Guidance | CLOSED LOOP GUIDANCE ae M = 2.0 Ensure ADTA to G&C else V Theta limits

Box'@ *

If PREBANK, rolloutPREBANKa

7-8
*

 &follow first ROLLCMD(usually
* M = 09 P,RY - CSS as read

oF *

zero) at3*/sec (TIME CRITICAL)
*

YSPDBK CMD vs POS
D-3 *

When ROLL = ROLLCMD, go AUTO
*

VR FLT CNTLR - ON

So alee A eT YNWS - GPC
D-

|
YORAGH(FORCE it editing -

—

t
M-=07 | VHYDLGISOL1,2- OP

V = 19K | DOUBLE TOGGLE(VOVHD} |

| YMPS/TVC ISOL VLV- CL | h= 15K | YMLS

V = 15K | YNAVAIDS(VO RESET if read eeT
n= 10K | VA/L,LES VISORS - DOWN

*

HELS: UHF MODE - GT/R* | eit ee

[aie7 Es| Gl, oeNSE ae gene] (1
|

WMAIN.GEARS SPOR - 100%

aAz105°}FIRST ROLL REVERSAL(15254)[ TOUCHDOWN
7

T

V = 12K | RADBYPVLVMODE (two) - AUTO NOSE GEAR SRB SEP - MAN/AUTO and cepress pb
CNTLR LOOP (two) - AUTO B(A) TOUCHDOWN | VAuto Load Relief ‘i

Q

*

Ino YAW JET, begin lateral trim
*

*

monitoring . |
Beate

|
3

t
*.

V = 10K | VSPDBK1081% BEFOREELD : “corps?
|

*

If three yaw jets failed on same side:
*

*

Perform remaining roll reversals in
* fT

ES OCE 1s See neens somoeaton

| So

pare S 14DKGSCONCRETE <<140KGS —a

>MOKGS- - -

sToP |Goto ENTCi,POSTLANDINGPROCEDURES51

ENTRY MANEUVERS Cue Card

SCOM 1.0

November 1991
7.3-10



7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS
7.3 Entry

Automatic program test inputs (PTIs) may be

included as part of entry trajectories to obtain flight
data from which aerodynamic coefficients can be

extracted postflight. These data are used to further
define the aerodynamic characteristics of the Shuttle,
help expand the operational envelope, and reduce

aero data base uncertainty. PTIs are executed

automatically by the entry DAP and are input into

the flight controls downstream of gains and filters

so that a known control deflection or jet firing can

be made. The crew enables PTIs on SPEC 50, and

flight control must be in AUTO. Execution of PTIs

is monitored on the SPI and GNC SYS SUMM 1 for

control deflections and by the RCS activity lights
for jet firings. Normal vehicle performance
parameters must be continuously monitored also

to ensure there is no degradation introduced due to

PTs.

Takeover

The entry trajectory is normally flown in AUTO

until subsonic, when the crew downmodes to CSS.

Upon moding the GPCs to MM 304, dedicated

displays and ENTRY TRAJ CRT displays become

available. DAP controls for the AEROJET DAP are

located on each eyebrow panel. Manual takeover

can be executed using the push buttons or by
moving the RHC more than 7degrees out of detent.

NOTE

During entry, downmoding to CSS is

separate for the pitch axis and roll/yaw
axes. Itis possible to be in CSS pitch control

and AUTO roll/yaw or vice versa.

Drag Error -

The flight rule criterion for CSS takeover for drag
error is actual drag minus drag command greater
than 3 ft/sec’. There are several indications of off-

nominal drag presented on the TRAJ displays. If

actual drag is larger than reference drag, the triangle
will be above the arrow on the drag scale, and the

guidance box will be behind the Shuttle symbol,
showing a negative range potential. If this error

wereallowedto continue, the Shuttle trailers would

indicate the vehicle dropping below the nominal

guideline toward the 0 degree bank boundary. The

drag error must be corrected before the target moves

outside the vehicle footprint. In this case, take CSS
and decrease the bank angle to cause drag to
decrease toward reference drag.

As bank angle changes, so does altitude acceleration.
As an approximation, 1 degree change in bank

produces 0.7 ft/sec* change in H-double dot. Large
bank errors cause corresponding errors in H-dot,
allowing a phugoid to develop more quickly. The
crew should closely monitor H-double dot when

flying entry in CSS.

Ifactual drag is less than reference drag, the triangle
will be below the arrow on the drag scale and the

guidance square will move ahead of the Shuttle

symbol, showing a positive range potential. The
trailers will indicate the vehicle moving to the left
toward the thermal limit boundary. The correction
in this case would be to increase bank. A deviation
of this type could be expected if the first roll
command is not executed when commanded by
guidance. Prompt execution of roll commands at

the proper rate will minimize the bank angle
required to establish the entry profile.

If both pitch and roll/yaw are in CSS, the task of

Maintaining drag equal to reference drag becomes

more difficult due to angle of attack and bank angle
interaction. Oscillations in alpha cause drag
transients, which cause bank oscillations. A 1 degree
change in alpha produces a 1.7 ft/sec’ drag change,
which is equal to an 8 degree roll change.

Low L/D

Using the ENTRY TRAJ display, if ROLL REF

displays a down arrow (a fault message will also be

generated) prior to the first bank reversal, this isan

indication of alow L/D condition. Since the orbiter

uses drag modulation for ranging, L/D control is a

major factor in the ranging problem. To protect

against TAEM interface targets moving out of the

entry footprint, the crew should select R/Y CSS

and initiate the first bank reversal when DEL AZ =

5 degrees. AUTO flight control may be reengaged
after completion of the first bank reversal.

Ground Controlled Approach

NAV errors detected by Mission Control that result

in trajectory dispersions uncorrectable by AUTO

guidance by Mach = 4 or in greater than 10 nm

7.3-11 SCOM 1.0
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS

7.3 Entry

range error at TAEM interface require the crew to

downmode to CSS and manually correct the

trajectory. In extreme cases, a ground controlled

approach (GCA) may be required. Redesignating
to another runway or to the straight-in heading

alignment cone (HAC) may also solve the problem.
MCC will evaluate the entry trajectory to ensure it

is within the orbiter’s capability to reach an

acceptable runway during TAEM.

Failed Yaw Jets

Failure of three yaw jets on the same side after the

first roll reversal requires the crew to perform
subsequent roll reversals in CSS.

|
WARNING

Abrupt maneuvers may exceed reduced ||

yaw jet control margin and result in loss of

vehicle control.

Qbar < 20 psf
| RCS <10%
|

PRIOR TO FIRST BANK MNVR

EI-5 - MM304 PRO

PITCH - AUTO
|

|

RY - CSS |
Minimum RHC

|

© 30° (No Predank
|

@ +5° (Prebank

2

3

Qbar > 20 psf to MACH 7

If 0% s RCS < 10%:

Undesirable Transients

Prior to any event capable of introducing an

unwanted transient into the flight control system,
such as a delta state update that includes a velocity

component, the crew should select CSS to prevent
undesirable transients. Automatic flight control may

be reengaged upon completion of the event and

reconvergence of the guidance needles.

RCS Critical Entry (No Yaw Jet)

RCS CRITICAL ENTRY is a flight-specific cue

card used to determine if an RCS critical situation

exists. If possible, enough propellant should be

saved to fly the entire entry profile using nominal

flight control. An expected usage rate line is

provided for information. This reflects expected
propellant consumption for an AUTO entry,
including PTIs. The no yaw jet entry mode (NO Y

JET) redline is 10 percent from MM 304 to Mach 7,

decreasing to 0 by Mach 1. If propellant falls

below this line, the crew should go to NO Y JET
entry mode. Below Mach 7, the crew can reselect

AUTO entry mode

any time the orbiter’s

propellant quantity is

greater than the

redline. The NO Y

JET mode requires

1. ENTRY MODE sw -

(RYY - CSS)
2. SELECT FIXED ELEVON

NO Y JET

IF VEHICLECONTROLPROBLEMS | CSS roll/yaw flight
(RCS > 0%)
3. ENTRY MODE sw - AUTO

to regain contro}, then

4. ENTRY MODE sw - NOY JET)

control.

0 AFTER FIRST BANK MNVR L BEGION Ofte neMARGIN aa,

4

4, Establish and maintain ©CMD
MIZE. cae

|

] a
| Acs -0% MACH 7 to MACH 7 )

7 5. ENTRY MODE sw - NOY JET IF RCS < REDLINE

— (RY - css) 1. ENTRY MODE sw - NO YJET

nose | 6. Selected FIXEDELEVON (Naess)

cs 7
2. Select FIXEDELEVON

fe ELSE,

1
3. ENTRY MODE sw - AUTO

U

1
fo |

Ai
(RY - AUTO)

oe
fa MACH <5, RUD ACT

a

| 1. Maintain AILtrim<1°
Aj |

5 | : NYJ REOLINE
x ey ae

“+ ILINI

(clonal aes ea 1. BF - AUTO

Dal adled ok aa10 20 30| 20 15 eae rari
RCS USAGE

—. MACH

RCS CRITICAL ENTRY Cue Card
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS7.3 Entry

If below the NO Y JET redline from EI-5 to

q-bar = 20, select R/Y CSS and minimize bank inputs
prior to closed loop guidance. After the first bank,
the crew can select NO Y JET and the flight-specific
elevon schedule which sets the elevons farther
down.

From q-bar = 20 until Mach 1, the crew will select

NO YJET when below the redline and select the

flight-specific elevon schedule.

The rudder becomes active at Mach 5 and should

take over yaw trim. Monitor aileron trim to assure

it remains within 1 degree of neutral. This will

prevent an aileron/rudder force fight and degraded
aileron control. If bank oscillations develop, or

ailerons seem ineffective and any RCS propellant
remains, select AUTO entry mode, and use RCS jets
to reestablish control. Once control is reestablished,
NO Y JET entry mode can be reselected.

The body flap may have been manually driven up
to improve aileron trim effectiveness at higher Mach

numbers. Below Mach 2, reselect body flap AUTO

and allow the body flap to drive the elevons back

on schedule.

Trim Saturation and Control Oscillations

Trim saturation and dynamic oscillatory problems
requiring downmode to CSS are covered by the

The DAP uses alpha to compute body axis roll and

yaw rates, then coordinates yaw /roll axes to provide
pure stability axis bank maneuvers. If the alpha
error is large enough, it can cause serious DAP

problems, especially if yaw control authority is
reduced by yaw jet failures. Alpha errors may be
caused by NAV errors, but the largest potential
source of-error is winds. High altitude winds can

cause alpha errors of 2-3 degrees. Large bank

overshoots with poor damping may result.

The worst case involves banking from a bottom
wind into a top wind. As the maneuver is started,
the crew will see lots of jet firings to initiate the
bank and a sluggish bank rate. Passing wings level,
jet firings and bank rate will be nominal. As bank
increases in the new direction, bank rate will begin
to increase from 5 degrees per second with a large
number of jet firings to damp the rate.

CAUTION

Bank rates greater than 6 degrees
per second with reduced yaw jet
authority and alpha errors may be

difficult to control.

Early recognition of alpha error (by the sluggish
bank rate) will enable the crew to take over and

TRIM/OSC cue _ prevent a more serious problem from developing.
SETS Comoe

rOnt. NCRIRATE,

card. As the bank rate needle on the ADI reaches 5 degreesDURING ROLL REVERSAL (Alpha Error)
;

1. RY - CSS, per second, downmode to R/Y CSS and maintain

DECR ROLL RATE < 5*/sec 5 degrees per second until 20 degrees past wings
Ba Niven

®.
= OCND

wily reduce bank rate to approach
RY. - CSS or AUTO

level. Then slowly re pproa
bank command at about 2 degrees per second. Stop

AIL TRIM SAT (3°) the bank rate and reselect AUTO.
POSSIBLE ROLL - OFF:

1, BF - UP tol EVuntilM< 2;
7 : Oe, ;

thenBee ae
unos

Aileron trim saturation is defined as trim being
2. Mi2 to MB decr «to « limit TRIM/OSC driven to the limit of 3degrees. Two possible causes

Hoe ODL Ib at Ine ce) Cue Card are: Y c.g. offset greater than 3 inches, or off-nominal
limit

‘

i

aerodynamics.
HIGH FREQ OSC OR SURFACEWJET

Tries The result is an increased dependence on yaw jets

2. ENTRYMODE- LOGAIN for trim. The implicationsare serious, since

If returning payload > 10K Ib: propellant consumption can increase dramatically,
ACTF

PEM and aloss of control is possible due to a roll off that
ALT FILTER - 21 ; ;

:

3:_BFS, GNC 51 OVERRIDE full RHC deflectionwillnot stop. Therefore, it is

ALT FILTER - ITEM 27 highly desirable to maintain the elevons in an

SP InOSE s0p8)
optimum position for lateral trim.

ENTRY MODE - AUTO

P, RY - AUTO
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS

7.3 Entry

To recover, raise the body flap, which willcause

elevon trim to move downward, making the ailerons

more effective. Ensure that the body flap is returned

to AUTO at Mach2.

Decreasing alpha between Mach 12 and 8, or

increasing alpha from Mach 6 to Mach5 is usually
the fastest technique for stopping a divergent roll-

off tendency. This also helps aileron control power
and has the added benefit at lower altitudes of

reducing q-bar in a trim saturation situation.
Reducing q-bar reduces the total unbalancing
moment from an offset c.g. and also makes the yaw

jets proportionally more effective since the jet
torques are constant while the aero torques are

decreased.

WARNING

Exceeding limitson the ENTRY ALPHA cue

card may result in loss of directional control

or violation of vehicle thermal limits.

After the rudder becomes active at Mach 5, the
tudder trim should take over yaw trim. As the
rudder starts doing the yaw trim job, the aileron
trim will start to decrease. Lower the nose to

reestablish alpha command. Using the roll panel
‘nim, trim aileron trim to less than 1 degree.

The DAP includes bending filters in all axes that
protect the DAP from coupling with the orbiter
structure in a resonant oscillation. These filters
‘corporate appropriate gain and phase margins to

prevent cross-coupling. If the bending filter
constants were wrong, it could be possible to excite
bending instability.

i

Symptoms are a very high frequency oscillation,
accompanied by airframe vibration caused byoscillation of the aero surfaces. The crew mayobserve these oscillations on the SPI or the ADI rate
needles. A yaw jet limit‘cyclemay also occur.

Any bending instability should be stopped byselectingCSS in P and R/Y, selectingLO GAIN onthe ENTRYMODEswitch on panel L2and verifyingthat the proper bending filters have been selected

SCOM 1.0

on SPEC 51. The oscillations should stop

immediately. Reselect P and R/Y AUTO, and return

the ENTRY MODEswitch to AUTO.

-—— FEEDUNE KTR

ASUPPLY | _BSUPPLY
at

© 6
Nose WHEEL

STEERINGBODY FLAP

(0)[e}-
Pe ee eae

ROU COW

Ll jn

7,Oo. |O)-
sheeiacucrral

ENTRYMODESwitch on Panel L2

Manual Control

The crew can take CSS control using the PBIs on the

glare shield panels or by moving the RHC out of
detent in P or R/Y. Downmodingis by axis, but it
is very inefficient to fly P CSS and R/Y AUTO,
since guidance controls drag via bank angle, and
any alpha errors will result in the AEROJET DAP

attempting to correct drag by changing bank
angle. One degree of alpha deviation May require
4 to 8 degrees of roll. Each bank correction requiresfiring at least two yaw jets to start the bank and two
jets to stopit. The result is considerable unnecessaryRCS propellant usage, but the AUTO system can be
used to maintain drag control while the crew dealswitha pitch control problem. R/Y CSS and P AUTOis a valuable mode if manual bank reversals are
required, or the crew must deal with a control]problem.
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7.3 Entry

WARNING

If possible, do not downmode to CSS
without consulting MCC. Deviations from
the desired entry drag profile can cause

violation of thermal limits or failure to reach
the planned landing site.

In MM 304, prior to closed-loop guidance, allow

alpha to deadband + 3 degrees and bank to drift
+ 10 degrees. This can save up to 200 lb of RCS

propellant.

After closed loop guidance, the first bank command
should be in the direction of the landing site

(primary bearing pointer on the HSI). This
maneuver is usually done in AUTO. If CSS is

required, move the RHC to about half deflection,
watch the roll rate needle on the ADI, and bank at

about 3 degrees per second. Check the roll

command on the ENTRY TRAJ CRT display. As

bank angle approaches roll command, slow the rate

to arrive at zero with the RHC in detent and with

the roll error needle centered. Keep the pitch error

needle centered throughout the bank maneuver.

Prompt execution of the first roll command will
minimize the bank angle required to establish the

entry profile.

To fly the most fuel-efficient entry, hawk the

guidance needles, and always center the pitch needle
first. Keep rates small and try not to start and stop
the rate more often than necessary. Minimize the
number of discrete RHC movements to reduce

unnecessary RCS jet firings. Overly aggressive
contro] during entry can cause depletion of available
RCS propellant. The MED position of the ADI

ERROR switch is recommended for entry.

Roll reversals occur asa function of DEL AZ, which
in turn will vary with crossrange. The first roll

reversal occurs at a DEL AZ of 10.5 degrees.
Subsequent reversals occur when DEL AZ reaches
17.5 degrees. The Shuttle symbol on the TRA]
display will flash when NAV determines a roll

reversal is required. Use the guidance error needles,
if available, for the reversal.

Use 5 degrees per second bank rate between
+ 30 degrees bank, and adjust as necessary when

approaching the desired bank angle. Increasing
alpha to the upper limit will help control drag during
the reversal. A good cue for stopping the roll
reversal maneuver is H-double dot passing through
zero. Returning the RHC to detent at this point will
result in a smooth reduction in bank rate with final
bank angle very close to roll command. A5 degree
per second roll rate will minimize altitude and

velocity excursions (phugoiding) during the
reversal, while preserving adequate control Margins.A gentle roll reversal at less than 5 degrees per
second roll rate can require the use of large bank

angles to recapture the entry profile.

CAUTION

Monitor DEL AZ carefully when flying
R/Y CSS, especially at lower velocity.
Azimuth errors can quickly make it

impossible to reach the desired landing area

using nominal entry profile.

A good instrument crosscheck of actual drag
(DACT), reference drag (DREF), bank angle, H-dot,
and H-double dot is required when flying a CSS

entry. Decreasing the bank angle will decrease

DACT and vice versa, but H-dot and H-double dot
must be used to control rate of change. Small bank

angle changes are quickly reflected in H-double dot,

making this a very useful parameter. Keep changes
in H-double dot small (< 5 fps?) and never peg the

H-double dot needle.

The following is a summary of tasks required during
a CSS entry:

¢ Fly scheduled alpha per the cue card or CRT

ENTRY TRAJ to maintain DACT = DREF.

¢ Bank as required to maintain H-dot = H-dot

REF.

¢ Perform roll reversals based on DEL AZ

(10.5 degrees for first reversal, 17.5 degrees
for subsequent reversals).

¢ Keep H-dot less than ~400 fps. The fuselage
compartment venting constraint is 480 fps to

prevent structural failure (below 100,000 ft).
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS
—

7.3 Entry

between Mach 12 and Mach 8, where control

The entry profile can be flown without yaw jets marginsare smallest.PreciseBee re heel
using the no yaw jet mode of the DAP. Flightcontrol control are critical m this region. ps a i:
uses sideslip to control bank angle, at high angles areencounteredat any velocity, an ne
of attack, and sideslip can be generated just as still an option, reenablethe yaw jets by returni

8
effectively by the elevons as by the yaw jets. When _—the ENTRY MODE switchto AUTO.Once contro
NO Y JETisselected, the DAP command path gain _ is restored, and the orbiter is in a stable attitude,

to the ailerons is initially set to -0.7 rather than the return to the NO Y JET mode.
inal

-0.1.

This

means that in response to a roll

ae theBCSoe seven teesthe normal At Mach 5 the rudderbecomes active andcanbe
aileron input. In response to arightrollcommand, —_used to help with yaw control.Monitor aileron

the orbiter begins to simultaneously roll left and trim closely and trim aileronsmanuallyto keep
yaw right, which creates a left sideslip and aileron trimnearzero. Thiswill causeflightcontrol
ultimatelya right roll due to the roll-due-to-yaw _ toinputrudder forroll trim. In training simulators,

No Yaw Jet/RCS Critical Entry The most critical region of a NO Y JET entry is

stability derivative. bank control in NO Y JET seems easier to most
;

pilots after the rudder becomes active. Elevon gains
When flying no yaw jet entry, use smooth, slow in NO YJETare equalto the gains with AUTO entry
RHC inputs. Expect some lag in response and lead mode selected after Mach 3.8, The major difference

control inputs. Once the proper attitude is at this point is use of the yawjets.
established, roll control is ‘usually good with few

required inputs. Roll maneuvers in no yaw jet can Off Nominal Trajectory Control

be difficult. If possible, delay transition to no yaw
jet until after established in the required attitude Should the orbiter be outside the CRT-displayed
after the first bank command, as called for by nominal energy envelope, for whatever reason,

|

procedures. When performing roll reversals it is corrections are necessary to recover. Both the high
important to use the recommended 5 degrees/sec and low energy cases are discussed from a manual
roll rate to minimize altitude and airspeed control pointofview. oy rfluctuation (phugoiding). This also minimizes the
bank angle required to establish the entry profile. High Energy Recovery
A gentle roll maneuver at less than 5 degrees per
second may feel more comfortable, but the trajectory If the orbiter symbol is above the display envelope,dispersions it will cause will make the ride thermal limits will be exceeded in order to make |

uncomfortable later. Reverse bank as required to the planned runway. In some cases, it may be
keep DEL AZ within normalentry limits possible to redesignate to another landing site

further downrange. For survival reasons, the
To initiate a bank in NO Y JET, makea small, steady _ solution is to preserve vehicle integrity until] MCCRHC deflection in the proper direction. Whenbank can help with aGCA. Guidance is of marginal use
tate is established, slowly increase*the RHC for either bank attitude or drag. ENTRY TRAJcommand to achieve the desired rate. For rollout, backgrounddisplays based on navigationlead the target bank angle by about 30 degrees. parameters are the only valid information.
Avoid abrupt RHC inputs and be patient. Attemptto hold the bank error near zero to minimize pitch/bank interaction. Thisallowsfull alpha modulation
capability for roll reversals.

The basic problem in this case is too much ener:

to bleed off in the distance Temaining to the landing
site. The solution is to fly the maximum allowable
drag consistent with velocity and Stay just inside
the thermal limits. In practice, this is very difficult
to do manually. Use of AUTO flight control or the
phugoid damper display are two options available.
More detailed manual procedures to accomplishthis are under investigation (August 91).

As alpha decreases during entry, roll becomes less
effective at creating beta, and the yaw due toaileron
inputs becomes less adverse. The CDR or PLT maynotice a reduction in bank control authority as angleof attack decreases during entry.

SCOM 1.0 e
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7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS
73 Entry

Low Energy Recovery

The orbiter symbol dropping below the max L/D
line presents the opposite case. The problem is too

little energy to make the landing site. Since the

ENTRY TRAJ displays are based on flying the design
alpha profile, flying the lower alpha limit from the

ENTRY ALPHA cue card should allow the orbiter

to “climb” back into the trajectory limit guidelines.
A wings-level attitude should be maintained unless

correcting for DEL AZ. Flying this profile may
result in a higher q-bar and higher structural

temperature after landing.

CAUTION

When using manual control techniques,
control problems may result if q-bar limits

are exceeded.

One option to safely recover from a low energy
situation is to follow guidance until headed toward

WP1 (DEL AZ of zero), downmode to P and R/Y
CSS, and fly wings level. When past the peak
heating region, fly the lower alpha limit. Detailed

low energy entry procedures, called alpha stretch,
are currently applicable only for TAL entry. They
call for a reduction in alpha to 34 or 31 degrees,
depending on inclination, after peak heating,
followed by modulation of bank angle to control

DEL AZ. More information on the alpha stretch

procedure is contained in the Flight Data File and

the Flight Procedures Handbook.

3O4)7 / ENTRY TRAJ 2
*

OO x

eeecee: 74H EMMYooo
“350 250 888

°
50 750

BIAS [kx
REF XXx.X

XXX, XAZ tXX.X
XXX

45 tae pajlo~
40 +30

45D

35 20

NY XXXX
NY TRIM X.XXX

AIL XX.X

Rud .
XXX

ZERO H BIAS 2
H BIAS 4XXx

© / Vay, / REE XXROLL REF = XXXx!

=1e5, aoe CHD XXxx
(000

b.

10

ENTRY TRAJ2Display

Backup Flight System

The backup flight system (BFS) is capable of

performing nearly all of the primary flight system
functions (controlled by PASS software) during
deorbit, entry, approach, and landing. This section

presents the major differences, from the flight crew

viewpoint, between the two systems. Differences
in handling qualities between the PASS and the
BFS are very small in the training simulators, and
no large differences are expected if BFS is engaged
onboard the orbiter. A moderate control transient
should be expected when BFS is engaged.

Deorbit

Automatic maneuvers are not available in BFS. The
crew must manually fly to deorbit burn attitude

using the error needles, MNVR EXEC display, and

ADI attitude. The TRANS DAP supportsboth DISC
RATE and PULSE modes, but all three axes are

switched when DISC RATE or PULSE is selected.

During the burn, attitude must be maintained

manually using the ADI error needles and REF ball.

Upon completion of the burn, the maneuver to EI-5

attitude is a manual maneuver.

Entry

BFS does not support PTIs. Upon entering MM

304, flight control mode is CSS through landing/
rollout.

The BFS maintains only one state vector during
entry. Redundancy management is performed on

most systems, but in a simpler manner than PASS.

BFS is also set up to accept air data to GNC

immediately upon engage. If air data has not been

previously accepted ini PASS, the crew should inhibit

air data to GNC upon BFS engage.

Sensory Cues

During the night portion of an entry, the glowing
plasma sheath around the vehicle can be observed

through the orbiter windows. The pulsing light
has not interfered with tasks inside the vehicle. The

plasma glow is less visible duringdaylightportions
of entry and may not be noticeable.
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7.3 Entry

Returning from orbit, some crewmembers have

reported increased sensitivity to g asit buildsduring
entry. One crewmember observed that “when you

hit a quarter g on entry, it seems like two g’s in the

T-38.” Crewmembers should be aware that their

ability to perform entry tasks may be degraded from

that experienced in the SMS during training.

Bank reversals on entry will feel different than pure

roll maneuvers in a conventional aircraft due to the

orbiter’s entry angle of attack. Pilots will probably
notice the yaw rate required during the bank change
as much as the roll rate. Some mission specialists
have stated that they could barely feel the roll

reversals.

At high Mach numbers, a slight vehicle buffet may
be noticed as well as some light structural vibration

as dynamic pressure increases during entry.

Ground Controlled Approach

Although GCA techniques are available, they are

emergency alternatives only. Control should be

quickly returned to autoguidance when conditions

permit.

During entry, trajectory is monitored via the

Tracking and Data Relay Satellite (TDRS) and

ground radars. Should the trajectory diverge and

approach energy limits, a GCA will be performed.

MCC, via the CAPCOM, will provide the crew with
bank attitude, heading, airspeed, and speed brake
information. The crew must maintain the orbiter
within g, q-bar, and H-dot limits.

GCAs are divided into three phases, based on

energy: high velocity (Mach 10 - Mach 3), TAEM

(Mach 3 - Mach 0.9), and final approach.

Criteria for electing to perform a GCA depend upon

autoguidance capability to achieve a nominal
trajectory by Mach 5.

In the high velocity phase, MCC provides bank

magnitude information to control drag and bank

direction to control crossrange. To keep workload

under control, fly roll/yaw CSS and pitch, speed
brake, and body flap AUTO.

During TAEM, a more conventional technique of

heading to control ground track and airspeed to

control energy is used. Fly both pitch and roll/yaw
in CSS. Perform turns using 30 degrees bank angle
unless MCC requests a steeper bank. Control

airspeed by modulating alpha and bank angle.

Final approach GCAs are similar to traditional

airplane GCAs. Heading information controls

alignment with the runway centerline, and position
information references glide slope. Speed brake is

used to control airspeed.

Off-nominal energy situations could be caused by
incorporating erroneous navigation data into

guidance or selecting an incorrect landing site. If

this is the case, the GCA will be used to control the

entry profile until NAV can be updated via aground
uplink or a manual state vector update. Once the
NAV state is correct, MCC will terminate the GCA
and call for a return to AUTO flight control.
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73 Entry

Entry Rules of Thumb

2 OMS: TGO = AVTOT/2.

1 OMS: TGO = AVTOT.

RCS: TGO = 1.7 x AVTOT.

As anapproximation, 1 degree of bank change
produces 0.7 ft/sec? H-dot change. Large
bank errors cause corresponding errors in H-

dot, allowing a phugoid to develop more

quickly.

A 1 degree change in alpha produces a

1.7 ft/sec? drag change, which is equal to an 8

degree roll change.

Prior to the first bank, monitor vehicle attitude

at 0 degrees bank and 40 degrees alpha.

First bank (flight path angle capture) should

occur at a drag acceleration of approximately
3 fps? and/or q-bar of approximately 8 psf.

* Monitor the trajectory on the ENTRY ALPHA
cue card, and the PASS and BFS TRAJ
displays:

:

- The Shuttle bug superimposed on guidance
box superimposed on nominal trajectory
line

- Actual drag equal to reference drag

- Appropriate bank angle, H-dot, range and
altitude.

° For an off-nominal trajectory, check that

guidance is working to put the guidance box
back on the Shuttle bug (zero range error)
within the trajectory envelope.

* Attempt to contact MCC before taking CSS.

¢ If you must take CSS:

- Control range by controlling drag.
- Control drag by controlling H-dot.
- Control H-dot by controlling H-double dot.
- Control H-double dot by controlling bank

angle.
- Control everything slowly by small

corrections.
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7.4 TERMINAL AREA ENERGY

MANAGEMENT AND APPROACH,
LANDING, AND ROLLOUT

through approach, landing, and rollout on the

runway. TAEM guidance provides information to
the pilot and guides the orbiter until the transition
to approach/landing guidance at an altitude of
5,000 to 10,000 feet. Derotation and rollout logic
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take over after the orbiter touches down on the

Tunway. Procedural information for the TAEM
and approach/landing guidance phases are

contained in the Entry Checklist and cue cards.
Pilots often refer to the flight phase from .95 Mach
to touchdown as the approach and landing phase
of flight. This is the phase of flight in which the
crew normally controls the vehicle manually
(CSS) and in which the Shuttle Training Aircraft

Operates. By this definition, the approach and

landing portion of the trajectory includes both
subsonic TAEM guidance and the approach/
landing guidance regions.
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Definition and Overview

This section presents information

required to pilot the orbiter from

a velocity of 2,500 feet per
second, where terminal ~-

area energy management
(TAEM) begins, all the way

HAC Profile

TAEM and approach/landing guidance trajectories
allow the orbiter to handle a large variety of

dispersions. Certain specified ground rules and

constraints such as weight, c.g., aerodynamic limits,

distance past runway threshold, velocity, altitude

rates, lateral rates, and energy margin must be

observed to ensure guidance is capable of directing
the orbiter to a safe landing. Mission Control

monitors these limits closely. Carefully following
guidance commands will generally provide the crew

the best chance for coping with environmental

dispersions.
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The TAEM and approach and landing trajectories
are divided into five segments that are jointly
designed to allow the orbiter to land safely: heading
alignment cone (HAC), prefinalgeometry,outer

glide slope (OGS), preflare, inner glide slope (IGS),
and final flare. This section presents information

for monitoring and takeover during the early
portions of TAEM and then details the manual flying
tasks during each segment of the trajectory.

General information on handling qualities, flight
control surfaces, priority rate limiting (PRL), winds,

limits, BFS, sensory cues, and autoland is presented
at the end of this section.

Terminal Area Energy Management

Monitoring

TAEM guidance is initiated automatically as the

orbiter decelerates through Mach 2.5. This normally
occurs at about 82,000 ft and about 58 nm from the

runway. The crew should note transition to MM

305 and appearance of the VERT SIT displays.
Head-up display (HUD) symbology also appears
at TAEM interface. TAEM guidance controls glide
range by tracking and flying three profiles
simultaneously: altitude vs range, dynamic pressure
vs range, and energy vs range.

The outputs of TAEM guidance, N, command, roll
command, and speed brake command are functions
of errors from these profiles. The validity of the

output commands depends upon the accuracy of
NAV and air data. Guidance is only as good as the
NAV state.

TAEM Guidance

TAEM guidance operates by phases. Phase 0
(S-Turn), if required, dissipates energy by turningaway from the HAC until energy conditions allow
4 nominal approach. Phase 1 (Acquisition) turns
the orbiter until its ground track is tangent to the
applicable HAC.
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During the S-turn, the

predicted range is greater
than the actual distance

fiown by the vehicle,

creating a falsely low

energy estimate

Predicted ground track

(constant velocity)

Actual ground track

(decreasing velocity)

S-Turn Profile

Phase 2 (Heading Alignment) follows the HAC until

the orbiter is near the runway centerline. Phase 3

leaves the HAC and acquires the runway centerline.

Outputs of TAEM guidance are:

° N, command
* Roll command
* Speed brake command.

In Phase 0, if vehicle energy is too high, an S-turn
will be commanded. Low or nominal energy
conditions bypass Phase 0. During the S-turn, the

Tange predictor assumes that the orbiter will fly a

constant bank angle of 30 degrees for end-of-mission
(45 degrees for return to launch site), constant

airspeed tum until energy decreases to nominal
E/W + 10,000 ft. Acquisition phase is then resumed,
and the orbiter turns back toward the HAC tangency
point.

Obviously,energy dissipation rate during an S-turn
depends on geometry. For high DEL AZ, ending
the S-turn at nominal E/W + 10,000 ft may not

always deliver the orbiter precisely ontg the nominal
E/W versus range profile. Monitor the E/W triangleon the VERT SIT display during an S-turn. When
the triangle Overlays the + 8,000 ft mark on the
scale, the S-turn is terminated. If a large DEL AZ is

buildingup, the E/W triangle will accelerate as it
travels down toward nominal. Manual intervention
may be necessary if the dissipation rate is too large.
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CAUTION

Energy can be dissipated very rapidly.
Ensure ahigh energy condition exists (MCC
or visual) prior to initiating an S-turn.

Tracking the HAC

Guidance uses an algorithm for bank command that
is a function of vehicle error with respect to HAC
Tadius (AR) and the rate of change of distance to the
center of the HAC (A R-dot). Primary and secondary
bearing pointers are referenced to the HAC tangency
point and HAC center respectively as computed by
Area Nav. Wind magnitude affects HAC tracking,
as does the arc length around the HAC since relative
wind angle change during HAC tracking is large.
Flying the guidance commands and monitoring
energy status will normally result in smooth

tracking. Routine energy status calls will be made

by the CAPCOM at 90 degree intervals around the
HAC. This information, which is based on ground
tracking, should be integrated with the onboard

energy status displayed on the CRTs, ADI, and HSI.

Prefinal

When the orbiter is within 12 degrees of the runway
centerline, guidance transitions to Phase 3.

Smoothly rolling the wings level, while allowing
for any crosswind, should position the orbiter on

the OGS. Overshooting the runway centerline may
cause the glide slope needle to disappear
momentarily. Guidance thinks the orbiter wants to

go around another HAC. This will clear itself

momentarily, but the crew can ensure having a glide
slope indicator by placing the HS] SELECT MODE
switch on panel F6 or F8 to APPROACH. This will

force the glide slope indicator to display deviation
from final approach glide path.

Pitch and Roll Commands

TAEM guidance uses normal (Z-axis) acceleration

(N,) feedback from the accelerometer assemblies
(AAs) to determine errors from the guidance pitch
command. These pitch errors are scaled and

displayed on the ADI and HUD. Auto flight control

attempts to zero out the N, errors, and with good
guidance, a pilot flying CSS pitch will do the same

thing by following the error needles. If N, feedback
is inaccurate, pitch guidance needles and pitch auto

flight control will be degraded. Accelerometer
problems will not affect CSS pitch control.

Pitch commands are constrained by q-bar limits

during pre-final and by both q-bar and E/W during
approach and land. The N, term is filtered to
constrain rate of change of E/W to provide further
insurance that vehicle q-bar limits are not exceeded.
The logic in the pitch channel results in a control

system that causes the vehicle to appear to fly
airspeed as a function of energy.

TAEM roll commands are a function of lateral

position (groundtrack) error. Guidance scales the
errors and displays them on the ADI and HUD.
Roll commands are constrained to control H-dot.

During heading alignment phase, the DAP limits
roll command to 60 degrees. The glide return to

landing site (GRTLS) DAP limit is 55 degrees.

Displays

The primary energy displays for TAEM are the
vertical situation displays (VERT SIT 1 and VERT
SIT 2). The VERT SIT plotis scaled with altitude on

the Y-axis and range to the runway on the X-axis.
Three trajectory guidelines represent maximum

dynamic pressure, nominal, and maximum lift-to-

drag (L/D) ratio. Numerical values along the lines
are EASs that should be flown. A Shuttle symbol
shows current range versus altitude. Pitch attitude

of the Shuttle symbol indicates vehicle descent rate.

Use of theta limits is discussed later in this section.

The HSI is driven by Area Nav, which can be

independent of Shuttle guidance and navigation
calculations. This gives the crew a source of

navigation processed differently from the onboard

state vector and based only on data taken from

TACAN or MLS. The HSI and Area Nav are driven

according to the HSI SELECT SOURCE switches on

panels F6 and F8. There are three optionsavailable:
NAV (NAV state vector to Area Nav), TACAN (raw

TACAN data to Area Nav), and MLS (raw MLS

data to Area Nav). An additional switch allows

selection of the individual NAV state vector,

TACAN, or MLS (1, 2, or 3) to be used.
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ITEM 6 allows selection of an overhead (OVHD)

approach or a straight-in (STRT) approach. This

15,500 ft radius cylinders. This causes the HSI and _ allows the crew to position the HAC on either side

guidance ground track information to differslightly. | of the runway centerline. OVHD/STRT and NEP/

During TAEM, the HSI primary bearing pointer MEPcanbecombined to define four HACs that are

indicates the bearing toward the HAC intercept available to the crew for energy management

point called way point1 (WP1), and the secondary purposes. Guidance is always initialized to the

bearing pointer indicates bearing to the center of | OVHDNEP HAC.

the HAC (WP2). Range displayed in the HSI DME

Instead of the HAC inverted cone geometry, Area

Nav defines (and the HSI displays) the HACs as

windows corresponds to range to the runway 270° HAC tum

via the HAC (PRI MILES) and range to the vi TI

HAC center (SEC MILES). Range
pees eeu

NEP ZEMEP saves ~ 3 n. mi.

to the runway can be varied

by moving the HAC

using ITEM 6 and 7 Right overhead

on SPEC50. The
Lett straight-in

180° HAC turn

. OVHD &STIN SAVES 0 n. mi

HAC is an
S j

imaginary
360° HACturn

NEPMEP gains6 n.mi

inverted cone OVHD AZSTIN gains 20 n. mi. ey
tangent to the NEPEMEPgains On.mi

NEP

runway
centerline at Lettoverhead

12,000 ft altitude and Rightstraight-in
nominally centered about a

point 42,400 ft from the runway
threshold. For low energy situations, fee aa

a

the crew can shift the HAC to a point ‘S000hele COONTSI
24,000 ft from the threshold by executing

a
é

ITEM 7. The point where the HACis tangentto the HAC Turns

runway centerline is called the entry point. For a

nominal HAC configuration, the entry pointis called

the nominal entry point (NEP). Executing ITEM 7 NOTE

repositions the HAC to a minimum entry point
(MEP), whichis tangent to the runwaycenterline at Within 35 nm of the runway, switching

6,000ft between OVHD/STRT is not

recommended. The heading error
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The glide slope indicator shows altitude error only,
not energy error. Similarly, on the VERT SIT

displays, the vertical scale is altitude, not energy.

In a low energy situation, the orbiter symbol may
appear above the nominal energy lines when flying
maximum L/D (high and slow).

The E/W scale on VERT SIT 1 and 2 is used above

20,000 ft AGL. A triangle shows the calculated

energy of the vehicle relative to the design trajectory.
Wide lines above and below the center NOM

indication show 8,000 ft high and 4,000 ft low on

total specific energy. These are energy status lines,

not altitude. As is the case with the glide slope
indicator, E/W assumes a proper ground track will

be flown. Bug position on the E/W display will be

opposite that expected on the HSI glide slope
display. A high E/W bug means high energy.
A high HSI glide slope pointer indicates low altitude

on the glide slope.

Above the nominal energy marks is a mark labeled

STN (S-turn). When vehicle energy, represented by
the triangle, is above the STN mark, guidance will

command an S-turm to dissipate energy. Near the

bottom of the scale is another mark labeled MEP.

Energy below this mark will trigger an “SW TO
MEP” message. An arrow on the bottom half ofthe
scale marks the straight-in (STRT) energy level.
Below this mark, an “OTT ST IN” message is

ered. The arrow disappears at 35 nm range,
ng that a downmode to STRT will produce

a longer range-to-go

Theta limits

soale label —p G E/W ~4—Totalenergy/weight
scale label

Maximum pitch STN<@— S-Turn
angle limit —B> NOSE HIGH. Current ‘NAV derived’ total

energymeight
+8000 ft total EW

Nominal total EW —p> NOM<¢— Nominal energy label
4000 ft total EW ——

Pitch angle —p>

Minimum pitch

angle limit —B> NOSE LO

Overhead to straight-in
energy downmode

—S— NEP to MEP

energy

| downmode

E/W Scale on VERT SIT1
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From a practical standpoint, for low energy
situations it is best to try the STRT downmode first.

This will avoid a short outer glide slope (OGS) prior
to preflare. If energy is still below the MEP mark,

then try the MEP downmode.

In summary, crew concerns during TAEM are:

* Remainingwithin critical flight control

and structural limits (q-bar, N,, beta, roll

angle, angle of attack)

¢ Ensuring timely and accurate data are

input to the NAV state

* Maintaining E/W within limits required
to achieve A/L interface

* Monitoring critical systems

* Keeping pace with increasing workload.

Takeover

In addition to the takeover conditions discussed

in the Entry section, the crew must downmode to

pitch CSS if air data has not been taken to G&C
(ITEM 28 on GNC 50 HORIZ SIT) prior to Mach 2.5.
Since TAEM guidance tries to set up an altitude/

range profile, a transient is possible if NAV altitude
is incorrect prior to air data being incorporated.
A step change in FCS gains is also possible due to

Mach, alpha, and q-bar errors. If air data is not

incorporated into guidance and control by Mach 2,
the crew must go CSS and fly theta limits. Flying
theta limits is discussed in later in this section.

Manual Control

During the supersonic portion of TAEM, thepilot’smain goal is to guide the orbiter to the edge of
the HAC with the correct amount of energy. As
with the rest of entry, closely followingguidance
provides the best chance for coping with
environmental dispersions—if guidance is

working correctly. If guidance is bad, NAV
information on the HSI and VERT SIT.displays may
still be usable for manual control of the trajectory.
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With good NAV, put the primary bearing pointer
on the nose and check energy. If energy starts to go
high (using the E/W scale and HSI glide slope),
increase airspeed to a maximum of 300 KEAS or

S-turn to stay within limits.

If energy starts to go low, fly maximum range alpha
(max L/D) and change the HAC or runway selection

if required. Back up navigation with real world

visual cues if weather permits.

In extreme cases where guidance and navigation
are bad, a GCA, along with the view out the

windows, can be used to arrive overhead the field

for landing. GCA procedures are discussed in

Section 7.3.

Vehicle flight characteristics during TAEM are fairly
conventional if air data has been incorporated to

G&C, and the navigation state is good. If air data

has not been incorporated to G&C, flight control

may be degraded slightly. Pilots should maneuver

with caution and observe theta limits on the VERT

SIT displays if flying CSS without air data

information.

Manual control during the subsonic portion of

TAEM is discussed later in this section.

Heading Alignment Cone

Nominally, the heading alignment cone (HAC) is

intercepted at 34,000 ft (assuming 240 degrees HAC

turn angle). Under no-wind conditions, starting a

gentle roll maneuver when the Shuttle symbol wing

tip on SPEC 50 touches the HAC will result in a

smoother transition than waiting for deflection of

the ADI roll error needle. With a tailwind, more

lead is required. Commence the roll maneuver

slightly before the Shuttle symbol touches the HAC.

A proper lead is the easiest way to keep the roll

guidance needle centered. Leading the HAC turn

correctly will quickly establish the orbiter on the

HAC without calling for more than

45 degrees bank nominally or 50 degrees with a

tailwind. As long as NAV and guidance are good,
closely following guidance on the HAC will

optimize the chances of staying within vehicle g
limitations and countering wind effects.

The heading alignment circle is in fact a heading
alignment cone. That is why the circle on SPEC 50
has a larger diameter and is not tangent to the

runway extended centerline for large HAC turn

angles. Also, even though the Shuttle symbol is

accurate, the predictors will be slightly in error,
since the radius of the cone (and the diameter of the

displayed circle) will decrease as the turn angle
gets smaller.

HAC Options

Profile options are included in the guidance and

Navigation system to improve low energy situations.
The options include:

* Straight-in approach
* Spiral adjust
© MEP.

Selecting the straight-in approach option on SPEC

50 will reduce the HAC turn angle to 180 degrees or

less. When guidance and navigation compute a

low energy state, the second option, spiral adjust, is

invoked automatically by TAEM guidance. The

HAC radius shrinks, allowing the orbiter to fly a

shorter approach profile.

Groundtrack Plot of Spiral Adjust
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NOTE

A spiral adjust will only occur if

the HAC tum angle is greater than

90 degrees.

The MEP option moves the HAC center point 3 nm

closer to the runway. MEP is selected by ITEM 7on

SPEC 50.

Range savings using these options vary asa function

of HAC tum angle.

20

Range saved 40
(n. mi.)

360 270 180

Overhead HAC turn angle
(deg)

Range Saved vs HAC Turn Angle

None of the options are nominal procedures. They
are only used when the orbiter is in a low energy
situation.

Manual HAC Procedures

The following manual HAC techniques have been
ned to reduce the amount of energy lost when

high winds are encountered on the HAC:

° CSS atM = .95.

* LeaveS/Bin AUTO.

Fly 220-230 KEAS, expect to get 2 or more

dots high.

* Modulate bank to keep the predictors (SPEC
50) on the HAC.

At 120 degrees turn to go, follow guidance.

Energy loss is reduced by flyinghigher than

guidance is commanding while horizontal ground
track remains the same. This procedure must only
be used when requested by the ground,basedon
energy predictions and the altitude at which

approach and transition is expected to occur.

Default Air Data and Theta Limits

If air data has not been incorporated to G&C by
Mach 1.5, default air data values will be used to set

flight control parameters. Default air data should
insure adequate flight control for a safe landing,

although flying qualities may be slightly degraded.

Theta limits are a set of pitch attitude limits intended

to keep vehicle attitude within a reasonable range
for flight control. Vehicle pitch attitude, as well as

the NOSE HI and NOSE LO limits, is displayed on

the VERT SIT display. A 50-degree bank angle
limit is imposed when flying theta limits. With no

air data to G&C, theta limits apply from 1,500 fps
(2,000 fps operational constraint) until established

on the outer glide slope and below 10,000 ft altitude.

Operationally, do not exceed 50 degrees
angle of bank during theta limits. Bank

angles greater than 57 degrees will exceed

maximum and/or minimum theta limits.

WARNING

|

|
|

J

When flying theta limits, the speed brake may be

manually managed (below M = .95 only) to control

energy if the auto mode is not sending the proper
commands. For example, if flying the nose low
limit to correct a high energy situation, the speed
brake should be full open. At 5,000 ft, the speed
brake should be set to the value uplinked in the
DEL PAD.

WARNING
~

Nowarning is provided when pitch attitude
limits are exceeded. Crewmembers should

closely monitor theta limits to prevent loss
of control.
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If using default air data and flying theta limits on

the HAC, Mach may be less than 1.0 while Vie
(true ground speed) is still greater than 1,000 fps if

a tailwind is present. In this situation, default Mach
will be greater than 1.0, and a 30 degree bank angle
limit is imposed by guidance. Following guidance
in this case will result in being blown off the HAC,

creating an extremely low energy situation. If in

AUTO speed brake, energy may be further degraded
since the high q-bar based on high V,,, in default
air data will deploy the speed brake as the vehicle

is blown outside the HAC.

CAUTION

Default air data and a tailwind combination

can rapidly cause a low energy situation,

requiring aggressive corrections. This is one

of the situations where the crew will take

the last ADTA data, if available, rather than

fly theta limits.

Continuing around the HAC, the tailwind becomes
a headwind on final, which may require maximum

L/D to make the runway.

Outer Glide Slope

The outer glide slope (OGS) is an equilibrium glide
path that provides sufficient energy at preflare fora

safe landing. Sufficient energy includes:

e Enough energy to compensate for

deceleration between preflare and touchdown

¢ Providing the pilot with adequate time on

the IGS to make final corrections

¢ Allowing a minimum of 5 seconds of stable

flight time on the IGS.

In order to provide sufficient energy at preflare, the

OGS design must handle both high and low energy
dispersions over the entire weight span of the

orbiter. The OGS is a sloped-line segment that

intercepts the ground at the aim point.

ros
Le . FOR VEHICLE WEIGHTS

.

BETWEEN
Mcere nee

180,000 & 220,000 LBS
OUTER GLIDE SLOPES

X-ZERO

6,500

CLOSE-IN

7,500

NOMINAL

OGS Profile

Time to correct trajectory dispersions is provided
by the altitude at which the OGS is acquired.
Nominally, this occurs at 12,000 ft. Transition
from TAEM to A/L guidance normally occurs at

10,000 ft, but if the transition criteria have not been
satisfied by 5,000 ft, A/L transition is forced.

TAEM TO APPROACH/LAND TRANSITION CRITERIA

| 10,000 FT | 5,000 FT

| <4 DEG FLIGHTPATHANGLEERROR <05 DEG
|

| <1000 FT  CROSSRANGE ERROR < 100 FT

| <1000 FT ALTITUDE ERROR <50 FT

| <24 PSF DYNAMIC PRESSUREERROR <24 PSF
|
J

TAEM to A/L Transition Criteria

This allows A/L equations to cycle through initial

transients and time for the rate terms to reach their

damping values.

Reference velocity on the OGS is 290 KEAS. This

velocity is required to compensate for the expected
deceleration on the IGS. The design goal is to fly as

fast as possible while remaining within maximum

q-bar limits (300 psf).

.A 19 degree GS is used for lightweight vehicles

(less than 220,000 Ibs), and a 17 degree GS is used

for heavyweight vehicles (more than 220,000 Ibs).

The design goal was to fly as shallowly as possible
while maintaining sufficient speed brakereserve to

cope with winds and trajectory dispersions. Since

both high and low energy dispersions are possible,

7.4-9 SCOM 1.0

November 1991



FESS OSEE AR Ne VOM PeeS, aS ree

7, TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS
7.4 Terminal Area Energy Management and Approach, Landing, and Rollout

GSs were selected that resulted in a speed brake

setting of 65 percent for mid-range weights.The

GS must not be too shallow since the vehicle must

stay on the front side of the L/D curve. One of the

reasons for not forcing A/L guidance until 5,000 ft

is that TAEM has direct q-bar control limits that

will keep the orbiter on the front side of the L/D

curve.

Guidance and Control

Guidance attempts to maintain the reference

airspeed of 290 KEAS and either the 19 degree or

17 degree GS reference by computing a normal

acceleration command to guide the orbiter along
the OGS trajectory. The N, command is converted

to a pitch command and displayed on the ADI and

HUD. If the pitch command results in a velocity
that is different than 290 KEAS, the speed brake

responds to correct the velocity error.

Leaving the speed brake in AUTO allows guidance
to reposition it, as required, to maintain the reference
velocity.

The body flap, if in AUTO, is commanded to retract

to the trail position (0 degrees) on the first A/L

guidance pass.

Navigation

eceiving good data from the ground-based
vave landing system (MLS), preland

ation is begun. Unlike entry NAV, preland
maintains only one state vector, but executes

twice as fast (every 1.92 sec vs 3.84 sec).

The MLS provides extremely accurate azimuth,
Tange, and elevation, which correct the onboard
NAV state. Allowable errors are about5 ft altitude,21 ft downtrack, and 17 ft crosstrack when
Processing MLS data.

NOTE

Both range and azimuth data “good” flags
are required to process MLS data. Without
an elevation data “good” flag, azimuth and
Tange will still be processed, but if either
the azimuth or the Tange data “good”indicator is lost, all MLS Processing will
cease.

SCOM.1.0
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If MLS data are lost for any reason (above 1,500 ft)

after processing has begun, TACAN and ADTA

information will again become available to NAV

until 1,500 ft and 500 ft respectively. If MLSdata

are lost below 1,500 ft, ADTA processing is not

possible.

NOTE

With TACAN data in FORCE mode, MLS

data cannot be processed.

Smart Speed Brake Logic

To control orbiter touchdown energy, the speed
brake is retracted at 3,000 ft to a value calculated by
onboard guidance that will target the remaining
velocity profile to a fixed touchdown energy. The

calculated speed brake position is a function of:

* Wind speed
* Vehicle weight
* Velocity error

* Densityaltitude
+ Aimpoint (if applicable)
* Short field (if applicable).

This position is maintained until 500 ft where the
A/L guidance calculates an adjustment to the retract

angle. This adjustment is based on any changes
in winds and predicted density altitude since the
3,000 ft calculation. No more adjustments are made
until touchdown. The 500 ft adjustment altitude
was selected because the time to fly from 3,000 to
500 ft is approximately the same time it takes to flyfrom 500 ft to touchdown. This allows time for the
adjustment to have an effect on the vehicle energy
State.

When the close-in aim point is selected, 1,000 ft are

directly added to the downrange total. The idea is
to keep the same touchdown energy target even

though the geometry has been shifted in by 1,000 ft.
This lets the vehicle Tespond to atmospheric
conditions that required the close-in aim point.

Selecting the short field option on SPEC 50 also
adds 1,000 ft to the downrange total. However, in
this case, the target touchdown energy is changed.The short field option is used to subtract energy
from the trajectory and will decrease rolloutdistancesby 1,000 ft. This optionis usually selected
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for transoceanic abort landing (TAL) runways of
less than 13,000 ft length in order to maintain a

2,000 ft rollout margin.

The maximum allowable speed brake command at

500 ft is 50 degrees, due to degradation of orbiter

handling qualities near touchdown. This maximum

limit is not invoked when short field option is

selected.

After the speed brake setting is adjusted at 500 ft,
the guidance command remains constant until the

weight-on-wheels signal is sent to the GPCs. When

this signal is latched, the speed brake is commanded

to full open.

Visual Aids

Aim Points

The OGS aim point location was determined by
energy requirements for landing and geometry
constraints for transition between the two glide

3,000 FT 240 FT ———
LOOT rea] AS

va
6,500 FT

ia >

100ETay

y

-

240 FT

=" ie

slopes. Distance from preflare to touchdown is

proportional to orbiter deceleration time. This
distance is directly related to aim point location.

The nominal aim point is located 7,500 ft from the

runway threshold. A close-in or high wind aim

point is located 6,500 ft from the Tunway threshold.
Use of the close-in aim point provides an immediate

energy increase by moving the OGS intercept point
1,000 ft closer to the runway.

The nominal aim point is a rectangle, whereas the
close-in aim pointis a triangle. Colors are chosen to

contrast with the local terrain. Aimpoints on

lakebeds and light-color terrain are usually black.

For tree- or vegetation-covered terrain, aimpoints
are usually white. A dark background is preferred
for the precision approach path indicator (PAPI)

lights, which are placed on each aimpoint.

—— PORTABLE APPROACH LIGHT SYSTEM

OGS AIM POINT

ga
4 PAPI LIGHTS, 40 FT SPACING

| 110 FT

2 STROBE LIGHTS

7,500 FT = DI— 4PAPILIGHTS, 40 FT SPACING

k

Aim Points
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aim points and PAPI lights, a strobe lightsystemis
installed at the close-in aim point. Sixhigh-intensity,
directional strobe lights are located adjacent to the

aim point. The lights flash at 90 cycles per minute
eye

(cpm) with an intensity of 1 million candlepower. hs aN
For night operations, this intensity is reduced to %saat

10,000 candlepower by means of a capacitor step * AN22° TO 22°
. A

. 16

se 7020

The PAPI lights define

and red filter.

16° TO 18°

the OGS. On a nominal AIMPONT

To enhance the flight crew’s ability to acquire the

e

PAPI Lights

approach,the gcreyy
DESIGNED TO LOOK LIKE 16° AND BELOW

should see two red and EQUILATERAL TRIANGLE

two white lights WHENON A19°GLIDESLOPE
(19 depree GS) shor

aaa

heavyweight landings,a =m _ReD

17 degree GS is flown era ere
(three red and one white

aur
PAPI LightDiagram

Three intensity settings are available for the PAPI _—_Since the PAPI lights only show an instantaneous

lights: day, dusk, and night. GS status, they must be continuously monitored for

trends. If the onboard NAV state is reasonably @At fixed installations suchas Kennedy SpaceCenter good, and the crew tracked guidance around the

and some Edwards and Northrup runways, HAC, energy should be close to nominal, and the

intensity is controllable from the tower. Portable | HUD velocity vector should be positioned near the
PAPIs must be adjusted at the aim point. aim point after rolling wings level on final. If the

PAPI lights are not operational, use the rectangle
Techniques on*the ground at the nominal aim point (or the

triangle at the close aim point), and align the gamma
When established on the OGS, the HUD runway _ reference marks on the HUD with the appropriate
should overlay the actual runway. Differences aim point on the ground.
indicate the amount of NAV error. If the overlay is

good, then NAV and guidance should begood,and Night approaches should be considered instrument
declutter level ene or two may be selected and the approaches. Due to lack ofoutside references, bank
guidance symbol followed. If excessive NAV error control is more difficult. Sink rate is not apparentexists, declutter but do not follow guidance. The _ until after preflare.
HUD gamma reference marks should lie next to the

5

aim point if guidanceis correct. When flying a manual speed brake approach,
maintain 285-290 KEAS on the OGS, then close the

speed brake at 2,500 ft. If speed brake settings are

known, the pilot not flying the approach should set
the speed brake at 3,000 ft and 500 ft.

Without a HUD, use the ADI error needles as long
as the NAV state is good. With MLS data, the NAV
State will generally be very good. Use of TACAN
only will produce errors Tequiring the pilot to fly
the OGS primarily using the HUD and external
references.

nfsco ce o
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High energy conditions are best corrected by
deploying the speed brake to 100 percent. S-turns

on final are not recommended because the turn

dissipates an uncontrollable amount of energy
leading to a low energy condition.

For low energy cases, close the speed brake and fly
the wings level max L/D of 10.5 degrees alpha.
Push over no later than 4,000 ft in order to have

enough energy to preflare.

CAUTION

Entering preflare with less than 240 KEAS

does not allow enough energy to rotate the

nose to a safe touchdown attitude.

With speed brake stuck closed, lowering the landing
gear early results in equivalent drag of 40 -45 percent
speed brake.

Stuck open speed brake can be compensated for by
flying a steeper OGS with an adjusted aimpoint
closer to the runway.

Preflare

The preflare maneuver is used to transition from
the OGS to the IGS. Flight path geometry is a sector

of a circle tangent to the OGS and an exponential to

the IGS. H-dot of about 190 fps must be reduced to

less than 3 fps at touchdown. Preflare reduces

H-dot to about 12 fps, with the remainder taken out

in final flare. Pullup is about 1.25 g.

NOTE: NOT DRAWN TO SCALE

*. PULLUPCIRCLE

DECAY

ALTITUDE

INNER:

GLIDE SLOPE

RADIUS

EXPONENTIAL
TO THE IGS

————
+

EXPONENTIAL
RUNWAY CENTERLINE ecRANGE _|_ INTERCEPT

THRESHOLD

Preflare Geometry
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Since the speed brake is retracted at 3,000 ftand
preflarenominally occurs at 1,750 ft, the orbiters

velocity will increase to about 300 KEAS. As flight

path angle nears the minimum steady state value

(minus 12 degrees), velocity will begin to decrease.

Techniques

There is a strong tendency, especially with

inexperienced pilots, to be too aggressive in the

preflare or to anticipate the maneuver, endingup

highand slow. This tendency is aggravated at night,
when closure rate and depth perception cues are

reduced.

CAUTION

The preflare is a gentle maneuver. Early
and/or aggressive preflare may result in a

high and slow innerglideslope from which

a hard landing can occur.

Utilizing the HUD flare markers will generally result

in good preflare maneuvers. Approaching 1,000 ft

to 800 ft, use the ball bar to intercept the IGS at

about 300 ft. Without a HUD, the ball bar is the best

reference during preflare.

For low energy cases, delaying preflare to as late as

1,000 ft may help to correct the situation. Performa
flare maneuver that results in a landing witha very
minimal amount of IGS

Stuck open speed brake (greater than 60 percent)
will require a more aggressive preflare with very
little time on the IGS.

CAUTION

Failure to anticipate the Tapid airspeed
decay during preflare with stuck open
speed brake (more than 60 percent) may
result in high sink rate landings.

Use crab angle to control drift due to crosswindduring the preflare. A significant change in crab
angle during preflare should be expected due to the
large change in airspeed and altitude during the
maneuver.

SCOM 1.0
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Inner Glide Slope

Transition to the IGS begins at 300 ft. Once the

landing gear is deployed, and the orbiter is on the

IGS, deceleration is fairly constant at 4 KEAS per
sec. Each additional second the orbiter remains

airborne results in a 4 knot slower touchdown

velocity. The 1.5 degree IGS was designed to give
the pilot at least 5 sec of stable flight before final

flare.

Once stabilized on the inner glide slope, since the

orbiter is decelerating, some pitch attitude changes
will be required to maintain the desired trajectory.

Landing Gear

The landing gear creates a great deal of aero

dynamic drag, which can significantly alter

touchdown energy. The landing gear is deployed
on an altitude cue by the pilot who is not flying
the approach. Current flight procedures are to

arm the gear at preflare and lower the gear at

300 + 100 ft. The design requirement is to have the

gear down and locked at least 5 sec before

touchdown. Gear deploy should not be delayed
beyond 200 ft. A 100 ft difference in gear deploy
altitude equals about 250 ft of touchdown energy.

Final Flare

The final flare maneuver reduces H-dot on the IGS
to an acceptable value at touchdown. Final flare
should be a smooth increase in pitch attitude started
at an altitude high enough to result in a timely
decrease in H-dot before touchdown. Strive to touch
down within 5 knots of target speed with sink rate

within limits. A sink rate of 3 feet per second or less
isa good goal, allowing ample margin before vehicle
structural limits are exceeded.

Maximum H-dot at touchdown was designed to

protect the main gear struts from unacceptable
loadings. Each strut can withstand up to 207,000
Ibs, although the actual H-dot limit varies from
6 to 9 fps asa function of vehicle weight.
A very important factor in reducing H-dot is the
powerful aerodynamic ground effect of the orbiter.
This effect grows as altitude decreases, increasing
L/D by about 25 percent. Minimize RHC inputsprior to touchdown, and expect ground effect to
cushion sink rate.
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The 1.5 degree IGS used by guidance is a

compromise. It does not require a large maneuver

to land, yet maintains a reasonable ground clearance
when coming out of preflare.

The HUD should be used to monitor pitch attitude
and make precise adjustments both on the IGS and
for final flare. For no-HUD approaches, use the far
end of the runway or the horizon, since pitch attitude

changes are very difficult to see due to a lack of

Techniques Teferences.

A negative handling quality of the orbiter is that

initial vehicle response to pitch ‘control inputs is

backwards from the desired performance. This is

due to relative locations of the c.g., aerodynamic
center, control surfaces, and the pilot’s seat. For

example, a pitch up command from the RHC causes the effect is apparent before making another
an upward elevon deflection. The up elevon initially correction. This technique is less effective as landing
causes a decrease in lift (approximately 2,000 Ib per weight increases.

degree), and the wheels actually move closer to the

ground ata faster rate. The expected positive lift Ball Bar

increment will not occur until the orbiter has rotated

to a higher angle of attack.

A “bang-bang” technique of pitch attitude
corrections on the IGS has proven to be effective for
some pilots. Small pitch inputs are made, and the
RHC is quickly returned to detent. After each input
(or series of inputs for larger corrections), wait until

The ball bar defines a 1.5 degree GS. Overlaying
the center of the ball across the center of the bar

results in a threshold crossing height of 26 ft. This
CAUTION feels slightly high to most pilots. Flying the ball

tangent to the top of the bar results in a more

Attempting to reduce H-dot may actually comfortable threshold crossing height of 15 to 18 ft

increase the rate, and, if timed incorrectly, for end-of-mission gross weights and 10 to 15 ft for
can result in an early touchdown. RTLS weights. In training, pilots should strive fora

15 to 20 ft threshold crossing height.

@ Pilot eye height just prior to landing is nearly
constant. Therefore, out-the-window cues are poor
indicators of actual H or H-dot after control inputs.

. BAR
2200 h___—>|__-Tighis (red

ee al 500 ft wi<<

f—— 15 tt spacing

lighteS Ve io 50 tt

:

S
PAPI lights

ame al

Ball Bar Geometry
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Touchdown rectangles on the runway surface may

also be used. The leading edges of the marks are

2,500 ft from the threshold, and the marks are 200ft
long and 40 ft wide. Aiming the orbiter straight
toward the marks from ball bar intercept until final

flare results in good IGS control and safe threshold

crossing heights. This technique is especially helpful
for no-HUD approaches.

For the final flare, matching digital altitude and

digital airspeed on the HUD (40, 240... 30,230...

20, 220) will result in a smooth maneuver from the

IGS to touchdown.

Touchdown

A/L trajectory was designed to result in

touchdowns about 2,500 ft past the runway
threshold at a safe speed and sink rate. Speed brake

control logic targets a touchdown at 195 KEAS and

2,500 down the runway for all vehicle weights.

attitude are very important factors that help pilots
land with sink rates within vehicle limits. CSS target

touchdown speed is 195 KEAS for weights less than

220,000 Ibs and 205 KEAS for weightsgreater than

220,000 Ibs.

Vrailscrape-V Touchdown
ENERGY RESERVE =

Deceleralon ayo

15 deg
(for the body flap tn trail)

TAILSCRAPE — The maximum pitch attitude (deg) the vehicle

can land at and not scrape the tail (body flap).

ENERGY RESERVE — The time (sec) the vehicle could have

continued flying after touchdown until the tailscrape condition

Energy Reserve/Tailscrape

VEHICLE WEIGHT
Since the speed brake

(in AUTO) still targets
200 K- 220 K > 220K for 2,500 ft at 195 KEAS< 200 K

TD T/D TIO
GUIDANCE MODE Point | Speed | Point

(ft) |(KEAS)| (f)

TD TD T/D

Speed
(KEAS)| (ft)

touchdown energy regardless
Speed of weight, touch-down

(KEAS)distances for lighter vehicles

Point

Nominal guidance —all aim points |

* Auto 2500| 195 195 | 2500 195

will be longer and for heavier

vehicles will be shorter.

195 | 1600 205
A rough rule of thumb is

2500

- CSS* 3400 195 2500

Short field speed brake

+ All weights — Auto or CSS * 1500 195

90 ft of touchdown distance

corresponds to 1 knot of

airspeed.
*

CSS touchdown points and velocities are not directed by onboard speed brake guidance
CSS touchdown points are only approximate values based on the touchdown velocity.

Touchdown EnergyTargets

Different touchdown speeds are targeted by the
pilot when flying CSS to provide a more consistent
energy reserve and orbiter pitch attitude at
touchdown. Energy reserve is the time (in sec) that
the orbiter could have flown until Pitch attitude
reached tailscrape angle (15 degrees). Energy
Teserve vanes with weight, since heavier vehicles
must fly faster than lighter vehicles in order to
produce aerodynamic lift equal to weight.Consistent energy reserve and consistent pitch
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The most significant factors

influencing touchdown

energy are:

° Winds
* Density altitude
* Vehicle weight.

Off-nominal factors such as landing gear deployaltitude, velocity error at 3,000 ft, tile damage, stuck

speed brake, and NAV errors may also be

significant.

Pilots should strive to touch down a safe distance
down the runway, within 5 knots of the targetedairspeed, with sink rate within limits, and negligiblelateral drift. A sink rate of 3 feet per second or less
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is a good goal for training. Minimal RHC activity
prior to touchdown is desired to preclude pilot
induced oscillations and high main gear loads.

For crosswind landings, use crab angle to control

drift. Maintain the required crab angle all the way
to touchdown.

Weight on Wheels Discretes and

Flight Control Moding

At touchdown, both weight on wheels (WOW)

discretes must be set for at least 1 second to properly
mode flight control for derotation and rollout. If

both main gear discretes are not set within 7.2 sec, a

WOW DILEMMA will be annunciated. The crew

can set the WOW discrete manually by selecting
the SRB or ET SEPARATION MAN mode and

depressing the appropriate push button. To avoid

derotation transients, this action is deferred until

after nose gear touchdown.

SRB SEPARATIONand ET SEPARATION Switches

and Push Buttons on Panel C3

A WOW dilemma can be caused by crosswind

landings, electricalfailures, or commfaults.

CAUTION

Failure to set the WOW discrete allows the

DAP to remain in‘A/L mode. Gains are not

optimized for derotation and rollout and

may cause control problems.

Crews are trained to routinely set WOW manually
at nose gear touchdown to protect for a WOW

discrete failure. If a manual SEP push button is

depressed at main gear touchdown in order to clear
a WOW DILEMMA, the rollout discrete will be set

-when pitch attitude decreases below 0 degrees.

Flight software performs other checks to ensure the
WOW discrete is not set while the orbiter is still
airborne.

The WOW discrete also sets flat turn and HUD
discretes, which cause mode changes in the aerojet
DAP. Setting WOW also modes the pitch channel
to AUTO for auto load relief. In the roll/yaw
channel, when WOW is set, rudder trim freezes,
aileron trim freezes, and auto load balancing
becomes active. Auto load balancing uses aileron
commands generated through the roll channel to

balance loads on the main tires. These commands
are computed as a function of true airspeed, lateral

acceleration, and vehicle yaw rate. Also at main

gear touchdown, lateral acceleration feedback and

rudder trim loops are opened. In CSS, pitch axis

information drives only the ADI error needles

Derotation

There are two phases of the derotation portion of

orbiter landings: attitude hold and the derotation

maneuver itself. Both are important and are

discussed separately for clarity.

Attitude Hold

This phase is designed to reduce maximum loads

on the main landing gear. Attitude is held constant

until EAS decreases to a specified value (derotation

called at 185 KEAS to be accomplished by 180

KEAS). This was selected as a compromise between

maximum load on the main gear, maximum load

on the nose gear, time between touchdown and

start of derotation, and the need to have the nose

gear on the runway surface in time to start braking.

Derotation Maneuver

The derotation maneuver is designed to decrease

orbiter pitch at a controlled rate until the nose gear
is on the surface. The recommended pitch rate in

CSS is 2 degrees per sec. Rates are limited by
increased load on the nose gear.
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Executing a smooth derotation requires good crew

coordination and must be practiced in the simulator.

The pilot not flying the approach and landing should

call out airspeeds, with a “derotate” statement at

185 KEAS. A positive nosedown command must

be input and held with the RHC to generate the
desired 2 degrees per sec pitch rate. When pitch
rate is established, callouts of “down at 2, down at

1-1/2,...” are very helpful in maintaining a constant

rate until nose gear touchdown. “The pitch rate

needle on the ADI is the best source of this

information.

Heavy gross weight landings on lakebeds (high
rolling friction coefficient) are the most difficult to

control

CAUTION

| Do not delay derotation, especially on

lakebeds at heavy gross weight. Loss of

|  elevon effectiveness can cause hard nose

| gear slapdowns and possible structural

| damage.

Derotation must be commenced at the proper speed
and the pitch rate maintained throughout the
maneuver. Attempts to significantly slow or stop
the pitch down rate can cause a dangerous PIO.

Rollout

Two phases of rollout are coast and braking. Rollout

margin and brake energy limits are defined to ensure

the orbiter can stop prior to the end of the runway.
Generally,high-energyrollout margin is considered
to be 2,000 ft and is measured either from the end of
the runway or the end of the usableoverrun.Brake
energy is limited to 42 M ft-lb (carbon brakes) for
end of mission landings. If predicted brake energyexceeds these values, runway redesignation will be
considered.

Shorter abort site runways will have a barrier to
protect against brake failures. Note that crosswinds
directly increase Tesulting brake energy when
differential brakingis used for lateral control duringrollout.
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Short field speed brake may be selected on SPEC 50

to achieve required rollout margin or brake energy

limits. This software logic adjusts the speed brake

retract function to target a touchdown point 1,000ft
closer to the runway threshold (1,500 ft vs. 2,500 ft).

Coast

Coast phase begins when the nose gear has been on

the ground for 13 software cycles (2.08 sec). This

sets the weight on nose gear (WONG) signal.
Elevons are moved automatically from the position
required to control derotation to 10 degrees down

in order to reduce loads on the main landing gear.
The crew should monitor auto load relief on the

SPI. If it does not occur, manual load relief should

be initiated.

WARNING

Failure to perform load relief can cause

unacceptably high loads on the main gear,

resulting in potential tire failures and loss

of control.

Deceleration on the runway during coast is about

the same 4 KEAS per sec as on the IGS.

Nose Wheel Steering

HUDrollout discrete and groundspeed enable are

nominally set at nose gear touchdown. Nose wheel

steering is available once groundspeed enable is
set. Three modes are available:

1.‘OFF: No steering commands; nose wheels
caster.

2. DIRECT: Rudderpedaldeflection tied to nose

wheel steering angle. No Ny damping but
commands passed througha parabolic shaper
to limit deflection at high groundspeed.

3. GPC: Rudder pedal deflections incorporated
as biases to N, feedback.

74-18



7. TRAJECTORY MANAGEMENT AND FLIGHT CHARACTERISTICS
7.4 Terminal Area Energy Management and Approach, Landing, and Rollout

NOTE

With the improved NWS system, direct

NWS is deleted and a second GPC mode is

added. This second mode is wired

differently than the first mode and therefore

adds some redundancy.

The DIRECT mode should only be used as a

backup to GPC on the lakebed surface in the

presence of tire failure, since it is overly sensitive

to control inputs. GPC mode should not be used if

N, feedback is zero fault tolerant (two AAs failed

or commfaulted). This avoids exposure to another

AA failure.

Braking

The start of braking is normally determined by
groundspeed, although distance remaining on the

runway is also considered. Braking begins when

groundspeed is less than 140 KEAS and the orbiter

has passed the midfield point, or if distance

remaining is less than 5,000 ft. Deceleration rate

of 8 to 10 fps should be maintained until below

40 KEAS where the rate is decreased to about 6fps.
Maximum braking is applied if distance remaining
is less than 5,000 ft at more than 140 KEAS.

Barrier

The barrier system is similar to systems used aboard

aircraft carriers to recover damaged airplanes. It

consists of a net, positioning system, and energy
absorbers. The net is made of vertical nylon straps
that are bundled together at the top and bottom.

The orbiter nose passes through the vertical straps,
which then catch on the wings, pulling the net down

from the positioning stanchions. The straps spread
out uniformly over the wings and provide a

distributed retarding load.

On each side of the runway, two spools of nylon
tape are attached to the side of the net. As the

orbiter pulls the net, the spools unwind, paying out

tape. The spools are mounted on water turbines

that convert kinetic energy into heat. The system is

capable of stopping a 260,000 lb orbiter that engages
the net at 100 KEAS.

Barriers are placed about 800 ft from the end of the

runway Overruns on short abort runways (less than

12,000 ft).

Some damage will occur to gear doors, probes, and
tiles during barrier engagement. The crew module
and fluid systems will remain intact.

Barrier systems are portable and can betransported
via C-130 aircraft and stored at landing sites. Set up
time is about 6 hours, using an eight person crew.

The stanchions can be raised or lowered in about
10 sec.

To engage the barrier, try to be as slow as possible
and as close to the runway centerline as possible.
Nose wheel steering or differential braking may be

required to keep the vehicle on the runway.

Techniques

Nose wheel steering (NWS) should be used for
directional control and brakes used for stopping
unless differential braking is required. NWS

operations in GPC are crisp and responsive with no

tendency to overshoot or overcontrol. In DIRECT

mode, the NWS is very sensitive, and care must be
taken to avoid overcontrol.

The NOSE WHEEL STEERING switch on panel L2

has an extension device mounted on the shaft to

make it easier to locate. The commander should

make it a habit to locate this switch during rollout

and be prepared to downmode the NWS to DIRECT

or OFF if a failure occurs.

——

a = =

NOSEWHEEL
ANTISKIDI STEERING

NOSE WHEEL STEERING Switch on Panel L2
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With NWS in GPC or DIRECT, the orbiter will tend

to turn into a crosswind during rollout. With NWS

in caster (OFF), the orbiter will tend to turn away

from a crosswind.

If a tire failure occurs during rollout, the orbiter

will turn toward the failed tire. When the turning
moments due to crosswind and tire failure are in

the same direction, large control inputs will be

required to maintain runway centerline. When the

turning momentsare in opposite directions, smaller

control inputs will be required, and pilots must be

careful not to overcontrol.

Rollout performance is best demonstrated in the

Vertical Motion Simulator (VMS) at NASA Ames

Research Center. NWS and tire failures are

realistically modeled, allowing crewmembers to

experience actual orbiter dynamics while making
corrections. Crew coordination and skills are

practiced in the Shuttle Mission Simulator (SMS).
Crewmembers should ensure that different rolling
friction coefficients and wind conditions are seen,

as well as appropriate system failures that disable
or downgrade the NWS system.

Handling Qualities

The Space Shuttle DAP is a rate command system.
When the RHC is moved from detent, aerosurfaces
are deflected to command a bank or pitch rate. Due
to control requirements during high speed flight,
the aerosurfaces are very large and can generate
large rates, even with a heavyweight vehicle.
Smooth control inputs will minimize transients and
the initial tendency to overcontrol.

Control harmony is excellent in all axes, with crisp
response and essentially deadbeat damping.Returning the RHC to detent reduces vehicle ratesto zero (plus or minus rate deadbands). Control
surfaces remain active and will attempt to maintain
attitude.

The Shuttle TrainingAircraft (STA) is an extremelyaccurate simulator of orbiter flying qualities below
35,000 ft altitude. Trainingfor high and low energycases in the STA will prepare crewmembers to
handle the actual vehicle from about the 180 degreepoint on the HAC. The STA also has thecapability
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to demonstrate navigation state errors up to 6,500 ft

short, 2,000 ft long, and 1,200 ft laterally from the

desired touchdown point.

Elevons

During subsonic flight, all four elevons are
commanded up and down simultaneously for pitch
control. For roll control, the elevons are commanded

differentially, similar to ailerons on a conventional

aircraft.

Body Flap

The body flap is used to trim the elevons during
entry and A/L. When guidance transitions to the

A/L phase, the body flap is commanded to trail.

Normally, the body flap is operated in AUTO. If

the body flap is not in AUTO, the crew should return

to AUTO or manually position the body flap to trail

at A/L transition.

CAUTION

The body flap is a large control surface and

exerts a powerful pitching moment on the
vehicle. Proper positioning is required to

ensure adequate control margins.

Speed Brake

Although energy is controlled primarily by bank

angle and the resulting drag in hypersonic and
supersonic flight, the speed brake is the primary
energy control device in subsonic flight. A/L
guidance modulates the speed brake to control
q-bar, when operated in AUTO. Speed ‘brake
position is constrained to a lower limit of 15 degreesto prevent physical binding of mechanical linkageswhen the rudder is deflected.

It is important to take manual control of the speedbrake if guidance or NAV is questionable. For
example, erroneous air data could cause flightcontrol to generate erroneous position commands,
resulting in high or low energy or a flight control
transient at a critical moment. At 3,000 ft AGL, the
speed brake is closed automatically to a computedvalue based on wind, weight, density altitude,
velocity error, and short field option. At 500 ft

7.4-20
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AGL, guidance can command afinal adjustment of

the speed brake position based on density altitude

and wind velocity.

The speed brake is normally operated in AUTO

throughout Approach and Landing. Speed brake

position and command are displayed on the surface

position indicator (SPI) and the HUD.

~»mw 0 0 7 wD
AILERON-O DEGREES

Surface Position Indicator

WARNING

The speed brake is a very powerful drag
device. Overlooking a stuck speed brake or

neglecting to retract the speed brake when

operating in MAN can result in dangerously
low energy.

Rudder

Corrected body roll rate is used in the DAP yaw
channel as a yawing rate error to generate rudder

commands. This essentially provides turn

coordination. Rudder pedal deflection serves only
to bias the N, feedback. Since rudder deflection is

largely a function of the automatic stability loops,
crewmember rudder pedal input should not be

required prior to touchdown.

Trim

Automatic trim loops in the Shuttle flight control

system work very well, and although manual

capability is available, it is not usually required in

the approach and landing flight phase. One

exception is after a BFS engage. In this case, the
trim values initialize at zero, and the pilot can help
the flight control system return to a trimmed
condition more quickly by trimming manually.

Priority Rate Limiting

All aerosurfaces (except the body flap) are rate

command limited by priority rate limiting (PRL)
software. This allows full advantage of available

hydraulic system power while not overloading the

hydraulic systems. Rate command limits vary as a

function of the number of hydraulic systems
available. Simulations have shown that vehicle
control is adequate with reduced rate limits, but

pilots should be aware that control could be

degraded in aggressive maneuvers. With single
hydraulic system rate limits, touchdown should be

about 10 knots fast and derotation 10 knots early to

prevent elevon saturation and high nose gear

slapdown loads.

HYD SPEED
SYSTEMS | ELEVONS | AILERONS | BRAKE | RUDDER

|

1 13.9 13.9 3.8 7.0

2 20.0 20.0 10.86 12.0

20.0 20.0 10.86 14.0 |

PRL Rate Limits in Degrees

Automatic PRL normally requires little crew

interaction. Hydraulic pressure from all three

sensors in each system is sent to the GPCs via

flight aft (FA) multiplexer/demultiplexers(MDMs).
A hydraulic subsystem operating program (HYD

SOP) provides redundancy management (RM) for

fault detection and isolation of failed transducers.

A selection filter generates one pressure from each

system.

HYD SOP declares a hydraulic system failed if the

selected system pressure drops below 1,760 psi. Fail

flags are provided to PRL software, which then rate-

limits aerosurface commands based on number of

good systems. PRL status and management are on

SLECSIe
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XXXX/ 051/ OVERRIDEXX X DDOVHH:MM:SS

DDD/HH:MM:SS

TRY FCS

oe
or

1X ELEVONFIER ATMOSPHERE
ATO 2x AUTO 17X NOM 20X NOM  22X

| aBoRTax FIXED 18X ALT 21X  NPOLE 23x

| MAX THROT 4x SSME REPOS 19 XXX_S POLE 24x

| TMU STAT ATT DES PAL

| PROPLT DUMP 1S XXXX X 25K SYS AUT DES

2S XXXX XXX 26X 1S 2BX 31X

|
XxX ICNCT 5 XXXX 3S XXXX 27K 2S 20X 32x

| oms DUMP 3S _30X_33X

| ARM «6X ADTA H 2 M DES

START 7X L1s XXXXXK $XK.X XK. XK 34K

STOP 8x 3s XXXXXK XK. X XK. X 36K

9 QUAN/SIDE XXX Res XXXXXX XK. X XK. K BEX
| OomsDUMPTTG Xxx 4s $XX.X_XK.X_37X

ETSEP ROLLMODE.KKXXXXK
AUTO -38X_« AUTOSEL 42K

AFT RCS 13 XXX SEP 39x

|
14 TIME xxx | ETUMBOR VENT DOORCNTLek

CLOSE  40X OPEN 43x

| FWD RCS 15 XXX RCS RM MANF CLOSE 44x

16 TIME XXX CL OVRD 41

(XX)

PRL STAT/MGMT ON OVERRIDE SPEC 51 Display

Utilizing item numbers, the crew can place PRL in

automatic systems management, deselect a system,
or invoke manual systems management. A failed

system is indicated by a down arrow in the system
status column. Failed systems are not used by PRL.

Loss of hydraulic pressure information can cause a

- dilemma and a question mark (?) is displayed
next to the affected system. When a dilemma is

clared, PRL leaves the system status as it was

pnor to the dilemma. The crew can then either
manually deselect or reselect the system after

determining its real status using other cues.

Wind Effects on Trajectory

Winds affect the orbiter’scapabilityto fly the desired
HAC trajectory and can result in high or low energy
situations if not handled correctly. Since the
onboard navigation and guidance systems cannot

Predict winds, the crew must be prepared to

anticipate high wind conditions and compensate
for them. Information on wind speed and direction
is passed to the crew prior to the deorbitburn. This
information is updated as required during entry.Data is provided for the followingaltitudes:

HAC

ALTITUDE | POSITION

50K

38K 270

28K 180
|

Wind Data Table 20K 90

12K FINAL,
7K

3K

SURF

Wind data is obtained by the Flight Dynamics
Officer (FDO) in the MCC from the NASA

meteorologists. Wind data is forecast based on

balloon data and later compared to windsobserved
by the STA weather aircraft. Since the wind

conditions that can cause low energy have much

more serious consequences, they are discussed in

more detail here.

Constant Headwind

For a given reference airspeed, any headwind

greater than zero will result in less kinetic energy
(less ground speed) than the no wind or tailwind

case.

Sudden Headwind Increase

For a given initial energy state, a headwind shear
will cause more drag and greater energy loss, until
the pilot compensates for the immediate drag
increase.

Tailwind Below 50 Feet

Tailwinds, or reduction in headwinds, are normally
favorable in a glider because of the reduction of

drag. However, at less than about 50 ft, the beneficial
effects of drag reduction, integrated over such a

short period of time, are outweighed by the sudden
loss of available energy caused bythe instantaneous
decrease in KEAS. Large sink rates and hard
landings may result.
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Crosswinds

Use crab angle to control lateral drift due to

crosswind from outer glide slope intercept until

touchdown. Expect a noticeable change in crab

angle during preflare and on the inner glide slope
due to the large changes in velocity and the change
in wind speed as altitude decreases.

Post touchdown, align the fuselage with the runway
to reduce nose gear side loads at nose gear
touchdown. During rollout, the orbiter will tend to

turninto a crosswind with NWS in GPC or DIRECT.
With NWS inactive, the orbiter will tend to turn

away froma crosswind.

Limits

Headwind, tailwind, and crosswind limits are listed
in the Flight Rules and summarized in the Limits
section of this manual. These limits are conservative

and are based on simulator, wind tunnel, and actual

flight data. End of mission runways are selected so

that all parameters are within limits.

Backup Flight System

The backup flight system (BFS) is capable of

performing nearly all of the primary flight system
functions during TAEM, approach, and landing.
This section presents the major differences, from

the flightcrew viewpoint, between the two systems.
Differences in handling qualities between the PASS

and the BFS are very small in the training simulators,
and no large differences are expected if BFS is

engaged onboard the Shuttle. A moderate control

transient should be expected when BFS is engaged.

The BFS does not support PTIs. Flight control mode

is CSS from engage through landing rollout.

The BFS maintains only one state vector during
entry. Redundancy management is performed on

most systems, but in a simpler manner than PASS.

BFS is also set up to accept air data to GNC

immediately upon engage. If air data has not been

previously accepted in PFS, the crew should inhibit

air data to GNC after BFS engage.

The HUD is not supported in BFS. MLS is not

supported. Guidance terminates in BFS at 2,000 ft,
and ADI error needles are stowed.

Off-Nominal Approaches

This section briefly summarizes the procedures used
to correct problems typically encountered during
STA training. More detailed information is available
in the Approach and Landing Flight Procedures
Handbook.

Navigation Errors

A bad navigation state can put the orbiter ina high
or low energy condition. If the error is detected

early in entry or TAEM, Mission Control will declare
a GCA and provide guidance to the landing site
until the navigation state can be corrected with a

state vector uplink or manual state vector update.
If errors are observed after the field is in sight, pilots
can use visual cues in addition to MCC calls to fly
to the runway.

Low Energy

If the orbiter is more than about one dot low (using
HSI glide slope scale) on the glide slope when

subsonic, pilots should check that the speed brake

is closed, taking manual control if necessary. Next,
transition to the angle of attack for best glide range,
about 10 to 12 degrees. Hold this angle of attack

until slightly above the nominal trajectory, and then

lower the nose to accelerate and fly the nominal

glide path. Once established on the glide path with

speed increasing, check that the speed brake is back

in AUTO and operating properly.

If not back on energy by 5,000 feet altitude, the nose
~

must be lowered to achieve a speed of at least 240

KEAS fora safe transition to the touchdown attitude.

A delayed gear deploy and slow touchdown may
be required to reach the runway. Geardeploylower

than 200 feet is not recommended.

Depending on the portion of the trajectory where

the low energy situation is observed, it may be

possible to select MEP or turn inside the HAC

toward the landing runway to reduce energy

requirements.
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High Energy

If more than about one dot high on energy during
subsonic flight, ensure the speed brake is deployed
to 100 percent, and lower the nose to increase

airspeed. Maximum airspeed should be limited to

300 KEAS although flight rules allow slightly higher
speeds for short periods of time. Carefully observe

g-limits when flying the HAC at high speed.

CAUTION

A high energy situation can rapidly become

a low energy situation if g-limitations and

high speed combine with wind effects to

take the orbiter outside of the HAC.

Once back on the nominal trajectory, ensure the

speed brake is in AUTO or manually adjusted for

the proper airspeed and complete the approach
using normal procedures.

Stuck Speed Brake

Procedures for stuck speed brake approaches vary
with speed brake setting and are summarized in

the following table. These procedures depend on

detection of the stuck speed brake prior to the HAC
re energy can be adjusted more easily without

using the speed brake
.

Early Gear Deploy

If the gear is deployed early, pilots should manually
close the speed brake. If possible, shift to the close

aim point, adjust glide path to enter the preflare
with slightly more than nominal energy, and delay

preflare initiation slightly. A slow touchdown may

be required to reach the runway surface in extreme

cases.

Manual HAC Techniques

Manual HAC techniques are used to prevent excess

energy loss or high-g on the HAC due to high winds.

Closely following guidance normally provides the

best chance of coping with environmental

dispersions, and manual HAC techniques should

only be used if requested by Mission Control.

To perform the manual HAC procedures, go CSS at

Mach = 0.95 with speed brake in AUTO. Fly an

airspeed of 220 to 230 KEAS, and follow guidance
roll commands to keep the predictor dots on the

HAC (SPEC 50). At 120 degrees of HAC tur to go,
resume following pitch and roll guidance.

Sensory Cues

Most crewmembers report a fairly smooth ride

throughout TAEM to landing, with the exception
of some buffet during the transonic region. On

final, the orbiter responds very little to turbulence
in comparison to the STA due to the orbiter’s

higher wing loading.
TAEM AL AIMPOINT

es Fie Tp Cae alee cee
When returning from orbit, crewmembers

throughout TAEM Sonics

"

should be aware of the potential for some

ag
change in vestibular sensations. Head

o- AUTO P, RY Fly needies CLSE movementswill tend to make these changes
anlar aes ae morenoticeable. Flight crewmembers should

Min EAS 2306 avoid exaggerated head movements during
landing to reduce the

ibili

; t
possibility of

30 AUTO P, RY Fly needies CLSE disorientation.
;

AIM < 95 deploy gear

ee ees
Sun glare and residue on the windows from
the SRBSeparation motors can reduce visibility

Stuck SpeedBrake Procedures Serliglatgas:
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Gear deploy causes very little structural vibration
and may be difficult to detect.

The orbiter landing gear absorbs touchdown loads

very well, and for low sink rate landings, it may be

difficult to feel touchdown. The first cue to the
mission specialists that the orbiter has landed may
be the beginning of derotation followed by nose

gear touchdown. For some flights, depending on

runway surface, vehicle weight, and center of

gravity, derotation and nose gear touchdown could

be quite dramatic.

After returning from orbit, crewmembers need to

be aware that some degree of decreased balance

and coordination, as well as dizziness, may be

experienced when getting out of their seats. Studies

are in progress to quantify these effects and improve
current countermeasures. At present, crewmembers

should exercise caution when leaving their seats

and preparing for egress.

Autoland

Although the orbiter has been certified for hands-

off automatic landings, this capability has not been

verified. Simulations indicate that performance is

acceptable under reasonable wind conditions for

most weight and c.g. combinations.

Although the orbiter may be flown in AUTO for the

entire approach and landing, CSS control until MLS

acquisition is recommended. This is due to possible
transiéntsas the NAV state is updated by MLS data.

A runway equipped with MLS is required for

autoland.

Based on SMS and STA data, the autoland system

tightly controls azimuth and elevation tracking
during the approach. Corrections may be abrupt if

not close to the nominal trajectory when AUTO is

selected.

As with any automatic control system, the crew’s

task is to monitor the approach and take over

manually if performance is not acceptable or to

recover from system failures. Since there is no

onboard independent monitor, the crew’s visual

perception of the approach determines takeover

criteria. This may differ somewhat among
crewmembers and requires a significant number of

automatic approaches in the SMS and STA to
achieve a reasonable level of proficiency. Both the
HUD and ADI should be monitored during the

approach. Splitting crewmember duties between
the pilots has proven to be an effective method of

monitoring autoland performance.

CAUTION

Pilots must use extreme care when

executing a manual takeover from
automatic flight control after

commencement of pre-flare. Very little time

exists before touchdown to damp vehicle
attitude transients which may be induced

by the takeover.

Techniques

After OGS intercept, MLS acquisition, and A/L
transition, engage AUTO PITCH and ROLL/YAW.

Attempt to have ADI error needles centered or

tracking toward the center position prior to

engagement. Should a takeover be required, the

CSS PITCH and ROLL/YAW push buttons should

be used to downmode. This avoids undesirable

transients caused by a “hot-stick” downmode.

Takeover should be performed only during stable

flight conditions, if possible. A manual takeover on

the OGS or IGS is much less demandingthan during
a dynamic phase of the approach such as preflare.

With good autoland performance, the crew should

only be required to lower the gear at 300 ft and

apply brakes after nose wheel touchdown. Rollout

guidance is provided by the MLS and lateral control

by the NWS. :
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NOTE
THIS CHART REFLECTS CAPABILITIES AND CONFIGURATIONS WHICH ARE DEPENDENT ON MISSION CHARACTERISTICS.., INCLINATION,AND DAY VS NIGHT RTLS, TAL, AOA CASES.

*

SURVEYED POINTS WHERE PAPI LIGHTS/BALL BAR CAN.BE INSTALLED. (1) AIM POINT IDENTIFICATION LIGHT SYSTEM (APILS) AVAILABLE.
**

XENON lights can be installed at theselocalions for mission requirements. AIM POINT MARKING @ 6500 FT IS A TRIANGLE, 7500 FT MARKING IS A RECTANGLE.(2) SINGLE GENERATOR ONLY. (DS) REFERS TO DUAL STRING TACAN TRANSPONDERS, (SS) IS A SINGLE STRING UNIT.

Navaids/LandingAids Hi/Lo Inclination
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Terminal Area Energy Management
and Approach, Landing, and Rollout

Rules of Thumb

° A 100 ft difference in gear deploy altitude

equals about 250 ft of touchdown energy.
‘Gear deploy should not be delayed past
200 feet altitude.

1 knot of airspeed.

* TAEM guidance uses pitch to control range,
bank angle to control ground track, and

speed brake to control q-bar.

* Overhead HAC with NEP allows the most

downmode options for energy.

* Fly theta limits at Mach 2 (NLT Mach 1.5) if
air data is not incorporated to G&C.
Maximum bank angle is 50 degrees. Speed
brake should be controlled manually when

flying theta limits.

* Manual HAC techniques are only used

when requested by Mission Control. To

execute the manual HAC procedure, fly 220
- 230 KEAS and follow roll commands. At

120 degrees tum to go, resume flying pitch
and roll guidance.

the speed brake.

° OGS is 19 degrees lightweight (< 220,000
Ibs) and 17 degrees heavyweight ( > 220,000
Ibs). Aimpoint is 7,500 ft nominal and 6,500
close-in. Touchdown speed is 205 knots

heavyweight and 195 knots lightweight and

short field speed brake.

* At main gear touchdown, manually
deploy the speed brake. Start derotation at

185 KEAS at approximately 2 degrees per
sec. At nose gear touchdown, manually
back up WOW.

90 ft of touchdown distance corresponds to

Foran early gear deploy, immediately close

During training, pilots should strive for
a threshold crossing height of 15 to 20 feet on

nominal approaches. Touchdown goals are

airspeed within 5 knots of the target value,
sink rate within structural limits, negligible
lateral drift, and minimal RHC activity. A

good target value for sink rate is 3 fps or less,
insuring ample margin before violating limits.

With NWS in GPC or DIRECT, the orbiter
will tend to turn into a crosswind. With NWS
OFF, the orbiter will tend to turn away from
a crosswind.

If the orbiter is landing with a known failed
tire, the second tire on that axle is expected to
fail during derotation at the point of
maximum loading.

If both main gear tires fail on one side, the
orbiter will tend to turn toward that side.
The turning moment due to crosswind can

either reinforce or reduce this effect.

If the turning moments due to tire failure and

crosswind are in the same directions, large
control inputs will probably be required.

If the turning moments due to tire failure and

crosswind are in opposite directions, the

control inputs required to counteract tire

failure will be reduced. In this situation, pilots
must be careful not to overcontrol.

A good rule of thumb is to be more cautious

with the rudder pedal, matching the

crosswind turning tendency

Flight Rules call for landing with an existing
crosswind on the same side as a known or

expected bad tire.
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The most successful teams are those who have

learned to work together and know each other’s

responsibilities, strengths, and weaknesses. In a

system as complex as the Space Shuttle, the Mission

Control Center (MCC), the Launch Control Center

(LCC), and the flight crew must work as an

integrated team with each part supporting and

contributing to the performance of the other.

8. INTEGRATED OPERATIONS

Each team member must be completely aware of
his or her responsibilities and realize that safety
and mission success depend on proper coordination

among team members. The duties and coordination
functions discussed in this section are typical of the

responsibilities assigned by the CDR andthe Flight
and Launch Directors. Specific assignments will

vary from mission to mission.

Preplanned decisions which have been approved
by the Shuttle Program are published in the Flight
Rules and Launch Commit Criteria. These are

designed to minimize the amount of real time

discussions when off-nominal situations occur. The

Flight Rules also serve as the basis for real time

decisions. Rules are developed using system
performance capabilities documented in the Shuttle

Operational Data Book (SODB), along with program
certified capability. Where circumstances do not

allow staying within the operating base (SODB +

certified capability), the Mission Management Team

may choose to take any necessary action to ensure

the safety of the crew and Shuttle.

During prelaunch and flight operations, the Mission

Management Team (MMT) chairman is responsible
for near real time policy decision. The launch team

and the flight teams consult with the MMT chairman

as soon as possible whenever operations outside

the Shuttle operating base are required.

SCOM 1.0
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Dynamic Flight Phases

For a Shuttle flight crew to work well together, each

crewmember needs to have his or her job clearly
defined. This definition includes the tasks assigned
and when they are to be performed. Individual

responsibilities will be assigned by the mission

commander based on mission requirements. One

way in which duties might be divided for dynamic
flight phases is summarized in the following table.

POSITION PRIMARY SECONDARY

CDR Trajectory/Nav
Abort Boundaries

*

Communications

Flight Control Channels

DPS OMS

ECLSS RCS

Nominal Timeline Contingency Abort

Navaids
**

Boundaries
*

Mission Success

Mission Safety
Voice Transmissions

to MCC

PLT MPS Trajectory/Nav
EPS Navaids

**

APU/HYD Mission Success

OMS Mission Safety
“|

RCS Voice Transmissions

Flight Control Channels to MCC

MS2 Overhead Panels

Overheas Gauges
Communications

Abort Boundaries
~

Navaids
"”

Nomina! Timeline

Reference Data

MS1 Contingency Abort Nominal Timeline

Boundaries
*

Overhead Panels

Photography Overhead Gauges
Reference Data

MS3 Stowage Photography
Middeck Panels/Actions

* Ascentonly
++ Entryonly

Flight Crew Duties for Dynamic Flight Phases

8. INTEGRATED OPERATIONS
8.1 Flight Crew Duties and Coordination

It is critical for the crew to lay out responsibilities
early during training and follow their plan. As
malfunctions occur, the division of responsibilities
May change. For example, the PLT may have to

concentrate on the trajectory while the CDR deals
with an ECLSS malfunction. To ensure the trajectory
is being monitored, especially during the early
portion of crew training, the CDR could verbally
ask the pilot to watch the gauges. As training
progresses, crews gain an understanding of when

another crewmember requires assistance and

usually provide backup without being asked.

Another way crews work together is to monitor

keyboard entries and switch throws. By allowing
someone else to check a keyboard entry before it is

fed to the GPCs or check that the correct switch is

being actuated before it is moved, crewmembers
can greatly reduce the chance of errors. For

crewmembers to provide a good crosscheck for each

others’ activities, they must remain together as they
work nominal and malfunction procedures. Calling
out page numbers, procedural titles, and step
numbers will help everyone follow through the

procedures.

During dynamic flight phases, or any time when

dealing with several malfunctions, it may be best

to divide into groups or detail individuals to

separate tasks to successfully deal with all

problems in a timely manner. The CDR usually
takes the lead in assigning tasks. As the proficiency
of crews increases, crewmembers often assume

responsibility without being formally assigned
by the CDR. Whenever groups/individuals begin
working separate problems, they should attempt
to periodically update the other members of the

crew on their progress. This is especially critical

when the problems being worked are interrelated.

The CDR and PLT must exercise care to ensure

that at least one member of the crew monitors the

vehicle trajectory and maintains awareness of the

nominal timeline when their attention is drawn to

different problems.

Orbit Phase

On orbit tasks are usually less time critical and

responsibilities are redistributed as necessary. Itis

important that more than one crewmember is

trained for each flight task to protect for the occasion

when the prime crewmember might be ill or busy

8.1-1 SCOM 1.0
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8.1 Flight Crew Duties and Coordination

with another task. Mission specialists usually EVENT REWMEMBERCALL
assume the prime responsibility for major payload Ale e anletecer MS MLS

activities. For Spacelab flights, the senior mission
dokR PLT 10,000 ft

specialist will be assigned as the Payload AL MS Approach and Land,BF trail
.

Commander and charged with successful payload oEk PLT Radar Altimeter

operations. The following table lists a sample 4k PLT 4,000
division of duties for the orbit phase. CDR ‘Arm the gear

.

PLT Gear is armed
=

3kh PLT 3,000

POSITION COR | PLT | msi | PS1 | MS2 | MS3 | PS2 MS Boards _%

EVA1 x 2kt PLT 2,000

EVA2 CDR Preflare

WA 1ktt PLT 1,000__ knots

MEDIC (PLT call max EAS

FM in pretiare)

EARTH OBS 500 ft PLT 500

PHOTO/TV 400 ft MS Boards %
Prime Payload 300 ft CDR Gear down

Secondary Payloads PLT Gear coming

DIOR 200 ft MS Gear is down

Ee
~50t PLT ___t,__knots

Prime (steady rhythm)
2 CRUD ~40 ft

On-Orbit Division of Responsibilities ~30f

~20f

Intercom Protocol
=

=
TO Touchdown, boards open

During ascent or entry most crews have a standard
185 kis 185/175,derotate

protocol of voice callouts to help them keep track of 140 kis 140 knots

mission events. Typical callouts and associated 130 kts <_-knets, tps

displays for ascent and entry are listed in the (decel reading)

following tables. | 120 kts

| 110 kts

EVENT CALLOUT ]
| 100 kts

|

| 00:00] SRB Ignition | CDR.
| oe

oa|
%

Litot102
* pots

70 kis |

00:30
|

Throtte Bucket] PLT 60 kis
| Throtte down

50 kts

| 01:00] Throwie Up | PLT 40 kts

1
Three at 104 BW kts

02:12| SAB Sep coR
20 kts v

Lite Pc < 50, Sep, 103, TMECOs converged

03:00 ms2 Landing Comm Protocol
EVAP OUT T coming down

08:00 | MECO -30 sec | CDR:

Coming up on MECO

08:32] MECO COR

MECO, MECO confirm, ET sep, 104, check

| targets

10:32] MECO +2:00 | PLT.

Oumpystan

Ascent Displaysand Callouts

SCOM 1.0
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Air to Ground Voice Communications.

To work well together, the flight crew and MCC

must be aware of each other's capabilities.
Integrated simulations where members practice
their roles on an actual mission are one way in

which the team members learn about each other.

Another way is for members of the flight crew to

observe in MCC during integrated simulations and

for Flight Controllers to ride along and observe flight
crews operating in the Shuttle Mission Simulator

(SMS).

MCC Resources

While visiting MCC, crewmembers will notice

that an immense amount of downlist data

is available for Flight Controllers to analyze
the performance of orbiter systems and follow

mission activities. The downlist data is formatted

on various displays with orbiter DPS keyboard
entries, fault messages, and switch discretes

available, as well as numerical parameters. Many
of the parameters in the down list data stream are

not displayed on board the orbiter. The flight control

team also has access to inputs from the customer,

direction from NASA management, weather

observations and forecasts, engineering test data

and analysis, systems performance histories, and

radar tracking data.

To properly utilize this data, personnel are divided

into groups concentrating on specific vehicle

systems or operational functions with each group
led by a Flight Controller. The Flight Controllers

pass information and recommendations over the

intercom voice loops to the Flight Director. The

Flight Director uses the information to make

8. INTEGRATED OPERATIONS
8.2 Working with Mission Control

decisions on the proper conduct of the mission, and

manages the flow of information to the crew via the
CAPCOM or uplink commands.

Operations Monitoring and Control

Optimum MCC performance depends on successful

receipt of telemetry and tracking data. Orbiter
DPS or instrumentation failures, as well as

communications failures, can quickly degrade
the amount of assistance available from the

ground. If possible, the CAPCOM will inform
the crew whenever downlist data is lost or

regained.

To track the crew's progress through the
nominal timeline, Flight Controllers observe

individual crew keyboard entries and switch

throws via MCC displays. It is usually possible
for the ground to follow the crew’s progress
without voice calls, but an occasional status

call can be helpful. The crew can also help the

ground by closely following the nominal

timeline and by loading maneuvers with future

start times well before they are required.

MCC will try to anticipate points in the timeline

where an MCC go is required for the crew to

proceed, and call before the crew reaches that

point. If the crew reaches a point where an

MCC go is required before MCC calls, they
should ask for a go.

When malfunctions occur, the controllers in

MCC will usually see a trend develop in their

data before the crew hears an on-board alarm.

Whenever possible, and especially on orbit,

MCC will attempt to warn the crew and advise

a course of action before a fault message occurs.

For failures which occur more rapidly, the

crew: will see a fault message first and the

ground will see the problem a few seconds later

in the telemetry data stream. After a few

seconds to diagnose the problem, the responsible
Flight Controller will advise the Flight Director

on the proper course of action. On direction

from the Flight Director, the CAPCOM will

then relay the necessary information to the

crew. Usually this transmission will include

instruction to follow a procedure in the flight

8.2-1 SCOM 1.0
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8.2 Working with Mission Control

data file, specific switch actions, or information

on why a false alarm occurred. CAPCOMs

will strive to use the precise FDF procedural
titles and the same switch nomenclature listed

on orbiter panels to minimize confusion. If the

situationpermits, the CAPCOM will also try to pass
to the crew the rationale for the decisions which

have been made, especially those involving
resources not available to the crew.

Air-to-Ground Voice Communications

Flight crews should be aware that the

monitoring of crew voice calls is given very

high priority in MCC. Whenever the crew calls

on air-to-ground, all discussions cease on the

Flight Director's loop in order to concentrate on the

crew's transmission. Crew calls to inform MCC

of fault messages or advise the ground on

progress through normal procedures can

interrupt information flow in MCC. Advisory
calls on progress through nominal procedures
should be reserved for periods of reduced

communications activity or for when the

ground is having problems with downlist
data. For confirmation of non-critical system
problems, one plan that works well is to wait

15 to 20 seconds after the appearance of a

non-critical fault message before calling
the ground. This allows the ground time to

digest the problem and call the crew, without

interruption. Waiting for MCC to make the first
call when non-critical fault messages occur

should result in the quickest possible problem
confirmation

Of course, flight crew calls can be extremely
helpful when MCC is experiencing data
problems or when failures occur which requireimmediate attention. A crew call in these
instances will focus MCC’s attention on the
problem brought up by the crew. Following
are some appropriate calls to MCC which
are not specificallyrequired by procedure:

*

AcknowledgingMCC transmissions.

Reporting deviations from the timelineor from a procedure.

Beginning/Endingpost insertion, deorbit
Prep, Or major payload activities.

SCOM 1.0

* Beginning/Ending malfunction pro-cedures.

(This call is generally not
made for critical malfunctions or during

periods of high workload.)

* Beginning major DPS reconfiguration
or cockpit switch configurations.

:

* Shutting down a main engine, APU, or fuel
cell, or taking electrical buses off line

unless previously directed by MCC.

* To report engine failure, fire, DPS set

splits, or flight control problems. (These

problems may not be immediately
apparent in downlist data.)

* Reporting any problem the crew desires MCC

to give immediate attention.

* Calling MCC prior to MDM port mode/

power cycle.

* Changing Telemetry formats.

* Switchingto alternate ACCU or PCMMU.

* Reporting headset, CCU, or ATU problems.

If practical, flight crews should obtain
MCC confirmation of a malfunction before

working a malfunction procedure. By the
same token, crews should call MCC whenever

beginning a malfunction procedure or deviating
from the nominal timeline without MCC
direction, if the pace of activities and communi-
cation status permits. During periods of high
activity, MCC will assume that the flight
crew is prioritizing problems and automatically
working the necessary malfunction Procedures as

Problems arise. In these cases, MCC will save voice
confirmation and direction to work malfunction
Procedures for the most critical problems.

To minimize verbiage and confusion, standard
phraseology is frequently used in calls between
the orbiter and MCC. Some of these calls
are summarized in the table on the next page.Standard abort mode boundary calls are presentedin Section 6, EmergencyProcedures.
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CALL MEANING

Roger Your transmission has been received

Wilco Will comply with received instructions.

Say again/repeat Repeat your last transmission.

Read back Repeat the list of information just transmined.

Good read-back The information just repeated was correct

Stand by Wait, we will have an answer or be ready to

listen shortly:

Stand by on the Wait, we will have a plan of procedure/action
xx procedure soon, do no! execule the xx procedure.

Hold... Stop executing the mentioned procedure at

the current step.

You are go for... You have permission to execute . . .

The xx system is go} The xx system is working adequately.

Expect ratty comm | Expect degraded communication due to

due to..

.- in the blind We can't hear you, but we're transmitting,

hoping that you can hear us.

Lost data MCC has lost vehicle downlink data, expect

reduced MCC troubleshooting assistance.

Regained data MCC has regained downiist data

. .UHF only MCC or orbiter transmitung or receiving on

UHF only. May aiso mean loss of orbiter

downlink data.

Comm check Voice communicalion check, acknowledge
and describe quality of transmission. {

LOS Loss of signalwithout comm. Sometimes
.

used to mean star/object no longer in view |

AOS Acauisition of signal/good comm.
Sometimes used to mean star/object in view

Abort... Execute the .. . abort mode. MCC will also

uplink an abort light.

Take TACAN Accept TACAN for use by NAV software.

Take Air Data Accept Air Data information for use by NAV

and GNC software.

Go...CSS Take pitch and/or roll/yaw CSS as called.

Go... Auto Retum to Auto Pitch and/or Roll/Yawflight
control. For Orbit Ops, selectAutoDAP.

Check DAP. Ensure the DAP mode matches the mode

mentioned in call

Standard Air-to-Ground Voice Calls

8. INTEGRATED OPERATIONS
8.2 Working with Mission Control

Unplanned downmodes to manual flight control
should be discussed with MCC if time and flight
control performance permit.

Aborts or redesignation of landing site/runway
should only be performed at the direction of MCC
if air-to-ground communication is available. If air-

to-ground communication is not available, or if
mission safety is in question, the CDR assumes

ultimate authority for mission decisions. In this

case, the crew will use on board procedures and

flight rule summaries to take whatever action is

required to safely conclude the mission.

Telemetry Uplink

In addition to voice communication, MCC has the

capability to electronically uplink information to

the orbiter. This capability is frequently used to

reduce crew workload, uplink large amounts of

information, or to uplink information where

accuracy is critical. Crews may request that MCC

uplink information rather than using a voice

transmission if they feel it would be beneficial and

if sufficient time exists for the ground to prepare
the uplink. In extreme cases, MCC also has the

capability to uplink keyboard entries to the orbiter

GPCs in the form of DEU equivalent uplinks.
Common uplink information is shown below:

¢ Communication system configuration
commands.

State vector updates.

Table Maintenance Block Updates (TMBU)

to alter software caution and warning limits.

IMU compensation.

OMS burn targets.

Alternate landing site information.

Teleprinter or TAGS messages for daily
execute packages. Contains flight plan and

procedural changes, amplifying information,
~

news from home, systems, and consumables

status.

Unscheduled Teleprinter or TAGS messages

containing information not conveniently

passed using voice transmission.

8.2-3 SCOM 1.0
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Pre-launch activities begin at KSC with the start

of the launch countdown. For purposes of

discussing responsibilities of the flight crew as

they relate to the LCC and MCC teams, pre-
launch is considered to start upon flight crew

arrival at KSC.

Flight Crew

Crew activities at KSC are outlined in a letter

promulgated by the Director of Flight Crew

Operations Directorate (FCOD). All activities

are coordinated by the FCOD Vehicle Integration
Test Office. Each mission has different timelines,
and activities vary among pilots, mission

specialists, and payload specialists.

The flight crew is subject to Health Stabilization

Plan restrictions. These limit direct contact to a

small group of individuals who are especially
badged as Primary Contacts. Thus, exposure of

the crew to communicable diseases with short

incubation periods is minimized.

Typical activities for the flight crew at KSC include:

¢ Shuttle systems briefing
Countdown status briefing
STA flights
Weather briefing
FDF review

Preflight physical exam

Equipment checks

T-38 flights.

Unless mission requirements dictate a different

timeline, the crew will arrive at KSC 3 days prior
to launch. Circadian shifts are performed during

8. INTEGRATED OPERATIONS
8.3 Pre-Launch

this period, except for flights requiring large
shifts and 24-hour operations. Those crews

start their circadian shift prior to departing
Houston.

Crew activities are conducted per a relaxed
timeline until the actual launch day, when the
schedule is tightly controlled. Basically, crew

members are responsible for their scheduled
events.

Mission Control Center

The MCC is in a monitor mode during most of

the launch countdown. Active participation is

required for communication checks, weather

coordination, and inputs to the MMT on Shuttle

systems anomalies.

Flight controllers and MCC support personnel
are responsible for their own readiness for

flight. This includes console and computer
systems configuration and checks. All necessary
materials required to support flight operations
are positioned. The MCC shift teams usually
begin their circadian shift during the countdown.

Launch Control Center

LCC personnel man consoles around the clock

once the launch countdown commences. Each

Shuttle and ground system is monitored by one

or more members of the launch team. The

countdown is managed by an Orbiter Test

Conductor (OTC) who has responsibility
for accomplishment of all steps listed in the

countdown Operations and Maintenance
Instructions (OMI). Pre-launch OMIs implement
checkout requirements designed to demonstrate

operation of all testable subsystems within

prescribed limits. The launch countdown OMI

is performed under strict quality control. Any
deviation is documented and must be accounted

for, either by repair, replacement, or a waiver

from the MMT. In certain areas, launch may be

permitted with equipment losses provided
they are well understood to be isolated

occurrences and not symptomatic of a generic

problem.
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8.3 Pre-Launch

LCC responsibilities include the conduct of the The launch team resides in one of the firing

countdown OMI under the OTC’s direction, | rooms of the Launch Control Center building

systems monitoring, test and checkout, recording at KSC.

any deviations, making recommendations on

system problems, and ensuring any violations

of the Launch Commit Criteria are brought to

the attention of the Launch Director.

SCOM 1.0
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Shuttle launches are complex interactive tasks

where each member of the LCC, MCC, and flight
crew performs an integral part. For purposes of

discussing responsibilities of each element,
launch activities are considered to start at flight
crew ingress into the Shuttle.

Flight Crew

The flight crew enters the orbiter about 2 hours

45 minutes before launch. Prior to ingress, final

weather and systems briefings are conducted

and the crew dons their Launch/ Entry Suits (LESs).

Ingress is accomplished with the assistance of

a suit technician and an astronaut support
person (ASP). These individuals are part of

the closeout crew who perform final Shuttle

checks on the launch pad.

Upon completion of ingress, activities are

governed by the FDF Ascent Checklist which

summarizes crew tasks from the countdown

OMI. These activities are presented in Section 5.

Crew responsibilities include responding to LCC

and MCC requests per the checklist. Emergency
procedures are discussed in Section 6.

As the launch countdown progresses, crew-

members will be asked to configure certain

systems and make various keyboard entries. This

direction will come from the OTC via

air-to-ground loops. The NTD may also

communicate with the crew via air-to-ground
loops, especially if an off-nominal situation

occurs. MCC inputs are voiced to the crew

by the CAPCOM, who also utilizes the

8. INTEGRATED OPERATIONS
8.4 Launch

air-to-ground loops. The crew normally uses air-

to-ground to respond to LCC or MCC calls during
the launch count.

The LCC has the capability to transmit to

the crew using A/G 1, A/G 2, or A/A loops.
Normally, only one loop is used at a time. The
MCC transmits simultaneously on all three

loops. Occasionally, this may result in an echo
due to different time delays. The crew should

report this phenomena to MCC since the

delays can be adjusted in real time to remove

the echo. Normally the LCC OIS 212 oop, which is
used for the direction of launch activities, will be

patched into the A/G loop for the crew to monitor.

The LCC also has the capability to talk and

listen on ICOM 1 and ICOM 2. Transmission

on these loops is restricted to a small number

of consoles in the Firing Room. If the LCC
enables a patch, ICOM conversation can be

received by the entire launch team. This patch
is normally disabled. ICOM is used only as

an emergency backup to the A/G and A/A

loops. The ICOM loops are routed through the

T-0 umbilical. A/G and A/A loops are RF

transmissions through the MILA ground station.

Weather aircraft observations may be patched
directly into one of the RF loops if necessary.
This will allow the Shuttle crew to communicate

directly with the weather aircraft crew.

Certain other consoles in the LCC have the capability
to transmit directly to the crew. These include

the Launch Director, Landing Recovery
Director, and Shuttle Operations Director.

All voice loops are continuously recorded. This

includes both ICOM loops, all 3 RF loops, and

all LCC/MCC channels.

The maximum time. the crew will remain in the

Shuttle is 5 hours 15 minutes, excluding safing
and egress time in the event of a launch scrub.

This allows 2-1/2 hours of hold time after

the earliest planned launch time.

Prior to actuation of any Shuttle switches or

controls other than those called out in the

checklist, the crew should inform the OTC. This

will prevent the LCC team from recording an

8.4-1 SCOM 1.0
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unplanned configuration change whichcould
cause a launch hold. This is particularly important

in the final minutes of the countdown.

Mission Control Center

The MCC Flight Director is responsible for

calling a launch “hold” for all problemsthat
jeopardize the ability to safely monitor and
recover the Shuttle and crew after launch. This

includes problems in:

* MCC
* Spacecraft tracking and data network

¢ Landing area facilities

* Abort landing area weather.

In addition, the Flight Director is responsible
for overall control of the MCC command uplink
capability.

Individual flight controllers are responsible
for monitoring their systems and interfacing
in real time with their counterparts in the LCC.

Launch Control Center

The LCC Launch Director is responsible for

giving the launch team the final go for launch .

A formal poll of all elements is taken by the
chairman of the MMT during a planned
countdown hold at T-9 minutes. If all elements
are go, the Launch Director is given permission
to proceed with the launch countdown.

The Launch Director is also responsible for

making a decision on weather acceptability at

the launch pad for ascent trajectory.
When the countdown clock is restarted at
T-9 minutes, all operations are under control
of a computer system called the Ground
Launch Sequencer (GLS). Shuttle systems
are automatically configured and monitored by
the GLS.

Preplanned hold points for troubleshootingare available in the final 9 minutes of the
countdown. These hold points, called GLS
milestones, allow the countdown clock to be

SCOM 1.0
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restarted without recycling back to some
previous time. GLS milestones are shown in the

table below.

[TIME TO

LAUNCH EVENT

9 min GLS sequence start

7 min 30 sec | Access arm retract

5 min APU start

4min Purge sequence 4

2min §5 sec | LOX pressurization

1 min 57 sec | LH2 terminate replenish

31 sec Go for RSLS auto sequence

If a hold command is issued between T-9

minutes and T-31 seconds, the countdown

clock will be restarted upon successful resolution

of the problem without a “go” survey made of

all elements. After T-31 seconds, only a cutoff

is available. Cutoff will result in a recycle to

T-20 minutes. Depending on launch window,
another launch attempt may be possible.

At T-31 seconds, the GLS issues a command

to the onboard GPC Redundant Set Launch

Sequencer (RSLS) software. This command,
GO FOR AUTO SEQUENCE START, enables

the RSLS to reconfigure certain onboard

systems such as the vent doors, start the main

engines, and issue the SRB ignition commands.

Throughout this period, the GLS continuously
monitors various system parameters and
will issue an automatic cutoff should the
Launch Commit Criteria be violated.

If a cutoff command is issued, the RSLS
will automatically shift control back to
the GLS. A program is then automatically
started, which safes the Shuttle systems. If
this GLS safing program does not run

automatically, then LCC controllers safe
the systems manually by issuing appropriate
commands.

Throughout the countdown, individual LCC
controllers are responsible for monitoringtheir systems and executing commands
per the countdown OMI. Any deviations
or anomalies are reported to the OTC.

Qo
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The ascent flight phase starts at SRB ignition
and continues through OMS-2 cutoff. This is

one of the most dynamic phases of a Shuttle flight.

Flight Crew

The flight crew is responsible for monitoring
vehicle performance and systems and executing
procedures on the nominal timeline. Flight crew

and MCC coordination is most critical in this

phase of flight due to the time critical nature

of most activities. General crew and MCC

coordination is discussed in Section 8.1 and 8.2.

Mission Control Center

The Flight Director is responsible for overall

direction of Shuttle flights from SRB ignition
until crew egress after landing. The Flight
Director, after analysis of the flight condition,

8. INTEGRATED OPERATIONS
8.5 Ascent

may choose to take any necessary real time

action required to ensure the safety of the crew

and Shuttle.

MCC has the prime responsibility for abort

mode determination, since the Abort Region
Determinator (ARD) program can assess Shuttle

abort capabilities inreal time. Data from

independent ground radar tracking, along with

telemetry of the current onboard state, is used in

the ARD.

Each flight controller on the MCC team has

specific responsibilities based on discipline.
For example, the Booster Officer monitors

SRB, SSME, and MPS performance and informs

the Flight Director of malfunctions and

recommended actions.

Many voice loops are used within the MCC.

All controllers have a responsibility to monitor

the Flight Director loop and air-to-ground loops,
in addition to their own internal and external

communication loops. Since the workload can

be quite high during off-nominal situations,

the crew can help by minimizing air-to-

ground calls when possible. Also, allowing time

for the MCC to formulate an action, coordinate

it among several disciplines, and transmit it

back to the crew prior to making additional

transmission will aid in MCC/crew teamwork.

8.5-1 SCOM 1.0
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The orbit flight phase starts at OMS-2 cutoff

and continues through deorbit burn ignition.
Nearly all mission objectives are accomplished
during the orbit phase.

Flight Crew

The crew is responsible for monitoring vehicle

systems and executing the nominal timeline.

Operation of primary and secondary payloads
is the major user of available time. This is the

most benign portion of a Shuttle mission in that

time is usually available to perform in-depth
troubleshooting of any malfunctions. Crews and

MCC will take advantage of the available time

to thoroughly troubleshoot malfunctions.

General crew and MCC coordination is discussed

in Sections 8.1 and 8.2.

Execution of on-orbit tasks as called out in

the Flight Plan and other FDF documents

is the responsibility of the crew. Some tasks

must be accomplished on a very strict timeline.

Deployment of a payload or experiment
operations fall into this categgry. Other

activities are not time-critical. For example,
crew exercise can be accomplished on a

not-to-interfere basis.
i

Based on preflight assignments and training,
each crewmember will have certain responsibilities.
Most crews designate backup crewmembers for

critical activities. These backup crewmembers

receive nearly all of the training that the prime
crewmember receives. This policy provides
the necessary redundancy which might be

required in the event of unforeseen circumstances

such as an injured crewmember or an unplanned
contingency. A typical list of duty assignments
is-shown in Section 8.1.

8. INTEGRATED OPERATIONS
8.6 Orbit

Mission Control Center

The MCC is responsible for onboard navigation
maintenance. Adequate navigation and maneuver

definition will be maintained onboard to provide
runway landing capability after loss of

communication. The Flight Rules specify
navigation state requirements.

Individual flight controllers monitor onboard

systems and make recommendations to the Flight
Director for any changes or reconfiguration.
In some cases, uplink commands may be used to

perform certain tasks such as antenna management
or limit changes (to prevent nuisance alarms).

The Flight Activities Officer and the Payloads
Officer are responsible for tracking the Flight
Plan and payload activities, respectively. When

there is a remote Payload Operations Control

Center (POCC), responsibility for the major
payload activity, such as Spacelab, resides with

the POCC Director. Other payloads, such as

middeck experiments, are still controlled by the

MCC Payloads Officer. Changes to the Flight
Plan, updates to the orbiter attitude and pointing,
and replanning are the responsibility of the

Flight Activities Officer.

The Integrated Communications Officer (INCO)

in the MCC is responsible for operation of the

MCC and Shuttle command system. Status of

the communications link and the command

system is included in this responsibility. The

INCO is the designated control point and

representative of the Flight Director for approval
of all types of commands, including those sent

to payloads. With the exception ‘of routine

communications systems commands and non-

hazardous commands, most command uplinks

directly affect the systems being used by the

flight crew for control of the orbiter or payload.
To ensure that the flight crew has current

Shuttle and payload system status, should

communications be lost, MCC has a responsi-
bility to inform the flight crew when command

uplinks are transmitted. Typically, several

hundred commands are sent during each mission.

The majority of these are transparent to the crew

and do not require coordination.

8.6-1
SCOM 1.0
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The second dynamic phase of a Shuttle mission

is entry. For purposes of discussing team

responsibilities, entry activities are considered

to start at deorbit burn ignition and continue

through rollout.

Flight Crew

The crew is responsible for monitoring vehicle

trajectory and systems and execution of the

nominal timeline. The pace of activities during
entry is generally not as severe as that

experienced during ascent until the beginning
of TAEM. Depending on inclination and

altitude, communication with MCC may
not be available for the deorbit burn and

part of entry. Crews should be mentally
prepared to carry out mission activities

without MCC assistance during the deorbit
burn and early portion of entry.

Crew duty assignments during entry are similar

to those for ascent. General crew coordination

and working with MCC are discussed in Sections

8.1 and 8.2.

8. INTEGRATED OPERATIONS
87 Entry

Mission Control Center

MCC has the prime Tesponsibility for deorbit
burn targets. Factors in the selection include
Shuttle systems status, consumables, c.g.
control, weather, and other landing site
information. Although the crew has onboard

capability to generate deorbit targets in
an emergency, the MCC team, with their
extensive capability, will normally calculate
and uplink planned targets.

Upon completion of the deorbit burn, MCC is

tesponsible for monitoring the entry trajectory
and status of the onboard systems. Should a

malfunction occur and be confirmed by the

MCC, the crew is expected to work the

appropriate cue card or pocket checklist

procedure with no further direction. Activities
outside the published procedures will be

requested by the MCC.

If the trajectory diverges and approaches
energy limits, the Flight Dynamics Officer
will perform a GCA. Procedures are discussed
in Section 7.

The communication workload during entry
is similar to ascent with numerous loops
in use. The crew can help to simplify the process

by minimizing air-to-ground calls and

allowing time for the MCC to develop a

coordinated decision.
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Postlanding activities start at completion of

rollout and continue through crew egress. The

LCC and convoy commander have certain

responsibilities during this phase.

Flight Crew

After wheels stop, crew activities are controlled

by the FDF Entry Checklist which summarizes

crew procedures from the post landing OMI.

Normal activities include Shuttle safing
and systems reconfiguration for extended power

up. These are described in Section 5, Normal

Procedures.

The crew responds to MCC requests for activities

outside the normal procedures. For example, certain

reconfiguration procedures might be modified

due to previous systems failures.

Communications with the convoy commander

are established shortly after wheels stop. The

convoy commander controls post landing
activities in the vicinity of the Shuttle and can

pass information on hazardous situations to the

flight crew.

8. INTEGRATED OPERATIONS
8.8 Post Landing

Mission Control Center

The MCC retains responsibility for orbiter

systems until crew egress or ground support
equipment (GSE) cooling activation, whichever
occurs later. At this time the Flight Director
hands over control to the Ground Operations
Manager (GOM). Should MCC voice and

telemetry be lost, or if an emergency crew egress
is required, handover to the GOM will be

accomplished ASAP.

While the MCC is controlling ground operations,
flight controllers are responsible for monitoring their

systems and interfacing in real time with their

counterparts in the LCC.

Launch Control Center

Until handover, the LCC monitors the progress
of Shuttle safing and reconfiguration. LCC data

monitoring is available to the GOM if loss of

MCC system insight and communications

capability occurs. In this case, handover will

occur ASAP in order for normal post landing
operations to continue. Should LCC monitoring
capability be lost, the MCC will continue to

support until LCC capability is regained or the

Shuttle is powered down.

Once handover is complete, the GOM and

OTC have responsibility for all Shuttle activities.

The OTC coordinates completion of post landing
procedures and preparation for turnaround

operations.
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9. PERFORMANCE

This section contains information regarding the

performance capability of the Space Shuttle during
ascent, on orbit, and during entry (El to wheels

stop). Some performance related material is also
included. The information presented is accurate

but is usually derived from representative 28.5 and
57 degree missions. It is not intended for mission

planning. The information is presented only for
the purpose of broadening the crew’s fundamental

understanding of the vehicle’s performance
capabilities during each flight phase under the stated
conditions. Mission specific questions or requests
for more detailed explanations should be referred
to the appropriate Flight Design and Dynamics
Division (DM) personnel.
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Payload

The graphs below indicate the maximum

weight payload that can be launched to a particular
circular orbit with a 28.5 or 57 degree inclination.
Also shown is the higher altitude capability
of a direct insertion versus standard insertion
mission profile, as well as the performance
increase available using 109 percent versus

104 percent main engine power.
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Squatcheloids
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Main Engines

Prior to each mission, after

day-of-launch winds and propellant
loadings are known, the main

engine propellant at MECO is

calculated (including dispersions).
The Space Shuttle Program flight
performance reserve (FPR) is the

difference between propellant
loaded and propellant required
for the ascent profile. The FPR

normally used for mission

planning is 4652 Ibs. The FPR

must be positive when recalculated

on launch day using measured

wind data.

9. PERFORMANCE
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The chart below shows the difference between

planned and actual MPS propellant usage for several

Shuttle missions.
:
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Main Engine Actual vs. Predicted Performance

One percent MPS propellant is approximately equal
to 15,310 Ibs of LO2/LH2.

Altitude, Velocity, and Dynamic Pressure

The following three charts depict ascent altitude,

velocity, and dynamic pressure as a function of MET

for actual 28.5 and 57 degree missions.
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MECO Targets

The direct insertion MECO target line charts

depict the inertial velocity and inertial flight path
angle required for various apogee altitudes for

28.5 and 57 degree missions.
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ET Impact

The following map shows the projected ET impact
areas for 28.5 and 57 degree (<190 and >190 nm)

standard and direct insertion missions given

nominal performance and a nominal ET separation.
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Abort Mode Boundaries

Abort Mode Boundary charts are computed for

each mission depicting the abort options available

from launch until MECO. Two TAL site capability
is required (three preferred), and no abort gaps

9. PERFORMANCE
9.1 Ascent

are permitted for single engine out contingencies.
The MET/inertial velocity on the left of each
abort bar gives the earliest time and velocity
possible for the successful use of that abort
mode. The-MET/inertial velocity on the right of
the bars indicates the last opportunity for that

mode.
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4:07/0150(p40psus
‘ac SE/40015940 4/1095Ipsu's

PRESS TO MECO

5:17/11080fpx800ipsvie MECOR3426087ine
posit riiitiaiiitisiiitiiiis

5 6 7 8 9

MISSION ELAPSED TIME, MET (MIN)

TypicalAbort Mode Boundaries — 57 Degree Mission

9.1-9 SCOM

November 1991



9. PERFORMANCE

9.1 Ascent

will guarantee the minimum orbital lifetime is a

ini
F function of apogee and the delta time to the next éeen gee ee prime deorbit opportunity. Reference Flight Rule

nee
:

7
faa ;

4-51 for more details. The following chart shows |
i WeOe pee ee

Somatcea approximate time on orbit versus apogee and |

Mission Control willinsure that the vehiclehas perigee forlow inclination eeerion:
|

sufficient orbital lifetime. The lowest perigee that

130 —

ORBIT GEOMETRY

et: INCLINATION 28.5 degrees

Il e

ENTRY INTERFACE: 400,000 feet

7

MODELS

ATMOSPHERE:MODIFIED JACCHIA 1970

120 GEOPOTENTIAL GEM 10 TRUNCATED 7X7

DRAG CONSTANT AREA, Cde2, K-factor=1.3

SOLAR FLUX (10.7 em): 240-22 watts/square meter/hz

GEOMAGNETIC INDEX: 4.0

VEHICLE DESCRIPTION

ata WEIGHT 200,000 pounds
FRONTAL AREA 2500 square fest, nominal, inertial hold

7 ‘SOFTWARE

sston Operations Predict (HOPE) Version 2.6

zI Apogee and perigee aXitudes maich the MCC Vector Compare output

100

ee TIME TO El (HRS)

2 24 Hour Stay (72)

o 12 Hour Stay (60)

w
Commit to Planned Deorbit (48)

é
12 Hour Stay (No Backup Deorbit) (36)

he
Commit to Deorbit (24)
12 Hours to Entry interface (12)

VELLLELALL ERA EL LEXA:

80 100 150 200 250 uo
APOGEE (NM)

Minimum SafeHP vs. HA

scoM ,.|9.1-10November 1991



9.2 ORBIT

CONTENTS

Drag) Sica eee ee Se 9.2-1

MOTO stececissesttctstcsasvestrcsctent seater cae 9.2-1

Rerturbationsniccxcnceacwet-cminsiatck 9.2-1

OMS/ RESIS REL Ae aT ZO: 9.2-2

Drag

Aerodynamic drag is a factor that must be

considered when planning on-orbit performance
capabilities. This is taken into account by Mission

Control in evaluating orbital lifetime. The following
chart indicates the incremental velocities required
to maintain a specified orbit during a 24 hr period.
Notice that the velocity requirement is approaching
0 at 160 nm (nominal orbital altitude).

ORBITAL ALTITUDE (NM)

ae

ge 8
é £

©
onenst we

Cp AVERAGE= 18
°

g WEIGHT = 180,000LBS
petal VELOCITY = 26,000FPS
£
5
2
°

co T T T T T T 1

° 10 ~ w» 40 sD 6 7

INCREMENTAL VELOCITY REQUIRED TO MAINTAIN ORBIT

(FPSPER24HRS)

Aerodynamic Drag EffectOn Orbital VelocityChart

Period

As orbital altitude increases, the time it takes the

Space Shuttle to complete a full orbit also increases

independent of inclination. The following chart

plots these approximate times (orbital periods) for

various orbital altitudes.

9. PERFORMANCE
9.2 Orbit

ORBITAL
ALT
(NM)

ORBITAL PERIOD (MIN)

Orbital Period vs. Altitude

Perturbations

While each orbital period takes approximately
87 - 96 minutes, the Earth has completed a fraction

ofits full 360degreerotation per day. That fractional

portion will cause subsequent groundtracks to be

displaced westward an equivalent amount based

on this simple formula:

Westward

Displacement

360deg X thr Xperiodmin = deg

24 hr 60 min 1 orbit 1 orbit

Given an 87 to 96 minute range of periods, each

successive orbit will be displaced 21.75 to 24 degrees
West with about 22.5 degrees nominal (160 nm

orbit).

9.2-1 SCOM 1.0
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9. PERFORMANCE
9.2 Orbit

If the orbiter’s track were influenced only by
the period of the orbit, at the end of the 16th

orbit (90 minute period) the track would

be expected to go directly over the launch site.

This does not occur due to another force

influencing the orbit. Nodal regression will

shift the track approximately 7.5 degrees west

(for a 28.5 degree X 160 nm orbit) each 24 hr.

This force on the vehicle is caused by the

gravitational impact of the equatorial bulge. The

chart below depicts the nodal regression for

various low Earth orbits. It can be seen that higher
orbital altitudes and inclinations diminish the

amount of the perturbation.

ALTITUDE (NM)

SOLAR
DAY

ER
MEAN

ORBITAL INCLINATION (DEG)

Nodal Regression

SCOM 1.01

November 1991

OMS/RCS

On orbit, the vehicle’s performance capability is

dictated by the amount of usable OMS/RCS

propellant minus that amount required for deorbit,

entry, and reserve. This performance capability
can be maximized by using the most efficient burns

possiblé for mission accomplishment and attitude/

altitude control. The charts on the next page provide
a convenient “quick look” method for determining
the performance penalty for OMS/RCS use.

9.2-2



9. PERFORMANCE
9.2 Orbit

1% OMS = 130 Ibs propellant AVERAGE ORBITER ACCELERATION (FT/SEC2) |
RCS ‘OMS.

1% RCS = 22 Ibspropellant on mx -x]ay az 9

WEIGHTHIGH| NORM]NORM]NORMHIGH| NORM)LOW| HIGH| NOAM!TWOONE(1000LB) 1 2 1.2 12 2 1,2 z 3 1,2 | ENG | ENG

180 | 0.61 | 0.31} 0.32} 0.22} 1.29] 0.43) 0.05 | 0.98] 0.61| 2.14] 1.07
200 }0.55 | 0.28] 0.29] 0.20] 1.16] 0.39] 0.05 | 0.88] 0.55] 1.93] 0.97
220 | 0.50} 0.25} 0.26] 0.18] 1.06] 0.35] 0.04 | 0.80] 0.50) 1.75] 0.88
240 | 0.46 | 0.23] 0.24] 0.17| 0.99] 0.33] 0.04 | 0.72] 0.46| 1.60] 0.80
260_|.0.42 | 0.21] 0.22} 0.16] 0.94] 0.32] 0.04 | 0.65] 0.42] 1.48| 0.74

DAP CODE 1 = TRANSITION 2=ONORBIT 3=ET SEP ONLY

PROPELLANT USAGE TO START, MAINTAIN,
AND STOP A 115 DEGREE

ROTATION MANEUVER (LB)
AVERAGE ORBITER ACCELERATION

(DE@SEC 2) ROTATION |__ROLL PITCH YAW AXIS

RATE

ROTATION | nora
|_LOWPRCS

JETS _| (DeGSsEC) | Fwo| AFT | Fwo| at | Fwo| art | pwo] apr
YiMANeUVER! | bacon [EW MAETIS| EYACS

vacs} 02 | 1.4] 5.7| 20] esli6 | 83] 20] 96
+Roll | 0.923 0.021 PRCS| 0.2 | 10.3) 23.9] 13.1] 28.3|9.0 |20.3] 8.8| 20.2
+Pitch | 1.230] 0.696 | 0.534 | 0.019 PRCS| 05 8.2] 20.7] 10.0] 19.4] 10.2] 21.0]10.6] 18.2
—Pitch | 0.851| 0.478 | 0.373} 0.008 PRcs| 1.0 6.8] 23.7 | 12.9] 22.4] 13.2] 24.1|16.5| 26.9

+Yaw | 0.703] 0.449| 0.242| 0.014 PRCS| 2.0 6.4] 34.2| 22.0] 32.7] 21.0] 36.6 |30.2| 45.5

PROPELLANT USAGE FOR TRANSLATION MANEUVERS (LB/FPS)

RCS

ORBITER C.G. SHIFT +X ~X Y xz + Z(LOW) ss
FOR OMS/RCS USAGE CARTER

=

INCHES/100LB (1000LB)| FWD } AFT | Fwo | AFT | FWD | AFT | FwO | AFT | FwO | ArT | FWD | art | OMS

x 0.2 | 0.5 | 20.8] 19.6 | 4.1 | 86 | 252] 7.5 | 12.5 | 140.0]117.0| 10.5 | 18.9] 17.9
0:21 28.0: 0.2 | 0.5 | 23.1) 21.8] 5.1 | 9.3 | 27.4] 8.1 | 14.1 | 159.0/132.0] 11.3 | 21.2] 19.8

FRCS| -0.36| 0 05 | 05 | 25.4] 24.0 | 6.1 | 10.0] 29.6} 8.7 | 15.7 | 178.0|147.0| 12.1 | 23.5 | 21.8

ARCS} +0.11 | 0.04 1.0 | 05 | 27.7| 26.2 | 7.1 | 10.7] 31.8] 9.3 | 17.3 | 197.0]162.0| 12.9] 25.8 | 23.8

OMS| +0.13 | 0.04 2.0 | 0.5 | 30.0] 28.4 | 81 | 11.4] 34.0| 9.9 | 18.9} 216.0]177.0] 13.7 | 26.1 | 25.8

PRIMARY ACS THRUSTERS PROPELLANT USAGE (LB/HOUR)

{ATTITUDE DEADBANDS «=3.5 DEG/AXIS)

100NM 120NM 150NM 200NM 300NM
|ORBITER

onientaTion | Fwo | art | Fwo | art | pao | art | pwo | art | pwo | art |

ad a

X-popinertial| 10.5 | 20.2] 10.2 | 19.8] 9.8] 19.3] 9.3] 186] 88 18.0|Y-popinertial| 11.0] 24.0] 10.2 | 19.9] 9.4] 17.7] 84] 15.7] 7.6 | 14.6|

al a my Z-popinertial| 8.6| 21.0] 8.6] 20.2] 86/193] 86/185] 86 | 18.0 |
+X X-pop-ZiV} 9.8] 21.2] 9.3] 20.8] 684/204) 7.3| 198] 6.0 | 19.0

Y-pop-2-LV| 10.3| 18.0] 10.1 | 17.8] 98/175} 95] 17.1] 9.1 | 165

-Xsolinertial| 10.4 | 20.8] 10.4 | 20.4] 10.4] 19.9] 10.4] 19.4] 10.4 19.0|

g -Zsol inertial| 10.0} 19.9] 10.0 | 19.9] 10.0] 19.9] 10.0] 19.9/10.0 | 19.9

X-PSLPTC | 9.3] 19.0] 9.3} 19.0] 9.3] 19.0] 9.3| 19.0] 93 | 19.0

‘2
VERNIER RCS THRUSTERS PROPELLANT USAGE (LB/HOUR)

v (ATTITUDE DEADBANDS « 1.0 DEG/AXIS)

100NM 120NM 150NM 200NM 300NM

ORBITER

ORIENTATIONFwo AFTFWD AFTFWD AFT FWwo AFTFwo AFT

X-popinertial]3.0 | 11.6] 1.5 | 57] 09 | 38] 07 | 3.0] 06 | 28

Y-popinertial}1.9} 6.3] 1.6 | 4.7] 1.5 | 4.5] 1.4 | 4.3] 1.3 [39
THRUST} PROP | PROP

SPECIFIC] PER | FLOW |MIXTURE Z-pop inertial} 29 |11.5] 20] 81] 16 | 68/15 | 65] 14 | 59

IMPULSE | ENGINE | RATE | RATIO X—pop-Z-1AV] 4.1] 13.3] 1.6 | 5.1] 0.7 | 1.3] 04 | 06 | 04 | 04

ENGINE | (SEC) (LB) (LB/SEC) | (OX/FU) Y-pop-Z1V/ 0.5 | 1.0] 0.5 | 08] 05 | 07] 05 | 06 | 05 | 05

Oms | 313.2 | 6000 | 19.16 | 1.65 -X solinertial| 2.9 | 10.6] 2.2 | 7.7 | 1.8 | 67] 1.8 | 65] 1.8 | 61

PRCS | 280.0 870 3.41 1.60 —Zsolinertal | 3.6 | 88] 26 | 55 | 23 | 48] 22 | 4.7 | 22 | 45

VRCS | 265.0 24 | 0.09 | 1.60 X-PSLPTC | 5.6 |10.9| 4.8 | 7.2 | 42 | 4.9 | 38 | 3.4 | 4.3 | 3.6

OMS/RCS Estimated Performance

9.2-3 SCOM 1.0
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9.3 ENTRY
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Downrange/Crossrange

TAL, emergency deorbit, or a waveoff to the

secondary landing site can result in mission critical

assessments of the orbiter’s downrange and

crossrange capabilities. Once the orbiter has

committed to its descent, only a carefully flown

profile can put it on the runway safely.

The orbiter begins entry at EI (400,000 ft) on average
4,176 nm from the landing site. Given a crossrange
situation of about 500 nm (414 nm being the

average), the vehicle has the ability to stretch that

descent approximately 800 nm downrange by
minimizing bank angle. TPS thermal constraints

prevent the use of lower AOAs. The orbiter remains

in the equilibrium glide phase longer, likely
bypassing the constant drag phase altogether. If

the crossrange requirement is reduced below this

arbitrary (but realistic) number, the downrange can

be increased slightly.

The downrange can be reduced by approximately
1,100 nm (again given a 500 nm crossrange) by flying
at higher bank angles. This results in higher
temperatures on the TPS as the vehicle descends

more quickly into the atmosphere. TPS thermal

constraints are the initial limiting factor in this

profile. As the vehicle descends into denser air,

downrange capability is limited by “g’”(~ Mach 16)

and eventually q-bar (~ Mach 5).

9. PERFORMANCE
9.3 Entry

In the event of an emergency deorbit, the orbiter’s

crossrange capability becomes a significant factor.
The following charts list the disperse and

undispersed crossrange limits for 28.5 and 57 degree
mussions at the stated entry weights. The dispersed
crossrange limits protect for 3 sigma entry
dispersions. However, for an emergency deorbit,
the crew could deorbit to a landing site that is within
the undispersed crossrange limit if there were no

site within the dispersed limit.

APPROACH =| RANGE Dispersed
PIBESHONae

CrossrangeLimits
Ascending, left 753 28.5 Degree,
Descending, left | 753 160 nm Orbit, 197 k Ib

APPROACH —_|RANGE Undispersed
DIRECTIONNM

Crossrange Limits
Ascending, left 815 28.5Degree,

|Descending,left 815 | 160 nm Orbit, 197kIb

APPROACH | RANGE

DIRECTION _|_NM

Dierersed
paconcina lela 774

Crossrange Limits
Ascending, nght 828 57Degree,
Descending, left 781

Descending, nght} 818

160 nm Orbit, 217 k lb

RANGE
|

APPROACH

DIRECTIONNM Undispersed
Ascending, left 850 | Crossrange Limits

Ascending, right | 904 57 Degree,
Descending, left 857

Descending, right} 894

160 nm Orbit, 217 k lb

Trajectory

The following chart plots nominal performance in

terms of altitude, V,,,, q-bar, flight path angle, g,

and alpha against time from EI.

9.3-1 SCOM 1.0
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9, PERFORMANCE

9.3 Entry

TRAJECTORY NO. 14458.4 9

(MISSION 38)

600 60 60 24 60 8
500 50 50 20 50

400 40
1.6 40

ALTITUDERELATIVEDYNAMIC TOTAL ANGLE OF

h a0 |. VELOCITY go | PRESSURE 12 LOAD go ATTACK

~1000 FT Vrev a FACTOR, a

G
~ DEGREES

B00
ene

wn)
Sa 08 20

100 10 04 10

eal ° L ° 0

© 400 800 120016002000
TIME FROM ENTRY (400,000 FT)

1 ~SECONDS

Orbiter Entry Trajectory

Entry History

The following table lists flight history performance
and performance related data for the first 43 Space
ohuttle missions.

oe

9.3-2 . ‘
November 1991
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9. PERFORMANCE
9.3 Entry

ENTRY INTERFACE

inst.TERM. AREA ENERGY MGMT APPROACH AND LANOING

FUGHT MAX MA ROU | INTER. MAX INTER. VEL (KEAS)iss. ORB PATH cross} Loap | byw REV Face | Loa | byw. Face | GUDE
SEO. | STS ] ORB. INCUALTWT |VELOCITY | ANGLE | RANGE | RANGE | FACTOR |PRESS | VEL | RANGE|FACTOR| PREsS.| ALT |sLoPE OVER
NO. | NO. ow (DEGHM)(KLB)] (FPS) (DEG) (NM) deal (9) (PSF) (FPS) (nM (9) (PSF) (FT) | (DEG) | MAX | THLD

1 1 102 | 40/145 197 | 25,731 1.19 | 4,372 228 1.60 217 18,31058.9 1.70 286 10,000 | 20 315 | 250

2 2 102 | 38/137 207 | 25,726 | -1.17 | 4,474 63 1.61 215 20,297 59.7 1.93 280 5,000 19 276 | 206

3 3 102 | 38/128 208 | 25.650 | 1.13 | 4,136 276 1.62 220 17,784 58.1 1.54 205 10,000 19 302 | 232

4 4 102 | 28.5/160 211 | 25,797 | -1.26 | 3,817 581 17 241 11,461 594 1.46 278 10,000 19 | 295 | 215

5 5 102 | 28.5/160 204 | 25.758 | -1.24 | 4,036 580 1.59 219 11,39759.8 1.59 280 10,000 19 208 216

6 |6_| 099 | 28.5159 191 | 25,755_| -1.24 | 4,045 |_378| 1.53 | 207_|15,808 | 59.9 | 141 | 257 | 10,000] 19 | 293 | 213

wh 7 099 | 28.5/160 205 | 25,771 -1.25 | 4,040 738 1.59 220 7,143 59.6 1.65 305 8.834 19 295 | 232

8 8 099 | 28.5/160 205 | 25.649 | -1.12 | 4,037 519 1.54 223 12,90058.9 1.56 281 5.000 19 309 | 226

9 s 102 | 57/135 221 | 25,069 | -1.18 | 4,349 6 1.60 243 21,581 59.9 1.52 280 10,000 | 17 295 | 203

10 | 41B 28.5/165 203 | 25,752 | -1.20 | 4,137 524 1.57 220 12,957504 1.59 289 10,000 | 19 292 | 218

11_| 41C | 099 | 28.5190 x 250} 198 | 25.098 | -1.52 | 4,089 381 1.54 216 16,206504 1.43 233 10,000 | 19 | 313 | 24

12_| 41D | 103 | 28.5160 203 | 25,776 | -1.26 | 4,112 474 1.54 206 14,072 60.0 142 265 10,000 19 | 209 | 227

13_ | 41G | 099 | 57/190 204 | 25.684 | -1.12 | 4,306 614 1.54 241 11,827 62 1.40 285 10,000 19 296 | 216

14_| S1A | 103 | 28.5/160 200 | 25.869 | -1.35 | 4,141 486 1.56 225 14,063 60.5 1.46 285 10,000 19 209 | 217

15_| 51C} 103 | 28.5/185 197 | 25,855 | ~1.32 | 4,144 380 1.54 211.8 | 16,118 60.1 1.50 281 10,000 19_| 293 | 223

16 | 51D | 103 | 28.5/245 x 160] 200| 25,955 | -1.45 | 4,064 518 1.59 211.1 | 13,873 60.9 1.40 204 10,000 | 19 301 | 215

17_| 518 | 099 | 57/109 214 | 25,857 | -1.26 | 4.264 274 1.87 241.6 | 18,500 59.1 1.50 282 10,000 | 19 00 | 219

18 51G | 103 | 28.5/190 206 | 25.850 | -1.% | 4,050 694 1.58 217.7 8,680 59.3 1.60 218 5,000 19 301 -

19 | SIF | 099 | 50/106 x 170 218 | 25.813 | -1.19 | 4,221 603 1.58 235.6 | 11,537 59.7 1.56 290 10,000 19 06 | 244

20 =| 51! _| 103 | 28.5190 108 | 25,829 | -1.31 | 4,004 692 1.58 215.3 | 8.626 50.7 1.56 274 10,000 19 307 | 206

21 51J | 104 | 26.5/254 192 | 26,023 | -1.55 | 3,986} 432 1.54 =_ =_ =_ 18 312 5.000 19 296 | —

22 | 61A | 099 | 57/175 215 | 25.830 | -1.19 | 4,345 6s 1.55 241 22,257 50.8 1.3 319 10,000 | 19 303 } 231

23_| 618 | 104 | 28.5190 206 | 24,82 | -1.35 | 4.106 | 533 | 1.54 | 232 |13.172 | 50.1 | 14 | 286 | 10.000| 19 | 293 | 224

24 | 61C | 102 | 28.5175 211 | 25,615 | -1.31) | 4,154 661 1.56 224 9,480 58.2 1.43 232 10,000 19 311 | 233

25_| si _|099 = -| - -|- -|- |- = = = |= = |- |-|-

26 | 26 103 | 28.5/160 194 | 25,790 | -1.25 | 4,117 383 1.66 203 15,774 60.0 1.3 288 10,000 19 297 | 219 |

27 | 27 104 | 57/240 192 | 25,121 -1.50 | 4,220 520 1.61 206 14,564.6| 60.2 14 2o4 10,000 19 297 | 211 |

28 | 26 | 103 | 28.5/160 195 | 25,787 | 1.23 | 4,163 | 384 | 1.5¢ | 207 | 15.852 | 60.1 | 1.6 | 287 | 10,000] 19 | 307] 218
|

20 | 20 104 | 28.85/160 193 | 25.768 | -1.22 | 4,155 350 1.56 207 16,45260.08 287 9,957 19 295 | 206

wo |x 102 | 57/160 201 | 25.803 | -1.11 | 4.332 186 1.54 213 19,49458.8 1.6 295 10,000 | 19 299 | 224

31 a 104 | 34.3160 196 | 25,784 1.19 | 4,156 496 1.54 219 13,65360.1 1.7 286 10,000 | 19 305 | 220

Ka <<) 103 | 28.5902 x 126] 195 | 25.908 | -148 4,068226 1,52 215 16,988 60.2 1.5 301 10,000 | 19 300 | 211

3a_|32_| 102 | 20.5175 290 | 26.823 | -1.25 | 4.317 | 372-| 162 | 253 | 16.203 | 5a8 | 1.7 | 295 | 10,000] 17 _| 300 | 230

uw |e 104 | 62/115x 132 168 | 25,713 | -1.18 | 4,338 255 1.57 204 18,52059.5 19 325 5,000 19 298 | 218

35 131 103 } 28.5330 190 | 26,120 | -1.61 | 4,121 420 1.60 205 15,905,602 1.54 279 10,000 19 299 | 194

mw14 103 | 28.45/160 198 | 25,762 | -1.20 | 4,147 492 — 212.7 | 13,639 60.0 1.67 201 9,777, 19 306 | 224

37_| 38 104 | 28.5/115 x 142] 191 | 25.729 | -1.16 | 4,146 3 1.57 207 20,816 60.3 142 273 9,819 m 301 | 218

35 102 | 28.45/190 226 | 25,858 | ~1.32 | 4,266 426 1,58 245.8 | 15,406 50.15] 1.50 278 8,052 17 300 | 217

39_|37_| 104 | 2.57243 191 | 24.612 | -1.40 | 4,175 | 375 | 1.67 _|205 | 16.455 | 500 | 1.66 | 276 | 5,048 | 19 | 288 | 161

40 | 39 103 | 57/140 212 | 25,765 | -1.06 | 4,502 616 1.57 246.5 | 11,543 60.2 1.50 205 9,862 19 302 | 222.1

4) 40 102 | 39/146 x 157 228 | 26,772 | -1.23 | 4,339 211 1.56 245.4 | 18,904 58.9 1.70 208 10,014 17 311 | 2186

42 | 43 | 104 | 28.5160 TBS 1.40 | 204 9813} 18 | 295 | TBS

43 | 48 | 103 | s7res2 Tes w| 150 | 206 | oos6|] 19 | 207] TBS

Orbiter Entry Trajectory
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9. PERFORMANCE
9.3 Entry

ACTUAL

Entry,CS ere
PREDICTED | FLIGHT

ARCS ARCS PTI

Typically, the orbiter deorbits with USAGE. | USAGE | PERCENT| ARCS/

approximately 50 percent aft RCS (ARCS) [FLT [INCLINATION] (LB) (LB) | AFRCS | FRCS

propellant in each pod (~ 1,100 Ibs). RCS
ia 25 827.4 1340 30 | ARCS

propellant use during entry averages about 13 ech a aan 1095 25 | ARCS

percent (600 Ibs) of full ARCS tanks. Certain
@ oe vane ae 19 | FRCS

missions are selected to conduct Program Test
3

a . anae on |laaes

Inputs (PTIs) which are modifications to flight 35 28.5 be
control software to collect entry performance | 37} 285 876.9 1240 eo ce

data. In addition to nominal RCS use, other jet 39 57 846.9 1070 24 | ARCS

firings are used to collect RCS PTI data orto
|

40 39 756.1 870 20 | ARCS

correct for aerosurface PTIs. Missions
|

43 28.5 441.6 1020 23 | FRCS

conducting PTIs will typically use in excess of 48 57 405.4 553 13 | FRCS

23 percent (1,000 Ibs) of full ARCS tanks

during entry. The chart on the right shows the

predicted ARCS usage and the actual flight
usage for selected missions. Analysis of actual

versus predicted use is underway.

Rollout/Braking

The design rollout chart depicts a nominal

ouchdown to wheels stop profile for a 15 k ft
runw ay.

DESIGN PROFILE FOR A 15000 FT RUNWAY

BOLLOUTPHASES (1) ALL RUNWAYS WITH ALL

SYSTEMS UP
DEROTATION | COASTING (2) NOBARRIER WITHEITHER

NO NOSEWHEEL STEERING

OR ONLY 50% BRAKING

MINIMUM
cot

140 ‘warcn195 180 160 KGS KGS

KEAS KEAS —_KEAS BEGIN WHEELS
REQUIRED

BARRIER
THRESHOLD —WOWLON DEROTATEWONG BRAKING STOP

eR

RUN 1000 2500 ~ 4000 ~6000 7500
int (ar FT FT FT FT

NOMINAL. LOAD NO
™! RELIEF BRAKING

MINIMUM TARGET BEGIN BEFORE BRAKING

.

To ACTIVEMID IFV>
Dey

IARGIN NWS FIELDREQUIRED
oa

DesignRollout Phases
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9. PERFORMANCE
9.3 Entry

The following chart depicts the rollout distances
and brake energies required to stop a 207 k Ib

orbiter using different touchdown and “brake on”

speeds.

BRAKE
ENERGY
PER
BRAKE
(FT-LB)

70 Vqp = 225hs Vip = 240ks

60

Oneap energyEmit

Yao - 180kts....

sf A

40

30 Fiveatopenergytit
i

a
i

i i: Vehicie gross weight = 207,000b

zi time

i

3 i

Vip = velocity at touchdown (225 « tire ima) +~

+

Vgo = velocity at “brakes on*

10

6 i 8 9 10 W

ROLLOUT DISTANCE FROM TOUCHDOWN (KkFT)

Rollout Distance/Brake Energy

The following chart depicts the increase in landing
rollout for three levels of diminished braking.

Brakes onat140kgs Fightrulesdefine50%lossinbraking

Sealevel to be50%lossin braketorque
20 5

10 kTaitwind
= Ok

g Ale
10 k Headwing

z
eS
z

2
3

Loss of Braking

3 08

z

2
2
z
2

WEIGHT (1000 LB)
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9, PERFORMANCE
9.3 Entry

Although the data are still being reduced and

analyzed, some general comments can be

made about the impact of the new drag chute

(STS 49, OV 105). The 40 ft partially reefed chute

deployed 75 ft behind the lower trailing edge of

the vertical tail can reduce the orbiter’s stopping
distance 2.5 k to 3.5 k ft. It will provide increased

directional control with two blown tires (NWS

engaged) and in the absence of NWS will greatly
reduce the speed at which the vehicle departs
the runway. It also will significantly reduces

the speed at which a heavy weight orbiter engages
the barrier at a TAL site.

The new structural carbon brakes, while not

dramatically reducing the braking distance (300 to

500 ft), will substantially improve the energy

absorption capability over the beryllium/carbon
brakes. Vibration induced brake damage and heat

damage (including heat induced blown tires) should

be virtually eliminated. All four orbiters are now

equipped with structural carbon brakes.

Rollout History

The table on the next page reflects the landing
environment and the orbiters’ performance from

main gear touchdown to wheels stop for the first 43

Shuttle missions.

SCOM

November 1991
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9. PERFORMANCE
:

9.3 Entry

Art Nose DISTANCE FROMTHRESHOLD(FT) TOTAL oulfy mean/| cross} aan | wan | aean | no wan | NOSE

14 TAK | wino | ToucH | GEAR | ToucH | prtch | Braxes| GEAR | GEAR

r ) Fur sts WIND | [L+.A{ | DOWN ‘sink DOWN (DE@ oN TOUCH | TOUCH |BRAKES /ROLLOUT) ROLLOUT] RUNWAY
‘NO. NO. n (KTS) (KTS)(KEAS)(FPS) (KEAS)SEC) (K@s) | DOWN DOWN ON STOR (FT) (SEC) mo

1 1 102 0.0 0.0 183.4 8&8 147.5 48 105.0 6,053 9,152 | 12,025 | 15,046 | 8,993 60.0 |EOW23-L

2 2 102 16.4 74 194.3 1,0 145.6 44 109.0 780 4429 5,780 8.49) 7711 50.0 |EOW23-L

3 3 102 10.9 7.0 224.1 5.7 175.0 -72 149.0 1,092 6,261 8.159 | 14,829 | 13,737 84.0 _|NOR17-L

4 4 102 12.0 04 200.1 2.0 164.9 -32 133.2 948 4,988 7,839 | 10,626 | 9,878 6&0 |EDW22-C

§ 5 102 14 “14 199.0 1.0 1734 40 167.0 1,637 4,875 5,286 11,1809,553 63.0 |EDW22-cC

6 6 099 15.9 85 194.0 2.0 _ 34 136.0 2,026 4,972 5,072 | 19,206 | 7,180 49.0 |EDW22-C

a 7 os9 6.5 -27 206.0 2.5 161.5 44 124.5 2.726 6,843 7,040 | 13,176 | 10,540 75.0 |EOW17-L

8 8 5.3 28 194.4 1.6 165.0 37 154.3 2,793 5,515 7403 | 12,164 | 9,371 50.0 |EDW22-C

9 9 102 -3.0 0.0 185.0 25 139.0 8.5 126.0 1,649 5,897 6,749 | 10,105 | 8.456 53.0 |EDW17-L

wo | 418 | 099 | -23 1.9 | 195.0 | 20 | 154.0 | -74 | 196.0 | 1,922 | 5,703 | 7,448 | 12,737 | 10,815 | 67.0 |Ksc1s—c

W 41C 099 0.0 0.0 214.0 2.0 134.0 4.0 110.0 1,912 7,167 8,538 | 10,628 | 8,716 48.0 |EOW 17-L

12 410 103 3.5 -2.0 199.1 2.0 155.1 48 106.5 2,510 6.713 | 10,018 | 12,780 | 10,270 60.0 |EDW17-L

13 41G 099 79 14 2174 1.8 166.9 26 113.0 959 5,505 8,986 | 11,592 | 10,633 59.0 |KSC33-C

4 SIA 103 -5.0 0.0 189.5 2.0 153.0 4.0 141.6 2.718 6,370 7,550 | 12.179 | 9.461 $8.0 }KSC15-C |
15 51C 103 7.9 -14 186.0 0.7 145.8 -34 116.7 2.753 §,752 7,677 | 10,105 | 7,352 $0.0 }KSC15-cC |

16 51D 103 4.5 7.8 203.0 28 176.0 6.1 156.0 1,639 4,303 6,667 | 12,069 | 10,430 63.0 |KSC33-C |
7 518 099 47 -1.7 203.8 1.0 151.0 6.1 106.0 1,576 §,528 7,589 9,893 8.317 59.0 |EOW17-L |
18 51G 103 11 10.9 202.8 5.0 157.9 69 154.2 1.117 4,990 5,248 8,590 7.433 42.0 |EDW23-L

19 S1F oso 9.1 41 203.9 4.0 163.8 6.1 126.2 3.713 6,912 9,050 | 12,282 | 8.569 55.0 |EDW23-L

20 51 103 17.9 14 189.0 20 156.0 48 114.0 2.101 4,384 5,571 8.201 6,100 47.0 |EDW23-L

2) Sid 104 10.8 5.2 192.0 3.0 162.0 +48 117.2 2.476 4,873 7.421 | 10,532 | 8,056 65.0 J|EDW23-L

22 61A 099 0.9 0.3 202.6 1.0 164.3 67 110.9 1,829 4,767 7,923 | 10,133 | 8,304 49.0 |EDW17-L

23 61B 102 33 3.7 189.3 1.0 149.5 -3.1 126.4 2,386 5.903 9,321 | 13,145 | 10,759 78.0 |EDW22-C

@ 24 61C os9 0.9 -04 217.3 1.0 157.0 2.7 136.4 1,525 5,987 7,831_| 11,727 | 10,202 59.0 _|EDW22-C

25 S1L 099 = = = = - = = = = = = = = =

26 26 103 =-1.7 1.0 188.0 1.0 148.0 4.0 134.0 2,569 5.671 6,750 | 10,020 7.451 494 |EOW 17-L
|

‘i 27 27 104 0.3 2.0 195.0 1.0 158.0 38 134.0 1,469 4,423 5,908 8,592 7.123 43.0 |EOW 17-1

:

28 29 103 5.7 1.9 207.0 29 166.0 -17 130.0 1,195 5.027 7,550 | 10,534 9,339 $2.7 |EDW22-C

29 30 104 49 6.3 202.2 24 167.0 -2.0 138.0 1,314 5,088 6,028 | 11,609 | 10,295 64.3 |EOW22-C |

K) 28 102 5.2 3.0 159.0 1.0 130.0 -76 82.0 5.311 7,393 | 9,776 | 11.326 | 6.621 46.5 |EOW 17-L |

31 “ 104 11 3.9 200.5 1.0 156.0 -34 776 1,871 5,355 | 10,063 | 11,548 | 9.677 604 JEDW23-L |
a

32 3 103 7.8 -1.6 202.7 3.0 161.8 -29 148.0 740 2,670 4,856 8,504 7.764 46.1 |EDWO4-C ]

33 32 102 1.9 -3.5 210.6 1.0 164.7 “22 141.3 1,879 6,61) 8,096 | 12.601 | 10,731 622 |EDW22-C

=

xu % 104 15.4 43 202.2 1.0 152.9 -3.8 97.0 1,622 4,862 6,405 9,522 7.900 52.9 |EDW23-L

35 | 31 toa | 37 | 59 | 1798 | 30 | v422 | -29 | 1186 | 1.201 | 4564 | 6.718 | 10.165 | 0.87%

|

60.7 eDw22-c

ge | 41 | ‘13 | 23 | -20 | 1939 | 1.0 | 1536 | -23 | 125.7 | 2637 | 6.328 | 7,713 | 10.913 | 8.276 | 492 |EOWz2-C

37 38 104 3.2 3.8 200.2 1.0 1624 2.6 130.5 1,480 4.579 6,966 | 10,512 | 9,032 56.5 _|KSC33-C

3B 35 102 0.7 0.7 202.1 1.0 164.9 34 14 1,748 5,489 8.465 | 12,195 | 10,447 57.7 _|EOW22-C

39 37 104 15.9 6.0 166.2 23 141.9 -73 83.6 -623 1,200 3,197 5,741 6,364 §5.9 }|EOW33-L

40 39 103 12.0 -1.0 221.0 2.0 171.2 25 136.5 168 4,723 6.316 9.403 | 9.235 55.5 |KSC 15-C

41 40 102 11.8 2.3 203.8 2.0 153.6 3.5 135.2 1,615 5,915 7,323 | 11,018 | 9,403 54.6 J|EDW22-C

42 | 43 tos | -07 | -39 | 199.1 | 20 | 1639 | -24 | 1925 | 1,086 | 5.517 | 8.249 | 11,876 | 9,890 | 58.9 |KSC 15-C

43 | 48 103 | +20 | +08 | 2030 | 42 | 1600 | -1.9 | 145.0 | 1,205 | 4,082 | 6,715 | 10619 | 9.36 | — JEDW22-C

KTS — Knots FPS — Feet per second L = Lakebed

KEAS — knots, equivalent airapeod KGS — Knots, ground speed nen

_ Landing Rollout History Table

e 9.3-7 SCOM 1.0
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9, PERFORMANCE
9.3 Entry

Performance Rules of Thumb

ASCENT
DESCENT

PROPELLANT

AscentPerformanceMargin
Pre Flight Design Requirements

Document = 3500

Flight Design Requirements

|
Document = 2500

| Cargo Integration Review = 1500

| Flight Planning Stowage
|

Review = 1500
|

FPR = 4652

| ORBIT

| 1 hr launch delay = change in

orbital noon by 4 minutes

Ascendingnode
28.5 deg —1st ascendingnode

is @ Long = 173.38 East

57 deg = 121.55 Wes!

MISCELLANEOUS

Orbiters
OV101— Enterprise
OV 102 — Columbia

OV103— Discovery
OV104 — Atiantis

OV105 — Endeavor

OV 102 weighs 7000 Ibs more

than OV103/104

Min planned fit duration = 96 hours

Max/Min BetaAngle
Max = 23.5 + orbital inclination

Min = 23.5 — orbital inclination

T = GMT -5 hr

CST = GMT-6hr

Daylight savings time from

1st Sunday in April to

last Sunday in October

FWDif Xeg< 1092
MID if 1092< Xcg < 1100

AFTifXcg> 1100

XegLimits ;

FWD = 1076.7 in (RTLS = 1079.0 in)

AFT= 1109.0 in

CONT AFT= 1119.0 in

DODellaVs
Descending approach is worst case AV

90 deg prebank will decrease AV ~ 10 fUs

(function of altitude)

If Xeg > 1091.5: 1 in Xeg = 2.2 miles

It Xeg < 1091.5: 1 in Xcg = 1.1 miles

As Xcg increases (more all), XR decreases

1 nm XR = 5780 lbs El weight
1 nm XR = 4.38 nm D/O aliitude

As allitude and weight increase, XR increases

As inclination increases, XR increases (non-linear)
As temp increases, XR increases (non-linear)

Touchdownspeeds
185 kts if TD weight <200kIbs
195kis if 200Kibs < TDweight< 220kIbs

205ktsif TD weight> 220k Ibs

195 kis for all weights If shortfieid speedbrake

guidance mode is used

MassMoment
MM = TD Weight

*

(1172.3 - Xog)/12
IfMM > 1.4 Mft-lbs Concrete desire

IMM > 1.55 M ft-lbs Concrete required
Note: If TD Xcegnot known, use

Xeg@M =3.5+1.5in

EOM 230 k bs

RTLS 240 k Ibs
*

TAL 240 k bs*

AOA 240 k Ibs
*

NoctilucentClouds
If Inc > 50, do not enter on descending opportunity

dune through August

RENDEZVOUS

1 deg of phasing/nour = 10 nm of Aheight
1degof phasing = 60nm

17.5 fVs bum changes other side of orbit 10 nm

440 tUs burn will change plane by 1 deg ofwedge1 deg of ARAAN occurs for each relalive lap

1 deg of plane change = 440 {Us

OMSphilosophy
1 {V/s = 2t.8 lbs OMS @ 220k Ibs ~1/6%

1.78 tvs = 1.9m

OV102 = 25156 lbs

OV103/4 = 25064 Ibs

Min = 10800 los

Max OMS ballast = 4000 lbs

1% OMS= 130 bs/side

HardBallast
OV102 — can be installed in the aft

compartment
OV103/104 — Bay 13

BCSphilosoohy
1 fUs = 25Ibs (+X)or 35 — 40Ibs

(multi axis) @ 220 KIbs

Maxburn = 250sec = 55fps
Full FRCS = 2446 Ibs

ET blowdown offload = 2225 lbs

Min FRCS — 1862 Ibs

Full ARCS = 4970 lbs (over 100%)
1% ARCS = 22 lbs/side

UNTERCONNECTlogic
If OMS < 14,000 Ibs, I/C off

If OMS > 17,000 Ibs, I/C on

1114 K < OMS < 17k, analysis req.

ECS-—N2

Qv102
6.28 los/day for 4 person crew @ 14.7 psi

- add .114 los/day for additional crewman

4.35 Ibs/day for 4 person crew @ 10.2 psi
add .079 ips/day for additional crewman

QVI03/4
5.28 los/day for 4 person crew @ 14.7 psi

add .114 los/day for additional crewmember

3.66 lbs/day for 4 person crew @ 10.2 psi
add .079 lbs/day for additional crewmember

Dyw Fullyloadedwi
N2 83 Ibm 143 Ibm

EPs

.09 lom Hydrogen = 1 kwh

7 tom Oxygen = 1 kwh

.07 Ibm Oxygervhour= cabin leak rate

yw FullyloadedwiH2 227 Ibm 319 Ibm

c2 215 lom 996 Ibm
*

Orbiter EngineeringMemo VE3-90-096,

SCOM

November 1991
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APPENDIX A: PANEL DIAGRAMS

APPENDIX A: PANEL DIAGRAMS
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APPENDIX B: CRT DISPLAYS

APPENDIX B: CRT DISPLAYS

COoNTENTs A — ALPHABETICAL (continued)

GNC |SM|PL
This CRT Reference Summary is for information Display PFS |BFS| 0123689 |024/9| Page

only. It provides the CRT displays documented in FAULT X | X [xxexexes [xee

|
°*|

BOF 15E
the Level C Functional Subsystem Software eeeienbeso s zo i foe
Requirements Display and Controls Specification, GNC SYS SUMM 1 x |x | xx xe

|

pestis
STS 83-0020F dated FEBRUARY 13, 1991, GNC SYS SUMM 2 X |X | xex xe cer

effectivity OI-21 and subs. CRT SM mission —[3h°/MICNTL/MONITOR)x 4 oS
reconfigurable displays documented in JSC-19590- GPC/BUS STATUS x xxKKKKX! xX} Xx! BOG

XXX Level C Flight Software Requirements ar MEMORY x XXXXXXXX| XXX]XX] BOC
GTS DISPLAY x x X| BZA

document(wherebacrepresents the number of
HORIZONTAL SIT ola see icethe specific OPS Flight). HUD x |x BATAIIE
HYDRAULIC THERMAL | x x BOC

hi ument refli he incor
i IMUALIGN x Xx BaFThis doc

a i. ects the

pouparaien
of

MANUAL CONTROLS y ‘ ea

approved ‘Rs isted in the OCT 1991 CR MASS MEMORY R/W x xxl x! ane

Implementation Baselines through OJ-21. For MENU NO. 1, XXXXIPL | Broa!

detail information, reference the above documents. MENU NO. 2, GPCIPL 8108

For information pertaining to distribution, contact —_|hnaTarn
; i en

‘or info
n

pe ig ution, contac’ ORBIT TARGETING x x BSC

J. Cox or P. Smith(213) 922-5128/5636. OVERRIDE x XX x BSE

PCMMU/PLCOMM x x | xx BE

PCS CONTROL x XX B7G
DISPLAY LOCATION PDRS CONTROL x xx B7H

PDRS OVERRIDE x XX BSA

To aid in locating a display, two tables of contents PDRS STATUS x x 89F

4 uv Sa a Content Aulictionl
: PL BAY DOORS alex Kr B78

re provided. Contents ists displays in
PL RETENTION x x ea

alphabetical order. Contents B lists the displays PRPLT THERMAL x x BOE

according to subsystems and in descending order nesdegree

x XXXX X

a
of hierarchy OPS, SPEC, and DISP. In addition, a

aad ‘ ‘ ;

4 7 |
three IPL-related displays are listed separately under RGA/ADTA/RCSx x | BHD

“Special Displays,” and six HUD displays are listed See . y esunder “Head-Up Displays.” RM ORBIT x | x
tee

BSA

RTLSTRAJ 2 1 Xa x

| j
8158

SENSOR TEST Ke || x BHC

(ON-ORBIT) iz |

CONTENTS A — ALPHABETICAL SENSOR SELF-TEST Kalb | x} |
8128

(P/F) |
d

GNC {SM /PL SL MEMORY DUMP x | x] |
|

e126

Display PFS|BFS| 0123689 |024|9| Page SM CRYO PALLET x |x | xe B-OH,16A

ACTUATOR CONTROL X x BGA ISM GROUND CHECKOUT | x
|

XX BF

ANTENNA X Xx BTA SM SYS SUMM 1 Ru lex xe] | BBHISG

APU/ENVIRON THERMAL| X x B90 SM SYS SUMM 2 x | x xen] | BOAISH

APU/HYDRAULICx x 8-98 SM TABLE x x B7C

BFS MEMORY X |XX XX x 14a MAINTENANCE

BFS OVERRIDE KIX Xe B45 ISTARTRK/COASCNTL | X XX BAG

BUS/BTU STATUS % x Xx] BaF SWITCHES x | x BIG

COMM/RCDR x x BaF SWITCH/SURF FDBK x | x BIE

CONTROLLERS (RM) Os x BAF (RM)
CRYO SYSTEM x x B-80 TCS CONTROL x x | BAe

DAPCONFIGURATIONx x B4E THERMAL x x | BB

DEU STAND-ALONES/T B49 TIME x XX XX] XX} X| BOE

OPS UTILITY x XXXXXXXX| XX} X| B00 UNIV POINTING x x Bsc

ELECTRIC x x Bec VERT SIT1 Xone XX B4Ade

CONTROLS x XEXOX B5G VERT SIT2 Xr lex xx 8-48.40

ENTRY TRAJ 1 Kalex x B-30,14E XXXXX MNVR YYYYY Xe Xelexex 838

ENTRY TRAJ2 Re liex x BE,14F XXXXXX TRAJ x x x BSA

ENTRY TRAJ3 KO IEX X B.3F,14G XXXXXX TRAJ1 x |x Brac

ENTRY TRAJ 4 alex x B.9G,14H (ASCENT)
ENTRY TRAJ5 ate x 5-3H,15A XXXXXX TRAJ 2 |X | Xx B14

ENVIRONMENTx x B88 (ASCENT) |

LEVA/MMU/ESS.x Xx Bea 7
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Contents B - OPS Displays ConTENTs B - SPEC AND DISP DispLays

Spec prs | BFS| GNC| SM| PL| PageOPS No. Display fNo Display PFS| BFS| GNC| SM| PL| Page

a - aaa Ee
0001] EG MEMORY ,

x Ba 002 | TIME . x

lexeaolaneeTE Ee ;

x] Jone 006 | GPC/BUSSTATUS . X x aesDOO TERA pal

BSA 018 | GNC SYS SUMM 1 x x

ea1011 | XXXXXX TRAJ X

. Brae 018 | GNC SYS SUMM 1 Xen ea1011 | XXXXXX TRAJ 1 x

, ie 019 |GNCSYSSUMM2 |.

xX| X | X

ae2021 aXe >

Bc 020 | DAP CONFIG x .

BaF1021| XXXXXX TRAJ 1 x | x

aK 021 | IMU ALIGN x x
1031| XXXXXX TRAJ x x

BG 022 | S TRK/COAS CNTL x x B4G
1031 | XXXXXX TRAJ2 x | Xx as 023 | RCS x X B4H
041] XXXXAMNVRVYNV YEROSS 198

BB 025 | RM ORBIT x x Lea
1051 | xxxxxMuvrvvyvy | x | x | x

as 033 | REL NAV x x Eas
1061 | XXXXX MNVR YYYYY x x x

or 034 | ORBIT TCT X Xx BSC2011 | ANTENNA x x

ae 040 | SENSOR TEST X x B11C2011| UNIV PTG x x

x x B41Dx x B78 041 | RGA/ADTA/RCSen eeycoes :

BB 042 | SWITCH/SURF x x BNE2021 | XXXXX MNVR YYYYY x x Xx {

Xx BF,| B38 043 | CONTROLLERS x3011 | XXXXX MNVR YYYYY x x x

x x BiGXue BB 044 | SWITCHES3021 | XXXXXMNVRYYYYY | X

X X BtH
|

y' x x B38 045 | NWS CHECK3031 | XXXXX MNVRYYYYY x

as ‘0| HORIZSIT x X BSD3041 | ENTRY TRAJ 1 x x B

: 05
Tee rely BIC3041 | ENTRY TRAJ 1 x x

a ot CNESAIDEy x BSES081 ENTE Te ‘ :

AF
Os

| BFS OVERRIDE Res] aX 81503041 | ENTRY TRAJ2 XaX Bt 051 BEG{TRY TRA 3 |
x x BF 053 | CONTROLS x xaT Eye

ee Bus 060 | SM TABLE MAINT x x B7C3041 | ENTRY TRAJ3 x x

x BE3041 | ENTRY TRAJ 4 x
|

x | BG 062 | PCMMU/PL COMM x

aENTRY TRAJ 4 Xan jB14H 063 | PL BAY DOORS x | x x

eeENTRY TRAJ5 K x
| BSH 064 | SM GROUND x x

ENTRY TRAJ5 xa lex BSA CHECKOUT ca| VERT SIT1 Xai x Baa 066 | ENVIRONMENT x x

bod|
VERT SIT 2 Xo xX |x B48 067 | ELECTRIC x x

a
1

| ANTENNA x x B7A 068 | CRYO SYSTEM x x

oe1

| XXXXXX TRAJ x x BA 069 | FUEL CELLS x x ee| RTLS TRAJ 2 XK eXx 8158 076 | COMM/RCDR x x
|VERT SIT1 Kal exnl ex Baa 077 | EVA-MMU/FSS x xe TX BEG

x x Be 078 | SMSYS SUMM 1 Kenley x B15G
1 Kal Xen Baa 079 | SM SYS SUMM 2 x x BA!

TSIT 2 Keele Xia eX | 848 079 | SM SYS SUMM 2 x x B-15H
VERT SIT 2(GRTLS) | Xx

|
x B4D 085 | MASS MEMORY R/W | Xx x | x | 8118

FCS/DEDDIS C/O x x |BttA 086 | APU/HYD x x BB
MASS MEMORY R/W | Xx x | x [Bus 087 | HYD THERMAL x x Ba
GPC MEMORY x

| |B10c 088 | APU/ENVIRON THERM| xX x

ee089 | PRPLT THERMAL x x
090 | PCS CONTROL x x eS094 | PORS CONTROL x xSPECIAL DisPLAys
095 | PDRS OVERRIDE x x ES096 |"PDRSSTATUS x xpispiay pan 097| PL RETENTION x x x | B56

XXXXIPL MENU NO. 1 B10A 099 | FAULT x X | X | xX| BOF
GPCIPL.MENU NO. 2 6-108 099 | FAULT X | X | X | xX| BH5EDEU STAND-ALONESELF-TEST B13 100 | GTS DISPLAY x x x on101 | SENSOR SELF-TEST x x 1

102 | RCS/RGA/ADTA TEST | x aX B12
104 | GNDIMUCNTL/MON| X x B120HEAD-UP Displays 105 | TCS CONTROL x x Eee106 | MANUALCONTROLS| xX xDisplay Page 110 | BUS/BTU STATUS x x X | BaF

FORMAT 1 PRE-WOW (70,650 FT) Bi7A 111 | SL MEMORY DUMP x i x | B26
FORMAT1 PRE-WOW (100 FT) 8478 142 | GPC/BTU I/F x x B12H
FORMAT 1 AFTER WOW

ATC 113 | ACTUATORCONTROL| x x 813A)
FORMAT 2 PRE-WOW BAD 168 | SM CRYOPALLET x x BH
OPS 8 LOW BATE 168 | SM CRYOPALLET Real iax B46A
OPS 9 LOW

BE

B-2
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APPENDIX B: CRT DISPLAYS

GUIDANCE, NAVIGATION, and CONTROL (GN&C)

(s0%8 1000000 TRA 1X DOD/HH Mu SS Y 00,DDDTHA Thal se
ENTRY TRAY 2 Xx x

DODseuESS
a

~ | 50 150 350 250 86
loa co Po Poo ‘i

| its ponte a | 3 BIASxx
| GUID xxxx 3 €/O Kxxxxx 45 tae Nae

TMECO XxX KX 2 €/O KRXKKK 2x
=

| PRPLT xx ABORT ax
| Beane

| KK YAW STEER 5 xxx

A XXX XXX

E| pb 6x SeRc xx —
|

X00 KEK AILS-6O

eee |
|

i |
f

|

acer |
oxy

|

Sa Saas ae eae
XXOXK TRAJECTORY ENTRY TRAJECTORY 2

10417 4 JOO MNVR YYYYY 0c xX DOD/HHIMMISS 3041s ENTRY TRAJ 300 1 DOD/HHIMM1S!OMS BOTH 1x

Pe CODZetIReSSexs | BURN _ATT |
.

50 Psayess |R 3xs 24 R xxx evToT wooox | / A 7%
| RCS SEL 4x P Xxx 160 XXIXX | ~ 1BIAS(axx / Oh.

S TV ROLL xxx 26 Y Xxx
| D REF xx.x /

| TRIM LOAD MNVR 27x VGO X XXX. xx 40 faea XEXeK) 0/
|

6P aux Y #XxxIxx
fo az xxix / /

| 7 Ly wxex REL Xxxx 2 4XXxxixx
a xxx/

| 8 Ry & TXX XX EXX 1

"

B jus oT exxixy GML Ha > F 35 $30
/

110 T1G6 ve R IGT XXX -2Xxx | |

| ehh Germans |p sxexs tx.xs | CUR OOK tm | i, Z

| 76]Pe ae SXUXS.$X2X8
| 30 fee

} 15 Ce U&axxxx| PRI 2ex 29x 35 ABORT TGT xx A x. Xxx

| 1681 xxkaxex| Sec Jox ix / NYTRIM xox

17 eT EXX.XXE OFF 32x 33x FwO RCS 25710 / 7, Rd
XX.X

|
218 ERroy(2exXxx ARM 36x XxX.X

| TGT | GMBL CK 34x OuMP 30x
hi

Si wrew BIAS 2
| "fe Gvydmxxx.x|

OFF 38x A IAS £Xxxx

| 26
an Naxx HKXXKK, SURF DRIVE |

CO eis 7 / Phe Sow

2) ONES 5S9x". |
“4 =} 30ROLL REF xxxxs| XXXK oe ate3, OFF 40x | CMD XXKx

600.) xx

XXXXX MANEUVER YYYYY(PFS/BFS) ENTRY TRAJECTORY 3

(20117 UNIV PTG XX X DOB/HHIMMISS )) Jeasy ENTRY TRAJ 4 © XX X DDD/HHIMMISS
| CG mNVRCOMPL xXt xXEXX ODO/HHIMMSS “0 5 Dopesae || 1 START TIME xxx /xxrxxrxx ead | 45 1508

Uv Tr ,

| MNVR OPTION START NVR 18x x | y 2 BIAStaxx /

SR Xxx.xx TRS ISX) 9eX

tag 2 REF 2X% o
/

| 6 P xxx’ xx ROT 20x x | <0f46 ¢ XXX. x
| 7 ¥ Xxxixx CNCL é! | f

a Az

| TRK/ROT OPT
y | +1ONS ATT

How

(Ge ie GTA ID ixxx 22MONAXISx xx Gai ce y

ERR TOT 23x 1

|

t

) 9 RA xxxoxxx ERR DAP 24x

zlet 30 ~160
ROLL PITOY te

CUR XXK.XK | XXX.XX xxx |

REQD Xxx XXXXK NY TRIM X.Xxx |

ERR tx 4XXX XX 25 }16 alk hor |

A’ £XX.XXK 2XK. XXX
|

3 4 .. |

; ZERO H BIAS 2 |

| { H BIAS 2xxx

|
20 407 REF ¢xxx |

t
| ti i

ROLL REF XXXxxS
275 . 236

CMD XXxx

000 000

UNIVERSAL POINTING ENTRY TRAJECTORY 4

NTRY TRA, xx aallaal woais / ENTRY TRAJ S xx X DDD/HHIMNISS

mO ie
ce

Dogmess ™ 0 z DOD/ARINSS.50 750 10D ~ 80 6 30 750
Gal L j 1 BIAS (axx

¢. D REF _xx.x

25 $46 g  xxx.x

| @ AZ tXxxcx

|
XXX

H | 20 +30

a

3

Meee
ee

=o

8

XXX |NyTRIM X.XXX

AIL
ee .

|

RUD |
EERO4 eras 2
"OMe i | [> fe

TOLL REF XXXXS |

lees ae ere er | | “es es
ML

Ge BE |
000)esate seach ALL

ENTRY TRAJECTORY 1 ENTRY TRAJECTORY 5

B-3
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APPENDIX B: CRT DISPLAYS

1 XX_Xx DDD/HHIMMISS
! ase!

vat
BRS D00/HHretrss

2K

ae 255

an ets

308 eege
NOSE HI STNae

oy

z J 398 spp BK Xxx Nom
y

h

CHD XXX
fo |

Tie Jan | 2 xvod 2

|[ef NY TRIM X.XXX

266 ot alt XX. NOSE LO } MEP

y
7218 RUD Xx. |

:

TGT NZ XX |

0900)

DAP CONFIG ©XX X DOD/HHIMMISS
D00/HHIMMISSXxxXX/820/

| 8A

| Teter 1 x.xx 15 X.xX

ROTATION
TE NORM 2 XaXXX 16 X-xKE| De

VERN 3 ao ty asNORM 4 Xe =!

FSS
aswert 5 wha 19 1b6: esoe Wom$ ixx 21 oom

(OEADBAND E

|
6 xX.xx 22 Xk.xY

|
ey Vein § xisixx 25 xxix

Ri NORM 10 XeXx 24 Xxx

|
aS

VERN 1] akXx 250 axXX

P x 26 x[oe Pisa xmen eux

| ont accey 14 x 28 x

VERTICAL SITUATION 1 (PFS/BFS) DIGITAL AUTOPILOT CONFIGURATION

November 1991

ss
RT SIT 2 XXX DOD/HHIMNISS XXxX78217 IHUAL IY bialiaa eo

val ae Base BESOOD/InMISS | TOPE
DODZEEELSTLES

X00
my

Tn Zac | | STAT 2000 vodor xXKx ALIGN Xxx
|

Tere Sa x “x mu 1 «10K STAR ALIGN 13x

STBY 21x 22x 23x 211x 14 Imusimu x

3 | OPER 4X SX 6X 3 12x MATRIX 15x
|

eo yew
|

eS ree an
EXEC 16x

winnee | | nee
TERM 17

P ox
ye OSE H1 $STN 1 2 Imu BITE MASK

B
ne

J

nose ut

F X axeKK txGxx 1 xox 28x
k Y aXiXx #xIxx 2 XxKx 25x

SPO BK Xxx FNom | 2 aX. xx 2x. xx 3 XXXx 26x

CMO (xxx

ny xxx xXx FrXxx |

man XXeX NOSE rer NaV eV THRESH
9

XK 16 XXxxxxi

tm READ 19x

vo.) 000

pee ed a eee

VERTICAL SITUATION 2 (PFS/BFS) IMU ALIGNMENT

662 VERT SIT i XX X DOD/HHIMMISS >) XXXX/622/S TRK/COAS CNTL XX X DDO/HHIMMISS

DODtHeSS DDO HHMISS000K | STRK CNTL -y -2 S TABLE
| SELF-TEST 1x 2x TRK ID 2

270 | STAR_TRK SX) aX 0 MIN DKK OK XIN

| FGT TRK Sx 6x ANG DIF
KX 00K X 00K x

266 | BREAK Tre 7 8 é
XK

IHX HX
e ew] TERM/IDLE 9x 16x iex ix

SFape cur'20

-Y. -2 coas
NOSE HI, STN 1m 12 Mx REQD 1D 21 any |

y G xxx XXX aDEG x 2X.x |

k x Y 2x0x

xxx fino 2x. 2x Sioet mone
ZaxXxX

3 yaks 14 ane ACCEPT |

L xx x CAL MODE Saxxx 15% nx18% DES
J IIHHKK TXOKKKKKK POS ox 26x ee 27x

ge
NOSE LO | MEP XXX XXXX ABIAS  X6xX | XVXK

UPDATE 26 2

090

(x0)
STAR TRACKER/COAS CONTROL

60317 2

if e

XXXX/O823/ Ri

2000000 ye eve Boorre ss &

OBB IMNISS
/ 220 | RCS FWD 1x PRI JET OMS PRESS ENA

| £ Sx < FAIL LINX
6

OMS Sx OnseRCS ory

| |
R 3x

ROMs6x Lxx.xxs
|

| | JETIFAIL|DES|JET|PTY
ae an eae

eww IN4|06S |
MRK] RRXT BX) SkT KX |} | XX) XK 1Ox) yix) x

ara
Y xx] xxx1i2x]13x] x |

D ‘STN 1

AKL oe 4 Sx)

| H | or eerrexti
|

| | _ xu) xxx} sexli9x| x
| | | xx 20x leix) x

|

| xxx] a Sex TEM

| |
XO) xxx} 24x | 25x} x

| |
|

se)elem ierF|
|

va
|

NOSE Lo frep | THX] ORT SORT ST
|

XXX) Xxx] 32x | 33x) x

| |
ed soo axle!

| 1 | Sx xa Sox TST

i) |

¥ Sx! xo! 3ex139x! x

VERTICAL SITUATION 2 GRTLS
REACTION CONTROL SYSTEM
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APPENDIX B: CRT DISPLAYS

STAT XXXxxxxxx OFFSET x 1x.x | PROP TO FLTR 9x

Ce ee a eeeXXXK/025/ RM ORBIT XXX DDD/HH IMMISS a 5
i( OOD/eIMMIeS { xnOS OVERRIDE xe

oootheuuae
)

| ssort wooe ENTRY Fes|
|

|
rau 1x ELEVON FILTER ATMOSPHERE

|

ate, 2X AUTO 17x Now 20x NOM ax |a x IKEO 10x ALT 24x )

|
1 TK TYNZ Des RHE Rr yes | lGuawermnopaccces

"laste eteqett 24% JuMUPOLE: 24x

[tMu Stat at? oes PALLi xS xS XS 1x LoL XXKS XXKS XXXS 7x
PROPLT oUMP Ssx x ¥2 xS x5 x5 ex @ XXKS XXXS XxxS Bx | | Pee. (|

SpOaeREA254 svg Aut BES3x5 x5 xS 3x 3 XxxS XXXS XXXS 9x | xxx tenet s xxxx | 38 xxxx 27% 28 29% 32x

|| ous oume
xA AL XS XS XS AX RL XXKS XXXS XXXS 10x | E ARM ex Wa1 2xS xS x5 5x © XXXS XXXS XXKS 11x | | START 7x CNS oxxxxkx oxx x xxx gar |3 xS XS KS 6x 3 XXKS XKKS XXKS 12x

| stor ox DS RXKKKK sxe xX x xx 35x ||

$ QUAN/SIDE xxx | R25 XxXXXX IHX YX XX
|

AL XXXS XXXS XXXS 13x | ows oume tro xxx EIMEEXTux FX OWN952| 2 XXKS XXXS XKXS 14x
|

T
ser ROLL MODE xxxxxxx || 3 XKXS XXXS XXXS 15x

AUTO 38x AUTO SEL «ax || AFT ACS 13 xxx | SEP 35%
| |

4 TIME 35 | E71 UMB OR VENT 000A CNTL|

CLOSE sox OPEN ax || FWD ACS 18 xxx |ACS AM MANE Close sax
|

‘Sw RM INH 16x ye Time BEE Ch OVAD 41 |000

REDUNDANCY MGMT ORBIT
OVERRIDE

XXXX/O33/ REL NAV XX X DDO/HHIMMISS aDDO/HHIMMISS. {
60217e52/ CONT ABORT xx x

Bere ass |

| RNDZ NAV ENA 1X Oewee a . 000.KU ANT ENA 2x XX AVG IN x

MEAS ENA Sx VEL KX aN” Naxx Se owe site BxNAV avy AXX IKK
|| SV SEL 4 xxxx RR_XXXX ave BKK

XXFRING XXXXWXXX RNG | XXX. XXXS evTOTxx: |

[oR Skxxxn RK xs RESET CorpNt§| e XXX XK EL 2XXX. XS j

Y EXXIXX AZ BXXXXS |

ees XXKX xx 2x5, ee HINUS PROP 9B XIX a 2x POS XX.Xx E < |
vi XXX| el XX XX|

| S.TRK 12x RR 13x __coas 14x | FLTR TO PROP ax |
|

|

| XXXX Y #xX.x | ORB TO TGT 10x |
SLOw RATE 15x IGT u

|| COVAR REINIT 16x MARK HIST ‘OVRD, || RESIO RATIO ACPT REJ AUT INH FOR
|

| RNG EXXeXX

XK
XK XB 17K BX ax |

|eae XK. XX XXX -XXS OX 21x 2Ex |

|
V/EL/Y  4X.XX XxX KS aIK eax SK | |

|
xk

aX EXXXTEXXS,

> ty aunaunHX6 XK XX 6 XS
O65 31x OESSex OES 33F

O37L ABS. 34x
3 R x x00OK DELTA 35x

ee

| MeARsK tXE xX | PULL OUT NZ

xx) ie (xx

RELATIVE NAVIGATION CONTINGENCY ABORT

{  XXxXx/O34/ ORBIT TGT XXX ODD/HHIMMISS 10007853/ CONTROLS XXX DDD/HHIMMISS
R 16 re rm 2 poe ete) ODO/HHIMMISSmy T 6 avy av’ av

HOOK AKA EXKXXXL XK XK KKK. | SEC ACT CK AERO PORTSTAT SSME PORT STAT
PRED MATCH* XXXXXXX

{ cn. ie E 3 & Psg
234

1 1x 18555 L §§5sINPUTS CONTROLS|
j

@ ex 2sss§ YSSS5
1 IGT xx Te ToT! 2s |

| 33x 35555 cessse
2

TG weninerty XXXX 26 | | 2 ax asss5s 155556 XXX.1X COMPUTE Ti 28x | star 5x ssss6s ReEee |
5

2 ex/0NAINGBex xx COMPUTE T2 29x |

|
StoP 6x éssss yYsss

|xx |

Cc Heed: ae/aHXX. xx | G NEG STIM T/CH&

| 10 (XX, XX | A 7K

ret at XX. Xx |
135

Te TG eiaeitt }+ F
/EBULEIYTepeane | um ks nen sienj38 ax Gxxx,xx EX |

| Des WynIDES!J miDes

ji ay XX, xx Y Hoos | 4 10X5 14x 18x'S20 az XX xx 2 AXKXXXsXxx le ceetix See isx.5 "rats21 BASE TIME x/xxtxxtxx VX 2XX.KKK 3 1x5 16x5 20x 5

: VY XK 000KX 4 15 1x5 2x5
VEZ 2XX. XXXXKX

ixx)XG Oo .
)

5 ORBIT TARGETING
.

CONTROLS

m XXX ODD/HHIMMISS XXXX/XXX/818 GNC SYS SUM 1 XX X DOD/HHIMMISS
Mth BBRrISE | DDO/HH IMMSSINDEX xx | 9° xuaxy NAV DELTA

| RCS | JETISOL

0x ax io |
| y

fexxxxx | 5

2200000000000 20k ay 11
}

OK | XXS
41 XXxXx SITE xx BROOOOOC xxs
PRI XXXXX 3X (a Bedeux | xX | XXS
SEC XXXXXx 4x

« rTAC Xxx 5 aX 13 iesoe xxx | x | XxS
TAEM TGT

2
aY 14

H
X| XxS

D | cin x xxxx 6 ° (xxx | x | xs
kadHSI x ais | MAaNn xxx 6 x.x0 foao16| doo | 3x8 ace 5555

B__XXxxx
39

a

Bal xxx

AX| XXS RGA BS
x MLS :

|

oo)

HORIZONTAL SITUATION GNC SYSTEM SUMMARY 1
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TXRK/XKK7O19 GNC SYS SUNN 2 XX_Xx DOD/HAIFEISS
FG DOD/HHIMSS

OMS AFT OTY oo R L R

OXID Xx.XS XX.XS TK P HE XXXXS_XXXXS

FU XX, XSXXOXS OXID -XXxXS Xxx5|
|

r
FU _XXXS _XXXS |

yen sod TK XXKXS XXKXS|

|
Res oxig Fy Fall’ viv REG P XXXS  XXXS |

FOB HE FRRKKSRRERS PoVLY XXS —XXS |

TK FL XXX Xxx ENG INP

|
TY x: S XID XXXS__XXxS

| mane T xxx | xg FU XXXS | XxXS |
Ae 2 OF XXKS XXXGERX | XXG VLV 1 XXXS XXXS

SF XXXKS XXXSRXX | XX 2 XXXS XXS |

2B XxX KG |G JEMISOL
|

5 xx | xe |
TPE KS T FE FRX XX: T {

CK xd og | OR TK A x8 2009

QTY, xxxg omy |
pane RO I ex | xg BIKE OX | XXS |

2 nog ox |g FXG XXKEEXK| XXS |

$F XKKS XXKSIAK | XS 3 XKG XXXSRAX | XXS

BFR xx SK | XKG 4A XG XXXSHOO | XXS |
s | bx | xxd 5 xx | XXS |

000 )

ee

GNC SYSTEM SUMMRY 2 (PFS/BFS)
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SYSTEMS MANAGEMENT (SM)

APPENDIX B: CRT DISPLAYS

(

ANTENNA Xx X ODD/HHIMMNISS ( xxxx7962/ PCHMU/PL COMM xx
2

Ce BORPIISE BEBernx eerie)
Powe | Po! j

| ee WORD XxXxx 1/0 RESET Bxx |
BITE WORD xxxx |

| | on po. ws 2
EL

DECOM x
|

|
16 SEC FMT wax |

'

| | Pom 1Btealie Coanit ox
|x 12 SEL_INPUT x

| |
3 SE 10 xxx | Como 33 |

| ~ Coo 4 xxxx | econ INeUT FHT |

|
| 1 x xxs |

| 1/0 RESET eee ee exec
PCH Sxx | 3 % xxS |

2 x xs |
| N Becon eneoh ENA
| SCAN WARN xx | |

1/0 RESE 1 CHA xxS FDA

| ENA SX TORS TORSSTON GPC ! | foe) xx  crunnel eB sx
{ OVRO 6X XXXK XXX] XXX XXX ANT CHD | |

PSPo xx PHASE LOCK XxxxS 3 16x
AUT 9x | AUT 12x AUT 15x ENA 17x | sync BIT xxxs ERR ES

41%
~

SELF TEST 7x w 10x wo13x NEXT 16x JNK 16x I FRAME XXXS XMIT PWR XX,

| 170 RESETaa
eo € 14x OVRD 19x

|
LOAD XXXX XxXxXX PL SIG STR X, Re 18 TFL GPC SEL x |

von) x0 )
ANTENNA PCMMU/PAYLOAD COMMUNICATION

(20217 7 PL BAY DOORS XX_X DOD/HHIMMISS
BFS DOD/HHime1SS (~ %00170647SH _GROUND CHECKOUT xx x BEANE

|D/H rH

BO oer
a ee eet

| | 29000300000030%
oe es

2 ENA INH PROC! NH/ENA

AUTO MODE SEL 3x HICRO-'ahSTAT | FDA 2x 'y oS Wray |

LATS “DOORS PLANMN 4x XS POP 15 X

ANjoP7cy auto! ECoO RERO |

SM ANNUIN «SK |

CENTER LATCHES BEL SEQ|ABAB ABC

S- 6 | 4x] xxs| x | xxxx DOwNL IST |
8-12 | 5x| xs] x

|XXXx i 6 SEL.FMT xx

x | xxxx | nyt) x |

1 X | XxxX |
|

|

| | | RMS TOOLS

| x | ox OOKx SOFT STOP/REACH

|
X

|
XXKK  XKXKX | TURNAROUND” 8x |

|
x | | REINSTALL 9x

| | SINGULARITY 10x

| FwO LATCHES [isx] xxS | x | XKXK  XXXXX t JOINT

| AFT CATCHES 12x! xxS | x | XXXK  XKXXK RATE LIMIT 11x

p00R N3xhoxxs 1 x 12 JOINT SEL x

| 13 ATTEN CIM xx

OPEN 15x 14 ARM SELECT xxx
|

PBD Sw BYPASS 14x STOP 16x OPS ACTIVATE 1x |

CLOSE 17x |
|

i xx)
xx) )

PAYLOAD BAY DOORS (PFS/BFS) SM GROUND CHECKOUT

—— cc.
1 xXxxx/060/ SM TABLE MAINT XxX X ODD/HMIMNISS ) ( xxxx/o90 PCS CONTROL Xx x DDD/HH uM SS

SM _COM BUFF Xxx ODD/HHiMMISS |
| DDD He wm SS |

| Paran HOKKX } 4 Sev mx xxxxxx SEO STAT NAME on
|

|
3 10 xxxxxx. | | XXX XXKK XKXXKK XXX! XK {

VALUE=TIRXXXXKXS | 2 SEO KARR xxxKxK XXKK XXKX XAKXKK AK XK j

atey
3 GMT AAA SE RL BS) MAMM MMR AAKAKK KKK RK

ALERT BACKUP CtW
>

HOLD STEP ARE) XXX XXXK XXXXAK XK) XX |

Low Low 1
| aGuxyyxxyx 3waebx-nheansahees12 Gbxxxx.xx

AXARXXXXXXX 5 [KX

EXERXKXKXX 7 (BOOKx |

8 FILTER xx 13 FILTER xx

ENA 9x ENA 34x

INH 10x INH 15x

CONSTANT
16 1D xxx £XEX

| 37 VALUE= (4x xxXxxxXxxxxx

CHECKPT _XXX/XXEXXIXK FDA
INITIATE 18 ENA 19% |

| STATUS Xxxx xxx INH 20x
|

er

ox)

SM TABLE MAINTENANCE

XXXX/061 / SYS CHECK XX X DDD/HHIMMISS
SM _COM BUFF Xxx DOD/HHIMM ISS

LIST _Xxx PARAM
3 1D xxxxxxx

LIMIT/Sw POS
4 LOW (XXXXXXXX  XXXX

SHE XXXKXXXXX

cee
|
|

i SEL xxx
COMPARE 2

|
a

XXXx ¥ (a0 9X XXXK XXKXS

Qe nk SH BESXXX XK XXX KKK KKOKS

} KKK KK XHKK XKKK KKK XXKXS

| HK KKK XXX KKK KKK KKKXS
| YOO XK XIOK XX OK KS
|

XXKK XXX AXKK XXX XRXX —XXXKS
HXKK KKK XIX KKK XKKK  XKKXS

XXXX XXKX XXXXKX XXX XX

XXX XXXX XXKXKX XXX) x

EWA 8 HOLD SX| XXXX XXX XXXXKX XXX! XX

TERM 10 RESUME 11 | XKXX XXXX XXXXKX XXX! XX

TERM ALL XXXX XXKK KXXXXX XXX! XX

CLEAR
T

2 XXXX XXKX XXXXXX_XXX/ XK

SEQ STEP
t

seo KXXX XK KXKXKXXXXXKXEXEE

14 STEP ZAR XXXX XKK XXKXXXXAXXKXEXKE

DELAY Ax BE XXX XK XXX XXXXXXXKXEKKK

XXKX XXX KXKKXXKKKKKAXEXK

CURRENT xxx XXKX XXX XXKXAXXAKKKAXEKK

| ERROR xxx'x XXX XXX XXX AXKXXKXKXEKKK

| XXX XXX XXX XXXKKKKKAXEXE

XXX XXX XXKAXXXAXKKXAKKK

XXX XXX KXKXKXXKKKKAKKEX

PCS CONTROL :

pat Sareeoe eaTTENTScera

HereWeeerpanrx eal

coma ee dlcontaE! ouex9 Mypenine’WeieesccTtHaste tema!Pusey tUazene’ cetee

aicvalgeess

| surowootseee ae Perel

Ghee enalaeEanenic erent

Eenicteeatsaon eLNetesoesotrieint Yote
{| v0 x [qeaae 2) P fAKee[geeeMEEELE coon a6xxx

[Gustinetrsee Jerse
26 WR RANGE x

aus $10/OPLY thro BRAK ck 27x

fo eae 7
END EFFECTOR

| XXX XXXX XXXX XXXX XXXX  XXXXS
! | aus) LAT/REL/ROY RIGIDCLOSECapture

F000. SOO 00K IKK OOK KS | APY Xara 40 DERG open cexreno |

Pwo xX XKXX
ae ee

aka
080

SYSTEMS CHECK PDRS CONTROL

SCOM 1.0
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PORS OVERRIDE XXX DDD/HHIMMISSNOOK709520 pooyiaiiss

MODE mi eleOVERRIDE 1% SVERRIOE17K RATE OVERRIDE 26x

(BOUND x 19 ‘SHY 18x VERNIER 2™

SINGLE 3x x cee 18k
COARSE 28x

rr x ELP x

ometb xX URP 21x AUTO OVERRIDE 29x

PL 6x x wRY 2ex

OPR CHD 7x Xx wRR 3K PROCEED 30

A
auto? 8x Xx

ELSTIONeax.
STO 31

2 Cl

ture S ex x AXIS CHANGE 32x

auto 4 11x x

iT THC 35xbed eS

RHC 34x

ENTER 13

LOADED RATES 14x

STOWED OPS 15x

SINGLE/DIRECT DR REASSIGN 16x KS
PDRSOVERRIDE

XXX /XXX 066 ENVIRONMENT
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APPENDIX B: CRT DISPLAYS
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=
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APPENDIX B: CRT DISPLAYS

SYSTEM LEVEL

XEXKIPL MENU (1)XX X DDD/HH MM SS

pass) 1%
DDO/HH MM SS

bess) 2x
S1P PURGE CYC ENT XXXXX

pass? 3x ERROR /MSG CODE XK

prs: a ERROR/MSGCODE CNT XXXX

pass $x
TOTAL ERR/MSG CRY

XXXK

orsa, 6 Uses strc iN tST XXX

passe 73 ‘

t te ucos ei TEoe 2 :

MODE ee

esr) xxXx

17 DEU FORMAT LOAD &

TIME megs bopyaiiaates| Sees DO/HHIMSS
TONE

ne 3 Xxtxx1xx MSN T

| MET 2x
6 XXIXKIXK

| RS eR xxsaxax 20 (exxtxx1xx CRT T
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ja START AT XXVxxIxxMNT 23 DURATION Xx

37 COUNT TO XXIXXDOC MSN

A benz xe Leanna

START GPC SELF TEST 18 SEW PTAER
E | 24 GMT o (SXXX/XXtXX1XX.XXL . |

STOP GPC SELF TEST 19% | BB HET 6 (EXXX/XKEXXEXX,XXX SS |

START DEU SELF TEST 20% Upoate. 32 PET RESET 33
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——_—— ____PATE32
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EREKEKEXXHXXXE | 1h eseurare

we |
innneiT CKPT LOAD 26x | ! GMT TRY 1 Xxx
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|
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xxi |
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at
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TIME

GPCiPL MENU (2)xx x ODD/HH MM SS)
(XXXxX/ 083 AULT XXX DOD/HHIMMISS

Dop/mH uu ss |

"

ODD/HHIMMSS

DEU FORMAT LOAD & STP/PURGE CYC CNT xxxxx |
ERROR /MSG CODE xxx

START GPC SELF TEST ERROR /MSGCODE CNT Xxxx
|

STOP GPC SELF TEST TOTAL ERR/MSG CNT XxXx crT FAULT cH PC TIME

START DEU SELF TEST USGS STILL IN LIST Xxx 6 |

STOP STP ON ERROR
|

CONTINUE STP ON ERR cos BITE | HK XIII KKK KAKA KKK KKIKK |
MABE: PYCCOAD MODE AEE | XXX KKK KKK XK XXKXK XXK/KKIXKIXK

B
OSAL Xxxx | KOK XKKKXKKKKK XKXK XK AKKKK XKK/KKEKKIKK

BEAR axAK | XXX XKKKKXXKKK XKKK XK XX KK KEK EK
|

eae YOK XXKKKKKKKK KKK KX XAKKK XKK/KKEXKIXK |XXX XXKKOKKKKK KKK KX XKKKK XAK/KKEXKEXK

plalatat

elesti
olober Rtcte sets XXX KKK KKKKK KKKKK JOOOOC JOOOCOCD OC 1

SEES
Sree REARS EE EER SRO oee XXX AKAMA KKK KKK XK KA EX

; e
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SO RR A eae

| XXX XKKKKKKKKK XKKK XK 20000 OOK 0CDOCR x

ee

SCRA: Goa | KANN RIESRRO EIREOE
1 KK XXKXOKKKAK KKK XHKKK XXX/XKEXKIXX

|

E Bee Eee eeRTaR Cam eK NR CARRE |
XXX KXKKMKKKKK KKK XKKK XKK/AXIXKIXK |

XXX XKKXKKKKKK KKXK  X XKKAK XKK/KKIKKIXK
|

Se rere rit rides Gato:

{ XXX XKKKKKXKKK KKK KKK XXK/KKIXKIXK |
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@c7

RXARXKXK KAO | YOK XXKKKKKKAK KKK XK KKKKK XXK/AK TK IXK,
MAJeTEXEX. MINGAX. SCHEDWAD ©XEXX |

SOK XXXHKKHKKK XXX XK KKK KKK KE KK IKK
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|

‘
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xe
Xe

|

3S XEXx aoe
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aie xS | xs | x5 S 5

oem He snes |e [ee Jase |
x| 42 wos 21xS | XS: |) axe faxes S|

crt 3] x5 | xs xS | xs x| |

Biexs axs jeexsel use|) oxcil

-
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aaa ae Mie | oe tke feoeec|e ee
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|

(ex

GPC Mi

Be

MORYEMO!
i

GPC/BUS STATUS

XXXX/801/ DPS UTILITY XXX DOD/HHIMMISS

me ASSIGN PORT ASSIGN
Sones Se

|

ae’ PRI SEC
UL CNT

onc1x ex STRING 1 1 Maurosx
sn 3K 4x 2 17x}18x ENA 36x |

5X 6x 3 isx}2ex INH 37x
|

OPS 0 7K 8x 4 2ixjeox |

s
172 23x)24x JPL_SOURCE

|

Mey STATUS !

A

D 1 xxx
rea eek |

| 2 xxx VAR PARAM 1D LIST
|

ee 25 uxxx

X_SOURCE/BUS 26 xxx | (—CSARTATVE
Caney 27 Xxxx LOAD 48x

nee 10x 28 XXxx RETRIEVE 49x
|

C/LOB 11x

38labs XXX
CKPT RETRY 31 xxx Pr

Mii He loseralete
|

ec 33
Xx SH C/O ENA 52x

13 xxx xxx
4 KXKX GNC C/O ENA 53x

oom
| BEC_C/O ENA Sax
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APPENDIX B: CRT DISPLAYS

VEHICLE UTILITY

{ @0117 FCS/DED DIS C/O xx X DOD/HHIMMISS | O00 842 / SWITCH/SURF 200% DDD/HH IMM

DOD/HHIMMISS | BobetPest|
| RIDE|DES IDE|DE! |

A ee
AVG G ON 3x |

| 1 Ps PE 3 PRES |SE
| x x = | ax

ree beeattig! Shaadi rcoe
eameed2 |

FLAG 5x cH j

pe |
SURF DR START 10x STOP 11x |

BODY FLP DES
WN ESO 1Sk unr CHD POS. eas | E I eox 1 4 Tic: wuticss! rT Aut

3 xxx 14x ELEV LOB XXX.x XKK.XSS SSS 7 xs ) XS] XSy ye as |
TB XxX.x XxxxS § § § § Fes. @ xS| xs xs| xS XS x§ XS flax |

| Sec act ck RIB XxX.x xxx.xS $555 MODE _ 4 x8) xs x51 x6. Lxs xg xs lisx |

|
CH} 15x OB XXX.X xxxX.xS S555 | RT XS} xsy Txs] xsl lx

* XS [lex
cHe 16x RUD XxX MXRXSSSSS | | a x5| xs}

|
x3| x31 xS xg XS ix

| HS 1% SPD BRK XXX XXKXSS SSS | x51 x51 xsi x51 |x: xs _ lax
|

| CHa tex Boy FLP KX XKKIX | rt PO BD
|

STOP 19x
POS STIM ACT 7 XS XS SX

ENA 20x 21 BYPASS xx
|

| SURF xxx, ; BXS xxSPOX
SET xx | DOK, XDOKXSKKK, KOK, KXS xxix

| | MAK, KKK, KS HK. KEK, X! XS xxSHeox

e
(00 OD

FCS DEDICATED DISPLAY CHECKOUT RM SWITCHES/SURFACES FEEDBACK

gy MASS MEMORY R/V Xx Xx DDD/HHINMISS ) YOKX/043 / CONTROLLERSXX x DDD/HHIMNISS >)
SH COM BUFF xxx DOD/HMiMMISS | DDO/MHIMMISS |
DESIRED ACTUAL DESIRED ACTUAL |

PRX OOK”

81
0K SELECT emer nt-sid aireS XKKK KKK 22 XXXX = XXXK MMU } 40x | i

BOXXX XK BS XKKX XKKX MU 2 41x | LKR 2: BOD XDAKSEax

ZoXXXX XKKK BL XKKK KKK 42 S/W SYSTEM ox | | tHe 4 BDY_FLP x:

S XKXK XXXK 2S XXKX XXX «43 PHASE 1xx |
ES yj

BOXXX XXX BE KKK KK 4 LOAD LK | AKG Sx 0 RHC RAXXXSHXXSHXXSE 7X
7 XXXX XXX OT XXKX XXKX 45 OFFSET xxx

2 x Sw x x:

|B XKXK XXX BB XKKX KKK 46 NUMBER, xx EF i

1 9 XXX OK 2S XXKX XKKK «47 PATCH ID Xxxx | ui axoxseex DOK DHK AKIO
| 10 XXX XXXX SO XXXX  XXXx v10Uk xx

|
x x |

1h XXKX XXKX 31 XXxxK -XXKK «READ LOAD BLK 48x cy |

12 OOK OK Be XXKK  XXKX MERGE 43x RHC
|

13 KKK XxX 3S KK KK WRITE LOAD BLK SOx |
TRIn Rl_xS_x ax

16 XXX KX 34 XKKK XXXK =COMPARE Six
|

az |

TS KKK XKKK 3S XXKX  XXXxX «STATUS XK | Elin xanax x x |

| 16 XXxx  XxXX SE XKKX  XXXK ERROR CODE x | RO ON

et a SS |17 XXX XXKX 37 XXKX  -XXXX REGISTER A XXXX | PED TRim Rip Xx! x x x

| 18 XXXX XXX BB XXX XXKX Bo Xxxx | RAXXKXS |) 7X a XS xS xox |
1S XKXK XXKK ‘39 XXKX =XXXX MM VERSION XX.Xx

|
KKKKS [18% || 20 Xxxx KKK CHECKSUM XxXX DUMP VIA OL 52x

( ox ( 090

MASS MEMORY READ/WRITE RM CONTROLLERS

XXXX/ 6407 SENSOR TEST Xx x DOD/HHIMMISS XKXX/044/ SWITCHES.XXX DOD/HHIMMISS )

|
DES STAT RNG az EL

| MLS 1 IX XXXX XX.XS  #X.XKS XL XXS.| 2 2X XXX XXLXS  EXLXKS XL XXS. |

|

SSK KKK XKEXS 2X. XS x. XXS

ODD/HHIMMISS

|
RNG AZ

4X XXXX X.XS_ XXX.XXS

DOD/ HedMM SS
ENTRY ROLL MODE

NO

| 2| x5 xs |

Tac 1 3, xs | |

2 Sx XKKK XIXS XXKIEKE | at xs [xs |
3 GX XXXX X.X5S XXX. XXS | G |

OES STAT ALT |
RA 7X XXKK XXKXS |

|

3 bx Xoo 0008 |

DES y

Ab 1 9X 2X0 XS2 10x ExxIxS
|

|
3 11x £xx.xS |

4 12x £XX.XS. |
ei

START 13X STOP 14x |

000 (00)

SENSOR TEST SWITCHES

XXX/ 04 RGA/ADTAARXX X DDO/HHIMMISS XXX045 / NWS CHECK Xx x DOD/HHIMMISS
)

YXXX7 0417 cS
DoD/MANMNISS

DOD/HHIMMISS
R oe Sax 2X0XSxX0xS xx1xS

|

sys Paes |

TXS4XX.XS XK. 7 irr2 bx ox t

BXXIXS  EXXIXS SELUPHIGH SSENABLE? FICURRENTS G)FOSITION
|

2XK.XS 0 EXX.XS |

2XX.XS 0 £XX.XS NWS) xS xs
t eS

XX KS
- meee |

Pac Peu Pac 1
| Xx.xxS |

XK KXKSXK KKKS XK. XKKSAKK. XXS
|

NWS2 XS xs axs XX. XXS
XX. XXKSXK.XKXS XX, AXKSXXX.XXS H

{ B xs |

KOKXKS XK KKKS XK XKKS XXX. XXS |

XXIXXXS XK IXKXSXX LXXXS XXKIKXS | sare |

TEST HI 9x LOW 16x STOP 11x | ENABLE ie) 3
|

LEFT TURN (-) 3x

RCS ORIVERS STOP ax

RDF 12x TEST EXEC 15x TEST Xxx |
RUDA-A 13x CONTINUE 16x JET Xxx

“B 14x STOP m

coo }

NSE eeeee Bi
RGA/ADTA/RCS NWS CHECK
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2% XXX XXLKKXSBX XXX XK XXKS
S

XK iXxxS,
S XX LXXXS

1

DDO/HHINES YXXX/105/ TES CONTROL XX X DOD/MAIMRISS(

ee RM BROT |
ERROR Xxx

{
xmov1007 GTS DISPLA’

DDO/HHIMMISS 1SELECT10x es. on CODE. xX

al XXXXHOA CONTROL DEDDIS, AFT 19x ORIVE 24x eee. wax | TIRE xeKn BITE, XEENTE
HIGH 26x LOw 21x STOP 3 4 SOP aT army

CANCEL
CSL/RML TEST FLAG 22x OFF 23x Sue & 5 RSH AT Xxxxxx

Vel 3x ure oF
EV LMT SEL xT

ee iy
m

wORE ex | sot ex omen. ed8foonacoonnnenonaac.eee doesBk |

SER BaSareecesteeee tee
XXX EXX, XXX HHH HX XHAK HH K AX oxmy

exc eer KKK HANHKKHK HHHKKH AK X
A | wa 30x 35x SEE SKK KKK KHHHHHH KH HHHHI K HH HK

OL FORMAT CHSENA3x 36x Seb be Ritanttctahtactctttetebtstteletctottcottcottod12 SEL ex 37x x KXNNNKKK K HK HXAHHHHAK HK
ON ets MED

SIKH HK KKKKKK HXXKXKKXX K ||
POLL

"Ran Gwe

33xxx 38 ox | eek SKK IKKKKH HKKH HX XXX KK |NA 14x RTRN Coe 33 JOCKS XXXKKK KKKKKKSe e
TRN MSG 34 XXXX 39 XXKX

XK EXX HHH XX KKKXK HK KK

OUFLER XxX SKK KKKKKK AK AK HK HK KKK KA KKDeere pes

Sate OX aes KT RII III IXIA IIIA IIIIRIE ||
RJD TOGGLER ERR CD xx Xx XX EXK XX HID IIONAXON ||

"ON 16" OFF 17x | XX EXKIXX,XXXKXXXXKXXK Gon )000,

“a
TCS CONTROL

GENERAL TEST SUPPORT

A

4 /BTU STATUS 2 DDD/HHIMMISS
10007101/ SENSOR SELF-TEST XX X DDD/HHIMMISS

| if 0007110, re BT OP DDD/HHIMMISS,

Bee ere xy xuripYX Ee BT OPMODE x XK 15) XX Kae 1

ENALSTAT.ENS, |
Tree tex MaeUAE XX XK ETUIAXX xML 1X XXX XK XS 2X. XXSXOXXS

| HO ces Sa CE ee ec ain

See ee | BOS iiiimetiie ogdittSS 3x xxx xxIXSaX: :

| aya Oa rites H

ap oe XK KMULIP XX KX eA XK xXXKENA STAT RNG AZ |
FEIS, XR IS ERRKEKE,OERRN NK

|S

SHEPER percommns,| mua IETREE EET & irriCS BkOOK XS MKD START ix
| RORTS SS5SoSeeeS fate ens xt W RMMmSReeREN Nix

B
3

AUTO SEQ 14x
priix S35xxx 45 XXXX 3B XXX

ENASTATALY. TERA 15x sc ax BSxXxx OP KXXX HKXKXXK
BU OO OOS

| Ss x Xe X| eS Xx XCXELUSON KeOX
AZ BX XXXX XKKXS INH ALL 16x

B yk ksnciorrr

kta raryFaas XX x x

BOS pees
|

my rEETOMeyryy i kerk1 ox XXVXS  NXS xxxXe18% PES POS DET XXX XPFIP XXxXX BA XXX X3 11x EXXIXS $XX.xS eux TIEYERKESEXX.XS  1XK.XS ax ueioe oo :

BK GORX oP x x x X MECED sexe
090

SENSOR SELF-TEST BUS/BTU STATUS

X0XX/102/_-—-RCS/RGAZADTA TEST Xx x DDD/HMIMMISS ~) YOKK/LT/ SL MEMORY OUMP xx x DDD/HMIMMISS
COO/FEUAI SST SM COM BUFF xxx

2 DDD/HHIMM SSRCS DRIVERS
' SL_COMP SEL

RUDF 1X START TEST 4x STAT Xxxx
|

SS. Ix
RUDA~A 2x T

Sx JET xxx bse By
x TERR 6 Step x

|
St_COUPLER

|

| SEL a 3x
| 6 ax

| |S START 400 xxxx

SENSORS TEST CONTROL! 6 LENGTH xxxEr

Cc e pie Pian ae
DUMP 7

xxxx
NA STAT R Y sta 16x |

TX XXXK  ¢XK.XS £XX.xS i0T0SEO x | WORDS ACO xxxxx
BX XKXK KKK £Xx.XS TERK x

|
FAIC RH xxxx

Sx KKK Xx IxS £xxIx5 Re xxKKK

|0X XXXX $xxIxS £XK0XS INH ALL 1x | LAST ADD xxxx
{

ENA STAT + Pac Pey pa 1
:DX YOK XK. XXKS XK KKKSXK. KKKSKKK.XXS

AS 34K XKKK OK KKXS: XK KKKS XK KKKS KKK.XS
|

x0) 0x0

RCS/RGA/ADTA TEST
SPACELAB MEMORY DUMP

POO047 GHD IMU CNTL/HON 90DDDiar $§ (0071127 cet I/F XX X DDO/HHIMMISS
9 ; me | DDO/HHIMMISSImu

2.
2h

aes | BTU SELECTION TEST STATUSee ee eea aL a FF 1x PCHMU lex XXXX MOM OUTPUT TEST2 XKXXX
5 xxx B XKXIXE 2 1% 2 ex rmUl 13x BTV ITEM xx MODULE xxZS KKK 6 XKXIKK 8 XXX IKK 3 18x | 2

eck 1X STEP x00 |
=

bee 44x FECL 15x ROW XXX ANALOG OUTPUT:
'O XXKK Xxx ATT DE iox | |

Fay 5x 2 16X BCE STAT RG “OXcxK G txaxx |M

. KKK XXX.XX HNGR CAL & 20x
1 26x EUL 17x OOOO 2 2X.XX 3 tx xx j1h

xx XXX. XX Bex |
3% 2 16x 4 AXXK 5 EX XK| } y IB, Wxexx

XXX XK XXX,XX C 2ex 4 Bx 3 19x PORT SEL 1 31x 6 4X.xxX 7 tXixxD x

: POUKK  EXXIXK PREELT CAL BSx PFI SK pDU 20x 2 32x 8 4Xixx 9 Exixx
|

neeHE EE IER Otc Ser| [et PPPateeaed 2 eR ES
VASS. OUIXK. | (RXGaK MESOURS teeter | See,

55x Ho 18BoePLAT POS Bex aL OES
s

Kx yon TERMIDLE 27x MOMS 11x ALL Bax

DISCRETEOUTPUTS |
CHa LO XXXXXKx 2B HM WRITE x LEVEL 1 CHAMEL 3 Jogo |

y eaSan TEST LEVEL 2 26x CHANNEL 2 XXXXXX

1s Seas |
|

contro. Ternary Se

|% air ex CONT ®8TU CYCLIC BITE 3ox
O00,

GROUND IMU CONTROL/MONITOR
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{900071137 ACTUATOR CONTROL x x DOD/HHIMMISS
| MONTTOR FAIL DODsHIMMTSS |
| co POS act ABCD _acryar MEAL

|
| XK HON SB Ix S555 a

7
|

IKI 2XKIXK RUD 2x § § 5 5 FIN POS 30 (exx.xx DEG
AXX.XX AXKXX LIE 3X 5 5 5 S START 31xxx STOP Sex

|

| axxinx axxixx RIE 2x 5555 STATUS Xxx

HXKIXK 1XKIKX LOE 5X 5555 HYD PR ECP ERR xxx

| axxixx txxixx ROE 6x S555 “I BF MON 33x
|

pexiex axxo IP KS S55 2 xxx
{

 9XKCKK SKK ory Bx SSS 5 3 xKxx

ae xXS555 AL SRB/NW34x |

A ey 10x 5555 weiso
v

3 uxs$S55 ix ex

By 12x S555 756 Mat 35x

RPA 13x R/SB_REG/ERT 36x
Silk

pupusa,
VEreies ot |RA 15x © eek NOP CA REG 38x

| RYS 16x I 23x NOP_CA FRT 39x | 7

:

LPA 17x 2 ea x OMS 40x
LPS 18x 3 Bk sess lin ax

|CA 19x @ 26x EL POS LIN 4ex
LYS 20x 5 27 x _ S/B POS LI 43x

BF Bix é 28 x R RATE «5S PCH aax |
| 000

ACTUATOR CONTROL

XXXX/XXX/106 MANUAL CONTROLS xx x DDD/HHIMMISS

DDO/HHEMM?SS

auc Rap ey

Cod EXKX £XKX ExXK Exe

BE EXKK XXX 1XXK s 2x

| 3 tXxx #XxxX #Xxxx SB epomnxx |

| RL EXXK EXXX EXKX TOR 41 xx)

2 4XKK 4XXK #XXX G Bitexxeay ||| 3 EXXK 2XKK tXxK 3 FEXK |
|

AY EXKX 4XKK XxX LoL axxx

| 2 Ex 0% OK R xx
|

Be
3 EXXX 4XXX EXXX PES EXXX en

|
iif are ligt ora

TRIM SY RP Y BOY FLP oe rks

PaGaL xXXX ax Sixx ||

| eX xX 2x
Ree x Xax R 1X THC IX Ty TZ

| eExoxas eh te 1
pe

|
y

cm ee

|
eaxex Shame x

| Rar * x A mie eX x

ex x 2) een

| Sex xeon |

MANUAL CONTROLS

pect
my

wor with cine aren insu

pack nr Bax wit Five DOZEN Liou
Cees rites Soren MegkaesSehe

(a
ce }}

012345673"

NE ee
DEU STAND-ALONE SELF TEST

B-13

SCOM 1.0

November 1991



APPENDIX B: CRT DISPLAYS

BACK-UP FLIGHT SYSTEM (BFS)
xX_X DOD/HHIMMTSS:

Xx_X DOD/HHIMMISS

ba
hi wees

BFS DOD/HHIMMISS

“pit SET 3x SEO_ID $

yous / ENTRY TRAU 1

«Dd

50 756 ic ee
BIT RST 4x RITE

| eaetax |
estReo acruat astaeg L

2

STEERERKKK

|
R xxx

XXXK | EXKKKXKKKKKX
XXX EXXKXXKXHXKK ie)
XXKK | EXXXKXKKKKEK E

A SER acoso:
NOK EXXKKXKXXKK

| 35 $28 ad
MEMORY DUMP ] LAUNCH BUS 1 26x | Nn x3B |
2)

Sant, ID, wa 2 27x
ave nie

3} Rureer cos aacxax| OFF 28x
|

XX
Brera te ZEROH BIAS 2

burr 2 | BIAS 4xx%

oe ae eeJer R ENA 25x
| a i

Be dae
-180 -168

Se
RD OR

xx) )(020
: ies et

BFS MEMORY
ENTRY TRAJECTORY 1

s THERWAL
5X1 DOU EAR TAS, yous ENTRY TRAJ 2 —XX_X DOD/HHIMMISS

mS
BFS DDD HH wm ss | * oD ssd'etdallHYD SYS TEMP BOYFLP AD/SB LOB i 18 RIB A OB

PRIME | 2xXKS SAXKS 2XXXS ©AKXS 2HKXS “KAS |
/

STBY 1 2XXXS 2XKXS EXXKS 2KKXS 2XXXS 2XKKS

RAKE PRESS

YO SYS {03 XXXXS XXXKS AXXXS XKAXS

20) AXxxS KxxxS KxKXS XKKKS
|

uF TRAE REOR100p)—) tC
ACCUM OTY XxXS XxxS |

November 1991

B
SSSSSSS|SSSSSSS| AAD tH

T

xHXE MES Fsessss nro sur peExe

sss ten tery niga

fs TB AKXS AXXS 0x8 HKXS
s s OB KKXS KXKS KKXS xxxs | XK
Ssss ssss NG XKXS EXXS XXXS XEKS he TRIM XXX

|2 2 AIL Xx.x
|

RUD. XX || ZERO 4 BIAS c

|sss rid

ssbtssesssistssssssesisssss
Or

SI

EXKXPRRRKuIXRORTRRRXeIRRR Iee |

THERMAL ENTRY TRAJECTORY 2

XXXXKX TRAJ *x_X OOD/HHIMMISS |) { TR’
BFS OoO/MHIMNISS | Peg

7

ENTRY TRAY
>

XBFSppovieiurenres
j 4s 790eee ee oo

BPS
} |

T 3Biastate
1

} xX
4

A 40 $46 q | xxx:x {|
400d

ee Bo
xxx i

Y Xxx

|

2
|

c XK Galea
[oe

|

30 pee J

1

| 2G) ny K.xx
|

/ / / NY TRIM 30K
4 25 tie 7 J J ALLKO

|eo! } xk
£8 i Z 4 vi ZEROHBIAS2

| i

ie 1XXxX

-

Taco Oa ne Wi /
ror EE PS

|

f) |
| < cs L KK

eel (
210 130 cho

or
|

ASCENT TRAJECTORY 1ECTOR ENTRY TRAJECTORY 3

10317 KOOOOC TRAJ 2 XK_x DOD/HH

|

OFS DoASIISS | ( year / ENTRY TRAJ
4X4 xDOD/munmiss

y re2 ————— ee | 45 150 ses 3es
a co 6 | |ied Tug

|

xxx |
| P xxx Go |

Dy a
. Hso4 eTL —

VA Fa |
/

34 THEO xxix | ance,

/ aN Bae Pree

ss] NY TRIM XoxKx

| |
AIL OO

| | RUD XX.

| | ZERO H BIAS 2

-2004 J
| FBIAS  sxxx

: |

me-27 a A KS
(0 / ‘a

Ee e358 CRO xxxx

ASCENT TRAJECTORY 2 "ENTRY TRAJECTORY 4
ae

j

‘ORY 4
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{ Jeary ENTRY TRAVIS |= 8X Doo/ialitetiss|.)
x 7 ek |

|36%—-—— Doors |
| 3 BIAStae|

25 $40 q
| R
Hea

etieee

| 20 }3e
*

-275

ny x.xxx |

NY TRIM X.XXxX |
A .

RUD XXX
ZERO H BIAS 2

HBIAS xxx

Seen REF xxx

e ROLL REF XXxxxS
245 275 tho ox |

600 _)

ENTRY TRAJECTORY 5

EEEey / RTLS TRAJ 2 XX_X DOD/HHIMMISS
BFS DOD/HHIMMISS

one 2

Te

co Po PDS
|

| ' X.Xx ||
« xx GUID xxxx

|

4 XXX PPA 1x |

TMECO XXIXX |

PRELT |
|

] |

R Xxx
3 OP xxx

|

g's Y Xxx

ity ened aa Pa

a 000

RTLS TRAJECTORY 2

XXXX/050/ HORIZ SIT XX_X DOD/HHIMMISS
BFS DDD/HHIMM1SS

o” xxx Nav DELTA |ax 10

Gxxxxxx
| 30aG00R00K Hx ay It

41 xxx SITE xx BKK xPRI XXXxx 3X —~ az ie |
SEC XXxxx AX ( Bexxxxx |
TAC Xxx 5 ey aXe Tra

|

{ > fxxxx
|

Ge |
TAEM TGT eY 14 (@GIN X XXXx 6 2 Box |

HSI ° azis |

xEP 7
6

KX |

AIM | XXxx 6 LOAD 16

| Nay ESTO ACE XXXTACS
| TAC _ABEXx. Xx 1 XXGE XK » XXGE XXX XXS

RNGEXX,x Jt XXX « XXGEXXX. XXS
|

S'31x DES 32x DES 33x
DRAG HExxxx

SG~YO GEC

HORIZONTAL SITUATION

XXXX/051/ OVERRIDEXx X DDD/HH-m SS
BFS ODD/HH Mm SS

ABORT MODE entry Fes
TAL 1x ELEVON FILTER ATMOSPHERE

Ato 2X AUTO S7x MOM 20x NOM ae

ABORT 5X FIMED VeX ALT 20% WM POLE 23x

UAX THROT ax SSUE REPOS 15 XXX 5 POLE Zax

PROPLT uP smu DES AA RGA. suAF
*) 25x mu Des DES OES

XXX 1ONCT S xxxx 2 20K NOH OBE 38x

ous ouur 3 0i%e 2 Sax 30x cox

D ae Linseaeoennis os H
stant 3x to30 3a ax

stor ax

2 QUAN/SIDE xxx
ous ouur Te Lak

£1 ser Vent poor cwtt |
arracs 19 xxx auro zex OPEN Bx

ve TIME XXX sep 29x Close wax|
FWO.RCS 15 Xx ET ume OA |

J
ve time xx “"ctose "sex |

vn

BFSOVERRIDE
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KK) 2XX/893,
cRrr FAULT

| 300 .89000000% sm.
| 300 550000000 5300

200 9000000000, 2300
3X 000000000, 00

FALT XxX DDO/HUIMMISS |

BFS
DoOseIMMISS

|

© g e oc

OK 01%

XK I XH XX |

XK /KKK IKK |
YOO XK1XX

meoy

cae

YOK OOK KKK KKK KE KK IKK |
{OOD SODG0OG00OC 6000 or x OOK OOOOOr

|

| ax Saocoonoos: sox kT |

FAULT

XXX KKK 1B GNC SYS SUMM 1 30 DDD/HHIMM TSS:BES DOD/HHIme1SS
KX. $

TR Xxx1x5 xxe rassss
|

RIB XxX.XS XXS PSs |0 XOXS XXS
Alien ox x |
RUD xxx FOS cH esex

SPD BRK Xxx.x

BOY FLP xxx.x

c eR ie
% KEXXS KKXNS KKXKS IMU SS |

REG PA XXXXS XXXXS XxxxS TAC 5 S
BOXXXK5S XXXXS XXxxS aDTA S S

dP/ST __XXXS_XXXS _XXXS
ULL F LHE XX.XS XX.XS XX.XS

2. S <|
| u MA -

TK XXXXS 0 LH2 XXXS, |REG XXXXS 9 LOE XXXS

ACUM XXXxS }000

GNC SYSTEM SUMMARY 1

PRESS -XX.XS
Psat +

XX.XS XXIXS XXIXS |

+XxS
BU/EQ £.XXS ¢.xxS
2

(a eee a EE( wocprxxse 78 SM SYS SUM 1 XxX_X DDO/HHIMMISS

| 2 BFS DOD/HHIMMISS
|

SMoKe ia. 2/8
CABIN XX. XS. JOc_voLTS 17a 278 3E

| CAR FD  Xx.X5 xx.x5| FC XXOXS XK6XS XK-XS
| AV BAY 1 xxcXS xx0x5| MAIN XXIXS XXIXS XXIXS

| 2 XXiKS XK0K5] CONTE AB XXOXS XXiKS XXiXS

BXXXS X BC XXIXS XXIXS XXIKS
| CA XX.XS XX.X5 XX.XS
|

|
xxxS

0: XIxxS x15 XXxS |

| FAN OP xoxxS XxxS
Hx OUT T) XxxS xx.xS

G2 FLOW x.x5 x.xS XSFLOW X.XS _X.x5 xxx

MeL sy

eS
2

FUEL CELL PH xxS
av FC]. FCS FC AMPS: XXS,

| $51 XXxS XXXS XXxxS REAC VLV _XXxS |

|

SS2 XxxS xxx xxxS
To

4xxxS
|

$S3_XxXS_ KS XXXS |
Tt

xxS
|

TOTAL AMPS XKXS
|

P - xxxS
Kw XxS xxS |

SM SYSTEM SUMMARY 1

XXXX/KXX/078.—« SM SYS SuMM 2 XX _X ODD/HH-uM SS

SFS DDD/HH MM SS

CAYOTIKwhh, (2 8 9) Gee

M2 PRESS XXXS XKXS XXXS _XXXS _XXXS |

Of PRESS XXKKS XAXXS KXXXS XXXXS XXXXS

BTR Th SXXXS CHAKS EXAXS SKAXS. 2 XXX
|

TD pRXKS PXeKS Sx4XS EKAXS jexxS
|

= aus ata ns caats

|. aro — est :

|"
eur €or xxxxS XXAXS XXLHS| PRESSXXXXS KKKKS XXXXS

| eru ect xxxxS XxxxS XxXXS|ACUM P XXKXS XXAKS XXXxS

J Ont Siw “axxs “Xxxs “xxas|RSVRTAKS 0KS XXXS

| OUT XxXS XKXS XXKS

| co aed) xxxs xxxS xxxS| OTY XXXS XXXS XxxS

| gig nos xs Ks)

SPEEO % “xxxS xxxS XKXS| ow

FUEL OTY XXES XEKS AXXS|H2O OTY XXKS XXS  XXXS

PUP UK P AXS XS AXSBYP VLV XXXS XXXS_ XXX

OIL OUT P xXXS XXXS XXKS

FU TK Viv
AT XxxS xxxS xxxS| <THERM CNTC 1 avec

| BT XXKS XXXS XXXS/H2O PUMP Po _XXXS | XXXS

|
AV Bay z J} FREON FLOW = XXXXS XXXXS

| Teme XKKS XXXS XXXS/EVAP OUT T XXXS xxxS |

| FAN oP x XXS x OXXS X XS

SM SYSTEM SUMMARY 2
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XXXK/KXK/168 © CRYO PALLET xx x 00D/H¥ am ss)
BFS OOD/HH Mu SS

PALLET TK 6
7

8

H2 PRESS -XXXS XXXS XXX

™ P XXS XXKS _XXXS

©2 PRESS XXXXS XXXKS XXKXS

TK P XRXXS XXKXS XXXXS

HIRO T1 2XXXS sXXXS 2XXXS

T2 2KXXS tXXXS #XXXS

SM CRYO PALLET

8

XxxS
xxxS

XXXXS

XXXXS

2S
2XxXS
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HEAD-UP DISPLAY (HUD)

BORESIGHT
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GLIDESLOPEANCEbea
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INDICATOR
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DECELERATION
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UPPER RIGHT
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RADAR ALTITUDE
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,
FLIGHT

DIRECTOR

BORESIGHT

/ ALTITUDEa is an

GUIDANCE — -

J RADAR
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ALTITUDE
fo aml

AIRSPEED=7 =< =
4TAPE . GLIDESLOPE

a x

INDICATOR

NORMAL x» FtAREAECELERATION :

TEERENCE
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owen tery Wot aft REFERENCE

INOow SPEED BRAKE

sae

OPS 8 LOW

F BORESIGHT
-

Antes

ae

<
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APPENDIX C: STUDY NOTES
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MPS ...

OMS

RCS

APPENDIX C: STUDY NOTES

This appendix contains a set of study notes originally
developed by Ron Grabe in September 1989. They
have been extensively modified and updated by
several crewmembers and reviewed for technical
content by the Training Division. je

The purpose of these notes is to provide
crewmembers with a set of critical “need-to-know”
items that can be reviewed in fheir entirety at one

sitting. The notes are directed at the PLT crew

position, but should be useful for other
crewmembers as well.

The Study Notes are organized alphabetically by
major system. Under each system heading, notes

on critical subsystems and malfunctions are

presented. The text is written in Flight Data File
shorthand using switch nomenclature and CRT

display terminology, which results in a somewhat

cryptic format. Although directed primarily toward
Generic and Flight-Specific training, they should be

readily understood by crewmembers who have

progressed through at least part of Pilot Pool

training.

Preparation for Shuttle Mission Simulator (SMS)

training sessions is difficult due to the complexity
of the Space Shuttle and the many flight phases that

crewmembers are required to understand. A quick
Teview of these Study Notes prior to SMS sessions

should help make training more productive.

C1

SCOM 1.0

November 1991



APPENDIX C: STUDY NOTES

APU/HYD

General

* Ascent: all APUs will be kept running through
MECO if possible.

- Loss of one APU means hydraulic lock on

one engine.

Loss of two APUs means 2 SSMEs in

hydraulic lock plus loss of TVC for one

SSME.

e Entry

- Pre-TAEM, a sick APU (high oil

temperature, high hydraulic temperature,
pump leak P, H,O leak) may be manually
shut down, cooled down, and restarted near

Mach 1 to support landing.

Post-TAEM, APUs will generally be kept
running except for high oil temperature.
An APU will be shut down for high oil

temperature if Mach > 1. A gearbox failure
for high oil temperature is not catastrophic.

Auto Shutdown

* Controller will issue an auto shutdown
command, if auto shutdown is enabled, for RPM
less than 80% or above 129% (auto shutdown is

inhibited for the first 9.5 seconds after start to
allow turbine spinup).

e.

* Auto shutdown closes secondary fuel control
valve and fuel tank valves.

* An APU with an underspeed shutdown is a

candidate for cooldown and restart.

* APUs with overspeed shutdown will not be
restarted.

* If auto shutdown inhibited and APU speed is
confirmed above 129%, manual shutdown is
required as soon as possible.

Single APU Loss

APU 1 means loss of nose wheel steering
(OI-21 and subs, hydraulic system 2 can also be

used for nose wheel steering).

Single APU loss will not affect braking (loss of
APU3 plus either 1 or 2 means half brakes).

Switching Valves

Supply either primary or one of two back-up
hydraulic systems to the aerosurface actuators.

Valve status only visible on SPEC 86 (SM

OPS2).

During FCS checkout, check active hydraulic
system selected.

Fuel Tank

Supply supports about 110 minutes of

operations (AOA).

Nitrogen pre-charge required for start-up.

Pressure displayed on panel F8 meter.

Quantity (CRT and meter) is a PVT calculation.

Isolation valves must be closed (de-powered)
when APU is not running. No fuel cooling of
solenoid valves.

- Post APU shutdown, if fuel tank valve

temperature high, pull circuit breakers.

- Solenoid short may overtemp valves while
APU is still running. Pull circuit breaker
for second valve in parallel. Will keep APU

Tunning.

Fuel Pump

Gear driven pump delivers fuel under pressure
post start.

“APU PUMP LK P” shows build-up of leakingoil or fuel in catch bottle. Bottle Telieves
overboard.
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Cooling

GG bed cooled by separate H,O injection system
for re-start. H,O system not used during normal

ops.

Cooling required for 3.5 minutes in INJECTOR
COOL prior to start. If no cooling of GG injector
apparent, do not perform re-start.

If APU not started immediately following cool-

down, injector temperature will rise again
rapidly.

Common tank for all APUs. Cooling capacity
is 21 minutes.

Fuel pump and fuel control valves are cooled

by APU PUMP/VALVE COOLING. Two

separate systems (A and B), each with its own

water supply.

Water spray boiler cools hydraulic and lube oil.

- Bypass valve isolates hydraulic cooling
feature when not required.

- Two controllers (A and B) use common

water lines but have different spray logic.

- Water quantity should not decrease during
ascent. Pre-charge in H,O boiler immerses

oil lines. No spraying until MET about

11:00.

Hydraulic Accumulator

Maintains pressure of about 2600 psi when

APU not running (hydraulic pressure still about

65 psi). :

Prevents hydraulic pump cavitation.

Low accumulator pressure on orbit indicates

nitrogen leak or internal priority valve or

unloader valve failure.

APPENDIX C: STUDY NOTES

Circulation Pump

Two-stage pump. First stage low pressure, high
volume. Second stage high pressure, low
volume. High pressure fluid can be diverted to

Tepress accumulator. Otherwise, high pressure
fluid mixes with low pressure fluid.

On orbit, automatically turns on (when pressure
< 1960 psi) to maintain accumulator pressure.

Circ pumps keep hydraulic fluid moving for
thermal conditioning on orbit. Automatically
turn on for low hydraulic line temperatures.

Only one circ pump operates at a time in GPC
control for electrical loads considerations. The

system with low accumulator pressure has

higher priority than the system with low

hydraulic line temperatures. For thermal

Teasons, two circ pumps at a time are OK if

needed to recharge two accumulators.

Priority Rate Limiting

Gets 3 hydraulic pressure inputs from each

system.

Crew can see 2 of the inputs on BFS SYS SUMM

and F8 meter. MCC has access to all three

inputs.

Crew can also see hydraulic accumulator

pressure which PRL doesn’t see

- Use hydraulic accumulator pressure and

RPM to resolve dilemma.

- Accumulator pressure = 3000 means

hydraulic system OK.

PRL will show down arrow if declaring system
down.

SPEC 51 data:

- AUT* means auto logic is active

- DES* means manual deselection (toggle to

reselect).

Cc-3

SCOM 1.0

November 1991



APPENDIX C; SFUDY NOTES

* Normally, INCO manages system on LRU by
. ] to logic

ee
SY ee z

LRU basis. All LRUs are system 1/system 2
7 @

redundant.

- Subsequent transducer fail may require
Cea

deselect of auto logic and a manual deselect

lect.oe
¢ Routes all audio to ATUs.

* ForPRL downarrow and system good, deselect

auto logic to reinstate hydraulic system into * Novoice(ICOM and A/G), switch ACCUs.

PRL.
e¢ CDR and PLT can talk to each other on same

Manual Shutdown ATU without an ACCU.

* Used to back up auto shutdown. Antenna Electronics Unit

¢ Controller power off protects against * Switches antenna per GPC or RTC command.

uncommanded hot re-start.

¢ BFS commands for ascent and entry.
* Must identify over or underspeed shutdown

prior to controller power off (caution and * SM GPC command on orbit with BFS in STBY

warning light extinguished). or HALT.

Ready-To-Start Talkback Gray * Commands routed to antenna electronics 1/2
over PL MDM 1/2. No cross-strapping

* Low press selected. capability.

* H,Ospray boiler ready. * Manual selection available with loss of auto

select.
* APU fuel isolation valves open.

Ascent/Entry Configuration
* GGbed temperature > 190 degrees.

* S-band system 2 active in STDN mode.
+ APU speed below 80%

et

-  STDN sites prime for comm.
*

Underspeed immediatelyafter start is probably
caused by 9.5 second timer failure. Auto - Onorbit, 1 to 2 hour call up.shutdown is normally disabled during first
9.5 seconds of start. AUTO SHUTDOWN to ¢ A/G 1and A/G 2selected simo.
INHIBIT may allow start.

¢ UHFT/Ron A/A loop.

Comm-Voice Data
* TDRSavailablepost-MECO on ascentand TAL.

- On ascent, stored program command willGeneral mode to TDRS.
* PANEL/CMD on panel C3 switch passes S-band

control to system selected on aft panel. One
step total reconfiguration to alternate system.

- Active S-band system switches

automatically if INCO does not clear
command, or if BFS fails.

C-4
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- Manual reconfiguration of back panel to

TDRS may be required post-MECO to

restore comm if S-band failure, ground site

failure, or BFS command failure occurs late

in powered flight.

Encryptor, Transponder, and Power Amp

In-line LRUs.

Power amp and preamp not required if

reconfigured to STDN low mode.

Encryption is normally on uplink only.

- Encryptor dedicated to one NSP. Not

selectable separately.

- Bypass selected for encryption failure.

NSP

Processes uplink and downlink (voice,

commands, and data), except UHF which

bypasses NSP.

Failure means no S-band voice, commands or

data to/from ground.

“1/O ERROR NSP X” where X = active FF

MDM (1 or 3). Could be just command

failed. Check data/voice with MCC.

Cryo

General

Separate transducers for CRT digitals and

overhead meters.

CRT data goes off scale low for big leaks.

Heaters

Each tank has A and B heaters.

Separate controls/logic for O, and H, heaters.

APPENDIX C: STUDY NOTES

O, heaters have two elements with two current

sensors per heater.

Crew insight into sensor status in OPS2 only.
If any current sensor trips (short), that heater is

disabled.

Heater logic (applies separately to O, and H,)

- Both tanks in a ganged pair must have low
P before heaters in either tank are turned

on.

- Only one high P is needed to turn both

heatersoff.

- During leak isolation, pressure in good tank

may prevent heaters in leaking tank from

coming on with both tanks’ heaters enabled

- Control points for heaters:

H, tank 1 and 2 pressure = 203 to 223

O, tank 1 and 2 pressure = 811 to 846

- Tank 3, 4, and 5 set points slightly higher
so tank 3, 4, and 5 will preferentially feed

on orbit with all tanks in AUTO.

Leaks

First step in ascent and entry cryo leak

procedure is to determine number of tanks with

pressure decreasing.

- Only one tank leaking, leave configuration
as is (manifold isolation valves open). Leak

isa tank leak. Isolating tank will starve its

fuel cell.

-  Ifall tanks decreasing, close manifold valves

toisolate leak. Must react quickly for large
multi-tank leaks.

- If leak internal to fuel cell 3, need to reopen

manifold valves ASAP. Manifold 3 does

not have a relief valve.
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APPENDIX C: STUDY NOTES

DPS

General

*  Itisimportant to be able to identify GPC failures,

for MCC has little insight. Crew information

affects MCC analysis and planning for

subsequent failures (both DPS and non DPS).

* When using the GPC MODE switch, remove

your hand between positions. On past missions,

there have been problems with the switch being
in two positions at the same time. Research is

ongoing. This problem can occur on other

orbiter switches also. It is good practice to

always pause slightly in each switch detent to

ensure the contacts are made and recognized
by the GPCs.

* Always clear fault message line as soon as

messages have been seen. This will avoid

missing annunciations of subsequent failures.

* Resume SPECs and DISPs from CRTs when not

in use or prior to switching to another major
function on that CRT.

* Hard assign CRTs (both PASS and BFS) via

PASS CRT keyboard (BFS will DK listen). Dual

CRT commanders can be caused by trying to

assign a CRT to BFS that a PASS GPC is still

driving

BFS Engage

* Post BFS engage, check to ensure that all active
PASS GPCs have recognized the engage (both
MODE and OUTPUTtalkbacksare barberpole).
If not, take the offending GPC to HALT (or
power it off) immediately to avoid 1/O
problems on the flight critical strings.

Restringing

*

Deassign CRTs from Fail To Sync GPCs and
Teassign to good GPCs to avoid inadvertent
entries.

Before OPS transitions and Testrings, verify the
NBAT. Check proper MAJOR FUNCTION and
GPC switch configuration.

Ensure the correct memory configuration is

displayed prior to making NBAT changes.

Dynamic flight

- Use the cue card.

- Must take failed GPC to STBY, HALT prior
to OPS MODE RECALL.

- Must deselect IMU on failed GPC for OPS3

restring, then follow OPS MODE RECALL
with NAV DELTA ZERO and IMU

RESELECT.

- Deselect surface feedbacks prior to OPS

MODE RECALL. Reselect following OPS

MODE RECALL.

- Follow OPS MODE RECALL with BFS 1/O
RESET (or PRO to OPS 3 if TAL).

- Avoid assignment of all three CRTs to the

same GPC, especially on orbit.

- Keep hands off of everything during OPS

transitions, especially switches and CRT

keyboards.

Rules

- Powered flight. Recover stuck throttle if

necessary for uphill performance.

Post MECO, pre ET SEP. Recover jets for
SEP:

- Pre OMS-1. Recover single OMS ignition
capability (delay burn). Regain critical

system insight (if engagable BFS still

available). Maintain single fault tolerance.

- Entry. Regain vent door commands.

Regain string 1 or 2 for nose wheel steering.
Maintain ASA command and body flap
command.

- In general, port moding is preferred over

restring to regain lost capability.

- Prior to EI-5,restring for any failed GPC.

C6
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Set Split

2 on 2 ascent split

- Maintain CRT interface with both sets.

- If bothsets have an IMUand FCS channels,
ride to MECO. MCC will then advise which
is good set.

:

- FCS channels remain in AUTO.

- ET SEP to MANUAL for post-MECO, pre-
SEP restring.

- Setup G1 (G3 if TAL) NBATS for both sets.

- Monitor tapes driven by both sets.

- Be prepared for BFS engage if sets begin
force fight or total set split.

2onlonl

- Treat simplex machines as failed GPCs.

- BFS engage required on ascent for MPS

commands if simplex machines can’t be

taken to HALT.

BFS engage decisions for set splits

- On seeing multiple GPC faults and CAM

lights, call “SET SPLIT”

- Check BFS and PASS GNC SYS SUMM.

- If BFS tracking 2 PASS GPCs, check them

for 1 IMU, 2 FCS channels, 1 RGA, and 1

AA. Minimum for good PASS set. BFS

engage will be required for MPS commands

on ascent if simplex computer is failed to

sync and cannot be taken to HALT.

- If BFS standalone, check PASS if time

permits. Time available is based on NAV

state without IMU data:

Powered flight - 10 seconds

Entry - 45 seconds

Orbit - plenty of time.

APPENDIX C: STUDY NOTES

¢ Distribute CRTs among different GPCs. On
orbit ensure all CRTs are not assigned to the
SM GPC. Loss of this GPC loses PASS CRT
interface.

ECLSS

General

¢ During ascent, only switch avionics bay fans
and freon pumps. Water pumps may be
switched if avionics bay temps are increasing
out of limits.

¢ NH, Boiler A/B control based on temperature
in freon loop 1/2.

- If no flow in freon loop, must use NH,
boiler corresponding to good loop

If slightly degraded flow in loop with

NH, boiler selected, undertemp may
result in degraded loop, if NH, boiler

controlling based on temp in good loop.
Select NH, boiler for loop with degraded
flow.

Cabin Pressure

¢ First reaction to cabin leak is to close cabin relief

isolation valves one at a time.

¢ Double check leak indications with MCC. May
be due to cabin expansion or thermal effects.

¢ N,/O, leak into cabin will cause rise in cabin

pressure and for O, leak, PPO, will also rise

(O, concentration available on orbit).

e dP/dT on meter and CRT come from dP/dT
sensor.

* EQ dP/dT is calculated from cabin pressure
sensor by BFS and standardized to a 14.7 cabin.

EQ dP/dT is used when available to make

ascent abort decisions for cabin leak. Backup
dP/dT is also calculated from cabin pressure,

but not standardized for a 14.7 cabin.
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APPENDIX C: STUDY NOTES

EPS

General

* Do not reset popped circuit protection device
(RPC or circuit breaker) without consulting
MCC.

* For critical actions, MCC may call for

momentary reset of failed control or essential

bus while crew holds switch for affected system
in desired position (three finger trick).

AC Bus

* Surge on AC bus can cause main engine
controller to trip off line. Avoid actuation or

switching of AC powered equipment during
powered flight unless called for in malfunction

procedures.

Loads that can be switched in powered
flight:

Avionics bay fans

Freon pumps

H,O loops (only for an avionics bay
temp high)

* ACbus sensors OFFon ascent to protect SSMEs
for:

Loss of first engine

Loss of SSME controller redundancy on any
engine

Loss of a single AC phase (takes down an

SSME controller on two engines)

When AC bus sensors are OFF, no hardware
caution and warning lights will illuminate
(no AC VOLTS or AC OVERLOAD light).

* AC voltage high

- Ride until MECOunless volts exceed 130,
or affected main engine controllers are lost.

> Trip bus offline with AUTO TRIP selection
on bus sensor.

AC phase shift/phase-to-phase short (three-

phase motors stop)

- Verified by multi-phase amps high.

- Multiple three-phase motors fall off line,

fuel cell pump, Freon pump, H,O pump.

- Take individual phases off line separately
to find bad phase.

If AC bus sensor in AUTO TRIP, AC phase will

be automatically disconnected for either an AC

overload or high AC volts.

If AC bus sensor in MONITOR, will get
hardware caution and warning, but will not get
AUTO TRIPfeature.

AC bus sensor uses different transducer than

one feeding F9 meter or CRT.

AC bus sensor needs to see rapid rise or delta

amps to issue an AC OVERLOAD indication.

Bus Tie Actions

If re-establishing power to a main bus (main

bus volts < 20), always unpower the AC
inverters before tying to a good bus (prevents
surges). Use long form bus tie procedure on

cue card.

If a tie results in a short, immediately untie.

Never tie 3 main buses during powered flight.
OK post-MECO, on orbit, and entry.

NevVer tie into a short.

Payload primary bus can be used to tie Main B
to Main C (back door bus tie), or connect FC3 to
Main C.

Unless absolutely necessary, do not bus tie in
first stage.

Fuel Cell

Coolant pump and H, pump both driven by
same AC bus and both Pumps controlled byfuel cell ECU and START/STOP switch.
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Coolant pump draws 0.5 amps, H, pump draws

0.3 amps.

Coolant pump delta P indication

- Ground can see immediately if loss of fuel

cell coolant pump is real (stop/start to check

run current not required).

- Nocomm, can stop fuel cell and check for

0.8 amp drop. This indicates both pumps
were running (bad sensor). Restart gives
full recovery (should see 0.8 amp increase).

START switch sends pump start commands

- Pressure should be sensed in 3 seconds.

Delta P talkback goes gray.

- READY FOR LOAD talkback requires 30

second timer and good heaters.

- Delta P relay failure may prevent fuel cell

ECU from latching on fuel cell start

command. DELTA P talkback won’t stay
gray. OK to hold START switch in START.

After 30 seconds, second relay should latch

command on (can release START switch).

Coolant pump failure stagnates coolant loop

Stack T measured at outlet of stack. May
actually decrease immediately after coolant

pump failure.

- Exit T measured in H,/H,O loop.

- If H, pump running, exit T will

progressively increase after coolant pump

failure. :

- Nine minutes of run time available after

coolant pump failure, assuming normal fuel

loading.

O, is entirely consumed. H, is circulated

continuously through power section and

condenser.

- H,Ois drawn out of stack by mixing with

H,.

APPENDIX C: STUDY NOTES

- H,Ois separated at the H,/H,O pump.

- Dual gas regulator maintains proper
pressure of reactants (about 60 psia). O,
pressure feeds coolant loop accumulator.

- Dual gas regulator problem indicated by
COOL P HIGH/LOW. Tie buses and

monitor fuel cell for degradation.

- If, reactant valve closes, coolant pressure
will drop.

Failure of the H,/H,O pump will lead to fuel
cell flooding since water is not removed.

- Ascent and entry: PH status fail followed

by slow degrade and exit temperature
decreasing may be first signatures of

flooding.

Indicated on orbit by H, pump status fail.

Crossover (uncontrolled O, and H,O mixing)

- Highly unlikely to happen rapidly without

warning signs.

- Fuel cell delta volts increasing is awarning.

PH high may occur, but not necessarily.

Fuel celldegradation will eventually occur

Separate PH sensor for each fuel cell and

common sensor in H,O manifold

- PH fail may indicate pending breakdown

of Fuel Cell matrix (fuel cell crossover).

Potential explosive mixing of H, and O,.

High fuel cell delta volts provides
confirmingcue.

- Assume matrix failure for PH fail and bus

tie as soon as possible. Problem may be an

H,/H,O pump failure.

- Common PH sensor can confirm individual

fuel cell sensor. Will annunciate about 10

minutes after individual fuel cell PH

(common PH only seen by crew on orbit).
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APPENDIX C; STUDY NOTES

* Innormal configuration, redundantly powered
- Fuel cell internal short. Amps low, fuel cell

and main volts low. eloads are load shared.

Fuel cell inadvertent disconnect. Amps low

(should be zero), fuel cell volts greater than

32, main volts near zero. OK to attempt

- Hot running fuel cell (real STACK T high) -

will grab more than its share of the load.

Indication is high amps.
reconnect.

- Flooding (real EXIT T low) will cause fuel

cell to shed load.

* Water output of all fuel cells feeds common
GNC

manifold. fe

BCE STRG X “D” Fail

Water expulsion for fuel cell is

preferentially: Tank A (primary), Tank B « Will commfault feedback on affected FCS

(alternate), Dumped overboard (relief). channel.

FC H,0 LINE HTR controls heatersoneach © * Command path on that channel will remain

fuel cell primary and alternate path. good.

FC RELIEF LINE HTR controls heaters on
¢ Ports will not pop unless feedback goes bad

each fuel cell relief line. under “D” failure.

Each fuel cell relief line merges into one Body Flap Commands

common manifold that vents H,O
overboard. * Goouton FCS channels 1,2, and3 only.

* Purge process pumps extra 0, and H, through
¢ Each channel uses separate hydraulic system.

fuel cell @
¢ FDIRis QMVS.

Removes contaminants.

:

FCS Channels
Excess O, and H, dumped overboard. All

threefuel cell purge lines merge into one
* Each channel equally supplies every actuator

O, and one H, manifold (TVC and aerosurface).
:

Purge only one fuel cell at a time. * Each channel should get same command from
GPCs.

* Nominal load is 7 kw per fuel cell. For :

powerdown operations, 13 kw OK on one fuel ° Never have more active channels on one GPCcell for 4 hours. than another

Main Bus Short
E

* Position feedbacks on aerosurfaces for eachchannel.
Fuel cell will overheat in time. Amps high, fuel
cell andmai Yand main volts low. - Feedbacks go to FDIR to determine surface

sition f i

neebeforethe fuel cell main bus switch
CS eee

Ceae tee willnot drop when - Feedbacks also used individuallyin closedisolated from main bus. Fuel cell loop servo to position each FCS channel'sand main volts will remain low Shi
i

med
r

- Should
treated like a fuel cell short.

-

hydraulically,pe
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- Port bypass, or port pop, is an electro-
mechanical means to remove bad

command/avoid force fights. Feedback
deselection is a software means to avoid a

bad input into the selection filter.

- Abad feedback will result in a bad actuator

input for that FCS channel. Result will be a

port pop (bypass), removing input.

- Single port pop with no other failures: no

action.

- Two failures on any surface/TVC actuator.

Take good channels to OVERRIDE. Protects

remaining two channels from port pop if a

force fight develops (wrong channel might
port pop). Take 2 seconds between switch

throws to OVERRIDE.

- Allport pop indications should be verified

with MCC.

- If verified, single port pops may be

bypassed in software on SPEC 53. Allows

taking channel to OVERRIDE later if

subsequent failures on other channels.

Feedback deselection on SPEC 53 deselects all

feedbacks on channel, and terminates FDIR on

all aerosurfaces.

If there are two failures on the same actuator,
take the remaining FCS channelsto OVERRIDE.

Feedback RM for aerosurfaces.

- PASS uses first 3 inputs (channels 1, 2,
and 3).

- RM will throw out a bad feedback and

substitute channel 4.

- RM shuts down after first manual or auto

deselect, including commfault.

- PASS FDIR will never pass a commfaulted

feedback. .

APPENDIX C: STUDY NOTES

- PASS may lose control if 3 feedbacks
erroneous due to combination of

commfaults, channels off, or bad feedbacks
on individual surface.

- Any OFF channel should have feedbacks
deselected. If channel is recovered, reselect
feedback after channel is taken to ON.

- Always maintain two good commands and
one good feedback on each aerosurface.

- In OPS6, only works in MM 602 and 603.

BFS feedback RM.

- Selection filter uses feedbacks on all four
channels.

- Noredundancy management.

— Only manual downmoding of selection
filter.

- Selection filter uses IMVS.

ASA power fail.

- Results in all ports bypassed and zero

voltage feedback input to GPCs

- Deselect feedbacks on channel with an ASA

power fail if failure is confirmed. On board

signature is not conclusive

FCS Channel Switches

OFF bypasses ports on all actuator inputs for

given FCS channel (turns off command). Also

sends zero voltage feedback to FDIR.

AUTO allows port popping to bypass bad FCS

channel.

OVERRIDE inhibits port pop on associated

channel.

Pause between all FCS channel switch position

changes. Switches are break before make.

Switch actuation can result in momentary loss

of channel.

C-11
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APPENDIX C: STUDY NOTES

FDIR

* PASS FDIR for the RGAs, AAs, and aerosurfaces

terminates after the first failure, and crew

management of the selection filter is required.
For the BFS selection filter, crew management
is always required. Proper selection filter

management is required for proper control.

GPC and MDM Failures

* Take associated FCS channel OFF.

* Removes what may be a command latched at

the MDM.

* Also requires deselection of feedback (SPEC 53).

Feedback to GPCs would be zero voltage if 1/O

restored.

IMU

* SPEC 21 shows IMU status.

OFF, BITE, blank in status field.

Mode designated by *: STBY (caged) or

OPER (operate)

* GPC send operate command through FF
MDMs.

IMU returns status (operate discrete) over

FF MDM card A.

IMU returns digital data over FF MDM
serial I/O card

STBY and power off conditions available
on SPEC 21 after “BCE STRG X IMU”, but
not after FF MDM lost.

* GPCorFFMDM port failure.

IMU will maintain Operate command.
Commands and output of MDMsare

latched at last value.

IMU will operate without pulse torquing
compensation. Should maintain reasonable
align up to 15 minutes.

FF power cycle.

KT-70: Must complete in < 1 second to

avoid caging IMU.

HAINS: IMU can maintain OPER CMD

LATCH for approximately 8 seconds.

FF power fail.

IMU loses operate command and goes to

STBY (upon recovery of I/O).

In STBY IMU spins down and cages.

FF 1,2,3 power failure signature (following
“1/O ERROR FF X”) is loss of SSME Pc tape
(ascent). Deselect IMU PASS and BFS after

FF power fail (IMU will come back caged
when I/O regained.).

BCE STRG IMU.

Could be result of IMU losing power. SPEC

21 (orbit and entry only) shows IMU status

OFF, mode STBY.

Could be loss of IMU data to the FF MDM

(serial I/O card down). Status and data

blank on SPEC 21. Mode will still show

operate, received over card A.

Standby mode.

If IMU has moded to STBY, it will begin
Startup sequencing if power and I/O are

restored.

KT-70: Transientpowerfail results in 3
minute spin down, followed by startup
sequence, which cages the IMU.

HAINS: Transient power fail, no 3 minute
timer. Only startup sequence which cagesIMU (approximately1 minute).

When IMU completes startup sequence
(caged), it will mode to operate and be
available to selection filter (PASS and BFS).
Hence any caged IMU should be deselected
(PASS and BFS).

C-12
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PASS selection filter.

- Any IMU not commfaulted (M) or

deselected is a candidate.

- AnIMU in STBY is not a candidate.

- Attitude selection is MVS at 3 level.

- Downmode or upmode to 2 level. Maintain

previously selected if available. Otherwise
lowest numbered IMU.

- Velocity is MVS at 3 level (component
basis). Averaged at 2 level.

PASS RM.

- Either attitude or velocity fail removes IMU

from selection filter.

- PASS will not RM fail an IMU for a BITE

(H/W or S/W) at 3 level.

- IMU with BITE will fail RM if dilemma at 2

level.

- If IMU miscompare at 2 level and PASS
sees no BITE, IMU dilemma declared.

Manual deselection required to break

dilemma. Use MCC or deselect IMU. BFS

is prime selecting to break tie.

BFS RM and selection

- Only commfaults, power loss, hardware

BITE, and manual deselect will remove an

IMU from candidacy.

- Selection is MVS at 3 level.

- Once downmoded to 2 level, BFS will only
upmode to 3 level if taken through OPS 0

and up to OPS 3.

- Selection on downmode to2 level is lowest

numbered IMU.

- At 2 level, BFS can be taken off lowest

numbered IMU with deselect followed by
Teselect.

APPENDIX C: STUDY NOTES

- BFS uses first deselected, last reselected

logic after MVS broken.

- IMU deselected for H/W BITE will not be

upmoded if other IMUs lost.

- Can only recover IMU with a H/W BITE if
it is IMU 3 and the BFS is moded through
OPS 0 (and IMUs 1 and 2 are deselected).

- BFS will stay onan IMU witha H/W BITE
if it is already on that IMU, and all others
are not candidates.

IMU dilemma

- If MCC comm available, ask MCC which
IMU to deselect (PASS and BFS).

- Nocomm, deselect lowest numbered IMU
in PASS. BFS will use lowest numbered

- Let NAV mun to determine which IMU is

better.

Navaids

For TACAN and ADTA management, talk to

MCC before incorporating. Without

communication, use the NO COMM TACAN

MGMT and ADTA MGMT cue card

SBTC/RHC

During ascent, only the PLT SBTC is active. To

get manual throttles, the PLT must depress the

takeover button and then match the

commanded throttle setting

During entry, both SBTCs are active. Manual

speed brake control is selected by depressing
the takeover button.

For ascent, manual RHC control is available

only in PASS and must be both PITCH and

ROLL/YAW axes.

For entry, manual RHC control is available in

either PITCH or ROLL/YAW in PASS. BFS is

always manual.
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APPENDIX C; STUDY NOTES

Instrumentation

General

* MDM loss results in parametersshowing Ms.

* Signal conditioner loss shows data on respective
parametersasL. .-

* Loss of Ol MDM does no affect data to meters,

but some digital data may be lost. DSC loss

will affect most meters.

¢ OI DSC loss section of REF DATA is accurate

only for DSC parameters, not MDMs.

Data

* Runs through signal conditioners and/or

MDMs

Data from OI MDMs goes through PCMMU

for most SM data.

PCMMU swap reads alternate ports on Ol

MDMs.

OR, OL, and OF DSCs (GNC data) go

directly through MDMs to GPCs.

Mechanical Systems

General

* ET doors and latches, vent doors, star tracker
doors, air data probes, payload bay doors and
latches, RMS latching gear, and payload
retention latches are powered by dual AC
motors linked througha differential.

One motor fail results in double actuationtime. Actuation times are listed in the FDF.
~ Mostactuators have dual MicroswitchPairsfor open and close indications.

Failed mid motor controllers or
ircui

popped circuit
breakers on MA73C are a frequent cause of
payload bay door, ET door, or vent door single
motorops. Chart in post insertion book listscircuit breakers and motors affected.

Payload Bay Doors

PL BAY DOOR SYS ENABLE switches only
enable payload bay doors. Other systems in

payload bay use PAYLOAD BAY MECH

POWER switches to allow operation.

“PAYLOAD BAY DOOR CONFIG” message

means a microswitch is indicating differently
than required by software for auto operations.
Can occur any time during auto open/close
sequence. May require manual door operation.

“PAYLOAD BAY SEQUENCE FAIL” message
caused by failure of proper microswitch

indications within single motor actuation time.

Can occur during auto sequence.

ET Doors

Close automatically in OPS 304 if TAL flag is

set in software. Always double check doors

closed before AOA OPS3 transition or TAL

flag set before late TAL OPS3 transition. No
software backup to close doors in OPS 3 without

TAL flag set. Only available in OPS 1.

MPS

General

Propellant (PRPLT) numbers on ASCENT TRAJ
display calculated by guidance, not measured

directly from tank.

SSME will consume about 4% propellant per
engine per minute at 104% throttles.

- Total fuel consumption 1% every 5 seconds
with 3 engines.

Consumption is 2.5% per engine per minute at
65% throttles.

- Total fuel consumption 1% every 8 seconds
with 3 engines.

Actual throttle setting.in bucket will vary with
SRB performance. :
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Loss of an APU will cause hydraulic lockup.
CMD PATH fail message post-MECO is

possible. No action required.

Engine power switches are close to SSME

helium isolation valves switches and look

similar.
Y

Selection ofmanual maximum throttles (109%)
is not to be taken lightly. Estimated risk is

increased bya factor of ten.

Command Path

Command path failures require a manual

shutdown with AC switches. This will create a

data path fail.

Engine with command path fail will not get
guided shutdown command nor will it get
pushbutton shutdown command.

Data Path

Must determine engine and command status.

- Loss of acceleration indicates engine down.

- Helium dP/dT > 40 fora few seconds, then

zero indicating engine shutdown.

If SSME down, use push button to mode

guidance, then AC bus sensor OFF.

Assume bad command path until throttling is

observed. No comm -assume command path.

Engine shutdown auto ENA/INH logic inhibits

shutdown for redline exceedance (limits) for a

data path failure. ENA/AUTO resets limits to

ENABLE. Crew has no indication of actual

limit status. MCC does have status.

Engine with data path fail will get a shutdown

command if GPCs see other 2 SSME’s with Pc <

30%. Two Pc < 30 plus data path sets MECO

confirm. MECO confirm will shut down engine
if still running behind data path, even if before

guided MECO.

Engine with a data path fail will not display a

red status light after engine shutdown (pre-BFS
engage).

APPENDIX C: STUDY NOTES

Engine Failure

First priority is to ensure GPCs recognize it.

- Check for CRT message “SSME FAIL L (C,
R)”. If no message, depress pushbutton.

When time permits, AC BUS SENSORS - OFF.

If second SSME fail:

- Check interconnect for single engine roll

control.

- Contingency abort actions if appropriate.

Entry

MPS configuration for entry allows auto purge
of MPS lines.

If MPS caution and warning during entry,
assume aft compartment overpress, close

helium regs. Helium reg fail high and

subsequent venting could be catastrophic.

MPS caution and warning for low helium reg
not expected for normal entry. Might occur on

RTLS due to additional helium usage.

Helium Leaks

Non-isolatable leak requires interconnect at 1150

psi.

- Use previously failed SSME helium supply,
if available.

- Interconnect to pneumatics results from

IN-OPEN.

- Return all helium interconnect valves to

GPC post-MECO.

Non-isolatable leak may require SSME manual

shutdown using pushbutton. Helium available

may not support zero-g shutdown at MECO.

- Shutdown must be with pushbutton
(hydraulic cutoff) to conserve helium.
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APPENDIX C: STUDY NOTES

Helium interconnect may be called for to

allow SSME to run to MECO. Interconnect

may be well before 1150 psi cue.

Crew assumes shutdown is required at

velocity on MPS cue card unless MCC

advises that helium is adequate for zero-g
shutdown.

* If MPS helium reg pressure starts to drop due

to helium depletion, limits must be enabled to

prevent catastrophic main engine shutdown

(given the proper scenario).

* MPS pneumatic helium leak with leak in

accumulator requires steps to repress
accumulator at TMECO minus 30 seconds.

¢ Loss of ALC 1, 2, 3/APC 4, 5, 6 causes the A .

helium isolation valve to close for the

corresponding engine.

Helium leak isolation must not be °

attempted on the affected engine.

MPS H,/O, ullage pressure indications on

GNC SYS SUMM display will go to

12.0/0.0 for engine with ALC/APC .

failure.

Manual Shutdown

* Required for manual throttles, command path,
and some stuck throttle cases.

* Low level cutoff will still work in manual
throttle mode if command path is good.

* Ifany doubt about shutdown function, use AC
switches and follow with push buttons to inform
GPCs of shutdown.

Shutdown with AC switches no-ops the MPS
dump for affected SSME. Manual inerting may
be required.

:

* When manual SSME shutdown is required, use
the AC switches followed by the push button
except for:

Shutdown with push button(s) only for °

manual MECO.

- Shutdown with push button for helium

leak.

- Use push button to mode guidance when

GPCs don’t know SSME is already down.

Manual Throttle

CSS requires manual throttle, which requires
manual shutdown.

- Shutdown press to MECO cases at target

Ve

- Shutdown TAL and RTLS cases at BFS

cutoff cue. This cue is based on NAV and

indicates cutoff when on R-V line.

Any manual MECO (push buttons or AC

switches plus push buttons), depress 3 push
buttons to ensure MECO confirmed.

Secondary shutdown cue is PASS/BFS TMECO

on TRAJ display.

MECO Confirmed Flag

Set by any of the following:

- Three shutdown commands with engine
safing flags set (no data failures, 3 Pc’s
< 30%).

- One data path plus 2 Pc’s < 30%.
°

- Manually depress 3 push buttons. PASS
sets MECO confirm for three push buttons

pushed separately or together. BFS needs
to see all three push buttons depressed
simultaneously. Can power cycle any FF
MDM associated with bad control bus

(printed near push button).

- OPS 104 PRO (OPS 602 PRO will not set

MECO confirm).

- Fast sep.

Net Positive Suction Pressure

Requirement for engines down.
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If two engines are running, throttling at 3-g
will bring good engines below 91% (OK for

shutdown).

Single engine press to TAL, ATO, or MECO

- Manual throttle back to 65% at 2%

propellant remaining.

- Manual cutoff at guidance cue required.

- If low level sensors uncovered, fuel

depletion cutoff will be commanded.

- NPSP requirements will be protected.

Pc Gauges

Data for Pc gauges and status lights:

= Left: RE2
- Center: FF1
- Right: FEF3

Pc on gauge goes to zero for MDM power fail.

Freezes for port failure.

Status Lights

Amber = data path, electronic (fuel flow or Pc

sensors) or hydraulic lockup.

Red = engine in shutdown or redline

exceedance.

Second engine fail with limits inhibited may
show amber plus “MPS ELEC” message in SMS.

Likely cues "real world” are data path fail and

loss of acceleration. Red light for limit

exceedance also possible.

SSME Push Buttons

Control two functions, shutdown and GPC

recognition.
A

Push button shutdown requires good command

path and no push button faults. Command

path fail takes out push button for shutdown.

GPC recognition of SSME fail (to mode

guidance) may be accomplished with push
button if no switch faults.

APPENDIX C: STUDY NOTES

-  FF/push button fault: must create data path
fail with AC switches and depress push
button.

- Control bus fault: AC switches (data path),
power cycle associated FF MDM, depress
push button.

- BFS requires good FF and control bus to

mode guidance.

Stuck Throttles

* Command paths always require manual

shutdown.

* Two stuck hydraulic or electric, shutdown

highest priority hydraulic (based on TVC loss).

* One hydraulic or electric, only shutdown with

three engines running, uphill, and performance
low.

* Stuck throttle shutdown cues of 23K, 22.5K and

24.5K for three engine uphill, TAL, and two

engine uphill correspond roughly to 30 seconds

before MECO.

OMS

General

¢ Standard insertion OMS-1 burn at MECO+2 is

critical.

- Take status of OMS engines post-MECO
following FA/GPC failures coupled with

ALC/MN or CNTL bus failures.

- If one engine not available, re-target for

single engine burn.

Restring not allowed by flight rules to

regain dual OMS engine capability if 4 +X

jets still available for redundancy.

- Underspeed at MECO, always burn OMS-

lat TTA = 2for optimum efficiency.
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- For large underspeed at MECO (> 500fps),
supplement a single OMS engine with
4RCS +X jets.

TAL is preferred abort if duai prop fail is

recognized in time.

* Gauging active only with at least one OMS

engine burning. Otherwise, overhead and aft

quantity readings dormant.

* Overhead gauging ceases actual measurement

between 45 and 30%.

Software routine decrements quantity with

engine burning. Only accurate for straight
feed operations.

Pick up accurate readings when aft probes
active below 30% prop.

* If only one pod prop is available and 2 engines,

feeding both engines from one pod is certified.

Burn Cues

* PASS MNVPR display decrements TTG 2 seconds

per display update.

* BFS MNVR display decrements TTG 1 second

per display update.

°

Atignition

Check Pc.

Check ball valves = 100%.

Check fuel injector temperatures = about
200 degrees.

Monitor engine inlet pressures.

Delta V Available

* 1% OMS prop (either side or total) = 6 f
delta V. S

1% RCS (either side or total) = 1 fps delta V.

* 2 fps required for 1 nm HP change.

DPS Failures

FA 3(4) failures commfault L(R) ARM/PRESS

switches.

- Guidance will not downmode to 1 OMS or

RCS burns when switch turned off.

- Guidance needles in error.

- DAPremains in TVC DAP on downmode

to RCS.

Set split or IMU dilemma, terminate burn if

above safe HP. Determine bad IMU post burn

by which IMU accel is not zero.

Thrust Loss

At first indication of OMS thrust loss (usually.
Pc low), check for OMS engine down arrow.

PASS requires Pc low and loss of acceleration

for down arrow.

BFS shows down arrow with loss of Pc only. Pc

transducer fail will give false engine down cue.

Check for ball valve fail. If not confirmed and

ignition path is good, must assume prop fail.
Cue card procedure will identify engine or prop

fail.
S

Orbiter will initially yaw into dead engine and
then yaw into good engine.

No hurry to turn bad engine off. Know without
doubt which engine is down before moving
switch.

Ensure prop or engine fail identified.

Simple OMS engine fail, crossfeed at 1/2
delta V.

- Protect aft quantity. Crossfeed at 3%
minimum.

- Maintain good flow path to Prop source.

- For OMS-1 with large delta V, interconnect
failed OMS to RCS and supplement with
4+XRCS.
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For prop fail, consider engine lost. Use cue

card to determine proper course of action.

If both engines down, complete burn with RCS.

- Interconnect good OMS prop to RCS, note

OMS helium pressure, convert to burn time,
and time RCS burn.

- FA failures may cause only 2 +X jets
available. Required burn time is almost

doubled.

- OMS gauging not active without an OMS

engine burning.

- Must protect RCS system from helium

ingestion at OMS prop depletion.

- For any prop failure, isolate bad prop from

crossfeed lines.

Leaks

Tank leaks must be confirmed with decreasing
inlet pressure.

- Tank leaks may be isolated by closing tank

isolation valves.

- If inlet pressures goes to zero and tank

stable, inlet line leak.

Gimbals

Trim for 2 engine burns has parallel thrust

vectors.

Single engine burn trim is through CG.

Gimbals move to trim position 15 seconds prior
to TIG.

Nitrogen System

Used to open ball valves and supply purge post
burn.

If N, tank fail, but good reg P available, save

engine for deorbit.

If reg P fails, ball valves will close and engine
will fail.

APPENDIX C: STUDY NOTES

OMS Dumps

* Time the dump. System failures can prevent
automatic cutoff.

RCS

General

*  Talkbacks get hardware fuel and oxidizer inputs
(no MDMs involved).

- Inputs must agree for open or close

indication.

- Miscompare results in barberpole.

* Quantity calculations are PVT determination

based on helium in prop tank.

PASS calculation allows for substitution of

inputs.

-  Ifany helium leakage, prop calculation will

be erroneous

Crossfeed

* Master crossfeed available in PASS OPS 1, 3,

and 6.

- TANK ISOL and CROSSFEED switches

must always be returned to GPC to protect
master crossfeed sequence.

- Master crossfeed selection valves have simo

jet firing limit, even if auto crossfeed not

used (all OPS, both PASS and BFS).

¢ Auto crossfeed sequence in PASS OPS 1, 3,

and 6.

- Initiates crossfeed in response to low

pressure in prop tank.

Protects against helium reg fail low

(primarily for ET SEP).
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Dumps

* OMS prop interconnected dumps

Smart interconnect handles FA MDM and

EPS failures for intact dumps.

- Dump time compensated for inactive

manifolds.

No smart interconnect for contingency
dump or single engine roll control until

OI-21.

If-second engine fails with intact dump
underway, do not start contingency dump.
Leave smart interconnect configuration as

1S.

e ATOdump

Interconnect inhibit may be required before
abort selection. Time the dump. System
failures can prevent automatic OMS cutoff.

Heaters

* Pod heater, crossfeed line heaters, and jet
thruster heaters (by manifold ) on panel A14.

* Turned on post insertion. Some heaters
redundant and switchable

Interconnect

* RCS crossfeed requires check of left to night
tank pressures.

OMS to RCS interconnect requires low delta
pressure and OMS tank pressure higher than
RCS tank pressure.

* OMS PRES ENABLE must be toggled off when
breakinginterconnect. Computation assumes
OMS prop feedingwhen L or R OMS has *.

JetAvailability
* Monitor on SPEC 23,

Software considers a jet available (no DES*)

unless:

- Deselected by RM.

- Manifold status in software = closed.

- Manual DES item entry.

RM will not deselect more than jet deselect limit.

Intialized at 2 per pod.

- Limit does not apply to manual deselect or

vernier jets.

Jet RM

BFS RM is inactive (display and PASS monitor),
unless engaged.

Any detected RCS fault lights RCS JET caution

and warning light.

For jet fail ON, RM does not auto deselect.

Jet fail OFF, RM does auto deselection (PASS).

Only if first fail OFF and not previous fail ON
(BFS).

Fail LEAK results in PASS auto deselect. Not
available in BFS.

Leaks

Isolation during ascent and entry
-

 Alwaysconfirm decreasinghelium pressure
(CRT and meter) before isolating.

- Confirm talkbacks reflect switch throws.

-  Reselect GPC position of TANK ISOL and
XFEED switches.

- Monitor prop remaining. Crossfeed before
quantity reaches zero.

Helium leaks invalidate quantity
computations.

C-20
SCOM 1.0

November 1991

rt



- Auto crossfeed may be used to open/close
valves if manual switch functions lost due

to control bus failures.

Confirmed jet fail LEAK, do not reselect jet since

leaking prop will probably freeze in jet.

RCS secure for leak isolation performed from
manifolds up. When re-opening, must ensure

prop supply before manifolds opened.

Manifold RM

Software looks at open and close discretes.

Any indeterminate combination results in

Clie

Crew can override manifold status on SPEC 23.

SPEC 51, ITEM 7 overrides all manifolds in

hardware “?” to open. No effect on manifold

with commfaults.

RCS RM loss occurs with “BCE STRG X B”

(forward), or “BCE STRG X D” (aft). Manifold

goes CL?.

Manual Reselection

ITEM entry to remove” in DES column.

Will not work if deselect due to manifold

closure.

Does not reset RM. Jet will not RM fail for same

fault.

DES INH item reprioritizes jets and disables

RM auto deselect. Does not reselect jet.

Double DES INH resets jet RM (toggling RM).

ITEM 45 resets RM of all available jets at once.

No effect on deselected jets.

On Orbit Burns

Normally 2 jet burns.

Will downmode to1 jet burn if no jets available

on one side.

APPENDIX C: STUDY NOTES

OPS 1 and 3 Burns

Aft RCS burns use 4jets and downmode to 3, 2,
and 1.

Forward RCS burns use 3 jets and downmode
to2and 1

Asymmetric +X burns require a lot of propellant
for attitude control.

Tank Press High

Indication of helium reg failure.

- Close both helium regs to minimize helium
loss.

Monitor low prop tank pressure and repress
to protect manifold pressure. Jets will fail

OFF if manifold pressure < 190.

Valves

Prop valves are AC with control bus for switch

power. Will operate on 2 phases if 1 phase lost

Helium valves are DC with control bus for

switch power.

VernierJets

Two side-firing forward jets

Two side-firing aft, two down-firing aft

Only aft side-firing jet can be lost and still have

vernier mode (may still be lost for RMS loaded

operations).
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APPENDIX D: RULES OF THUMB

This appendix is a compilation of the rules of
thumb from the body of this manual. Topics are

organized alphabetically keyed on commonly
used acronyms and abbreviations.
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APU/HYD

+ APU fuel usage rates vary with loading,but

average 1% per minute (3 to 3.5 Ibs/minute).
Usage rates are reduced by about half if the

hydraulic main pump is taken to low pressure

(HYD MAIN PUMP PRESS switch on panel
R2 set to LOW), as is done during the abort

once around deorbit coast period.
* The APU injector cooling tank shared by all

three APUs contains enough water for 21

minutes of continuous flow. This is enough
for six complete 3.5-minute hot restart injector

cooling cycles.
« If all water spray boiler cooling is lost to the

lube oil after an APU reaches full operating
temperatures, only 4 to 5 minutesofoperating
time are available before bearing seizure

occurs

Ascent

* Monitor roll program on the ADI and BFS

ASCENT TRAJ display.
* Before L/O +90 seconds, BFS engage is the

crew's only option for loss of guidance and/
or control. After 90 seconds, the crew can try
Css.

* Monitor the trajectory on the ASCENT ADI

cue card and the PASSand BFSTRA]displays.
The Shuttle bug and predictors should follow
the nominal trajectory line. Also monitor the
HSI for the inertial velocity to be in the desired
orbit insertion plane.

* Monitor guidance convergence by observing
PASS and BFS TMECOs converging to

expected time.

* Ifthe crew takes CSS, they should take manual
throttles. If the crew takes manual throttles,
manual shutdown is required unless a low
level shutdown occurs due to low
performance. The cue for MECO is the BFS
MECO cutoff bug or planned MECO Vj]minus
150 fps. :

* Use OMS 1 TGTING cue card for system
problems and OMS 1/2 TGTING cue card for
performance problems to determine proper

OMS1 and 2targets.
oe

CCTV System
When the VCU ispoweredon, the crew must

wait 10 seconds before any CCTV commands
can be accepted. This time is used to initialize

the VCU.

Always wait at least 4 seconds after powering
off a camera before powering it back on. This

gives the iris enough time to fully close.

Always waitat least 4 seconds after switching
from the RMS wrist camera to the RMS elbow

camera before switching back to wrist, and

vice versa. This gives the iris enough time to

fully close.

When ejecting VTR tapes, always wait at least

10 seconds after selecting STOP before you

attempt to eject the tape. Never unpower the

VTR while it is in a mode other than STOP.

Either of these will result in tape breaking or

fouling.
Never leave a payload bay camera in a manual

mode (either semi- or full) while in direct

sunlight or any bright light. Damage to the

camera will result.

If neither you nor Mission Control is using a

camera for extended periods, power it off to

conserve energy and to keep it cool.

Communications System
When the TDRS has an elevation of greater
than +70 degrees or less than -60 degrees
relative to the orbiter (as shown on OPS 201),
there isa risk of degraded communications as

the orbiter nose or tail blocks line of sight
between the orbiter antenna and the TDRS.

Power amplifiers are specified to have a

minimum power output of 100 watts. Flight
experience has shown that a good downlink
can be sustained with a power output of 65
watts.

Payload interrogator output power, when in
low power mode; will read zero. This
measurement is meaningless as the output
power is too small to be output by the
instrumentation system.
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C/W System
* The SENSOR RESET switch on panel L1

should be pressed when smoke concentration

goes below 1.8. This prevents masking of

alarms.

* When panel R13U is not in use, the

PARAMETER SELECT thumbwheels should

be set to a value greater than 119.

* Crewmembers should reset fault messages as

quickly as possible after review to avoid

covering other messages.

¢ The fault summary should be reviewed

regularly to avoid missed fault messages.

DPS

¢ AlwaysdeassignCRTs from fail to sync GPCs

and reassign to good GPCs to avoid

inadvertent entries (NBATs/restrings, burn

targets, etc.).

* Before OPS transitions and restrings, always
verify the appropriate NBATis what you want

it to be; never assume that it is correct! Also

check the proper major function and GPC

switch configuration.
¢ Make sure you have the correct memory

configuration called up before you start

making NBAT changes.
* During OPS transitions, keep “hands off”

everything, including all switches and CRT

entries.

¢ Always clear the Fault Message line as soon

as you have seen the message; otherwise, you
will likely miss subsequent annunciations from

other failures.

¢ Post BFS engage, check to ensure that all active

PASS GPCs have recognized the engage (both

MODE and OUTPUT talkbacks are

barberpole). If not, take the offending GPC to

HALT (or if this doesn’t work, power it OFF)

immediately to avoid 1/O problems on the

flight critical strings.
* It is a very good idea to resume SPECs and

DISPs from CRTs when not using them or

before going to another major function on that

CRT.

APPENDIX D: RULES OF THUMB

* It is important to be able to identify GPC
failures, for Mission Control has little insight
The information you provide will affect
Mission Control analysis and its ability to plan
for subsequent failures (both DPS and non

DPS).

* Always hard assign CRTs (both PASS and BFS)
via PASS CRTs (BFS will DK listen). You can

cause dual CRT commanders if you try to

assign BFS a CRT that a PASS CRT is still

driving.
* Always distribute your CRTs among different

GPCs. On orbit, always be sure SM is not on

all CRTs at the same time; if you lose SM, you
also lose PASS CRT interface.

¢ When using the GPC MODE switch, always
take your hand off between positions. On

past missions there have been problems with

the switch being in two positions at the same

time; at the time of writing, this is still being
researched. This problem can occur on other

orbiter switches too. It isa good idea to always
pause slightly in each switch detent to ensure

the contacts are made and recognized by the

GPCs.

¢ The CRT SEL switch should always be checked

before making a keyboard entry, and data

should always be checked on the CRT scratch

line before it is entered.

ECLSS

NOTE
©

Numbers presented hereare for typical
orbit power and heat loads and may

vary significantly depending on

attitude and power loading

¢ Supply water tanks fill at about 1.5 percent

per hour depending on fuel cell load

(.8 Ib/kW hr + 16 lb over 1%; 14 kW typical
orbit power load).

¢ Water tanks empty at about 100 percent per

hour for a water dump, about 50 percent per

hour when using the FES high load evaporator
for cooling with payload bay doors closed,

and about 16 percent per hour when using the

FES topping evaporator for supply water

dumps on orbit with the doors open.

D-3
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© On-orbit cold soak is good for 20 to 30minutes
of cooling. Prelaunch Freon conditioning 1s

good for 2 to 3 minutes of cooling.

* NHz boiler supply is good for 25 minutes of

ground cooling.

* A single cryo O9 tank is good for about 2 to 3

days of orbit usage depending on crew size

and power level. Hz tanks are sized to match

Op usage.

* A single LiOH canister is usable for about

48 man-hours.

Entry
* 20MS: TGO=AVTOT/2.

* 10MS: TGO = AVTOT.

* RCS: TGO=1.7x AVTOT.

+ Asan approximation,1 degree of bank change
produces 0.7 ft/sec“ H-dot change. Large bank

errors cause corresponding errors in H-dot,

allowing a phugoid to develop more quickly.
* A 1 degree change in alpha produces a

1.7 ft/sec? drag change, which is equal to an8

degree roll change.
* Prior to the first bank, monitor vehicle attitude

at 0 degrees bank and 40 degrees alpha.
* First bank (flight path angle capture) should

occurat a drag acceleration of approximately
3 fps“ and/or q-bar of approximately 8 psf.

* Monitor the trajectory on the ENTRY ALPHA
cue card, and the PASS and BFS TRAJ displays:

* The Shuttle bug superimposed on guidance
box superimposed on nominal trajectory line.

~ Actual drag equal to reference drag.
- Appropriatebank angle, H-dot, range and

altitude.

For an off-nominal trajectory, check that
guidance is working to put the guidance box
back on the Shuttle bug (zero Tange error)
within the trajectory envelope.
Attempt to contact MCC before taking CSS.

If you must take CSS:

~ Control range by controlling drag.
- Control drag by controlling H-dot.

EPS

— Control H-dot by controlling H-double

dot.

— Control H-double dot by controlling bank

angle.
— Control everything slowly by small

corrections.

Never close a circuit breaker or reset an RPC

found out of configuration without MCC

coordination.

Loss of cooling to a fuel cell requires crew

action within 9 minutes to prevent a

catastrophic loss of crew/vehicle due to

possible fuel cell fire and explosion.

Any interruption of continuous ac power

during ascent may result in the loss of

main engine controller redundancy.
Reconfiguration of ac powered equipment
prior to MECO should be avoided.

Never connect or reconnect power to a known

shorted or failed component; this includes

switch throws, circuit protection device resets,

or bus ties.

Fuel cell run limit prior to shutdown for loss

of cooling is 9 minutes at a 7 kW nominal

load. Run time varies inversely with fuel cell
load.

Three oxygen and hydrogen tanks are good
for up to 8 days on orbit; five oxygen and

hydrogen tanks are good for up to 12 days on

orbit; eight oxygen and hydrogen tanks are

good for up to 18 days on orbit. Duration
vanes with crew complement and power load.

A fuel cell hydrogen pump uses 0.3 amps/AC
phase; a coolant pump uses 0.5 amps/AC
phase.

EVA

* Always use “make before break” tether

Protocol.
* Don’tuse the glove as a hammer.

* EVA crewmember must remain tethered at
all times.
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* Slow and deliberate motion provides much

greater stability than quick, jerky motions.

* Body positioning is 90 percent of the task.

e Each EVA crewmember should check out his

or her own EMU.

GNC

* The PASS FDIR for the RGAs, AAs, and

aerosurfaces terminates after the first failure.

After the first failure, crew management of

the selection filter is required. For the BFS

selection filter, crew management is always
required. Proper selection filter management
is required for proper control.

¢ For FCS channel management:
— Never have more active channels on one

GPC than another.

— If there are two failures on the same

actuator, take the remaining FCS channels

to OVERRIDE.

— Always maintain two good commands

and one good feedback on each

aerosurface.

— Delay 2 seconds between switch throws

when moving FCS CHANNEL switches

to OVERRIDE.

— Port bypass, or port pop, is a mechanical

means to avoid force fights; feedback

deselection is a software means to avoid

a bad input into the selection filter.

For ascent, only the pilot’s SBTC is active. To

get manual throttles, the pilot must depress
the TAKEOVER button and then match the

commanded throttle setting. Manual

rotational control is available only in PASS

and must be both pitch and roll/yaw.
° For entry, both SBTCs are active. To get

manual speed brake, the CDR or pilot must

depress the TAKEOVER button. Manual

rotational control is available in either pitch
or bank in PASS, and required in both:axes in

BFS.

* For TACAN and ADTA management, talk to

MCC before incorporating.
* Without communication, the crew will use the

NO-COMM TACAN MGMT and ADTA

MGMT cue card.

APPENDIX D: RULES OF THUMB.

Landing/Deceleration System
* Landing gear should not be deployed at

equivalent airspeeds greater than 297 knots.

* +1 knot of touchdown speed corresponds to

+ 100 feet of distance.

Lighting System
* Power consumption of cockpit lighting can be

as much as 1 to 2 kW with all lights on.

* When payload bay floodlights are turned off,
they should remain unpowered for 10 to 16

minutes prior to repowering.

Mechanical Systems
* Always use a timer when operating

mechanical systems, noting either dual or

single motor time. Do not continue driving if

greater than the single motor time haselapsed
without the mechanism reaching the desired

state.

MPS

* Direct insertion MECO is usually close to 8

minutes 30 seconds.

* For three engines at 104 percent, fuel

consumption is about 1 percent propellant/5
seconds. For three engines at 65 percent, fuel

consumption is about 1 percent/8 seconds.

e An SSME will consume approximately 4

percent propellant per engine per minute at

104 percent. Propellant remaining is displayed
on the ASCENT TRAJ display and is a

guidance-calculated number.

¢ When an engine fails, the helium dP/dT is

greater than 40 for several seconds, due to

engine shutdown, and then it goes to zero.

This is a good crosscheck to confirm engine
shutdown.

* The selection of max throttle is not to be taken

lightly. It increases the.risk of catastrophic
failure of an SSME by 10 times.

¢ Five ways to set MECO confirmed are: three

Pc's less than 30, two Pc's less than 30 plus one

data path failure, three SSME PBs, OPS 104

PRO, and FAST SEP.
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PASS will downmode a commfaulted MAIN

ENGINE SHUTDOWNpush button and allow

the push button to safe an engineundera

data path failure. BFS does not allow this. Ifa
MAIN ENGINE SHUT DOWN push button is

commfaulted in BFS, it is inoperative.

An OPS 602 PRO does not set MECO

confirmed.

BFS requires all three MAIN ENGINE SHUT

DOWN push buttons SIMO to set MECO

confirmed; PASS only requires to see the PBs

once.

To shut an engine down, both contacts on the

MAIN ENGINE SHUT DOWN push button

must be good. If one contact is commfaulted,

the button can beused to set the safing flag on

an engine that failed under a data path failure.

If a contact is power-failed, the button is

inoperative unless it is commfaulted.

An SSME command path failure must always
be shut down manually with the A/C switches

and PBs.

An SSME FAIL C (L, R) message indicates

that the GNC software has recognized an

engine shut down. Two of these messages
will enable single engine roll control mode.

An engine in data path failure will never

display a red MAIN ENGINE STATUS light,
pre-engage.

There are no direct indications to the crew of
limit shutdown enable/inhibit status. The
status is available to Mission Control, or it
can be deduced by the crew.

Limits must be enabled on an engine when
the helium regulator pressure begins to decay

Loss of an APU means hydraulic lockup.
SSME CMD C(L, R) messages are possible

post-MECO.No action is necessary.

23k, 22.5k,and 24.5k Vyare about 30 seconds

before MECO on the three-engine uphill, TAL,

and two-engine uphill cases respectively. Note

that Vj indication is lost to the crew post-

engage.

MPS ENGINE POWER switches look very

similar to He ISOLATION switches and are

located close together on panel R2. Use

caution.

Shutdown with A/C switches will always
cause a data path failure.

Loss of ALC 1, 2, 3 (APC 4, 5, 6) will cause

SSME helium isolation A to close on the C, L,

RSSME with no direct indication to the pilot.
Do not attempt subsequent helium leak

isolations.

OMS

due to a helium leak. An SSME will almost
—

certainly fail catastrophically if there is

insufficient helium, and limit shutdown is
inhibited.

Manual shutdown of hydraulically or

electrically locked SSME is dependent on

which issues the performance call, due to low-
level C/O sensor timing.
Actual throttle levels on the first Stage throttle

bucketcan vary due to SRB thrust level
dispersions. This is an artifact of “first stageadaptive guidance.”

* 1 percent of OMS propellant
= 6 fps AV

=3n.m.A4Hp
= 130 Ibs (80 Ibs oxidizer, 50 Ibs fuel)

uses 40 psi of helium for long burns.

One OMS engine causes approximately 1 fps?
acceleration.

For OMS ignition, there must be power and

command to at least one coil on both control
valves.

OMS TVC requires an enable discrete from
the FF MDM, and commands from the FA
MDM.

FUEL INJECTOR TEMP message may be a

signature of a bad temperature transducer or

a fuel blockage.
CHAMBER PRESSURE message ™may be a

signature of a bad pressure transducer or an

oxidizer blockage.
There are several failures that inop OMS FDI
(FA MDM commfault or Pc transducer failed
high).

Always check redundant sources to confirm
any malfunction.
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* AnOMS engine failure post-MECOshouldbe ¢ ST PASSES:

PEIGe a eet namacruW aun Une gan
— DES IMU (Prime sel IMU for Attitude at

dieplay. 2 level)
* Max blowdown on the OMSis approximately

- Monitor RESIDS < .05 (Star Lock39 percent.
BREAK TRACK)

* 1,000 lbs of OMS (approximately 8 percent)
moves the X c.g. 1.5 inches aft and the Y c.g.

a

ee on PROP
0.5 inches left or right. Gives Criteria to select FLTR

* Max OMS quantity for landing = 21 percent.
— 2nd PASS:

‘ Assumes FLTR

Orbit Verify 1st PASS
¢ In propellant-limited situations, use the Gives Criteria to do FLTR to PROP.

following guidelines: SOURCE OF ERRORS
— Stay in VERN as much as possible. Prime selected IMU going bad
- To conserve forward RCS, use TAIL Star trackerbias

ONLY control mode.
Maneuvers and length of time since last

— During prox ops, when controlling out- SV update
of-plane errors, start as early as possible, :

wait for the node to make inputs to null Taking marks on a star

rates, watch the deadbands, and do not Either IMU accelerometer going bad.

fight orbital mechanics effects.
* RADARPASS:

ea Enea
— Use if < 135 k (Range eclipsing)

— NC: sets up 2-rev transfer to Ti (usually :

g
- h FLTR

retrograde)- NCC: 1st Onboard, based Bence eLnEr oN

on 2ST Passes, Targets to Ti
=Gi

iteria

to select FLTR -or- t
— Ti: 1st to target intercept, uses RADAR pe tee

BcleGia arn Ola tC

Data (usually posigrade)
— Verifies star tracker passes

~ MC1-4: Trim Burns Targeted to intercept
Rikigawer tee

-INH angl Jers. to
— OOPN: UsuallybetweenMCI and MC2, pee cedusinewemaneuvers to

Tgt and Orb co-planar (Y = 0)

-RR MODE = £ATRK _ during
— Ti Delay: Football, Posigarde (2 x Ti DVX)

maneuvers to burnattitude.
‘

NEED: New Ti TIG
SOURCE OF ERRORS

LOAD new Base Time
Range eclipsing

Start FDFat NCC intermediate solution
ter than 30 de;

(may not burn new NCC).
ee etacen e

Ku biases (Range).
SOURCE OF ERRORS ° TARGETING:

Attitude maneuvers and jet cross
- Load BASE TIME (Ti TIG) to TGT

coupling SET #1

Burn trims
— Load TGT SET (ITEM 1 +)

Orbiter Vents (APU, FES, etc.)
— Verify

Drag uncertainties. — Compute (ITEM 28)
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— Plot Tl Position

-~MC2 (El Angle for ILOS rates

= 0 approach)
Note Nominal Time

Compute TIG Change

TIG will be’new BASE TIME

-3 and +7 limits for lighting.

¢ NAV MANAGEMENT:

- FLTR to PROP (before taking DATA)

After new sensor acquisition
Reacquisition of Sensor Data

- RNDZ NAV enable creates the PROP

— Always have a FLTR vector

-~COMM FAULT or suspect bad

data INHIBIT then ask questions.
* BURNS:

— POSIGRADE: TVR =0

— RETROGRADE: TVR = 180

— <4-Multi-Axis (DAP:LVLH)

— >4-+X Mnvr to Attitude (DAP:INTL)

- >6-OMS

- TRANS: NORM until VGO <1 fps then

PULSE

- VGO Zis negative: Burn Z, X, Y

— Preliminary solution for NCC and Ti

can be considered the PROP solution.

* PTG/DAP MANAGEMENT:

— -Z target track

~ A/VERN - Attitude hold (.2 deg/
sec and 1 deg deadband)

.

- B/PRI - Maneuver (.5 deg/sec and
2 deg deadband)

~ TRANS PULSE = .1 RNDZ and .05 Prox

Ops
— Config for VBAR at +RBAR

- PROX OPS DAP - when stable (VBAR).

SCOM 1.0
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* SYSTEMS CONCERNS (single point):

- GNC GPC FAIL:

2 required for Ti and PROX OPS

RNDZ NAV disables at OPS MODE

RECALL

Saves FLTR Vector when RNDZ NAV

Disables

CNCL pointing (TGT ID = 1) before

OPS MODE recall

— MDM FF3:

Loss of VERN (1-2-3 rule)

RADAR to NAV panel A2 is still good
-Y Tracker

— MDM FA�or2:

Loss of VERNs (1-2-3 rule)

— MDM FF1:

-Z tracker

- PL1:

Auto Ku Pointing (KU MODES: GPC

and GDSG lost)

— Loss of IMU 2 - Restring 1221.

* Expending about 35 to 40 lb of RCS propellant
to maintain attitude results ina cross-coupling
translation of 1 fps in -Z direction.

3 fps posigrade or retrograde = .9 nm

downtrack/rev.

1 fps posigrade or retrograde =:

16 kft downtrack/rev

3.5 kft radial/.5 rev

5 nm altitude change (HA or HP).

* 1 fps radial =:

3.5 kft downtrack/.5 rev

900 ft radial/.25 and .75 rev (decoupled
from the other axis).

* 1 fps Out Of Plane = 900 ft/.5 rev (decoupled
from the other axis)

* (SMA error) x (-10) = ft/rev downtrack error.

* High +Z DV for MC2-4 = short trajectory.
* MC2 Positive TIG slip = Early sunrise.

TGT EL ANG message = Very short case.



High in COAS = Short traj (subtract from ADI

pitch for THETA)

High at Ti (> 1.4 deg) = MC2 TIG slip should
be positive.

ORBRATE = .06 deg/sec; 4deg/min; 360 deg/
90 min; 1.1 mr/sec.

Ti done at orbital noon -3 min.

+Y = South or going South.

Sep Rate = 10 x delta H.

(3/2) WAV for Coeliptic.

PDRS

¢ Whenever there are both talkbacks and CRT

displays that reflect microswitch status, they
should ALWAYS both be checked during any
operation affecting them.

Whenever troubleshooting RMS malfunctions
in the long-form MAL book, always READ
AHEAD. The MALs have a knack for having
page breaks in extremely bad locations, and if

you don’t know what you're supposed to look
for before you turn the page, you could be in

trouble.

The hand controllers are rate-proportional and
are extremely sensitive. They should be held
in such a way that you can control the full

range of inputs without ever stopping to

Tearrange your hand. Care must be taken to

not overcontrol the inputs. A good practice is
to slowly and steadily input a desired

command, wait patiently until you see the

reactions of that command on the arm, and as

the desired motion is achieved, slowly back
off the input. Ideally, you should reach the
axis detent at the same time the arm achieves
the desired position and attitude.

MPM motion may cease during deployment
or stowage before the expected microswitches
are made. This is due to the fact that the last

part of travel in either direction is when the
Overcenter lock is locking.Therefore, don’t
turn off the PORT RMS switch when visible
motion stops. Wait for the microswitches.

Practice safety habits, the most important of

which are brakes on, then power off (if

required) for abnormal joint response and use

EE CC for abnormal EE ops during the

specified conditions.

APPENDIX D: RULES OF THUMB

During arm cradling, periodically check all
joint angles to make sure that joints that you
have already aligned to zero have not moved.

During soft stop, position hold does not work;
therefore, external forces can move joints out
of desired alignment.
CCTV cameras havea tendency to malfunction
at the most inconvenient times. Expect this
and know how to perform all operations
without cameras.

Develop a scan pattern that encompasses
window, CCTV, and panel status.

Never rotate the MODE switch through
DIRECT while the brakes are on. Thisactually
puts the arm in mode, and sets you up for a

possible runaway if a SINGLE/DIRECT DRIVE
switch failure occurs or is present.

Verify the RATE switch setting by feel and
talkback status. This should be done EVERY
TIME prior to moving the arm, regardless of
mode.

Make sure you know the proper definitions of

“cradling,”“stowing,” and “berthing.”
Rates for berthing/unberthing: Usually
Maintain rates at about 0.4 to 0.5 ft/sec
between Z = 414 and -438. For Z < ~438 (away
from the bay), rates can be increased
somewhat.

For berthing or unberthing of payloads with
keel trunnions: the keel pin enters/exits the
AKA when the longeron trunnions are at the

top of the built-in 8-inch PRLA guides.

RCS

1% RCS prop = 1 fps AV.

1% RCS prop = 22 lbs.

1,000 Ibs of ARCS prop moves X c.g. 1.2 in, X

c.g. +0.4 in.

1,000 Ibs of FRCS prop moves X c.g. -3.5 in.

“ARCS max blowdown qty 24%.

FRCS max blowdown qty 22%.

Loss of a single downfiring vernier jet is loss

of vernier mode.

If fuel tank pressure is 20 psi higher than the

‘oxidizer tank pressure, then verniers are

no-go.
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* Always secure the RCS from the manifolds to

the helium tanks.

* Always open the RCS from the helium tanks

to the manifolds.

TAEM

* A 100 ft difference in gear deploy altitude

equals about 250 ft of touchdown energy. Gear
deploy should not be delayed past 200 feet

altitude.

* 90 ft of touchdown distance corresponds to

1 knot of airspeed.
* TAEM guidance uses pitch to control range,

bank angle to control ground track, and speed
brake to control q-bar.

* Overhead HAC with NEP allows the most

downmode options for energy.

* Fly theta limits at Mach 2 (NLT Mach 1.5) if

air data is not incorporated to G&C. Maximum

bank angle is 50 degrees. Speed brake should

be controlled manually when flying theta

limits.

* Manual HAC techniques are only used when

requested by Mission Control. To execute the

manual HAC procedure, fly 220 to 230 KEAS

and follow roll commands. At 120 degrees
turn to go, resume flying pitch and roll

guidance.

* For an early gear deploy, immediately close
the speed brake.

* OGS is 19 degrees lightweight (< 220,000 Ibs)
and 17 degrees heavyweight (> 220,000 Ibs).

Aimpoint is 7,500 ft nominal and 6,500
close-in. Touchdown speed is 205 knots

heavyweight and 195 knots lightweight and
short field speed brake.

* At main gear touchdown, manually
deploy the speed brake. Start derotation at
185 KEAS at approximately 2 degrees per sec.

At nose gear touchdown, manually back up
wow.

° During training, pilots should strive for

a threshold crossing height of 15 to 20 feet on

nominal approaches. Touchdown goals are

airspeed within 5 knots of the target value,
sink rate within structural limits, negligible
lateral drift, and minimal RHC activity.
A good target value for sink rate is 3 fps or

less, insuring amplemargin before violating
limits.

© WithNWS in GPC or DIRECT, the orbiter will

tend to tum into a crosswind. With NWS

OFF, the orbiter will tend to turn away from a

crosswind.

* If the orbiter is landing with a known failed

tire, the second tire on that axle is expected to

fail during derotation at the point of maximum

loading.
* If both main gear tires fail on one side, the

orbiter will tend to turn toward that side. The

turning moment due to crosswind can either

reinforce or reduce this effect.

¢ Ifthe turning moments due to tire failure and

crosswind are in the same directions, large
control inputs will probably be required.

If the turning moments due to tire failure and

crosswind are in opposite directions, the

control inputs required to counteract tire

failure will be reduced. In thissituation,pilots
must be careful not to overcontrol.

A good rule of thumb is to be more cautious

with the rudder pedals, matching the
crosswind turning tendency.

* Flight Rules call for landing with an existing
crosswind on the same side as a known or

expected bad tire.
;;
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ASCENT DESCENT PROPELLANT

AscentPerformanceMargin
Pre Flight Design Requirements

Document = 3500

Flight Design Requirements
Document = 2500

Cargo Integration Review = 1500

Flight Planning Siowage
Review = 1500

FPR = 4652

ORBIT

1 hr launch delay = change in

orbital noon by 4 minutes

Ascendingnode
28.5 deg — 1st ascending node

is @ Long = 173.38 East

57 deg = 121.55 Wes!

MISCELLANEOUS

Qtbiters
OV101 - Enterprise
OV102 — Columbia

OV103 — Discovery
OV104 — Atlantis

OV105 — Endeavor

OV102 weighs 7000 Ibs more

than OV103/104

Min planned fit duration = 96 hours

Max = 23.5 + orbital inclination

Min = 23.5 — orbital inclination

time
CDT = GMT -5hr

CST = GMT -6hr

Daylight savings time from

1st Sunday in April to

last Sunday in October

FWD if Xeg< 1092

MID if 1092 < Xeg < 1100

AFT it Xeg > 1100

AcoLimits
FWD = 1076.7 in (RTLS = 1079.0 in)
AFT = 1109.0 in

CONT AFT = 1119.0in

DIODellaV's
Descending approach is wors! case AV

90 deg prebank will decrease AV ~ 10 fV/s

(function of altitude)

If Xeg > 1091.5: 1 in Xeg = 2.2 miles

If Xeg < 1091.5: 1 in Xeg = 1.1 miles

As Xcg increases (more aft), XR decreases

1 nm XR = 5780 lbs El weight
1. nm XR = 4.38 nm DA altitude

As altitude and weight increase, XR increases

As inclination increases, XR increases (non-linear)
As temp increases, XR increases (non-linear)

Touchdownspeeds
185 kis if TD weight < 200 k Ibs

195 kts if 200K Ibs < TD weight < 220 k Ibs

205 kts if TD weight > 220 k Ibs

195 kts for all weights if shorifield speedbrake
guidance mode is used

MassMoment
MM = TD Weight

*

(1172.3 - Xeg)/12
IMM > 1.4 M ft-lbs Concrete desire

If MM > 1.55 M ft-lbs Concrete required
Note: If TD Xcg not known, use

Xeg@M =3.5+1.5in

Ss

EOM 230 k Ibs

RTLS 240 k Ibs
*

TAL 240 kIbs
*

AOA 240 k Ibs
*

If Inc > 50, do not enter on descending opportunity
June through August.

RENDEZVOUS

1 deg of phasing/hour = 10 nm of Aheight
1 deg of phasing = 60 nm

17.5 fVs burn changes other side of orbit 10 nm

440 {l/s burn will change plane by 1 deg of wedge
1 deg of ARAAN occurs for each relative lap

“|

N2 83Ibm

1 deg of plane change = 440 tus

1fUs= 21.8 lbsOMS @220 k bs

1.78fVs = 1 nm

16%

OV102 = 25156 Ibs

OV103/4 = 25064 Ibs

Min = 10800 Ibs

Max OMS ballast = 4000 Ibs

1% OMS = 130 Ibs/side

OV102 — can be installed in the aft

compartment

0V103/104 — Bay 13

1 tUs =25 bs(+ X)or 35 - 40Ibs
(multi axis) @ 220 K Ibs

Maxburn= 250sec = 55tps
Full FRCS = 2446 Ibs

ET biowdown offload = 2225 Ibs

Min FRCS — 1862 Ibs

Full ARCS = 4970 Ibs (over 100%)

1% ARCS = 22 Ibs/side

INTERCONNECT logic
If OMS < 14,000 Ibs, I/C off

If OMS > 17,000 Ibs, I/C on

If 14 K < OMS < 17k, analysis req

ECS - N2

Qy102
6.28 Ibs/day for 4 person crew @ 147 psi

add .114 lbs/day for additional crewman

4.35 Ibs/day for 4 person crew @ 10.2 psi

add .079 Ibs/day for additional crewman

QV103/4
5.28 Ibs/day for 4 person crew @ 14,7 psi

add .114 Ibs/day for additional crewmember

3.66 Ibs/day for 4 person crew @ 10.2 psi

add .079 Ibs/day tor additional crewmember

OQvwi Fullyloadedwi
143 Ibm

EPS

"}

.09 Ibm Hydrogen = 1 kwh

7 Ibm Oxygen = 1 kwh

.07 Ibm Oxygen/hour = cabin leak rate

Dyvwi = Fullyloaded wi
H2 227 Ibm 319 Ibm

c2 215 Ibm 996 Ibm

el
*

Orbiter Engineering Memo VE3-90-096.
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Abort Mode Boundaries. 6.2-1, 9.1-9

AC Power Generation

Acceleration Limitations 4.11-1

ACCU regssssccresssves 2.4-26

Active Vent System . 2.17-2

Location ..
2.17-3

Operations 2.17-2

Active Thermal Control System .. 2.9-20

[Gea HON eeeesercecree-es 17-3

Ammonia Boilers 9-29

Component Locations 2.9-20

Flash Evaporator System .. 2.9-26

Freon Loops .. nee

Radiators

PAD ecrererascee

Aerojet DAP .

Aft Fuselage .

Aim Points....

Air

Data System ..
2.13-19

Sampling System 25-20

Air-to-Ground Voice Calls...

Airlock

Depress Valve .

Hatches .........

Retention Net...

Stowage Bag.
Subsystems..

Airspeed Limitations

Alarms ..

Alpha Recovery
Alpha Transition

Alternate Water Pressurization .

VAM ceesteche resents reece Seema eNO, aad
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Summary Data ..
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Performance

Aborts ..

Abort Mode Boundaries

Altitude. Velocity, Dynamic
Pressure ...

ET Impact
Launch Window

Main Engines...
MECO Targets ..

Minimum Safe Orbit

Payload
Squatcheloids

Orbit

Rules of Thumb

Personal Hygiene Provisions

Perturbations .......

Phase Elapsed Time

Photo/TV Checklist ........

Photographic Equipment .

Plume Impingement ..

Pneumatic

Control Assemblies .......c.sssecsesssesssseeseees 2.16-24

Left Engine Helium Crossover Valve

Pocket Checklists..........-.

Pogo Suppression System
Pole

Post Insertion Book .

Post Landing...

FlightGreve
LaunchContol(Cone

TeeSIESPACHVINESccceae,stertect. 2eeeitiates
Press to ATO...

Press to MECO

Prevalves ......

Pressure Control System ....

Airlock Depress Valv

Cabin Relief Valves ...

Diagram
*Manifold ...

Negative Pressure Relief Valves

Nitrogen System
Operations.......
Oxygen System
PPO2 Control

Schematic ....

Vent Valves .

Water Tank Regulator Inlet Valve

Primary Jet...

PriorityRateLimiting
PRLA

Bridge Fittings
Controls ..........

Latches

PayloadGuides.

PropellantFailure...
PropellantManagementSystem.

Backup LH2 DumpValves..
Bleed Valves... cs

FeedlineDisconnectValves
Fill/Drain Valves ............

Manifolds

Prevalves .

Mission Control Center . Relief Valves . 2 5

Post-MECO RTLS Dump . Repress Valves.. 2.16-18

Post-Sleep Activities Topping Valve ... 2.16-16

Power Controllers ... Ullage Pressure System 2.16

PowWerdownscsccannncncace oO B12 Prox Box Failures......

Powered Proximity Operations
Pitch Around . PRSD .

Pitchdown Cryo Tank:

PPO, Reactant Distribution

Control. Tank Heaters

Meter.. Pullout (Contingency Abort) ..

Prefinal. Purge
Preflare.

Techniques . Q
Pre-Launch Quantity Gauging

ieniCrew OMS acne ect re mre 218-13Launch Control Center
RMission Control Center . t

F

aeProcedures scsvecsreiccmeemasatn ees 5.1-1 Radar Altimeter....:.ssssssssserncsnseenensernn 21S24

Radiation Equipment........-sssscsccseceeseneeee20-18
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RaciatOrs .....ssccossssssssonessovsessessnsconvcnnnecosseeennsosnness ser
Sy ce 2.9-25 Thermal Control... 220-12OrntneandConstructiones 2.9-23 ReachandVisibilityAids...

o re
Single Radiator Operations 2,9-25 ReachPe i

Range Safety System ... -6.2-4 sg vi

Controllability .. ution
..

ET Failure...

tit
Avo

Reference

St
hot a

Data BOOk .......sssssssssssscsssssereneesservenonssnnessscecese 3.4-1
RCS Documents aoe 34-1

cal

Regulator Failed High -6.8-15

Relief Valves............0+ 2.16-15

Remote Power Controllers............ -2.8-26

RendezvousCommand Lights .

Crossfeed ........++:

Helium System.
Check Valves .
Isolation Valves .

Pressure Regulators .. 2.20-12

Relief Valve

Tanks ..

Hot Fire...

Interconnect

Jet

Failures.... -6.8-15

Operations .. -4.2-3

System . 2.20-3
Leaks....... 6.8-14, 6.9-3

Operations.. 2.20-18
Pods......

Propellant System .

Crossfeed Valves

Operations.
Radar :

Rescue .... 2.10-20

Restraint and Mobility Aids . 2.5-6

Return To Launch Site Abort ..... -6.3-1

RGA

Orbiter

Deactivation...

Deploy Operations...
Displays and Controls .

End Effectors..
Hard Stop ...... 2.19-10

Interconnect Initialization.. 2.19-18
Jettison ......... -19-19
Loaded Operations .. -19-19

Limitations...
: Manipulator Arm Drive System 2.19-4

Quantity .. 2.20-6 MCIG) isd ec cc 2.19-4
Regulator Failure 68-15 Mechanical Arm AssemblyMans | cesstestes 2.20-5 Operating Modes .

RedundancyManagemen 2.20-14 AO pre

DilemmaResets 2.20-17 Manual Augmented :

Failures 2.20-14 Single Joint . 2.19-20Fire Indication
2.20-18 Powerdown...

2.19-19ManifoldRM.
2.20-16 Powerup ....

2.19-18a ae 2.20-16 Reach Limits .

--2.19-10wer Fail ..

2.20-17 Retrieve rati IESaar ane ee: Operations 2.19-19

Selection ....,

4 Safing ..

RegulatorFailed High. Soft StopRules of Thumb
THE cave
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Thermal Protection ..

Unloaded Operations ..

ROT tiecssctocrenererrapsnvane

Braking Performance

Coast .

2.19-8

+ 2.19-19

AlphaRecovery.

Alpha Transition

ET SEP

Gliding
Guidance .

MECO ...

NZ Hold ..

Post-MECO Procedures ..

Powered RTLS...........

Pre-MECO Procedures

Propellant Dump...
S-Turn ..

TAEM

Rudder .

Rules of Thumb

Runway Coordinate System .

S
S-Band

DOD Links .....

Forward Link.

Frequency Modulation

Antennas.............

System Block Diagram
Phase Modulation................

ATCO aS ier ncaa eras
Communications Security .

Network Signal Processors 2.4-8

Power Amplifiers ..

Power Modes.

Preamplifiers . ae

Transponders -2.4-7

Return Link........ 2.4-3

System Interfaces and Data Flow . 2.4-3

SBIC- 2.13-34

Safing 2.19-11

Science Mission Specialist .. .2.21-2

Sensor Failure/Dilemmas..
Separation

ET SEP Inhibit

Maneuver ....

Switch Failure

SQtSPHts Srressessees

Shock Struts

Shorts ......

Sideslip Limitations

Sighting Aids ....

Single
Engine TAL...

Engine Press...

Joint Mode....

Sleeping Provisions

Slid@s2:.. tees canines

Smart Speed Brake Logic. 7.4-10
Smoke Detection.

PASS

Solid Rocket Boosters

Descent and Recovery
Electrical Power Distribution ..

Exploded View ...

Hold-Down Posts...

Hydraulic Power Units

MQMONreresesessenndecettt

Range Safety System.
RGA

Separation
Thrust Vector Control

SOMS

Space Flight Participant
Spacelab...

AirRevitalization
Command and Data Management
System

eGLrVs

Data Display System .

Mass Memory Unit

Module Intercom

Redundancy .
Description
ECES ==

Active Thermal Control

Subsystem ....

Cabin Air Loop
Caution and Warning
Coolant Loops .........+++

Emergency Conditions...

Pallet-Only .......

Tunnel Air Loop..
Electrical Power-......

Flight Deck Interfaces

Mission Summary
Module
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Orbiter Interface ..

Pallet ..

Summary Data...

Transfer Tunnel

Space Shuttle Requirements .

Speed Brake...

SPTscast

Spiral Adjust
Squatcheloids
SSME .......

Bellows

Controllers

Command and Data Flow

Data Path Failure...

Engine Failure

Helium Leak ..

Hydrogen Separators
Instrumentation...

Isolation Valve .
Microbial Filter

Nozzle Heaters ....

Tank

DepressurizatiOn .....ss.ssssssseeeeensessssseeee 2.9-33
Inlet Valves ....

2.9-33

Outlet Valves

Pressurization..

Support Documents

Survival

Switch and Panel Cautions ..

Systems
Aborts ....

AOA Book .

Data Book ..

Hot Gas Manifold Failures ...

Main Combustion Chamber .. 2.16-7

Oxidizer Heat Exchanger ‘ls
Performance ......:+es0e0+

é

Popa Sunes yen TableCe ere (SPEC 60)..

P TACAN
ropellant Dump ..

Preburners...... ae ae :

Set Split/MPS e ne
and Overview ..

Stuck Throttle Bae
Turbo; eeas

pee Manual Control

Oxidizer Monitoring
iar iear locas Pitchand Roll Commands

ll Coordinate System ram
se

ate ectite
rocedures .

Stationkeeping .. se
of Thumb

Statistics..
COVEN --csseccecrnves

Stowage . Tracking the HAC

Description .......
TailScrape’,..:...ayate.

Flexible Containers .. TALwsesrsserenrnees

Rigid Containers ... se Dump...
FDR

geet TUETYoeeeoreons

iesCompartments Se
pe

Ker x Seesstaics

s Transition ..

oe

Wet Trash Compartment... geDumps
tuc! Tocedures ............

Speed Brake Redesignation Card

Throttle... Tanks

Study Notes... Cl OMS Propellant
Supply and Waste Water Systems 29.31 Teleprinter-...2:,

Alternate Water Pressurization. 2.9-33 TemporaryStowage Bag ..

ContingencyCrosstie .. 2.9-36
Text and Graphics System

rossover Valves
,

AE GensSs 2,9-35 LAC revessesssseeerseeerneesenes

Dumps ........... 2.9-35 ThermalProtectionSystem ..

Galley Theta Limits
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Thrust Vector Control

Thruster

Primary
Vernier . 2.20-3

TIVES sassoxses 2.14-5

Topping Valve .. 2.16-16
Touchdown .... -7.4-16

Trajectory Management . 7-1

High Energy Recovery ...

Low Energy Recovery
Trajectory Performance .....

TRANS DAP .
Transients ...

Translation .

Transoceanic Abort Landing
Trash Containers ..

Saturation

Switches..

Trunnions ...

Turbopumps .
Buelee.

Oxidizer..

TVC

Two-Engine TAL .. .-6.2-2

U
WEIR, eis eoeeace we --2.4-23

Functional Block Diagram

Ullage Pressure System .

Umbilical Doors....

Universal Pointing ..

Uncommanded Brake Pressure

WASAVAIAS cat penscartstnsssncihuaiciance 74-11
Aim Points

PAPI Lights.
Vn Diagram...

Ww

Waste Management System
Controls ...

Commode

Description .
Fan Separator.
Heaters........

Operation ...

Schematic ...

Vacuum Vent Isolation Valve
Waste Water

Contingency Crosstie .

Dumps .

System...
Tank Draining

Water

Coolant Loop System.........-+
Dispenser
Leaks

Loop
Diagram
Pumps...

Second Failure ..

Storage System Diagram...
Tank Regulator Inlet Valve

IWCCU lcs

Weather Limitations

Weight On Wheels . :

Wet Trash Compartment...
IWIiCeIS retctnersecssscscessrecsee=2
Wind Effects on Trajectory........

.V Working With Mission Control

Communications ........:-....0++V.

aoa Flight Controller Data .

Went:pens Valve Orbiter Malfunctions

Vapor Isolation Valves ... WomEquipmentVent Windows

Siiincation 217-3 Shades/Filters/Shields

Operations.. 2.17-2 Mane
Valves .. -2.9-11

VernierJet... ..2.20-3

Vertical Tailiccinarcecncclene tant ett crrsat1.2-15

Video

Gon troliOniticis-.o scr sssarecstvesteoseertseestorseeoctee 2.3-1

TAPERECOTAED.sis scccrcereceesctteccpsencrepierscer2d DL
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SCOM DISTRIBUTION

FINAL

December 9, 1991

FCOD
CA/Puddy
CA4/Major

Webb (3)
Williams (3)
Bertrand (3)

CB/Al1 astronauts

(see list)
CB/Extras (10)

FCOD total: 118

MOD
DA/Kranz

O'Nei1]

Shannon

DA2/Ho1 loway
DA3/Bales

Holken

Vowel]

DA4/Bourgeois
DA5/Mason

Petersen

DA6/De11'Osso
DA8/Stone

Flight directors

(14)
DE/Webb
DF/Fitts

Floyd
Knight

DF2/Clancy
DF4/Neal
DF6/Kamman
DF7/Saultz
DF22/Erminger (5
DF24/Rodriguez (
DF42/Farris (5)
OF43/Bachik

Dye (5)
DF44/(Vacant) (5)
DF62/E1sner (5)
DF63/Jackson (5)
DF65/Kwiatkowski (5)
DF72/Ferring (5)
DF73/Joyce (5)

)
5)

0G/De11'Osso DM43/Epp (5)
Merritt DOM46/Oliver (5)
Wegener DP/Muratore
Weitenhagen DT/Hughes

DG4/Richmond
DG6/Andrews

Brown RSOC
0G45/Bush (5) R11C/Lacewell (3)
0G646/Sanchez R19A/Fowler (5)
DG47/Lanier (5) Bores

DG48/Beauregard (5)
DG65/Herzog (5)
DG66/0'Keefe

Sims (5)
0G67/Beckman (5)
DH/Pavelka MOD/RSOC

Pippert total: 252

Whiteley
DH4/Nute : Extras: 130

Woodbury
DH6/Branch chief

Pawkett

DH12/Gerstenmaier
DH13/Alexander
DH43/Bearley (5)

Snyder (5)
DH44/Ferguson (5)
DH45/LeBlanc (5)
DH49/Fiorella (5)
DH62/Clement (5)
DH64/Creasy (5)
DH65/Gauthier (5)
DH69/Cotlins (5)
DI/Thompson
DJ/Sey]
DK/Epps

Russell

DK4/Kane
DM/Deiterich

Fields

Harpold
DM2/Davis
DM3/Smith
DM4/Collins

Hilty
DM22/Ricks (3)
DM23/Anderson (3)
DM24/Lowes (3)
DM32/Siders (5)
DM33/Gavin (5)
DM34/Evans (5)
DM42/Pearson (5)

R19R-4/Angeley
UO5B/Hope (3)
UO5C/Thomas (3)
SAIC (5)

Grand total: 500


