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PREFACE

The Shuttle Crew Operations Manual (SCOM) is a

unique document containing information about
each Shuttle system and every phase of a generic
space shuttle mission.

The SCOM is a reference document for

space shuttle crewmembers. The complexity of

the Shuttle systems and the unique operational
environment, coupled with the numerous

malfunction/emergency procedures, necessitated

some departures from a Dashl1/NATOPS

approach. Nonetheless, the SCOM is the only
single source document, written specifically for

shuttle astronauts, with comprehensive data

about shuttle systems and operations.

This document contains condensed information

from a large number of space shuttle publications,
including the Flight Data File (FDF), Crew Training
workbooks, Flight Procedure Handbooks (FPH),
Flight Rules, Shuttle Operational Data Book, and

Shuttle Performance Assessment Data Book. The

SCOM is not a replacement for any of these

documents. It has been carefully reviewed by
FCOD and MOD personnel to ensure accuracy of

information. In all cases, should a conflict arise

between the SCOM and FDF or Flight Rules, the

FDF and Flight Rules will govern. If conflicts

arise between the SCOM and workbooks or

FPH, the conflicts should be resolved with the

appropriate book manager or system representative.

Information contained in the SCOM is current as

of May 1997 and OI-26. CRT displays documented

in the text and in Appendix B are the CRT displays
documented in the Level C Functional Subsystem
Software Requirements Display and Controls

Specification, STS83-0020Hdated February 10, 1992,

effectivity OI-25 and subs. It should be noted that

several CRT displays provided in the body of this

document are for illustrative purposes only; certain

CRT displays contain data combined in one

illustration that do not appear simultaneously in

operational use.
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Additional information or clarification is presented
in three formats: notes, cautions, and warnings.
Notes provide amplifying information of a

general nature. Cautions provide information and

instructions necessary to prevent hardware

damage or malfunction. Warnings provide
information and instructions necessary to ensure

crew safety. The formats in which this material

appears are illustrated below.

NOTE

A barberpole APU/HYD READY TO START

talkback will not inhibit a start.

CAUTION

After an APU auto shutdown, the APU

FUEL TK VLV switch must be taken to

CLOSE prior to inhibiting auto shutdown

logic. Failure to do so can allow the fuel

tank isolation valves to reopen and flow

fuel to an APU gas generator bed that is

above the temperature limits for safe restart.

WARNING

The FUEL CELL REAC switches on panel
R1 are ina vertical column with FUEL CELL

1 REAC on top, FUEL CELL 3 REAC in the

middle, and FUEL CELL 2 REAC on the

bottom. This was done to allow the

schematic to beplaced on the panel. Because

the switches are not in numerical order, it is

possible to inadvertently close the wrong
fuel cell reactant valve when shutting down

a fuel cell.

The SCOM will be updated according to

the process described in the Configuration
Control Plan.
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Configuration Control Plan

Your inputs are vital for the SCOM to remain a

useful document. Changes may be submitted via

the SCOM Change Request (CR) Form. Corrections,

additions, deletions, or other constructive

suggestions should be submitted to mail code CB-

SCOM on the SCOM CR form. The form should be

filled out in its entirety except for the Disposition
blocks and the Control Number block. CB-SCOM

will assign a control number. The initiator should

clearly explain the correction or modification and

list the applicable page number(s). Additional pages
or annotated copies of the applicable SCOM pages

may be submitted with the CR. Each CR should

contain only corrections or modifications.

CRs containing recommended corrections will be

verified by CB designated personnel and

incorporated through pen and ink changes or page

change notifications (PCNs). The CB representative
will determine whether the number of verified
corrections warrant a PCN prior to a semiannual
review.
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Semiannual reviews will be conducted by a Change
Board to consider changes to the SCOM. The CB

representative (or his designee) will chair the

reviews. CRs recommending modifications will be

reviewed and incorporated (with or without

additional modification) or disapproved.
Disapproved CRs will be returned to the initiator

with a brief explanation. Initiators may resubmit

the CR at a future review. Approved changes will

be promulgated via PCNs subsequent to the reviews

or at the direction of CB. Revisions (Rev's) will be

published at the direction of CB if substantial

changes to the manual are made.
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NASA JOHNSON SPACE CENTER
SHUTTLE CREW OPERATIONS MANUAL

CHANGE REQUEST (CR)

DATE INITIATOR (ORG / NAME / PHONE) CORRECTION [_]| CONTROL #
MODIFY oO
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ProgramDocumentation

There are many hundreds of documents delineating
the organization and operation of the space shuttle

program. Over 100 of these documents have been

utilized in the development of the Shuttle Crew

Operations Manual. The following flow chart

depicts the organization and hierarchy of the
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significant documents used in this effort. The level

of a document in this "document tree" should not

be equated with its relative importance to other

Shuttle publications. The level is strictly an

indication of the management level that controls

the development of the publication and subsequent
changes.

PURPOSE APPROVALAUTHORITY
The Program Approval Document (PAD) is the

contract between the NASA Administrator andthe PROGRAM LEVEL O
Associate Administrator for Space Flight for the APPROVAL NASA ADMINISTRATOR

NSTS objectives and content including top level DOCUMENT
management, financial and technical aspects. ASSOCIATE ADMINISTRATOR

FOR SPACE FLIGHT

The Program Requirements Document (PRD)
establishes the Level | requirements that are

LEVEL |

controlled by the NSTS Director and imposed on NSTS NSTS DIRECTOR

the NSTS Deputy Directors.
7000

PROGRAM

REQUIREMENTS
DOCUMENT

Management ?

Requirements ~—

i
-

:
Technical

as bE
ee ppendices Appendices Requirements

NSTS 07700 Program Definition and Requi

Document (PDRD) establishes the Levelll LEVEL II

NSTS DEPUTY DIRECTORrequirements, controlled by the NSTS Deputy
Directors, that incorporate and expand the Level |
fequirements and are imposed on the Level III
Projects and Level II Integration Offices.

PREFACE



05/12/97
SFOC-FL0884
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The section provides general background
information about the orbiter, its configuration and
coordinate systems, the nominal mission profile,
and general procedures followed during a Shuttle
mission. It also briefly discusses components, such
as the external tank and solid rocket, that are no;t
included in the next section on orbiter systems.
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1. GENERAL DESCRIPTION
1.1 Overview

Space Shuttle Requirements

The Space Shuttle system consists of four primary
elements: an orbiter spacecraft, two solid rocket
boosters (SRBs), an external tank (ET) to house fuel
and oxidizer, and three Space Shuttle main engines
(SSMEs). The Shuttle can transport payloads into
near Earth orbit 100 to 312 nautical miles above the
Earth. Payloads are carried in a bay 15 feet in

diameter and 60 feet long. Major system
requirements are that the orbiter and the two SRBs
be reusable.

The orbiter has carried a flight crew of up to eight
persons. The nominal mission is 4 to 16 days in

space. The crew compartment has a shirtsleeve

environment, and the acceleration load is never

greater than 3 g’s. In its return to Earth, the orbiter
has a cross-range maneuvering capability of about

1,100 nautical miles.

OVERALL SHUTTLE ORBITER

ApproximateWeight —

* Gross fift-off,which| 45 million pounds
will vary, depending
‘on payload weightand

Solid Rocket Booster onboard consumables
17.17 Feet Diameter * Nominal end-of-mission a 230,000 pounds

landingwith payload, (200,000 pounds

erentank ae Ae which will vary, typecalwithout
)

ia
dependingon payload payload)e See

a a Se as ‘" retum weight
=

Thrust (sea level)
* Solid rocket boosters 3,300,000 pounds of

—| feedseg thrust each invacuum
78.06

|. Orbiter main engines 399,800 pounds of

Feet thrust each at sea

= fo ee
x level at 104 percent

|

SRB Thrust =ka
Attachment

|
ae 122.17cee | 56.67 Feet

Orbiter Tank Orbiter ms oe] OO

| ta | gp
78.6 Feet ae Te

a
22.67 Feet

a ER
O

>

154.2 Feet
A) oP

184,2 Feet >| Fsre
ary

20.9 Feet
004

Space Shuttle Statistics
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1. GENERAL DESCRIPTION

1.1 Overview

Nominal Mission Profile

Launch

In the launch configuration, the orbiter and two

SRBs are attached to the ET ina vertical (nose-up)

position on the launch pad. Each SRB is attached at

its aft skirt to the mobile launcher platform by four

bolts.

The three SSMEs, fed liquid hydrogen fuel and

liquid oxygen oxidizer from the ET, areignited first.

When it has been verified that the engines are

operating at the proper thrust level, a signal is sent

to ignite the SRBs. At the proper thrust-to-weight
ratio, initiators (small explosives)at eight hold-down

bolts on the SRBs are fired to release the Space
Shuttle for liftoff. Elapsed time is a few seconds.

Maximum dynamic pressure is reached early in the

ascent, nominally 30 to 60 seconds after liftoff.

MAIN ENGINE

CUTOFF, EXTERNAL

TANK SEPARATION

Altitude: 59 nautical miles

Velocity: 25,581 feet per

second about 8.5minutes

ater launch (just before

orbit insertion)

SRB SEPARATION

Two minutes after launch

LAUNCH

Maximum dynamic
pressure about

2

60 seconds

after launch

Approximately 1 minute later (2 minutes into the

ascent phase), the two SRBs have consumed their

propellant and are jettisoned from the ET. This is

triggered by a separation signal from the orbiter.

The boosters briefly continue to ascend, while small

thrusters fire to carry them away from the Space
Shuttle. The boosters then turn and descend, and

at a predetermined altitude, parachutes are

deployed to decelerate them for a safe splashdown
in the ocean. Splashdown occurs approximately
141 nautical miles from the launch site. The boosters

are recovered and reused.

The orbiter and ET continue to ascend, using the

thrust of the three SSMEs. Approximately 8 minutes

after launch and just short of orbital velocity, the

three engines are shut down (main engine cutoff or

MECO), and the ET is jettisoned on command from

the orbiter.

ORBITAL

OPERATIONS

Mission:

Nominal 4 to 16

days; 100 to
312 nautical

mile orbits;
25,000 feet per

second

ORBITER INSERTION

AND CIRCULARIZATION

For either one or two OMS burns to

change trajectory from suborbital

to orbital; typically 200 to 550 feet

Per second velocity increase

Altitude 100 to 312 nautical miles

DEORBIT

Velocity decreased

nominal (200 to 550 feet

per second) from Earth
orbit operations

LANDING
TURNAROUND

Touchdown speed
195 or 205 knots

Shuttle Mission Profile
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The forward and aft reaction control system (RCS)
jets provide attitude control, translate the orbiter

away from the ET at separation, and maneuver the
orbiter to burn attitude prior to the orbital

maneuvering system (OMS) burn.

The ET continues on a ballistic trajectory and enters

the atmosphere, where it disintegrates. Its nominal

impact is in the Indian Ocean for a 28 degree
inclination launch.

Orbit Insertion and Circularization

One type of mission profile, called a standard
insertion because it was the standard early in the
Shuttle program, uses two OMS burns for orbital
insertion. The first OMS burn (OMS 1) raises
maximum altitude and occurs just a few minutes

after MECO. The second OMS burn (OMS 2) occurs

at the highest point of the trajectory after MECO/
OMS 1. OMS 2 raises the lowest point of the orbit

(perigee) and usually is targeted to achieve a circular

orbit. Standard insertions were used on early flights
when less information was available on SSME

performance and targeting precision. At present, a

standard insertion would only be used for flights to

low orbital altitudes where the ET impact point is

outside of limits using a direct insertion.

Normally, only one OMS burn is required to place
the orbiter in a circular orbit. Missions planned
with only one insertion OMS burn are called direct

insertion missions. Direct insertions allow the

highest orbital altitudes by maximizing the amount

of OMS propellant available for altitude raising
while ensuring that the external tank will reenter

the atmosphere and impact in asafe area.

The direct insertion OMS burn is referred to as an

OMS 2 burn since it performs the same function as a

standard insertion OMS 2 burn. Orbital altitudes

can vary from 100 to 312 nautical miles, depending
on mission requirements. Insertion OMS burns

typically add 200 to 550 fps to the orbiter’s velocity.

Orbit

The forward and aft RCS jets provide attitude

control of the orbiter as well as any minor

translation maneuvers along a given axis on orbit.

While on orbit, the crew fulfills mission objectives,
suchas payload deployment or retrieval, or scientific

experiments.

1. GENERAL DESCRIPTION
1.1 Overview

Deorbit

At the completion of orbital operations, the RCS is
used to orient the orbiter ina tail first attitude. The
two OMS engines are burned to slow the orbiter for
deorbit. The deorbit burn usually decreases the

orbiter’s velocity 200 to 550 feet per second

depending on orbital altitude. When the deorbit
burn is complete, the RCS is used to rotate the

orbiter’s nose forward for entry. The RCS controls
the orbiter until atmospheric density is sufficient
for the pitch, roll, and yaw aerodynamic control
surfaces to become effective.

Entry

Entry interface is considered to occur at 400,000 feet
altitude approximately 4,200 nautical miles from
the landing site and at approximately 25,000 feet

per second velocity. The orbiter is maneuvered to

zero degrees roll and yaw (wings level) and a 40-

degree angle of attack for entry. The flight control

system issues the commands to roll, pitch, and yaw
RCS jets for rate damping.

Without forward RCS programmed test inputs, the

forward RCS jets are inhibited prior to entry
interface, and the aft RCS jets maneuver the

spacecraft until a dynamic pressure of 10 pounds
per square foot is sensed. This is when the orbiter’s

ailerons become effective. The aft RCS roll jets are

then deactivated. At a dynamic pressure of 2

pounds per square foot, the orbiter’s elevators

become active, and the aft RCS pitch jets are

deactivated at a q-bar of 40. The orbiter’s speed
brake is used below Mach 10 to induce a more

positive downward elevator trim deflection. At

approximately Mach 5, the rudder becomes

activated, and the aft RCS jets are deactivated at

Mach 1.

Entry guidance must dissipate the tremendous

amount of energy the orbiter possesses when it

enters the Earth’s atmosphere to assure that the

orbiter does not either burn up (entry angle too

steep) or skip out of the atmosphere (entry angle
too shallow) and that the orbiter is properly
positioned to reach the desired touchdown point.

During entry, energy is dissipated by the

atmospheric drag on the orbiter’s surface. The

thermal protection system covering the entire orbiter

1.1-3
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1.1 Overview

provides the protection necessary for the orbiter to

survive the extremely high temperatures
encountered. Higher atmospheric drag levelsenable

faster energy dissipation with a steeper trajectory.

Normally, the angleofattack and bank angle enable

the atmospheric drag of any flight vehicle to be

controlled. However, for the orbiter, angle of attack

was rejected because it creates surface temperatures
above the design specification. The angle of attack

scheduled during entry is loaded into the orbiter
computers as a function of relative velocity, leaving
bank angle for energy control. Increasing the bank

angle decreases the vertical component of lift,

causing a higher sink rate and energy dissipation
rate. Increasing the bankangledoes raise the surface

temperature of the orbiter, but not nearly as

drastically as an equal angle of attack increase.

If the orbiter is low on energy (current range-to-go
much greater than nominal at current velocity),
entry guidance will command lower than nominal

drag levels. If the orbiter has too much energy
(current range-to-go much less than nominal at the

current velocity), entry guidance will command

higher-than-nominal drag levels to dissipate the
extra energy.

Bank angle is used to control cross range. Azimuth
error is the angle between the plane containing the
orbiter’s position vector and the heading alignment
cone tangency point and the plane containing the
orbiter’s position vector and velocity vector. When
the azimuth error exceeds a computer-loaded
number, the orbiter’s bank angle is reversed.

Thus, descent rate and downrangingare controlled
by bank angle. The steeper the bank angle, the
greater the descent rate and the greater the drag.Conversely,the minimum drag attitude is wings
level. Cross range is controlled by bank reversals.
The entry thermal control phase is designed to keepthe backface and surface temperatures within the
design limits. A constant heating rate is established
until below 19,000 feet per second.

The equilibrium glide phase transitions theorbiterfrom the rapidly increasing drag levels of the
temperature control phase to the constant drag level
of the constant drag phase. The equilibrium glide
flight is defined as flight in which the flight path
angle, which is the angle between the local
horizontal and the local velocity vector, remains

constant. Equilibrium glide flight provides the

maximum downrange capability. It lasts until the

drag acceleration reaches 33 feet per second squared.

The constant drag phase begins at that point. The

angle of attack is initially 40 degrees, but it begins to

ramp down to approximately 36 degrees by the end

of this phase.

In the transition phase, the angle of attack continues

to ramp down, reaching the approximately 14-

degree angle of attack at the entry terminal area

energy management (TAEM) interface, at

approximately 83,000 feet altitude, 2,500 feet per
second, and 60 nautical miles from the landing
runway. Control is then transferred to TAEM

guidance.

During the entry phases described, the orbiter’s bank

commands keep the orbiter on the drag profile and

control cross range.

TAEM guidance steers the orbiter to one of two

18,000-ft radius heading alignment cones (HAC),
which are located tangent to and on either side of

the runway centerline on the approach end. In

TAEM guidance, excess energy is dissipated with
an S-turn. This increases the ground track range as

the orbiter turns away from the HAC until sufficient

energy is dissipated to allow a normal approach
and landing guidance phase capture, which begins
at 10,000 feet altitude. The orbiter also can be flown
near the velocity for maximum lift over drag or

wings level for the range stretch case. The spacecraft
slows to subsonic velocity at approximately 49,000
feetaltitude, about 26 nautical miles from the landing
site.

AtTAEM acquisition, the orbiter is turned until it is
aimed at a point tangent to the HAC and continues
until it reaches way point (WP) 1. At WP-1, the
TAEM heading alignment phase begins. The HAC
is followed until landing runway alignment, + 20

degrees, has been achieved. In the TAEM prefinal
phase, the orbiter pitches down to acquire the steep
glide slope, increases airspeed, banks to acquire the

Tunway centerline, and continues until on the
runway centerline, on the outer glide slope, and on

airspeed. The approach and landing guidance phase

SCOM 1.3

June 1993



begins with the completion of the TAEM prefinal
phase and ends when the spacecraft comes to a

complete stop on the runway.

Landing

The approach and landing trajectory capture phase
begins at the approach and landing interface and

continues to acquition of the steep outer glide slope.
The approach and landing phase begins at about

10,000 feet altitude at an equivalent airspeed of 290
knots for lightweight orbiters (220 k Ibs or less) and

300 KEAS for heavyweight orbiters (greater than

220k lbs) and 6.0 or 6.6 nautical miles (for -19 or -17

degree glide slopes respectively) from touchdown.

Approach and landing guidance is initiated at this

point to guide the orbiter to the -19 or -17 degree
glide slope aimed at a target 7,500 feet short of the

runway. The speed brake is modulated to hold the

reference velocity. The descent rate in the later

portion of TAEM and approach and landing is

greater than 10,000 feet per minute.

At 2,000 feet above ground level (AGL), a preflare
maneuver is started to position the spacecraft for a

1.5-degree glide slope in preparation for landing
with the speed brake positioned to control

touchdown energy. The flight crew deploys the

landing gear at 300 feet AGL. The final phase
reduces the sink rate of the spacecraft to a target
value of 3 feet per second. Touchdown occurs

approximately 2,500 feet past the runway threshold

at a speed of 195 KEAS (light weight orbiters) or

205 KEAS (heavy weight orbiters).

Launch and Landing Sites

The Kennedy Space Center (KSC) in Florida is used

for all Shuttle launches.

Edwards Air Force Base in California and KSC are

the primary landing sites. The incorporation of a

drag chute and carbon/carbon brakes will now

allow more missions to land at KSC. Contingency
landing sites are also provided in

the event the orbiter must return to Earth in

anemergency.

A 035-degree azimuth launch places the spacecraft
in an orbital inclination of 57 degrees. This

inclination means the spacecraft in its orbital

trajectories around Earth will never exceed an Earth

1. GENERAL DESCRIPTION
1.1 Overview

latitude higher or lower than 57 degrees north or

south of the equator. A launch path from KSC at an

azimuth of 090 degrees (due east from KSC) will

place the spacecraft in an orbital inclination of 28.5

degrees.

These two azimuths, 035 and 090 degrees, represent
the current launch limits from KSC. Any azimuth

angles further north or south would launch a

spacecraft over a habitable land mass, adversely
affect safety provisions for abort or vehicle

separation conditions, or present the undesirable

possibility that the SRB or external tank could land

on inhabited territory.

The Earth rotates from west to east at a speed of

approximately 900 nautical miles per hour. For

due east launches (090 degrees azimuth), the Earth’s

rotational velocity adds to the velocity increase

caused by the SRBs and main engines. Due east

launches provide the maximum payload and

altitude capability. Launches on azimuths other

than due east benefit less and less from Earth’s

rotation as the launch azimuth approaches north or

south. Westerly launches would decrease

performance even further.

Orbiter Ground Turnaround

Spacecraft recovery operations at the nominal end-

of-mission landing site are supported by
approximately 160 Space Shuttle Launch

Operations team members. Ground team members

wearing self-contained atmospheric protective
ensemble suits that protect them from toxic

chemicals approach the spacecraft as soon as it stops
rolling. The ground team members take sensor

measurements to ensure the atmosphere in the

vicinity of the spacecraft is not hazardous. In the

event of propellant leaks, a wind machine truck

carrying a large fan is moved into the area to create

a turbulent airflow that will break up gas
concentrations and reduce the potential for

anexplosion.

1.1-5
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Shuttle Assembly

Prelaunch
* Move to Pad
* Interface Verification
* Payload Installation

(Optional at Pad)
+ Propellant Loading
* Crew Ingress
* System Check

* Ordinance Installation

and Connection

Landing

Orbiter Safing
* Maintenance and Checkout
* Payload Installation

r

(Optional at Orbiter Processing Facility)
* Funcitonal Verification

Premate Preparation

Kennedy Space Center Ground Turnaround Sequence

A ground support equipment (GSE) air-

conditioning purge unit is attached to the right-hand orbiter T-0 umbilical so cool air can be directed

through the orbiter’s aft fuselage, payload bay,forwardfuselage,wings, vertical stabilizer, and
OMS/RCS pods to dissipate the heat ofentry.
A second GSE ground cooling unit is connected to
the left-hand orbiter T-0 umbilical spacecraft Freon
coolant loops to provide cooling for the flight crew
and avionics during the postlanding and system
checks. The spacecraft fuel cells remain powered
up at this time. The flight crew then exits the
spacecraft, and a ground crew powers down the
spacecraft.

AtKSC, the orbiter and GSE convoy move from the
Tunway to the Orbiter ProcessingFacility(OPF). If
the spacecraft lands at Edwards Air Force Base in

California, the same procedures and GSE are used
after the orbiter has stopped on the runway. The
orbiter and GSE convoy move from the runway to

the orbiter mate and demate facility. After detailed

inspection, the spacecraft is prepared to be ferried

atop the Shuttle Carrier Aircraft from Edwards Air
Force Base to KSC. For ferrying, a tail cone is
installed over the aft section of the orbiter.

In the event of a landing at an alternate site, a crew

of about eight will move to the landing site to assist
the astronaut crew in preparing the orbiter for

loading aboard the Shuttle Carrier Aircraft for

transport back to KSC. For landings outside the
U.S., personnel at the contingency landing sites will
be provided minimum training on safe handling of
the orbiter with emphasis on crash rescue training,
towing the orbiter to a safe area, and prevention of
propellant conflagration.

1.1-
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Upon its return to the OPF at KSC, the orbiter is
safed (ordnance devices safed), the payload (if any)
is removed, and the orbiter payload bay is

reconfigured for the next mission. Any required
maintenance and inspections are also performed
while the orbiter is in the OPF. A payload for the
orbiter’s next mission may be installed in the
orbiter’s payload bay in the OPF or when the orbiter
is at the launch pad.

The spacecraft is then towed to the Vertical

Assembly Building and mated to the external tank.

The external tank and SRBs are stacked and mated

on the mobile launcher platform while the orbiter is

being refurbished. Space Shuttle orbiter connections

are made, the integrated vehicle is checked, and

ordnance is installed.

The mobile launcher platform moves the entire

Space Shuttle system on a crawler transporter to

the launch pad, where connections are made, and

servicing and checkout activities begin. If the

payload was not installed in the OPF, it is installed

at the launch pad followed by prelaunch activities.

KSC Launch Operations has responsibility for all

mating, prelaunch testing, and launch control

ground activities until the Space Shuttle vehicle

clears the launch pad tower. Responsibility is then

turned over to NASA’s Johnson Space Center

Mission Control Center. Mission Control’s

responsibility includes ascent, on-orbit operations,

1. GENERAL DESCRIPTION

1.1 Overview

entry, approach, and landing until crew egress, at

which time the orbiter is handed over to the

postlanding operations at the landing site for

turnaround and relaunch. At the launch site, the

SRBs and ET are processed for launch, and the SRBs

are recycled for reuse.

Space Shuttle Coordinate

Reference System

The Space Shuttle coordinate reference system is a

means of locating specific points on the orbiter. The

system is measured in inches and decimal places;
Xodesignates the longitudinal axis, Yj the lateral

axis, and Z, the vertical axis. The subscript “0”

indicates orbiter; similar reference systems are used

for the ET (T), SRB (B), and overall Space Shuttle

system (S).

In each coordinate system, the X-axis zero point is

located forward of the nose tip; that is, the orbiter

nose tip location is 236 inches aft of the zero point
(at XQ= 236), the ET nose cap tip location is at Xp =

322.5, and the SRB nose tip location is at Xp = 200.

In the orbiter, the horizontal X, , Yo reference plane
is located at Z, = 400, which is 336.5 inches above

the external tank horizontal Xt, Yj reference plane
located at Zp = 400. The solid rocket booster

horizontal Xp, Yp reference plane is located at Zp =

0 and coincident with the external tank horizontal

plane at Zy = 400. The solid rocket booster vertical

Orbiter Fuselage
Reference Line

External Tank
Centerlines

SUBSCRIPTS

T - External Tank
B - Solid Rocket Booster

o- Orbiter

S$- Shuttle System

007
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1.1 Overview

Observation Windows:

Commander Station @

Fight Deck

Side Hatch

Emergency
EgressMiddeck

Equipment
Bay

InterdeckA

viNo.3A Airlock (Ladder) Bay No.1

Avionics Acces Aid

Bay No. 2 008

Crew Cabin (Cutaway View)

Xp,ZT planes are located at + Yc = 250.5 and -Ys=
250.5. Also, the orbiter, external tank, and Shuttle
system center X, Z planes coincide.

= 0 point coincides with Xs = 0, the SRB Xp0 point
is located 543 inches aft, and the Yo,Zo teference

plane is 741 inches aft of Xc = 0.

From the X = 0 point, aft is positive, and forward is

negative for all coordinate systems. Looking
forward, each Shuttle element Y-axis point right of Orbiter location codes enable crewmembers to locatethe center plane (starboard) is positive and each Y-

displays and controls, stowage compartments and
axispoint left of center (port) is negative. The Z lockers, access panels, and wall-mounted equipmentaxis of each point within all elements of the Shuttle in the orbiter crew compartments. The orbiter crewexcept the SRBsis positive, with Z=Olocated below

compartments are the flight deck, middeck, andthe element. In the SRBs, each Zcoordinatepoint airlock. A fourth compartment becomes part of thebelowtheXp, Yp reference Plane1snegative, and
configuration when the Spacelab is flown. Becauseeach point above that plane is positive. of compartment functions and geometry, each has

The Shuttle system and Shuttle element coordinate
i me oa

systems are related as follows: the external tank XT

Location Codes

11-8 e
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light Di L
i

*
Flight Deck Location Codes

SURFACESGENERAL NUMBERING PHILOSOPHY

A flight deck location code consists of two or three L - Left * Numbered from top to bottom, forward to aft

alphanumeric characters. The first character is Brs ae ‘
4

. = enter console

thefirstletterofa flight deck surfaceasaddressed
[-S—Gromead Numbered from left to right forwardto afwhile sitting in the commander/pilot seats. The [-F —Forward * Numbered left to right, top to bottom

characters are: A - Aft * (facing the surface)
W — Windows. * The forward windows are numbered left to rightL — Left

(W1 through W6) facing forward

R — Right
+ The overhead windows are numbered left to

Reeesronard right (W7 and W8) facing aft

A — Aft * The aft windows are numbered left to right
(W9 and W10) facing aft

C — Center Console S — Seats * The CDR's seat is Si andthe PLT's seat

is 2O — Overhead

S — Seats General Numbering Scheme for Flight Deck Surfaces
W— Windows The second and third characters are numerics

identifying the relative location of components on

each flight deck surface. The numbering system
philosophy is summarized in the table above.

Center Console

Flight Deck Location Codes (1of 2)

1.1-9
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Overhead
Overhead

Window (W7)
Window (W8)

Mission Payload
Station,

Station

Rit

010

Flight Deck Location Codes (2 of 2)
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1.1 Overview

Middeck Location Codes Airlock Location Codes

Themiddecklocation codes have five characters Anairlock code consists of four or five alphanumeric
specifying the following: characters, which specify the following:

First character —M for middeck First character — A for airlock

Second character — The first letter of a middeck Second character — The first letter of an airlock
surface; the characters and surfaces are: surface; the characters and surfaces are:

L-Left A-Aft W -Wall

R-Right D-Deck O-Overhead

F—Forward O-Overhead D-Deck

SURFACES REFERENCE POSITION The “wall” is the inner wall of the cylindrical airlock.
L.R.F,A | Standing on deck facing the surlace The “overhead” and “deck” are flat surfaces at each

end of the cylinder. The airlock is oriented upsideD
+

iSoreees Stigee agina foward (20) laokangl down
down with respect to the middeck, so that the

° The overhead location grid matches the grid on the deck: airlock overhead corresponds to the middeck floor.
i.e., a point on the overhead has the same third, fourth, fift ‘

”

*

chisractnrs cars WoiadGasca nebith oh tes Go
The wall location codes have five characters, and
the overhead/deckcodes have four characters.

Middeck Location Codes (2of 2)

Third/fourth/fifthcharacters (wall only) -

The reference position for identifying the surface is These characters form a location grid on the

standing on the middeck floor (deck) facing forward airlock wall. The third and fourth characters

GX). are numerics indicating the distance(clockwise)
from the vertical centerline of the forward hatch

Third/fourth/fifthcharacters— Thesecharacters (airlock in) expressed as a percentage of the
form a location grid on each middeck surface. total airlock circumference. The fifth character
The third and fourth characters are numerics is an alpha character indicating the distance

indicating the distance from the left side of a from the overhead surface expressed
surface expressed as a percentage of the total alphabetically in increments of6 inches.
width of the surface (follows the contour of the

wall). Third /fourth characters (overhead /deck only)—

These characters form location grids on the deck
The fifth character is an alpha character and overhead surfaces. Since these surfaces

indicating the distance from thetop of a surface are small, items can be easily located without

expressed alphabetically in increments of 6 the aid of the location grids.
inches.

NOTE

The middeck panel numbers are not

consistent with the location coding system
defined by this document. However, in

each case, the location coding, as indicated,
is in close proximity to the actual location.

Panel numbers were assigned prior to the

middeck closeout panel design definition.

The starting points for location coding
were behind the closeout panels, whereas

the starting points used in this document

are in frontof the closeout panels.
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1. GENERAL DESCRIPTION

1.1 Overview

15 25 35.|) 45] 26asetaar |958eePinapie I I I | I |

=| 1.206 MIDDECK FORWARD

10 20 30 40 50 60 70 80 30 100

i |I

M

N

ts 0

Lai
E

_
‘STOWAGE LOCKERS
(NO. OF L¢
1S FLIGHT DEPENDENT)

1.26419_007

Middeck Location Codes (1 of 7)

1.1-12
SCOM 1.6

August 1996



1. GENERAL DESCRIPTION
1.1 Overview
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1. GENERAL DESCRIPTION

1.1 Overview
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1. GENERAL DESCRIPTION
1.1 Overview
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1, GENERAL DESCRIPTION

1.1 Overview
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1. GENERAL DESCRIPTION

1.1 Overview
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1. GENERAL DESCRIPTION
1.2 Orbiter Structure

1.2 ORBITER STRUCTURE The orbiter structure is divided into nine major
sections: (1) forward fuselage, which consists of

upper and lower sections that fit clamlike around a

pressurized crew compartment, (2) wings,
ConTENTs (3) midfuselage, (4) payload bay doors, (5) aft

Forward) Fuselage seirrssc.ccttcee ee icsctcieee 1.2-1 fuselage, (6) forward RCS, (7) vertical tail, (8) OMS/

Crew Compartment ........s:sssscsseesssesesseeee LQ
RCS pods, and (9) body flap. The majority of the

sections are constructed of conventional aluminum
Forward Fuselage and Crew and protected by reusable surface insulation.

Compartment WindOwS ........csssssseeesseoes 127,

Wing cco) os ao Domina128
Forward Fuselage

Midfuselage o.i..cc.szscccstnatteettstetenitl.... tte Da1O) The forward fuselage consists of the upper and

IAPEUSELAGCs.scccecsssecsrsaseocccnssssesseugeerteeertrees 1.2-11 lower fuselages. It houses the crew compartment
and supports the forward RCS module, nose cap,

Orbital Maneuvering System/ nose gear wheel well, nose gear, and nose gear
Reaction Control System Pods .........-ss0++ 1.2-13 doors.

BOdy Flap <.seccsseosncccovsset-sesesetteosascttueneseaes 1.2-14York
The forward fuselage is constructed of conventional

Vertical Tail 00.0. itera de ce ee eats 1.2-15 2024 aluminum alloy skin-stringer panels, frames,

Orbiter Passive Thermal Control -.......-... 12-16 and bulkheads. The panels are single curvature,pee ee

ee stretch-formed skins with riveted stringers spaced
Thermal Protection System ........:ssssesssse0: 1.2-16 3 to 5 inches apart. The frames are riveted to the

skin-stringer panels. The major frames are spaced
30 to 36 inches apart. The Y, = 378 upper forward

Xo 1528

>Fa— Tail C

Vertical LH cue:

Stabilizer. fe
8

f

OrbitalManeuvering Systeny Ay Rudder/Reaction Control Systems Pods:

a
Speed Brake

AR

Overhead A » Fuselage

aincons Body Flap

Crew

Compartment: 4 Elevons
Forward
Reaction

Control

System
Module

Wing Leading Edge
] J

Jee eeMain Gear

Nose
=

Midfuselage

Hatch Wing Glove Fairing

E d
in Forward

‘orwar r
Xo 325 ne Saga Fuselage

Gear 020

Orbiter
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1. GENERAL DESCRIPTION

1.2 Orbiter Structure

23.75Ft of he eT: OF
v {St E> 3°56"

11.6Ft 10.5Ft
, .

ee
107.78 F Ground Line10778 fp}>

[+ 114.8FX——_>

inimum in Feet
BodyFlap 12.07

Main Gear Door 2.85
Nose Gear Door 2.95

WingTip 11.92

Orbiter Deminsions

bulkhead is constructed of flat aluminum and
formed sections riveted and bolted together; the

lowerisa machined section. The bulkhead providesthe interface fitting for the nose section.

control. The nose wheel well will accommodate
1,350 pounds of ballast, and the Xo = 293 bulkhead
will accommodate a maximum of 1,971 pounds.

The forward fuselage carries the basic body-bending
loads (loads that have a tendency to change the
tadius of a curvature of the body) and reacts to nose

landing gear loads.

The nose section contains large machined beams
and struts. The structure for the nose landing gear
wheel well consists of two support beams, two
upper closeout webs, drag-link support struts, nose

landing gear strut and actuator attachment fittings,and the nose landing gear door fittings. The left
and right landing gear doors are attached by hinge

The forward fuselage is covered with reusable

insulation,except for the six windshields, two
overhead windows, and side hatch window areasfittings in the nose section. The doors are _around the forward RCS jets. The nose capisalsoaconstructed of aluminum alloy honeycomb, and _ reusable thermal protection system constructed ofalthough the doors are the same length, the left reinforced carbon-carbon with thermal barriers atdoor is wider than the right. Each door has an u the nose Cap-structure interface.latch fitting at the forward and aft ends to lock the

door closed when the ear is retracted, and each The forward fuselageskin has structural provisionshas a pressure seal in addition toa thermal barrier. for installing antennas, deployable air data probes,Lead ballast in the nose wheel well and on the Xo= and the door eyelet Openings for the two star293 bulkhead provides weightand center-of-gravity
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1. GENERAL DESCRIPTION

1.2 Orbiter Structure

Forward
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Machined
°

Bulkhead

* Aluminum Construction 022
 Riveted Skin - Stringer/Frame Construction

Forward FuselageStructure

trackers. Two openings are required in the upper
forward fuselage for star tracker viewing. Each

opening has a door for environmental control.

The forward orbiter/ET attach fitting is at the X, =

378 bulkhead and the skin panel structure aft of the

nose gear wheel well. Purge and vent control is

provided by flexible boots between the forward

fuselage and crew compartment around the

windshield windows, overhead observation

window, crew hatch window, and star tracker

openings. The forward fuselage is isolated from

the payload bay by a flexible membrane between

the forward fuselage and crew compartment at

Xo = 582.

The forward RCS module is constructed of

conventional 2024 aluminum alloy skin-stringer
panels and frames. The panels are composed of

single-curvature, stretch-formed skins with riveted

stringers. The framesare riveted to the skin-stringer
panels. The forward RCS module is secured to the

forward fuselage nose section and forward bulkhead

of the forward fuselage with 16 fasteners, which

permit the installation and removal of the module.

The components of the forward RCS are mounted

and attached to the module, which has a reusable

thermal protection cover, in addition to thermal

barriers installed around itand the RCS jet interfaces

and the interface-attachment area to the forward

fuselage.

Crew Compartment

The three-level crew compartment is constructed of

2219 aluminum alloy plate with integral stiffening
stringers and internal framing welded together to

create a pressure-tight vessel. The compartment
has a side hatch for normal ingress and egress, a

hatch into the airlock from the middeck, and a hatch

1.2-3
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1, GENERAL DESCRIPTION

1.2 Orbiter Structure

Avionics

Bay No. 2

Overhead
Observation

Commander's Station

Interdeck (Ladder)
Access Aid

Side Hatch

Airlock

Avionics

Bay No. 1

Crew Compartment and Arrangement
from the airlock through the aft bulkhead into the

payload bay for extravehicular activity and payload
bay access. The side hatch can be jettisoned.

Redundant pressure window panes are provided
in the six forward windshields, the two overhead

viewing windows, the two aft viewing windows,
and the side hatch windows. Approximately 300

penetrations in the pressure shell are sealed with

plates and fittings. A large removable panel in the
aft bulkhead provides access to the interior of the
crew compartment during initial fabrication and

assembly and provides for airlock installation and
removal. The compartment supports the ECLSS,
avionics, GNC equipment, inertial measurement
units, displays and controls, star trackers, and crew

accommodations for sleeping, waste Management,
Seats, and an optional galley.

The crew compartment is supported within the
forward fuselage at only four attach points to
minimize the thermal conductivity between them.
The two major attach points are located at the aft
end of the crew compartment at the flight deck
floor level. The vertical load reaction link is on the
centerline of the forward bulkhead. The lateralload reaction is on the lower segment of the aft
bulkhead.

The compartment is configured to accommodate a

crew of four on the flight deck and three in the
middeck. In OV-102, four can be accommodated in

the middeck. The crew cabin arrangement consists
ofaflight deck, middeck, and lower level equipment
bay.

The crew compartment is pressurized to 14.7 + 0.2

psia and is maintained at an 80-percent nitrogen
and 20-percent oxygen composition by the ECLSS,
which provides a shirt-sleeve environment for the

flight crew. The crew compartment is designed for
16 psia.

The crew compartment’s volume with the airlock
in the middeck is 2,325 cubic feet. If the airlock is in
the payload bay, the crew compartment’s cabin
volume is 2,625 cubic feet.

Flight Deck

The flight deck is the uppermost compartment of
the cabin. The commander’s and pilot's work
Stations are positioned side by side in the forward
portion of the flight deck. These stations have
controls and displays for controlling the vehicle

throughoutall mission phases. Directly behind and
to the sides of the commander and pilot centerline
are the mission specialist seats.

SCOM 1.0

November 1991
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1. GENERAL DESCRIPTION

1.2 Orbiter Structure

Rotational Aft Viewin,

Hand Windows
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Controlle:
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Hand Controlle

Stowage
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Aft Station

Closed-Circuit
TV Monitors

Payload Station

Interdeck Hatches

Aft Flight Station

The aft flight deck has two overhead and aft viewing
windows for viewing orbital operations. The aft

flight deck station also contains displays and

controls for executing attitude or translational

maneuvers for rendezvous, sta tionkeeping, docking,
payload deployment and retrieval, payload
monitoring, remote manipulator system controls

and displays, payload bay door operations, and

closed-circuit television operations. The aft flight
deck is approximately 40 square feet.

The forward flight deck, which includes the center

console and seats, is approximately 24 square feet.

However, the side console controls and displays
add approximately 3.5 more square feet. If the center

console is subtracted from the 24 square feet, this

would amount to approximately 5.2 square feet.

Middeck

Directly beneath the flight deck is the middeck.

Access to the middeck is through two interdeck

openings, which measure 26 by 28 inches. Normally,
the right interdeck opening is closed, and the left is

open. A ladder attached to the left interdeck access

allows easy passage in 1-g conditions. The middeck

provides crew accommodations and contains three

avionics equipment bays. The two forward avionics

bays utilize the complete width of the cabin and

extend into the middeck 39 inches from the forward

bulkhead. The aft bay extends into the middeck 39

inches from the aft bulkhead on the right side of the

airlock. Just forward of the waste management
system is the side hatch. The completely stripped
middeck is approximately 160 square feet; the gross
mobility area is approximately 100 square feet.

The side hatch in the middeck is used for normal

crew ingress/egress and may be operated from

within the crew cabin middeck or externally. It is

attached to the crew cabin tunnel by hinges, a torque
tube, and support fittings. The hatch opens

outwardly 90 degrees down with the orbiter

horizontal or 90 degrees sideways with the orbiter

vertical. It is 40 inches in diameter and has a 10-

inch clear-view window in the center of the hatch.

The window consists of three panes of glass. The

side hatch hasa pressure seal that is compressed by
the side hatch latch mechanisms when the hatch is

locked closed. A thermal barrier of Inconel wire

mesh spring with a ceramic fiber braided sleeve is

installed between the reusable surface insulation

tiles on the forward fuselage and the side hatch.

The total weight of the side hatch is 294 pounds.

Depending on the mission requirements, bunk sleep
stations anda galley can be installed in the middeck.

In addition, three or four seats of the same type as

the mission specialists’ seats on the flight deck can

be installed in the middeck. Three seats over the

normal three could be installed in the middeck for

rescue missions if the bunk sleep stations were

removed.

1.2-5
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1, GENERAL DESCRIPTION

1.2 Orbiter Structure

The middeck also providesa stowage
volume of 140 cubic feet.

Accommodations are included for

dining, sleeping, maintenance, fic
exercising, and data management.
On the orbiter centerline, just aft of

the forward avionics equipment bay,
an opening in the ceiling provides
access to the inertial measurement

units.

The middeck floor contains

removable panels that provide access Modular

to the ECLSS equipment.
The middeck equipment bay below

the middeck floor houses the major
components of the waste

management and air revitalization

systems, such as pumps, fans, lithium

hydroxide carbon dioxide absorbers,
heat exchangers, and ducting. This

compartment has space for stowing Fire

lithium hydroxide canisters and five

separate spaces for crew equipment
stowage with a volume of 29.92 cubic

feet.

Modular stowage lockers are

used to store the flight crew’s

personal gear, mission-necessary
equipment, personal hygiene
equipment, and experiments. There
are 42 identical boxes, which are 11 Locker.

by 18 by 21 inches.

An airlock located in the middeck is

composed of machined aluminum
sections welded together to form a

cylinder with hatch mounting
flanges. The upper cylindrical section and
bulkheads are constructed of aluminum
honeycomb. Two semicylindrical aluminum
sections are welded to the airlock’s primary
structureto house the ECLSS and electrical supportequipment. Each semicylindrical section has three
feedthroughplates for plumbing and cable routingsfrom the orbiter to the airlock.

Bunk Sleep Station,
if Installed

Sleep Station 4,
If Installed

Avionics

Bay 3A

Modular
Lockers

Waste Collection
System Compartment

Side Hatch

Galley
If Installed, a

Payload Can Be
Installed in Lieu
of Galley

Crew CompartmentMiddeck

Normally, two extravehicular mobility units are

stowed in the airlock.
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Forward Fuselage and Crew

Compartment Windows

The orbiter windows provide visibility for entry,
landing, and on-orbit operations. For atmospheric
flight, the flight crew needs forward, left, and right
viewing areas. On-orbit mission phases require
visibility for rendezvous, docking, and payload-
handling operations.

The six windows located at the forward flight deck
commander and pilot stations provide forward, left,
and right viewing. The two overhead windows
and two payload-viewingwindows at the aft station

3 Panes and 2 Cavities per Window

Flight Deck Windows

Hatch View
Port Cover.

Outer Shell Forward

ae

1. GENERAL DESCRIPTION

1.2 Orbiter Structure

location on the flight deck provide rendezvous,
docking, and payload viewing. There is also a

window in the middeck side hatch.

The six platform-shaped forward windows are the
thickest pieces of glass ever produced in the optical
quality for see-through viewing. Each consists of
three individual panes. The innermost pane, which
is 0.625 of an inch thick, is constructed of tempered
aluminosilicate glass to withstand the crew

compartment pressure. Aluminosilicate glass is a

low-expansion glass that can be tempered toprovide
maximum mechanical strength. The exterior of this

pane, called a pressure pane, is coated with a red
Teflector coating to reflect the infrared (heat portion)
rays while transmitting the visible spectrum.

The center pane is constructed of low-

expansion, fused silica glass because
of its high optical quality and excellent
thermal shock resistance. This pane
is 1.3 inches thick.

The inner and outer panes are coated

with a high-efficiency, anti-reflection

coating to improve visible light
transmission. These windows

withstand a proof pressure of 8,600

psi at 240° F and 0.017 relative

humidity.

Crew Modul

The outer pane is made of the same

material as the center pane and is 0.625

of an inch thick. The exterior is

uncoated, but the interior is coated

with high-efficiency, anti-reflection

coating. Theoutersurface withstands

approximately 800° F.

Each of the six forward windows’

outer panes measures 42 inches

diagonally, and the center and inner

panes each measure 35 inches

diagonally. The outer panes of the six

forward windows are mounted and

attached to the forward

fuselage. The center and inner panes
are mounted and attached to the

Side Hatch (Interior View)
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1, GENERAL DESCRIPTION

1.2 Orbiter Structure

crew compartment. Redundant seals are employed
oneach window. No sealing/bonding compounds
are used.

The two overhead windows at the flight deck aft

station are identical in construction to the six

forward windows except for thickness. The inner

and center panes are 0.45 of an inch thick, and the

outer pane is 0.68 of an inch thick. The outer pane
is attached to the forward fuselage, and the center

and inner panes are attached to the crew

compartment. The two overhead windows’ clear

view area is 20 by 20inches. The left-hand overhead

window provides the crew members with a

secondary emergency egress. The inner and center

panes open into the crew cabin, and the outer pane
is jettisoned up and over the top of the orbiter. This

provides a secondary emergency exit area of 20 by
20 inches.

On the aft flight deck, each of the two windows for

viewing the payload bay consists of only two panes
of glass, which are identical to the forward windows’

inner and center panes. The outer thermal panes
are not installed. Each pane is 0.3 of an inch thick.
The windows are 14.5 by 11 inches. Both panes are

attached to the crew compartment.

The side hatch viewing window consists of three

panes of glass identical to the six forward windows.
The inner pane is 11.4 inches in diameter and 0.25
of an inch thick. The center pane is 11.4 inches in
diameter and 0.5 of an inch thick. The outer paneis
15 inches in diameter and 0.3 of an inch thick.

During orbital operations, the large window areas
of transparency expose the flight crew to sun glare;therefore, window shades and filters are provided
to preclude or minimize exposure. Shades are

provided for all windows, and filters are suppliedfor the aft and overhead viewing windows. The
window shades and filters are stored in the middeck
of the orbiter crew compartment. Attachment
mechanisms and devices are provided for their
installation at each window on the flight deck.

The forward station window shades (W-1 through
W-6)are rolled up and stowed at the base of the

windows.Solid metal shades are used on overheadwindows(W-7 and W-8). The overhead windowfilters are fabricated from Lexan and are used
interchangeablywith the shades.

The aft window shades (W-9 and W-10) are the

same as the overhead window shades except thata

0.63-inch-wide strip of Nomex Velcro has been

added around the perimeter of the shade. The shade

is attached to the window by pressing the Velcro

strip to the pile strip around the window opening.
The aft window filters are the same as the overhead

window filters except for the addition of the Velcro

hook strip. The filters and shades are used

interchangeably.

The side hatch window cover is permanently
attached to the window frame and is hinged to

allow opening and closing.

Wing

The wing is an aerodynamic lifting surface that

provides conventional liftand control for the orbiter.
The left and right wings consist of the wing glove,
the intermediate section (which includes the main

landing gear well), the torque box, the forward spar
for mounting the reusable reinforced carbon-carbon

leading edge structure thermal protection system,
the wing/elevon interface, the elevon seal panels,
and the elevons.

The wing is constructed of conventional aluminum

alloy with a multirib and spar arrangement with

skin-stringer-stiffened covers or honeycomb skin
covers. Each wing is approximately 60 feet long at

the fuselage intersection and has a maximum
thickness of5 feet.

The forward wing box is an extension of the basic

wing that aerodynamically blends the wing leading
edge into the midfuselage wing glove. The forward

wing box is a conventional design of aluminum
ribs, aluminum tubes, and tubular struts. The upper
and lower wing skin panels are stiffened aluminum.
The leading edge spar is constructed of corrugatedaluminum.

The intermediate wing section consists of the
conventional aluminum multiribs and aluminum
tubes. The upper and lower skin covers are

constructed of aluminum honeycomb. A portion of
the lower wing surface skin panel includes the main

landing gear door. The intermediate section houses
the main landing gear compartment and reacts toa

portion of the main landing gear loads. A structural
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peels
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Centerline

Hinge

Centerline Hinge

028
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rib supports the outboard main landing gear door

hinges and the main landing gear trunnion and

drag link. The support for the inboard main landing
gear trunnion and drag link attachment is provided
by the midfuselage. The main landing gear door is

conventional aluminum honeycomb.

The four major spars are constructed of corrugated
aluminum to minimize thermal loads. The forward

spar provides the attachment for the thermal

protection system reusable reinforced carbon-carbon

leading edge structure. The rear spar provides the

attachment interfaces for the elevons, hinged upper
seal panels, and associated hydraulic and electrical

system components. The upper and lower wing
skin panels are stiffened aluminum.

The elevons provide orbiter flight control during
atmospheric flight. The two-piece elevons are

conventional aluminum multirib and beam

construction with aluminum honeycomb skins for

compatibility with the acoustic environment and

thermal interaction. The elevons are divided into

two segments for each wing, and each segment is

supported by three hinges. The elevons are attached

to the flight control system hydraulic actuators at

points along their forward extremities, and all hinge
moments are reacted to at these points. Each elevon

travels 33 degrees up and 18 degrees down (software
limits).

The transition area on the upper surface between

the torque box and the movable elevon consists of a

series of hinged panels that provide a closeout of

the wing-to-elevon cavity. These panels are of

Inconel honeycomb sandwich construction

outboard of wing station Yy = 312.5 and of titanium

honeycomb sandwich construction inboard of wing
station Yyy = 312.5. The upper leading edge of each

elevon incorporates titanium rub strips. The rub

strips are oftitanium honeycomb construction and

are not covered with the thermal protection system
reusable surface insulation. They provide the

sealing surface area for the elevon seal panels.

Except the elevon seal panels, the exposed areas of

the wings, main landing gear doors, and elevons

are covered with reusable surface insulation thermal

protection system materials. Thermal seals are

provided on the elevon lower cove area along with

1.2-9
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thermal spring seals on the upper rub panels.
Pressure seals and thermal barriers are provided
on the main landing gear doors.

The wing is attached to the fuselage with a tension

bolt splice along the upper surface. A shear splice

along the lower surface in the area of the fuselage

carry-through completes the attachment interface.

Prior to the manufacturing of the wings for

Discovery (OV-103) and Atlantis (OV-104), a weight
reduction program resulted in a redesign of certain

areas of the wing structure. An assessment of wing
air loads was made from actual flight data that

indicated greater loads on the wing structure. Asa

result, to maintain positive margins of safety during
ascent, structural modifications were incorporated
into certain areas of the wings. The modifications

consisted of the addition of doublers and stiffeners.

Midfuselage

The midfuselage structure interfaces with the

forward fuselage, aft fuselage, and wings. It

supports the payload bay doors, hinges, tie-down

Tubular Struts

Electrical Wire Tra

Payload Door

Hinge Stabilizer

(3)

Sill Longeron:

Main Frames (12)

Frame Stabilizers

fittings, forward wing glove, and various orbiter

system components, and it forms the payload bay
area.

The forward and aft ends of the midfuselage are

open, with reinforced skin and longerons interfacing
with the bulkheads of the forward and aft fuselages.
The midfuselage is primarily an aluminum structure

60 feet long, 17 feet wide, and 13 feet high. It weighs
approximately 13,502 pounds.

The midfuselage skins are integrally machined by
numerical control. The panels above the wing glove
and the wings for the forward eight bays have

longitudinal T-stringers. The five aft bays have

aluminum honeycomb panels. The side skins in

the shadow of the wing are also numerically control

machined but have vertical stiffeners.

Twelve main-frame assemblies stabilize the

midfuselage structure. The assemblies consist of

vertical side elements and horizontal elements.

Upper Wing Carry Through

Side Skins

Payload
Umbilical

Main Landing Gear Trunnion
Support Structure

Door Hinge Fitting (13)

Wing Attachment Interface

MidfuselageStructure
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The side elements are machined; the horizontal
elements are boron/aluminum tubes with bonded
titanium end fittings.

In the upper portion of the midfuselage are the sill
and door longerons. The machined sill longerons
not only make up the primary body-bending
elements, but also take the longitudinal loads from

payloads in the payload bay. The payload bay door

longerons and associated structure are attached to

the 13 payload bay door hinges. These hinges
provide the vertical reaction from the payload bay
doors. Five of the hinges react to the payload bay
door shears. The sill longeron also provides the
base support for the payload bay manipulator arm

(if installed) and its stowage provisions, the Ku-
band rendezvous antenna, the antenna base support
and its stowage provisions, and the payload bay
door actuation system.

The side wall forward of the wing carry-through
structure provides the inboard support for the main

landing gear. The total lateral landing gear loads
are reacted to by the midfuselage structure.

The midfuselage also supports the two electrical

wire trays that contain the wiring between the crew

compartment and aft fuselage.

Plumbing and wiring in the lower portion of the

midfuselage are supported by fiberglass milk stools.

The other exposed areas of the midfuselage are

covered with the reusable surface insulation thermal

protection system.

Because of additional detailed analysis of actual

flight data concerning descent stress thermal

gradient loads, torsional straps were added to the

lower midfuselage stringers in bays 1 through 11.

The torsional straps tie all stringers together
similarly to a box section, which eliminates

rotational (torsional) capabilities to provide positive
margins of safety.

Also, because of additional detailed analysis of

actual flight data during descent, room-temperature

vulcanizing silicone rubber material was bonded to

the lower midfuselage from bay 4 through 12 to act

as a heat sink and distribute temperatures evenly

1. GENERAL DESCRIPTION

1.2 Orbiter Structure

across the bottom of the midfuselage, which reduces
thermal gradients and ensures positive margins of

safety.

Aft Fuselage

The aft fuselage consists of an outer shell, thrust

structure, and internal secondary structure. It is

approximately 18 feet long, 22 feet wide, and 20
feet high.

The aft fuselage supports and interfaces with the
left-hand and right-hand aft OMS/RCS pods, the

wing aft spar, midfuselage, orbiter/external tank
rear attachments, main engines, aft heat shield, body
flap, vertical tail, and two T-0 launch umbilical

panels.

The aft fuselage provides the load path to the

midfuselage main longerons, main wing spar
continuity across the forward bulkhead of the aft

fuselage, structural support for the body flap, and

structural housing around all internal systems for

protection from operational environments (pressure,
thermal, and acoustic) and controlled internal

pressures during flight.

The forward bulkhead closes off the aft fuselage
from the mid fuselage and is composed of machined

and beaded sheet metal aluminum segments. The

upper portion of the bulkhead attaches to the front

spar of the vertical tail.

The internal thrust structure supports the three

SSMEs. The upper section of the thrust structure

supports the upper SSME, and the lower section of

the thrust structure supports the two lower SSMEs.

The internal thrust structure includes the SSMEs,
load reaction truss structures, engine interface

fittings, and the actuator support structure. It

supports the SSMEs and the SSME low-pressure
turbopumpsand propellant lines. The two orbiter /
external tank aft attach points interface at the

longeron fittings.

The internal thrust structure is composed mainly of

28 machined, diffusion-bonded truss members. In

diffusion bonding, titanium strips are bonded

together under heat, pressure, and time. This fuses

the titanium strips into a single hollow,

homogeneous mass that is lighter and stronger than
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Structure

AftFuselageStructure

a forged part. In looking at the cross section of a

diffusion bond, no weld line is visible. It is a

homogeneous parent metal, yet composed of pieces
joined by diffusion bonding. (In OV-105, the internal

thrust structure is a forging.) In selected areas, the

titanium construction is reinforced with boron/

epoxy tubular struts to minimize weight and add

stiffness.

The upper thrust structure of the aft fuselage is of

integral-machined aluminum construction with
aluminum frames except for the vertical fin support
frame, which is titanium. The skin panels are

integrally machined aluminum and attach to each
side of the vertical fin to react to drag and torsion

loading.

The outer shell of the aft fuselage is constructed of

integral-machined aluminum. Various penetrations
are provided in the shell for access to installed
systems. The exposed outer areas of the aftfuselage
are covered with reusable thermal protection
system.

The secondary structure of the aft fuselage is of
conventional aluminum construction except that
titanium and fiberglassare used for thermal isolation
of equipment. The aft fuselagesecondary structures
consist of brackets, buildup webs, truss members,

and machined fittings, as required by system
loading and support constraints. Certain system
components, such as the avionics shelves, are shock-

mounted to the secondary structure. The secondary
structure includes support provisions for the

auxiliary power units, hydraulics, ammonia boiler,
flash evaporator, and electrical wire runs.

The two ET umbilical areas interface with the

orbiter’s two aft ET attach points and the ET’s liquid
oxygen and hydrogen feed lines and electrical wire

runs. The umbilicals are retracted, and the umbilical
areas are closed off after ET separation by an

electromechanicallyoperated beryllium door at each
umbilical. Thermal barriers are employed at each

umbilical door. The exposed area of each closed

dooris covered with reusable surface insulation.

The aft fuselage heat shield and seal provide a

closeout of the orbiter aft base area. The aft heat
shield consists of a base heat shield of machined
aluminum. Attached to the base heat shield are

domes of honeycomb construction that support
flexible and sliding seal assemblies. The engine-
mounted heat shield is of Inconel honeycomb
construction and is removable for access to the main

engine power heads. The heat shield is covered
with a reusable thermal protection system except
for the Inconel segments.

1.2-12
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Orbital Maneuvering System/Reaction
Control System (OMS/RCS) Pods

The OMS/RCS left- and right-hand pods are

attached to the upper aft fuselage left and right
sides. Each pod is fabricated primarily of graphite
epoxy composite and aluminum. Each pod is 21.8
feet long and 11.37 feet wide at its aft end and 8.41
feet wide at its forward end, with a surface area of

approximately 435 square feet. Each pod is divided
into two compartments: the OMS and the RCS

housings. Each pod houses all the OMS and RCS

propulsion components and is attached to the aft

fuselage with 11 bolts. The pod skin panels are

graphite epoxy honeycomb sandwich. The forward

and aft bulkhead aft tank support bulkhead and

floor trussbeamare machined aluminum 2124. The

centerline beam is 2024 aluminum sheet with

titanium stiffeners and graphite epoxy frames. The

OMS thrust structure is conventional 2124

aluminum construction. The cross braces are

Aft Tank Aluminum

Support Bulkhea

Graphite Epoxy Honycomb
Sandwich Skin:

Titanium Thermal
Isolation Strip

Forward Bulkhead
3

Integrally Machined Aluminum:

Height
2.3 ft Aluminum

1. GENERAL DESCRIPTION
1.2 Orbiter Structure

aluminum tubing, and the attach fittings at the

forward and aft fittings are 2124 aluminum. The

intermediate fittings are corrosion-resistant steel.
The RCS housing, which attaches to the OMS pod
structure, contains the RCS jets and associated

propellant feed lines. The RCS housing is

constructed of aluminum sheet metal, including flat

outer skins. The curved outer skin panels are

graphite epoxy honeycomb sandwich. Twenty-four
doors in the skins provide access to the OMS and

RCS and attach points.

The exposed areas of the OMS/RCS pods are

covered with a reusable thermal protection system,
and a pressure and thermal seal is installed at the

OMS/RCS pod aft fuselage interface. Thermal

barriers are installed, and they interface with the

RCS jets and reusable thermal protection system.
The pods will withstand 162-decibel acoustic noise

and a temperature range from minus 170° to plus
13598:

OMS
Aluminum

Thrust

Structure

Floor

Truss Beam

Graphite Epoxy Frame

Intermediate Tank Support
Frame (Titanium Web)

RCS Aluminum

Tank Support

Centerline Beam

Aft Orbital Maneuvering System/ReactionControl System Pod
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Body Flap

The body flap thermally shields the three SSMEs

during entry and provides the orbiter with pitch
control trim during its atmospheric flight after entry.

The body flap is an aluminum structure consisting
of ribs, spars, skin panels, and a trailing edge
assembly. The main upper and lower forward

honeycomb skin panels are joined to the ribs, Spars,
and honeycomb trailing edge with structural
fasteners. The removable upper forward
honeycomb skin panels complete the body flap
structure.

The upper skin panels aft of the forward spar and
the entire lower skin panels are mechanicallyattached to the ribs. The forward upper skin consists
of five removable access panels attached to the ribs

with quick-release fasteners. The four integral-
machined aluminum actuator ribs provide the aft

fuselage interface through self-aligning bearings.
Two bearings are located in each rib for attachment

to the four rotary actuators located in the aft

fuselage, which are controlled by the flight control

system and the hydraulically actuated rotary
actuators. The remaining ribs consist of eight
stability ribs and two closeout ribs constructed of

chemically milled aluminum webs bonded to

aluminum honeycomb core. The forward spar web

is of chemically milled sheets with flanged holes
and stiffened beads. The spar web is riveted to the

ribs. The trailing edge includes the rear spar, which
is composed of piano-hinge half-cap angles,
chemicallymilled skins, honeycomb aluminum core,

closeouts, and plates. The trailing edge attaches to

the upper and lower forward panels by the piano-
hinge halves and hinge pins. Two moisture drain
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lines and one hydraulic fluid drain line penetrate
the trailing edge honeycomb core for horizontal and

vertical drainage.

The body flap is covered with a reusable thermal

protection system and an articulating pressure and

thermal seal to its forward cover area on the lower
surface of the body flap to block heat and air flow

from the structures.

Vertical Tail

The vertical tail consists of a structural fin surface,
the rudder/speed brake surface, a tip, and a lower

trailing edge. The rudder splits into two halves to

serve as a speed brake.

The vertical tail structure fin is made of aluminum.

The main torque box is constructed of integral-
machined skins and strings, ribs, and two machined

spars. The fin is attached by two tension tie bolts at

the root of the front spar of the vertical tail to the

5

26.31 ft

Power Drive
Unit

Be Aft Attach

Forward Attach
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forward bulkhead of the aft fuselage and by eight
shear bolts at the root of the vertical tail rear spar to

the upper structural surface of the aft fuselage.

The rudder /speed brake control surface is made of

conventional aluminum ribs and spars with

aluminum honeycomb skin panels and is attached

through rotating hinge parts to the vertical tail fin.

The lower trailing edge area of the fin, which houses

the rudder/speed brake power drive unit, is made

of aluminum honeycomb skin.

The hydraulic power drive unit/mechanical rotary
actuation system drives left- and right-hand drive

shafts in the same direction for rudder control of

plus or minus 27 degrees. For speed brake control,
the drive shafts turn in opposite directions for a

maximum of 49.3 degrees each. The rotary drive

actions are also combined for joint rudder/speed
brake control. The hydraulic power drive unit is

controlled by the orbiter flight control system.

T

ETOP
Rudder Right

Left and Right
Drive Shafts

Integral
Machined

Skins

Vertical Tail
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The vertical tail structure is designed for a 163-

decibel acoustic environment with a maximum

temperatureof 350° F.

All-Inconel honeycomb conical seals house the

rotary actuators and providea pressure and thermal

seal that withstands a maximum of 1,200° F.

The split halves of the rudder panels and trailing

edge contain a thermal barrier seal.

The vertical tail and rudder/speed brake are covered

with a reusable thermal protection system. A

thermal barrier is also employed at the interface of

the vertical stabilizer and aft fuselage.

Orbiter Passive Thermal Control

A passive thermal control system helps maintain

the temperature of the orbiter spacecraft, systems,
and components within their temperature limits.

This system uses available orbiter heat sources and

sinks supplemented by insulation blankets, thermal

coatings, and thermal isolation methods. Heaters

are provided on components and systems in areas

where passive thermal control techniques are not

adequate. (The heaters are described under the

various systems.)

The insulation blankets are of two basic types:
fibrous bulk and multilayer. The bulk blankets are

fibrous materials with a density of 2 pounds per
cubic foot and a sewn cover of reinforced acrylic
film Kapton. The cover material has 13,500 holes

per square foot for venting. Acrylic film tape is
used for cutouts, patching, and reinforcements.
Tufts throughout the blankets minimize billowing
during venting.

The multilayer blankets are constructed of alternate
layers of perforated acrylic film Kapton reflectors
and Dacron net separators. There are 16 reflector
layers in all, the two cover halves counting as two

layers. Covers, tufting, and acrylic film tape are
similar to that used for the bulk blankets.

Thermal Protection System

Thethermal protection system (TPS) consists of
various materials applied externally to the outer
structural skin of the orbiter to maintain the skin
within acceptable temperatures, primarily during

the entry phase of the mission. The orbiter’s outer

structural skin is constructed primarily of aluminum

and graphite epoxy.

During entry, the TPS materials protect the orbiter

outer skin from temperatures above 350° F. In

addition, they are reusable for 100 missions with

refurbishment and maintenance. These materials

perform in temperature ranges from minus 250° F

in the cold soak of space to entry temperatures that

reach nearly 3,000° F. The TPS also sustains the

forces induced by deflections of the orbiter airframe

as itresponds to the various external environments.

Because the TPS is installed on the outside of the

orbiter skin, it establishes the aerodynamics over

the vehicle in addition to acting as the heat sink.

Orbiter interior temperatures also are controlled by
internal insulation, heaters, and purging techniques
in the various phases of the mission.

The TPS is a passive system consisting of materials

selected for stability at high temperatures and

weight efficiency. These materials are as follows:

1. Reinforced carbon-carbon (RCC) is used on

the wing leading edges, the nose cap, including
an area immediately aft of the nose cap on the

lower surface (chine panel), and the immediate
area around the forward orbiter/ET structural

attachment. RCC protects areas where

temperatures exceed 2,300° F during entry.

2. Black high-temperature reusable surface
insulation (HRSI) tiles are used in areas on the

upper forward fuselage, including around the

forward fuselage windows, the entire
underside of the vehicle where RCC is not

used, portions of the OMS/RCS pods, the

leading and trailing edges of the vertical

stabilizer, wing glove areas, elevon trailing
edges adjacent to the RCC on the upper wing
surface, the base heat shield, the interface with

wing leading edge RCC, and the upper body
flap surface. The HRSI tiles protect areas

where temperatures are below 2,300° F. These
tiles have a black surface coating necessary
for entry emittance.

3. Black tiles called fibrous refractory composite
insulation (FRCI) were developed later in the
TPS program. FRCI tiles replace some of the
HRSI tiles in selected areas of the orbiter.
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4. Low-temperature reusable surface insulation

(LRSI) white tiles are used in selected areas of
the forward, mid-, and aft fuselages, vertical

tail, upper wing, and OMS/RCS pods. These
tiles protect areas where temperatures are

below 1,200° F. These tiles have a white surface

coating to provide better thermal
characteristics on orbit.

. After the initial delivery of Columbia, an

advanced flexible reusable surface insulation

(AFRSI) was developed. This material consists

of sewn composite quilted fabric insulation

batting between two layers of white fabric that

are sewn together to form a quilted blanket.

AFRSI was used on Discovery and Atlantis to

replace the vast majority of the LRSI tiles.

Following its seventh flight, Columbia also

was modified to replace most of the LRSI tiles

with AFRSI. The AFRSI blankets provide
improved producibility and durability,
reduced fabrication and installation time and

costs, and a weight reduction over that of the

LRSI tiles. The AFRSI blankets protect areas

where temperatures are below 1,200° F.

1. GENERAL DESCRIPTION

1.2 Orbiter Structure

6. White blankets made of coated Nomex felt

reusable surface insulation (FRSI) are used on

the upper payload bay doors, portions of the

midfuselage and aft fuselage sides, portions
of the upper wing surface, and a portion of
the OMS/RCS pods. The FRSI blankets protect
areas where temperatures are below 700° F.

7. Additional materials are used in other special
areas. These materials are thermal panes for
the windows, metal for the forward RCS

fairings and elevon seal panels on the upper
wing to elevon interface, a combination of

white- and black-pigmented silica cloth for

thermal barriers and gap fillers around

operable penetrations, such as main and nose

landing gear doors, egress and ingress flight
crew side hatch, umbilical doors, elevon cove,

forward RCS, RCS jets, midfuselage vent

doors, payload bay doors, rudder/speed
brake, OMS/RCS pods, and gaps between TPS

tiles in high differential pressure areas, and

room-temperature vulcanizing material for the

thick aluminum T-0 umbilicals on the sides of

the orbiter aft fuselage.
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1.3 EXTERNAL TANK
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The external tank (ET) contains the liquid hydrogen
fuel and liquid oxygen oxidizer and supplies them
under pressure to the three SSMEs in the orbiter

during lift-off and ascent. When the SSMEs are

shut down, the ET is jettisoned, enters the Earth’s

atmosphere, breaks up, and impacts in a remote

ocean area. Itisnot recovered. ET impact zones for

direct and standard insertion are discussed in

Section 1.1.

Anti-slosh Baffles.

Liquid Oxygen
Vent valve
and Fairing:

1. GENERAL DESCRIPTION

1.3 External Tank

The largest and heaviest (when loaded) element of
the space shuttle, the ET, has three major
components: the forward liquid oxygen tank, an

unpressurized intertank that contains most of the
electrical components, and the aft liquid hydrogen
tank.

Since the STS-6 mission, a lightweight external tank

(LWT) has been used. This tank weighs
approximately 66,000 pounds inert. To help increase

payload capability, anew super lightweight external
tank (SLWT) has been developed, which is the same

size as the LWT but weighs approximately 7500

pounds less. The first flight of the SLWT is

scheduled for late 1997.

The ET is attached to the orbiter at one forward
attachment point and two aft points. In the aft

attachment area, there are also umbilicals that carry
fluids, gases, electrical signals, and electrical power
between the tank and the orbiter. Electrical signals
and controls between the orbiter and the two SRBs

also are routed through those umbilicals.

Propellant Feed,
Pressurized Lines

and Electrical
Umbilicals

Orbiter Aft Attachment

Intertank

Length 153.8 feet

Diameter 27.6 feet

Gross lift-off weight (LWT) 1,655,577 pounds
Inert weight (LWT) 65,000 pounds

Liquidoxygenmaximum1,361,936 pounds
143,351 gallons
227,641 pounds
385,266 gallons

Liquid hydrogen maximum

Total LO2/H2

Bum rate (104%)
528,616 gallons

64,957 _gallons/min
1,083 gallons/sec

(All weights/rates approximate)

Lightweight Exteral Tank
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nose cone reduces drag and heating, contains the

@
iqui

n TankLiquid Oxyge vehicle’s ascent air data system (for nine tanks only)
and serves as a lightning rod. The liquid oxygen

The liquid oxygen tank is an aluminum monocoque :
5 a 7 5

ane coptaelof a fusion-welded assembly tank’s volume is 19,563 cubic feet. It is 331 inches in

diameter, 592 inches long and weighs 12,000 pounds
of preformed,chem-milled gores, panels, machined

fittings, and ring chords. It operates in a pressure

range of 20 to 22 psig. The tank contains anti-slosh
and anti-vortex provisions to minimize liquid
residuals and damp fluid motion. The tank feeds

into a 17-inch-diameter feed line that conveys the

liquid oxygen through the intertank, then outside

the ET to the aft right-hand ET/orbiter disconnect

umbilical. The 17-inch-diameter feed line permits
liquid oxygen to flow at approximately 2,787 pounds

empty.

Intertank

The intertank is a steel /aluminum semimonocoque
cylindrical structure with flanges on each end for

joining the liquid oxygen and liquid hydrogen tanks.

The intertank houses ET instrumentation

components and provides an umbilical plate that

per second with the SSMEs operating at 104 percent interfaces with the ground facility arm for purge
or permits a maximum flow of 17,592 gallons per
minute. The liquid oxygen tank’s double-wedge

Manhole Cover

ae Lf = T-Ring
0 So

gas supply, hazardous gas detection, and hydrogen
gas boiloff during ground operations. It consists of

Liquid Oxygen Aft Dome

Barrel Section

Forward Ogive
SectionU

Kesof Cover Plate
Baffle

Forward aeSlosh Baffle

@
Aft Ogive f
Section

Liquid OxygenTank Structure Ss

Aft Flatinge Skin/Stringer Panel (6)

Thrust
Panel (2)

‘SRB Thrust Fitting
Intermediate
Ring Frame

Access Door

036
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mechanically joined skin, stringers, and machined

panels of aluminum alloy. The intertank is vented

during flight. The intertank contains the forward
SRB-ET attach thrust beam and fittings that
distribute the SRB loads to the liquid oxygen and

liquid hydrogen tanks. The intertank is 270 inches

long, 331 inches in diameter, and weighs 12,100
pounds.

Liquid Hydrogen Tank

The liquid hydrogen tank is an aluminum

semimonocoque structure of fusion-welded barrel

sections, five major ring frames, and forward and
aft ellipsoidal domes. Its operating pressure range
is 32 to 34 psia. The tank contains an anti-vortex
baffle and siphon outlet to transmit the liquid
hydrogen from the tank through a 17-inch line to

the left aft umbilical. The liquid hydrogen feed line

flow rate is 465 pounds per second with the SSMEs
at 104 percent or a maximum flow of 47,365 gallons
per minute. At the forward end of the liquid
hydrogen tankis the ET /orbiter forward attachment

pod strut, and at its aft end are the two ET/orbiter
aft attachment ball fittings as well as the aft SRB-ET

stabilizing strut attachments. The liquid hydrogen
tank is 331 inches in diameter, 1,160 inches long,
and has a volume of 53,518 cubic feet and a dry
weight of 29,000 pounds.

Thermal Protection System

The ET thermal protection system consists of

sprayed-on foam insulation and premolded ablator

materials. The system also includes the use of

phenolic thermal insulators to preclude air

liquefaction. Thermal isolators are required for

liquid hydrogen tank attachments to preclude the

MajorRingFrame (5)
B

§ / ;Aft Do

Intermediate
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1.3 External Tank

liquefaction of air-exposed metallic attachments and
to reduce heat flow into the liquid hydrogen. The
thermal protection system weighs 4,823 pounds.

Hardware and Instrumentation

The external hardware, ET/orbiter attachment

fittings, umbilical fittings,electrical, and range safety
system weigh 9,100 pounds.

Each propellant tank has a vent and relief valve at

its forward end. This dual-function valve can be

opened by ground support equipment for the vent

function during prelaunch and can open during
flight when the ullage pressure of the liquid
hydrogen tank reaches 38 psig, or the ullage pressure
of the liquid oxygen tank reaches 25 psig.

The liquid oxygen tank contains a separate,
pyrotechnically operated, propulsive tumble vent

valve at its forward end. At separation, the liquid
oxygen tumble vent valve is opened, providing
impulse to assist in the separation maneuver and

more positive control of the entry aerodynamics of

the ET.

There are eight propellant-depletion sensors, four

each for fuel and oxidizer. The fuel-depletion
sensors are located in the bottom of the fuel tank.

The oxidizer sensors are mounted in the orbiter

liquid oxygen feed line manifold downstream of

the feed line disconnect. During SSME burns, the

orbiter GPCs constantly compute the instantaneous

mass of the vehicle due to the usage of the

propellants. Normally, main engine cutoff (MECO)

is based ona predetermined velocity; however, once

pasta flight-specific arming mass, if any two of the

fuel or oxidizer sensors sense a dry condition, the

engines will be shut down.

jarrel Section (4)

0
Forward Dome

niall B 0 @
RingFrame (8)

Dome Ca;
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1, GENERAL DESCRIPTION

1.3 External Tank

The locations ofthe liquid oxygen sensors allow the

maximum amount of oxidizer to be consumed in

the engines, while allowing sufficient time to shut
down the engines before the oxidizer pumps cavitate

(run dry). In addition, 1,100 pounds of liquid
hydrogen are loaded over and above that required
by the 6:1 oxidizer/fuelengine mixture ratio. This

assures that MECO from the depletion sensors is

fuel-rich; oxidizer-rich engine shutdowns can cause

burning and severe erosion of engine components.

Four pressure transducers located at the top of the

liquid oxygen and liquid hydrogen tanks monitor

the ullage pressures.

Each of the two aft ET umbilical plates mate with a

corresponding plate on the orbiter. The plates help
maintain alignment among the umbilicals. Physical
strength at the umbilical plates is provided by
bolting corresponding umbilical plates together.
When the orbiter GPCs command external tank

separation, the bolts are severed by pyrotechnic
devices.

The ET has five propellant umbilical valves that
interface with orbiter umbilicals: two for the liquid
oxygen tank and three for the liquid hydrogen tank.
One of the liquid oxygen tank umbilical valves is

‘Systems Tunnel

for liquid oxygen, the other for gaseous oxygen.
The liquid hydrogen tank umbilical has two valves

for liquid and one for gas. The intermediate-

diameter liquid hydrogen umbilical isa recirculation

umbilical used only during the liquid hydrogen
chill-down sequence during prelaunch.

The ET also has two electrical umbilicals that carry
electrical power from the orbiter to the tank and the

two SRBs and provide information from the SRBs

and ET to the orbiter.

A swing-arm-mounted cap to the fixed service

structure covers the oxygen tank vent on top of the

ET during the countdown and is retracted about

two minutes before lift-off. The cap siphons off

oxygen vapor that threatens to form ice on the ET,
thus protecting the orbiter’s TPS during launch.

Range Safety System

A range safety system provides for dispersing tank

propellants if necessary. It includes a battery power
source, a receiver /decoder, antennas, and ordnance.

Various parameters are monitored and displayed
on the flight deck display and control panel and are

transmitted to the ground.

Systems Tunnel

External Tank RangeSafetySystem Antennas
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1.3 External Tank
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1.4 SOLID ROCKET BOOSTERS
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The two solid rocket boosters (SRBs) consist of these

primary elements: the redesigned solid rocket motor

(RSRM), structure, separation systems, operational
flight instrumentation, recovery avionics,
pyrotechnics, deceleration system, thrust vector

Main Parachutes (3)

4 Separation Motors
22,050 Pounds Thrust Eacl

1. GENERAL DESCRIPTION

1.4 Solid Rocket Boosters

RSRM consists of its case, propellant, igniter, and
nozzle.

control, and range safety destruct system. Each

|
The two RSRM elements of the SRBs provide the Imain thrust to lift the Space Shuttle off the pad and

up to analtitude of about 150,000 feet, or 24 nautical
miles. In addition, the two SRBs carry the entire

weight of the ET and orbiter and transmit the weight
load through their structure to the mobile launcher

platform. Each booster has a thrust (sea level) of

approximately 3,300,000 pounds at launch. They
are ignited after the three SSMEs’ thrust level is
verified. The two SRBs provide 71.4 percent of the
thrust at lift-off and during first-stage ascent.

Seventy-five seconds after SRB separation, SRB

apogee occurs at an altitude of approximately
220,000 feet, or 35 nautical miles. SRB impact occurs

in the ocean approximately 122 nautical miles

downrange.

ever flown. The original SRM was the first ever

designed for reuse. Each is 149.16 feet long and

12.17 feet in diameter.

The RSRMs are the largest solid-propellant motors

Nozzle and Thrust Vector
Control System

4 Separation Motors
22,050 Pounds Thrust Each

12.4 Feet
Outside Dia.

t Att Skirt and
Launch Support

SRB-External Tank Attachment Ring,
Aft Avionics and Sway Braces

Drougue SRB-External Tank Thrust Attachment DIMENSIONSShute Rate Gyro Assemblies (2)
A Separation Avionics, Operational Length 149.16 Feet

Flight Instrumentation, Recovery Diameter 12.17 Feet

A Avionics and Range Safety System
40it IL Forward Skirt

Nasa Frustum
Fairing

Solid Rocket Booster
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1. GENERAL DESCRIPTION

1.4 Solid Rocket Boosters

Each SRB weighs approximately 1,300,000 pounds
at launch. The propellant for each motorweighs
approximately1,100,000 pounds. The inert weight
of each SRB is approximately 192,000 pounds.

Primary elements of each booster are the motor

(includingcase, propellant, igniter, and nozzle),
structure, separation systems, operational flight
instrumentation, recovery avionics, pyrotechnics,
deceleration system, thrust vector control system,
and range safety destruct system.

Each booster is attached to the ET at the SRB’s aft

frame by two lateral sway braces and a diagonal
attachment.The forward end of each SRB is attached

to the external tank at the forward end of the SRB’s

forward skirt. On the launch pad, each boosteralso

is attached to the mobile launcher platform at the

aft skirt by four bolts and nuts that are severed by
small explosives at lift-off.

During the downtime following the Challenger
accident, detailed structural analyses were

performed on critical structural elements of the SRB.

Analyses were primarily focused in areas where
anomalies had been noted during postflight
inspection of recovered hardware.

One oftheareaswas the attach ring where the SRBs
are connected to the ET. Areas of distress were

noted in some of the fasteners where the ring
attaches to the SRB motor case. This situation was

attributed to the high loads encountered during
water impact. To correct the situation and ensure

higher strength margins during ascent, the attach
ting was redesigned to encircle the motor case

completely (360 degrees). Previously, the attach
ting formed a C and encircled the motor case 270
degrees.

Additionally, special structural tests wereperformed on the aft skirt. During this test program,
an anomaly occurred in a critical weld between the
hold-down post and skin of the skirt. Aredesignwas implemented to add reinforcement brackets
and fittings in the aft ring of the skirt.

These two modifications added approximately 450
pounds to the weight of each SRB.

ThePropellantmixture in each SRB motor consistsofan
ammonium perchlorate (oxidizer, 69.6percentby weight), aluminum (fuel, 16 percent), iron oxide

(a catalyst, 0.4 percent), a polymer (a binder that

holds the mixture together, 12.04 percent), and an

epoxy curing agent (1.96 percent). The propellant
isan 11-point star- shaped perforation in the forward

motor segment and a double-truncated-cone

perforation in each of the aft segments and aft

closure. This configuration provides high thrust at

ignition and then reduces the thrust by
approximately a third 50 seconds after lift-off to

prevent overstressing the vehicle during maximum

dynamic pressure.

The SRBs are used as matched pairs, and each is

made up of four solid rocket motor segments. The

pairs are matched by loading each of the four motor

segments in pairs from the same batches of

propellant ingredients to minimize any thrust
imbalance. The segmented-casing design assures

maximum flexibility in fabrication and ease of

transportation and handling. Each segment is

shipped to the launch site on a heavy-duty rail car

with a specially built cover.

The nozzle expansion ratio of each booster

beginning with the STS-8 mission is 7-to-79. The
nozzle is gimbaled for thrust vector control. Each
SRB has its own redundant auxiliary power units
and hydraulic pumps. The all-axis gimbaling
capability is 8 degrees. Each nozzle has a carbon
cloth liner that erodes and chars during firing. The
nozzle is a convergent-divergent, movable design
in which an aft pivot-point flexible bearing is the

gimbal mechanism.

The cone-shaped aft skirt reacts to the aft loads
between the SRB and the mobile launcher platform.
The four aft separation motors are mounted on the
skirt. The aft section contains avionics, a thrust
vector control system that consists of two auxiliary
power units and hydraulic pumps, hydraulic
systems, and a nozzle extension jettison system.

The forward section of each booster contains
avionics, a sequencer, forward separation motors, a

nose cone separation system, drogue and main
parachutes, a recovery beacon, a recovery light, a

parachute camera on selected flights, and a range
safety system.

Each SRB has two integrated electronic assemblies,
one forward and one aft. After burnout, the forward
assembly initiates the release of the nose cap and
frustum and turns on the recovery aids. The aft
assembly, mounted in the ET/SRB attach ring,
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connects with the forward assembly and the orbiter
avionics systems for SRB ignition commands and
nozzle thrust vector control. Each integrated
electronic assembly has a multiplexer/
demultiplexer, which sends or receives more than
one message, signal, or unit of information on a

single communication channel.

Eight booster separation motors (four in the nose

frustum and four in the aft skirt) of each SRB burn
for 1.02 seconds at SRB separation from the ET.
Each solid rocket separation motor is 31.1 inches

long and 12.8 inches in diameter.

Location aids are provided for each SRB, frustum/
drogue chutes, and main parachutes. These include
a transmitter, antenna, strobe/converter, battery,
and salt water switch electronics. The location aids
are designed for a minimum operating life of 72
hours and when refurbished are considered usable

up to 20 times. The flashing light is an exception. It
has an operating life of 280 hours. The battery is
used only once.

The SRB nose caps and nozzle extensions are not

recovered.

The recovery crew retrieves the SRBs, frustum/

drogue chutes, and main parachutes. The nozzles
are plugged, the solid rocket motors are dewatered,
and the SRBs are towed back to the launch site.

Each booster is removed from the water,
and its components are disassembled and washed
with fresh and deionized water to limit salt water

corrosion. The motor segments, igniter, and nozzle

are shipped back to the manufacturer for

refurbishment.

Each SRB incorporates a range safety system that

includes a battery power source, receiver /decoder,
antennas, and ordnance.

1. GENERAL DESCRIPTION
1.4 Solid Rocket Boosters

Hold-Down Posts

Each SRB has four hold-down posts that fit into

corresponding support posts on the mobile launcher

platform. Hold-down bolts hold the SRB and
launcher platform posts together. Each bolt has a

nut at each end, but only the top nut is frangible.
The top nut contains two NASA standard detonators
(NSDs), which are ignited at solid rocket motor

ignition commands.

When the two NSDsare ignited at each hold-down,
the hold-down bolt travels downward because of
the release of tension in the bolt (pretensioned before

Debris Catcher

Frangible Nut

Spherical Bearing(aly

Support Post

Stud, Nut
and Washer.

Stud
Deceleration
Stand

042

SRB Support/Hold-DownPost

Skirt

SRB
Hold-Down
Post

Posts (4)

Se
A

MotorNomte ableLauncher
SRB Hold-Down Configuration
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1, GENERAL DESCRIPTION

1.4 Solid Rocket Boosters

launch), NSD gas pressure, and gravity. The boltis
stopped by the stud deceleration stand, which
contains sand. The SRB boltis 28 inches long and is

3.5 inchesin diameter. The frangible nutis captured
ina blast container.

The solid rocket motor ignition commands are issued

by the orbiter’s computers through the master events

controllersto the hold-down pyrotechnic initiator

controllers (PICs) on the mobile launcher platform.
They provide the ignition to the hold- down NSDs.

The launch processing system monitors the SRB

hold-down PICs for low voltage during the last 16

seconds before launch. PIC low voltage will initiate

a launch hold.

SRB Ignition

SRB ignition can occur only when a manual

lock pin from each SRB safe and arm device

has been removed. The ground crew removes

the pin during prelaunch activities. At T minus

5 minutes, the SRB safe and arm device is

rotated to the arm position. The solid rocket

motor ignition commands are issued when

PIC low voltage is indicated, and there are no

holds from the launch processing system.

master events controllers (MECs) to the safe
and arm device NSDs in each SRB. A PIC

single-channel capacitor discharge device
controls the firing of each pyrotechnic
device. Three signals must be present
simultaneously for the PIC togenerate the pyro

Frustum
Location Aids:

Range
the three SSMEs are at or above 90-percent Safety

rated thrust, no SSME fail and/or SRB ignition
Selon

Electronic

The solid rocket motor ignition commands are (Forward
sent by the orbiter computers through the Rate

this propellant ignite the solid rocket motorinitiator,
neth

The GPC launch sequence also controls certain

critical main propulsion system (MPS) valves and

monitors the engine-ready indications from the

SSMEs. The MPS start commands are issued by the

GPCs at T minus 6.6 seconds (staggered start—

engine 3, engine 2, engine 1—all approximately
within 0.25 second), and the sequence monitors the

thrust buildup of each engine. All three SSMEs

must reach the required 90-percent thrust within

3 seconds; otherwise, an orderly shutdown is

commanded, and safing functions are initiated.

Altitude
Switch

Flotation

Frustum

SRB Location Aids

Forward Skirt

System Tunnel

(interconnecting Cables)

Aft Attach Ringifiring output. These signals, arm, fire 1, and mearanefire 2, originate in the GPCs and are Assembly
transmitted to the MECs. The MECs reformat
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them to 28-volt de signals for the PICs.
The arm signal charges the PIC capacitor to
40 volts de (minimum of 20 volts dc).

i External Tank SRB
Interface

The fire 1 and 2 commands cause the
An

Siar
redundant NSDs to fire through a thin barrier
seal down aflame tunnel. This ignites a pyro

boostercharge, which is retained in the safeand arm device behind a perforated plate. The

boosterchargeignites the propellant in the Motors
=
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Normal thrust buildup to the required 90-percentthrust level will result in the SSMEs being
commanded to the lift-off position at T minus 3
seconds as well as the fire 1 command being issued
to arm the SRBs. At T minus 3 seconds, the vehicle
base bending load modes are allowed to initialize
(movement of approximately 25.5 inches measured
at the tip of the external tank, with movement

towards the external tank).

AtT minus 0, the two SRBs are ignited, separation
of the four frangible nuts on each SRB hold down
bolt is initiated, the two T-0 umbilicals (one on each
side of the spacecraft) are retracted, the onboard
master timing unit, event timer, and mission event

timers are started, the three SSMEs are at 100

percent, and the ground launch sequence is
terminated.

The solid rocket motor thrust profile is tailored to

reduce thrust during the maximum dynamic
pressure region.

Electrical Power Distribution

Electrical power distribution in each SRB consists
of orbiter-supplied main dc bus power to each SRB
via SRB buses A, B, and C. Orbiter main dc buses

A, B, and C supply main dc bus power to

corresponding SRB buses A, B, and C. In addition,
orbiter main de bus C supplies backup power to

SRB buses A and B, and orbiter bus B supplies
kup

TI i

T

The nominal dc voltage is 28 volts dc, with an upper
limit of 32 volts dc and a lower limit of 24 volts de.

Hydraulic Power Units

There are two self-contained, independent hydraulic
power units (HPUs) on each SRB. Each HPU

consists of an auxiliary power unit (APU), fuel

supply module, hydraulic pump, hydraulic
reservoir, and hydraulic fluid manifold assembly.
The APUs are fueled by hydrazine and generate
mechanical shaft power to a hydraulic pump that

produces hydraulic pressure for the SRB hydraulic
system. The two separate HPUs and two hydraulic
systems are located on the aft end of each SRB

1. GENERAL DESCRIPTION

1.4 Solid Rocket Boosters

between the SRB nozzle and aft skirt. The HPU

components are mounted on the aft skirt between
the rock and tilt actuators. The two systems operate
from T minus 28 seconds until SRB separation from
the orbiter and external tank. The two independent
hydraulic systems are connected to the rock and tilt
servoactuators.

The APU controller electronics are located in the
SRB aft integrated electronic assemblies on the aft
external tank attach rings.

The APUs and their fuel systems are isolated from
each other. Each fuel supply module (tank) contains
22 pounds of hydrazine. The fuel tank is pressurized
with gaseous nitrogen at 400 psi, which provides
the force to expel (positive expulsion) the fuel from
the tank to the fuel distribution line, maintaining a

positive fuel supply to the APU throughout its

operation.

The fuel isolation valve is opened at APU startup to

allow fuel to flow to the APU fuel pump and control
valves and then to the gas generator. The gas
generator’s catalytic action decomposes the fuel and

creates a hot gas. It feeds the hot gasexhaustproduct
to the APU two-stage gas turbine. Fuel flows

primarily through the startup bypass line until the
APU speed is such that the fuel pump outlet

pressure is greater than the bypass line’s. Then all

the fuel is supplied to the fuel pump.

The APU turbine assembly provides mechanical

power to the APU gearbox. The gearbox drives the

APU fuel pump, hydraulic pump, and lube oil

pump. The APU lube oil pump lubricates the

gearbox. The turbine exhaust of each APU flows

over the exterior of the gas generator, cooling it,
and is then directed overboard through an exhaust

duct.

When the APU speed reaches 100 percent, the APU

primary control valve closes, and the APU speed is

controlled by the APU controller electronics. If the

primary control valve logic fails to the open state,

the secondary control valve assumes control of the

APU at 113-percent speed.

Each HPU on an SRB is connected to both

servoactuators on that SRB. One HPU serves as the

primary hydraulic source for the servoactuator, and

the other HPU serves as the secondary hydraulics
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1, GENERAL DESCRIPTION

1.4 Solid Rocket Boosters

for the servoactuator. Each servoactuator has a

switching valve that allows the secondary
hydraulics to power the actuator if the primary
hydraulicpressure drops below 2,050 psi. A switch

contact on the switching valve will close when the

valve is in the secondary position. When the valve

is closed, a signal is sent to the APU controller that
inhibits the 100-percent APU speed control logic
and enables the 113-percent APU speed control

logic. The 113-percent APU speed enables one

APU/HPU to supply sufficient operating hydraulic
pressure to both servoactuators of that SRB.

The APU 100-percent speed corresponds to 72,000

rpmand 113-percent to 81,000 rpm.

The APUs/HPUs and hydraulic systems are

reusable for 20 missions.

Thrust Vector Control

Each SRB has two hydraulic gimbal servoactuators:

one for rock and one for tilt. The servoactuators

provide the force and control to gimbal the nozzle
for thrust vector control.

The Space Shuttle ascent thrust vector control
(ATVC) portion of the flight control system directs
the thrust of the three SSMEs and the two SRB
nozzles to control attitude and trajectory during
lift- off and ascent. Commands from the guidance
system are transmitted to the ATVC drivers, which
transmit signals proportional to the commands to

each servoactuator of the main engines and SRBs.
Four independent flight control system channels
and four ATVC channels control six main engineand four SRB ATVC drivers, with each driver

controlling one hydraulic port on each main and
SRB servoactuator.

Each SRB servoactuator consists of four
independent,two-stage servovalves that receive
signals from the drivers. Each servovalve controlsone power spool in each actuator, which positions
an actuator ram and the nozzle to control the
direction of thrust.

The four servovalves in each actuator provide a

force-summedMajority voting arrangement to
position the power spool. With four identicalcommands to the four servovalves, the actuatorforce-sum action prevents a single erroneous

command from affecting power ram motion. If the

erroneous command persists for more than a

predetermined time, differential pressure sensing
activates a selector valve to isolate and remove the

defective servovalve hydraulic pressure, permitting
the remaining channels and servovalves to control

the actuator ram spool. :

Failure monitors are provided for each channel to

indicate which channel has been bypassed. An

isolation valve on each channel provides the

capability of resetting a failed or bypassed channel.

Each actuator ram is equipped with transducers for

position feedback to the thrust vector control system.
Within each servoactuator ram is a splashdown load

relief assembly to cushion the nozzle at water

splashdown and prevent damage to the nozzle

flexible bearing.

SRB Rate Gyro Assemblies

Each SRB contains two rate gyro assemblies (RGAs),
with each RGA containing one pitch and one yaw
gyro. These provide an output proportional to

angular rates about the pitch and yaw axes to the

orbiter computers and guidance, navigation, and
control system during first-stage ascent flight in

conjunction with the orbiter roll rate gyros until

SRB separation. At SRB separation, a switchover is

made from the SRB RGAs to the orbiter RGAs.

The SRB RGA rates pass through the orbiter flight
aft multiplexers/ demultiplexers to the orbiter
GPCs. The RGA rates are then interchangeable mid-
value-selected in redundancy management to

provide SRB pitch and yaw rates to the user

software. The RGAs are designed for 20 missions.

SRB Separation

SRB separation is initiated when the three solid
rocket motor chamber pressure transducers are

processed in the redundancy management
interchangeablemiddle value select, and the head-
end chamber pressure of both SRBs is less than or

equal to 50 psi. A backup cue is the time elapsed
from booster ignition.

The separation sequence is initiated, commandingthe thrustvector control actuators to the null

position and putting the main propulsion system
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into a second-stage configuration (0.8 second from

sequence initialization), which ensures the thrust
of each SRB is less than 100,000 pounds. Orbiter

yaw attitude is held for 4 seconds, and SRB thrust

drops to less than 60,000 pounds.

The SRBs separate from the external tank within 30

milliseconds of the ordnance firing command.

The forward attachment point consists of a ball (SRB)
and socket (ET) held together by one bolt. The bolt
contains one NSD pressure cartridge at each end.

The forward attachment point also carries the range
safety system cross-strap wiring connecting each
SRB and the ET range safety systems with each

other.

The aft attachment points consist of three separate
struts: upper, diagonal and lower. Each strut

contains one bolt with an NSD pressure cartridge at

eachend. The upper strut also carries the umbilical

interface between its SRB and the external tank and

on to the orbiter.

There are four booster separation motors (BSMs)
on each end of each SRB. The BSMs separate the

SRBs from the external tank. The solid rocket motors

Linear-Shaped
Charge Assembly

NS

System Tunnel
Cover (Removable)

WiSolid Rocket
Motor Case

SRB Range Safety System
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ineach cluster of four are ignited by firing redundant
NSD pressure cartridges into redundant confined

detonating fuse manifolds.

The separation commands issued from the orbiter

by the SRB separation sequence initiate the

redundant NSD pressure cartridge in each bolt and

ignite the BSMs to effect a clean separation.

Range Safety System

The Shuttle vehicle has three range safety systems
(RSSs). One is located in each SRB and one in the

external tank. Any one or all three are capable of

receiving two command messages (arm and fire)
transmitted from the ground station. The RSS is

used only if the Shuttle vehicle violates a launch I
trajectory red line.

AnRSS consists of two antenna couplers, command

receivers/ decoders, a dual distributor, a safe and

arm device with two NSDs, two confined detonating
fuse (CDF) manifolds, seven CDF assemblies, and

one linear-shaped charge (LSC).

The antenna couplers provide the proper impedance
for radio frequency and ground support equipment
commands. The command receivers are tuned to

Range Safet
AMS

cera as.

Range SafetyCommand Antennas:

a geSaley
RightSRB

a
enn

System &

Tunnel
System Tunne

Range Safety
Command Antennas
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RSS command frequencies and provide the input

signal to the distributors when an RSS command is

sent. The command decoders use a code plug to

prevent any command signal other than the proper
command signal from getting into the distributors.

The distributors contain the logic to supply valid

destruct commands to the RSS pyrotechnics.

The NSDs provide the spark to ignite the CDF,

which in turn ignites the LSC for Shuttle vehicle

destruction. The safe and arm device provides
mechanical isolation between the NSDs and the CDF

before launch and during the SRB separation
sequence.

The first message, called arm, allows the onboard

logic to enable a destruct and illuminates a light on

the flight deck display and control panel at the

commander and pilot station. The second message
transmitted is the fire command.

The SRB distributors in the SRBs and the ET are

cross- strapped together. Thus, if one SRB received

an arm or destruct signal, the signal would also be

sent to the other SRB and the ET.

Electrical power from the RSS battery in each SRB

is routed to RSS system A. The recovery battery in

each SRB is used to power RSS system B as well as

the recovery system in the SRB. The SRB RSS is

powered down during the separation sequence, and

the SRB recovery system is powered up. Electrical

power for the ET RSS system A and system B is

independently supplied by two RSS batteries on

the ET.

SRB Descent and Recovery

The recovery sequence begins with the operation of

the high-altitude baroswitch, which triggers the

functioning of the pyrotechnic nose cap thrusters.
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This ejects the nose cap, which deploys the pilot
parachute. This occurs at 15,704 feet altitude 225
seconds after separation. The 11.5-foot-diameter
conical ribbon pilot parachute provides the force to

pull the lanyard activating the zero-second cutter,
which cuts the loop securing the drogue retention

straps. This allows the pilot chute to pull the drogue
pack from the SRB, causing the drogue suspension
lines to deploy from their stored position. At full

extension of the twelve 95-foot suspension lines,
the drogue deployment bag is stripped away from
the canopy, and the 54-foot-diameter conical ribbon

drogue parachute inflates to its initial reefed
condition. The drogue disreefs twice after specified
time delays, and it reorients/stabilizes the SRB for
main chute deployment. The drogue parachute can

withstand a load of 270,000 pounds and weighs
approximately 1,200 pounds.

After the drogue chute has stabilized the vehicle in

a tailfirst attitude, the frustum is separated from

the forward skirt by a charge triggered by the low-

altitude baroswitch at an altitude of 5,975 feet 248

seconds after separation. It is then pulled away
from the SRB by the drogue chute. The main chutes’

suspension lines are pulled out from deployment
bags that remain in the frustum. At full extension

of the lines, which are 204 feet long, the three main

chutes are pulled from the deployment bags and

inflate to their first reefed condition. The frustum

and drogue parachute continue on a separate
trajectory to splashdown. After specified time

delays, the main chutes’ reefing lines are cut, and

1. GENERAL DESCRIPTION

1.4 Solid Rocket Boosters

the chutes inflate to their second reefed and full

open configurations. The main chute cluster
decelerates the SRB to terminal conditions. Each of
the 136-foot-diameter, 20-degree conical ribbon

parachutes can withstand a load of 180,000 pounds
and weighs 2,180 pounds. The nozzle extension is
severed by pyrotechnic charge either at apogee or

20 seconds after low baroswitch operation.

Water impact occurs 295 seconds after separation
ata velocity of 81 feet per second. The water impact
range is approximately 140 miles off the eastern

coast of Florida. Because the parachutes provide
for a nozzlefirst impact, air is trapped in the empty
(burned out) motor casing, causing the booster to

float with the forward end approximately 30 feet
out of the water.

The main chutes are released from the SRB at impact
using the parachute release nut ordnance system.
Residual loads in the main chutes deploy the

parachute attach fittings with the redundant
flotation tethered to each fitting. The drogue and

frustum, each main chute with its flotation, and the

SRB are buoyant. The SRB recovery aids are the

radio beacon and flashing lights, which become

operable at frustum separation. The radio

transponder in each SRB has a range of 8.9 nautical

miles, and the flashing light has a nighttime range
of 4.9 nautical miles. Various parameters of SRB

operation are monitored and displayed on the

orbiter flight deck control and display panel and

are transmitted to ground telemetry.
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2. SYSTEMS

This section discusses in detail each of 26 orbiter

systems as listed here in the Table of Contents. The

subsections are organized alphabetically, with a

detailed internal table of contents provided for each.

Each system subsection begins with descriptive
information covering general purpose, function, and
location. Relevant elements of each system are then

provided in some detail. Where orbiter panels or

CRT displays apply, an illustration of such appears
as near the reference as possible. In the case of large
panels, appropriate fragments are placed in the text,
with full panel diagrams provided in Appendix A.

Most system subsections conclude with a summary.
Caution and warning summaries and rules of thumb

are also provided where appropriate.
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2. SYSTEMS

2.1 Auxiliary Power Unit/Hydraulics

Description

The orbiter has three independent _hydraulic
systems. Each consists of a main hydraulic pump,
hydraulic reservoir, hydraulic bootstrap
accumulator, hydraulic filters, control valves,

hydraulic/Freon heat exchanger, electrical
circulation pump, and electrical heaters.

Each system provides hydraulic pressure to position
hydraulic actuators for:

@ Thrust vector control of the main engines by
gimbaling the three SSMEs

(2) Actuation of various control valves on the

SSMEs

8) Movement of the orbiter aerosurfaces (elevons,

body flap, rudder/speedbrake)

44 Retraction of the external tank /orbiter 17-inch

liquid oxygen and liquid hydrogen disconnect

umbilicals within the orbiter at external tank

jettison

& Main/nose landing gear deployment (system
1)/(system 1 or 2)

(6) Main landing gear brakes and anti-skid

2. Nose wheel steering (system 1 with backup
from system 2).

Each hydraulic system is capable of operation when

exposed to forces or conditions caused by
acceleration, deceleration, normal gravity, zero

gravity, hard vacuum, and temperatures
encountered during on-orbit dormant conditions.

Three identical, but independent, improved

eee pups" auxiliary power units (APUs; also called [APUs)

f provide power for the orbiter hydraulic systems.

Oil The APU is a hydrazine-fueled, turbine-driven

ial
Filter

power unit that generates mechanical shaft power

Control to drive a hydraulic pump that produces pressure

aed InandOut for the orbiter’s hydraulic system. Each unit weighs

ports approximately 88 pounds and produces 135

horsepower.
Accumulators:

Dimensions: 20 Inches Wide, 21.80 Inches Long,
Each APU consists ofa fuel tank, a fuel feed system,

18 Inches Deep asystem controller, an exhaust duct, lube oil cooling

ae system, and fuel/lube oil vents and drains.

Redundant electrical heater systems and insulation

er thermally control the system above 45° F to prevent
Auxiliary Power Unit fuel from freezing and to maintain required

2.1-1
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2. SYSTEMS
:

2.1 Auxiliary Power Unit/Hydraulics

lubricating oil viscosity. Insulation is used on

components containing hydrazine, lube oil, or water

to minimize electrical heater power requirements
and to keep high surface temperatures within safe

limits on the turbine and exhaust ducts.

The three APUs and fuel systems are located in the

aft fuselage. Each APU fuel system supplies storable

liquid hydrazine fuel to its respective fuel pump,

gas generator valve module, and gas generator,
which decomposes the fuel through catalytic action.

The resultant hot gas drives a single-stage, dual

pass turbine. The turbine exhaust flow returns over

the exterior of the gas generator, cooling it, and is

then directed overboard through an exhaust duct

at the upper portion of the aft fuselage near the

vertical stabilizer.

The turbine assembly provides mechanical power

through a shaft to drive reduction gears in the

gearbox. The gearbox!drives apara a

hydrauliepump,and a [abeGilpump!Thehydraulic
pump supplies pressure to the hydraulic system.
The fuel pump increases the fuel pressure at its

outlet to sustain pressurized fuel to the gas generator
valve module and gas generator. Thelubeoil system
supplies lubricant to the gearbox reduction gears

APU entir 3

(aftav bay6) APU cntir 1

AuxiliaryPower Unit Locations

(aft av bay 4)

and uses the reduction gears as scavenger pumps
to supply lube oil to the inlet of the lube oil pump to

increase the pressure of the lube oil system.

The lube oil of each APU is circulated through a

heat exchanger in a corresponding water spray
boiler. Three water spray boilers (WSBs), one for

each APU, cool the lube oil systems. The hydraulic
fluid of each hydraulic pump driven by an APU is

also circulated through a hydraulic heat exchanger
in the corresponding water spray boiler to cool

hydraulic fluid during hydraulic system operation.
The three WSBs are also located in the aft fuselage
of the orbiter.

Fuel System

The APU fuel system (one for each of the three

APUs) includes the fuel tank and fuel isolation

valves, the fuel pump, and fuel control valves. The

improved APUs use passive heat sinks and heat

shields to minimize the effects of heat soakback.

Fuel Tanks

The APU fuel tanks are mounted on supports
cantilevered from the sides of the internal portion
of the aft fuselage. The fuel is storable liquid
anhydrous hydrazine. The hydrazine is stored ina

fuel tank with a total capacity
of about$50)pounds.The fuel

tank, which incorporates a

diaphragm at its center, is
APU sys3 serviced with fuel on one side
feeltank(hydrazine:and the pressurant (gaseous
APU sys 1 nitrogen) on the other. The

Rue nitrogenis the force actingon
APUsys2

the diaphragm (positive
fueltank expulsion) to expel the fuel

(yarazine’ from the tank to the fuel

distribution lines and maintain

a positive fuel supply to the
APU throughout its operation.

mE TheTuclsupply
supports the nominal power
unit operating time of 90
minutes in a mission or any
defined abort mode, such as an

abort once around, when the

APUs run continuously forata aa ge

2.1-2
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2. SYSTEMS

2.1 Auxiliary Power Unit/Hydraulics

J approximately 110 minutes. Under

@e operating Toad conditions, anAPU
uel per minute.

The fuel tanks are 28-inch-diameter spheres.
Fuel tanks 1 and 2 are located on the port
side of the orbiter’s aft fuselage, and tank 3
is located on the starboard side. Each fuel
tank is serviced through its respective fill
and drain service connections, located on

the corresponding side of the aft fuselage.
The gaseous nitrogen servicing connection
for each fuel tank is located on the same

panel as the fuel servicing connections on

the corresponding side of the aft fuselage.
The fuel tank is pressurized _to_365_psi
Pp 5

———

Each fuel tank’s temperature and gaseous

nitrogen pressure are monitored by the APU

controller and transmitted to the GPC,
where quantity is calculated and

transmitted to the APU FUEL/H20 QTY
meters on panel F8. When the switch below

the meters on panel F8 is positioned to

® Key:
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2. SYSTEMS
;

2.1 Auxiliary Power Unit/Hydraulics

FUEL, the quantity in APU fuel tanks 1, 2, and 3 is

displayed simultaneously in percent. The fuel
quantity of 100 percent on the meter is equivalent
to350 pounds. Fuel pressure (psia) is shown on the
FUEL PRESS meter on panel F8. Fuel quantity in

percentis also displayed on the BFS SM SYS SUMM

2 display (FUEL QTY).

The gaseous nitrogen pressure in

A ne per valve) anel R2. These

can be pulled to disconnect electrical power from

the solenoid if a valve fails open or shorts. The

valve heating profile, when the fuel is stagnant, is

gradual and, in the event of a failed open valve or

each fuel tank exerts a force on

the tank’s diaphragm to expel the

hydrazine fuel under pressure to

the fuel distribution system.
Filters are incorporated into each

distribution line to remove any

particles. The fuel distribution

line branches into two parallel
paths downstream of the filter.

short, permits adequate time for corrective action.

APU EY cel aonAUTOar eT
4oF ENABLE

An isolation valve is installed in

each parallel path, providing
redundant paths to permit fuel

flow to the APU or to isolate fuel

from the fuelsupplytanks. Tal faan

besseeeeeeesoligiielFella)BOILER
CNTLAMTA

A

~ 7 ) offal Taal fea

Both isolation valves in each APU

fuel distribution system are electrically powered
solenoid valves, which are controlled by the

corresponding APU FUEL TK VLV 1, 2, 3 switches
on panel R2. They are energized open when the

corresponding switch is positioned to OPEN; both
valves are closed when the switch is positioned to

CLOSE, or if electrical power is lost.

Each valve has a reverse relief function to relieve
pressure on fuel trapped in the fuel distribution
line downstream of the fuel tank valves when both
valves are closed. The valve relieves the
downstream pressure when the pressure increases
40 psi to 200 psi above fuel tank pressure due to
heat soakback following APU shutdown.

The IAPU fuel tank isolation valves are cooled byfuel flow when the valves are open. Each valve has
redundant temperature measurements (two pervalve, four per APU). One temperature reading for
each valve is displayed on the BES SM SYS SUMM
2 display and the APU/HYD, DISP 6 display (Ops201) beside the FU TK VLV AT and BT labels. Thereare two tank isolation valve circuit breakers per

APU FUEL TK VLV Switches and Circuit Breakers on Panel R2

“FuelPump
Each APU fuel pump is afixed-displacement,gear-
type pump that discharges fuel at approximately
1,400 psi to 1,500 psi and operates at approximately
3,918 rpm. Afuel filter is located at the fuel pump
outlet, and a relief valve relieves at approximately
1,725 psi back to the pump inlet if the filter becomes

clogged.

Each fuel pump is driven by the turbine through
the reduction gearbox. The fuel pump reduction

gear is located in the lube oil system gearbox,
and a shaft from the reduction gear drives the fuel

pump. Seals are installed on the shaft to contain

any leakage of fuel or lube oil. If leakage
occurs through the seals, it is directed to a drain
line that runs to a 500-cubic centimeter catch
bottle for each APU. If thecatchbottle were

ee
Z

A

at

approximately 28
psi

in port. On
ascent or entry, the flight crew can monitor the catch
bottle’s line pressure on the BFS SM SYS SUMM 2

display (PMP LK P).

21-4
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2. SYSTEMS
2.1 Auxiliary Power Unit/Hydraulics
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os} GasGeneratorand’Turbinely

Each gas generator consists of a bed of Shell

xs 405 catalyst ina pressure chamber, mounted
aS inside the APU exhaust chamber. When

the hydrazine fuel comes into contact with

peed the catalyst, it undergoes an exothermic

reaction,decomposinginto a hot gas at

approximately 1,700° F. The gas expands
rapidly and makéStwopasses through a

APU Information on BFS SM SYS SUMM 2 Display

The APU’s operating speed is controlled by the

primary and secondary fuel control valves, which
are installed in series downstream of the fuel pump.
These are solenoid-operated pulser-type valves. In

the normal APU operating mode, the primary
control valve pulses to maintain the APU’s speed at

about Seepga
while the secondary

control valve is powered fullyopen. If the APU is

taken to high via the APU SPEED SELECT switch
on panel R2, the primary valve is unpowered and

goes to fully open, while the secondary valve begins
pulsing, and controls APU speed at about

81,000 rpm (113%). If the secondary valve

subsequently fails open, the primary valve will

begin pulsing to maintain APU speed at about 83,000

rpm the backup speed control mode. If

the secondary valve loses power, it goes to the closed

position and shuts down the APU. As noted above,
the primary valve goes to full open if it loses power,

allowing the secondary valve to take over

automatically and control at high speed (113%).

The crew can see APU speed on the BFS SM SYS

SUMM 2 display (APU SPEED %) in percent
(100 percent = 72,000 rpm). The speed fluctuates

due to the nature of the pulse-modulated fuel flow

system.

single-stage turbine wheel, passes over the

outside gas generator chamber and exits

overboard through its own independent
exhaust duct, located near the base of the

vertical stabilizer. The temperature of the hot gas at

the exhaust duct is approximately 1,000° F.

The shaft power from the spinning turbine is sent to

the hydraulic main pump associated with the APU
via a speed reduction gearbox. It is also used to

drive the APU’s fuel pump and lubrication oil pump.

The normal speed of the hydraulic main pump,
APU fuel pump, and APU lube oil pump are

3,918 rpm, 3,918 rpm, and 12,215 rpm respectively.
The lube oil system is necessary to lubricate the

APU gearbox and the fuel pump.

The temperatures of the gas generator bed, the gas

generator fuel injector, and the turbine exhaust gas
are visible on the BFS SM SYSSUMM 2 CRT display
(GG BED, INJ, TEMP EGT). While the APU is

running, the gas generator bed temperature
transducer_goes_off-scalehighat approximately
500° F. On orbit, when the APU is shut down, the

gasgeneratorbedtemporsturetransducerisusef‘or monitoring the bed temperature when the bed is

ceptwarmbyheaters.~

LubricatingOil.
The APU lube oil system is a scavenger-type system
witha fixed-displacementpump.Each APU turbine

through its gearbox drives a lube oil pump at

2.1-5
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2. SYSTEMS
y

2.1 Auxiliary Power Unit/Hydraulics

12,215 rpm. The system is pressurized with gaseous

nitrogen to provide adequate suction pressure to

start the lube oil pump under zero-gravity
conditions. Each lube oil system has its own

nitrogen gas storage vessel, which is pressurized to

approximately140 psia. The pressurization system

for each lube oil system has a valve controlled by its

corresponding APU controller. The gaseous

nitrogen pressurization valve for each power unit

is energized open by its corresponding controller

when the gearbox pressure is below 5.2 psi, plus or

minus 1.3 psi, to ensure that gearbox pressure is

sufficiently above the requirements for proper

scavenging and lube pump operation.

The pump increases the lube oil pressure to

approximately 60 psi, directs the lube oil system

through the corresponding water spray boiler for

cooling, and returns the lube oil to the accumulators

and gearbox. The two accumulators in each lube

oil system allow thermal expansion of the lube oil,
accommodate gas initially trapped in the external

lube circuit, maintain lube oil pressure ata minimum

of approximately 15 psia, and act as a zero-gravity,
all-altitude lube reservoir.

The following information is transmitted to the BFS

SM SYS SUMM 2 display by the APU controller via

the GPC: lube oil pump outlet pressure (OIL OUT P)

APU OIL TEMP Meter and Switch on Panel F8
ce

(NOTE: EGT indication on meter is driven by "TEMP

at approximately 45 psia, outlet temperature at

approximately 270° F and return temperature from

the water spray boiler (OIL IN, OUT) at

approximately 250° F for each APU. The lube oil
temperature of each APU is also monitored on the

APU OIL TEMP meter on panel F8. The APU is

selected by the switch below the meter.

ElectronicController
Each APU has its own digital controller. The

controller detects malfunctions, controls turbine

speed, gearbox pressurization, and fuel pump/gas
generator heaters. Each controller is controlled by
its corresponding APU CNTLR PWR switch on panel
R2. When the switch is positioned to ON, 28-volt

dc power is sent to that controller and APU. The

controllers are redundantly powered via dual

internal remote power controllers. When the switch

is positioned to OFF, electrical power is removed

from that controller and APU.

An APU/HYD READY TOSTARTtalkbackindicator

for each APU is located on panel R2. The talkback

signals gray when that APU hydraulic system is

ready to start; that is, when the APU gas generator
temperature is above 190° F, APU turbine speed is

less than 80 percent, WSB controller is ready,
corresponding APU fuel tank isolation valves are

open, and corresponding hydraulic main pump is

depressurized. When the APU is started, and its

turbine speed is greater than 80 percent of normal

speed, the corresponding indicator shows

barberpole.

APU OPERATE 1, 2,3 switches are located on panel
R2. When the switches are positioned to START/
RUN, the corresponding APU controller activates
the start of that unit and removes electrical power
automatically from the unit’s gas generator and
fuel pump heaters.

EGT" transducer seen on BES SYS SUMM 2 CRT display.)
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To start the APU, fuel expelled from the hydrazine
tank flows through the open tank valves and filter
to the gas generator valve module, which contains a

primary and secondary fuel control valve in series.
The primary pulse control valve is normally open,
and the secondary pulse control valve is energized
open. Fuel flowing through the pump bypass valve
is directed to the gas generator, because the fuel

pump is not being driven at that moment by the
APU turbine.

The fuel in the gas generator decomposes through
catalytic reaction, creates hot gas, and directs the
hot gas to the single-stage turbine, which begins to

rotate. The turbine’s mechanical shaft drives the
reduction gears, rotating the fuel pump, lube oil

pump, and hydraulic pump. The fuel pump
increases the fuel pressure at its outlet and sustains

pressurized fuel to the gas generator valve module
and gas generator.

The atlogicdelays the APU underspeed logic
check for 10.5 seconds after the start command

i

issued. allows the to_reach 1

operating speed bi tdown
logic

begins
checking for a speed lower than 80 percent. The
auto shutdown capability of the controller can be

disabled by taking the APU AUTO SHUT DOWN

switch on panel R2 to INHIBIT.

The startup logic does not delay the APU overspeed
logic. If an overspeed is detected at any time by the

controller, the F7 and MASTER ALARM will

annunciate. If the AUTO SHUT DOWN on panel
R2 is ENABLED, the controller will automatically
close the tank isolation valves and close the

secondary control valve.

After an APU auto shutdown, the APU

FUEL TK VLV switch must be taken to

CLOSE prior to inhibiting auto shutdown

logic. Failure to do so can allow the fuel

tank isolation valves to reopen and flow

fuel to an APU gas generator bed that

is above the temperature limits for

safe restart.

2. SYSTEMS
2.1 Auxiliary Power Unit/Hydraulics

When the APU turbine speed exceeds the control

target (103 percent for NORMAL and 113 percent
for HIGH) the appropriate control valve closes. The
fuel is then diverted through a bypass line back to

the fuel pump inlet. When the turbine speed drops
below the control target, the appropriate valve opens
directing fuel to the gas generator and closing off
the bypass line. The primary fuel valve pulses to

maintain APU speed. The frequency and duration
of the primary fuel control valve pulses are functions
of the hydraulic load on the unit.

The secondary fuel control valve normally stays
fully open during the operation of the primary. If
the primary valve loses power, it goes to the fully
open position, and the secondary valve begins
pulsing and controlling APU speed. If the secondary
valve loses power at any time, the APU is shut
down. If the auxiliary power unit is taken to a high
speed (by the APU SPEED SELECTswitchon panel
R2), the primary valve is unpowered and goes to

the fully open position while the secondary valve
controls the unit’s speed.

Each APU controller controls the speed of each
unit upon the activation of the

switch for each APU on panel R2. The

sition controls the s

The APU AUTO SHUT DOWN switches on panel
R2 enable the automatic shutdown feature in the

associated APU controllers. When the switch is

positioned to ENABLE, each controller monitors its

corresponding APU speed. If that APU speed falls

below 57,600 rpm {80iiPercent) or rises above

92,880 rpm (@29"percent), the controller

command
shuts down that unit. BaghishutdGwn’
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ReaSak

Water Spray Boiler

Controller A or B Enabled

Steam Vent Temperature
Above 130° F

Hydraulic Main Pu
Pressure~ Normal

Water APU Fuel Tank.
GNo2Shutoff Valve Open BekerGawenes rm

Hydraulic Bypass Valve Controller
i SroperPéstion Ready

Panel R2

APU Controller

Gas Generator Temperature
Above 190° F

Turbine Speed Below 80% oar

APU Ready-for-StartTalkback Indicator Logic

soe RECT

(——APUSPEEDSELECTi Nigeomemen “it

€/[8! (giidiieleia
e Tae Alamna a om all,

Lil
aaa eee

ole) (ellelleinioaL

ell) 8) | al)€ OFF oF

An APU should not be restarted after an

overspeed shutdown. Uncontained

overspeed and turbine wheel breakup
could occur if restart is attempted.

When an APU AUTO SHUT DOWN

switch is positioned to INHIBIT, the

automatic shutdown sequence for its APU

controller is inhibited. If the turbine speed
falls below 80 percent or rises

above 129 percent APU UNDERSPEED

or APU OVERSPEED caution and

warning lights on panel F7 will be

illuminated, and a tone will be

generated, even though the APU AUTO

SHUT DOWN switch is in INHIBIT.

APU SPEED SELECT Switches, APU CNTL
i

y R PWR Switch
and APU AUTO SHUT DOWN Switches on Panel R2

ee

APU/HYD READY TO START Talkbacks, APU OPERATE Switches
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Underspeed
Driver

CH3

28VB

Closes Fuel
Tank Valves

caw
Electronics

APU2 t
APU3 =

APU2 bt

e
aApUs b +

PNL F7a2
< 129%

LZ
Closes Fuel 5.22

Tank Valves

Primary Secondary

Valve Valve 055

APU Overspeed/UnderspeedDetection
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[InjectorCoolingSystem—
The gas generator injector water cooling system is

used only when the normal cool-down period of

J approximately’ not available. The

system sprays water to reduce the temperature of

the gas generator injector branch passages to less

than 400° F in the event that a hot APU must be

restarted after it has been recently shut down. The

water cooling ensures that the hydrazine will not

detonate in the fuel line leading into the injector
due to heat soakback from the gas generator. The

injector is cooled by circulating water through it.
The water from the gas generator injector is

exhausted into the aft fuselage.

[— APU OPERATE —1

1 2 3
—

START/RUN—

(ee)
—

INJECTOR COOL—
Panel R2

If the injector branch (internal) temperature of an

APU is above 400° F from heat soakback, or if the

catalytic bed heater temperature is above 430° F,

the flight crew must cool the injector for 3.5 minutes

before starting the APU. Operational data from hot

APUs shows that the GG INJ temperature does not

temperatures. The crew is safe to attempt a restart

if the GG INJ temperature is decreasing and at least

3.5 minutes of continuous injector cooling has been

completed. A Class 3 alarm with messsage
"APU 1 (2) Cooldown’ will annunciate 225 seconds

after APU injector cooling is initiated.

Care must be taken not to delay in the

OFF position when taking the APU

OPERATE switch to START/RUN. If

cooldown is terminated more than 2 to 3

seconds prior to starting the APU, the

injector branch temperatures may increase

above start limits, and detonation may
occur without another cooldown cycle.

apu1 The water tank supply is sufficient for about six

hot starts, two per APU. The unit's injector

ae temperature can be monitored on the BFS SM

ee =— APU2 SYS SUMM2 display (INJ).

a
Control
Valves

APU Injector Cooling

A single water tank located in the aft fuselage of the
orbiter serves all three APUs. The water tank is 9.4
inches in diameter and loaded with 9 pounds (plus
or minus 0.5 pound) of water. The water tank is
Pressurized with gaseous nitrogen at a nominal

Pressure of 120 psi. The pressure acts on a

diaphragm to expel the water through three 0.25-
inch-diameter lines to three control valves. When
the APU OPERATE switch on panel R2 for APU 1,
2,0r3is positioned to INJECTOR COOL, the water
valve of that unit opens and directs the water into
the gas generator injector to cool it.

Lhe APU3 —
The fuel pump and gas generator valve module are

cooled by passive cooling. The improved APUs #l
have passive heat sinks and heat shields to absorb
conductive and radiant heat. This prevents ff
excessive heat soakback in the gas generator valve
and fuel pump assemblies. There are no water tanks
or associated plumbing for this module with the
APUs. The crew has no requirement to do anything fl
to provide cooling. This passive cooling system, in

conjunction with active injector cooling, is used to
allow for contingency restarts in the event a deorbit
becomes necessary within approximately 180 &
minutes of APU shutdown. ‘

2.1-10

SCOM 1.4

November 1993

|



An APU may not be restarted if the

temperature of the fuel pump is above
210° F or the temperature of the gas
generator valve module is above 200° F,
because hydrazine detonation may occur.

The APU HEATER TANK/FUEL LINE/H2O SYS 1A,
1B,2A, 2B, 3A, 3B switches on panel A12 operate the

thermostatically controlled heaters located on the

corresponding APU fuel system and water system.
The fuel tank, fuel line, and water line heaters for
each APU are divided into redundant A and B

systems for each unit. For example, for APU 1,1A
and 1B, the TANK/FUEL LINE/H2O SYS 1A switch
controls the A heaters, and the thermostats provide
automatic control. Only one set of heaters is used
ata time. The 1B switch controls the 1B heaters,
and the thermostats provide automatic control. The
APU fuel tank and line heater thermostats maintain
the temperatures between a nominal 55° F and 65°
F. The water system heater thermostats maintain

the temperatures between 55° F and 65° F. The OFF

position of each switch removes power from the

respective heater circuits.

The APUHEATER GAS GEN/FUEL
PUMP 1, 2,3 switches on panel A12

2. SYSTEMS
2.1 Auxiliary Power Unit/Hydraulics

temperatures at about 100° F. The gas generator
bed heater is maintained between 360° and 425° F

by a comparator in the APU controller, which
Teceives its signal from the bed temperature
transducer. The gas generator temperature range
ensures efficient APU startup through efficient

catalytic reaction. The B AUTO switch position
Provides the same capability for the B heater system.
The gas generator and fuel pump heaters are

automatically deactivated by the corresponding
controller at APU start. The OFF position of each
switch removes power from the respective heater
circuits. These heater switches also provide
redundant power to the gas generator and gearbox
pressure signal conditioners for use while the APU
controller is off.

The lube oil system lines on each APU also have a

heater system. These heaters are controlled by the
APU HEATER LUBE OIL LINE 1, 2, 3 switches on

panel A12. The lube oil line heaters for each APU
are also divided into an A and B system: e.g., for 1,
A AUTOand B AUTO. The A AUTOswitch controls
the A heater, and the thermostat automatically
controls the corresponding lube oil system heater,

Maintaining the lube oil line in the temperature
range of 55° F to65° F. The B AUTO switch position
provides the same capability to the B heater system.
The OFF position of each switch removes power
from the respective heater circuits.

operate thermostatically controlled

, ®
heaters located on _ the

®
corresponding APU, fuel pump,
and gas generator valve module, APU HEATER

and provide power to the gas 1

—————

r GAS GENFUEL PUMP
1

2 1

‘AAUTO:

generator bed heater. The

thermostats control a series of

heaters on the gas generator valve

module, fuel pump, and all the fuel

©|2@| ©
lines and the water lines from the ®

fuel pump spray manifold to the 1A

xr neo sys

‘AUTO:

8 AK apeimine ral
gas generator valve module. The

heaters are divided into redundant

Aand B systems for each APU. The

A AUTO switch controls the A

Ss

SPs

@|/e]|e| *
heater, and the A thermostat 7) OFF

Sanit Poni Sane APUHEATERControls on Panel A12

heater, mintaining fuel pump and

gas generator valve module
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The water spray boiler (WSB)

system consists of three identical
i draulic Fluid

independent water spray boilers, Bocssvalve : TO)one for each APU and hydraulic sae (a ie
system. The boilers are located in

Rye ae Ui
at WaterSay

the aft fuselage of the orbiter. Each
Lube Oi Drai A

—
WSB cools the corresponding APU LS ; =

lube oil system and hydraulic
system by spraying water onto their

lines;as the water boils off, the lube

oil and hydraulic fluid are cooled.

The steam that boilsoffin each water

spray boiler exits through its own

Lube Oil In

WaterTank
exhaust duct, located on the plea.

. later
starboard side of the vertical BoilerDrai
stabilizer.

Gaseous

NitrogenFill

Each WSBis 45 by 31 inches long by
19 inches wide, and including
controller and vent nozzle, weighs
181 pounds. They are mounted in

the orbiter aft fuselage between X,
1340 and 1400, at Z, 488 minus 15,
and at Y, plus 15. Insulation

blankets cover each boiler. The

boiler’s water capacity is 142

pounds.

WaterSpray Boiler

(One of Three)

Each WSB stores water in a bellows-type storage
tank pressurized by gaseous nitrogen providing
positive water expulsion to feed the boiler.

Hydraulic fluid passes through the boiler three
times. APU lube oil passes through the boiler twice.
The hydraulic fluid tubes are sprayed with water

from three water spray bars, and two water spray
bars spray the APU lube oil. Separate water feed
valves allow independent control of the hydraulicfluid spray bars and APU lube oil spray bars.
Redundant electrical controllers provide completelyautomatic operation.

The boiler system maintains APU lube oil
temperature at approximately 250° F and the
hydraulic fluid in the range of 210° to 220° F.

The crew can see the WSB water quantity (H20
QTY), nitrogen tank pressure (N2 P), nitrogen
Tegulator pressure (REG P), and nitrogen tank
temperature (N2T) on the right side of the SM APU/HYD (DISP 86) display on orbit.

Lube Oil Out, gp

Hydraulic Fluid In-

Hydraulic Fluid Out-

Steam Dump <=
Nozzle

os

—
(Steam Duct

Gaseous

Nitrogen
Tank

Gaseous

Nitrogen
Shutoff
Valve

Water Tank

Gaseous

Nitrogen
Regulator

™ Secondary Controller B

Primary Controller A

oss

Water Spray Boiler Unit

OOOO Al XX X DDD/HH:MM:SS:

cue DDO/HH:MM:SS
APU 1 2 3 HYD 1 2 3

BU EGT XXXXS KXKXS KOKS BU P XXKXS LOOKS XXXXS
EGT YOUXS XXKXS KOOKS RSVR T XXXS XXKS XXXS
SPEED % XXXS XXXS OKS Po XKXS  OKS  XXXS
FUEL QTY XXXS XXXS 20KS QTY XXXKXKS WOKS LOKS

TKP XXXS XXXS XXKS ACCUM P XXXS XXXS XXXS
OUTP XXXS XOXS KS

TKVLVA XXXS XOXXS KS
RET, XXS)TEXXS 3008

B xXxXS xxS xs
BT WKS XS KS WB 1 2 3

lL T XS XS KS
OUTT XXXS XXXS XXxXS_CNTLA YOK KK KKK
OUTP XXXS XXXS KS H20 QTY XKKS KS XKS

GBX P XXXKS XXXS  KXXS NZ P XXXXS OKS LOKS
N2P XXXS HKXS OKKS T XS KS XS

BRGT 2XXS XXXS WOKS REG  P XKXS KS KS
GGBED T XXXS XXXS XXXS BYP VLV XXKXS KS XKKS

PUMP/VLV VENT TT 2XXXS 2XXXS_ 2XXXS
PMPT XXXS XXXS XXKS TANK T 2XXXS 2XXXS 2S
VIVT XXXS XS HXXKS BLA TT XS EXKKS 2XKXS

SM APU/HYD Display (DISP 86)
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Gaseous Nitrogen

2. SYSTEMS
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Regulator and Gaseous Nitrogen
Relief Valve Shutott Valu

Water Fill Gaseous Nitrogen Fill Steam DuctGi rog tearn Du

oi ii os

> by
=F q5-- nas

ere]‘

r— Steam Vent

Getoous 5
Dump Nozzle

aa ees I

|.=—— Vent Heaters. 1
1

= —— Steam Vent

1 T

L——Tank Gaseous Hydraulic Fluida2roundsce Heaters Nitrogen BypasssaCollen
Tank When

It Decreases to

draulic -$———_ 190°F.

Wate (8) 1 Boaae Hydraulic Fluid

aed Relief Directed ThroughSecondary = Valve Water Boiler at 210°F
Controller

1 me Vent

1 oS afe =
'

Hydraulic FluidWater Supply ' are| |
Vale (sereda) a t f

208° SetPoint

a= =>---J=
z

Temperatureil =

ee Turns on

I 1 Hydraulic-Fiuid
| Water Feed Valve

(A) 11

Primary ores | task LubeOil1 Controller
J

? 7
| 7 NX . z

250°F Set-Point

| Temperature
Turns on APUtee Soe Supen) "Lube oi Water

VaNe (Lube) Feed Vave

Lube oil Water Filv 060

Drain Drain

Water Spray Boiler (One of Three)

The gaseous nitrogen pressure for each WSB is

contained in a corresponding 6-inch spherical
pressure vessel. The pressure vessel contains 0.77

pound of nitrogen at a nominal pressure of 2,400

psiat 70° F. The gaseous nitrogen storage system of
each WSB is directed to its corresponding water

storage tank. Each storage vessel contains sufficient

nitrogen gas to expel all the water from the tank

and allow for relief valve venting during ascent.

The nitrogen shutoff valve between the pressure
valve and water storage tank of each boiler permits
the pressure to reach the nitrogen regulator and

water tank or isolates the nitrogen supply from the

water tank. Each nitrogen valve is controlled by its

respective BOILER N2 SUPPLY 1, 2, or 3 switch on

panel R2. The nitrogen shutoff valve, which is
latched open or closed, consists of two independent
solenoid coils that permit valve control from either

the primary or secondary controller.

A single-stage regulator is installed between the

nitrogen pressure shutoff valve and the water

storage tank. The gaseous nitrogen regulator for
each water spray boiler regulates the high-pressure
nitrogen between 24.5 and 26 psig as it flows to the

water storage tank.

A relief valve is incorporated inside each nitrogen
regulator to prevent the water storage tank pressure
from exceeding 33 psig. The gaseous nitrogen relief Jj
valve opens between 30 to 33 psig.
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‘eN__RELEASE__ OPEN

U

OSEsissy LATCH

a &

BOILER Switches on Panel R2

The water supply for each boiler is

stored in a positive-displacement
aluminum tank containing a welded

Water quantity is available when either the A

or Bcontroller is powered.

Downstream of the water storage tank, the

feedwater lines to each water boiler split into

two parallel lines: one line goes to the hydraulic
fluid flow section and one to the lube oil section

of the WSB. The H2O spray valves in each

feedline are controlled independently by the

boiler controller.

The two boiler controllers are operated by
the respective BOILER CNTLR/HTR 1,2, and

3 switches on panel R2. When the applicable
switch is positioned to A, the A controller

for that boiler is powered; if it is positioned
to B, the B controller is powered. The OFF

position removes electrical power from both

controllers.

The BOILER PWR 1, 2, and 3 switches on

panel R2 enable (provide the automatic

control functions) the specific controller A

or B selected for that boiler by the BOILER

metal bellows separating the stored} ,/,
water inside the bellows from the

J°

Gy) UAT

nitrogen expulsion gas. @

pot
FUEL/H20aTY),Anoia cas!

rier on|
17 PRESS TEMP

Redundant pressure and

temperature sensors located
|

downstream from the gaseous |
nitrogen pressure vessel and on the

water tank for each boiler transmit
|

the pressures and temperatures |

through each controller to the || !

systems management general-
SSS

purpose computer. The computer (@_/a)
computes the water tank quantity
from the pressure, volume, and

temperature, and transmits the water |)
tank quantity to panel F8 for each
boiler. The switch below the meter
on panel F8 is positioned toH70 to |
allow the water quantity of each
boiler to be displayed on the APU
FUEL/H20 QTY 1, 2, or 3 meter.

QTY Meter and Switch on Panel F8 C3

]

2.1-14

SCOM 1.4

November 1993



CNTLR/HTR 1,2, and 3 switches on panel R2. When
the applicable controller A or B is enabled for that

boiler, a ready signal is transmitted to the

corresponding APU/HYD READY TO START
indicator on panel R2 if the following additional
conditions are met: gaseous nitrogen shutoff valve
is open, steam vent nozzle temperature is greater
than 130° F, and hydraulic fluid bypass valve is in

the correct position with regard to the hydraulic
fluid temperature.

The core of each WSB is a stainless steel crimped-
tube bundle. The hydraulic fluid section is divided
into three 17-inch-long passes of smooth tubes (first

pass-234 tubes, second pass-224 tubes, and third

pass-214 tubes). The lube oil section of the APU

comprises two passes with 103 crimped tubes in its
first pass and 81 smooth tubes in the second pass.
The tubes are 0.0125 of an inch in diameter with a

wall thickness of 0.010 of an inch. Crimps located

every 0.24 of an inch break up the internal boundary
layer and promote enhanced turbulent heat transfer.

Although the second pass is primarily a low-

pressure drop return section, approximately 15

percent of the unit’s lube oil heat transfer occurs

there. Three connected spray bars feed the hydraulic
fluid section, while two spray bars feed the power
unit’s lube oil section in each boiler.

When the orbiter is in the vertical position on the

launch pad, each boiler is loaded with up to 3.5

pounds of water, whichis referred toasiRBGTGIGGE?
operation. When each APU/hydraulic system and

WSB are in operation 5 minutes before lift-off, the

APU lube oil tube bundle is immersed in the boiler

water precharge. Liquid level sensors in each water

boiler prevent the water feed valves from pulsing
to avoid water spillage or loss. As the vehicle

ascends during launch, the lube oil system of the

APU heats up, eventually the boiler water precharge
boils off, and the boiler goes into th

aboutSiminutesiafterlaunch;The hydraulic fluid

usually does not heat up enough during ascent to

require spray cooling.

When the APU/hydraulic combination is started

for atmospheric entry, the hydraulic fluid and power
unit lube oil flow commences, fluid temperatures
rise, and spraying is initiated as required. During

fe owerDarioyerywoventiepodertemperaturecl , the water spra’ iler returnsto the

pool mode.Thespray barsbegindischargingexcess
water to fill the boiler. When the water reaches the

2. SYSTEMS
2.1 Auxiliary Power Unit/Hydraulics

liquid level sensors, the spray is turned off so that
the boiler is not overfilled. During entry, because
the orbiter’s orientation is different from that of

launch, the boiler can hold up to 14 pounds of water.

The enabled controller of the operating WSB
monitors the hydraulic fluid and lube oil outlet

temperature from the APU. The hydraulic fluid
outlet temperature controls the hydraulic fluid H2O

spray control valve, and the lube oil outlet

temperature controls the lube oil water spray control
valve. Signals are based on a comparison of the

hydraulic system fluid temperature to its 208° F set

point and of the lube oil of the power unit to its
250° F set point. When the respective water feed
valve opens, instantaneous flows of 10 pounds per
minute maximum through the hydraulic section
and 5 pounds per minute maximum through the

lube oil section enter the water boiler through the

corresponding spray bars to begin evaporative
cooling of the hydraulic fluid and APU lube oil.
The steam is vented out through the overboard
steam vent.

The separate water feed valves modulate the water

flow to each section of the tube bundle core in each

WSSB independently in 200-millisecond pulses that

vary from one pulse every 10 seconds to one pulse
every 0.25 of a second.

Because of the unique hydraulic system fluid flows,
control valves are located in the hydraulic system
fluid line section of each WSB. Normally, hydraulic
system fluid flows at up to 21 gallons per minute;
however, the hydraulic system experiences 1- to 2-

second flow spikes at up to 63 gallons per minute.

If these spikes were to pass through the boiler,

pressure drop would increase ninefold and the

boiler would limit the flow of the hydraulic system.
To prevent this, a relief function is provided by a

spring- loaded poppet valve that opens when the

hydraulic fluid pressure drop exceeds 48 psi and is

capable of flowing 43 gallons per minute at a

differential pressure of 50 psi across the boiler. A

temperature controller bypass valve allows the

hydraulic fluid to bypass the boiler when the fluid

temperature decreases to 190° F. At 210° F, the

controller commands the bypass valve to direct the

fluid through the boiler. When the hydraulic fluid

cools to 190° F, the controller again commands the

valve to route the fluid around the boiler. Bypass
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valve (BYP VLV) status is available on the following

displays: SM SYS SUMM 2 (PASS AND BFS) and

PASS DISP 86 APU/HYD.

Each water boiler, water tank, and steam vent is

equippedwith electrical heaters to prevent freeze-

up in orbit. The water tank and boiler electrical

heaters are activated by the corresponding BOILER

CNTLR/HTR 1, 2, and 3 switches on panel R2. The

A or B position of each switch selects the A or B

heater system and is automatically controlled by
the corresponding A or B controller. The steam

yent heaters are also activatedby the BOIL.

CN’
i

BOILER PWR 1, 2 or 3 switch on panel R2 is ON.

The water tank and boiler heaters are cycled on at

50° F and off at 55° F. The steam vent heaters are

approximately two hours before APU startup. The

offat175° F-
MainHydraulicPump

The main hydraulic pump for

each hydraulic system is a

variable displacement type.

is one of the inputs required to get a gray READY

TOSTART talkback:

«NOTE™

An APU cannot be successfully started

with HYDMAINPUMPPRESS positioned
to NORM.

After an APU has been started, the corresponding
HYD MAINPUMPPRESS switch is positioned from

LOW to NORM. This de-energizes the respective
depressurization valve, allowing that hydraulic
pump to increase its outlet pressure from 500 to

1,000 psi to 2,900 to 3,100 psi. Each hydraulic pump
is a variable displacement type that provides 0 to

63 gallons per minute at 3,000 psi nominal with the

APU at normal speed and 69.6 gallons per minute

at 3,000 psi nominal with the APU at high speed.

Main pump outlet pressure (HYD PRESS) can be

seen by the crew on the BFS SM SYS SUMM 2 or

PASS DISP 86 APU/HYD displays. A high-pressure
relief valve in the filter module for each hydraulic
system also relieves the hydraulic pump supply
line pressure into the return line in the event the

supply line pressure exceeds 3,850 psid.

Each operates at approxi-
mately 3,900 rpm when driven

by the corresponding APU. 12
LEFT

Ter Ne

ISOLATION
A

——_,

Oren RIGHT

APUHYD___
Eachmain hydraulic pump has off]

{ eo ete

an electrically operated (e =I @)
depressurization valve. Th oon

a
= le ——HeISOLATIONB—__,

lepressurization valve for each ee
em ae

pump is controlled by its

‘ll Ne) |

corresponding HYD MAIN 9
¢ @ @) k=)|

QOsePUMP PRESS 1, 2, or 3 switch
on panel R2. When the switch

—— PNEUMATics

teen ‘HeISOL nas
OPEN

is positioned to LOW, the

depressurization valve is
CLOSE

18) 1) {L—

‘CLOSE

—— HeINTERCONNECT—_OPEoS Lert cir Rice”
NOPEN———

energizedto reduce the main

ydraulic pump disc arge
ressure fromits nominal ran; e

oO 10 S1 Output

nominal range of 1,000 ere 6eke:cil1 to reduce the APU torque

Tequirementsluring the si

of the APU. “APU Press Low”

HYD MAINPUMPPRESS 1, 2,3 Switches on Panel R2
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A separate pressure sensor (sensor A) in the filter
module for each hydraulic system monitors the
hydraulic system source pressure and displays the

2. SYSTEMS
2.1 Auxiliary Power Unit/Hydraulics

also provides an input to the yellow HYD PRESS
caution and warning light on panel F7 if the

hydraulic pressure of system 1, 2, or 3 is below
pressure on the HYDRAULIC PRESSURE 1, 2, and 2,400 psi. I3 meters on panel F8. This hydraulic pressure sensor

VZZZZF-

1) 4

LY
= =

Heyl!
4 =

a>
—

="Thermal Ne]trol

ere 4 Geese wise)t Freon/hyd
hat exch

Water
J ISN) 4 wor

‘Accumulator

cd

manpup Circulation “a0

Open. P>2563 psig Prey,Close. P<2050 psig
(relieves
at 3000

Open P 2600> psig psid)
Reseat P 2600< psig

Pressure<@}-—
Roturn— pa
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2. SYSTEMS
‘

2.1 Auxiliary Power Unit/Hydraulics

HYDRAULIC PRSSURE and QUANTITY Meters on Panel F8

(Driven bydifferentsensor than CRT)

Hydraulic reservoir pressure is maintained using
an accumulator bootstrap mechanism. The

bootstrap uses a variable area piston assembly to

convert high pressure to the accumulator to lower

pressure in the reservoir (roughly 40:1). This
reservoir pressure maintains adequate hydraulic
inlet pressure at both the main pump and circulation

pump to prevent cavitation during startup and

Operation. When the main hydraulic pump is in
operation, the high-pressureside of the piston and

psigfromthemainpumpdischargeline.When the
main =yarauilicpump is shut down, the priorityvalve closes and the bootstrap accumulator

Maintains a pressure of approximatel

The2500psi on the highsidea ale
Paminc(owside)pressureofapproximately62psia._Theminimuminletpressuretoassurea~d

0
ure a

ds to a high-pressure sid: i
i

prevents the main pump from cavitating (not

drawing hydraulic fluid), which could damage the

pump.

The quantity in each reservoir is 8 gallons. The

hydraulic fluid specification is MIL-H-83282, which

is a synthetic hydrocarbon (to reduce fire hazards).
The reservoir provides for volumetric expansion
and contraction. The quantity of each reservoir is

monitored in percent on the HYDRAULIC

QUANTITY meters on panel F8. A pressure relief
valve in each reservoir protects the reservoir from

Overpressurization and relieves at 120 psid.

HydraulicAccumulator,
The accumulator is a piston type precharged with

gaseous nitrogen at 1,650 to 1,750 psi. The gaseous
nitrogen capacity of each accumulator is 96 cubic
inches, and the hydraulic volume is 51 cubic inches.
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The circulation pump is actually two fixed-

displacementgear-type pumps in tandem, driven
Oneisa highpressure,e,low-

volume pum) d to maintain
accumulator pres: while the hydraulic system
1s inactive in orbit The other is a low pressure,

aeecvoumepump(G50psig).whichisusedtoGrculateHydraulicfluid_through theorbiter‘draulic lines while the hydraulic system is inactive
In_or' up cold spots. The

hydraulic fluid is circulated through a Freon/
hydraulic fluid heat exchanger to pick up heat from
the orbiter Freon coolant loops. A temperature-
controlled bypass valve directs the hydraulic fluid

through the heat exchanger if the temperature at

the heat exchanger inlet is less than 105° F. The

bypass valve bypasses the fluid around the heat

exchanger if the temperature is greater than 115° F.

An unloader valve at the circulation pump outlet
directs the high pressure output from the circulation

pump into the accumulator until the accumulator

pressure is greater than 2,563 psia, then redirects
the high pressure output to combine with the low

pressure output to the hydraulic lines.

Each circulation pump can

2. SYSTEMS
2.1 Auxiliary Power Unit/Hydraulics

000000079 SM SYS SUMM2 XX X DDD/HH:MM:SS
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(Hydraulic System Values)

system are greater than 20° F, or after 15 minutes
for system 1 and 10 minutes for systems 2 and 3.
The activation/ deactivation limits for these control

temperatures can be changed during the flight by
crew or Mission Control.

off with the corresponding
HYD CIRC PUMP switch

on panel R2. If the switch

is placed in GPC, the pump eee cri crt:
will be activated and =
deactivated by the SM e)*/e)
GPC according toa control

software program based

on certain hydraulic line

temperatures and/or
accumulator pressure.
This program activates the

appropriate circulation

pump when any of the

control temperatures drop
below either 0° F, or -10°

F, depending on their

locations, and deactivates

the circulation pump when

all of the control

be manually turned on or
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2. SYSTEMS

2.1 Auxiliary Power Unit/Hydraulics

The program also includes a timer to limit the

maximum time a circulation pump will run, and a

priority system to assure that only one circulation

pump is on at a time (because of excessive power

usage if more than one circulation pump is on).

Each circulation pump uses 2 kW of electrical power.

This software will also automatically provide for

the repressurization of the hydraulic accumulator

when the pressure lowers to a value of 1,960 psi. In

this contingency, the circulation pump will first

receive the highest priority to operate and will be

turned ON while other circulation pumps are

operating in thermal mode (this means that two

pumps can be operating simultaneously). After the

pump has been repressurized, the accumulator

above 1,960 psi, or a period of 2 minutes (this value

can be changed by Mission Control Center uplink)
has elapsed, the circulation pump will be

commanded to OFF. It is possible to run all three

circulation pumps at the same time to repressurize
accumulators.

The circulation pump is automatically disconnected

when its corresponding APU Run command is

issued by the APU controller. Each circulation pump
can be powered by one of two orbiter main electrical

The crew can see circulation pump outlet pressure
as well as the hydraulic line and component @
temperatures on the PASS SM HYD THERMAL

display, DISP 87.

YOOOUKXKI08THYDTHERMAL 20 X_ DODIHH:MM'SS
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SM HYD THERMAL Display (DISP 87)

The SM APU/HYD display (DISP 86) shows the

hydraulic system pressure, reservoir temperature,
reservoir quantity (in percent), and hydraulic

buses, selectable by the HYD CIRC PUMP POWER __ accumulator pressure.
switches on panel A12. @
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HydraulicHeaters
Areas of the hydraulic lines that cannot be warmed

by fluid circulation while the system is inactive on-

orbit are warmed by heaters. These heaters are

automatically controlled by thermostats to maintain

the hydraulic line temperatures in a specified range.
Each heated area has redundant heaters (A and B),
which are controlled by the HYDRAULIC HEATER

switches on panel A12.

Operations...

The WSB controllers are powered up at launch
minus 8 hours, and the boiler water tanks are

pressurized in preparation for APU activation. The

controllers activate heaters on the water tank, boiler,
and steam vent to assure that the water spray boiler

is ready to operate for launch.

APU start is delayed as long as possible to save

fuel. At T minus 6 minutes 15 seconds, the pilot
begins the prestart sequence. The pilot confirms

that the WSB is activated, then activates the APU

controllers and depressurizes the main hydraulic
pump. Depressurizing the main pump reduces

the starting torque on the APU. The pilot then

opens the fuel tank valves and looks for three APU

ready-to-start indications (gray talkbacks). At T

minus 5 minutes, the pilot starts the three units by
setting the APU OPERATE switches to START/RUN
and checks the hydraulic pressure gauges for an

indication of approximately 800 psi. Then the pilot
pressurizes the main pump and looks for

approximately 3,000 psi on the gauges. All three

hydraulic main pump pressures must be greater
than 2,800 psi by T minus 4 minutes, or the

automatic launch sequencer will abort the launch.

The APUs operate during the ascent phase and

continue to operate through the first OMS burn.

At the conclusion of the main engine purge, dump,
and stow sequence, the APUs and WSBs are shut

down. The same sequence applies for a delayed
OMS-1 burn. If an abort once around is declared,
the APUsare left running, but the hydraulic pumps
are depressurized to reduce fuel consumption. The

units are left running to avoid having to restart hot

APUs for deorbit and re-entry.

2. SYSTEMS

2.1 Auxiliary Power Unit/Hydraulics

Six hours after liftoff, or as soon as they are required,
depending on the environment, the gas generator /
fuel pump heaters are activated and are inoperation
for the remainder of the orbital mission. The fuel
and water line heaters are activated immediately
after APU/HYD SHUTDN in the post OMS-1
timeframe to prevent the lines from freezing as the
APUs cool down.

Two hours after liftoff, the steam vent heaters of the

WSBs are turned on and left on for about 1.5 hours
to eliminate all ice from the steam vents.

Two hours and twenty minutes into the flight, while
in the Post Insertion Checklist, the hydraulic thermal

conditioning is enabled by taking the hydraulic
circulation pumps to GPC. Further, the HYD CIRC
PUMP POWER switch(es) on panel A12 will be

configured to distribute electrical loads when

appropriate.

While the vehicle is in orbit, the hydraulic circulation

pumps are in the GPC mode—automatically
activated when hydraulic line temperatures become

too low and automatically deactivated when the

lines warm up sufficiently.

On the day before deorbit, one APU is started to

supply hydraulic pressure for flight control system
checkout. (Hydraulic pressure is needed to move

the orbiter aerosurfaces as part of this checkout.)
The associated WSB controller is activated, landing
gear isolation valves 2 and 3 are closed, and one

APU (selected by the Mission Control Center) is

started. The hydraulic main pump is set to normal

pressure (approximately 3,000 psi), and aerosurface

drive checks are made. After about 5 minutes, the

checks are complete, and the APU is shut down.

Normally, the unit does not run long enough to

require WSB operation. The landing gear isolation

valves on hydraulic systems 2 and 3 are reopened
after the APU is shut down.

At 2.5 hours before the deorbit burn, the boilers’

steam vent heaters are activated to prepare the

system for operation during atmospheric entry. At

about the same time, the landing gear isolation

valves on hydraulic systems 2 and 3 are closed, and

the circulation pumps are turned off.
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2. SYSTEMS
2.1 Auxiliary Power Unit/Hydraulics

At45 minutes before deorbit, the WSB water tanks

arepressurized,the APU controllers are activated,

and the main hydraulic pumps are set to low

pressure. The pilot opens the fuel tank valves and

looks for three gray APU/HYD READY TO START

talkbacks. The pilot then closes the fuel tank valves.

This procedure takes place while the crew is in

contact with the ground so that flight controllers

can observe APU status. Five minutes before the

deorbit burn, one APU (selected by Mission Control)

is started to ensure that at least one unit will be

operating for entry. The hydraulic pump is left in

low-pressure operation. The APU operates through
the deorbit burn. At 13 minutes before entry
interface (400,000-foot altitude), while the orbiter is

still in free fall, the other two APUs are started, and

all three hydraulic pumps are pressurized to

normal. Two main engine hydraulic isolation

valves are cycled open and then closed to ensure

that the engines are stowed for entry. Two

minutes later, if required, the aerosurfaces are put

through an automatic cycle sequence to make

sure warm hydraulic fluid is available in the

aerosurface driveunits.

After touchdown, a hydraulic load test may be done

to test the response of the auxiliary power units

and hydraulic pumps under high load (i.e., high
flow demand) conditions. This test cycles the orbiter

aerosurfaces with one hydraulic system ata time in

depressed mode (the remaining two APUs and

hydraulic pumps have to drive all the aerosurfaces).
This is typically done on the first flight of a new

vehicle. Then the main engine hydraulic isolation

valves are opened again, and the engines are set to

the transport position. At this point, the hydraulic
systems are no longer needed; the APUs and WSBs

are shut down.
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2. SYSTEMS
2.1 Auxiliary Power Unit/Hydraulics

oe APU/HYD Caution and Warming Summary

¢ The yellow APU TEMP caution and warning
light on panel F7 is illuminated if the APU 1,
2, or 3 lube oil temperature is above 290° F.

¢ The yellow APU OVERSPEED light is

illuminated if APU 1, 2, or 3 turbine speed is

more than 92,880 rpm (129%). If the APU

AUTO SHUT DOWN switch on panel R2is in

ENABLE, an automatic shutdown of that APU

will occur.

¢ The yellow APU UNDERSPEED light is

illuminated if APU 1, 2, or 3 turbine speed is

less than 57,600 rpm (80%). If the APU AUTO

SHUT DOWN switch for that APU is in

ENABLE, an automatic shutdown will occur.

Placing the APU AUTO SHUT DOWN switch
in INHIBIT only inhibits the automatic
shutdown of that APU if its turbine speed is

less than 80% or more than 129%. The APU

UNDERSPEED or APU OVERSPEED light will

always illuminate, and a tone will be

generated.

The yellow HYD PRESS lightilluminates when

hydraulic system 1, 2, or 3 drops below 2,400
psi for any reason.

The blue SM ALERT illuminates, and the

C/W tone is sounded if turbine speed falls

below 80% or rises above 129%.

The red BACKUP C/W ALARM illuminates if

hydraulic pressure of system 1, 2, or 3 drops
below 2,400 psi.

G .
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2. SYSTEMS
2.1 Auxiliary Power Unit/Hydraulics

APU/HYD Summary Data

© The APUisa hydrazine-fueled,turbine-driven

power unit that generates mechanical shaft

power to drive a hydraulic pump that
produces pressure for the orbiter’s hydraulic
system.

The three orbiter hydraulic systems provide
pressure to position hydraulic actuators for:

gimbaling SSMEs, actuating SSME control

valves, moving orbiter aerosurfaces, retracting
ET disconnect umbilicals, deploying landing
gear, and providing brake power, anti-skid,
and nose wheel steering.

The APUsare located in the aft fuselage of the

orbiter.

Each APU/HYD system has an independent
water spray boiler for APU lube oil and

hydraulic fluid cooling. Water is used after

APU shutdown for injector cooling if a hot

restart is required. The APUs share a central

supply tank for injector cooling.

The three APUs are started 5 minutes before

lift-off. They continue to operate throughout
the launch phase, and are shut downafter the

main engine propellant dump and stow are

completed (post OMS-1). The APUs are

restarted for entry: one APU prior to the

deorbit burn, and the other two prior to entry
interface.

Each APU fuel tank load is approximately 325

pounds of hydrazine.

APU/HYD controls are located on Panel R2;
heater controls are on panel A12.

CRTs that display APU/HYD information

include the PASS and BFS SM SYS SUMM 2

display (DISP 79), APU/HYD display (DISP

86), HYD THERMAL (DISP 87), and APU/
ENVIRON THERM (DISP 88).

Several meters for monitoring APU/HYD

parameters are located on panel F8.

APUs can be manually shut down and
restarted after completion of a full injector
water cooling cycle (3.5 minutes), or after

approximately 180 minutes of passive cooling
onorbit.

APU fuel usage rates vary with loading, but

APU/HYD Rules of Thumb

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
coolingcycles.
If all water spray boiler cooling is lost to the
lube oil after an APU reaches full operating
temperatures,only 2 to3 minutes of operating
time are available before bearing seizure
occurs.
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2.1 Auxiliary Power Unit/Hydraulics
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2.1 Auxiliary Power Unit/Hydraulics
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Panel F8
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Description

The caution and warning system warns the crew of

conditions that may create a hazard to orbiter

operation and/or crew. Under certain

circumstances, the system also alerts the crew to

situations that require time-critical (under 5

minutes) procedures to correct them. The system
uses data such as temperature, pressure, flow rates,
and switch positions to determine whether an alarm

situation exists.

2. SYSTEMS
2.2 Caution and Warning System

The system consists of software and electronics that

provide the crew with visual and aural cues whena

system exceeds predefined operating limits. Visual
cues consist of four red MASTER ALARM lights, a

40-light array on panel F7,a 120-lightarray on panel
R13U, and CRT messages. The aural cue is sent to
the communications system for distribution toflight
crew headsets or speaker boxes.

The crew interfaces with the C/W system through
panel R13U, panel C3, CRT displays, panel F7, panel
L1, and the four red MASTER ALARM push button
indicators on panels F2, F4, A7, and MO52J.

The C/W system interfaces with the auxiliary power
units, data processing system, environmental
control and life support system, electrical power
system, flight control system, guidance and

navigation, hydraulics, main propulsion system,
reaction control system, orbital maneuvering
system, and payloads.

Inputs enter the software C/Wlogic circuitry from
the onboard computers through multiplexers/
demultiplexers (MDMs) to activate alarm tones and

the BACKUP C/W ALARM.Some of these are used

to turn on the BACKUP C/W ALARMlight on panel
F7 while crew input resets the MASTER ALARM

lights and tones.

ALARM ANNUNCIATION

EMERGENCY CAUTION & WARNING ALERT
CLASS 1 CLASS 2 CLASS 3

IETWABI

Alert tone

| | SM light
Fault msg

FIRE PRIMAR BACKUP

SMOKE -0P/AT, caw Caw

LIMIT SENSING
HARDWARE ONLY HARDWARE SOFTWARE CLassD

Siren Klaxon C&W tone C&W tone

MA lights MA lights MA lights MA lights SOFTWARE

Smoke EZ lights
F7 B/U light

detection 3 lights Fault msg ‘Status parameters
lights

079

Caution and Warning Diagram

2.2-1

SCOM 1.2

November 1992



2. SYSTEMS

2.2 Caution and Warning System

Alarms

Fouralarm classes constitute the C/W system.

Class 1-Emergency

There are two alarms in this class: (1) smoke

detection/fire suppression and (2) rapid cabin

depressurization. (These systems are discussed in

more detail later in this section.) Class 1 is a

hardware system only; its inputis not processed by
any MDMs or software. The system uses hardware,

such as hard-wired sensors, to monitor parameters
and to issue alarms. Because of the nature of the

class 1 alarms, they always receive the highest
priority for resolution.

The emergency (class 1) aural alarms consist of a

siren (activated by the smoke detection system) and

a klaxon (activated by the delta pressure/deltatime

sensor that recognizesa rapid loss of cabin pressure),
and they are annunciated by hardware. The siren’s

frequency varies from 666 to 1,470 hertz and returns

ata five-second-per-cycle rate. The klaxon is a 2,500-
hertz signal with an on/off cycleof 2.1 milliseconds

onand 1.6 milliseconds off, mixed with a 270-hertz

signal with a cycle of 215 milliseconds on and 70

milliseconds off.

The emergency alarm visual cues consist of

illumination of the four MASTER ALARM

pushbutton indicators on panels F2, F4, A7, and

MO52J. The smoke detection system also

illuminates SMOKE DETECTION lights on panel
L1, displays information on the SM SYS SUMM 1

display (SMOKE), and issues a backup C/W “smoke

alarm” message. Similarly, cabin pressure
information can be seen on the SM SYS SUMM 1

display (CABIN).

Class 2—C/W

This class also consists of two subclasses: primary
C/W, which is a hardware system, and backup
(B/U) C/W, which is a software system.
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~

wEMOR
READ

PanelR13
r

[—<—wma
inte Ete sealnae

IEEEmtd

tower Reve

Wout

System
Transducer

Control]
Logic

Mubtiplexer

ana |ENABLOF |

-

wemea] |

fc

£m
Panel C3 o

Caution/Warning *

°

CER

‘Master Alarm and TG’ Al
Master Alarm A

Power

Supply}
A Master Alarm B

Master Alarm andTG'B-4+——_|
Tone va

CautionWarniecwoncs Om_| By lea
Powerl er Panel C3MDMs|
5

| | CautioWarming
ESS1/BC™ Campus Panel

Communication a
=

Panels F2, F4,a
| System A7.M052j_ f—] fl

ESS2cA “ToneGenerator
: =

Panel C3
080

Caution and WarningSystemOverview

2.2-2
SCOM 1.3

June 1993

CI lew___—_ ee |



The primary C/W system has the capacity to
monitor 120 inputs, which are received from
transducers through either signal conditioners or

flight forward MDMs. Baselined limit values are

stored in the C/W electronics unit located in avionics

bay 3. These values can be changed by the crew,
after the parameters’ engineering units are

converted to a standard voltage value, through
switches on panel R13U; however, if power is lost,
the limits will return to their original values. The

majority of the original stored values are identical
to the backup C/W(software) values. Thirty-nine
lights on the panel F7 annunciator matrix are

dedicated to the primary C/W; the exception is the

BACKUPC/WALARM.

When a primary C/W alarm is issued, the

appropriate lamp on the panel F7 annunciator
matrix is illuminated, all four MASTER ALARM
indicators are illuminated, the C/W tone sounds,
and the appropriate lamp on the panel R13U

parameter status light matrix is illuminated. No
CRT fault message is generated by the primary
c/w.

The primary C/W system receives power from

power supply A from the C/WA circuit breaker

powered by ESS 1BC on panel O13, and power
supply B from C/WBcircuit breaker powered by
ESS 2CA on panel O13.

A loss of power supply A will cause all panel F7

lights except BACKUP C/W ALARM to illuminate.
It will also cause a loss of panel R13U status lights
and function, smoke detection via circuit test A, the

CAUTION/WARNING MEMORY READ switch,
lower bulbs of the MASTER ALARM light (except
for lamp test), primary C/Wlimit sensing, and tones

to the middeck.

A loss of power supply B causes the BACKUP C/W
ALARM light to come on in addition to the primary
C/Wlight, a loss of smoke detection via circuit test

B, upper bulbs of the MASTER ALARM lights
(except during a lamp test), and sleep station headset

tones.

The backup C/W (class 2) system is part of the

systems management fault detection and

annunciation (FDA), GNC, and backup flight system
software programs. Only the 69 backup C/W
alarms that are produced by FDA (software that

2. SYSTEMS
2.2 Caution and Warning System

02 PRESS PI uncer | Fuecel | FUELCeL
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monitors parameters and initiates alarms) have

limits that can be changed and displayed in

engineering units accessed through the SM TABLE
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2.2 Caution and Warning System
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Channel not used

Hardware Caution and Warning Table

60). The remaining backup C/W alarms that are

produced by the guidance and navigation program
are accessed through general-purpose computer
read/write procedures. A backup C/W out-of-

tolerance condition will trigger illumination of the

four MASTER ALARM lights, illuminate the red

BACKUP C/WALARMlight on panel F7, and display

a message on the fault message line and fault

summarypage.

The class 2 (C/W) aural master alarm is activated

by the primary (hardware) system, the backup
(software) system, or both. The C/W tone is an

alternating 375 hertz and 1,000 hertz at a 2.5 hertz
rate. The alternating C/W alarm tone is generated

ex x
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when the hardware system detects an out-of-limit
condition on any of the 120 parameters it monitors
or when the software (backup) system detects a

parameter that is out of limits.

Class 2 primary and backup C/W visual cues

include a 40-light annunciator matrix on panel F7.

This matrix annunciates various system or

functional failures. Each light is driven by one or

more parameters. With the exception of the

BACKUP C/WALARMlight, once a lamp has been

illuminated, it will not be extinguished until all

parameters driving that light are back within limits.
THE BACKUP C/W ALARM light is extinguished
once a MSG RESET key is pushed.

Panel R13U is the crew’s interface with the primary
C/Wsystem. It includes a parameter status light
matrix that is used to check the status of a parameter
and also to check parameter limits. When used to

check the status of parameters, the numbers on the

left side of the matrix are read first to obtain the

first two numbers of the parameter (row), then the

number on the top is read to obtain the third number

of the parameter. The matrix can display all 120

parameters (numbered from 000 to 119) of the

primary C/W system.

Class 3 - Alert

This class is a software system operated by the SM

software. It would generally receive lower priority
thana class 1 or 2 alarm. Class 3 alert is designed to

inform the flight crew of a situation leading up toa

class 2 alarm or one that may require a long
procedure (over 5 minutes) in order to rectify the

problem. When an alert parameter exceeds its limits,
the blue SM ALERT light on panel F7 is illuminated,
a discrete is sent to the primary C/W system to

turn on the alert tone, and the software displays a

fault message on the fault message line and fault

summary page.

Both guidance, navigation, and control (GNC) and

systems management (SM) software sense out-of-

limit conditions. These software systems also serve

some less critical parameters and annunciate the

systems management alert tone. The SM alert tone

is a steady tone of 512 hertz of predefined duration

generated in the C/W electronics when activated

by inputs from the onboard computers.

2. SYSTEMS
2.2 Caution and Warning System

Class 0 - Limit Sensing

Class 0 is a software system consisting of up and
down arrows on the CRT displays next to a

parameter. It provides no aural annunciation.

A down arrow displayed next to a parameter would
indicate that the low limit for that parameter had
been met or violated. In addition, the down arrow

is used to indicate a state that does not agree with
the nominal state; for example, a fan that is

nominally on (e.g., HUM SEP fan) is off.

An up arrow displayed next to a parameter would
indicate that the upper limit for that parameter has
been exceeded.

Smoke Detection

and Fire Suppression

This emergency class 1 alarm is hardware driven.

The crew is alerted to emergency situations by use

of visual and audio alarms.

Smoke detection and fire suppression capabilities
are provided in the crew cabin avionics bays, the

crew cabin, and the Spacelab pressurized module.

Ionization detection elements, which sense levels

of smoke concentrations or rate of concentration

change, trigger alarms and provide information on

smoke concentration levels to the performance-
monitoring CRT system and an array of red SMOKE

DETECTION lights on panel L1.

‘Smoke Detectors
Extinguisher

‘Avionics Bay 1

084

Smoke Detection and Fire Suppression System
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2.2 Caution and Warning System

The ionization detection system is divided into two

groups: group A and group B. Group A ionization
detection elements are located in the environmental

control and life support system cabin fan plenum
outlet beneath the crew cabin middeck floor and in

the left return air duct on the crew cabin flight deck,

and one element is located in each of the three

forward avionics bays (1, 2, and 3A). Group B

ionization detection elements are located in the right
return air duct on the crew cabin flight deck and in

avionics bays 1, 2, and 3A. On Spacelab missions,

ionization detection elements are located in the

Spacelab module.

If an ionization detection element senses a smoke

particle concentration of 2,000 (+ 200) micrograms
per cubic meter for at least 5 seconds and/or a rate

of smoke increase of 22 micrograms per cubic meter

per second for eight consecutive counts in 20

seconds, a trip signal illuminates the applicable red

SMOKE DETECTION light on panel L1, illuminates

the four red MASTER ALARM lights on panels F2,
F4, A7, and MO52J, and sounds the siren in the

crew cabin. The normal reading on the SM SYS

SUMM 1 display for the smoke detection elements

is 0.3 to 0.4 milligram per cubic meter. A reading
on the CRT of 2.0, plus or minus 0.2, corresponds to

2,000 (+ 200) micrograms per cubic meter.

After an alarm and a reset of the detector, the

followingconditions may be observed:

¢ If the alarm returns in 5 seconds, it is due to

the concentration exceeding 2,000 + 200

micrograms per cubic meter for 5 seconds.

* If the alarm retums in 20 seconds, it is due to
the concentration increasing at a rate greater
than or equal to 22 micrograms per cubic
meter per second for eight consecutive counts
in 20 seconds.

* Ifthe alarm returns immediately, the detector
would be suspect, and aself test should be
performed. If available, the concentration
teadout should be observed on SM SYS
SUMM 1.

* Ifthe alarm does not return, perform self test.
If available, check concentration on SM SY:
SUMM 1.
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Portable
fire extinguisher-

2. SYSTEMS

2.2 Caution and Warning System

Portable
fire extinguisher

Side hatch portable
fire extinguisher

Fire Extinguisher Locations

Fire suppression in the crew cabin avionics bays is

provided by three Halon extinguisher bottles

permanently mounted in avionics bays 1, 2, and

3A. Each bottle contains 3.74 to 3.8 pounds of Halon

in a pressure vessel that is 8 inches long and 4.25

inches in diameter. To activate the applicable bottle

in an avionics bay, the corresponding FIRE

SUPPRESSION switch on panel L1 is positioned to

ARM, and the corresponding AGENT DISCH push
button indicator on panel L1 is depressed for at

least 2 seconds. The AGENT DISCH push button

indicator activates the corresponding pyro initiator

controller, which initiates a pyrotechnic valve on

the bottle to discharge the Halon into the avionics

bay. The discharge of Halon will produce a noise

of approximately 130 decibels in the avionics bay.
The discharge will give a Halon concentration in

the avionics bay of 7.5 to 9.5 percent. A 4 to 5

percent concentration is required to suppress afire.

This concentration will provide protection for

approximately 72 hours. When the bottle is fully

discharged, the push button indicator white light
will be illuminated. The white light will be

illuminated if the pressure in an avionics bottle falls

below 60 + 10 psig.

Red SMOKE DETECTION lights on panel L1 are

illuminated by the following: the CABIN light is

illuminated by a smoke detection ionization element

in the ECLSS cabin fan plenum, the L FLT DECK

light is illuminated by the crew cabin left flight
deck return air duct smoke ionization element, the

R FLT DECK light is illuminated by the crew cabin

right flight deck return air duct smoke ionization

element, and the PAYLOAD light is illuminated by
the smoke detection ionization elements in the

Spacelab pressurized module. Theapplicablesmoke

detection ionization element illuminates the

applicable red AV BAYlight on panel L1, activates

the C/W MASTER ALARM red light, and sounds

the siren in the crew cabin.
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The circuit breakers that control the

fire and smoke subsystem are located

on panels 014, O15, and O16. Panel

O14 contains the MN A SMOKE

DETN L/R FLT DK and BAY 2A/3B,
FIRE SUPPR BAY 3, and ANNUN

FWD ACA1 circuit breakers. Panel

O15 contains MN B SMOKE DETN

BAY 1B/3A, FIRE SUPPR BAY 1, and

ANNUNCIATOR FWD ACA 1 and

ACA 2/3 and AFT ACA 4/5 circuit

breakers. Panel 016 contains MN C

SMOKE DETN CABIN and BAY 1A/
2B, FIRE SUPPR BAY 2, and

ANNUNCIATOR FWD ACA 2/3 and

AFT ACA 4/5.

Three hand-held fire extinguishers are

available in the crew cabin. Two are

located in the crew cabin middeck,
and one is on the flight deck. Each

fire extinguisher nozzle is tapered to

fit fire hole ports located in several

display and control panels. The holes

are of two types: a ’/7-inchdiameter

hole covered witha marked label, and

anunmarked , to Y,-inchdiameter

tapered hole. These holes give access

to the volume immediately behind the

individual panel. To suppress a fire

behind a panel or within an avionics

bay, the extinguisher nozzle should

be inserted into the fire hole and the

actuating mechanism depressed for

15 seconds. This will ensure a

complete discharge. The

extinguishing agent is Halon-1301

(monobromotrifluoromethane).
Halon-1301 minimizes the major
hazards of a conflagration: smoke,
heat, oxygen depletion, and formation

of pyrolysis products such as carbon

monoxide. The fire extinguishers are

13 inches long. The portable fire

extinguishers can also be used as a

backup for extinguishers in the

avionics bays. Consideration should

be given to the reactive force on the

crewmember when discharging the

extinguishers on orbit.
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e@ Halon 1301

Halon 1301 is used as the extinguishing agent for
all fire suppression devices. It is colorless and
odorless. Discharge of the agent may create a

light mist in the vicinity of the discharge nozzle.

Therefore, visibility is not adversely affected. Once
the Halon is discharged into an enclosure, it is
difficult to detect its presence through normal
human senses.

Exposure to Halon in the 5 to 7 percent range
produces little, if any, noticeable effect. At levels
between 7 and 10 percent, mild central nervous

system effects such as dizziness and tingling in

the extremities have been reported. Above 10

percent, some subjects report a feeling of

impending unconsciousness after a few minutes,
although test subjects exposed to up to 14 percent
for 5 minutes have not actually lost consciousness.
These types of effects were completely reversible

upon removal from exposure.

It is considered good practice to avoid all

unnecessary exposure to Halon 1301 and to limit

exposures to the following times:

* 7 percent and below: 15 minutes

* 7to10 percent: 1 minute

* 10 to 15 percent: 30 seconds

* Above 15 percent: prevent exposure.

Anyone suffering from toxic effects of Halon 1301
should immediately move or be moved to fresh
air. In treating persons suffering toxic effects, the
use of epinephrine (adrenaline) and similar drugs
must be avoided. These drugs may produce
cardiac arrhythmias, including ventricular
fibrillation.

Although Halon 1301 has a low toxicity,
its decomposition can be hazardous. These

products have a characteristically sharp
acrid odor, even in minute concentrations

of only a few parts per million.

Avionics Bay 1

Avionics Bay 2

Note

Fit Portable Fire

Avionics Bay 1 and 2

(Looking Forward)

Avionics Bay 38

Avionics Bay 3A.

Airlock and

Avionics Bay 3A and 38

(Looking Aft

Fire Port Locations

* Fire Ports Provide
Access to Avionics

Bays
* Fire Ports Sized to

Extinguisher Nozzie

This smell provides a warning
system but at the same time

creates a noxious, irritating
atmosphere.

eeol The accepted theory is that Halon

(Typical) must decompose before it is

effective in suppressing fire. The

decomposition takes place on

exposure to a flame or to a hot

surface of approximately 900° F.

detail)
Depending on the severity of the

fire, length of time Halon is

exposed to flame, and

concentration of Halon, the

decomposition products may be

extensive or minimal.

The SMOKE DETECTION CIRCUIT

TEST switch on panel L1 tests the

smoke detection system, lights, and
Avionics Bay 3A and 38, Bes ,

ema
faste Collection alarm circuitry. When the switch is

positioned to A or B, electrical

power is applied to the ACA

channels controlling the AGENT

091 DISCH lights, and the white lights
are illuminated. Two tests are

e 2.2-9
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completed for both the A and the B circuits to test

the complete logic circuitry of the smoke detection

system. In the first test, after approximately a 20-

second delay, the SMOKE DETECTION Aor B lights
are illuminated, and the siren is triggered. In the

second test, the SMOKE DETECTION CIRCUIT

TEST switch is turned off in 5 to 10 seconds,

bypassing the 20-second time delay and

immediately annunciating a siren and a SMOKE

DETECTION light (A or B).

Once the alarm system has been triggered, itremains

latched until the SMOKE DETECTION SENSOR

switch on panel L1 is positioned to RESET. When

the system is latched, the emergency alarm system
will not activate an alarm in case of another fire in

the same or any other avionics bay.

Various parameters of the smoke detection system
and remote fire extinguishing agent system are

provided to telemetry.

Rapid Cabin Depressurization

The cabin pressurization rate, dP/dT, senses the

rate at which atmospheric pressure is changing in

the orbiter (in psi/min). There will be an alarm

issued only for a rapid cabin depressurization. If a

dP/dT alarm was issued, it would indicate that air

was leaking at a rate much higher than normal.

The system alerts the crew to a rapid pressure

change with respect to time by annunciation of the

four MASTER ALARM push button indicators and

sounding of the klaxon (class 1 alarm).

A dP/dT alarm will be issued if the change in

pressure versus change in time decreases at a rate

of 0.08 psi per minute or greater. The normal cabin

dP/dT is zero psi per minute (+0.01 psi for all normal

operations.

In addition, a class 3 alarm will annunciate for a

decrease in pressure greater than or equal to 0.12

psi per minute, based on equivalent dP/dT or

backup dP/dT.

Values for dP/dT can be

monitored on the SM SYS

O ©} SUMM 1 (dP/dT, dP/dT-EQ,

ee oe dP/dT-BU),and the dedicated

Fia aN

a

at a oe i
display on panel O1 (dP/dT).
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‘
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ENVIRONMENT Display (DISP 66)

Operations

Primary C/W System

The primary C/W system has three modes of

operation: ascent, normal, and acknowledge. These

modes are controlled by the CAUTION/WARNING
MODE switch on panel C3. The switch has three

settings: ASCENT, NORM, and ACK. The normal
mode is discussed first.

The primary C/W system receives 120 inputs
directly from transducers through signal
conditioners, or from the flight forward

2. SYSTEMS
2.2 Caution and Warning System

MN 'BPPO? C CABIN DP/DT Circuit

Breaker on Panel O15

ALARM push button indicators; however, the C/W

light on panel F7 will remain illuminated until the
out-of-tolerance condition is corrected. Any one of
the MASTER ALARM push button indicators will
reset all tones, including the systems management
tone.

The C/W ascent mode is the same as the normal

mode, except that the commander’s red MASTER

ALARM push button indicator will not be
illuminated.

multiplexer/demultiplexers, and are fed

into a multiplexing system. Of these 120

inputs, 95 come directly from transducers,
five are from input/output processors, 18

are provided through multiplexer/
demultiplexer software, and two are spares.
These inputs can be either analog or bilevel.

The analog signals are zero to 5 volts dc;
the discretes are either zero, 5, or 28 volts

dc. All of these inputs are designed to

provide upper or lower limit detection. If

the parameter has exceeded its limits, it

will turn on the C/W tone, light the

appropriate light on panel F7, illuminate

the four red MASTER ALARM push button

indicators, and store the parameter in

memory.

The C/W tone can be silenced and the

MASTER ALARM red light extinguished
by depressing any one of the MASTER

CAUTION/WARNING MEMORYand MODE

Switches on Panel C3
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The C/W acknowledge mode is also the same as

the normal mode, except that the 40 annunciator

lights on panel F7 will not be illuminated unless
one of the red MASTER ALARM push button

indicators (on panel F2 for the commander or panel
F4 for the pilot) is depressed.

Panel R13U

Each of the 120 status C/W red parameter lights on

panel R13U receives an input from a specific
parameter. A primary C/W parameter matrix cue

card identifies the 120 input channels and correlates

them to the panel F7 C/W annunciator light matrix.

If an out-of-limit condition exists on a specific
parameter that is set on panel R13U, it illuminates

the corresponding light on panel F7. If the

CAUTION/WARNING PARAM STATUS switch on

panel R13U is held in the TRIPPED position when

an out-of-limit parameter light on panel F7 is

illuminated, the corresponding light on panel R13U

will also be illuminated.

Some limits, and the list of parameters monitored,

change with flight phase. The crew uses the PARAM

ENABLE/INHIBIT and LIMIT switches on panel
R13U to tailor the C/W system for their current

configuration.

The three CAUTION/WARNING PARAMETER

SELECT thumbwheels on panel R13U provide
signals to the C/W electronics unit and define the

specific parameter for enabling and inhibiting the

parameter and setting and reading the parameter’s
limits.

The CAUTION/WARNING LIMIT SET switch

grouping on panel R13U is used to change limits or

to read a parameter’s limits. The three VALUE

thumbwheels provide the signals to the C/W unit,

defining the voltage value setting of a parameter’s
upper or lower limit, X.XX.

2m4mE>2>»———,
23

SedeR
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iI VALUE
UMITSET

Toe
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oo
PARAM weeSTATUS _ MEMORY

qarren ¥ READY LET

(aoe
INHIBITED A CLEAR A RIGHTA,

LHW)o
ven Se

re

——.[ole[el
LOWER = READA NHC A,

eet x ex x

2 ana @ oO
Panel R13U
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The UPPER setting of the CAUTION/WARNING
LIMIT SET LIMIT switch on panel R13U. providesa
signal to the C/W electronics unit, which modes
the electronics to set or read the upper limit of a

parameter specified by the settings on the
PARAMETER SELECT thumbwheels for that

parameter. The CAUTION/WARNING LIMIT SET
FUNC switchis cycled to set or read the upper limit
of that parameter. The LOWER setting functions in
the same manner, except for the lower limit for a

parameter.

The CAUTION/WARNING LIMIT SET FUNC SET
switch position on panel R13U provides a signal to
the C/W electronics unit, which sets the value

specified by the LIMIT SET VALUE thumbwheels
into the parameter as specified by the PARAMETER

SELECTthumbwheelsand LIMITSETLIMITswitch.
The LIMIT SET FUNC READ switch position on

panel R13U provides a signal to the C/W electronics
unit, which illuminates the lights under the STATUS
LIMIT VOLTS X.XX columns on panel R13U that

correspond to the voltage parameter limit specified
by the PARAMETER SELECT thumbwheels and the
LIMIT SET LIMIT switch. The value read

corresponds to the parameter’s full-scale range on

a scale of zero to 5 volts dc. The LIMIT SET FUNC
switch center position disables the set and read
functions.

The ENABLE position of the CAUTION/ WARNING
PARAM switch on panel R13U provides asignal to

the C/W electronics unit to enable the parameter
indicated on the PARAMETER SELECT

thumbwheels, which allows the parameter to trigger
the primary C/W alarm when out of limits. The

INHIBIT position operates the same as ENABLE,
except it inhibits the parameter from triggering the

primary C/W alarm. The center position of the

switch disables the enable and inhibit functions.

The TRIPPED position of the CAUTION/ WARNING
PARAM STATUS switch on panel R13U provides a

signal to the C/W electronics unit, which illuminates

the C/W status lights that correspond to the

parameters that are presently outof limits, including
those that are inhibited. The INHIBITED position
illuminates those C/W lights on panel R13U that

have been inhibited. The center position disables

the tripped and inhibited functions.

2. SYSTEMS
2.2 Caution and Warning System

The CAUTION/WARNING MEMORY READ switch
position on panel R13U provides a signal to the
C/W electronics unit, which illuminates the C/W
Status lights on panel R13U that correspond to the

parameters that are currently out of limits and that
have been out of limits since the last positioning of
this switch or the CAUTION/ WARNING MEMORY
switch on panel C3 to CLEAR. The CLEAR position
on panel R13U or panel C3 provides a signal to the
C/Welectronics unit that clears from thememory
any parameters that are presently within limits, but

any parameters that are out of limits during this
action remain in memory. The center position of
the switch on panel R13U or panel C3 disables the
clear and read functions.

The CAUTION/WARNING TONE VOLUME A knob
on panel R13U, when adjusted clockwise, increases
the system A siren, Klaxon, C/W, and SM tone

generator output signals to the audio central control
unit. The B switch functions the same as the A
switch for system B tone generators.

The CAUTION/WARNING LAMP TEST switch on

panel R13U, when positioned to LEFT, provides a

signal to the C/W electronics unit, which illuminates
the left five columns of the C/W status matrix lights
on panel R13U. The RIGHT position functions the
same as the LEFT, except for the right five columns
of lights. This allows the verification of all 120

lights, making sure that none have burned out.

Software (Backup) Caution and Warning

When the software caution and warning system
detects an out of limits condition, it sounds an aural

tone or master alarm, lights the MASTER ALARM

or SM ALERTlight, and issues a fault message that

is displayed flashing on the CRT fault message line.

The master alarm light and tones are reset by
depressing a MASTER ALARM light push button.

The fault message will flash until acknowledged by
a depression of the ACK key or until the MSG RESET

key is depressed to erase the message. The MSG

RESET key will also extinguish the SM ALERT light.

The displayed fault message is used to diagnose
system failures and frequently is used as the title of

the flight data file procedure to be worked by the

crew in response to the failure. The textof the fault
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SCOM 1.2

November 1992



2. SYSTEMS

2.2 Caution and Warning System

message identifies the system where limits are being
exceeded. A list of individual fault messages is

presented in the summary at the end of this section.

For some general classes of fault messages, the first

part of the text contains the SPEC number to be

consulted to determine the specific parameter that

is out of limits. The GPCs declaring the fault are

enumerated after the message text. In parentheses
at the end of the fault message, software will display
the number of other fault messages generated while

the current message was being displayed. To view

these messages and the time at which they were

annunciated, the crew must look at the fault

summary page, or scroll through them using the

ACK key.

After reset of the displayed fault message, the

message line will be blank until another new

message is generated by the software. To avoid

missing messages in a multi-failure scenario, crews

should occasionally review all messages on the fault

summary page and try to reset messages on the

fault lineas quicklyas possible after reviewing them.

Fault messages for some parameters are issued every
time the software completes the required number
of data counts with the parameter out of limits.
This can resultin a steady stream of fault messages
and MASTER ALARMS that may obscure other

important fault messages. If this situation is

encountered, the crew or Mission Control can inhibit
the affected parameter to prevent nuisance messages
and alarms in OPS 2 or OPS 4. In OPS 1, 6, or 3, the
crew generally has to tolerate the extra alarms/
fault messages and pay extra close attention to the
fault summary display.

In order to clear messages from the fault summary
Page, the crew enters a SPEC 99 PRO on the
keyboard. If the fault summary (DISP 99) is called
up using a SPEC 99 PRO instead of the FAULT
SUMM key, the fault summary page will appear,and then immediately clear itself.

Software caution and warning limits for some
parameters changedepending on the phase of flight.These changes can be entered by the crew via the
SPEC 60 TABLE MAINTENANCE display or

uplinkedfrom the ground. The ground uplink for
limits changes is called a Table Maintenance Block
Uplink (TMBU).

SPEC 60, SM Table Maintenance

The primary avionics software system (PASS)
includes three types of applications software, called

major functions. The first, systems management
(SM), is the function that is active on orbit. The

second, guidance, navigation, and control (GNC),
is active during all flight phases. The third, payload
software, provides operations support to payloads.
The backup flight system (BFS), normally used only
during ascent and entry, also contains both SM and

GNC software.

Modules within both SM and GNC software

monitor parameters and initiate alarms. To change
the characteristics of the PASS GNC, BFS GNC, and

BFSSM parameters, the crew would have to perform
a GPC memory read/write procedure. (This

procedure is described in the DPS HW/SW 2102

Training Manual.)

However, PASS SM parameters can be accessed

directly by the crew. Within PASS SM is a module
called fault detection and annunciation. This

module monitors the backup C/W and alert

parameters and initiatesalarms.

SPEC 60 SM TABLE MAINT is the crew interface
with the PASS SM parameters. Using SPEC 60, the
crew can read and change the following for each
PASS SM backup C/W or alert parameters: (1)
lower and upper limits, (2) noise filter value, and
(3) enable/inhibit status. Additionally, the crew

can read and change SM program constants, initiate
a checkpoint, and enable or inhibit the entire fault
detection and annunciation software module.

SPEC 60, which is a PASS SM SPEC, is available

during SM OPS 2 and SM OPS 4. When the SM
TABLE MAINT display is called up by its SPEC
number (SPEC 60 PRO), each field will be blank

except CHECKPT time and FDA ENA. When SPEC
60 is called by pressing RESUME, the fields that
were previously in use will retain their data. When
a legal item entry is made, the new data will be

displayed in the appropriate field and will overwrite

any previous data.
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Any backup C/W parameter may be accessed by
entering its software ID number (see page 2.2-4) in

item 1 of theSM TABLE MAINT display. The limits,
noise filter value, and enable /inhibit status of alert

parameters may be changed with items 2 through
10. The same characteristics of backup C/W
parameters are available through items 11 through
15. These CRT parameters are discussed in more

detail below.

PARAM ID (Item 1) and PARAM Value

The software ID number for the desired fault
detection and annunciation (FDA) parameters is

entered in item 1. The software IDs are located in

the C/W and FDF TABLE of the Flight Data File
Reference Data Book.

When avalid ID is entered, the ID number will be

displayed in the PARAM ID space, and the current

value of the parameter will be displayed in the

PARAM VALUE field. The status of the parameter
is indicated by the presence or absence of an up or

down arrow. The appropriate ALERT or BACKUP

C/W data will appear in the LIMITS portion (items
2 through 10 or items 11 through 15 respectively).
If the parameter is monitored by both the Alert and

B/U C/Wsystems, then both sections will contain

the proper data. Otherwise, one of the LIMITS

sections will be blank.

If the PARAM ID is not valid, all associated data
fields will be blank, and an ILLEGAL ENTRY

message will be displayed.

Limits Alert Low and Hi (Items 2 through 7)

These fields contain the upper and lower alert limits
of the FDA parameter identified in item 1. The
limit values are displayed in engineering units and
can be changed by entering the desired data in the

appropriate items.

Alert parameters that are preconditioned may have
two or three limits sets. All other alert parameters
have only one limit set. The SM software selects
which set of limits is currently active and places an

asterisk next to thatset (before item 2, 4, or 6). (There
is no item entry that allows the crew to move the

asterisk to directly select which set of limits is active.

This is done exclusively by software.) If only one

set of limits exists for the parameter, this set will be

displayed in the first limit set location, and the

asterisk will be placed by item 2. Ifa value is entered

in a limit set that does not exist for the selected

parameter, an illegal entry message will be

displayed.
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Limits Backup C/W Low and Hi (Items 11 and 12)

The backup C/W system limits for the FDA

parameter identified in item 1 are displayed in these

fields. The limit values, which are in engineering
units, can be changed by entering the new data in

the desired item.

Backup C/W parameters have one set of limits. An

asterisk next to item 11 indicates that there exists a

backup C/W limit set for the parameter.

Limits Alert Filter (Item 8)

The Alert parameter noise filter value can be read

or changed through item 8. It is the number of

consecutive times the parameter has to be sensed

out of limits before an alarm annunciates. The

reverse is true for returning back into limits. The

range of valid values is 1 through 15.

Limits Backup C/W Filter (Item 13)

The backup C/W filter functions similarly to the

Alert filter (item 8).

Limits Alert ENA or INH (Items 9 and 10)

The annunciation of an out-of-limits Alert parameter
may be either enabled or inhibited by executing the

respective item. The items are mutually exclusive,
and an asterisk indicates the current annunciation
status by appearing after the more recently selected
item.

The class 0 status indicators (up and down arrows)
and transducer data symbols (H, L, M, ?) are not

affected by this item.

Limits Backup C/W ENA or INH

(Items 14 and 15)

These backup C/W items operate similarly to the
Alert items 9 and 10.

FDA ENA or INH (Items 19 and 20)

The PASS FDA software can be either inhibited or

enabled by executing the respective item. The items

are mutually exclusive, and an asterisk denotes the

current state. The display is initialized with FDA

enabled.

When FDA is inhibited, the following FDA functions

are disabled:

e FDA alarm annunciation. This includes

backup C/W(class 2), Alert (class 3), and limit

sensing up or down arrows (class 0).

¢ Limit sensing (class 0). The last value of each

out-of-limits parameters status indicator is

displayed.
¢ Precondition steering.

False alarm avoidance noise filters.

Other parameter status indicators (H, L, M, ?) are

not affected because they are not generated by the

FDA software.

Constants

SM constants may be accessed through items 16

and 17. These constants are primarily involved in

SM special processes such as water loop pump
cycling, alert preconditioning, and payload
deployment.

Constant ID (Item 16)

When a constant ID number is entered in item 16,
both the CONSTANT ID and VALUE fields are

filled. If the ID was illegal, both data fields are

blanked.

The constant IDs and values are not typically carried
onboard the orbiter, although various malfunction

procedures contain occasional constants. If a

constant must be changed, Mission Control will
either provide the crew with the data or directly
change the constant through a TMB Uplink. (See
TMBU description in this section.)



Constant Value (Item 17)

This field contains the current value of the constant

identified in item 16. The constant value can be

changed by entering the new data in item 17.

TMBU

TMBU is the type of uplink that Mission Control
uses to change the following data:

¢ Parameterlimitvalues

¢ Parameter noise filter values

¢ Parameter annunciation enable /inhibit status

¢ SMconstant values.

The use of TMBUs decreases the crew’s workload
because the changes that are uplinked do not have
to be entered on SPEC 60.

SPEC 60 operations and TMBUs are interlocked such
that TMBU loads are rejected if SPEC 60 is active. If
a TMBU is in progress when SPEC 60 is called, the

flashing words UPLINK and UL will be displayed
on the display, and all item entries will be prohibited
by anILLEGAL ENTRY message.

Uplink

The flashing word UPLINK is displayed in the top
center of SPEC 60 to indicate that a TMBU is in

progress.

UL

Whenany two-stage command (including a TMBU)
is uplinked, a flashing UL is displayed in the upper

right corner of all CRTs associated with the GPC(s)
that are being commanded.

Checkpoints

When a checkpoint is performed, the following
information is saved in a mass memory unit:

¢ Parameter limit values

¢ Parameter noise filter values

¢ Parameter annunciation enable/inhibit status

¢ SM constant values

¢ Checkpoint timetags.

2. SYSTEMS
2.2 Caution and Warning System

The checkpoint capability is valuable because

changes made through item entries on SPEC 60
affect only the SM GPC software and not the mass

memory unit software. If these changes are not
saved in a mass memory unit, and the SM GPC
fails, flight software will lose the changes that have
been made. The changes would then have to be
reentered.

When checkpoint retrieval is enabled, the software
loaded into an SM GPC from a mass memory unit
will contain the most recent version of changes saved

during checkpoint.

Checkpoint Initiate (Item 18),
Checkpoint Status, and Time

When item 18is executed, the STATUS field will go
blank. While the checkpoint is being performed, a

flashing BSY will be displayed next to SM COMM
BUFF at the top left of SPEC 60. This indicates that
the SM communications buffer is in use. When the

checkpoint is completed, the CHECK PT STATUS
field will contain GOOD. If the SM common buffer
was notavailable, CHECK PT STATUS will be FAIL,
and item 18 should be executed again.

The mission elapsed time (MET) of the most recent

successful checkpoint will be displayed as

DD/HH:MM5SS, in the checkpoint time field.

SM COMM BUFF - BSY, or RDY

Either a flashing BSY or a status RDY is displayed
after SM COMM BUFF to indicate the status of the

SM Common Buffer. BSY (busy) indicates that the

SM COMM BUFF is being used; RDY (ready) means

the buffer is available.

Keypad entries are rejected if BSY is flashing.

CKPTRETRVENA (SPEC 1, Item 12)

Executing this item will alternately select or deselect

CKPT RETRV ENA. An asterisk appears next to

item 12 when checkpoint retrieval is enabled.

2.2-17

SCOM 1.2

November 1992



2. SYSTEMS
2.2 Caution and Warning System

MMU Assignment
(DPS Utility - SPEC 1, Items 3 and 4)

A checkpoint saves the changes in the mass memory

unit assigned to the SM software by item 3 or 4. In

order to save the checkpoint in both, two

checkpoints must be performed.
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C/W Summary Data

° TheC/Wsystem consists of four alarm classes:

emergency (class 1),C/W (class 2), alert (class
3), and limit sensing (class 0).

¢ Emergency alarms cover two situations:
smoke detection/fire suppression and cabin

pressure.

* Smoke detection and fire suppression
capabilities are provided in the crew cabin
avionics bays, the crew cabin, and the Spacelab
pressurized module.

¢ Increased smoke particle concentration will

illuminate SMOKE DETECTION lights on

panel L1, illuminate four red MASTER
ALARM lights on panels F2, F4, A7, and

MO52J, and sound the siren in the crew cabin.

Fire suppression in the crew cabin avionics

bay is provided by one permanent Halon

extinguisher bottle in avionics bays 1, 2, and
3A. The bottle is operated by switches on

panelL1.
¢ Three portable hand-held extinguishers in the

crew cabin are operated by inserting them into
fire holes located in several display and control

panels.
¢ A class 1 alarm (four MASTER ALARM

pushbutton indicators and the sounding of
the klaxon) is triggered when there is a rapid
change in cabin pressure with respect to time.

* Class 2 alarms include primary (hardware)
and backup (software) systems. The crew

interfaces with the system primarily through
the 40-light annunciator matrix on panel F7
and a 120-parameter monitor on panel R13U.

* Class 3 alerts warn the crew ofa situation

leading up to a class 2 alarm or of one that

May require a long procedure.
* Class 0, a software system, consists of up and

down arrows displayed on the CRT displays
next to a parameter.

+ The SPEC 60 TABLE MAINT display allows
the crew to change limits, noise filter values,
and status of backup C/W or alert system
parameters.

¢ C/W information can be seen on the SM SYS
SUMM 1 (DISP 78), and ENVIRONMENT
(DISP 66) displays.

Pressing the MASTER ALARM light will

silence the alarm and reset the light.
¢ Pressing the ACK key will stop the fault

messages from flashing. Subsequent pressing
of ACK key will scroll through fault messages.

¢ Pressing the MSG RESET key will erase fault

messages and extinguish the SM ALERT light.

C/W Rulesof Thumb

¢ When panel R13U is not in use, the

¢ Crewmembers should reser fault messages as

¢ The fault summary should be reviewed

¢ The SENSOR RESET switch on panel L1

shourld be pressed when smoke concentration

goes below 1.8. This prevents masking of

alarms.

PARAMETER SELECT thumbwheels should

be set to a value greater than 119.

quickly as possible after review to avoid

covering other messages.

regularly to avoid missed fault messages.
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2. SYSTEMS
2.2 Caution and Warning System

FUEL CELL REAC (R): Indicates an O2 or H2

Fuel Cell 1, 2, or 3 reactant valve is closed. The

F7 Light Summary hardware channels are 2, 22, 32, 42, and 52 for FC

NOTE 1,2, and 3 O2 and H2 respectively.

- FUEL CELL STACK TEMP (Y): Indicates a Fuel

Rene eee ae Cell 1, 2, or 3 stack temperature out of limits. The

C/W light. Most lightsare hardware- hardwarechannelsare 62, 72, and 82 for FC 1, 2,

driven, but many parameters are also and 3, respectively.

software-sensed by the PASS or BFS GPCs.

The software provides a CRT message and

illuminates the BACKUP C/W ALARM

light. The hardware channels listed below

are the same as the channels on the C/W.

STATUS light matrix on panel R13U. The

color of each light is indicated by (R) for

red and (Y) for yellow.

FUEL CELL PUMP (Y): Indicates a Fuel Cell 1, 2,
or3 pump Pout of limits. The hardware channels

are 92,102, and 112 for FC 1,2, and 3 respectively.

CABIN ATM (R): Indicates either cabin pressure,
PPO2, O2 flow rate, or N2 flow rate out of limits.

The hardware channels are 4, 14, 24, 34, 44, 54,
and 64 for cabin press, O2 SYS 1 and 2 flow rate,

O» PRESS (¥): Indicates an 02 tank 1,2,3,or4 | PPO2 A and B, and N2 SYS 1 and 2 flow rate

pressure or the O2 kit (Tank 5) pressure out of _ Tespectively.
limits. The hardware channels are 0, 10, 20, 30,
and 40 for Tanks 1,2, 3,4, and 5, respectively. O2 HEATER TEMP (Y): Indicates an O2 Tank 1,

2, 3, or 4 heater temp or O2 kit (Tank 5) heater

Hp PRESS (¥): Indicates either an H2 Tank 1,2,3, temp out of limits. The hardware channels are 1,

or 4 pressure or the H2 kit (Tank 5) pressure out 11,21, 31,41, 51,61, 71, and 81 for 02 Tank 1 HTR

of limits. The hardware channels are 50, 60,70,  Land2,Tank 2 HTR1 and 2, Tank3 HTR 1 and 2,

80, and 90 for Tanks 1, 2, 3, 4, and 5, respectively. Tank 4 HTR 1 and 2, and Tank 5 respectively.

-

© ®)

| Op PRESS Hy PRESS FUEL CELL FUEL CELL FUEL CELL
REAC

|
STACK TEMP PUMP

(Ay

| CREAT OpHEATERMAIN BUS AC AC
‘) TEMP UNDERVOLTVOLTAGEOVERLOAD

FREON AV BAY/| Fisrers EAA IMU FWD RCS RCS JET |
Cy

| H20 LOOP. RGA/ACCELAIR DATA LEFT RCS RIGHT RCS

A) (Ry,

RIGHT/LEFT RHC Sa LEFT OMS
,.|

RIGHT OMS

PAYLOAD Fes A)| WARNING
oe) GPc SATURATIONOMs KIT OMS TVC

PAYLOAD| CAUTIONPRIMARY CW | ouGSey MPS es |(R)

BACKUP CW APU APU Al| ALARM
ig TEMP oveRSPEED | UNDERSPEED|HYDPRESS

S_ ®

Caution and WarningLightMatrix on Panel F7
=
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2. SYSTEMS
2.2 Caution and Warning System

F7 Light Summary (continued)

MAIN BUS UNDERVOLT (R): Indicates main

bus A, B, or Cvoltagelow. The hardware channels
are 3, 13, and 23 for main bus A, B, and C

respectively.

AC VOLTAGE (Y): Indicates AC bus 1, 2, or 3

phase A, B, or C out of limits. The hardware

channels are 33, 43, and 53 for AC bus 1, 2, and 3

respectively.

AC OVERLOAD (Y): Indicates an inverter 1,2, or

3 phase A,B, or C output of 225 percent overload

for 20 sec or 300 percent for 4 to 6 sec. The

hardware channels are 63, 73, and 83 for inverter

1,2, and 3 respectively.

FREON LOOP (R): Indicates a low Freon loop 1

or 2 flow rate or a temperature out of limits. The

hardware channels are 106, 116, 107, and 117 for

loop 1 and 2 flow rate, and loop 1 and 2 temp
respectively.

AV BAY/CABIN AIR (Y): Indicates out of limits

condition on cabin fan P, AV Bay 1, 2, or 3 air

out temp, or cabin heat exchanger air temp. The

hardware channels are 74, 84, 94, 104, and 114 for

cabin fan P, AV Bay 1, 2, or 3 Temp, and CAB

HX temp respectively.

IMU (Y): Indicates detection of an inertial

measurement unit (IMU) failure or dilemma. The

hardware channel is 103 and is a discrete driven

from the GNC software.

FWD RCS (R): Indicates detection of an out of

limits condition on a forward RCS oxidizer tank

ullage pressure, fuel tank ullage pressure, or

forward oxidizer or fuel leak. The hardware

channels are 6, 16, and 26 for oxidizer tank press,
fuel tank press, and leak respectively.

RCS JET (Y): Indicates detection of an RCS jet
failed on, failed off, or leaking. The hardware

channel is 96 and is a discrete driven from the

GNC software.

H20 LOOP (¥): Indicates an out of limits
condition on HO loop 1 or 2 pump out pressure.
The hardware channels are 105 and 115 for loop 1

and 2 respectively.

RGA/ACCEL (Y): Indicates detection of a rate

gyro assembly (RGA) 1, 2, 3, or 4 failure, or an

accelerometer 1, 2, 3, or 4 failure. The hardware

channel is 93 and is a discrete driven from the
GNC software.

AIR DATA (R): Indicates detection of an air data

transducer assembly (ADTA) dilemma. The

hardware channel is 91 and is a discrete driven

from the GNC software.

LEFT RCS (R): Indicates detection of a left RCS

oxidizer, fuel tank ullage pressure out of limits,
or leftoxidizeror fuel leak. The hardware channels
are 36, 46, and 56 for oxidizer tank press, fuel tank

press, and leak respectively.

RIGHT RCS (R): Indicates detection of a right
RCS oxidizer, fuel tank ullage pressure out of

limits, or right oxidizer or fuel tank leak. The

hardware channels are 66, 76, and 86 for oxidizer

tank press, fuel tank press, and leak respectively.

SPARE: Available for future warning parameter
growth.

LEFT RHC (R): Indicates detection of a left

rotational hand controller (RHC) pitch, roll, and

yaw disagree. The hardware channel is 100 and

is a discrete driven from the GNC software.

RIGHT/AFT RHC (R): Indicates detection of a

right or aft RHC pitch, roll, or yaw disagree. The

hardware channel is 110 and is a discrete driven

from the GNC software.

LEFTOMS(R): Indicates detection of a left OMS.

pod oxidizer, fuel tank ullage pressure out of

limits, or an engine abnormal (OMS engine fail to

cutoff, fail to ignite, or early shutdown) condition.

The hardware channels are 37, 47, and 57 for the

oxidizer, fuel tank press, and engine abnormal

respectively. The hardware channels are 7, 17,

and 27 for the oxidizer, fuel tank press, and engine
abnormal respectively.
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2. SYSTEMS

2.2 Caution and Warning System

F7 Light Summary (continued)

RIGHT OMS (R): Indicates detection of a right
OMS pod fuel tank ullage pressure out of limits,

or anengine abnormal (OMS engine fail to ignite,
or early shutdown) condition.

PAYLOAD WARNING (R): Indicates detection

of up to five payload parameter inputs out of

limits. The hardware channels are 55, 65, 75, 85,

and 95.

GPC (¥): Indicates GPC 1, 2, 3, 4, or 5 has

determined itself failed and issued a self-fail

discrete. The hardware channels are 5, 15, 25, 35,

and 45 for GPC 1, 2,3, 4, and 5 respectively.

FCS SATURATION (Y): Indicates detection of

elevon position or hinge moment saturation. The

channel is 101 and is a discrete driven from the

GNC software.

OMS KIT (Y): Indicates detection of an OMS kit

oxidizer or fuel tank ullage pressure out of limits.

The hardware channels are 77 and 87 for oxidizer

and fuel respectively.

OMS TVC (R): Indicates detection of an OMS

pitch or yaw gimbal failure. The hardware channel

is 67. An OMS TVC failure may also result in a

LEFT or RIGHT OMS light.

PAYLOAD CAUTION (Y): Indicates detection of
a payload parameter input out of limits. The
hardware channel is 97 and is not presently
implemented.

PRIMARY C/W (Y): Indicates detection of aC/W
system self-test failure internal to the C/W EU.
The failures include the loss of power supply A or

B, loss of A or B timing, or the inability of aC/W
self-test parameter to pass limit check. Nochannel
number. The parameter is internal to the C/W
unit hardware itself. The light also illuminates
each time the ESS 1BC C/WAcircuit breaker is
closed after being opened and extinguishes when
the MASTER ALARM push button indicator is
depressed.

FCS CHANNEL (¥): Indicates detection of an

elevon, rudder, or speedbrake actuator failure,

SRB rock or tilt actuator failure, or MPS engine

pitch and yaw actuator failure. The hardware
channel is 111 and is a discrete driven from the

GNC software.

MPS (R): Indicates detection of an MPS engine
He tank press, He regulator out press, LO2

manifold press, or LH2 manifold press out of

limits. The hardware channels are 9, 19, 29, 39,

49,59, 69, and 79 for Engine 1,2, and 3 He TK, He

reg, and LO2 and LH? pressure respectively.

SPARE (R): Available for future warning
parameter growth.

BACKUP C/W ALARM (R): Indicates detection

of a C/W alarm via SM, GNC, or BFS software

monitoring. In OPS 2 SM parameter limits can be

accessed, changed, enabled, and inhibited through
the Table Maintenance display.

APU TEMP (Y): Indicates an APU 1,2, or 3 exhaust

gas temp or lube oil temp out of limits. The

hardware channels are 8, 18, 28, 38, 48, and 58 for

APU 1, 2, and 3 EGT and lube oil temp
respectively.

APU OVERSPEED (Y): Indicates an APU 1, 2, or

3 speed greater than a specified percentage of the

designed speed. The hardware channels are 68,
78, and 88 for APU 1,2, and 3 respectively.

APU UNDERSPEED (Y): Indicates an APU 1, 2,
or 3 speed less than a specified percentage of the

designed speed. The hardware channels are 98,
108, and 118 for APU 1, 2, and 3 respectively.

HYD PRESS (Y): Indicates a hydraulics system 1,
2, or 3 supply pressure out of limits. The hardware
channels are 99, 109, and 119 for APU 1, 2, and3

respectively.
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Fault Message Summary

2. SYSTEMS
2.2 Caution and Warning System

OPS AVAIL

MESSAGE PRSSINnES CAUSE COMMENTS

$86 APU FUEL 1(2.3) [S24 ‘@ APU FUEL TY |
© APU FUELTKPft}

‘S86APUGBX P 1(2,3) [$24 © GBX P.
© OILOUTP ty

7 1(2,3) [S24 * OLOUTT Ty
© GBXBRGT }

$88APU H20T 1(2,3) [$24 © APUH20 LNINTTty

‘SM2 APU SPD HI1(2,3) SM __|e TURBINE OVERSPEED @ NOMAL
SM2 APU SPD LO 1(2,3) SM __|e TURBINE UNDERSPEED NO MAL

S86 APU TEMP 1(2,3) [S24 ‘© BACKUP EGT ¢
‘M2 APU TEMP SM |e OILTEMP ty
‘$88 APU TKT 1(2,3) [S24 © APUTKSURFT 4

¢ APU TKSKINT t1
‘S66 AV BAY 1(2,3) FAN [S24 @ AV BAY 1(2,3) FAN AP fy

M2 AV BAY FAN SM

S66 AV BAY 1(2,3) TEMP | S24 © AV BAY 1(2,3) FANAIR OUTT 1

SM2 AV BAY TEMP. SM

BCE BYP FLEX [S24 © BCE BYPASS ON FLEX/FLEX PAIR

BCE BYP KU ]s24 * PL1 KU COMM/RADAR S10 FAIL ‘RADAR: GPC MODE NOT VALID
UNLESS TRACKING,
AUTO-TRACK MODE IS
VALID

NO MAL

BCE BYP MCI [S24 © GPC DETECTED 1/0 LOSS WITH MCIU

OPS AVAIL

MESSAGE CAUSE COMMENTS
PASS | BFS

‘$62 BCE BYP OA | S24 OAT, OA2, OR OAS MDM OR MDM
CARD FAIL

oFA [S24 © OF 1OR OF2 MDM OR MDM CARD FAIL

ors [S24 ‘* OF3 OR OF4 MDM OR MDM CARD FAIL

Poi [S24 ® PDI INTERFACE TO SM GPC FAIL ‘« MSG OCCURS ATSMOPS
TRANSITION IF PDI POWER OFF

pL|s24 * PDI SSC OR EXC INTERFACE TO ‘* MSG OCCURS AT SM OPS TRANSITION
PCMMU FAIL IF PDI POWER OFF OR IF SPACELAB

AND SSC OR EXC POWER OFF

PsP 1/2 [S24 * PSP 1(2) TO PL 1(2) MDM SERIAL /0

FAIL

BCE BYP PLIQ [S24 ¢ BCE BYPASS ON PL BUSES

BCE BYP SCA [S24 ‘* BCE BYPASS ON SCA ‘NO MAL |
CE STAG 1 ‘A| Gi,2,3, | GO,1,2, | e ALL GPOs DETECTED PROBLEM ‘« BFS PRE-ENGAGE MUST BE INSYNG:

68 | 3,6 | RECEIVING DATA FROM INDICATED
WITH(TRACKING)

PASS TO
BCE ELEMENT OF STRING 1 AND A =

ADTA

| G1'3�,)G0.1.3.)HAVE BYPASSED THAT ELEMENT

B

c
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2. SYSTEMS

2.2 Caution and Warning System

OPS AVAIL aMESSAGE CAUSE COMMENTS

PASS | BFS

ALL GPCs DETECTED PROBLEM * BFS PRE-ENGAGE MUST BE INSYNC |Boe STaay D/G123,|601.9|
*

RECEIVING DATA FROM INDICATED WITH (TRACKING) PASS TO
:

BCE ELEMENT OF STRING 1 AND ANNUNCIATE |
HAVE BYPASSED THAT ELEMENT |

imu |Gi,2,3,| Go,1,3, |
3 | 6

mis [61.3.6
8

MTU| G1,2,3, | GO,1,3,
660| 6 |

nsp [67,23,| 601.3,

6,8,0 6

sTkr [238

tac [61,36 | G0,1.3, | « ALL GPCs DETECTED PROBLEM © BFS PRE-ENGAGE MUST BE INSYNC

8 | 6 -'| RECEIVING DATAFROM INDICATED | WITH (TRACKING) PASS TO |
BCE ELEMENT OF STRING 1 AND ANNUNCIATE

HAVE BYPASSED THAT ELEMENT __] e RADAR ALTIMETER DATA ALSO LOST
|

PASS 0.1.3, | « BFS FAIL TO TRACK STRING 1 ® NOMAL

. © /O RESET MAY RESTORE PASS/BFS
COMM

BCE STAG 2 A] 6123, G0,1.3,|« ALL GCs DETECTED PROBLEM * BFS PRE-ENGAGE MUST BE INSYNG

’8| 6 | RECEIVING DATAFROMINDICATED | WITH (TRACKING) PASS TO

wa
laisnlays] Rereeeecmmmsan | mene

OPS AVAIL

MESSAGE CAUSE
aaa aes

COMMENTS

BOE STAG2 B| Gi,2,3,| G0,1,3, | « ALL GPCs DETECTED PROBLEM © BFS PRE-ENGAGE MUST BE INSYNC

(Cont) 68 | 6 | RECEIVING DATAFROMINDICATED | WITH (TRACKING) PASS TO

clerzatcors|
8CEELEMENT OF STRING 2 AND ANNUNCIATE

43 |S015:) HAVE BYPASSED THAT ELEMENT

pd] 6123] 60,1,
68 6

IMU| G1,2,3, | GO,1,3,
68 6

Mis 161,36,
8

mtu [61.23,160,1,3,
8, 6

TAC| G1,3,6,] GO,1,3,] « ALL GPCs DI
So ee. ee

BCE ELEMENT OF STRING 2 AND ANNUNCIATE
HAVE BYPASSED THAT ELEMENT __| e RADAR ALTIMETER DATA ALSO LOST

PASS 60,13,| BFS FAIL TO TRACK STRING 2 NO MAL
* /]O RESET MAY RESTORE PASS/BFS

BCE STAG 3 Ale
SOM

1,23, |60.1.3,RS RECSINGSereET OBLEM* BFS PRE-ENGAGE MUST BE IN SYNC

RECEIVING
ICATED | WITH (TRACKING)PASS TOADTA scones

ENT OF STRING 3 AND ANNUNCIATE
2]

HAVE BYPASSED THAT ELEMENT
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2. SYSTEMS
2.2 Caution and Warning System

OPS AVAILMESSAGE CAUSE
PASS | BFS CENTS

BCE STRG 3 B| G1,2,3, | Go,1,3, | e ALLGPCs DETECTED PROBLEM * BFS PRE-ENGAGE MUST BE IN SYNC
68 | 6 RECEIVING DATA FROM INDICATED WITH (TRACKING)PASS TO

cle1ea)}eo1a)
S8CEELEMENT OF STRING 3 AND ANNUNCIATE

22/5:| 60.13.) HAVE BYPASSED THAT ELEMENT

0 [61,2,3,[60,1,3,
6s | 6

imu [61,2,3, | G0,1,3,
6s | 6

Mis [67,36
8

MTU | 61,23, | G0,1,3,
8.0] 6

nsp [61,23 | Go,1.a,
680| 6

STKR | 62,36

Tac | 61,3,6,| Go,1.3,
8 6

PASS GO,1,3, | © BFS FAIL TO TRACK STRING 3 @ NO MAL
6 ¢ (O RESET MAY RESTORE PASS/BFS

COMM

OPS AVAIL

MESSAGE CAUSE COMMENTS
pass | BFS

BCE STAG 4 A | 61,23, | G0,1,3,| « ALL GPCs DETECTED PROBLEM © BFS PRE-ENGAGED MUST BEIN
68 | 6

RECEIVINGDATA FROM INDICATED SYNC WITH (TRACKING) PASS TO
CE ELEMENT OF STRING 4 AND ANNUNCIATEADTA

| G13.6,)G01.3,!HAVE BYPASSED THAT ELEMENT

B|61,2,3,| 0,13,
68 | 6

c[et23,]6o13,
68 | 6

D/a1,23,] Go,1,3,
8 | 6

PASS 0,1,3, | e BFS FAIL TO TRACK STRING 4 ® NO MAL
6 # )0 RESET MAY RESTORE PASS/BFS

COMM

BDY FLP SW UR)| G36 ‘* BODY FLAP DN(UP) SW DISAGREE | » NO MAL
® DEFAULT TO NO OUTPUT

BODY FLAP cycL 41.3.6 © BODY FLAP LIMIT CYCLING BUT * NO MAL

USABLE

FAIL [61,36 ‘¢ BODY FLAP STALLED OR RUNAWAY

HOLD [61,36 * BODY FLAP ONE CH FAILED BUT
USABLE

SMO BRAKE P 1/3 G0,1,3,| « PRESSURE >180 PSI IN BRAKES
6 DRIVEN BY HYDRAULIC SYSTEM 1/3

28 0,1,3, | © PRESSURE >180 PSI IN BRAKES
6 DRIVEN BY HYDRAULIC SYSTEM 23
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2. SYSTEMS
s

2.2 Caution and Warning System

OPS AVAIL CAUSE COMMENTS

MESSAGE BASEN EES

RLOCKP II © AP AIRLOCK TO AMB (PL)
‘S66 CAB AIRLK PRES | S24 © AIRL

HX OUT T @ NO MAL (NO LIMITS)
‘S66 CAB HX OUT TEMP | S2,4 2 CAB

‘S66 CAB H20 N2 P1(2) |S2,4 @ H2OTKN2P |

S66 CAB N2 FLO 1(2) | S24 @ N2FLOW tf

SM1 CABIN N2 SM

S66 CAB N2 QTY 1@ [S24 SNZSELVGIva

REGP tlS66 CAB N2 REG P1(2) |S2.4 oN2

EMER 02 MSG ONLYWHENEMER 02
$66 CAB 02 EMR SPLY [S24 ‘ EMER O2 QTYANDREG P

ENE O2 Nad

S66CAB 02 FLO 1(2) | S24 © 02 FLOW t

SM1 CABIN 02 SM

‘S66CAB02REG P1(2) |S2,4 © O2REGP Tt
S56 CAB PPCO2 S24 « PPCO2 t

S78 CABIN DP/DT | S24 CABIN PRESS RATE OF CHANGE |

‘S56 CABIN FAN [S24 ‘© CABIN FAN AP fj

SM1 CABIN FAN SM

S66 CABIN PRES [S24 *CABP jt

SM1 CABIN PRES SM

S56 CABIN TEMP [S24  CABTT

S76 CABIN 02 CONC |'s2.4 @ O2CONC t ‘NO MAL

PS AVAIL

MESSAGE
che

CAUSE COMMENTS,
PASS | BFS

‘S66 CABIN PPO2 ABC) [S24 © PPO2 fy * NOMAL

SM1 CABIN PPO2 SM

‘SM1 CABN DP/DT BU SM___[»* SWCABP RATE OF CHANGE COMP | | « NOTIN PRELAUNCH OPS 0

S78 CABN DP/DT EQ |s24 ‘© EQ CABIN PRESS RATE OF CHANGE |

SM1 CABN DP/DT EQ ‘SM

‘S60 CHECKPT FAIL S24 © SM CHECKPOINT FAILED ONWRITE _ |» ATTEMPT RECOVERY USING MMU
OR RESTORE DUETOAN I/O FAILURE | MALS
BETWEEN THE GPC AND MMU, OR
MMU WAS OFF/BUSY

CIRC PUMP $24 * CIRC PUMP FAILS TO TURN OFF ‘® INHIBITS CONTINUATION OF PUMP
CYCLING SEQ

S87 CIRC PMP P 123) [S24 ‘¢ CIRC PUMP P ft)
‘S67 CNTLBUS v|s24 ‘® DCCNTLVOLT|

RPC $24 ® DC CNTL BUS RPC = OFF
CM BUF BSY CRT1(2,3,4) | S24 * DEU IPL REQUEST WHEN THE SM * NO MAL

COMMON BUFFER IS CURRENTLY ® WAIT FOR CONTENDING OPERATION

BUSY TO COMPLETE, THEN RETRY THE SM
DEU IPL

M1 CNTUESS V SM |e DCVOLTCNTLy
* DCVOLT ESS |

S66CO2 AL SYS MALF [S24 * EDO CO2 CNTLR 1(2) MALFUNCTION | # (0V102 ONLY) MALFUNCTION SIGNAL
DURATION IS 6 SEC; RESULTING
SPEC 66’ WILL ONLY APPEAR FOR 6
SEC (PNL MO51F CONTROLLER FAIL
LIGHT WILL REMAIN LATCHED)



2. SYSTEMS
2.2 Caution and Warning System

OPS AVAILMESSAGE CAUSE
PAGSTIBEES COMMENTS

$66 CO2 RL SYS Pco2|s24 +

EDOC02RCRS CO2 PARTIAL © OV102 ONLY

Pr 1
S66 CO2 RL SYS vacp [82.4

* (OV102 ONLY) CURRENTLY NO FDA
ANNUNCIATION

S66 CO2 RLSYS FAN [S24
S76 COMM CAM TEMP | S24 ‘© TV CAMERA OVERTEMP — YES | * CAM TEMP MSG VALID ONLY WHEN

CCTV INSYNC MODE

PAI Temp [S24 « PWRAMP 1 TEMP f

PA2 TEMP [S2,4 « PWRAMP 2 TEMP ¢
$76 COMSEC 1 BITE |S2,4 « COMSEC XMIT AND/OR RCV FAILED
S76 COMSEC 2 BITE [S24 « COMSEC XMIT AND/OR ACV FAILED

CRT BITE 1(2,3,4) [ALL ALL |« ABITE ERROR DETECTED IN
INDICATED DEU

‘SM2 CRYO H2MANF SM [eMANFP |
PRES SM__[*TKCNILP ty

SM2CRYO02HTR SM__[sTKHTRTt

MANF SM [«MANFP|

PRES SM___[eTKCNTLP Ty
DAP RECONF G28 « DESELECTION OF ONE OR MORE NO MAL

DOWNFIRING VERNIER JETS * IF USING PRI RCS, MSG INDICATES.
FAILURE OF DOWNFIRING VERN JET
W/O DOWNMODING

* IF USING VERN RCS, OR UPON
TRANS FROM PRI TO VERN RCS, DAP
WILL DOWNMODE TO FREE DRIFT

OPS AVAIL

MESSAGE CAUSE COMMENTS
PASS | BFS

‘SM1 DC VOLT FC 1(2,3) SM |e FCVOLTT}
‘S89 DELTA AMPS 12,3) [S24 © FC AAMPS 1},

> 3 DEU ALL ¢ TOO MANY DEUs INCOMMONSET |e NOMAL
DISPLAY SW A|G28 © AFT ADI ERROR/RATE SW * NO MAL

© AFT ADI ATT SEL SW * MAY BE TRIGGERED BY COMM FAULT
ORV/O RESET

L{61,2,3, © LH ADI ERROR/RATE SW * MOVE APPROPRIATE SW TO GREEN
68 ¢ LHADI ATT SEL SW DOT DEFAULT POS

© LH AIR DATA SW * AIR DATA/RADAR ALT SW NOT READ
¢ LH HSI MODE/SOURCE/TRAN SW IN OPS 1,2 OR 8 FOR PASS
¢ LH RADAR ALT SW

R[G1,2,3, RH ADI ERROR/RATE SW
68 RH ADI ATT SEL SW

© RH AIR DATA SW
RH HSI MODE/SOURCE/TRAN SW
RH RADAR ALT SW

DKXMTR 1(2,3,4) ALL |e BFSDK TRANSMITTER FAILEDHIGH | « NO MAL
ON A PASS CONTROLLED CAT © BFS WILL DOWNMODE AFFECTED DK

BUS — NO COMMANDILISTEN
CAPABILITY ON THAT BUS

# ASSIGN BFS TO AFFECTED CRT TO
RECOVER BFS COMMAND/LISTEN
CAPABILITY

« BFS IS STILL ENGAGEABLE WITH
FULL CAPABILITY

$67 ESS BUS V 1BC(2CA,3A8) |S2.4 * DCVOLTESS |
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2. SYSTEMS
:

2.2 Caution and Warning System

OPS AVAIL

ESSA CAUSE COMMENTS
MESSAGE

as eS

I NO MAL
ETSEP AUTO)/(GB) See Oe Sane

® SW DEFAULTS TO AUTO IN GS

INH ® NO MAL
INH [G16 G16 |

*

AUTOSEtINEs & FDLN DISC VLVS | » USE CUE CARDS FOR DISC VLVS

G6 = BODY RATES, « AND B
P SW FAIL 7 NO MAL

SAND) Sener ™
® USE SPEC 51 OVERRIDE

$77 EVA-MMU T a $2.4 ‘* MMU/FSS TEMP OUT OF LIMITS.

4 @ FDLN FWOMMID,AFT, TOPPING,ACCUM | e FES FEEDLINE TEMPS
Se8 EVAR FOUN UAE) ES

LINE A(®) AND Hi LOAD LINE A(6) Tt}

S88 EVAP HILO TEMP [S24 = FESHILOAD NOZAND DUCTTT) _| © HILOAD IB/OB DUCT T AND NOz T

‘$88EVAPOUTT 1 [$2.4 eOUTTTI
M2 EVAP OUT T SM

4 @ FESTOPPING NOZANDDUCTT Jt | » TOPPING EVAPL(R) FWD(AFT) DUCT T‘$88 EVAP TOP TEMP | S2,
AND Lipp NOZT

167 EXT AL PRES [S24 * EXTAIRLOCKP 1] © EXTERNAL AIRLOCK ONLY

FRCS JET 13,6 | © F JET MANF 1(2,3,4) FAIL ON/OFF * NO FAIL LK DETECTION IN BFS

pveT | 67,23, * F DOWN JET 1(2,3,4) FAILON/OFF/LK |» FAIL OFF DETECTION NOT

68 PERFORMED IN MMi01 & 012 FOR
PASS

Fue [61,.23, @ F FWD JET 1(2,3) FAIL ON/OFF/LK
68

WET | G1,2,3, «© F LEFT JET 1(3,5) FAIL ON/OFF/LK
68

(OPS AVAIL

MESSAGE CAUSE COMMENTS
PASS | BFS

FRCS PUET | 61,23, © FRIGHT JET24,5)FAILON/OFF/LK _| « FAIL OFF DETECTION NOT

(Cont) 68 PERFORMED IN MM101 & 102 FOR

wer
/6123,

© F UP JET 1(2,3) FAIL ON/OFF/LK
PASS.

HeP [G28 _|G1.3.6[«F He(FUOROX)TKP2LOW * PKTG/LRCSLEAKISOL

LEAK [62,38 [61.3.6 | » PROP/He LEAK © OXFU A QTY > 9.5%

pvt [e236 ‘* LOSS OF P ORT DATA FORRGS QTY |» NO MAL

CALC * QTY CALC SUSPENDED

TkP|628 [61.36 [+

FWDRCS(FUOR ON TKULLPRESS [= GTY CALC SUSPENDED

S69 FC AMPS. 1(2,3) | S24 © FCAMPS ¢ |
SM1 FC AMPS 1(2,3) SM

‘S69FC.COOLP 7123) |S26 *FCCOOLPT]
$M1 FC COOL P 1/23) oM

S69FC DELTAV 1(2,3) | $2.4 © FC SUBSTACK AV > 150 MV
SM1 FC DELTAV1(2,3) SM

S69 FC EXITT 12,3) [2,4 eFCEXITT ||
SM1FCEXITT1(2,3) SM

S69FC H2 FLOW 1123) | $24 *° FCH2FLOW¢
S69FC H2 PUMP 123) |s24 * FCH2 PUMP STATUS 1 1
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2.2 Caution and Warning System

OPS AVAIL

MESSAGE CAUSE
PASS | BFS

ee

‘S69 FC H20 ALT 123) [S24 © FCALTH20LNT Tt}

PRI 1(2,3) [S24 e@ FCH2OLNTT I

RUF 123) [S24 @FCHOORLFVIVTTT
HTR [S24 *® FCH2ORLF HTRSTATUSAB { | ® BOTH HTRS OFF OR BOTHHTRS

INDICATING AUTO WILL ANNUNCIATE
ALARM

une [S24 *FCHZORLFINTTI
Nnoz [S24 *FCH2O RLF NOZTA®) TJ

‘S69 FC 02 FLOW 123) |s2a © FCO2FLOW 1

S69FC PH 72,3) [S24 *FCPH-PHy © PH> BILEVEL
SM1 FC PH 1(2,3) SM___|*FCPHHIGH

S69 FC PRG LN He | S24 @FCH2 PURGELNTI@)T
o2 saa * FC O2PURGELNT 1

S69 FC PUMP Tea) |s24 © FC COOL PUMP AP |

SM1 FC PUMP 1(2,3) SM

FC PURGE 72a) [S24 © FAILS FLOW CHECKATPURGES AT | » USE MAN FO PURGE PROG
END OF PURGE

sea [S24 © LOSS OF PWATO PURGELNHTAS |» USE MANFO PURGE PROC
AFTER AUTO SEQINIT OR LOSS OF | » SEQ FAIL FLAG TERMINATES AUTO
SWITCH FUNCTION PURGE SEQ

Temp [S24 © FC PURGE LINE TEMP TOO LOWTO | » TERMINATES AUTO PURGE
PERFORM AUTO PURGE » USE MAN FC PURGE PROC

S69 FC REAC 123) [S24 © FC REAC 4 © FC REAGVLV—GL

SM1 FC REAC 1(2,3) SM

‘S69 FC READY Tes) [S24 = FO READY |

OPS AVAIL

MESSAGE CAUSE COMMENTS,
PASS | BFS

S69 FC STACKT Tea) |s24 * FOSTACKT th

SM1 FC STACKT 12,3) SM

S69 FO VOLTS 123) |s24 * FOVOLT th

FCS CH 7(234)|G1__]@1 |» SRB CHANNEL BYPASS NO MAL
® ROCK & TILT ACT A(B,C,D) CH FAIL

Gi,3,6 [G16 |» MPS CHANNEL BYPASS > NO MAL
® MPS ENG PITCH(YAW) CH FAIL

Gi,3,6 | G1,3,6 | e AERO CHANNEL BYPASS @ NO MAL
® ELEV (RUD.S/B) ACT CH FAIL

FCS SAT POS] 63,6 |G3,6 | e URIBIOB ELEVON POSITION = NO MAL

SATURATION * ELEVON SAT (>+12 OR 15 DEG)

Mom [63,6 [G36 |e URIB/OB PRI DELTA PRESS © NO MAL
* INRTLS EXPECT HINGE MOM> 2400

PSI (80% SYS MAX)

S67 FPC/FLO 12a) |s24 *FWOPCAV 4
S88 FREON FLOW 12 [S24 ° FLOW} © FCLICH FLOW

‘SM2 FREON FLOW oM

S88 FREON QTY 1(2) | S2.4 ® ACCUM CTY | FREON LOOP ACCUM QTY

$88 FREON RAD T1(2) | S2.4  CNTL OUTT 1(2) | ® RAD CONTROLLER OUT TEMP

S88 FAN AFT OP 12) [S24 © AFT CP FREON FLOW | @ AFT CP FLOW

$88FRN PL HX 1(2) | S24  PLHX FREON FLOW | e PLHXFLOW

‘$86 FU TK VLV 1(2,3) | S2.4 APU FUEL TANK VLV TEMP tj

M2 FU TK VLV APU SM
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Vane
OPS AVAIL

CAUSE COMMENTS

Pass | BFS

$76 GCIL FAIL | S2.4 ‘®GCILCONFIGFAILED TO PNL

$86 GG/FU PMP 7(2,3) | S24 * APUGGBEDT ft}

BITE]ALL |ALL |» SW FORCED CLOSED PROCESS DUE | » IN PASS
ce

TO GPC HW (SMV)FAULT

‘¢ BFS RESTART INDICATION * INBFS

CONF [ALL ® NBAT TGT GPCs NOT IN RUN OR NOT |e NO MAL

SPECIFIED * PROCEDURAL ERROR OR SWITCH
ERROR

SUM ALL | * BFS GPC FAIL CHECKSUM

1 ALL ® INDICATED GPC HAS FAILED

2[ AL

3 [AL

4 [ALL

5 [ALL ® GPC 5 HAS FAILED eNO MAL

GPC PWR ALL |» PWR TRANSITIONS TO BFS GPC ® NO MAL
* BFS WILL DISENGAGE
* S/W DOES AUTO RESTART

$68H2CNTLP 1(2.3,4,5) | S24 © CNTLP th

HTRT 1(2,3,4,5) [$2.4 eHTATT

MANF PRES [S24 ® MANF P

viv [$24 @ MANF VLV = CL

TKP 1(2,3,4,5) | S24 eTKP ti

OPS AVAIL

MESSAGE aS CAUSE COMMENTS

168 H2CNTLP 67.8.9) [S24 © CNILP Ty

HTRT 67.8.9) [S24 eHTATT
TKP 6(7,8,9) | S2.4 eTKP ty

‘S69 H20 LN PH S24 © H20 LINE PH } © PH> 9 BILEVEL
$88 H20 LOOP 1(2)

Boy=
‘© ICH FLOW 4 © ACTIVE LOOP ONLY

4 « ACCUM QTY if

Temp [S24
=)PM:OUTi ‘© H2O LOOP TEMPS

@ICHOUT Ty
‘S88 H2O PUMP P 1 |

BeoRieS

@ |s24

=

«P1(2) 1) OR AP 1(2) t{ ® AP HIGH ONLY FOR INACTIVE LOOP

nGHE = —

# SP HIGH OR LOW FOR ACTIVE LOOP
j s

= NO MAL
S86 HUMID SEP Ae) [s24 ‘« HUM SEP SPEED |
SM2 HYD ACUMP1(2,3) SM__[*ACCUMP |

S86HYDPRESS 1(2,3) [S24 .z HYD SYS SPI
SM2 HYD PRESS oM

oa SOMA:

‘SM2

=
HYDQTY1(2,3) SM_|*RSVRQTY ty6 HYDRSVRQ 1(2,3) [S24 *RSVRQTY ty

S86HYDRSVRT 12.3) |s24 TRSVATIT
SM2 HYD RSVRT 12,3) SM
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OPS AVAIL

MESSAGE CAUSE MMENT:
PASS | BFS ee S

ILLEGAL ENTRY ALL [ALL |« ILLEGAL KYED ENTRY WITH RESPECT |» NO MAL
TO OPS SELECT/TRANSITION, DATA | » IF APPROPRIATE, KYBD INPUT
LOAD, INITIAUZATION, MEM SHOULD BE REENTERED
RECONFIG, GPC ASSIGN, KYBD
SYNTAX, FREEZE DRY LOAD, ETC

S66 IMU FAN DP [saa @ IMU FAN AP th

SM1 CABIN IMU SM

S65 IMU FNSPD AGO) [S24 @ IMU FAN SPEED |
VO ERROR CRT1[ALL [ALL | ERRORINDEU 1(23,4) MSG (JO OR

Ata ALE [ALE |e ceo

crTsfALL [ALL

crt4 [AL [ALL

pa JALL * /O ERROR ON DOWNLIST INTERFACE
WITH PCMMU

FA1 | G1,2,3, | GO,1,3,| e INPUT/OUTPUT ERROR ON BFS PRE-ENGAGE MUST BE IN SYNC
é6:i|me INDICATED UNIT HAS BEEN WITH (TRACKING) PASS TO

rao leiaatGora)|
DETECTED ANNUNGIATE

68 | 6

FA3[G1,2.3,| G0,1,3,
68 6

FA4 [G1,23,| G0,1,3,
68 6

PSAVAMESSAGE oi
c

CAUSE COMMENTS
PASS | BFS

TTEM RUCT PSP S24 ‘© PCP CC CMD REJECTED DUE TO PSP | « NOMAL
CMD DATA TRANSMISSION IN

PROGRESS

$76 KU-GMBLA TEMP [S24 @ KUGMBLA TEMP f

GMBLB temp [S24 © KUGMBLB TEMP t
GYRO Teme [S24 @ KUGYRO TEMP t

XMTR Tem [2,4 @ KUXMTR TEMP t

TOMS GMBL | 61.28 G13" | PITCH
(YAW)CMD/FEEDBACK azFOR | « NOMAL

38 Se

Pc [Gi,2,3,| G1,3.6 | © ENG CHAMBER PRESS LOW
6

ary [ar23, @ ENG FU OR OX TK LEVEL LOW
6,

TEMP Gi3_|»ENGFUINITHI

Tkp [G26 | G13. | FUOROX TKULIAGEPHiLOW

G1,3,6 | e HeOR N2TKP LOW
© N2REG P H/LOW

VLV | G2 @ He P/VAP ISOL VLV MISMATCH « NO MAL

S89 L OMS TEMP | S24 © ENG FU INJ THILOW = NO MAL
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2.2 Caution and Warning System

OPS AVAIL

MESSAGE SiS nERS
CAUSE COMMENTS

7 ss Gia6 |» LEFTJET MANF 11254 FAILON/OFF _| « NO FAIL LK DETECTION IN BFS

1(@) FAIL ON/OFFILK @ FAIL OFF DETECTION NOT
AueT

61.2.3
SCART OETA)

PERFORMED IN MM101 & 102 FOR

puet [ar2s, = L DOWN JET 213,4,5) FAILON/OFFILK |
PASS

68

LET | G1.2,3, e LLEFT JET 1(2,3,4,5) FAIL ON/OFF/LK

68

eT [61.2,3, © LUP JET 1(2.4) FAIL ON/OFFILK

68

Hep |G28_|Gis6 |»CROSARTHeFUOROX)TK ®PKTG/LRCSLEAKISOL

Leak [23.8 | G1.3.6 | » PROP/He LEAK * OXFUAQTY> 95%

pvt [anae ® LOSS OF P ORT DATA FORRCS QTY | NOMAL

Bere ® QTY CALC SUSPENDED

kp |@26 ]G123] © LACSAFT(FUOROX)TKULLPRESS.
6 | HULOW

XFEED [G1,36 @ LACS PROP TANK LOW PRESS @ FAILURE ON LEFT SIDE, AUTO XFEED
FROM RIGHT

S67 MAIN BUS V AGO [S24 * MNVOLTS 11

SM MAIN BUS V A(B.C) ou

OPS AVAIL

MESSAGE CAUSE COMMENTS
PASS | BFS

MPS DATA C(LR) | G16 G16 @ DATA PATH FAIL @ NO MAL
¢ REF AESP CUE CARDS

MPS ELEC C(LA)|G16 [G16 | ELECTRONIC LOCKUP MODE FAIL |e NOMAL
REF AESP CUE CARDS

MPS H2OUTP C(LA) Gi,6_| PREMATURE SSME SHUTDOWN @ NOMAL
* MPS GH2 OUT P | ¢ REF AESP CUE CARDS

MPS HYD (LA) |Gi.6 [G16 | HYD LOCKUP MODE FAIL @ NOMAL
@ REF AESP CUE CARDS

MPS HeP(LR) G16 |© MPSHeTKPHILOW ® NOMAL@ HILEAK RATE dP/aT © REF AESP, APCL

G1.36 | « INDICATED REG P HULOW NO MAL
© REF AESP, APCL, EPCL

MPSLH2O2MANF G16 |»MPSLH2 ENGMANFPHI @ NO MAL« MPS LOX ENG MANF P Hi ¢ REF AESP CUE CARDS

ULL G16 | ETULPHILO
MPS O20UTT C(LA) G1,6_ | PREMATURE SSME SHUTDOWN NO MAL

2

« MPSGO2OUTT| @REFAESPCUE CARDS
PS PNEU ACUM G1,6_ | © MPS PNEU ACUM PRESS Low @ NO MAL

zs ¢ REF AESP CUE CARDS
G G1,3.6 | © MPS PNEU REG PRESS HI/LOW * NO MAL

ih
©REFAESP,APCL, EPCL

G1,6 |e MPS PNEU TANK PRESS LOW ‘ NO MAL
© REF AESP CUE CARDSNAV EDIT G2 * RNDZ NAV EDIT ‘7NO MAL

G3,6_|« DRAGH, ADTA,OR TACAN NAV EDIT |e BFS DOES NOT SUPPOAT MLS
NO MAL
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OPS AVAIL

MESSAGE CAUSE
PISSIINES COMMENTS

NAV EDIT ALT [63.6 © ADTAALT DATANOT PROCESSING | « NO MAL(Cont) < M25 * MLS NAV EDIT MESSAGE (MLSNV)DRAG H DATA NOT PROCESSING SEEN ONLY ON HUD
85.2K FT < H < 140K FT

Tac | 63,6 ‘¢ TACAN DATA NOT PROCESSING ‘¢ NO MAL
< 140KFT

S76NSP 1 BiTe [S24 ¢ NSP A/G 1 OR 2XMIT AND/OR RCV
VOICE MUX FAILED

S76NSP 2 BITE [S24 © NSP A/G 1 OR 2XMIT AND/OR RCV
VOICE MUX FAILED

$68 02 CNTLP 1(2,3.4,5) [S24 @ CNTLP th
HTRT 1(2,3.4,5) [$2.4 eHTATT

TRP 1(2,3,4,5) [$2.4 ¢ HTR CUR SNSR = TRIP

MANF PREs [S24 @ MANF P |

viv [S24 @ MANF VLV =CL

TKP 1(2,3,4,5) [$2.4 eTKP th
168 O2 CNTLP 6(7.8,9) [S24 © CNTLP th

HTRT 6(7,8,9) [$2.4 eHTATT

TRP 6(7,8,9) [S24 ¢ HTR CUR SNSR = TRIP

TKP 6(7,8,9) [$2.4 eTKP tt

OFF/BUSY MMU 1(2 [ALL ¢ AN MMU TRANSACTION IS
REQUESTED WHEN THE MMU IS
OFF/BUSY, FAILED OFF, OR SELECTED
FOR IPL

OPS AVAIL

MESSAGE CAUSE COMMENTS
PASS | BFS

G23 OMS/RCS ary [G2 ® L(R) OMS TO RCS PROP TRANSFER | e NOMAL
EXCEEDS UMIT

OTTSTIN G36 |G3,6 |e INDICATED EW LVLLESSTHANLVL |e NOMAL
REQD FOR OVHD APPROACH © MSG TERMINATES < 45 NM FROM LDG

OR EWLVLAGAINMATCHES
PROFILE

$76 PA1 OUTPUT Low [s24 © PWR AMP OUTPUT |

S76 PA2 OUTPUT Low [s24 © PWRAMP OUTPUT |

168 PALLET H2 PRES is36__ | ® H2TK6 (7,8,9) CNILP ft}

TKP S36 |e H2TK6(7,89)TKPft]
02 HTR S36 | ® O2TK6(7,8,9) HTRT t

PRES Is3,6__ | © O2TK6 (7,8,9) CNTLP 1}

TKP S36 |e O2TK6(7.8.9)TKPth
T $2.4 ® PALLET Tt}

Vv A[s24 © PALLET VA |

B{s24 ° PALLET VB

PBD CONFIG $2.4 © PLBD OUT-OF-SEQUENCE CONFIG |eCAUSESTERMINATIONOF AUTO

S63 PBD CONFIG ‘SM

Fi 4, PLBD AUTO SEQ FAIL ‘© CAUSES TERMINATION OF AUTOPBD CONFIG $2, .

aE
S63 PBD CONFIG SM
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2.2 Caution and Warning System

OPS AVAIL
COMMENTSMESSAGE ae) aS

Cae

© MSG OCCURS IF DECOM FDA ENA
62 PDI DECOM FAIL S24 EEN AND PL TLM FAIL OR PDI DECOM

SDE # MSGALSO OCCURS IF PL DEPLOYEDSEL
PI FAIL, OR PSP FAIL

$96 PDRS ABE COMM | S24 @ ABE/MGIU MISCOMPARE

upci [S24 @ SHOULDER JPC FAIL

upce [saa © WRIST JPC FAIL

sy |s24 = SPA PWR (COMMUTATORMDA) FAIL] » AUTO BRAKES APPLIED

SPi ¢ TACH/PHASE LOCK LOOP FAIL

EP
we

wy
WR

S95 PDRS CKCRT D[s24 @ D&C COMM FAIL ® AUTO BRAKES APPUED

sy [saa * TACH/ENCODER DATA FAIL ‘@ DNMODE TO IDLE IF INAUTO MODE
SP © JOINT ENCODER FAIL

EP
we
wy
WR

ee [saa * EE CMDS |, EEFLAG |, EEEU FAIL |

tck [saa @ MCIU TEMP MONITOR CIRCUIT FAIL

Fs |s24 * MCIU EXTERNAL FRAME SYNC BITE
OR BITE VERIFICATION FAILURE

He [S24 © RHC (THC) HARDOVER (ANY AXIS) __|e SW DOWNMODE TO IDLE IF IN
* MCIUHC | (MULTIPLEXER MISMATCH)| _MANUAL (TEST)

OPS AVAIL

MESSAGE CAUSE COMMENTS
PASS | BFS

PDRS TEST BAK | S24 © MCIU BITE VERIFICATION TEST

cw FAILURE
NMI

FS
Loss

PDRS CNTL sy [saa * CONSISTENCY CK- JOINT RUNAWAY | AUTO BRAKES APPLIEDSP ® TACH DATA FAIL
EP

wp.
wy
WR

PRS DERIG S24 ‘© UNCOMMANDED DERIGIDIZE © POSSIBLE EE STRUCT FAIL
S94 PDRS GPO S24 © MCIU-DETECTED GPC COMM FAIL |» MCIU SAFING COMMANDED

® SW DNMODE TO ‘SUSPEND’
S96 PDRS MCIU MADC | 524 © MADCREFVOLTTEST FAIL * AUTO BRAKES APPLIED

mcpc [S24 © MCPC REF VOLT TEST FAIL * AUTO BRAKES APPLIED
cF [S24 © ICF FAIL *

AUTO
BRAKES APPLIED (MAYNOT BE

PDRS RCH [528 *

JOINTEXCEEDS POS ORNEGRCH _| » APPROX2° PRIOR TO SAW STOPse 17
* APPROX 4° PRIOR TO HARDSTOP

wpe

Wy
WR

PORS REL S24 * UNCOMMANDEDP/L RELEASE © POSSIBLE EE STRUCT FAIL



2. SYSTEMS
2.2 Caution and Warning System

OPS AVAIL

MESSAGE CAUSE MiPass | BFS COMMENTS

PDRS SING sy |s24 © SYMWYWITHIN3 FTOF COALIGNMENT | e LOSE =Y DEG OF FREEDOM AT
SINGULARITY

EP [s24 °EP> 76°  LOSE-X DEG OF FREEDOM AT
SINGULARITY

wy [824 © WYWITHIN =15° OF 290° SING LOSE ROLL DEG OF FREEDOM AT
SINGULARITY

‘S96 PDRS SLIP sy |s24 ¢ JOINT SLIPPAGE WITH THE BRAKES | e SLIPPAGE GREATER THANOS° PERsp ON AND NOT IN DIRECT MODE JOINT OR SUM OF 2.0° FOR ALLEP JOINTS
we
wy
WR
ALL

PDRS TEMP.
pont [sz  JOINT/EE TEMP OUT OF LIMITS
sTBI

$94 PDRS WAR $24 © PDRS WRIST ROLL RANGE CHECK
FAILURE

206 PL CL2 SM |e AVFANAP th ‘© SEE ASCENT/ENTRY SYSTEMS
¢ H2O PUMPS AP STAT } PROCEDURES (SPACELAB MODULE

CONFIGURATION ONLY)
PLCL3 SM |* AUXBUSABUN { SEE ASCENT/ENTRY SYSTEMS

© SS INV IN AMPS + PROCEDURES
SS TEMP +

© EXPINVINAMPS t
© EXP TEMP +
@ SSAC ABC) V 1}

MAIN BUS V

AVAIL

MESSAGE OFS. CAUSE COMMENTSPass | BFS

PNL TRIM uA) [63.6 « LH(RH) + P/RN TRIM SW DISAGREE | * NO MAL

PROBES G36 « EITHER ADTA PROBE NOT DEPLOYED | « NO MAL
DURING 1 <M<25

‘S89 PRPLT THRM ‘OMS [S24 ‘© OX(FU) LN STRUCT T HI/LOW

Pop [S24 ‘« PROP AND STRUCT T HiLOW

Res [$2.4 ‘¢ FWD AND UR RCS STRUCT T HILOW

ROMS GMBL]G1,2.3 [61,3 [© PITCH (YAW) CMD/FEEDBACK A FOR | « NO MAL
3.8 SEC

Pc |G1,2,3, G1,3,6 | e ENG CHAMBER PRESS LOW
6

QTY | G1,2,3, FU OR OX TK LEVEL LOW
68

TEMP G13 ENG FUINJTHI

TKP [G28 [G13 |e FUOROX TKULLAGEPHILOW

G1,3,6 |e HeORN2 TKP LOW
¢ N2 REG P HI/LOW

viv [G2 ‘© OMS R POD HeiP VAP ISOL VLV @ NO MAL
MISMATCH

S89 ROMS TEMP [S24 @ ENG FU INJ T HI/LOW fe NO MAL
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(OPS AVAIL

CAUSE COMMENTSbe MESSAGE Pass | BFS

RRCS JET G1,3,6 | e RIGHT JET MANF 1(2,3,4) FAILON/OFF | « NO FAIL LK DETECTION IN BFS

1(@) FAIL ONOFF/LK @ FAILED OFF DETECTION NOTeau
ee SAAR)

PERFORMED IN MM101 & 102 FOR
5

PASS

DJET | G1,2,3,  R DOWN JET 2(3,4,5) FAIL ON/OFF/LK
68

FueT G12, @ ARIGHT JET1(2,3,4.5) FAIL ON/OFF/LK

68

WET [G1,23, ® UP JET 1/24) FAIL ON/OFF/LK
68

HeP /G2,6 G1,3,6 | e R RCSAFTHe (FU OR OX)TK @ PKTC/.—RCSLEAK ISOL
PRESS - 2 LOW

Leak [G2.3.8 [61.366 | » PROP/He LEAK * OXFUAQTY > 9.5%

pvt [ezae © LOSS OF PORTDATAFORRCSQTY| « NOMAL

CALC @ QTY CALC SUSPENDED

TKP {G28 G1,3,6 | e RRCSAFT(FU OR OX) TK ULL PRESS:
HI/LOW

XFEED | G1,3,6 « RRCS PROP TANK LOW PRESS FAILURE ON RIGHT SIDE, AUTO
XFEED FROM LEFT

G23 RCS SYSTEM F(LR) | G28 @ F(L,R) RCS FU OR OX TK TEMP

2,6 * F(LR) RCS FU OR OX TK OUT PRESS

RCS PWR FAIL] G12, © LOSS OF VLV LOGIG PWR TOMANF | « OMS/RCS VLVs WITH ~bp STUCKIN
68 ISOLVLVs CURRENT POSITION

MESSAGE
Cre AL

CAUSE COMMENTS
PASS | BFS

RM FAIL ACC | G1,3,6 «FAIL @ NOMAL
# DES/SEL AVAILABLE

avTa 63,6 [G36 | FAIL © NO MAL
© DES/SEL AVAILABLE

IMU| G1,2,3 | G1,3,6 | « FAIL @ NO MAL
|68 COMM FAULT CAUSES BFS RM FAIL © DES/SEL AVAILABLE

mis [G36 FAIL ® NO MAL
© DES/SEL AVAILABLE OPS 8 ONLY
# NO CRT DATA OPS3

RGA | G1,3,6 « FAIL
@ NO MAL
® DES/SEL AVAILABLE

TAC| G3,6 © FAIL
® NO MAL
© DES/SEL AVAILABLE

XFER G1,3,6 | « BFS NOT RECEIVE STATEVECTOR OR
REFSMAT

P SINOIMAL

G33 ANDZ RADAR G2 * KU-BAND BREAKS TRA (CKWITH *® NOMAL
RADAR TARGET (GPC ANT STEERING
MODE ONLY)

ROLL REF G3 |G3__[« REF ROLL STATUS FAIL © NO MALS86 RSVRVACOP 723) [saa SRS

:
© ACCUMP |

SBTCMTHG AlG2e ‘«AFTTHCPOS)j NEG X/V/Z OUTPUT
ABIC FAIL

eINOMAL,
|

« AFT THC POS/NEG X/¥/Z OUTPUT
DISAGREE

[eae * LSBTC CMDA(,G) FAIL
« LSBTC CMD A(B,C) DISAGREE
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OPS AVAIL

MESSAGE CAUSEPASSBFS COMMENTS
SBTC/THC Ll e236 ‘* FWD THC POSINEG XYZ OUTPUT |» NOMAL

AIBIC FAIL
* FWD THC POSNEG X//z OUTPUT

DISAGREE

R|G36  RSBTC CMD A@6,C)FAIL
* RSBTC CMD A(B,C) DISAGREE

SEL AUTO G2 « UNIV PTG MNVRT-30 & NOTAUTO |» NO MAL
SENSE SW G2 « AFT SENSE SW DEFAULT ® NO MAL

© DEFAULT POS IS -2
212 SLLINK ERR $24 ANY OF THE FOLLOWING MDM SERIAL | e SL MAL, CDMS, MDMIMTUP:

UO LINK ERROR CONDITIONS
5 i MOMATUECMIMY

OCCURRED FORSSCOR EXC:
NO SL RESP 1
GPC NO MATCH i
SLLENGTH |
AR NO MATCH 1
SR NO MATCH |
MSG REJECT (ITEMORGNC) |
MSG LINK BUSY |
MSG LINK DSBL 1

212 SLLINK TERM $24 MDM SERIAL I/O LINKTOSPACELAB | e SL MAL, CDMS, MDM/MTU/POMMU
TERMINATED. CAUSED BY ANY OF THE
FOLLOWING FOR SSC OR EXC:

NOP IND 4

COMM 1
UNKINTRPT |

‘SM1 SMOKE ALARM SM__|« ANYSMOKE CONC +

OPS AVAIL

MESSAGE CAUSE COMMENTSPass | BFS

SM1 SMOKE BAY 1A1S2.4 ® AV BAY 1 SENSOR A CONC f NO MAL

18 [S24 * AV BAY1 SENSOR B CONC f

2A1S2.4 @ AV BAY 2SENSOR ACONC f

2B [S24 © AV BAY 2SENSOR B CONC f

aa |s2.4 * AV BAY3 SENSOR A CONC f

38 [S24 * AV BAY 3 SENSOR B CONC f

‘SM1 SMOKE CAB trp | s24 LEFT FLT DECK SMOKE CONC f NO MAL

RFD [S24 © RIGHT FLT DECK SMOKE CONC f

Hx [$2.4 © RETURN AIR CAB HX SMOKE CONC +

SPD BRK G36 © SPEED BRAKE POSITION > 20% FROM | e NO MAL
AUTO SCHEDULE DURING
O95<M<9.8

S66 SPLY H20 PRES [S24 * SUPPLY H20 INP It

ary [824 © SUPPLY QTY TKA(B,C,D) | C(O)
Temp |S2.4 © SPLY DUMP LINET fy

@ SPLY NOZ T A(B) ¢

SSME FAIL C(LR) | G1,.6 « PREMATURE ME SHUTDOWN  INMM101, MSG ANNUNCIATED BY

BFS ONLY

SSME REPOS FAIL G3 G3 MORE THAN ONE MPS/TVC ISOL VLV_ | « NO MAL

FAILED TO INDICATE OPEN @ SSME REPOSITIONING FOR DRAG
* LESS THAN TWO APU/HYD SYSTEMS | CHUTE DEPLOY IS NOT COMPLETE

INDICATED GOOD @ MMS304 AND 3.5 < MACH < 8
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2.2 Caution and Warning System

— OPS AVAIL CAUSE
GEMESSA PASS BFS

COMMENTS

SUMWORD ICC 1(2,3,4,5) | ALL ‘* SUMWORD MISCOMPARE IN DATA

FROM INDICATED GPC

SW TO MEP G3,6 G3 MEP ALERT « NO MAL
TFLLOAD FAIL S24 ALL ‘@ READ COMPARE ERROR

@ UNSUCCESSFUL LOAD

@ NOMAL
s MAY BE RESULT OF GROUND UPLINK

TGT AT G2 e REQUESTED TRANSFER TIME

CAUSED SINGULARITY IN TARGETING

ALGORITHM

TGT ELANG G2 ‘@ EXCEEDED MAX NUMBER OF

ITERATIONS ON TPI TIG FOR GIVEN

ELEVATION ANGLE

@ NO MAL

TGT ITER G2 ‘@ LAMBERT TGT TRANSFER ANGLE.

NEAR SINGULARITY POINT
PARABOLIC TRANSFER
MAX NUMBEROF ITERATIONS

$87 THERMAL HYD | S24 e@HXOUTT{
$87 THERMALCNTL 1(2,3) | S24 @ LNT ELEV RD/SPBK/BDY FLP 1) * HYD CIRC PUMP NOT MAINTAINING

HYD THERMAL ENVIR:

SMO THRM APU SM © GG BED J, APUINJT | « APCL, EPCL— THERM HTR

APU SM APU FUFEEDLNT tj, PUMPINT ft},PUMPOUTT }, FUTESTLNT fl,
FU SERVICELNTft,
PUMPDANLNT t{,PUMP BYPLNT?|,
GGVMSPLY LNT1},H2OLNINJ ty

EVAP e FES NOZ, DUCT ORFDLNT 14 « ONLY SELECTED DUCTS AND FDLN
Ts ARE SENSED FOR STATUS

MESSAGE
OPS AVAIL

PASS BFS
CAUSE COMMENTS

SMO THRM FRN

(Cont)
SM ‘©ACCUMGTY |

© RADOUTTtj
@ NO ASC/ENT PKT C/L

H20 a
@ H2OSPLYINP tj

HYD a
« H2OBLRT fl @ NO MAL

@ APCL, EPCL- THERM HTR

PRPLT OMS FU/OX BLD/DRAIN LN T
* OMS POD RCS HOUSING

OMS RCS STRUCT T
* OX ENG IN OR ENG FU FOLNT

TIME ALL AUTOMATIC TIME SOURCE CHANGE

TONE | ALL @ TIME MGT TIME TONE @ NO MAL
SMO TIRE PRESS G36 » NOSE GEAR/MLG TIRE PRESS |

$66VAC VNT NZ TEMP |S2.4 VACUUM VENT NOZ T * NO MAL (NO LIMITS)
SM2 W/B QTY 1(2.3) SM » HYD SYS H20 BOILER FLUID QTY 40%
S66 WASTE H20 PRES [S24 © WASTELIQP1)

aTy |s24 © WASTEQTYt} @ NO MAL FOR QTY HIGH
TEMP | S2.4 © WASTE NOZT fj

© DUMPLINET1}
‘S86WSBP 1(2,3) | S2.4 eREGPtj

eN2P 1
S 12,3) [S24 ‘*H20QTY|
a 1(2,3) [S24 eTKT

*BIRTTHI
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2.3 CLOSEDCIRCUITTELEVISION

Video Processing Equipment...

CCTV Cameras.....eecsesseeseseessoa

CCTV Camera Lens Control .......s0-.0000 Y

Pan/Tilt Units (PTUs) .....2-cssssessssseeessseees 2.3-12

Gabini Cameras) masstessscsscssccseustercsecrssrtssse7 2.3-12

Video Tape Recorders (VTRs) ......-.+++++++ 2.3-15

Special Purpose Video...

Monitors ....

Payload Bay Camera Operations

(CCTV (ACCOSSOTICS seecasnsstecssrasscrsrcesczsersens 2.3-21

CCTV System Summary .......-ssssecerseeees 2.3-22

‘Description’

The closed circuit television (CCTV) system is used

on orbit to provide support to orbiter and payload
activities. This support includes transmitting real-

2. SYSTEMS

23 Closed Circuit Television

time and recorded video from the orbiter to MCC

through either the S-band FM or Ku-band
communications systems. Mission requirements
for CCTV and camera configurations are specified

intheFlightRequirementsDocumentforeach shuttle
flight.

The CCTV system consists of video processing
equipment, TV cameras (and lens assemblies), pan/
tilt units (PTUs), camcorders, video tape recorders

(VTRs), color television monitors (CTVMs), and all

the cabling and accessories required to make these-

components work together. All CCTV operations
can be controlled by the crew. Most CCTV

configuration commands can be executed by the

Instrumentation and Communications Officer

(INCO) at Mission Control. Among the commands

MCC cannot uplink are those to configure and

operate loose CCTV equipment, such as camcorders

and VTRs, and selection of inputs to the color

monitors.

Standard CCTV components are powered via circuit

breakers located on panel R14. Flight specific keel

cameras (prox ops or berthing) are usually powered
from a cabin payload bus. CCTV pushbuttons on

panel A7U have lights that illuminate to provide
visual feedback on camera and CCTV routing
configuration. These lights are powered via the

ANNUNCIATOR light switches located on panel
A6U.

TEACEANmuTR

YBACKVIDEO,
VIDEO SWITCHING

OTHER | SPACELAB,EMUTy, UNIT
VIDEO [SAREX DYOs, etc.

[ews ae

|CAMERA &
(NTSC,FSC.B&W) enc |VSUTLM

VIDEO&TM eng

REMOTE CONTROL

CAMERASTYPES: A owenoworr UNIT

506, 508, CTVC,ITVC
EEMNA

>
LENS(506,508): iT

MLACLAWLA nee pan

CNTLBCTBAYCAMERAS: GEN/OSC

PASLOEWDBAY CREWCUDSo

oR KERRY =

*

C- AFTBAY
*

0 - STBORMS aca] CCTTELEMETRY || OF

PORTRMSCAMERAS
1 ake

Nom

‘WRIST PF2 MCCCMOS.
“WITHPAN/TILTUNITS: Local

CCTV System Overview
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2.3 Closed Circuit Television
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Panel A7U

Video Processing Equipment

Thevideocontrolunit(VCU)isthecentralprocessor/
controller for the CCTV system. The VCU consists
of two line replaceable units (LRUs): the remote
control unit (RCU) and the video switching unit

(VSU). Both LRUs are located behind panels R17
and R18 in the aft flight deck. These units are forced
air cooled by cabin fans, although neither LRU
includes a temperature sensor.

Remote Control Unit

The RCU receives all CCTV commands from both
the crew and MCC. A ground command interfacelogic (GCIL) control switch located on panel A7U

determines whether MCC can send commands to

the CCTV system. Whenthe TVPOWERCONTROL

switch is in the CMD position, MCC can uplink
commands to the CCTV system, and the crew willbe
able to use all panel A7U TV switches except the TV

POWERCONTRUNIT MNA / OFF / MNBswitch.

ThisTVPOWERCONTRUNIT switchenablesGCIL
drivers to power up the VCU through either DC
Main A or B via panel R14. The GCIL drivers

prevent the crew and MCC from activating or

deactivating the VCU simultaneously. When the
GCIL TV POWER CONTROL switch is in PANEL,
the crew can configure the TV POWER CONTR
UNIT switch to provide VCU power or to turn the
VCU off. Alluplink commands to the CCTV system
are inhibited when the GCIL switch is in PANEL.
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CCTV Circuit Breaker on Panel R14 Ni ]
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. ? (S14) csi) ($16)| (S17) TLL) Si) |
—————— OFFA, OFFA. INHIBIT REVERSE ©© rnd ©)
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TV POWER Controls on Panel A7U

Uplink commands to the RCU must pass The crew can send any uplink CCTV command by
through payload 2 mutiltiplexer/demultiplexer _ executing a real-time command (RTC) on SPEC 1 of

(PF2 MDM). The VCU power MNA/OFF/MNB __ the SM GPC. The TV POWER CONTROL switch

commands to the GCIL drivers use PF1 or PF2 MDM must be in the CMD position for crews to use this

like all other GCIL commands. However, if the feature. Crewsdonotcarry any CCTV specific RTCs

it edge Sata
in any Flight Data File (FDF) documents. This

|] R14weretofail,theRCUwillinhibitalluplink capability would only be used if MCC were unable

CCTVcommands,exceptfor the VCUpower-on _ to uplink commands or for functions not available

commands. from panel A7U.

®
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2.3 Closed Circuit Television

The RCU includes two independent video VY
sync generators. The sync generators are = 7

=tedi the power on logic and TV SYNC

®
es @® cont UN

NORMAL/ REVERSE switch on panel
A7U. When the TV SYNC switch is in

NORMAL, sync generator A is powered
by Main A with sync generator B on Main

B. The bus that powers the VCU also

applies power to the sync generator tiedto
that bus. When the TV SYNC switch is in

REVERSE, sync generator Ais tied to Main

B and sync generator B is tied to Main A.

This feature is provided to allow the crew

to switch sync generators without power

cycling the VCU in case ofasync enerator TVSYNCSwitch on PanelA7U

N

PELLLiLiLCiCC.
TV TY POWER —

ROL CONTR,UITCAMERAPower,
In addition to generating master sync Psignals, the RCU also generates a full-field
test signal, better known as a test pattern.
The test pattern is black and white. The
test pattern can beselected asa videosource
frompanel A7Uorviaanuplinkcommand.

The sync signal is distributed to CCTV
cameras and the VSU for synchronization
Purposes. Commands to the cameras are

embedded in the sync signal. Eachcamera
has a unique address. This address is sent

, Niout with the command in the sync signal. CAMERA POWER Switches and Talkbacks onTherefore, only the correctly addressed Panel A7U
camera will respond to the command.
Uplinked commands are sent on a different sync power controller (RPC) to provide panel R15 circuit(horizontal scanning) line than A7U commands. It breaker powertoa payload bay camera and

i1s possible for the crew and MCC to send conflictingcommands toacameraatthesame time; coordinationbetween crew and MCCis veryimportanttopreventpotential conflicts. Usually, the crew configurescameras and MCC selects cameras for downlink.Prior to launch, each crew should talk with the leadINCO for their flight to work out CCTVTesponsibilitiesduringcrew activity and sleepshifts,

should always use these switchesto power off the
cameras prior to deactivatingthe VCU to ensure
Correct camera powerdown.

There are two remote manipulator system (RMS)a :

camera switches to note. In additon to the RMSbiscrew activates Payloadbay cameras using the PORT TV CAMERA POWER switch, another RMS
CAMERA POWER switches located at the topof camera switch is located directly below the aft RHC

panel A7U. These switches are momentary inboth on anelA7U.The RMSCAME
wi

f ‘RA WRIST/ELBOW
the ON and OFF positions. The ON/OFF talkbacks Ie i

.

between‘ i
are setby the RCU. The talkbacks indicate the status

ede
theENSCAMERABOR?of a 28 V de discrete emai

and elbow cameras. Only the RMSCAMERA PORTenables a remote WRIST/ELBOW switch is operational when the

eeSCOM 1.5
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Aaa os7

elelea
© a tr

OFF

rm
band

TV DOWNLINK Switch on Panel A7U

vi0e9 tev"

VIDEO INPUT and OUTPUT

Push Buttons on Panel A7U

RMSis flown. Only one RMScameracan be activated

ata time. Cycling the switch powers off one camera

and powerson theother.MCC cannotselectbetween

the wrist and elbow cameras nor can MCC identify
the position of the switch using downlinked

telemetry.

In addition to TV SYNC NORMAL/REVERSE and

RMS CAMERA PORT WRIST/ELBOW switches,

MCC is unable to configure the TV DOWNLINK

ENABLE/INHIBIT SWITCH function. This lever

lock switch inhibits the VSU output to the Ku-Band
and S-Band FM communications systems. This

switch can be used to ensure that no video is

downlinked during "sensitive" mission operations.
For the majority of mission operations, this switch

should be in the ENABLE position. MCC receives

telemetry that indicates the position of the TV

DOWNLINK switch.

The RCU provides some telemetry to the pulse code

modulation master unit (PCMMU) via OF4 MDM.

This includes camera overtemp, downlink enable,
VCU power source, sync normal/reverse, sync

generator active, and "camera select." The camera

select is the camera selected for downlink. This

may bea different camera from the one the crew or

MCC is commanding at the time. The crew and

MCC can command different cameras at the same

time. The ALC/Gamma status of the downlink

camera will be included in the telemetry to the

PCMMU.

Video Switching Unit (VSU)

The VSU can accommodate up to 13 video inputs
and 7 outputs. However, panel A7U only provides
for 10 inputs and 4 outputs. Adding pushbuttons to

expand the VSU operational capability has been

determined by the Space Shuttle Program (SSP) as

being too expensive for the increase in capability
and is not planned.

The VSU is used to route video from a source to a

destination. Allcommands to the VSU are processed
by the RCU before being sent to the VSU. Note that

the crew routes video by selecting a destination

and then a source, whereas MCC selects a

2.3-5
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2.3 Closed CircuitTelevision

The VSU is also capable of

generating multiplex (mux)

scenes that appear as a split
screen of two CCTV cameras.

The VSU takes thecenter portion
of a camera scene and places it

on the left or right side of the

mux picture. The VSU

determines where to extract the

centerportionof the videosource

from the RCU’ssyncsignals. The

VSU can only mux synchronous
video sources. VTR playback
and camcorders cannot be

muxed by the VSU.

or

(Faso) (aan (¢ WUX2)MUX2]

®

Geel a
sm

a)com DDD
(CAMERACOMMANI

i
ol cae FARY ae cy ot PAN

< 5i L i

| e

@ la

a(e/olelele) ef:a
LOWRATE NEARA OTs CLOSE DOWNA alhe

||

PEAK
|||| NORM||

{scons }}|(_scxxe|)

<== <==

The VSU receives GMT from the

orbiter timing buffer. The GMT

is formatted and inserted in the

CAMERA COMMAND Controls on Panel A7U

source and then a destination. When the crew

selects a destination on panel A7U, that output
pushbutton indicator (PBI) illuminates. Once an

inputis selected for that particular output, the input
PBI will illuminate as well. If the input is a camera,

the crew can select ALC/Gamma PBI settings and/
or send PTU/lens commands to that camera and

pan/tilt unit.

The VSU is synchronized to the RCU via the sync
generators. This allows the VSU to change video
sources fora destination at theend ofa video field to

prevent visible picture distortion when the video
switches engage. The synchronization of CCTV also
allows the VSU toread CCTV camera telemetry. The
VSU canread camera ID, temperature, and pan/tilt
angles. If the VSU detects a camera temperature
exceeding45 degreesCelsius,an overtemp warning
is sent to the RCU. The RCUsetsa telemetry bithigh
sothat the SMGPC willannunciateanSM Alertand
an S76 COMM CAM TEMP Message. The
temperature limit is set in the VSU and cannot be
changed by a table maintenance block update(TMBU). A TMBU canbe used toinhibitthe SMalertand message.

110 _-vertical retrace interval by the

VSU, using sync timing from the

RCUasareference. This GMT is

inserted in all incoming video lines when the VSU is

in the sync mode. Since both camcorders and VTRs

are asynchronous devices (i.e., not in sync with the

RCU), the VSU fails toinsert the GMT timetag in the

correct location of the asynchronous video. Crews

and flight controllers will see this as a thin, flashing,
segmented white line that scrolls accross the screen

of thecolormonitors and in the downlink video. The

VSU interpretes the GMT as an elevated camera

temperature. This will produce a false SM S76
COMM CAM TEMP message. An asynchronous
(async) mode command is available to inhibit GMT

timetags and disable the VSU’s temperature sensing
circuits. The async mode affects camera mode

sensing in the VSU. The ALC and Gamma

pushbuttons on panel A7U may remain static and
notreflect the true configuration of standard orbiter

payload bay cameras. This async mode is usually
enabled for VTR playback to downlink and for

downlinking camcorder video. Otherwise, a white
line will be visible in the scene.

The asynchronous mode does not mean that the
CCTV system is no longer sync'd together. CCTV
cameras are still slaved to the RCU, as is the VSU.
Since almost all payload customers require a GMT

timetag in recorded and real-time video, crews and

flight controllers must coordinate the use of async
mode.

2.3-6
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The VSU includes the capability to interleave

digitized voice in the downlink video. The PL BAY
OUTLETS ICOM Aand B switches will send either
or both ICOM audio loops for digitization and

interleaving with downlink video. This feature was

provided in an effort to create lip sync between the
audioand video. Anuplinked command is required
to enable the delta modulator to digitize these voice

loops. This feature degrades the quality of the
downlink video; the digital voice can been seen as

distorted vertical color bands along the left side of
the picture. This feature is no longer used.

CCTV Cameras

There are four types of CCTV cameras flown in the

oo
bay. The cameras are designated as -506,

, and intensified
The first camera flown

onboard the orbiter was the -506 camera. The -508 is

an improved version of the -506. The CTVC first

flew on STS-61. The ITVC is expected to fly first in

mid-1995. The-506and -508 cameras are expected
to be phased out in 1996.

WRIST CAMERA

ELBOW CAMERA
X= 953.03

Y= -70.76
Z= 462.36

(STOWED LOCATION)

CAMERA D

X= 589.0

Y= 71.5
Z= 446

XV

2. SYSTEMS

2.3 Closed Circuit Television

Each payload bay camera has two names associated
with its position. Camera ports were labeled before
CCTV operations were finalized. Crews insisted

uponnaming cameras in amanner where camera ID
could be more easily identified with the camera’s
location in the payload bay. The twonames for each
camera location are listed below:

FWD BAY A

KEEL/EVA BAY B

AFT BAY Cc

RMS STBD D

RMS PORT WRIST WRIST

RMSPORTELBOW ELBOW

Some missions require additional cameras in the

payload bay. These keel cameras are usually
positioned in one of four keel camera mounts.

Occassionally, these cameras are mounted on

payload support structures and are used to assist

with berthing operations.

KEEL CAMERA MOUNTS.

Payload Bay CCTV Camera Locations

2.3-7
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2.3 Closed Circuit Television

CCTV Lens (Color/Monochrome Lens AssemblyModel)

All payload bay CCTV cameras have heaters for
both thecamera and the pan/tilt units. These heaters
are independently powered from circuit breakers
located on panel R14. The heaters are

thermostatically controlled and activate when the

temperature reaches -8 degrees C and turn off at 0

degrees C. All CCTV cameras and PTUs in the

payload bay are covered with thermal blankets.

Field sequential color (FSC) was selected by the SSP
as the color video standard instead of the National
Television Standards Committee (NTSC) standard
because NTSC cameras in the 1970s were much

larger and consumed more power than their FSC
counterparts. In addition, FSC cameras performed
well for the Apollo program in the late 1960s and
early 1970s. Today, miniaturization of electronics
allows NTSC cameras (both CCTV and camcorders)
tooccupy asmaller volume and consume less powerthan in years past. By the end of 1994, the SSP isexpected to retire the FSC lens assemblies and use

only black and white or NTSC cameras,

-506,-508Cameras
The -506 and -508 cameras compose the rear half of
the old CCTV camera assembly, with the lens
assembly occupying the front half. The imaging

device within the camera isa silicon intensified

target vidicon (tube). This vidicon provides excellent

low-light performance, especially when used in

conjunction with a monochrome lens assembly
(MLA). The combination of MLA with the -508
camera is sensitive to 0.01 lux. The -508 and MLA
combination is manifested for use where low-light
capability is required.

The -506 and -508 cameras are monochrome,
providing an RS-170 (black and white) video signal.
The color lens assembly (CLA) and wide-angle lens

assembly (WLA) have a rotating color wheel

composed of primary color filters (green, blue, red).
A green filter passes green component light into the
camera in one field, a blue filter passes blue light on

the next field, followed bya red filter passing red
light on the third field. The process is then repeated.
The end result of this process is FSC video.
Equipment at MCC (and converters in the orbiter’s
color monitors) sync up to the green field. Green,
blue, and red color fields are processed. Since the
video signal is composed of 60 fields per second, 20
fields of green, blue, and red appear every second.
Thecontrast changes every field if thescene includes
brightlycolored objects (such as a blue ocean). This
causes flicker because the filters are blockingthe other Primary color wavelengths

2.3-8



onalternating fields. For
vi

objects, the color quality is quite good. As objects
‘Moverelativetothecamera,colorqualityandmotion
Tenditiondegrade.Thecolor along the perimeter of

moving objects is not sharp (individual green, blue,
and red lines are visible). Essentially, the only
differences between the CLA and WLA are the field
of view and zoom capabilities, as shown below.

Focallength | Zoom Focus | F-stop
Lens (zoom) ratio distance (iris)

25 ftto 0] 11.6 tof1éMonochrome | 18mm to108mm] 6:1

Color 18mm to 108mm} 6:1 | 2.5ftto | 11.6tote

Wide Angle |8.2mmto 25mm} 3:1 |2ftto « | 13.5 tof22

FOV (horizontal)
Zoom | Focus

yaa cla] WLA

Out Far 40.9° 83.3°

In Far 6.6° 29.5°

CCTV Lens Data

The -506 and -508 cameras have automatic light
control (ALC) circuitry to provide control of the
camera lens’ iris and the camera's silicon target high
voltage supply. There are three ALC settings for
these cameras: peak, normal,and average. Toselect
an ALC mode, thecrew will use panel A7U ALC and
Gamma pushbuttons(PEAK, NORM,AVG). MCC/
INCO can also select ALC settings via uplink
commands. The ALC settings shift the camera’s

dynamicrange from white (peak), toneutral (normal),
to black (average).

The peak ALC setting is most sensitive to incoming
light; therefore, the iris will allow less light to enter

the lens than with an ALC setting of normal. The

average ALC setting will command the iris to open
more and increase the voltage gain when compared
to the ALC setting of normal. When crews or MCC

require direct control of the iris, the iris switch on

panel A7U just above the ALC AVG PBI or an iris

open/closecommandby MCC canbe usedtodisable

the ALC. This mode is called semi-manual. The

camera operator has total control of the iris but does

not control the vidicon gain since the auto gain
control (AGC) is still enabled.

2. SYSTEMS
2.3 Closed CircuitTelevision

Additional videoprocessingcircuits canbeactivated.
Gamma correction circuits can be used to provideadditional output gain (or attenuation). Gamma
circuits provide an exponential gain as opposed toa

constant gain. The white stretch is selected by the
WHITE STRCH pushbutton on panel A7U. The
white stretch exponentis less than one (0.667), thus

providing an attenuation. This provides for better
contrast and detail within brightly lit objects, such
asa payload reflectingsunlight. The black stretch is
selected by the BLACK STRCH pushbutton. The
black stretch exponentis greater than one (2.0), thus
the circiut provides additional gain. This setting
provides for better detail and contrast of dimly lit

objects and is best suited for applications such as

star gazing or lightning observations at night. The

gamma setting of normal is selected by the gamma
NORM pushbutton. Gamma normal bypasses the

gamma circuit, providing no additional gain or

attenuation.

A semi-manual mode is available in both the -506
and -508 cameras. The camera operator can select
semi-manual mode by executing a manual iris

command. The -508 camera futher requires that

gamma normal be selected. A full-manual mode is

ALC andGAMMA Push Button

on Panel A7U

2.3-9
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a feature of the -508 camera only. This is selected

using white or black stretch gamma and having the

ALC disabled by sending a manual iris command.

The white and black stretch provides fixed voltage

gain to the silicon targetofthe camera when the ALC

setting is disabled. This feature provides for full

control of the camera (iris and silicon target gain)by

disabling the ALC and AGC. CAUTION: both

semi- and full-manual modes leave the cameras

vulnerable to damage by the Sun if sunlight passes

through the viewing area of the camera. Crews and

flightcontrollersmustbe aware of the Sun’sposition
when using these manual modes. Do not leave a

camera unattended in any manual mode!

s@olor'TelévisionCamera(CTV),

Unlike the -508 and -506 cameras that employ a

special lens assembly (CLA or WLA) to provide a

color (FSC) video signal, CTVC provides an RS-

170A (NTSC) color video signal thatdoesnotrequire
additional processing in MCC prior to distribution

to the media. NTSC is the color video standard in

North America, Japan, and other areas. Great Britain

and France are among nations with television

standards other than NTSC.

TheCTVC is approximately thesamesize and shape
as the -508 camera with a CLA or MLA lens. The
CTVC does not have interchangeable lenses like the
-508 camera. The CTVC lens is encased within the

CTVC housing. The CTVC has a maximum

horizontal field-of-view of 77 degrees and a

minimum of about 9 degrees.

TheCTVCuses threecharge-coupled devices (CCDs)
to take discrete samples of light passing through a

prism after entering the lens. The red, green, and
blue (RGB)lightseparatedby the prismaredirected
to (RGB) CCDs. The CCDs are strobed by the

oR COMMA$$ |

camera’s timing circuits to provide RGB component

signals. The RGB signals are processed
independently to provide color balancing. Payload
bay floodlights, compact portable lights (CPLs) in

the cabin, and sunlight are composed of different

light spectra. The CTVC includes bay, cabin, and

sun color balance settings to compensate for the

different wavelength components of fluorescent,

eee
and solar lighting, ee Acolor-

S

the CTVCs.The ALC options are coded red, MAN

GAIN in green, BAL in blue, and miscellaneous in

black. This menu system for configuring the CTVCs

provides control of the CTVC's operating modes

using existing PBIs and uplink commands.

The CTVCs have ALC settings essentially identical

to the -508 and -506 cameras. ALC settings can be

disabled by using the iris command switch on panel
A7Uorby selecting amanual gain setting. Thereare

three manual gain settings with theCTVC:0 dB; +12

dB; and +24 dB. The gain settings not only fix the

output gain by the specified amount but also fix the

iris to its current position. If the crew or MCC sends

amanual iris command wheninan ALC setting, the

ALCis disabled, and the camera is moded to manual

gain of 0 dB. The scene will immediately appear
darker because the AGC will be disabled once the

iris command is received by the camera.

TheCTVCsalsoincludesomemiscellaneous settings,
sometimes referred to as the “all-off' menu. A
shutter can be activated to reduce vertical smearing
caused by bright light. Color bars can be generated
for thecrew tocalibrate thecolormonitors. Since the
color bars are generated within the camera (as
opposed to the B&W test pattern of the VCU), the
color bars could be used to inspect noise in the CCTV

systemif videoappearsdegraded onboard. Gamma
can be toggled between black stretch and linear.

The power on defaults are manual gain©
PANTETFocus 20M Rs TAT

PRRETY PARVUM YLOPeNY ev,

Boe

|
of 0B, color balanceof sun, and gamma

: Bit

a
]

‘
1 black stretch. The CCTV activation cue

=(6]©) © © @||i E card instructs crews to select the

ma es ee

> 4
|

applicable color balance for the

fer

.

os environment and then select ALC of

rem]|{{non)| (ave ||((TE ](Twore |) euacx avetap
axa) | as) Les J S| (ce

———
= = == The CTVCs provide full-level output at

—= =H. 22 ee
20 luxand are designed to operate in a

CTVC Decal
medium to bright light environment.

Thesecamerasoperatepoorlyinlowlight.
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Colors cannot be distinguished inlow light, so there
was no need to design these cameras for that
environment. Because CCTV camera operations are

required for a low-light environment, a black and
white camera was designed tomeet these needs and

operate similarly to the CTVC.

IntensifiedTelevisionCamera(ITVC)_
TheITVCis essentially a blackandwhiteversionof _

the CTVC.The ALC, manual gain, and gamma
settings are exactly the same. However, the ITVC

only has oneCCD (instead of the CTVC’s
three) and is optimized for a low-light
environment. Instead of color balance, |the ITVC includes day and night |

operating modes. The night mode |
provides additional gain, whichcanbe

|

r

HIGH

RATE
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CCTV Camera Lens Control

Each CCTV camera type uses the same switches and
command sequences to adjust the camera’s field-of-
view. Just above the six ALC/Gamma pushbutton
indicators (PBIs) is a row of switches used to send
commands to the cameras and pan/tilt units.

Lens commands are used to adjust the lens and iris

settings. The focus, zoom, and iris commands

provide the crew and MCC with direct control of

CAMERA COMMAND pqa | Focus = 200M Ris ku
OPENY vFARW ny

|
‘a
ole/ee =)used with any ALC setting as well as

manual gain settings. This feature
allows a high gain option without

sacrificing the ALC protection,
particularly around orbit sunrise. A

combinationofnightmodeand manual
gain 24 dB will make the ITVC sensitive

down to 0.03 lux and provide a full-level output at

around 0.2 lux. If the night mode is used with

daylight, the video will appear granular (noisy).
The daylight mode essentially deactivates the night
mode.

The ITVCs also include an aperature compensation
that provides finer detail in low-light conditions.

Although the ITVCs have been designed to work

well in low light, these cameras are not quite as

sensitive to light as are the -508 cameras coupled
with the MLA. When the fleetinventory of ITVCs is

sufficient, the 506 and -508 cameras are expected
to be removed from service. Currently, there is no

operations decal toassistinITVC ALC/Gamma PBI

operations.

Power-on defaults are similar to the ITVC. Manual

mode of 0 dB is displayed on panel A7U and night
operation mode and gamma black stretch are active

in the background. The ITVCs will be configured
using a menu based system that has ALC/Gamma
PBI commands very similar to those of the CTVCs.

Low

(SS

NEAR our close & o
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Focus, Zoom, and Iris control

lens settings. The CTVC and ITVC insert lens data

into the video. The color monitors are able to display
the lens data in the upper portion of the monitor’s

display. This data is also available to INCO in the

MCC. In addition to changing the field-of-view, the

zoom function can affect the apparent scene

brightness when the camera is inan ALC mode. As

bright objects increase or decrease in size, the ALC

adjusts accordingly to increase or decrease the

amount oflight entering the lens. The -506 and -508

cameras tend to bloom in the presence of bright
objects. Changing the field-of-view can usually
reduce theblooming withoutchanging the camera’s
auto or manual operating modes. The IRIS switch

provides manual control of the iris to the user. Use

ofthisswitchdisables ALC.Whenusing this switch,
crews must not leave the payload bay cameras

unattended. Direct sunlight can permanently
damage these cameras if a camera’s iris remains

open.
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$80-33422

1

Pan/Tilt Unit with Camera Thermal Blankets

Par/Tilt Units (PTUs)

ThePTUsare usedwithcameras A,B,C,D,andRMS
elbow. The PTUs are used to change the cameras

field-of-view by moving a camera about two axes.

The PTUs can pan and tilt 170 degrees in either
direction, positive or negative, when any CCTV
camera is attached. However, a-506 or -508 camera

with a WLA will limit tilt to plus and minus 150

degrees.

The PAN/TILT RESET/HIGH RATE/LOW RATE
switch on panel A7U is used to configure the rate of
movement for the pan /tiltunit of thecameraselected.
The RESET position is momentary and resets the
camera's pan/tilt coordinates to zero. The HIGH
RATE position allows the PTU to pan and tilt at a
tate of 12 degrees per second. The LOW RATE
Position allows the PTU to be commanded at a rate
of 1.2 degrees per second. The TILT UP/DOWN
and PAN LEFT/RIGHT momentary switches are
used to initiate and maintain movement about thetilt and pan axis until the switches are released or a

hardstop is encountered. Pan and tilt commandscan be executed simultaneously. The PTUsmay

encounter clutch slippage during operation,
particularly when configured for high rate. When
the clutch slips, there is a temporary suspension in
PTU movement. The camera will continue counting
during this period because there isno feedback from
the PTUs to the camera to suspend counting. This
affects the accuracy of camera pointing in support of

payload activities.

MCCis capable of configuring the pan/tiltrate to be
different from what the crew has set. For uplinked
commands, the rate defaults to high during CCTV
activation. INCOs usually use the low rate for more

effective management of CCTV camera movement
because of the time delays in the orbiter’s
communications systems.

Cabin Cameras

Although all CCTV cameras are compatible with the
TV outlets located on panels 019 and MOSSE, there
are no plans to regularly use these cameras in the
flight deck or middeck areas. Camcorders have
replaced the CCTVs in the orbiter’s crew

compartment. In addition to providing excellent

2.3-12
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real-time video, the camcorders can also record and

play back video without using an external video
recorders.

CCTV cameras will be used in the Spacelab module
because these cameras can be remotely commanded

by crewsand MCC, unlike camcorders. Ifa CTVCis
used in a Spacelab module, the crew should selecta
manual gain of +12 dB before manually adjusting
the iris of the lens. Direct sunlight is not a concern,
so crews should manually adjust the camera for the
best possible picture.

Camcorders

The Canon Al Hi-Band 8mm camcorder was the
first camcorder selected for use on the orbiters back
in 1990. In 1992, the Canon L1 Hi-Band 8mm

2. SYSTEMS
2.3 Closed Circuit Television

camcorder gradually replaced the Canon Al. The
CanonL1 camcorder usesremovable lenses thatcan
be changed in flight. As camcorder models become

commercially obsolete (no longer manufactured),
the SSP is expected to phase-in new commercial-off-
the-shelf (COTS) camcorders and other video
equipment and accessories as necessary. Detailed

model-specific camcorder features can be found in
the Photo/TV Reference Manual.

Camcorders cannotinterface directly with the CCTV
system. COTS video equipment almost exclusively
uses unbalanced video signals. Unbalanced video
signals are referenced toa chassis ground (two lines,
positive and ground). The orbiter’s CCTV system
uses balanced video signals that have a neutral
teference (three lines:positive, negative,and ground).

@ @ @

aa ee OCUTIUTYPOWERa8 Tere CONSSs
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fe
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Cabin Camera Power Connectors/
Controls on Panel MO58F

»
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Canon L1 Hi-Band 8 mm Camcorder

A VIU-C (video interface unit) is required to convert

the camcorder's unbalanced signal to a balanced

signal compatible with the CCTV system. The VIU-
Calso converts the orbiter’s 28 V dc power to 6 volts
inorder to power thecamcorders. The VIU-Cadjusts
the sync voltage level within the the camcorder’s
video signal to prevent overmodulation of downlink
video. The VIU-C has three connectors: 28 V de in
and balanced video out (to O19 and MOS58F)

Video InterfaceUnit/CM (VIU/CM)

unbalanced video out (to portable LCD monitor);
and 6 V dc out and unbalanced video in (from
camcorder).

A transformer can be used with a camcorder to

tecord video from a connector on the rear panel of
the color monitors. The transformer is required to

convert the balanced output video of the monitor to
an unbalanced signal usable by the camcorder. This
transformer is usually Velcroed to the side of the
VIU-C. The combination of VIU-C and transformer
is referred to as the VIU-CM.

Inaddition to providing real-time video likea CCTV
camera, the camcorders have a built-in Hi-band
8mm video cassette recorder. The blank video
cassettes flown have two-hour record duration. The
camcorders can record or play back audio in addition
to video. However, the camcorder’s audio, like the
video, is unbalanced and the orbiter audio is
balanced. The audio si ignal level of the camcorder to
and from the audio system creates a volume
imbalance. The ICOM recorder (currently a Sony
cassette recorder) is required to balance the signalvaluesand toconvert audio signals between balanced
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CAMCORDER SCHEMATICS (Continued)
MULTIPLE CAMCORDER W/PIGMY CABLE AND CCP

MIU LCD Cable!

Leo}————CameorderLCD Cable

(not
used)

veo}———— Cemeorder CC VideosPwr Cable

Ceo cable

(not
used)

ORBITER
SYNCPWR BB] o19

PWR 1058

PIGMY

TWPwr
Cable

CC VideorPwr Cable

Camcorder Setupfrom Photo/TV Checklist

and unbalanced formats. Although the camcorder
can record and play back stereo audio signals, the

orbiter audio system is not capable of transmitting
or receiving stereo (one audio channel only).

The camcorders can be powered by the VIU-C or by
two other means. A battery pack can be used, but

battery power only lasts from 20 to 40 minutes,

depending on how the camcorder is used. The

camcorder power interface (CCPI) device can be

connected to a TV camera port on either O19 or

MOSS8F. The CCPI, using a different cable, can also
draw power froma dc utility power outlet, freeing
the camera ports. The CCPI only provides power, it

cannotbeused toroute video. The CCPI can provide
power to one or two camcorders plus a compact
portable light (CPL).

Video Tape Recorders (VTRs)

Video tape recorders have flown on every space
shuttle mission to date.More thanone videocamera

is flownand because the orbiter is unable to downlink

video to MCC continuously, the CCTV system must

be able to record video to document activities. The

SSP has flown an interim VTR that uses U-Matic (3/
4-inch) video cassettes. These tapes could record up
to 30 minutes of video. The Office of Aerospace
Technology (OAST) has supplied a similar VIR

whenmore than oneVTRwas required fora mission.
The VTRs were placed in a VTR bucket, which not

only secured the VTR but also provided input/
output configuration and power. The VTR buckets
were placed in an aft flight deck panel (usually R11

or L10). Each VIR bucket would occupy half a

panel. The OAST VTR was last flown on STS-51.

Since STS-53, every mission has manifested at least
one modified Teac Hi-Band 8mm video cassette

recorder. The payload video console will replace
loose video taping equipment used onboard.

Teac 8mmVTR

Although the Teac Hi-Band 8mm VTR is a video

cassette recorder (VCR), the term VTR is applied to

this piece of equipment as a matter of convention.

This VTR is loose equipment; therefore, it does not

require securing in an aft flight deck panel. The

8mm VIR is stowed with its cables and accessories

ina locker on the flight deck or middeck.
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TEAC 8MM VTR Rear Panel

The 8mm VTR has connectors on the front and rear

of the VTR chassis. The rear panel of the VIR has
three connectors. The POWER & VIDEO OUT

receptacle is used to accept 28 V dc and output a

video signal. The VIDEO IN connector receives a

video signal from the J3 connector on the rear of a

color television monitor. This allows the VTR to

record video routed from the VSU to the color
monitor. The AUDIOATU/HIU connector provides
an interface to an ATU via the ADS/VTR (audio
distribution system) cable ora headset interface unit

(HIU) in order to record or playback audio.

The MONITOR connector on the front faceplate
provides video to an LCD monitor. Tape counter
and VTR mode indications will appear on the LCD
screen. Six LEDs are present on the front faceplate.
VTR modes of standby (STBY),record (REC), and
PLAY are indicated by the illuminated LED. A
power-on LED will indicate if 28 V dcis reaching the
VTR. An end-of-tape (EOT) LED will indicate whenthe video cassette has reached its limit. A humiditysensor can activate the DEW LED. If condensation
is present inside the VTR, the VTR will unthread thetape and will not operate.

Two switches and two rotary knobs are also located
on the front faceplate. The ON/OFF switch enables
or disables power to the VIR. The EMK REC isa
momentary switch that can be used to record a1 kHz
tone when recording video. This tonecan be used as

$92-47599

oa

8 MM Video Tape Recorder (8 mm VTR)

an aural cue (marker) when playing back the video
with audio. The PULL OPEN/LOCK knob is used
to secure a door that prevents contaminents from

entering the VTR during operations. When the door
is opened, the tape counter on the LCD monitor is
zeroed. Finally, a mode select knob allows the user

to select operating modes for the the VIR. The knob
must be in the UNTHRD (unthread) position to

Temove a tape. All modes except unthread are

indicated on the LCD monitor.

The8mm VTRis powered from panel O19 or MO58F
TV camera power port. The camcorders and VIRs
have been using the source for power, so a pigmycable was constructed to provide multiple power
outlets. The pigmy cable plugs into the flight deck
or middeck camera port and has three connectors
with unequal cable extensions on the other end. The
VID/PWR connector provides 28 V de power and
allows video to be routed to the VSU as flight deck
ormiddeck video. The VID/PWR connector has the
shortestcableextension. TheSYNC/PWRconnector
Provides 28 V de power and provides a sync/
command signal that could be routed via a TV
interface panel (TVIP) or a payload data interface
panel (PDIP) for CCTV cameras in the payload baythat require synchronization with the CCTV system.This sync signal is usually required when more than
one keel camera is used. The longest extension of the
three has a PWR connector, which provides only 28
V de power.
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TOP
Camera overtemp alerts from the SM
GPC can be inhibited by SM SPEC 60.

The ITEM 1allows the crew to enter a

seven-digit parameter address. The

current value of the term specified will

be displayed underneath ITEM 1.

ITEM 10 allows the crew to inhibit the

caution and warning (C&W) system
fromannunciating alarmsasa resultof
parameter violations. The sequence
for inhibiting TV camera

overtemperature sensing by SM is

provided on the 8mm VTR cue card.

MCC can also perform this task via a

* Handheld MIC ‘headset(VLHS)HIUcana'sobe
eee essiADSVTR

ACTIVATION
= ACC PRIORTOPWRONFORSYNCASYNECONFIG.“

VIR PWR - ON
AT Go to ACTIVATION.OPERATION (Cue Card. IV)
LCD PWR - ON(asread) TMBU.
OPERATION

son Eeea aaoe Payload Video Console (PVC)

vir Sortoe=SoBy,hes phCalleon=PLEK The PVCis designed to mount two

“REC LED Doakedtops—TRotREC,re

ae et TeacHi-band8mmVTRsonpanelR12.

This will free up an inboard locker

8MM VTRCueCard stowage container and reduce the

number of cables the crew must

configure for CCTV support.
Configuration of the PVC, which

includes what video to route, VTR

BACKOFSMMVTA" Operating modes, and audio

configuration will be controlled by the

crew using a portable computing
OPERATION) (Conctoded) device. Most recording and playback

features can be commanded by MCC.
For extended onboard playback of VTRofotherasyncinputs,S76 COMM aleris may

beavoidedby inhibiting Ci rtiemp C&W.
i i i i

peaeronae2 ene amace erCR This will allow for videorecording
‘AeveeMCColCWEnablestatis and playback during crew sleep
Alter ickcompletion, Camr overtemp detection mustbe enabled

i

.

i i

SPECIELRERTATRAR ETETC
ORD en periodsThe PVC is expected to first

Advise MCC of CAW Enable status fly in 1996.
VIDEO PLAYBACK (DNLK) — WITH AUDIO

VTR Tne.pales Hon iseteach
ADS/VTRaie connect ai

1 Vidas

o1s -PIGMY.oRapwrdread (itMINASCCUPwr - ON) SpeciaPurpose 1aeo
av VID OUT — MON 1(2) VTR = ATU/HIU

VIOIN ~ FLTDECK Cablesw - PLBK
oe ae A

{pours ONtK),
ee

BesedoopsTm On many missions, additional video

IOIN ~ FLTDEC! ‘Other — NotT/R

reas Contrei eee AUDxMTNCOMMODE~ voxvox sources are used above and beyondaia ee AUOVON SENS AAS
the payload bay, RMS, and cabin

DEACTIVATION cameras(camcorders)inordertomeet

TR Controlsw- UNTHRD mission success. Keel (berthing and/

EWRIOER
nn ee ee

or prox ops) cameras will be installed
co PWR —OFF( * :

4 GotoDEACTIVATION(CueCard,TV)as reas on rendezvous missions. These
ATU 7 (Reconégasread cameras are usually stationary

PIV-2062/08 —CCTV cameras (no PTU) although
Back of38MM VTR Cue Card mission-unique video cameras have

been flown in the payload bay.
Pressurized modules (Spacelab and

Spacehab) include camera ports that

can provide cabin orexperiment video
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fromthe module to theorbiterCCTVsystem. Video

canalso be received via RFcarrier (S-band FM) from

anEVA crewmember ora deployed satellite, suchas

SPAS.

Spacelab

The Spacelab module, in addition to providing
camera ports for sending video, includes a video

analogswitch(VAS)thatcan beconfigured by MCC

or the crew to route video to and from the orbiter

CCTV. The VAS canalsodownlink videodirectly to

the Ku-band system (PL analog, channel 3) and

bypass the orbiter CCTV system. The VAS is used to

route video and activate cameras in the module.

Videorecordingequipmentisinstalledinexperiment
racks for experiment video recording. Instead of

using switches and pushbuttons for camera

configuration and routing, the crew uses a payload
and general support computer (PGSC) to input
commands to the Spacelab experiment computer.
Commands are then sent via a remote access unit

(RAU) to the Spacelab video equipment.

The Spacelab module TV connectors include extra

pins that are used to specify camera addresses not

available in the orbiter. This provides for remote

commanding of these cameras from MCC or from

panel A7U. Therefore, cablesdesignedfor the orbiter
cannot be used in Spacelab for use with standard
orbiter CCTV cameras. Orbiter cables can be used
with camcorders (with a VIU-C).

Addition information on the Spacelab CCTV system

canbefoundin theSCOMM 2102training
workbook.

FM system was used with good results to receive

video from the SPAS on STS-51.

Airborne Digitizer Unit (ADU)

The ADUis used to capturea snapshot(stillpicture)
of video. Once a frame of video is captured by this

device, the video image is digitized and encrypted
for downlink through Ku-band, S-band FM, or

S-band PM communication systems. This unit was

used during DODmissions.Theequipmentremains
certified for flight, although itis very unlikely it will

be flown again on any upcoming NASA flights.

Monitors

The CCTV system usesa varity of monitors todisplay
video. Two color television monitors located on

panel A3 are always flown. The color monitors

replaced black and white monitors that had been
flownsince the beginning of the SSP. Portable liquid
crystal display (LCD) monitors are flown to display
camcorder and VTR video without having to use

either CCTV color monitor.

Color Television Monitor (CTVM)

The CTVMs are the primary display equipment of
the CCTV system. These 10-inch monitors display
NTSC and FSC color. Rotary knobs are used to

control the contrast, brightness, color, and tintof the

videodispayed.The colorand tintare only effective

displaying NTSC video; they are not effective with
FSC video.

®

EMU/Payload TV

The EVA crew can transmit television
signals from an EMU suit if special | e

equipment is attached to the helmet. The
EMU cameraisa CCD imagingdevice that
sends its signal to an RE
(S-band) transmitter. A receiver |

demodulatestheTVsignalfromthecarrier.
This receiver uses one of the two orbiter
S-band FM antennas to receive the EMU
TV signal. The receiver will be located in
the middeck. The output of the receiver
will be routed to panel MOS8F to be
distributed as middeck video. EMU TV
was lastattemptedonSTS-49. The S-band
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CCTV ColorMonitor
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Eachmonitor usesagraphical menu for configuration
control. The menu can be displayed by activatingeither the FUNCTION or SELECT controls. The
menu will be displayed for 10 seconds after the last
command (FUNCTION or SELECT) is executed.
The FUNCTION switch is used to move through
different menu headings. The SELECT pushbutton
allows the user to toggle between different options
within each menu heading.

The menu can be used to enable viewing of CTVC/
ITVC lens data, CCTV camera data, and crosshairs.
Dataand crosshairs that appear green are characters

generated within the color monitor and can be
activated by selecting GRN for camera data and
crosshairs by turning on lens data. White characters
are generated within the VSU and can be displayed
by selecting WHT for camera data and crosshairs.
Lens data will display zoom, focus, and iris settings
of the CTVC and ITVC cameras. These fields are

static when a video source other than a CTVC or

ITVC is displayed. Lens data, when activated, will

appear at the top of the screen. The camera data will

display camera ID, pan and tilt angles, and

temperature, although the white data displays
temperature of thecamera only whenthe VSUdetects
a camera with an elevated temperature. Camera
data is displayed in the lower portion of the screen.

Each color monitor can select from one of five

independent video sources. PNL will display any
video routed to the monitor using panel A7U. The

2. SYSTEMS
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DNLNK will allow the user to view any video
selected for downlink. The C and D selections will
view video from equipment connected to the C IN
or DIN connectors on the front of the monitor. RGB
will allow the user to view video that directlydrives
the red, green, and blueelectrongunsof the monitor
(such as NTSC component). The RGB connector is
located on the rear panel of the monitor. SPLT is
another source available and providesa splitscreen
image of C and D inputs.

Two ground checkout menu functions are located
onthe lowerleft portionof the menu (PULSE-XON/
OFF and GUNS R G B). USCAN ON/OFF enables
or disables the underscanning feature. When ON,
theunderscanallows viewingofedge-to-edge video
(horizontal and vertical) with no loss of image data.
In other words, you see what the camera sees. When
OFF, about5 percent of each horizontal and vertical

edge is lost. In addition, the top line of the upper
menu and the bottom line of the lower menu cannot
be seen when USCAN is OFF. The FSC function
selects between 6FLD (6 field) and 3FLD (3 field).
This featuredetermineshow often FSC color will be

updated to the screen. 6FLD is the default and

preferred setting, except for viewing FSC video of

objects in rapid motion. This function only applies
tocameras with WLA orCLAlenses. The DEGAUSS
function will dissapate magnetic fields thatbuild up
around the monitor as the orbiter moves at high
speed through the Earth’s magnetic field, but only
when DEGAUSS is in the default AUTO position.

AUTOengagesthedegaussingcircuitry
every 10 minutes. OFF disables this

feature.
o

au
POWER The SYNC function of the monitor

¥ displays the source of syne used to

display video and graphics (menu and

= green data). When no video is detected

e by the monitor, the field under SYNC

piscina will indicate EXT for external source.

a This means that the sync line from the

@cnnaTel RCU to the monitor is providingthe

ae So sync pulses necessary to display the
t menu and data. This field can be useful

BRIGHTNESS i. .

COLOR for quick troubleshooting for loss of

és © video (camera power fail vs. iris stuck
PULSE(GUNS,USCANFSC_DEGAUSSSYNCFRMTMODE Awe laced):
XOfFFRGB ON 6FLD AUTO INT NTSCAUTO

CIN DIN

© 9 ® ® G10 Video format can be selected manually

CCTV color monitor with menu and L-Data
orautomatically. TheCTVMsdefault to
AUTO MODE in which the monitor
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determines the video formatfrom data embedded in

the CCTV camera video. CTVCs will use the NTSC

format, -506 and -508 cameras will use FSC, and

ITVCs will use B&W decoding. Camcorders do not

provide this data, hence the monitors will process
the camcorder video using the default NTSC

converter. Thecrew can override the AUTO selected

format by taking MODE to MAN and then toggling
the FRMT to select NTSC, FSC, or BEW. If a mux

scene is routed to a monitor, the monitor will select

FSC because of the nature of the video processing by
the VSU in creating the mux scene. In order to

display NTSC color froma CTVC inamuxscene, the

user must manually override the format and select

NTSC.

The CTVMs have a connector labeled J3 on the rear

of the monitor. This connector provides a balanced

video signal of whatever video is routed to the

monitor output pushbutton on panel A7U. A Teac

VTR or a camcorder (using a VIU-CM) can record
this video. Any VSU (white) data requested by the

monitor will be recorded by the Teac or camcorder.

Monitor (green) data will not be recorded.

Portable LCD Monitor

Portable LCD monitors are flown to display video at
a VTR ora camcorder. Sony XV-M30 and FDM-330
LCD monitors have been used by the SSP for those

purposes. Some modifications have been made to

these monitors, which makes disconnecting cables

from the LCD monitor more difficult in an effort to

reduce accidental cable disconnections.

Viewfinder Monitor

The viewfindermonitorisused witha CCTV camera

within the cabin or a module, such as Spacelab. This

monitor is a 3.8-inch (diagonal) black and white

portable monitor that can be connected via a power
cable to a CCTV camera. The monitor is used to

adjust the camera when a CCTV color monitor isnot

available forthe task. This usually applies to cameras

in the Spacelab module or cabin middeck areas. The

viewfinder monitor includes brightness and contrast

controls. The viewfindermonitorisusuallymounted
to the top or side of the CCTV camera.

Payload Bay Camera Operations

The CCTV ACTIVATION cue card includes
activation procedures for the CCTV system and

payload bay cameras. This cue card also includes

steps that can command the cameras to different

operating modes. The steps indicated are good
guidelines for setting up cameras in a safe (ALC
active) configuration. However, crews should not

hesitate to command cameras out of their normal

operating modes. Since lighting conditions on orbit

LCD Color Monitor

SCOM 1.5

July 1994

2.3-20

ee



arequitedynamic,ALC modes,manualgain modes,
and gamma settings may require changes. Crews
should take the initiative and adjust the cameras to

provide the best possible video of the object(s) in
view. CCTV camera operation is more of anart than
a science when it comes to minimizing blooming
without sacrificing contrast and clarity. However,
please note the caution block, as the CCTV cameras

(in particular the -506 and -508) are susceptible to

damage by direct sunlight while ina manual mode.

CCTV Accessories

The CCTV system has many accessories that aid in
CCTV operations. Light shades are used to reduce
the amount of sunlight entering the flight deck.
Shades are also available for reducing glare caused

bycabinlights. Portable lighting, suchas the compact
portable light (CPL), is used to brighten areas for
short durations. The shuttle photoflood uses

fluoroscent tubes powered by the orbiter 115 V ac

400Hz supply.

2. SYSTEMS
2.3 Closed Circuit Television

The ICOM recorderisa SonyWM-DC6 stereoaudio
Cassette recorder. This device is used to record and

playback voice from the orbiter audio system and
the camcorder. ICOM recorder procedures are

located in the Orbit Ops FDF.

Camcorders can share the same mounts, arms, and

clamps with the photo equipment. These portable
structures provide a secure base to position the
camcorders in a microgravity environment.

Crews work with the engineering and flight
controller organizations to improve CCTV

operations. These improvements usually result in
new cables or interface units that increase the CCTV

system's capabilities. This cooperation has helped
make CCTV one of the most frequently changing
orbiter systems. The monitors, camcorders, and
VTRs flown today are different from those flown as

recentlyas1992. TheCTVCsandITVCsareexpected
to fully replace the -506 and -508 cameras sometime
in 1995. The payload video consoleis expected to fly
in 1996, anda high-definition television camera is

expected to fly in 1998.

wv
ACTIVATIONA3_ MON1(2)PWR-ON

AT TVONLK- ENABLE
TV PWR- PNL, MNA, CMD.

COA) _BQWLA)“™

MCC PRIOR TO PWR ON FOR SYNC/ASYNC CONFIG ~*

OPERATION outa)

stye MLACLAIWLA se
AT TVCAMRsPWR-ON AT TVCAMRsPWR-ON 019, TVPWR-ON

MON1(2)-A(B,C,0, ..) MON1(2)-A(B,C,D, ..) MOS8FCC-ON
BAL- SUN (ORASREQD) ALC -AVG
ALC -AVG GAMMA - NORM

(REPEAT FOR OTHER TVs AS. (REPEAT FOR OTHER TVs
iREQD) AS REQD) Koa asaa)

‘CAUTION
DO NOT LEAVE CAMRs UNATTENDED IN MAUAL MODE
DIRECT SUNUGHT WILL DAMAGE CAMERAS

ie *®ManualMode: ‘ManualMode:AT ManGain- 0 48 (oras reqd) AT IRIS-OPICL
Djeivey) ALA)IRIS-OP/CL

‘ManualOFF; FullManualMode:AT ALC- AVG (orasreqd) AT IRIS-OP/CL
GAMMA-WHTSTRCH/BLK

‘MultiplexON: STARCH
3 YCTVM1(2)Mode-Auto

oAAT Mon 1(2)-Mux1(2) AT ALCpb-Press

Mux1(2)L.- SelCame
Mac 1(2)R - SelCamr ‘Multiplex:

"7

Multiplex display willbeBAY=

A3_ YCTVM 12) Mode -Auto
AT Mon1(2) -Mux 1(2)

IEMuttipiexOFF: ‘Mux 1(2)L - Sel Camr
Max 1(2)R -SelCame

‘AT Mon 1(2)-SelanyVideoInput
‘MultiplexOFF.TVDNLK: AT Mon1(2)-SelanyVideoInputCoordinate Dnik wiMicc

ConfigAudio(ifreqd) T.DNLK: TW.QNLK:
AT OnMCCGo: DNLK-SelVideo Input Coordinate Dak wMICc ‘Coordinate DnikwiMCC

ContigAudio(itreqd) Contig Audio (if req)
‘AT OnMCCGo:DNLK- SelVideo | AT OnMCCGo:ONLK-SelVideo

input Input
DEACTIVATION 47 TVCamrPwr(s)- OFF

TVPwr-PNL,OFF, CMD
MON1(2)Pwr-OFF

TV Cue Card From Photo/TV Checklist

2.3-21

SCOM 1.5

July 1994



2. SYSTEMS

2.3 Closed Circuit Television

CCTV System Summary

The CCTV system is used on orbit to support

payload and orbiter activities by usingreal-
time and recorded video.

The CCTV system is composed of CCTV

cameras, pan/tilt units, color monitors,

camcorders, video tape recorders, video

processing equipment, and accessories.

All CCTV functions can be controlled by the

crew. MostCCTVfunctions can beconfigured
by MCC via uplink commands. Both crew

and MCC can command all CCTV camera

functions.

CCTV equipment is powered from circuit

breakers located on panel R15.

Crews use panel A7U to control the CCTV

system.

The video control unit is the heart of the

CCTV system and is the central processor.
The VCU is composed of the remote control

unit and the video switching unit.

The -506 and -508 cameras use one of three
lens assemblies: monochrome, color, and

wide-angle color.

The CTVC provides NTSC color video. In
addition to CCTV camera data, CTVCs also

provide lens data.

The ITVC generates black and white video.

This CCTV camera is designed to operate in

a low-light environment.

The ALC and gamma PBIs on panel A7U

perform different tasks with the CTVCs and

ITVCs than with the -506 and -508 cameras.

Camcorders are now used to provide cabin

video. Camcorders require special interface

equipment to operate in the orbiter.

The Teac Hi-Band 8mm VTRis theVIRused

by the SSP to record payload bay camera

video. These VTRs are loose equipmentand
are stowed in lockers for ascent and entry.
These VTRs record video from an output
port on the color monitors and playback
through flight deck and middeck camera

ports.

Two 10-inch color monitors display video

onboard. The monitors are located on panel
A3 and provide connectors for VTRs to use

for recording. The monitors are configured
via a display menu system.

CCTV accessories, suchas window and light
shades, portable lights, mounting arms,

ICOMrecorders,and a wide variety of cables
are used to improve the quality of CCTV
video.
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Description

The orbiter communication system transfers the

following types of information:

¢ Telemetry information to the ground
about orbiter operating conditions and

configurations, systems, and payloads
¢ Commands from the ground to the orbiter

systems to performa function or configuration
change

¢ Documentation from the ground that is

printed out on the orbiter’s thermal impulse
printer system (TIPS)

* Voice communications among the flight crew

members and between the flight crew and

ground.

This information is transferred through hardline
and radio frequency (RF) links. Hardline refers to

wires that connect communicating devices, and RF

refers to radio signals. RF communication takes

place directly with the ground or through a tracking
and data relay satellite (TDRS).

Direct communication for NASA missions takes

place through space flight tracking and data network

(STDN) ground stations. For military missions, Air

Force Satellite Control Facility (AFSCF) remote

tracking station sites, also known as space-ground
link system (SGLS) ground stations, are used. Direct

2. SYSTEMS
2.4 Communications

signals from the ground to the orbiter are referred
to as uplinks (UL), and signals from the orbiter to
the ground are called downlinks (DL).

TDRS communication takes place through the White
Sands Ground Terminal (WSGT). These indirect

signals from the TDRS to the orbiter are referred to
as forward links (FL), and the signal from the orbiter
to the TDRS is called the return link (RL).
Communication with a detached payload from the
orbiter is also referred to as forward link, and return
link is the signal from the payload to the orbiter.

The orbiter communication system is divided into
several smaller systems: S-band phase modulation
(PM), S-band frequency modulation (FM),
Ku-band, ultrahigh frequency (UHF), payload
communications, audio, and closed-circuit
television. (Closed-circuit television is discussed

separately in Section 2.3.)

The S-band FM, S-band PM, Ku-band, and UHF

Systems are used to transfer information between
the orbiter and the ground. The payload
communication system is used to transfer
information between the orbiter and its payloads
either through hardline or RF links. The audio

systems transfer voice communications throughout
the orbiter, and the closed-circuit television system
is used for visually monitoring and recording
activities.

The ground command interface logic (GCIL), also
referred to as the ground command interface logic
controller, controls selected functions of the S-band

PM, S-band FM, Ku-band, payload communication,
and CCTV systems. Commands are sent to the
orbiter from the ground through S-band system
uplink or Ku-band system forward link. All

commands, whether sent on S-band or Ku-band,
are routed to the onboard GPC through the network

signal processor (NSP) and associated FF MDM.

The GCIL takes commands for these systems from
the GPC via the PF MDMs, for ground commands

or from the appropriate panel for crew control.

With the exception of audio and UHF, each of the

communications systems has an associated

CONTROL switch with the positions PANEL and

CMD. When the switch is set to PANEL, the system
can be accessed by the crew using panel switches.

2.4-1
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NOTE

Because of the large number of distinct

elements of the Communications system,
a separate Operations subsection is not

included. Rather, this information is

provided within the separate element
discussions.

S-Band Phase Modulation

The S-band PM system provides two-way
communication between the orbiter and the ground,
either directly or througha relay satellite. Itprovides
communication channels for five functions:

* Command channel: used to send commands
from ground to orbiter.

* Voice channel(s): used for one-way and two-

Way voice communications between ground
and orbiter. One of the two voice channels
can be used for Thermal Impulse Printer
System signals from ground to orbiter.

* Telemetry channel: carries real-time orbiter
and payload operational telemetry data to
ground.

¢ Turnaround tone ranging

nse1@) | FAO — as on channel: used to determine slant

range froma known point to the

S-BANDFM cory orbiter. Tones are transmitted

~ | a "pane PANELone from the ground to the orbiter

all
we = ae

where they are “turned around”

and transmitted back to ground
GOLA LB) from the orbiter on a coherent RF

carrier. Slant range can be

Y1 Y: YY ’ t computed from net total two-way

PANEU PANEU PANEU PANEL PANEU phase delayof the major tone for

(COMMAND:(COMMAND‘COMMAND ‘COMMAND—— the “round trip.”:

7 v
* Two-way Doppler tracking: used

: Y Y to aid in tracking the orbiter. An

sae) <e KU-BANOS-BANDFM cory RF carrier, of precisely known

sro ‘ere sve nibs es frequency, is transmitted to the

125 orbiter.

CO Ce Saar
A characteristic of RF signals in the

4
S-band range is that “line-of-sight” must exist

Wiican cose wees G2), ee om mse between transmitting and receiving antennas to
command via GCIL. The locationsand operations permit communications. With the availability of
Of these eye Powidesmythe individual

the east and west TDRS, potential total S-band PM
communications systems discussions that follow.

support time using direct and relay links will be as

much as 80 percent of mission time. (For some

missions, vehicle attitude constraints imposed by
experiment requirements may cause the loss of

portions of that potential support time because the

required orbiter attitudes may at times be

incompatible with orbiter S-band PM quad antenna

patterns.)

A fully operational TDRS system provides east and
west satellites thatareboth supported by the WSGT

facility. The east and west satellites are

approximately 130 degrees apart in geosynchronous
orbits. In the S-band mode, the TDRS single access

antenna is gimballed but does not automatically
track the orbiter. It is sequentially commanded by
the ground to follow the orbiter position. There is a

zone of exclusion (ZOE) where the orbiter, operating
at normal altitudes, will not bein line-of-sight with
either satellite. The ZOE is geographically over the
Indian Ocean region.

S-Band Forward Link

The S-band forward link operates through the STDN
or TDRS. It is phase modulated on a center carrier

frequencyof either 2,106.4 MHz (primary) or 2,041.9
MHz (secondary)for NASA. The two frequencieswould prevent interference if two users were in
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Antennas

Hemi Quad

@ ¥ ye ¥ ¥. YoY. operation at the same time and
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rae the other could select the low
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A inti Stand The forward link originates
MODE) Fgual) from Mission Control through
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=

CURL PE, Aute Hicssl stations used for launch, lift-off,
| XPNOR pwramp + XPNDA| ascent, or landing, or throughz rae oa s

the WSGTviathe TDRS system
a

TRLVCE
AVIRGAYEE,Cubes A to the orbiter. The high data

DURL TLM. VCE rate is 72 kilobits per second,
ns ES consisting of two air-to-ground
“Wee voice channels at 32 kbps each

out sale and one command channel at 8
ye

| kbps, two-way Doppler, and
ULL two-way toneranging. The low
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cwneNcre datatateis 32 heiseonaa NSP1 ee NSP2 he of one air-to-ground voice

rie oe L J
| channel at 24 kbps and one

A y 4 A 4 command channel of 8 kbps,
I TDA

nome a fee | two-wayDoppler,andtwo-way
| ranging. The two-way ranginguLMDATA

does not operate through the
TDRS.[aaeez| |

eS PCMMU 1 PCMMU 2

I
S-Band Return Link

UyFL PS DATAWS ILMOATA
The S-band return link operates

bites PSDATA through the STDN or TDRS. It

‘Ss way y Vv Vv is phase modulated on a center

carrier frequency of 2,287.5
OPS RCDR1 OPS RCDR 2 MHz (primary) or 2,217.5

MHz (secondary) for NASA.

The two frequencies prevent
interference if two users are in

cmos Y V
Vv Fiverbane37s Y

MOM FF1 ed GPC L~——|MOM FF3 | |operation at the same time and

CMDS
a

|
place.

MoM The S-band PM return link can

CMDS| eta bon Pee

originate from one of two S-

band PM transponders aboard

the orbiter, each of which can

GCIL CMDS

kKpend
agon _ ea

use one frequency, but notboth
Sie ey. S (SEMIDUAL) ag] Paneleontros

| | at the same time. The linka

Yee y
transmits the data through the

SangPMGCL NASA STDN ground stations

used for launch, lift-off, ascent,

aq ani AgUONTie (oustuna) or landing, or through the TDRS

and TDRS system via the WSGT

S-Band PM SystemInterfacesand Data Flow to Mission Control.
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The high data rate of 192 kbps consists of two air-

to-ground voice channels at 32 kbps each and one

telemetry link of 128 kbps, two-way Doppler, and

two-way ranging. The two-way Dopplerand two-

way ranging are operative only when in viewofthe
NASA STDN ground stations at launch, lift-off,

ascent, or landing. The two-way ranging does not

operate with the TDRS.

The S-band return link low data rate of 96 kbps
consists of one air-to-ground voice channel at 32

kbps and one telemetry link at 64 kbps, two-way

Doppler, and two-way ranging. As noted, thetwo-

way Doppler and two-way ranging are used in the

same manner as in the high-data-rate mode.

Department of Defense Links

The Department of Defense S-band forward link is

phase modulated on a center carrier frequency of

either 1,831.8 MHz (primary) or 1,775.5 MHz

(secondary) from the Air Force Satellite Control

Facility (AFSCF) through its own ground stations

(SGLS ground stations). Itdoes not operate through
the TDRS because the S-band power amplifiers are

not powered in the SGLS mode.

The Department of Defense S-band return link is

phase modulated on a center carrier frequency of

2,287.5 MHz (primary) or 2,217.5 MHz (secondary)
through the SGLS mode to the AFSCF ground
stations, and also does not operate through the
TDRS. The two S-band return link frequencies also
would prevent interference if two users were in

operation at the same time.

S-Band PM Power Modes

S-band PM power modes are selected using the S-
BAND PM MODE rotary switch on panel AIL.
Selectable modes are SGLS, STDN LO and HI, and
TDRS DATA and RNG (TDRS RNGis not used). In
high power modes (TDRS and STDN HI) incoming(received) signals from a quad-selected antenna are

directed through a preamplifier before reaching the
transponder. Outgoing(transmit) signals are routed
through a power amplifier and the preamplifier
assembly diplexer after leaving the transponder en
Toute to an antenna. In low power modes (STDN
LO and SGLS), incoming signals flow from the

antennadirectly to the transponder, and outgoingsignals go directly from the transponder to the
selected antenna without amplification.

S-BAND PM

ANTSWXMTR

are @ eee coe @
HIGH. Ol ) °

MI

o}:||| eo) le):
. F U

F

LOW @
2 2

= PWRAMPL——_,
STANDBY OPERATE

1 1 °

ja ei] (el:
lo] jeanLo,

“Bi
S-BAND PM MODE Rotary Switch on Panel AIL

ee

S-Band PM Antennas

Four quadrant S-band PM antennas covered witha

reusable thermal protection system are located

approximately 90 degrees apart on the forward

fuselage outer skin of the orbiter. On the flight
deck viewed through the forward windows, the

quadrant antennas are to the upper right, lower

right, lower left, and upper left. These antennas are

the radiating elements for transmitting the S-band
PM return link and for receiving the S-band PM
forward link. Each quad antenna is a dual-beam
unit that can “look” forward or aft for both
transmission and reception without any physical
movement, effectively creating eight antennas for
the S-band PM system. These antenna are controlled

by the antenna switch electronics via GCIL. Crew
switch for S-band PM ANT SW ELEC is on A1L.

The antenna is selected automatically under GPC
control, by real-time command from the ground, or

manually by the flight crew using the S-BAND PM
ANTENNA rotary switch on panel C3. When the
switch is set to GPC, antenna selection is automatic,
and the antenna switching commands are sent to
the switch assembly through the payload

multiplexers/demultiplexers(PF MDMs). Other
Positions selectable by the switch are LL FWD (lower

2.4-4
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left forward), LL AFT (lower left aft), UL FWD (upper
left forward), UL AFT (upper left aft), UR FWD

(upper right forward), UR AFT (upper right aft), LR
FWD (lower right forward), and LR AFT (lower
right aft). Antenna selection is based on the

computed line of sight to the NASA STDN ground
station, the AFSCF ground station, or the TDRS in

view, depending on the orbiter communication
mode. The current antenna selection is shown on

the OPS 201 ANTENNA display. Also on the

display are related items such as the S-band ground

Too

‘UpperFightQuadrant
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station in view, TDRS in line of sight, and whether
GPC antenna selection is enabled or inhibited. Also

displayed is the antenna electronics unit performing
antenna selections.

GPC control can be inhibited to permit ground
control to select an antenna other than the one

currently selected by the GPC. The ground sends a

command load to inhibit GPC control and a real-
time command (RTC) to select the desired antenna.

GPC control is restored by sending a load to enable

Avo -— O1 PCMMU —
pam ronwar Ml conrrot

1 GPC CMD

CENTER

1

ls oawterepo
paweeeQi BJs

i

| wre — |®

Soulassaa 1.Ea
ANTENNA

S-BAND PM System Switches on Panel C3
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4 001/05:08:29[TENNAaL sen
000/00:00:00KU BAND

nae S BAND

Muror
|

SIG STR

HIN, 2 3.45
ROR THOLOD

FxO 3

VAR a

AN

EL CHO) 61.5 Aut

ACT] 81:5
AZ CMD] +6.6

ACTI +66
“30

ANT ELEC
2

ARN

SEANtha5* TORS KU | TORS S STON
OVRD 6 EAST EAST MIL ANT CMD

PRI PRI AUT 15* ENA 17*
SELF TEST 7 W 10* W13* NEXT 16 INH 18
1/0 RESET Bar E14 OVRD 19

Ku 8*

OPS 201 ANTENNA Display

the GPC mode. The crew can perform the same

functions by selecting the ANTENNA display,
executing Item 18 (GPC INH), and then selecting
the desired antenna by RTC via keyboard. Using
GPC OVRD (item 19), the crew can force the S-band
antenna management software to the TDRS mode.
An asterisk will be displayed by item 19 while GPC
override is in effect. To restore GPC control, item
17 (GPC ENA) is executed.

Other S-band PM fields on the ANTENNA displayallow prime selection of a TDRS west or east, items
13 and 14, respectively. These items select the chosen
TDRS as prime; if this TDRS is not in view, it selects
the other TDRS. If both are in view, the prime is
selected. No change is made to TDRS selection if
neither is in view. Similar logic holds true for Ku-
band system, items 10 and 11.

NETWORK SIG PROC

S-BAND PM ANT SW ELEC, PRE AMPL,
PWR AMPL, and XPNDR Switches on Panel A1L

Preamplifiers

The dual S-band preamplifier is used in the TDRS
and STDN HI modes for amplification. In TDRS
mode, the preamplifier is required full-time for the
forward link radio frequency because of the much
greater distance and, consequently, lower strength
signal from the TDRS to the orbiter (minimum of
about 22,300 miles) than from the STDN to the
orbiter (typically, slant ranges are in the low
hundreds of miles). The preamplifier is not used in
the SGLS or STDN LO modes. One of the two unitsis used at a time, and the output of either unit can
be cross-strapped to feed either transponder. The
Preamplifier provides an RF gain of about 25
decibels.

The PRE AMPL control switches are on panel A1L;
this function is generally under ground control. If
the S-BAND PM CONTROL switch on panel C3 is
set to PANEL, preamp 1 or 2 is selected, dependingon the position of the S-BAND PM PRE AMPL
switch on panel A1L. The COMM/RCDR display(DISP 76) under SM OPS 201 shows preamp status
and frequencyconfiguration (PREAMP and FREQ).

2011/1076 COMM/RCDR4 001/05:08:04i JH 200:XPND
KU-BAND

e0/e0=00200

MODE PA TEMP +91
GMBL TEMP A +80

8 +82
GYRO TEMP +146
PWR OUT
FR SYNC

MODE COMM
TV CAM OVER-TEMP NO

RECORDERS
OPS 1 OPS 2 pL
STBY RCDA sTBy

FAIL SAFE b
RATLSSAG ER FWD FWD

FoRCV
UL DATA She
CODING XxMIT Se

RCV oO
BITE 3 69

COMM/RCDR (DISP 76)Display
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Power Amplifiers

The S-band power amplifiers provide selectable

amplification of transponder RF output for STDN
HI and TDRS operational modes. The nominal

power gain is about 17 decibels. There are two

power amplifiers; one is used at a time, and the

input of either can be cross-strapped with the output
of either transponder. The output of the power
amplifiers can also be routed through either

frequency diplexer in the preamp assembly.

The power amplifiers use a traveling wave tube,
which has a filament that must be warmed up before

high voltage is applied to the tube. A 140-second
timer provides the delay when the OPERATE mode

is selected from a cold start. With the system in

STANDBY, the filament is kept heated, ready for
“instant on” operation.

The PWR AMPL STANDBY and OPERATE switches

are on panel AIL; these functions are generally
under ground control. If the S-BAND PM

CONTROL switch on panel C3 is set to PANEL, the

switches on panel A1L establish power amplifier
configuration.

NOTE

Both the PWR AMPL STANDBY and

OPERATE switches should be in the same

position to avoid a reset of the 140-second

timer when the standby system is selected.

The COMM/RCDR display, DISP 76, also shows

power amplifier status (PWR AMPL OPER, STBY,
and PWR OUT and TEMP).

Transponders

Two identical S-band PM transponders function as

multipurpose, multimode transmitter /receivers.

The transponder can simultaneously transmit and

receive, transmit only, or receive only. Only one

transponder operates at one time; the other is a

redundant backup. The selected transponder
transfers the forward link commands and voice to

the network signal processor and receives the return

link telemetry and voice from the network signal
processor.

2. SYSTEMS
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The transponders may be cross-strapped.
Transponder 1 or 2 may be used with network signal
processor 1 or 2. The radio frequency sections of
either transponder can be used with either

preamplifier and power amplifier 1 or 2.

The selected transponders also provide a coherent
turnaround of the PM forward link and PM return

two-way Doppler and two-way tone ranging signals.
The two-way Doppler and two-way ranging signals
are operative when the orbiter is in view of the NASA
STDN ground stations at launch, lift-off, ascent, or

landing, or when itis in view of SGLS mode ground
stations. The two-way Doppler operates through
the TDRS, but the two-way ranging does not.

Two-way Doppler is used by ground stations to

track the orbiter. The S-band PM forward and return

links are directly proportional to the forward link

frequency (two-way Doppler). The S-band

transponder provides a coherent turnaround of the

forward link carrier frequency necessary for the two-

way Doppler data. The transponder operates only
when in view of the NASA STDN ground stations

during launch, lift-off, ascent, or landing, or in view

of SGLS mode ground stations. By measuring the I
forward link and using return link frequencies
expected from the orbiter, the ground tracking
station can measure the double Doppler shift that

takes place and can calculate the radial velocity
(range rate) of the orbiter with respect to the ground
station. Because these links are PM, the S-band

carrier center frequency is not affected by the

modulating wave. It would be impossible to obtain

valid Doppler data of the S-band carrier center

frequency if it were affected by the modulating
technique.

The S-band transponder also provides a subcarrier

for two-way tone ranging. The transponder is used

to determine slant range from a known point to the

orbiter and operates only when in view of the NASA

STDN ground stations during launch, lift-off, ascent,

or landing, or in view of SGLS mode ground stations.

This capability does not operate through the TDRS.

The ground station forward-links ranging tones at

1.7 MHz and computes vehicle slant range from the

time delay in receiving the return link 1.7-MHz tones

to determine the orbiter’s range. The orbiter’s

azimuth is determined from the ground station

antenna angles.
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A C-band skin-tracking mode also is

provided from the ground station to track

the orbiter and, again, is used only in view

of the NASA STDN ground station

associated with launch, lift-off, ascent or

landing, or in view of SGLS mode ground
stations. This capability does not operate

through the TDRS.

The S-BAND PM XPNDR switch is located

on panel A1L; this function is generally
handled by ground command via the GCIL.

If the S-BAND PM CONTROL switch on

panel C3 is set to PANEL, the XPNDR

selection is made from panel A1L.

The COMM/RCDR display, DISP 76 in

OPS 201, gives transponder status (XPND

and MODE). The OPS 201 ANTENNA

display also shows the mode for active

transponders.

Received S-band PM RF signal strength is

shown on the DC AMPS/SIG STR meter on

panel F9 when the rotary switch below the

meter is set to SIGNAL STRENGTH, and

on the SIGNAL STRENGTH indicator on

panel A1U when the switch to the left of

the indicator is set to S-BAND PM. Signal
strength is also shown on the OPS 201

ANTENNA DISPLAY (SIG STR); however,
during launch and landing, the display is
not available.

NOTE

The panels F9 and A1U signal
strength indications come from
the transponder receiver, whereas
OPS 201 ANTENNA display
signal strength comes from OI
MDM OF3data.

Network Signal Processors

The two onboard network signal
processors (NSPs) receive commands
(forward link) and transmit telemetrydata (return link) to the selected S-band
transponder. Only one signal processor
Operates at a time; the other provides a

redundant backup. The selected
Processor receives one or two analog

DC AMPS/SIG STR Meter and Rotary Switch on Panel F9

N
SIGNAL STRENGTH Indicator and Switch on Panel A1U ee
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voice channels from the onboard audio central

control unit, depending on whether one (in the low-
data-rate mode) or both (in the high-data-rate mode)
of the air-to-ground channels are being used. Both
voice channels are downlinked only if the NSP is

high data rate on both forward and return links. It

converts them to digital voice signals, time-division-

multiplexes them with the telemetry from the pulse
code modulation master unit, and

sends the composite signal to the

2. SYSTEMS
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also has ground commands that the NSP decodes
and sends through the FF MDMs (nominally NSP 1
to FF 1 and NSP 2 to FF 3) to the onboard computers,which route the commands to the intended onboard

systems. The NSP data routing / processing modes
are controlled by the NETWORK SIG PROC switches
on panel A1L.

NOTE

The NSP can also route return link (telemetry
and voice) and receive forward link

(commands and voice) via the Ku-band

system.

Communications Security

Communications security (COMSEC) equipment
provides the capability for encryption/ decryption
of operational data aboard the orbiter. The COMSEC

equipment works with the NSPs to provide
selectable transmit, receive, and record combinations
under NSP mode control.

The NSP routes data of the indicated type through
the COMSEC encryptor or decryptor as appropriate
if “ENC” and gets the data back from the COMSEC

line-replaceable unit encrypted/decrypted; if

“CLR’, the indicated data are handled directly by
the NSP, and the COMSEC is bypassed.

The three ENCRYPTION switches on panel A1L

provide power and routing control for encrypted
data through the NSP.

NSP/COMSEC Link Functions

S-band PM transponder for | Nsp ENCRYPTION Switch MODES Link function

transmission on the return link.
i

ALL Recorded Data Encrypted
*On the forwardS-band PM link, (Gop) rice tee aaathe NSP does just the reverse. It Received Data Encrypted

receives the composite signal from
oa=| Recorded Data Clear (unencrypted)

"the S. band transponder and
Fe nndDate Ensen

outputs it as either one or two ReceivedDataEncrypted
i i

1 h di SELECTanalog voice signals to the audio
NASA)

central control unit. The

composite signal from the S-band

transponder and outputs it as

either one or two analog voice

signals to the audio central control

unit. The composite forward link

RCV Recorded Data Clear (unencrypted)
"*

Transmitted Data Clear (unencrypted)
Received Data Encrypted

BYPASS Recorded Data Clear (unencrypted)
**

Transmitted Data Clear (unencrypted)
Received Data Clear (unencrypted)

*

Data rate determined by NSP downlink DATA RATE switch.
HDR only.
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S-Band Frequency Modulation

The S-band FM system cannot receive information;
itis used to downlink data from up to seven different

sources, one at a time, directly to the ground when
there isa line of sight between the orbiter and STDN
or Air Force ground stations. The S-band FM return
link can originate from two S-band transmitters
aboard the orbiter. Both transmitters are tuned to

2,250 MHz. The S-band FM return link can be
transmitted simultaneously with the S-band PM
return link to the STDN ground station or Mission
Control or to the Air Force ground station. The S-
band FM return link does not operate through the
TDRS system.

Controls for the S-band FM system are on panel
AIR. Status and configuration control of the S-
band FM system electronic elements can be selected
either by panel switches or GCIL, depending on
whether the CONTROL switch is set to COMMAND
or PANEL. Set to PANEL, the switches allow rotaryswitch selection of the DATA SOURCE, and FM
Power 1, Off, or 2.

The FM signal processor is commanded to select
One of seven sources for output to the S-band FM
transmitter, which transmits it to the S-band FM
return link through the STDN ground station usedfor launch, lift-off, ascent, or landing, or the DOD

AFSCF ground station. Depending on the setting of

the DATA SOURCE switch, the S-band FM return

link transfers:

¢ Real-time SSME data from the engine interface

units during launch at 60 kbps each (ME)

¢ Real-time video (TV)

¢ Operations recorder dumps of high- or low-

data-rate telemetry at 1,024 kbps (OPS RCDR)

¢ Payload recorder at 25.5 kbps or 1,024 kbps
(PLRCDR)

¢ Payload analog at 300 hertz or 4 MHz (PL
ANLG)

¢ Payload digital data at 200 bps or 5 Mbps (PL
DIGITAL)

¢ DOD data at 16 kbps or 256 kbps in real time

or 128 kbps or 1,024 kbps of playback (DOD).

Only one of the two FM signal processors is used at

a time. FM signal processor 1 interfaces with FM

transmitter 1, and FM signal processor 2 interfaces
with FM transmitter 2. The transmitters and

processors cannot be cross-strapped.

S-Band FM Antennas

Two hemispherical S-band FM antennas covered
with a reusable thermal protection system are

located on the forward fuselage outer skin of the
orbiter approximately 180 degrees apart. On the

flight deck, the hemispherical antennas are above
the head (upper) and below the feet (lower) and
radiate the S-band FM return link.

The S-band antenna switch assembly provides the

signal switching among the two S-band FM
transmitters and either of the two hemispherical
antennas. The proper antenna is selected

automatically by onboard or real-time command
from the ground, computer control, or manual flight
crew selection using the S-BAND FM XMTR UPPER,
RCVR LOWER switch on panel AIR. In the GPC
mode, the onboard SM computer selects the proper
hemispherical antenna to be used whenever an S~
band FM transmitteris active. The antenna selection
is based on the computed line of sight to the NASA
STDN ground station used for launch, lift-off, ascent,
or landing, or the AFSCF ground stations.

2.4-10
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a The basic difference between the@ quadrant and hemispherical antennas is
that the hemispherical antennas have a

ie ies larger beamwidth, whereas the quadrant| Upper antennas havea higher antenna gain. The

hemispherical antennas are so named

a
because there are two of them, one on the

top of the orbiter and one on the bottom.

The hemi antenna switch has a port thatote i

can route RF television from the
astronaut’s extravehicular mobility unit

— (EMU) to the orbiter’s closed-circuit
television system. An extravehicular

mobility TV unit can transmit television
on one hemi antenna/antenna switch

. ath to the orbiter while the S-band FM5-Band FM Antenna Locations eenis routing FM downlink telemetry
to ground on the other hemi antenna/
antenna switch path. This requires an

EMU TV receiver that is manifested for

specific flights.
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Ku-Band System

The Ku-band system operates between 15,250 MHz

and 17,250 MHz. The Ku-band carrier frequencies
are 13,755 GHz from the TDRS to the orbiter and

15,003 GHz from the orbiter to the TDRS. The Ku-
band antenna is located in the payload bay. After
the payload bay doors are opened, the Ku-band
antenna is deployed. Once the antenna is deployed,
the system can be used to transmit information to

and receive information from the ground through
the TDRS. The Ku-band antenna can also be used
asa radar system for target tracking objects in space,
but it cannot be used simultaneously for Ku-band
communications and radar operations.

When the Ku-band antenna is deployed and
activated in the communications mode, the NSP.
directs the return link data stream to both the Ku-
band signal processor and the S-band transponder.

The forward link is only accepted by the NSP from

the Ku-band signal processor or the S-band

transponder. This depends on whether S-band or

Ku-band has been selected through GCIL, by the

ground, or by the NSP UPLINK DATA switch on

panel A1L. For Ku-band, the return link data stream

from the network signal processor is directed

through the Ku-band signal processor and antenna

to the TDRS in view, via the TDRS and DOMSAT

systems, to Mission Control. The process is reversed

for the Ku-band forward link. If the Ku-band

forward link is lost, and the ground has enabled the

fail-safe, the system reverts to S-band PM uplink
mode. It is possible to run the downlink through
the Ku-band and the forward link through the S-

band, and vice versa.

The Ku-band system return link consists of channel

1, modes 1 and 2, plus one channel 2, modes 1 and

2, and one channel 3. Channel 1, modes 1 and 2,

2.4-12
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7 Pole consists of 192 kbps ofe@ operational data (128 kbps of

ae operational data telemetry and
‘ole Non-coverage Zone

payload interleaver plus two

air-to-ground voice links at 32

kbps each) plus one of the

following selections from

(Deployed) channel 2, modes 1 and 2: (1)
Beta Gimbal Alpha Gimbal payload digital data from 16

kbps to 2 Mbps, (2) payloadRevioesd BayborcomerageZone
digital data from 16 kbps to 2

G Mbps, (3) operations recorder
Sill Longeron playback from 60 kbps to 1,024

=

kbps, or (4) payload recorder

SJ oo20 i A binuareene25.5 kbps to

LG. 67 a Seay
1,024 kbps. Italsoincludes one

Orbiter XAxis [ of the following from channel

Ca 140 3: mode 1 attached payload

Ku-BandAntennaNon-Coverage Zones digital data (real-time or

playback) from 2 Mbps to 50

Deployed

Payload Bay

Deployed
Assembly

oe 3 0
+xa—

Ku-Band DeployedAssembly Location
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KU-BAND Controls on Panel A1L

Mbps, mode 2television (color or black and white)

composite video, or mode 2 real-time attached

payload digital data or payload analog data.

The Ku-band system forward link consists of amode

land 2 through the TDRS in view. Mode 1 consists

of 72-kbps data (two air-to-ground voice streams at

32 kbps each and 8 kbps of command), 128-kbps
thermal impulse printer system (TIPS), and 16-kbps
synchronization. Mode 2 consists of 72-kbps
operational data (two air-to-ground voice streams

at 32 kbps each and 8 kbps of command).

The Ku-band system can handle greater quantities
of data than the S-band systems. It transmits three
channels of data, one of which is the same

interleaved voice and telemetry processed by the S-
band PM system. Two of the seven possible sources

of information sent on the other two channels are:

payload analog, payload digital, payload interleaver
bent-pipe, payload recorder, operations recorders,
television, and Spacelab (if flown). Data sources
are selectable by two KU SIG PROC rotary switches
on panel A1U, one for HIGH DATA RATE and one
for LOW DATA RATE.

The three channels of data are sent to the Ku-band
signal processor to be interleaved. This signal then
goes to the onboard deployed electronics assembly,
which contains the transmitter, to be transmitted to
the TDRS through the Ku-band antenna.

Three modes can be selected by the MODE switch

on panel A1U. In the COMM (communications)
mode, incoming signals go through an internal

electronics assembly (EA1) to the Ku-band signal
processor, which processes and routes Ku-band

data. Voice and commands are sent to the network

signal processor. A separate output from the Ku-

band signal processor is directed to the TIPS or the

payload system if the Ku-band uplink is in the high
data rate mode. In the RDR COOP and RDR

PASSIVE modes, incoming signals are routed from

the deployed electronics assembly to EA2, the radar

signal processor. The signal is processed to provide
target angle, angle rate, range, and range rate

information. This status information is then routed
to EA1 to be used for target tracking.

Ku-Band Deployed Assembly

The Ku-band deployed assembly provides the
interface with the TDRS when there is a line of sight
between the orbiter and TDRS. The assembly is
mounted on the starboard sill longeron in the

payload bay. The deployed assembly consists of a

two-axis, gimbal-mounted, high-gain antenna, an

integral gyro assembly, and a radio frequency
electronics box. The gimbal motors position the
Ku-band antenna, and rate sensors determine how
fast the antenna is moving. The Ku-band deployed
antenna assembly is 7 feet long and 1 foot wide
when stowed in the payload bay. The graphite

2.4-14
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Monopulse
Feed

Ku-Band DeployedAssembly
epoxy parabolic antenna dish is 3 feet in diameter.
The deployed antenna assembly weighs 180pounds.The weight of the entire system is 304 pounds.

The antenna dish is edge-mounted on a two-axis

gimbal. The alpha gimbal provides a 360-degree
toll movement around the pole or axis of the gimbal.
The beta gimbal provides a 162-degree pitch
movement around its axis. The alpha gimbal has a

stop at the lower part of its movement to prevent
wraparound of the beta gimbal control cable. Since
the beta gimbal has only a 162-degree movement,
there is a 4-degree non-coverage zone outboard
around the pole and a 32-degree non-coverage zone

toward the payload bay.

The antenna can be steered in several selectable
modes under manual control by the flight crew

using panel A1U or automatically by the SM
software. The KUBAND CONTROL switch on panel
AI1U selects COMMAND (control by GCIL or

keyboard commands) or PANEL (crew control by
panel switches and selectors). With the switch in

PANEL, the antenna steering mode can be selected

using the rotary switch on the left side of the panel.
The switch positions are GPC (GPC pointing and
auto track), GPC DESIG (GPC pointing only), AUTO
TRACK (manual pointing and auto track), and MAN
SLEW (manual pointing only).

At times, the Ku-band system, in view of a TDRS, is

interrupted because the orbiter blocks the Ku-band
antenna’s view to the TDRS or because orbiter
attitude requirements or payloads’ radiation

sensitivities prohibit its use. In addition, the Ku-
band antenna beta cabling may periodically require
positioning to ensure that it does not become twisted
in a way that could cause the antenna to bind.

When the Ku transmitter is enabled and outputting
an RF carrier and when it is inhibited, the ground
can control via ground uplink command to the SM
GPC and Ku system. This control is called Ku
antenna "masking." These masking modes are used
to provide protection from Ku radiation for payloads
and for crewmembers during EVAs and certain

payload operations. The types of masking,
commandable from the ground, include: 1)
inhibiting the Ku transmitter when aspecified beta

gimbal angle is exceeded (beta MASK) or when
both a specified beta gimbal angle and the orbiter
hardware obscuration zone are exceeded (beta
+MASK), 2) specifying an EVA protection zone,
where the transmitter is disabled, within certain
elevation and azimuth angle pointing of the antenna

relative to a coordinate system, based on the orbiter's
X, Y, and Z axes. New Ku software also modes the

Kusystem to standby mode, if the antenna remains
near the beta stops for a certain period of time, to

prevent excessive antenna gimballing and cable

binding.

None of these masking modes is readily evident to

the crew unless they monitor RF out power on SM
GPC SPEC 76. Only the orbiter hardware
obscuration zone is shown on the SM ANTENNA
SPEC (see ANTENNA display on page 2.4-6).
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Ku-Band Antenna Deployment and Stowage

When the Shuttle reaches orbit, before the Ku-band

antenna is deployed, the KU ANT HTR circuit

breaker on panel R15 is closed to energize
thermostatically controlled heaters for the deployed
electronics assembly, gimbals, and antenna

assembly. During Ku-band activation, the KU ELEC

and KU SIG PROC circuit breakers on panel R15 are

closed. (There is also a CABLE HTR circuit breaker

on panel R15. The Ku-band system was originally
designed to have a cable heater, but it was never

installed. Therefore, this circuit breaker is always
left open.) These circuit breakers provide electrical

power to the Ku-band electronic elements,
electronics assemblies 1 and 2, the signal processor
assembly, and Ku-band portions of panels A1U and
A2. Actual deployment involves the KU ANTENNA
controls and associated talkback on panel R13L.
The antenna is locked in the stowed position to
clear the adjacent payload bay doors and radiators
when they are closed or moving.

Twenty-three seconds are normally required to

deploy or stow the assembly. In the deployed
position, the assembly forms a 67-degreeangle with
the orbiter X axis. Activating the Ku electronics
and taking the KU BAND POWER switch on panelAIU to ON frees the antenna gimbals by removingthe gimbal locking pins. The beginning of stow

operations contains approximately 30 seconds of
gimbal lock sequencing before assembly stow

begins.

The Ku-band antenna must be stowed before the

orbiter payload bay doors are closed in preparation
for entry. This is done by setting the KU ANTENNA

three-position switch on panel R13L to the STOW

position. If the assembly does not respond tonormal

stow operations, the KU ANTENNA DIRECT STOW

switch on panel R13L is used. Setting this switch to

ON bypasses the normal stow control sequences
and causes the assembly to be driven inside the

LATCH CONTROL.
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©} (9) '18)O
rma

Pees”
-———— Ku ANTENNA ——__

isa

DIRECT ———

oni

nN
c

1

or
1si2)
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payload bay. The KU ANTENNA DIRECT STOW
Switch procedure is only used if locking of the alpha
and beta antenna gimbals is successful in their stow

position, because entry with antenna gimbals
unlocked may cause unacceptable damage. DIRECT
STOW merely positions the entire deployed
assembly inside the payload bay and does not affect

gimbal locking.

If neither the normal stow nor the DIRECT STOW
can position the assembly inside the payload bay,

2. SYSTEMS
2.4 Communications

the assembly can be jettisoned. To jettison the

deployed assembly, the crew closes the MN A and
MNC PYROJETT SYS Aand SYS B KU ANTcircuit
breakers on panel ML86B to provide redundant

jettison power. The crew then activates the PYRO
KU ANT ARM and JETT switches on panel A14,
which causes a guillotine to cut the cables to the

deployed assembly and releases a clamp holding it
to the pivot assembly. The separation point is
between the assembly and deployment mechanism
about 20 inches above the sill longeron. No ejective
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Forward Fuselage

Guillotine

Sill ean
Ku-Band Antenna Jettison Separation

force is imparted; the assembly is merely cut loose,

and the orbiter maneuvers away fromit. The jettison

operation takes approximately 4 seconds.

Ku-Band Rendezvous Radar

The orbiter Ku-band system includes a rendezvous

radar that skin-tracks satellites or payloads in orbit.

For large payloads that must be carried into orbit

one section at a time, the orbiter will rendezvous

with the payload segment currently in orbit to add

on the next section. The gimballing of the Ku-band

antenna permits it to conduct a radar search for

space hardware. The Ku-band system is first given
the general location of the hardware by the orbiter

computer; then the antenna makes a spiral scan of
the area to pinpoint the target (in GPC mode).

Radar may also be used to search for space hardware

using a wide spiral scan of up to 60degrees. Objects
may be detected by reflecting the radar beam off
the surface of the target (RDR PASSIVE MODE) or

by using the radar to trigger a transponder beacon
on the target (RDR COOP MODE). These modes
are selectable using the KU BAND MODE switch
on panel A1U. To date, only RDR PASSIVE MODE
has been used.

During a rendezvous operation, the radar system is
used as a sensor that provides target angle, angle
Tate, and range rate information for updating the
rendezvous navigation data in the GNC computer.The operation is similar to using the crew optical

alignment sight or star trackers, except
that the radar provides range data in

addition to angle data. Angle tracking
maintains appropriate antenna

pointing to keep the target within the

antenna beam. Range tracking is

accomplished by electronically
measuring the time between a

transmitted pulse and a return pulse
from the target. The return pulse may
be reflected from a passive (skin-

tracked) target or cooperative target
transmitter that is triggered by the

radar-initiated pulse. The latter

143 providesa longer range capability.

Angle tracking can be accomplished
in two ways: computer or manual

designations or automatic (auto) servo. During
manual or computer-designated tracking, the

antenna beam angle is positioned by services

external to the Ku-band system. Computer tracking
(used in GPC and GPC DESIG modes) provides
designated angle data based on combined target
and orbiter state vector information. Manual

tracking (used in MAN SLEW and AUTO TRACK

modes) applies manually initiated rates to the

antenna control system from switches at the orbiter

aft flight deck station (A1U).

Automatic angle tracking applies error rates to the

antenna control system from a receiving station that

measures the target position relative to the antenna

beam center. This closed-loop servosystem, internal

to the Ku-band system, ignores external computer
or manual designations. Itis the only angle tracking
mode that provides angle data for updating
navigation data.

Range tracking is always automatic, although
computer-designated ranges are applied to the Ku-

band system until automatic tracking is achieved.

In the automatic tracking mode, the Ku-band system
provides actual antenna angle, angle rate, range,
and range rate data through an MDM for

rendezvous and proximity operations. Data routed
to the indicators on panel A2 represent hard-wired

azimuth, elevation, range, and range rate

information, which is not processed by the GPCs.
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Before any radar mode is used, the orbiter is

normally maneuvered to an attitude with the minus
Z axis pointing at the target location. In all modes,
therefore, the radar antenna is normally
maneuvered around the minus Zaxis.

The Ku-band system provides for antenna steering
modes, each with a different combination of

capabilities for acquiring and tracking atarget: GPC,
GPC DESIG, AUTO TRACK, and MAN SLEW. All
are mutually exclusive and crew selectable using
the rotary switch on panel A1U.

The GPC mode is fully automatic in all phases of

target acquisition. Two GPC CRT commands are

required before this mode can be initiated (GNC
SPEC 33, REL NAV DISP). One CRT command

enables target position data to be routed from the

GNC to the SM antenna management program
through the intercomputer data bus (GNC SPEC

33, REL NAV DISP, item 1). The antenna

management program converts the target position
to antenna pointing angles and estimated orbiter-

to-target range data. Another CRT command

enables the antenna management program to send

designated antenna pointing and range data to the
Ku-band system through the payload 1 data bus

and the payload forward 1 MDM (GNC SPEC 33,
item 2).

When the GPC mode is selected, the antenna points
to the commanded angles and adjusts the ranging
system to the specified range. If a receive signal is

detected, the automatic closed-loop system tracks

the target in angles and range and provides data for

the SM and GNC computers and panel displays. If

the target is not detected, the antenna is

automatically commanded to search around the

designated point. Theantennais inertially stabilized

during the search operation.

The GPC DESIG mode provides the same designated
pointing as the GPC mode without angle search or

angle-tracking capabilities. No closed-loop angle
tracking is provided. The designated angles are

updated every 2 seconds. Range search and tracking
are automatic. The antenna may be either inertially
or body stabilized.

The AUTO TRACK mode begins with manual

antenna control, including a manually initiated

search and inertial stabilization during the target

2. SYSTEMS
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acquisition phase. Once the target is detected,
automatic angle and range tracking is initiated and
manual control is inhibited until auto tracking is
broken.

The MAN SLEW mode allows manual control of
antenna movement with maximum automatic range
search. Once the target is detected, an automatic

range track is initiated, but angles are still under
manual control. No angle search is available in this
mode.

The SEARCH mode, selected by a switch on panel
A1U, involves a programmed antenna movement

that causes the radar beam to describe a spiral
pattern starting at the designated angles. The beam

angle spirals out to a maximum of 30 degrees from
the designated angle. In the GPC steering mode,
the variation of the maximum angle of search from
the designated point is inversely proportional to

designated range. The smallest search spirals
outward to a maximum of 6.2 degrees from the

designated point for ranges from 145 to 300 nautical

miles. At minimum ranges (0 to 8 nautical miles),
the spiral search is the maximum 30 degrees from
the designated point. If the antenna drive system
detects but overshoots the target during a spiral
search, a miniscan program is automatically initiated

near the point of detection. The miniscan searches
to a maximum of 9 degrees from the starting point
in 1 minute. In the auto track steering mode, only
the manually initiated main 30-degree scan is

available.

In addition to angle search, the Ku-band system
provides a range search. The process includes

electronically varying the timing within the range
system until it coincides with the time interval

between the transmitted and received radar pulses.
Once the intervals coincide, radar tracking is

established, and the range data output represents
the range between the target and the orbiter. The

crew can read the range and range rate values as

panel and CRT parameters.

The crew is provided with two controls associated

with range. Transmitter power output is

automatically varied in proportion to range whena

target is being tracked to keep the return signal
relatively constant, regardless of range. If, however,
the track is lost, and the range system begins to

search, the transmitter may transmit maximum

2.4-19

SCOM1.5

July 1994



2. SYSTEMS

2.4 Communications

power during the search. The crew can limit the
maximum transmitter power by using an aft station

panelcontrol. The other control isa CRT command

that limits the range search in GPC steering mode

to 2,400 feet.

The Ku-band system has body and inertial antenna

stabilization modes. When the body isstabilized,
the antenna beam remains ina fixed relationship to

the orbiter X, Y, and Z axes during orbiter attitude

changes. When the system is inertially stabilized,
the antenna beam remains aligned to a point in

inertial space, regardless of the orbiter attitude

changes. Both of these modes are effective only
when the radar angle-trackingsystem isnot tracking
a target. In the target angle-tracking mode, the

system aligns the antenna beam to the target, and

antenna movement is independent of orbiter

attitude changes.

telemetry signals that meet the payload
communication system specifications can be

processed on board. Incompatible signals can be

sent to the ground through Ku-band or directly to

payload ground stations. This method of

transmission, referred to as bent-pipe telemetry,
means that no onboard signal processing occurs

before the telemetry is sent to the Ku-band system.

Payload telemetry can go directly to the S-band FM

or Ku-band systems for transmission to the ground,
payload analog, or payload digital, to the payload
recorder for later transmission, or to the payload
data interleaver to be interleaved with other payload
data. The system also processes commands and

provides payload telemetry to the pulse code

modulation master unit (PCMMU), where the data

can be accessed for display on various payload-
related controls and displays.

Each antenna steering mode, except the

designate mode, has a specific stabilization

mode. The designate mode selects either

body or inertial stabilization on the basis of

a real-time GPC command (not available to

the crew). Since the designate mode

provides range tracking only, inertial

stabilization is effective during target
tracking.

The COMM/RCDR display, DISP 76,

provides the status of Ku-band

temperatures (PA, GMBL, GYRO), power
out (in watts), frame sync, and mode
(COMM or RDR), to flight crews.

Payload Communication System

The payload communication system is used
to transfer information between the orbiter
and its payload or payloads. It supports
hardline and radio frequency
communications with a variety of payloads.
The system is used to activate, check out,
and deactivate attached and detached
payloads.

Communication with an attached payloadtakes place through the payload patch panel
at the crew compartment flight deck aft

Station, which is connected to payloads in
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The S-band payload antenna is located on the top
I of the outer skin of the orbiter’s forward fuselage,

just aft of the S-band FM upper hemispherical
antenna. The payload antenna is covered with
reusable thermal protection system. This antenna
is used as the radiating element for S-band
transmission and reception to and from the orbiter
to detached payloads through the forward and
return links.

Communication problems involving antenna

position relative to payload position are not evident
while the payload is within a half mile of the orbiter,
along the minus Z axis. However, to maintain good
communication with the orbiter from distances of
several miles, the payload must be within an 80-

degree beamwidth (with reference to the minus Z

axis) of the orbiter’s payload interrogator antenna.
The boundary of the 80-degree beamwidth is the 3-
decibel point (or half-power point), which must be
considered during communication with deployed
payloads. This constraint is normally satisfied by
the payload deployment and retrieval process.

The basic elements in the payload communication

system are the payload interrogator (PI), payload
signal processor (PSP), communication interface unit

(CIU), payload data interleaver (PDI), pulse code
modulation master unit (PCMMU), and payload
recorder (PL RCDR). These elements are in the
forward avionics bays. Commands to the payload
communication system are routed through the

XXXX/062/ PCMMU/PL COMM XX XDDD/HH:MM:SS
SM COM BUFF Xxx vy SS
PCMMU

BITE WORD XXxx
FMT

1xS
2xS

PGM 1D 64 Xxx

LOAD 4 Xxxx DECOM INPUT FMT

1 x
170 RESET

PCM 5xx

PL_INTRG DECOM ENA
1 CHANNEL XXXS FOA 1 14x 3 16x

PSP1 6XX 2 CHANNEL XXXS 2 15X_ 4 17x
PSP2 7xX PHASE LOCK XXXS 18 TFL GPC SEL x

SYNC _ BIT XxxS ERR £XXS__DOWNLIST
FRAME XXXS © -XMIT PWR XX.XXS 19 SEL FMT ID Xxx

LOAD XXXX XXXX PL SIG STR X.XXS

10016.CRTs1

PCMMU/PL COMM Display (SPEC 62)
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GCILC from the payload MDMs 1 and 2,althoughthese MDMs are also used for orbiter commanding.Status and control of payload communication

systems can also be accessed by the PCMMU/PL
COMM display (SPEC 62).

Payload Interrogator

Detached payloads communicate with the orbiter
on an RF signal through the payload antenna by
the payload interrogator. The payload interrogator
is a transmitter/receiver/transponder unit that
provides full duplex RF communications between
the orbiter and a detached payload. It transmits
commands to and receives telemetry from NASA-
or DOD-compatiblepayloads through the payload
antenna. Payload interrogator controls are located
on panel A1L.

The main carrier frequency of the detached payload
telemetry is demodulated by the payload
interrogator. The telemetry is routed directly to the
Ku-band system for transmission to the ground
(bent-pipe telemetry) and to the payload signal
processor. The payload signal processor
demodulates the telemetry from the subcarrier and
sends it to the payload data interleaver to be
interleaved with other payload data. Hardline

payload commands are routed through the payload
signal processor and then output through the

payload patch panel directly to an attached payload.
Detached RF commands are routed through the

payload signal processor and then through the

payload interrogator for transmission to the payload
through the payload antenna.

The payload interrogator receiver automatically
sweeps to acquire and track an unmodulated or

modulated RF signal. Payload interrogator
telemetry is available through an operational
instrumentation MDM to verify signal strength and

frequency lock. If payload frequencies are near the
orbiter S-band frequencies, care must be taken to

prevent interference.

When the payload outputs a data rate that is not

compatible with the payload signal processor or

communication interface unit, payload telemetry is

throughput to the PDI without processing.
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Payload Signal Processor

The payloadsignal processor is the RF and hardline

command interface between the ground or flight
crew and the payload. It is also a detached payload
telemetry interface to the payload data interleaver.

The payload signal processor is controlled by the

switches on panel A1L. The payload signal

processor output is commanded or selected by the

PSP CMD OUTPUT switch.

The PI and PSP are commanded through GCILC/

MCC or selected by the crew (AIL) using the two

power switches.

Communication Interface Unit

The communication interface unit sometimes

replaces the payload signal processor. The payload
signal processor may be retained to act as a backup.
The communication interface unit is commonly used

with the inertial upper stage, although it may be

used with other payloads compatible with SGLS.

The communication interface unit interfaces

indirectly with the payload data interleaver through
the patch panel because the communication

interface unit is treated as an attached payload
accessed through a patch panel input of the payload

data interleaver. The payload signal processor is

hard-wired directly to the payload data interleaver.

This provides a command and telemetry path
between the orbiter guidance, navigation, and

control, GPC, and an SGLS-compatible payload or

between the flight crew and an SGLS-compatible
payload. The communication interface unit passes

commands and telemetry to either attached or

detached payloads. COMMUNICATION

INTERFACE UNIT controls are on panel L11.

Payload Data Interleaver

In the NASA mission configuration, the payload
patch panel interfaces attached payloads to the PDI.

The PSP acts as the interface for detached payloads.
Attached payloads are wired to specific input
channels of the PDI via the payload patch panel
during prelaunch activities. When the PDI is

reconfigured by the flight crew, programming
procedures include assigning inputs in the PDI to

one of four decommutators.

The PDI allows the payload communication system
to interface with the rest of the orbiter

communication system and computers. It receives

up to six different inputs from attached or detached

payloads and one ground support equipment input.
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For missions using the payload signal processor, a

maximum of five attached payloads can be
accommodated on inputs 1 through 5. Input 6 is
teserved for detached payload telemetry using the
RF link through the payload signal processor. For
missions using the communication interface unit,
all data, attached or detached, are routed through
input 5. The PDI has four decommutators that can

process up to four payload data streams. The PDI

ships the payload telemetry to the PCMMU, where
it can be accessed by the SM GPC for display, and
combined with orbiter telemetry for transmission
to the ground. The PL DATA INTLVR POWER
switch is on panel A1L.

Ultrahigh Frequency System

The UHF system is used as a backup for the S-band
PM and Ku-band voice communications, and is

primary during EVA operations. For
communications with MCC through the STDN or

SGLS ground stations, the UHF system operates in
a simplex mode, which means that the orbiter flight
crew can transmit or receive, but cannot do both

2. SYSTEMS
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simultaneously. The UHF system may also be used
for air traffic control and two-way voice with chase
aircraft during landing operations.

The UHF transceiver takes the voice signal from
the audio central control unit and routes itthroughthe external UHF antenna on the bottom of the
orbiter forward fuselage for transmission to the
ground station. The incoming UHF signal goes
through the external antenna to the UHF transceiver,
which demodulates it and routes it as an audio
signal it to the audio central control unit for
distribution in the orbiter.

Part of the UHF configuration is controlled throughthree two-position toggle switches on panel O06
labeled XMIT FREQ, SPLX PWR AMPL, and
SQUELCH. The XMIT FREQ switch selects one of
the two UHF frequencies, 296.8 MHz primary or

259.7 MHz secondary, for external transmission.
The SPLX PWR AMPL switch enables or inhibits
the UHF power amplifier circuit. When the switch
is positioned to ON, the UHF system transmits 10
watts of power through the antenna. When the
switch is positioned to OFF, the power transmission
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is reduced to 0.25 watts by bypassing the power

amplifier circuit. (An airlock antenna is used by
EVA astronauts in extravehicular mobility units to

check out their transceivers before exiting the

airlock.) The SQUELCH switch permits ON or OFF

selection of UHF squelch.

A five-position UHF MODE rotary switch on panel
6 activates power to the UHF transceiver and is

used to select any of the following modes of UHF

transmission. When the rotary switch is positioned
to EVA, EVA transmissions are made on one

frequency selected by the XMIT FREQ switch. The

return signal is received on two other frequencies.
The OFF position removes all electrical power.
When the rotary switch is positioned to SPLX,

transmission and reception are both on the

frequency selected by the XMIT FREQ switch.

Positioned to SPLX + G RCV, transmission and

reception are the same as in simplex except that

reception of the UHF guard (emergency) frequency
(243.0 MHz) also is possible. In the G T/R position,
transmission and reception are both on the UHF

guard (emergency) frequency.
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Three two-position UHF toggle switches located on

the bottom of the AUDIO CENTER portion of panelA1R control routing of audio from the audio central
control unit to the UHF transceiver. The switches
are labeled T/R for transmit/receive, OFF for

blocking UHF audio to and from the UHF

transceiver, A/G for the air-to-ground channels, and
A/A for the air-to-air channel.

For normal EVA operations, the orbiter transmits
296.8 MHz and receives 259.7 and 279.0 MHz. The
EVA astronauts are transmitting voice and
biomedical /suit data on their respective frequencies.
The biomedical/suit data is routed through the OI

system once it is removed from the UHF carrier.

The astronaut configured for mode A transmits on

259.7 MHz. The astronaut configured for mode B

transmits on 279.0 MHz. Each of the two EVA
astronauts receives the other on the respective
transmitted frequencies. Every 2 minutes,
biomedical data are replaced with suit telemetry
data for 15 seconds. EVA conversations are routed
to Mission Control via the S-band PM or Ku-band

system on A/G 1 or A/G 2, depending on the

2. SYSTEMS
2.4 Communications

configuration of the UHF A/G 1 and A/G 2 switches
on panel AIR. As a backup procedure only when
the orbiter is over a UHF ground station, the EVA

astronauts, orbiter, and ground can switch to the
259.7-MHz UHEF,simplex.
The UHF system may be used after entry during
the approach and landing phase of the mission.
UHF air-to-ground voice communications may take

place between the orbiter, the landing site control
tower, and chase planes (if used).

Audio Distribution System

The audio distribution system gathers audio signals
from multiple sources and routes them throughout
the orbiter. It provides the means by which crew

members communicate with each other and with
external locations, such as Mission Control, through
the S-band PM, Ku-band, and UHF systems. It also
interfaces with the caution and warning system for

reception of C/W (tone) signals and with the three
tactical airnavigation (TACAN) sets formonitoring
the TACAN audio identification codes. The external
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communications are facilitated by routing AG1/2
through the network signal processor. The audio

distribution system outputs audio for one or both

of the A/G loops to the network signal processor

where itis digitized and sent to the S-band PMand
Ku-band systems for downlink to MCC. Uplink

digitized A/G audio is routed through the S-band

PM or Ku-band systems and the network signal

processor where it is converted to analog for use in

the audio distribution system. This system also

provides connections to the UHF transceiver via

the AA loop for external communications with MCC

through ground base sites which support UHF. As
previouslystated, UHF is also used as prime voice

communications with EVA crewmembers.

Normally in the EVA mode, the AG1 loop is routed

to and from the audio distribution system. The

audio distribution system routes audio signals to

an onboard Spacelab module, docking ring,
operations recorder, payload bay stations, and the

video distribution system under control of switches

on panel A1R.

The major elements of the audio distribution system
include:

1. Audio central control unit (ACCU) — acts as

central “switchboard” to gather and route

audio signals throughout the orbiter; internally
redundant line-replaceable unit.

2. Audio terminal unit (ATU) — control panels at

crew stations that permit crewmembers to

select audio talk/listen buses and to control

external/internal communication keying
modes and listen volume levels.

3. Speaker unit (SU) - two speaker units are

provided with the orbiter communications

system. One is mounted on the flight deck aft
A2 panel. A second speaker unit in mounted
on the middeck ceiling panel MO29J. Both
are connected to and subject to an associated
ATU configuration.

4. Audio center panel — control center for

extending audio buses to docking ring,
Spacelab, payload bay outlets, video
distribution system, and the UHF system, and
for selecting up to two voice signals for
recording on the operations recorder.

5. Loose communications equipment -

miscellaneous small, stowable items such as
the headset interface unit (HIU), headset/

helmet cables, wireless crew communications

unit (WCCU), and handheld or wireless

handheld mic.

6. Crew communications umbilical (CCU)jack -

individual panel-mounted jacks at crew

stations where mating headset plugs give the

crew access to audio buses. At each CCU

location is an associated ON/OFF switch to

control power to the headset interface unit or

wireless communications unit utilizing that

jack.

The eight loops in the audio system are (1) air-to-

ground 1, (2) air-to-ground 2, (3) air-to-air,

(4) intercom A, (5) intercom B, (6) paging, (7) C/W,
and (8) TACAN. A/G 1 and A/G 2 are used to

communicate with the ground through the S-band

PM and Ku-band systems and UHF during EVA

operations. (In the NSP low-data-rate mode or while

used with other loose communications gear such as

the thermal impulse printer system, A/G 2 is not

available for voice communications.) A/A is used,

by convention, to communicate with the ground
and with EVA astronauts through the UHF system.
Intercoms A and B are used to communicate from

station to station within the orbiter and Spacelab.
The paging loop allows one crewmember to send

voice transmissions to all active stations. The C/W

loop sounds different tones for different

malfunctions or emergencies. The TACAN loop,
accessible only at the commander’s and pilot’s
stations, is used to identify TACAN ground stations

for navigation.

Audio Central Control Unit

The ACCU, the heart of the audio system, is located
in the crew compartment middeck forward avionics

bay. (There are two redundant ACCUs, but only
one is used at any given time.) The unit identifies,
switches, and distributes analog audio signals
among the various audio distribution system
components. Both digital and audio signals are

received and processed by the ACCU. The digital
signals are used to control the internal configuration
of the ACCU per the switch positions on the ATUs
and other devices. The audio signals are keyed and
touted in response to this internal configuration.
Other devices include the audio center panel and
the NSP. It is through these devices that audio is
touted to theultrahighfrequency, S-band PM, and
Ku-band transmitters and receivers for
communications external to the orbiter.
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The AUDIO CENTER selection switch is on panel
C3. Setting the switch to 1 applies primary power
to the control center unit from the ESS 2CA AUD

CTR 1circuit breaker on panel R14. Selecting 2

applies power to the secondary unit electronics from

MN C AUD CTR 2circuit breaker on panel R14.

OFF removes all power from the ACCU.

NOTE

With the AUDIO CENTER selection switch

OFF, all normal audio functions will be

inoperative. However, the commander

and pilot can communicate via headset if

one of their ATU CONTROL switches is

AUDIO CENTER Selection Switch on Paenl C3
N

set to the alternate position. This is also
true for any two stations that share ATUs

through the audio control switch position
(i.e., mission specialist and payload
specialist, airlock CCU 1 and 2, and

middeck ATU).

The ACCU circuitry activates signals from the
launch umbilical connection intercom A and B

channels. Any crew station ATU can then be

configured to transmit and receive intercom signals
from the ground through the umbilical. (Only
intercom signals are processed through the

umbilical.)
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Audio Terminal Unit on Panel AW18D

Audio Terminal Units

Up to eight ATUs are used in the crew compartment
to select access at each station and to control the
volume of various audio signals. Audio terminal
unit panels are located at the following crew

stations: commander, panel O5 (LEFT AUDIO);
pilot, panel O9 (RIGHT AUDIO); mission station,
panel R10 (MISSION STATION AUDIO); payload
station, panel L9 (PAYLOAD STATION AUDIO);
middeck, panel M042F (MID DECK SPEAKER
AUDIO); and airlock, panel AW18D (AIRLOCK
AUDIO). These panels control signals to headsets
or communication carrier assemblies through the
communications umbilical. Orbiter OV 102 has two
additional ATUs. One is in the flight deck (OS
AUDIO), mounted on panel A13 for use with the

flight deck speaker unit. (On all other orbiters, the

MISSION STATION AUDIO audio terminal unit is

used with the flight deck speaker unit.) The second

ATU, in the middeck, is AIRLOCK 1 BACKUP, which

is mounted at the MOSS8F position and acts only as

a backup for the airlock CCU1 headset CONTROL

function. (The AIRLOCK AUDIO CCU 2 headset

connection uses the MIDDECK SPEAKER AUDIO

audio terminal unit as a control function backup.)

Each ATU has a three-position power switch to

contro] all signals to or from the ATU. The switch

positions are AUD/TONE, AUD, and OFF. In the

AUD/TONE position, all available functions of the

ATU are armed, and transmission and receptions
may be made through the ATU, depending on the

position of other switches on the ATU. C/W tone

signals are sent to the ACCU to allow C/W audio

to reach the ATU, the CCU, and the speaker unit.

The AUD position has the same functions as AUD/
TONE except that C/W signals are blocked from

the ATU. The OFF position shuts off power to the

ATU power supply, for the ATU amplifiers. Klaxon

(cabin air pressure) and siren (fire) C/W signals go

directly to a speaker unit, even with the speaker
power off.

Each ATU has a two-position, spring-loaded-off
PAGE switch that must be held in the PAGE position
to activate the circuit. When activated, the circuit

enables the ATU to transmit to all other ATUs, the

EVA transceiver, and the attached payload circuit

(e.g., Spacelab). Any number of stations may use

the paging circuit simultaneously, and the circuit

may be used regardless of the position of the other

channel control switches.

On all ATUs, the two air-to-ground channels, the
air-to-air channel, and intercom channels A and B
have individual three-position control switches for

selecting access to particular channels for
transmission or reception. The switch positions are

T/R, RCV, and OFF. The T/R position permits
transmission or reception over the selected channel.
The RCV position deactivates transmission

capability on the selected channel and permits only
Teception of signals. The OFF position deactivates
transmission and reception on the selected channel.
These control switches do not turn on any
transmitter or receiver but allow access to a

transmitter or receiver.
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MS AUDIO CONTROL Switch on Panel R11L

Each channel control switch has a thumbwheel
VOLUME control to adjust signal intensity on the
related channel. The thumbwheels cover a range of

approximately 27 decibels in 3-decibel increments.

The XMIT/ICOM MODE rotary switch controls four
combinations of external and intercom
transmissions. In the PTT/HOT mode, transmission

through A/G 1, A/G 2, and A/A requires manual

keying of the headset interface unit, microphone, or

WCCS leg unit XMIT PTTbutton;intercom A and B

will be hot mike. In the PTT/VOX mode, A/G 1,
A/G 2, and A/A require PTT of the XMIT button,
while intercom A and B are voice keyed. In the

PTT/PTT mode, all voice channels are voice keyed.
In the VOX/VOX mode, all voice channels are voice

keyed.

The VOX SENS rotary potentiometer on the ATUs

regulates the volume of the signal required for voice

keying. The MAX setting requires a lower decibel

level to key the circuit than the MIN setting.

Volume control of all incoming signals to speakers
is adjusted by the MASTER SPEAKER VOLUME

controls on panels A13 and MO42F. The MASTER

VOLUME 1 and 2 potentiometers on panel AW18D

control volume to the respective CCU outlets in the

airlock.

2. SYSTEMS

2.4 Communications

Four ATUs (on panels 05, 09, AWI18D, and R10)
allow a crewmember at a malfunctioning ATU to

switch the CCU jack to an alternate ATU. The left

may be switched to the right (commander's to pilot’s
ATU), or right ATU control may be switched to the
left (pilot’s to commander’s ATU). The
commander’s and pilot’s CONTROL knobs are

located on panels O5 and O9. Mission specialistATU may be switched to the payload specialist’sATU using the MS AUDIO CONTROL switch on

panel R11L. Airlock ATU control may be switched
to the middeck and payload specialist’s ATUs using
the CONTROL rotary switch on panel AW18D.
Orbiter OV 102 uses the AIRLOCK 1 BACKUP ATU
for airlock CCU 1 alternate control.

When the CONTROL switch is in the NORM

Position, control of the ATU is from the panel to
which the knob belongs. The other position of the
knob indicates the ATU to which control can be
transferred. The CONTROL knob changes all ATU
functions to the alternative ATU except the master

volume control. This redundancy protection is used
in the event of a failure or malfunction of any of the
four audio terminal units that have a CONTROL
knob.
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NOTE

If an ATU loses power, switching to the

other CONTROL position will restore listen

capabilitybut not talk capability.

Speaker Units

An SU is located on panels A2 and MO29J. They
are controlled by the ATU on panels R10, A13,and
MO42F in orbiters OV 103, 104, and 105. They are

controlled by the ATU on panels A13 and MO42F

in orbiter OV 102. In addition to the features of the

other ATUs, the speaker unit ATU has a three-

position SPKR PWR switch. Only the OFF and SPKR

positions are used. In the OFF position, no signals

go through the ATU. In the SPKR position, audio

selected on the associated ATU, including C/W

tones, are enabled. The SPKR/MIC position is not

used. The top speaker is used for audio and the

bottom is dedicated to the klaxon/siren.

The KEY light illuminates when a microphone on

the associated ATU is keyed (PTT, VOX, etc.)

Audio Center Panel

The AUDIO CENTER controls on panel A1R have

four functions: UHF control, voice interface

capability with external vehicles, the payload bay
comm outlets, and operations recorder selection.

All switches on the panel send digital impulses to

the ACCU, enabling the selected functions to

communicate with Spacelab, the payload bay, and

operations recorders. Sets of toggle switches labeled

DOCKING RING, SPACE LAB, and PL BAY

OUTLETS electrically connect the particular
function to the audio distribution system. The

a
|
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The DOCKING RING and SPACE LAB subpanelshave seven switches to enable the followingfunctions: A/A, A/G 1, A/G 2, ICOM A, ICOM B,
PAGE, and TONE (C/W). TheUHFswitches control
A/G 1, A/G 2, and A/A channels to the UHF
transceiver. The PL BAY OUTLETS subpanel has
two ON/OFF switches, one for intercom A and one

for B. The PL BAY OUTLETS switches also route
ICOM A and B to the CCTV system forinterleavingwith the video signals

Two rotary knobs labeled VOICE RECORD SELECT
control various audio signals to be sent to the
operational recorders through the NSP. A/G 1,
A/G 2, A/A, and ICOM A or B audio can be sent to
either recorder. Any two signals may be recorded
at the same time, one on channel 1 and the other on

channel 2. Either channel may be tumed off. A
recorder input (RCDR INPUT) parameter on orbiter

display S76 indicates whether the recorder is

tecording data (DATA) only or data plus the voice
selected on the AUDIO CENTER panel (D/VO).

Loose Communications Equipment

Launch and Entry Helmets

During launch and entry, each flight crewmember
wears a launch and entry helmet to lessen the severe

noise levels encountered at launch and to allow

intelligible air-to-ground communications. A

communications carrier assembly headset

containing microphones and earphones fits over

the crewmember’s head, and a connector and cable
interface with the headset interface unit, connected

through communications cables to respective audio
terminal units. The microphones can be positioned
to suit the individual crewmember. For emergency
egress, a pull-away connection is used between the
communications carrier assembly and headset
interface unit, in addition to the standard
communications carrier assembly /headset interface
unit twist-on connector.

The helmets have redundant noise-canceling
microphones and electrically isolated earphones.
When air is inhaled, the demand breathing regulator
shuts off the microphones to avoid transmitting
breathing sounds.

NOTE

An improper face seal will cause enough
oxygen flow to cut off microphones.

Headset Interface Unit

The headset interface unit has separate push-to-
talk (PTT) buttons for transmit and intercom modes
and a volume control that determines the level of
sound heard through the earphone (microphone
sound level is determined by automatic gain control
circuitry within the audio terminal unit). (Push-to-
talk means that a pushbutton must be depressed to
allow a crewmember to talk through the system.)The XMIT push button allows access to intercom
and external circuits, while the ICOM push button
is for intercom only. The volume control knob actsin series with the loop volume controls on the
associated audio terminal unit. In addition, the
commander and pilot have PTT switches on their
Totational hand controllers for transmit (XMIT)
keying.

The headset interface unit provides volume control
and PTT capabilities to the communications carrier

assembly used for EVA, and to the communications
carrier assembly. The headset interface unit has a

clip that attaches to the crew’s flight suits.

Headset Interface Unit
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Crewman Communications

Umbilical on Panel L5

Cables

The communication cables vary in configuration
depending on seat location. Each seat has two 4-
foot communication cables or a 14-foot length, as

required. One 4-foot cable is flown as a spare. The
cables connect to crewman communications
umbilical (CCU) outlets at various locations in the
crew compartment. Each CCU hasa specific audio
terminal unit that controls communication loop
configurations. The CCU associated with the ATU
on panel O5 is located on panel L5 (LEFT COMM);
for O9 on R6 (RIGHT COMM); for R10 on A11 (MS
COMM), for L9 on A15 (PS COMM), and for MO42F
on MO39M (MID DECK COMM); two others for
the airlock ATU are located on panel AW82D (CCU
1and CCU 2).

Each CCU outlet has a power switch that controls
the associated microphone power. Leaving CCU
power off confines an individual to a listen-only
mode, independent of audio terminal unit
configuration.

Multiple HeadsetAdapter

A multiple headset adapter may be plugged into

the CCU outlets. The three CCU outlets on the

adapter allow up to three crewmembers to share

one CCU outlet. When any one person connected

to a multiple headset adapter keys (in PTT mode)
or activates the voice-operated transmitter, all three

individuals’ microphones will be keyed, and

individuals sharing the multiple headset adapter
will hear each other talking on the side tone.

Wireless Communications Units

On orbit, the crew may use wireless communication

units in place of communication cables. A wireless

unit consists of one wall unit (audio interface unit)
and two leg units (crew remote units) worn by
crewmembers during orbital operations. The wall

unit connects toa CCU outlet and remains attached

to the crew compartment wall. Each wall unit

transmits on a unique pair of UHF frequencies. Leg
units may be configured to work with any wall

unit. A leg unit may be converted into a wireless

handheld microphone by attaching a noise-

cancelling mic at the headset connector. Each wall

unit is identified by a letter enclosed in a box. Each

unit is stowed with its cabling attached. The wall

unit has a 23-inch cable to interface with the CCU

outlet, and the leg unit has a 22-inch cable attached

to a lightweight headset.

NOTE

If the two leg units are set to use the same

frequency, one of the units' transmit

signals will be muted.

When the wireless unit is unstowed, part of the

assembly necessary is to insert and tighten the
flexible antenna in the bottom of each wall and leg
unit. The wall unit receives power from the CCU
outlet. All other switches are set as required;
typically, the individual communication loops are

used. The leg unit is attached to the crewmember’s

leg with a wraparound elastic strap. The rotary
ON/OFF/VOLUME knob (unlabeled) is turned
clockwise past the ON/OFF detent, and the volume
is set as desired. Each leg unit is powered by a

replaceable lithium battery pack. A weak battery is
identified by a continuous beeping sound when the

leg unit is powered on. A single battery pack
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Very LightweightHeadset

provides about 35 hours of service. Sliding a new

battery pack into the unit causes both the electrical

connector and mechanical connector to latch.

Very Lightweight Headset

The very lightweight headset is the interface

between the leg unit and crewmember. A single-
strand wire headband holds the earphone against
the ear and supports a thin boom holding a noise-

cancelling microphone near the mouth. A cable

and connector are attached to the crewmember’s

leg unit. The lightweight headset cable and

connector also can interface with the headset

interface unit.

Handheld Microphone

The handheld microphone is a noise-canceling
microphone that connects directly to any CCU

outlet. The microphone is used primarily with the

SUs located at panels A2 and MO29J. To avoid

feedback when using the speakers, one ATU and its

corresponding CCU outlet on the aft flight deck

and one ATU and associated CCU on the middeck

are equipped with a speaker muting capability. On

OV103, OV104, and subsequent vehicles, muting is

controlled through ATUs at panels R10 and MO42F.

On OV102, the muting ATUs are located at panels
A13 and MO42F.

Two PTT push buttons are provided for XMIT and

ICOM audio modes. When used to record audio on

the videotape recorder, either can be used. The

push buttons should face the operator to ensure

that the noise-canceling feature of the microphone
remains functional. The handheld microphone is

equipped with a 7-foot cable that can connect at

any CCU or to other cables. The microphone/SU
configuration is used for on-orbit communication

configurations.

Instrumentation

Orbiter operational instrumentation (OI) collects,

processes, and routes information from transducers

and sensors throughout the orbiter and its payloads.
More than 3,000 data parameters are monitored.
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AREA CHARACTERISTICS

Signal 6 WBSC to MDM
Conditioning

14 DSCs conditioning appoximately 1,200 channels, plus EDO DSCs (up to 4)

Approximately 45 high-level transducers

Distributes data to PCM data system, panel displays, C/W, flight-critical MDMs

PCM Data
System

Acquires data through 7 Ol MDMs, approximately 2,800 measurements

Receives and provides data to 5 computers

Accepts payload data through PDI or payload data bus (Spacelab)
Provides output data in 64 and 128-kbps formats

Provides synchronization to PDI and NSP

Provides data to NSP and T-O umbilical

Payload Data

Retorders
Stores payload data

Receives data directly from payload or PLSP

Provides data to GPCs and PCM.

Stores 3 channels of engine data at 60-kbps rate

Stores interleaved voice and data at 96, 128, or 192-kbps rates

Provides for playback of recorded data during and after mission

Master Timing
Provides time reference to computers, Ol PCM, display panel, and payload
Provides synchronization to instrumentation and other subsystems

OI System

The instrumentation system consists of transducers,
14 dedicated signal conditioners (additional
dedicated signal conditioners (DSCs) for extended

duration orbiter (EDO) missions), 7 MDMs, 2

PCMMUs, 2 operational recorders, 1 payload
recorder, master timing equipment, and onboard

checkout equipment.

The Ol system senses, acquires, conditions, digitizes,
formats, and distributes data for display, telemetry,
recording, and checkout. It provides for pulse code

modulation recording, voice recording, and master

timing for onboard systems.

Instrumentation equipment, except sensors and

selected dedicated signal conditioners, is located in

the forward and aft avionics bays. Sensors and

DSCs are located throughout the orbiter in areas

selected on the basis of accessibility, minimum

harness requirements, and functional requirements.
Abbreviations used to designate the locations of

equipment are as follows: OA refers to operational
aft, OF to operational forward, OL to operational
left, OR to operational right, and OM to operational
mid.

Dedicated Signal Conditioners

Dedicated signal conditioners acquire and convert

various sensor data from thousands of orbiter

sensors into a 0-5 V dc pulse acceptable to MDMs.

Sensors requiring DSCs include frequency,
temperature, rate, voltage, current, and analog
parameters.

There are 14 orbiter DSCs, 4 in forward avionic

locations (OFs), 3 in the aft avionic bays (OAs), 3
under the payload bay (MID) (OMs), and 4 in the

right and left tail sections (ORs and OLs). There

can be up to four additional DSCs flown with the
EDO.

Multiplexer/Demultiplexers (MDMs)

MDMs can operate in two ways. As multiplexers,
they take data from several sources, convert the

data to serial digital signals (a digitized
representation of the applied voltage), and

interleave the data into a single data stream. As

demultiplexers, the MDMs take interleaved serial

digital information, separate and convert it to

analog, discrete, or serial digital, and send each

separate signal to its appropriate destination.

The OI MDMs act only as multiplexers. Upon
request from the pulse code modulation master unit

(PCMMU), the MDMs send these interleaved

streams to the PCMMU through the OI data buses.

When the MDM is addressed by the PCMMU, the

MDM selects, digitizes, and sends the requested
data to the PCMMU in serial digital form. The

PCMMU/OI MDM interface is based on demand

and response; that is, the OI MDMs do not send

data to the PCMMU until the PCMMU makes the

request. There are seven OI MDMs, four OFs, and

three OAs for forward and aft multiplexing of DSC

and direct data signals.
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Pulse Code Modulation Master Unit

(PCMMU)

The PCMMU receives data from the

OI MDMs, downlist data from the

GPCs under control of flight software,

and payload telemetry from the

payloaddata interleaver and Spacelab.
It then interleaves the data, formats

data according to programmed
instructions stored within the PCMMU

(the telemetry format load, or TFL),
and sends the interleaved data to the

network signal processor to be

combined with the analog air-to-

ground voice data from the audio

central control unit for transmission

through the S-band PM downlink and

Ku-band system return link, channel

one. Telemetry from the PCMMU is

also sent through the network signal
processor to the operational recorders for storage
and subsequent downlink on the S-band FM or Ku-

band system. Ol and payload data collected by the

PCMMU are available to the GPCs for display and

monitoring purposes upon request. All data

received by the PCMMU are stored in memory and

periodically updated.

The PCMMU has two formatter memories:

programmable read only (PROM) and random

access (RAM). The read-only memory is hard coded;
the RAM is reprogrammed several times during
flight. The PCMMU uses the formatters to load
data from the computers and Ol MDMs into PCM

telemetry data streams for downlinking

NOTE

When the PCMMU is powered off (as
when switching to the alternate unit), the
TFL changes to the fixed format loaded in
the PROM.

One of the two redundant PCMMUs and network
signal processors operates at a time. The one used
is controlled by the crew through the flight deck
display and control panel. The primary port of
each MDM operates with PCMMU 1 and the
secondary port operates with PCMMU 2.

OI PCMMU Controls on Panel C3

The PCMMUs receive a synchronization clock

signal from the master timing unit. If this signal is

not present, the PCMMU provides its own timing
and continues to send synchronization signals to

the payload data interleaver and network signal
processor.

The OI PCMMU controls are located on panel C3.

Master Timing Unit

The master timing unit is a stable crystal-controlled
timing source. It provides synchronization for

instrumentation, payloads, and other systems. The

master timing unit is described in more detail in

Section 2.6.

Operations Recorders

Two recorders are used for serial recording and

dumping of digital voice and pulse code modulation

(PCM) data from the OI systems. The recorders

normally are controlled by ground command, but

they can be commanded by the flight crew through
the flight deck display and control panel keyboard
or through the OPS RECORDERS switches on panel
AIR or commanded via uplink. The input to the
tecorders is from the network signal processor, in
main engine data at 60 kbps.
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Recorder speeds of 7.5, 15, 24, and 120 inches per

second are provided by hardwire program plug
direct command. The tape recorders contain a
minimum of 2,400 feet of 0.5-inch by 1-mil

magnetic tape.

Recorder functions can be summarized as follows:

¢ Data in, recorder 1

— Accept three parallelchannels of engine
data at 60 kbps during ascent.

— Accept 192 kbps of interleaved PCM data

and voice that serially sequences from

track 4 to track 14 (high data rate), 128

kbps data only (high data rate), or 96

kbps data and voice (low data rate).

— Accept real-time data from network

signal processor. Recording time is 32

minutes for parallel record and 5.8 hours

for serial record on tracks 4 through 14

ata tape speed of 15 inches per second.

¢ Data in, recorder 2

— Accept 192 kbps of interleaved PCM

voice and data that serially sequences
from track 1 to track 14 (high data rate),
128 kbps data only (high data rate), or 96

kbps data and voice (low data rate).

— Accept real-time data from network

signal processor. Recording time is 7.5
hours at a tape speed of 15 inches per
second for serial record on 14 tracks.

¢ Data out, recorder 1

- Play back in-flight engine interface unit
data and network signal processor digital
data through S-band FM transponder or

Ku-band transmitter.

~ Play back in-flight anomaly PCM data
for maintenance recordin ,

~ Play back data serially to ground support
equipment to T-0 ground support
equipment umbilical.

* Data out, recorder 2

~ Play back digital data through S-band
FM transponder or Ku-band transmitter
in flight.

~ Play back anomaly PCM data in flightfor maintenance recording.
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— Play back preflight and postflight data

serially to GSE T-0 umbilical.

Payload Recorder

The payload recorder records and dumps payload
analog and digital data through the S-band FM or

Ku-band transmitter. The recorder can record one

of three serial inputs or a maximum of 14 parallel
digital or analog inputs or combinations of analog
and digital data (up to 14 inputs) from the payload
patch panel. In flight, all data dumps are serial;

capability for parallel dumps does not exist. There

are 14 selectable tape speeds; however, only four

speeds, selectable by a program plug, are available

per flight. Total recording time ranges from 56

minutes to 18 hours 40 minutes depending on tape
speed.

The recorder normally is controlled by ground
command, but can be commanded by the flight crew

using the PAYLOAD RECORDER switches on panel
AIR.

Thermal Impulse Printer System

The thermal impulse printer system (TIPS) is a high
speed gray shade recorder employing a fixed
thermal head to produce hard copies of line scan or

raster scan information. It replaces the teleprinter
and text and graphics systems previously flown on

the Shuttle. The TIPS thermal head reproduces
images by bombarding thermal paper with heat

pulses. The more pulses directed at one spot, the
darker it becomes. Two TIPS are flown in separate
middeck lockers in the upper MF14 and MF28 rows.

One TIPS is the prime unit and the other serves as a

backup or can be used as a printer for the PGSC

computer. Electrical power is provided from an ac

outlet on panel ML85E (MUP). TIPS can receive
text data over S-band PM or Ku-band (voice channel)
via STDN or TDRS. TIPS can also receive text and

graphics data through Ku-band mode one (128kbps)via TDRS. The voice channel input for TIPS is

accomplished through the PS COMM outlet on

panel A15 nominally via A/G 2. The voice channel
data transfer rate of 600 baud requires up to 90
seconds per 11 inch page depending on the number
of lines. The Ku-band mode 1 input is received

through the Ku-band Data Uplink Port behind the
old TAGS small compartment door. When the Ku-
band voice channel is used, it takes approximately44 seconds to print 11 inches of text or dithered (laser
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Thermal Impulse Printer System

es printer style) graphics at 200 dots per inch (dpi)
resolution. True gray scale graphics data will

require about 4 minutes and 9 seconds per 11 inch

page at 200 dpi.

To minimize crew workload, the TIPS power,
communications, and Ku-band cables are routed
and secured pre-launch. The procedures for

connecting the three cables, recon figuring the panel
L9 ATU, and activating the TIPS are in the Orbit

Ops Checklist. An illuminated red POWER push
button and ON LINE and READY lights indicate
the TIPS is ready to print. TIPS must be ready to

print when an uplink is transmitted since the MCC
has no ground command over TIPS. If TIPS is not

ready to print when an uplink is initiated or if it

runs out of paper prior to the end of a transmission,
the data will have to be retransmitted when TIPS is

back on-line. The unit does not have the capability
to store data for printing at a later time. Three

additional 165 foot rolls of thermal paper are stowed

for changeout on orbit. The crew should replace
the roll when the red warning strip appears along
the edge of the paper.

&
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Communications System Summary

The orbiter communications system transfers

information between the orbiter and the

ground, either through hardline or radio

frequency links.

The system is divided into several smaller

systems: S-band phase modulation, S-band
frequency modulation, Ku-band, UHF,

payload communications, audio, and CCTV.

The S-band PM system provides two-way
communication between the orbiter and the

ground, through either an STDN/SGLS

ground station or a relay satellite. It provides
channels for five functions: command, voice,

telemetry, turnaround tone ranging, and two-

way Doppler tracking.

Four quadrant S-band antennas provide a

selection of eight directions.

The S-band FM system cannot receive

information. It is used to downlink data

directly to the ground from seven different

sources: SSME interface units, the video

switching unit, the operations recorder, the

payload recorder, payload analog, or payload
digital.
There are two hemispherical S-band FM

antennas.

The Ku-band system provides for on-orbit

communication between the orbiter and the

ground. It can also be used as a radar system
for tracking objects in space.

The Ku-band antenna is deployed when the

payload bay doors are opened, and stowed
when they are closed. The antennas steerable.

TV data can be downlinked over Ku-band and
S-band FM only.

The payload communication system is used

to transfer information between the orbiter

and its payloads.
The UHF system is used as a backup for the S-

band PM and Ku-band voice communications.

UHF is used as the primary communications

link with EVA astronauts.

The audio distribution system gathers audio

signals from multiple sources and routes them

throughout the orbiter. It may be used as a

means by which crewmembers communicate

with each other.

The major elements of the audio distribution

system are: the ACCU, ATU, SU, audio center,

CCU, and loose communications equipment.

Orbiter operational instrumentation (OI)

collects, routes, and processes information

from transducers and sensors throughout the

orbiter and its payloads.
The OI system consists of transducers, 14 DSCs

(plus EDO DSC if flown), 7 MDMs, 2 pulse
code modulation master units, encoding
equipment, 2 operations recorders, 1 payload
recorder, master timing unit, and onboard

checkingequipment.
Additional communication equipment
includes the thermal impulse printer system.

Majorcommunications equipment and control

panels are A1R, A1U, A1L, R13L, O05,06, 09,
R10, L9, and R12. Others are found on panels
A13, A14, A15, L5, F9, C3, R11L, R15, MO29J,
MO42F, and AW18D.

Specificcommunications system CRTs are OPS
201 ANTENNA, COMM/RCDR (DISP 76),
and PC MMU/PL COMM (SPEC 62).

SCOM15
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UPLINK

SITE SITE DATA DOWNLINK
ID] TYPE RATE DATA RATE UHF COMMENTS,

ENCRYPTED

OR CLEAR | ENCRYPTED CLEAR

MIL STDN HI/LO HI/LO HILO v

PDL STDN HI/LO HI/LO HI/LO

BDA STON HI/LO HI/LO HI/LO v

NHS SGLS HI/LO HI/LO HI/LO

DKR v

MAD | STDN HI/LO HI/LO HI/LO EMERGENCY USE |
OAK | SGLS HI/LO HI/LO HI/LO V

los SGLS HI/LO HI/LO HI/LO Y

CAN STDN HI/LO HI/LO HI/LO EMERGENCY USE I
GTS SGLS HI/LO HI/LO HI/LO NO ID ON 2011

HTS SGLS HI/LO HU/LO HI/LO NO ID ON 2011

vis SGLS HI/LO HI/LO HI/LO NO ID ON 2011 I
DFRF | STDN HI/LO HI/LO HI/LO Y NO ID ON 2011

GDS | STDN HI/LO HI/LO HI/LO NO ID ON 2011

cTs SGLS HI/LO HI/LO HI/LO NO ID ON 2011

Comm S-Band PM Table
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SIG STR (F3, A1)|
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KU BAND
SIG STR

1.20
ROR RNG

AUTO 1*
MIN. 2

ROR THOLO
FXO 3.
VAR 4*

L

90.

SCAN WARN
ENA 5* TORS KU

EASTOVRD 6

SELF TEST 7

1/0 RESET

KU 8*

2011/ 1076
S-BAND PM

PND

NSP
BIT/FR SYNC 1 NO

2 YES
FAIL SAFE
DATA XMIT

RCV
UL DATA
CODING XMIT

XXXX/062/
SM COM BUFF Xxx

PCMMI
BITE
FMT

SEL

U
WORD XXxx

FXO 1XS
PCM 2x

PGM 1D 64 Xxx

128 Xxx

3SEL_ID Xxx
LOAD 4 XXXx

170 RESET
PCM 5xx

LOAD XXXX XXXX

PRI
W 10*

En — 14
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ANTENNA 4 001/05:08:29

ANT ELEC
2

ANT

QUAD
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TORS S

EAST

PRI
W 13*

STON

MIL

AUT
NEX

COMM/RCOR

KU-BAND

PA TEMP
GMBL TEMP

GYRO TEMP
PWR OUT
FR SYNC

4 001/05:08:04
000/00:00:00

MODE COMM
TV CAM OVER-TEMP No

EGi c

RECORDERS
ops 1 OPS 2 PL

MODE STBY RCDA STBY
TRK

DIR

ZTAPE 55

TAPE STOP
TEMP 48
BITE

1
FWO FWO FWD

0

STOP
48

i

COMSEC BITE

PCMMU/PL COMM

R

BITE wo
SEL Di

NPUT xX
LOAD 13

DECOM INPUT FHT
1

Mama XXS
x

x

x

TNTRG

PHASE LOCK XXXxS

ERR $XxxS
XMIT PWR XX.XX5
PL SIG STR X. XxS

2
18 TFL GPC SEL

x

DOWNLIST
19 SEL FMT 1D xx

10016.CRTs 1

PCMMU/PL COMM Display (SPEC 62)
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Communications System Rules of Thumb

¢ 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 is a 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 out of 65
watts. Power amplifiers require 140 seconds

| to warm up if not in a standby state.

* 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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Description

Several types of equipment and systems that the

crew uses are not covered in other sections of this

manual, since they are not necessarily part of any of

the larger systems. These items and systems, which

focus on crew efficiency and comfort, are discussed

in this section. Where appropriate, operations are

described within each separate subject area.

Crew Clothing/Worn Equipment

The crew clothing/worn equipment consists of

items that provide for the personal needs of all

crewmembers. Prior to each flight, crewmembers

select clothing and worn equipment from alist of

required and optional flight equipment.

Crew clothing used during on-orbit activities

includes such items as trousers, jackets, shirts, sleep
shorts, soft slippers, and underwear.

2. SYSTEMS

2.5 Crew Systems

Optional worn/carry-on equipment includes

scissors, sunglasses, HP48 calculators, gray tape,
flashlight, Swiss army knife, pens and pencils, and

chronographs.

Personal Hygiene Provisions

Personal hygiene and grooming provisions are

furnished for both male and female flight
crewmembers. Ambient warm water for washing
comes from a personal hygiene hose (PHH) attached

to the galley auxiliary port. Other personal hygiene
provisions are stowed in middeck lockers and/or
the airlock stowage bag at launch and are removed

for use on orbit.

A personal hygiene kit is furnished for each

crewmember for brushing teeth, hair care, shaving,
nail care, etc. Additional grooming and hygiene
items are available for female crewmembers in the

female preference bags.

Two washcloths and one towel per crewmember

per day are provided. In addition, wet wipes, dry
wipes, tissues, and Wash 'N Dri's are provided for

personal hygiene. The Wash 'N Dri’s are located in

Volume G (spares), a middeck locker, and in the

galley. Wet wipes and dry wipes are stowed in the

waste managment compartment (WMC) and in a

middeck locker. Rubber grommets in the waste

management compartment allow crewmembers to

restrain their towels and washcloths.

If the WMS becomes nonfunctional, contingency
equipment is located in Volume G. This equipment
consists of Wash 'N Dri's, urine collection devices,

diapers, and Apollo fecal bags.

Sleeping Provisions

During a one-shift operations mission, all

crewmembers sleep simultaneously. At least one

crewmember wears a communication headset to

ensure reception of ground calls and orbiter caution

and warning alarms.

A 24-hour period is normally divided into an 8-

hour sleep period and a 16-hour wake period for

each crewmember. Three hours are allocated for

pre/post sleep activities in which crewmembers

perform housekeeping, orbiter cleaning, sleep and

wake preparation, personal hygiene, and food

preparation and eating activities.

2.5-1
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Sleeping provisions for flight crewmembers consist

of sleeping bags and liners, or rigid sleep stations

with one sleeping bag and two liners per bunk.

Sleeping bags are installed on the starboard middeck

wall and relocated for use on orbit. Some sleeping

bags can remain on the starboard wall, and some

can be attached via pip pins to the middeck lockers.

Others can be relocated to the airlock, Spacelab, or

flight deck (crew preference). A sleeping bag is

furnished for each crewmember and contains a

support pad with adjustable restraining straps and
a reversible/removable pillow and head restraint.

Six adjustable straps permit the sleeping bag to be

adjusted to its proper configuration. Three helical

springs above the adjustable straps on one side of

the bag relieve loads exerted by the crewmember

on the crew compartment structure. Six pip pins
allow the bag to be attached to the middeck locker

face in either a horizontal or vertical configuration.
Two elastic adjustable straps restrain the upper and

lower parts of the body in the bag. Velcro strips on

the ends of both sides of the head restraint attach it

to the pillow. A double zipper arrangement permits
the sleeping bag to be opened and closed from the

bottom to the top of the bag. One zipper on each

side of the sleeping bag allows the bag to be attached

to a support pad for better rigidity.

~Ny
Helical spring in
cloth tunnel (3)

Buckle fiap
(snap-fastened,
over buckle).

Elastic body restraint

Asleep kit is provided for each crewmember and is

stowed in the crewmember’s clothing locker during
launch and entry. Each kit contains eye covers and

ear plugs for use as required during the sleep period.

For 24-hour operations missions, the four-tier, rigid

sleep station is flown. If manifested, it is installed

on the starboard side of the middeck.

The four-tier rigid sleep stations contain a sleeping
bag/liner, personal stowage provisions, a light, and

a ventilation inlet and outlet in each of the tiers.

The cotton sleeping bag is installed on the ground
in each tier and held in place by six spring clips.
The light in each tier is a single fluorescent fixture

with a brightness control knob and an off position.
The air ventilation inlet ductis an air diffuser similar

to an automobile ventilation duct. It is adjusted by
moving the vane control knob. The air ventilation

outlet duct is located in the fixed panel at each tier

and is opened or closed by moving the vane control

knob. The air inlet is located at the crewmember’s

head. The outlet is at the feet. All crewmembers’

heads are toward the airlock and their feet toward

the avionics bay.

Reversible/removable head restraint

Reversible/removable pillow
(100% cotton "mountain" cloth

Personal sleeping bag
(100% cotton

“mountain* cloth

Pad (Nomex felt
100% cotton

“mountain” cloth

184

OperationalSleepingBag
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Exercise Equipment

Three types of exercisers are available for use in

flight: the treadmill, the cycle ergometer,and the
rower. Only one type is flown per mission,with
selection dependent on crew preference,availability
of on-orbit space, and science objectives. All
exercisers are designed to minimize muscle lossin
the legs and maintain cardiovascular fitness in a

zero-g environment.

The treadmill, which consists of a conveyor running
track with force cords, waistbelt, and shoulder

straps, attaches to the starboard side of the middeck

floor with quick disconnects. The running track is

coupled toa rapid onset braking system that applies
increased drag to the track once a crewmember

reaches a preset speed. Resistance can be adjusted

by dialing the speed control knob. The force cords,

waistbelt, and shoulder straps restrain the

crewmember to the running track. A physiological
monitor is used to track heart rate, distance run,

and time run while exercising. Because of the space

required for operation, the treadmill is now seldom

flown.

The cycle ergometer (CE) attaches to the treadmill /

entry middeck floor studs. The mounting frame is

reconfigured on orbit to attach to standard seat floor

studs on the flight deck or middeck. The CE uses a

standard flywheel and braking band system to

generate the required resistive force. Cycling
resistance can be controlled electronically by a

control panel or computer-driven exercise protocol
or a manual adjustment similiar to those found on

exercise cycles used at home or in gymnasiums. An

accessories bag, which is strapped to the top of the

ergometer for launch and entry, contains the
attachable hardware as well as crew clothing and
shoes necessary for nominal operations.

The rower is undergoing a design upgrade and

operational information is not yet available.

Housekeeping Equipment

In addition to time scheduled for sleep periods and
meals, each crewmember has housekeepingtasks
that require from 5 to 15 minutes of time at intervals
throughout the day. These include cleaning of the
waste management compartment, the dining area
and equipment, floors and walls (as required), and
the cabin air filters; trash collection and disposal;

and changeout of the crew compartment carbon

dioxide (lithium hydroxide) absorber canisters.

(Changeout of the canisters is discussed in Section
2.9.)

The materials and equipment available for cleaning

operations are biocidal cleanser, disposable gloves,
general-purpose wipes, and a vacuum cleaner. The
vacuum is stowed in a middeck locker, and the

remaining hardware is stowed primarily in the

waste management compartment. Additional wipes
are located in the hygiene locker, and an additional

pair of gloves is located in each personal hygiene
kit.

The biocidal cleanser is a lotion-type detergent
formulation in a container approximately 2 inches

in diameter and 6 inches long with a built-in

dispenser. The cleanser is squirted on the surface

to be cleaned and wiped off with dry, general-
purpose wipes. It is used primarily for periodic
cleansing of the waste collection system urinal and

seat. It can be used to clean the dining area and

equipment and to clean walls and floors. Disposable
plastic gloves are worn while using the biocidal

cleanser.

The vacuum cleaner is provided for general
housekeeping and cleaning of the crew

compartment air filters and Spacelab filters (on
Spacelab missions). It has anormal hose, extension

hose, and several attachments. It is powered by the

orbiter dc electrical power system. A muffler to

reduce noise is part of the vacuum cleaner assembly.

Trash management operations include routine

stowage of wet and dry trash, such as expended
wipes, tissues, and food containers. (Wet trash

includes all items that could offgas.) The equipment
available for trash management includes three trash

bags, trash bag liners, wet trash volumes, and the

waste collection system (WCS) coffee canister.

Three trash bags for dry trash are located in the
crew compartment: one on the inside of the WMC

door, one on an aft middeck locker, and one on the

port side of the flight deck. Each bag contains one

installed disposable trash bag liner and seven spare
liners (located outside the installed liner but inside
the trash bag). When the liner becomes full, it is
removed and stowed in a jettison stowage bag. A
new liner is then installed.



The WMC wet trash compartment has a volume of
1.85 cubic feet and is vented overboard for odor
control. Trash from the WMC is inserted into the
circular opening of the auxiliary wet trash

compartment and is contained by an elbow bag.
Tissues, as well as used WCS coffee canister bags,
are disposed of in this wet trash compartment. The
coffee canister, which is about the same size and

shape as an off-the-shelf can of coffee, is installed
near the WMC during post insertion. Trash bags
are inserted in the canister and are filled with wipes
used for fecal collection. After each WCS use, a

used trash bag is disposed of in the WMC wet trash,
and anew oneis retrieved from the stowage volume
on the WMC wall and installed in the canister.

An 8-cubic-foot wet trash stowage compartment is
available under the middeck floor (Volume F). This

compartment is vented overboard (3 lb/day) for
odor control. Any item that can create an odor is

considered to be wet trash and is disposed of there.

Restraints and Mobility Aids

Restraints and mobility aids are provided in the
orbiter to enable the flight crew to perform all tasks

safely and efficiently during ingress (1-g, orbiter

vertical), egress (1-g, orbiter horizontal), and orbital

flight (orbiter orientation arbitrary).

Mobility aids are located in the crew compartment
for movement of the flight crewmembers during
ingress, egress, and orbital flight. These devices
consist of permanent and soft handholds, a platform
in the middeck, and an interdeck access ladder.

Restraints consist of foot loop restraints, seat

restraints, retention nets, Velcro, tape, snaps, cable

restraints, clips, bungees, and tethers.

Foot loop restraints are cloth loops attached to the

crew compartment decks by adhesive to provide
stability in zero g. Before launch, the foot loop
restraints are installed by the crew compartment
configuration drawings (CCCD) or vehicle

integration test team (VITT) personnel on the floor

areas of the aft flight deck work stations, middeck,
and near the waste management system and galley.
Spares are stowed in the modular lockers. To install

a foot restraint, the protective backing on the

underside of the restraint is removed, and the

restraint is placed in its desired location. The foot

loop restraints are easily used by placing afoot in

the loop.
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Seat restraints are similar to foot loop restraints.

They can be installed prelaunch, and spares are

manifested in the same locker as the foot restraints.
One adhesive patch is placed on one side of the
seat, and the other patch is placed on the opposite
side. A restraint strap is placed over the seat back
and attached to each patch via clips.
A brown mesh middeck retention net, attached to
the forward middeck lockers and the starboard wall

(no sleep station), is used to restrain the inflight
stowage bags, as well as other hardware. The airlock

stowage net, also made of brown mesh net, can

Testrain this equipment in the airlock if the sleep
Station is manifested, or if the crew determines they
wish to stow this hardware in the airlock.

Velcro, tape, snaps, cable restraints, clips,bungees,
and tethers are all manifested in the IFM locker and
can be utilized for a variety of purposes.

Stowage Containers

Temporary Stowage Bag

The temporary stowage bag is used to restrain, stow,
or transport loose equipment temporarily. One is

installed on the flight deck.

Inflight Stowage Bags

Ten inflight stowage bags are manifested, one per
crewmember plus spares. These brown mesh bags
are used to stow suits, boots, and harnesses on orbit.

Flight Deck Stowage Bags

The flight deck stowage bags provide restraint for

flight deck items when those items are not

immediately returned to locker stowage
compartments. These bags are manifested in the

Flight Data File (FDF) locker and are installed on

orbit on the back of the CDR and PLT seats (one per
seat).

Jettison Stowage Bags

The jettison stowage bags are used for restraining
dry trash or early return items, such as FDF, film,
and cassettes. (See Section 2.24 for further details

on all stowage bags.)
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Reach and Visibility Aids

Reach and visibility aids are hardware items that

assist the flight crew in monitoring and

manipulating displays and controls throughout
various phases of flight. These aids consist of CDR/

PLT adjustable mirrors, CDR/PLT two axis (Zand

X) seat adjustment, wicket tabs, and an auxiliary
reach mechanism.

The adjustable mirrors are installed at launch on

handholds located between windows 2 and 3 for

the CDR and windows 4 and 5 for the PLT. During
ascent and entry, the CDR and PLT use the

adjustable mirrors to facilitate seeing controls that

are in the obscured areas of their vision envelope
On orbit, mirrors can be removed and stowed, if

desired

To install the adjustable mirror, place the split clamp
halves around the handhold, fit the handwheel stem

into both clamp halves, and tighten the handwheel

clockwise. To adjust the mirror, loosen the mirror-

lock knob (counter-clockwise), move the mirror to

the desired orientation, and tighten the mirror-lock

knob.

The CDR/PLT seats provide the CDR and PLT with

the capability to move their seats along the orbiter

Z- (vertical) and X- (longitudinal) axes to facilitate

the reach and visibility of controls during the ascent

and entry phase of flight. Seat movement for each

axis is provided by a single ac motor. The total

travel distances for the Z- and X-axes are 10 and 5

inches respectively. Seat adjustment controls are

located on the left side of the seat pan. The controls

consist of a three-position toggle switch for power

bus selection and one spring-loaded, three-position
toggle switch each for control of horizontal and

vertical seat movement.

To operate the CDR/PLT seat, the crewmember

must first assign ac power to his or her seat motors

by moving the POWER BUSS SEL switch to AC2

(up) or AC3 (down). To move the seat along the

horizontal axis, crewmembers must actuate the

HORIZ CONTR toggle switch FWD to move the

seat forward and AFT to move the seat aft. Similarly,
to move the seat along the vertical axis, the

crewmember must actuate the VERT CONTR toggle
switch UP to move the seat upward and DN to

move the seat downward.

Adjustable Mirror
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Seat Power and Controls

If the seat motors fail to work, and seat adjustment
is needed, manual adjustment capability is

provided. However, manual seat adjustment can

take place only on orbit and is accomplished with a

special seat adjustment tool provided in the in-flight
maintenance tool kit. Manual horizontal and
vertical seat adjustment control locations are under
the seat pan cushion and on the aft side of the fixed
seat structure.

The seat adjustment tool is a ratchet-driven, 3/16-
inch Allen wrench inserted into the vertical or

horizontal manual adjustment to move the seat

along the Z- or X-axis.

Wicket tabs are devices that help the crewmember
activate controls when his or her vision is degraded.
The tabs provide the crewmember with tactile cues

to the location of controls to be activated as well as

a memory aid to their function, sequence of

activation, and other pertinent information. Wicket

tabs are found on controls that are difficult to see

on panels O8, C3, and R2 during the ascent and

entry flight phases.

Wicket Tabs on Panel R2
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Wicket Tabs on Panel C3

The auxiliary reach mechanism, sometimes known

as the “swizzle stick,” is a short adjustable bar with

multipurpose end effectors that are used to actuate

controls that are out of the reach of seated

crewmembers. The reach aid is used to push in and

pull out circuit breakers, move toggle switches, and

turn rotary knobs. It is stowed on the inboard side
of the PLT seat. It may be used during any phase of

flight, but is not recommended for use during ascent

because of the attenuation and switch-cuing
difficulties resulting from acceleration forces.

Operation of the reach aid consists of extending it
and actuating controls with the end effector. To
extend the reach aid, the crewmember depresses
the spring-loaded extension tab and pulls the end
effector out to the desired length.

The reach and visibility envelope of each
crewmember is limited by the LES. Tactile cues are

restricted by the LES pressure glove. Visibility is
reduced because of the helmet and neck ring, and
teach is restricted by the bulk of the LES and the
parachute and harness. Crewmembers should
Practice techniques that enable them to adjust their
reach and visibility envelope. The helmet can be

swiveled on the neck ring. The neck ring tie down

may be adjusted to help open up downward field

of view. Mirrors, the auxiliary reach mechanism

(swizzle stick), and other crewmembers can aid in

locating and actuating controls. Seat headrest pads
and helmet pads may be used to adjust the position
of the head in the seat and in the helmet. The CDR

and PLT seats may be adjusted as necessary.

Photographic Equipment

Five still camera systems and one motion picture
camera are used on orbit to document crew

activities, meet payload requirements, and record
Earth observations. Additional cameras can be
stowed as required. Nikon 35 mm and Hasselblad
70 mm single lens reflex (SLR) cameras are flown
for still photography. The Kodak/Nikon electronic
still camera stores digital still images on removeable
hard drives. Images can be downlinked for printing
and distribution. An Arriflex 16 mm camera is
used for motion picture photography. When

stowage and weight provisions allow, an Aero
Linhof 4X5 aerial photography camera or a NASA-

developed electronic still camera may be flown.



Additional camera systems may be flown for specific
experiments or as part of an ongoing NASA
evaluation of new cameras and technology.
Periodically, the IMAX Corporation manifests its

70 mm motion picture camera aboard the shuttle as

a commercial payload.

Two slightly modified Nikon professional 35 mm

F4S autofocus SLR cameras are nominally
manifested for each mission. The F4 provides state-

of-the-art metering for automatic ambient light and
flash exposure and exposures as brief as 1/8000 of
a second. The camera incorporates a “full
information” LCD viewfinder display.
Interchangeable autofocus lenses of various focal

lengths, including 28 mm f/2.8, 24-50 mm f/4.5
and 35-70 mm f/2.8 zoom are available. A 300 mm

telephoto and 2X converter can be flown for

photographing the shuttle external tank post-
jettison. Manual focus lenses can be used on the F4,
with the camera indicating when proper focus is

achieved. The camera motor drive advances the
film after each exposure or permits continuous

exposure at 3.4 or 5.7 frames per second. It operates
on six AA batteries. The F4 flash (SB-24) operates
on four AA batteries. The F4 cameras are used

primarily for in-cabin crew activities and

experiments. They may also be used for payload
deployments and Earth observations. A wide

variety of negative (print) and positive (slide) color

35 mm films can be manifested for a mission. The

36 exposure rolls run the gamut of ISOs (ASAs)
from 50 to 1600. Special purpose IR and black and

white films may be flown as required.

One or two factory modified Nikon F3 35 mm

cameras are manifested for scheduled EVA missions

or flights having a high probability of am EVA. A

special camera thermal cover, sport finder eyepiece,
and tabs to assist the EVA crew with camera

operations are also manifested. This camera permits
manual or automatic exposure. An EVA 35 mm

camera is loaded with a 36 exposure roll of 100 ISO

negative film. Two lenses have been qualified for

the harsh EVA environment. They are a 28mm f/2,
and a 35 mm f/1.4.

Two 70 mm SLR medium format (2.25 in square)
cameras are usually flown on each shuttle mission.

The cameras are Hasselblad 500 EL/Ss (EL/Xs with

minor modifications). Only manual exposure is

available with the 70 mm cameras. Two Minolta
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handheld reflected light spotmeters are manifested
to provide exposure information as required.
Interchangeable magazines provide approximately
95 exposures on Kodak 100 ISO Professional 70 mm

perforated positive film. Occasionally, color infrared
film is used for Earth observations. Each magazine
has a detachable data recording device that prints
flight-specific data on the edge of the film.

Interchangeable lenses, including 40 mm £/4, 50
mm f/4, 100 mm f/3.5, and 250 mm £/5.6, are part
of the standard complement. The camera motor

drive operates on five AA batteries. It permits single
frame automatic film advance or a continuous rate

of about one frame per second. The 70 mm cameras

are used exclusively for photography of payload
bay activities and Earth observations. The Nikon
flash can also be used with the 70 mm cameras via

photographic "pc" cords.

The 70 mm camera can also be used EVA with a

body lubricated especially for EVA usage. A 30

mm f/3.5 or 60 mm f/3.5 lens is available for EVA

photography. A thermal cover encloses the camera,

lens, and magazine.

Motion picture filming is accomplished with an

Arriflex professional 16 mm through-the-lens
viewing rotary shutter camera with integral light
meter. The crystal-controlled camera motor

transports film at 24 frames per second. The nominal

shutter speed is 1/48 second. The camera utilizes
an interchangeable 10 - 100 mm f/2 zoom or 5.9
mm f/1.8 wide angle lens. Both lenses permit
manual exposure. The zoom lens aperture can be

controlled by inputs from the camera light meter

for automatic exposure as well. Interchangeable
magazines are reloaded in flight with 380 ft rolls of

100 or 500 ISO Kodak tungsten light balanced color

negative film. A full magazine will provide about

10.5 minutes of filming. Color correction filters

must be used whenever sunlight is the main subject
light. The camera is normally powered by a NASA

developed 15 V dc battery containing 40 AA

batteries. The camera may also be powered from

the orbiter, via an adapter cable and the inflight
maintenance (IFM) “breakout box.” A rarely flown

accessory provides variable frame rates for the

Arriflex and bar code time data on the film. A

Photoflood light is available and is used during
interior filming. The Arriflex is used primarily to

document in-cabin and payload bay activities.
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The Aero Linhof is a manual exposure 4X5 camera

that is manifested approximately every other
mission if stowage space and weight constraints

allow. The camera produces large (4 in. by 5 in.)
images on Kodak 100 ISO thin base positivefilm.
Each removable magazine contains approximately
185 exposures. The camera uses a 90 mm f/5.6

wide angle and a 250 mm f/5.6 lens. Camera power

is supplied by orbiter 28 V de. An attachable
viewfinder can be used to estimate the field-of-view

(FOV) of the lens in use. The Linhof camera is used

primarilyfor Earth observations photography.

Most of the photography and cinematography
conducted in the orbiter are handheld. With the

exception of flash photography, however, many of

the images and scenes the crew captures on film

can be improved through the use of the multiuse

brackets, clamps, and baseplate adapter. Twenty
two mounts throughout the flight deck, middeck,

and airlock permit the crew to mount cameras and

accessories. The baseplate adapters (crew installed)

provide quick mounts in windows 9 and 10. The

multiuse clamp is used on switchguards or other

structures to provide an attachment base for a

multiuse arm. The multiuse arm is a modified

commercial device that attaches to a camera and a

wall mount or clamp. The arm permits universal

pointing of the camera until the center “elbow” knob

is tightened. When the knob is secure, the camera

is held rigidly at the selected orientation (zero g).
Multiuse equipment is also used to mount the

camcorder, and photo flood.

Sighting Aids

Sighting aids include all items used to aid the flight
crew within and outside the crew compartment.
The sighting aids include the crew optical alignment
sight (COAS), binoculars, adjustable mirrors, and

spotlights. (The COAS is discussed in detail in
Section 2.13.)

Five models of binoculars are available for on-orbit
use. Two models are routinely flown on each
mission. Binocular models include the Zeiss 8X20,
Fuji 10X40 gyro stabilized day/night, Fuji 14x40
gyro stabilized, Fuji 16X70, and the Zeiss 20X60
mechanically stabilized

The spotlight is a high-intensity,handheld flashlightpowered by a battery pack consisting of five 1.2-
volt one-half D size nickel-cadmium batteries. The

spotlight produces a 20,000-candlepower output
with a continuous running time of 1.5 hours. The

lamp is a 6-volt tungsten filament and cannot be

replaced in flight.

The high intensity search light (HISL) is used in

conjunction with the rangefinders during visual

acquisition of satellites. It provides crewmembers
with the capability to detect and maintain visual

contact with a payload for effective rendezvous and

station keeping at 700 to 1000 feet when on the dark

side. The light is portable and has astainless steel

camera mounting rail on the handle that interfaces

to the multiuse mounting brackets on the orbiter.

The light is aimed out the aft, or overhead, windows

of the flight deck.

Window Shades and Filters

Window shades and filters are provided for

installation on the orbiter windows to minimize

crewmember exposure to sunglare during ascent,

entry, and orbital flight phases.

The window shades and filters are stowed in a

compartmented bag attached to a mounting pallet
on the starboard side of the aft middeck.

To install the W1 through W6 window shades, the

crewmember unrolls the shade (white surface

outboard) over the window and mates the Velcro
with the Velcro on the window frame. Removal of

the shades is accomplished by just the reverse.

Demate the Velcro, and roll the shade up as

compactly as possible (blue surface visible). Insert

into window shade holders and close the holders

by mating Velcro together.

Aft window shades and filters are installed simply
by placing the correct shade or filter in the

appropriate window (reflective side outboard) and

securing it to the mating Velcro on the window

ledges.

To remove a window shade from the window shade

stowage container, the crewmember must unfasten
the securing straps and pull the Velcro-restrained
closure panel away from the desired stowage pouch.

Interdecklight shades are provided to minimize

lightleakage between the flight deck and middeck

during in-cabin photography. The light shade is
attached with Velcro to the flight deck floor around

2.5-10



the interdeck access. Adjustable louvers are

provided to regulate the amount of light between
the flight deck and the middeck.

The side hatch viewport is the onlyoptical-quality
window on OV 102, 103, 104, and 105. Unlike the
10 windows on the flight deck, the side hatch

viewport does not provide protection from solar
ultraviolet (UV) rays, which can cause serious injury
in as little as 10 seconds. Therefore, a removable
UV filter must be placed on the side hatch viewport
for on-orbit operations. The filter is held against
the viewport by Velcro and is normally installed

post insertion and removed during deorbit

preparations.

Shuttle Orbiter Medical System

The shuttle orbiter medical system (SOMS) is

required to provide medical care in flight for minor
illnesses and injuries. It also provides support for

stabilizing severely injured or ill clewmembers until

they are returned to Earth.

The SOMS is provided in two separate packages:
the medications and bandages kit (MBK) and the

emergency medical kit (EMK). The MBK is blue
with blue Velcro and a blue strap. The EMK is also
blue with red Velcro and a red strap.

The medical kits are stowed in a middeck modular
locker. If the kits are required on orbit, they are

unstowed and installed on the locker doors with
Velcro. The kits have a patch of Velcro on the bottom
to match the Velcro on the outside of the doors.

Each kit contains pallets and a pocket inside the
back. Pockets containing medications and

equipment are mounted on each side of the pallets.
The MBK pallet designators are E, F, and G. The E

pallet contains pills, capsules, and suppositories.
The F pallet contains bandage materials for covering
or immobilizing body parts. The G pallet contains

medications to be administered by topical
application.

The EMK pallet designators are A, B,C, and D. The

A pallet contains medications to be administered

by injection. The B pallet contains emergency items
and equipment for performing minor surgeries. The

C pallet contains diagnostic/therapeutic items
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consisting of instruments for measuring and

inspecting the body. The D pallet contains dental
items, injectables, and intravenous fluid/
administration sets.

The onboard medical checklist and medical
checklist flight supplement specify the location of

medications/equipment in the two medical kits by
an alphanumeric code. The first character is the

alphanumeric code of the pallet (A through G). The
second character is the side of the pallet (1 or 2).
The third and fourth characters are the number of
the specific pocket on the pallet. The pallets are

appropriately marked.

The medical accessory kit supplements the SOMS
kit by providing additional storage capability for

crew-specific and/or mission-specific medications,
such as toxin antidotes, additional I.V. fluid, etc.

The SOMS also includes a resuscitator and patient/
rescuer restraints. The resuscitator consists of a

mask with a retaining cap, a manually activated /
demand regulated oxygen supply valve, a 6-foot
hose, and a quick disconnect fitting. The resuscitator

assembly is stored in a middeck locker with the
EMK and MBK.

The resuscitator is emergency hardware to be

utilized, along with the patient/rescuer restraints,
in the case of a crewmember becoming ill as called
out for in JSC-17327, Medical Checklist —All Flights.

The resuscitator provides the capability to deliver
100 percent oxygen, control ventilation, and perform
CPR for extended periods of time.

The resuscitator valve can supply 100 percent
supplemental oxygen in two ways: (1) at 40 LPM

positive pressure for unconscious patients, and

(2) on demand flow for conscious patients.

The resuscitator, upon unstowage, can be connected
to the orbiter oxygen supply on the middeck

connections on panels MO32M and MO69M and

the flight deck connection on panel C6. Oxygen
flow can be checked by depressing the O, trigger
arm. Following verification of O, flow, a

crewmember will position and tighten the

resuscitator mask over the crewmember's face using
the head cap and elastic straps.
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The patient/rescuer restraints consist of one belt
with two pip pins for the patient and two beltswith
two pip pins for the rescuer. They are designed to

interface into the holes in the middeck locker latches.

The patient/rescuer restraint system is emergency

hardware to be utilized in the case of a crewmember

becomingill. The restraints are stored ina middeck
locker with the EMK and MBK.

The patient restraints will restrain the patient in the

mid-calf area and the chest area. The restraints can

be easily tightened to fit the patient. The rescuer

restraint will wrap around the rescuer’s waist and

will have two extensions from the waist belt with

pip pins on the end to fasten into the lockerlatches.
This will allow the rescuer and patient to remain

stationary.

The diagnostic equipment on board and information

from the flight crew will allow diagnosis and

treatment of injuries and illnesses through
consultation with flight surgeons in Mission Control.

Operational Bioinstrumentation System

The operational bioinstrumentation system (OBS)
provides an amplified electrocardiograph (ECG)

analog signal from any crewmember aboard the

orbiter to the avionics system, where the signal is

converted to digital signal and transmitted to the

ground in real time or stored on tape for dump ata

later time. On-orbit use is limited to crewmembers

in EVA or to contingency situations (only at the

request of the flight surgeon).

Panel M032M

Midsternal
line

,

Left

midclavicular
line

Right
midclavicular
line

{ Manubrium

The OBS electrodes are attached to the skin with

electrode paste to establish electrical contact. The

electrode is composed of a plastic housing
containing a non-polarizable pressed pellet. The

housing is attached to the skin with double-sided

adhesive tape, and the pellet contacts the skin. There

are three electrodes on the harness, marked LC

(lower chest), UC (upper chest), and G (ground).

The ECG signal conditioner is a hybrid microcircuit

with variable gain (adjusted for each crewmember

before flight). It provides a zero- to 5-volt output
and has an ON/OFF switch within the input plug,
which is actuated when the intravehicular activity
(IVA) biomed cable is plugged in. The unit has
batteries that will not be replaced in flight.

The IVA biomed cable connects to the signal
conditioner and is routed under the IVA clothing to

connect to the biomed seat cable. The biomed seat

cable is routed to one of the BIOMED input
connectors located on panel All, A15, or M062M.

Rotary control switches on panel R10 provide
Circuits from the biomed outlets to the orbiter’s
network signal processor for downlink or recording.
The two rotary switches on panel R10 are BIOMED
CHANNEL 1 and CHANNEL 2. Extravehicular

activity positions provide circuits from the EVA
UHF transceiver.
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MS BIOMED Input Connector on Panel A11

MS LIGHTING:

BIOMED Rotary Switches on Panel R10

The electrode application kit contains components
to aid in the application of electrodes. The
components include wet wipes, double-sided
adhesive tape, overtapes, electrode paste, and a cue
card illustrating electrode placement.

Radiation Equipment

The harmful biological effects of radiation must be

minimized through mission planning based on

calculated predictions and monitoring of dosage

exposures. Preflight requirements include a

projectionof mission radiation dosage, an

assessment of the probability of solar flares during
the mission, and a radiation exposure history of

flight crewmembers. In-flight requirements include

the carrying of passive dosimeters by the flight
crewmembers and, in the event of solar flares or

other radiation contingencies, the readout and

reporting of the active dosimeters.

There are four types of active dosimeters: pocket
dosimeter high (PDH), pocket dosimeter low (PDL),

pocket dosimeter FEMA (PDF), and high-rate
dosimeter (HRD). All four function in the same

manner and contain a quartz fiber positioned to

zero by electrostatic charging before flight. The

unit discharges according to the amount of radiation

received; as the unit discharges, the quartz fiber

moves. The position of the fiber alonga scale is

noted visually. The PDH unit’s range is zero to 100

rads. The PDF and PDL units’ ranges are zero to

200 millirads, and the HRD unit’s range is zero to

600 rads.

The rad is a unit based on the amount of energy
absorbed and is defined as any type of radiation

that is deposited in the absorbing media. Radiation

absorbed by humans is expressed in roentgen
equivalent in man, or rems. The rem is determined

by multiplying rads times a qualifying factor that is

a variable depending on wavelength, source, etc.

For low-inclination orbits (35 degrees and lower),
the qualifying factor is approximately equal to one;

therefore, the rem is approximately equal to the

rad. In space transportation system flights, the doses

received have ranged from 0.05 to 0.07 rem, well

below flight crew exposure limits.

The flight crew’s passive dosimeters are squares
of fine-ground photo film sandwiched between

plastic separators in a light-proof package.
Radiation striking the silver halide causes spots on

the film, which can be analyzed after the flight.
Included in the badge dosimeters are

thermoluminescent dosimeter chips, which. are

analyzed on Earth.



Passive radiation dosimeters are placed in the crew

compartment before launch by ground support
personnel and removed after landing for laboratory
analysis. Each flight crewmember carries a passive
dosimeter at all times during the mission. The

remaining dosimeters are stowed in a pouch in a

middeck modular locker. If a radiation contingency
arises, the PDL, PDH, HRD and PDF active

dosimeters will be unstowed, read, and recorded
for downlink to the ground.

Air Sampling System

The air sampling system provides a method for

obtaining cabin atmosphere samples to allow

postflight analysis of the gas environment within
the crew module. The air sampling system consists
of an air sample bottle. The air sampling system is
stowed in a modular locker for ascent, unstowed

for sampling, and restowed for entry.

The air bottle is a steel cylinder. The end of the

cylinder is fitted with a valve operated by the valve
knob. A screw cap covers the air inlet to prevent
dust from contaminating the air sample. This cap
is tethered to the valve.
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The air bottle is evacuated preflight and is operated
by removing the dust cap, turning the valve knob
counterclockwise until full open, and then turning
it clockwise until full close. The time it takes to

open and close the valve is sufficient to fill the
cylinder with cabin gas. When the valve is opened,
a hissing sound may not always be heard because
of cabin noise or valve variations.

Two air sample bottles are nominally manifested.
One is to be utilized for fire/smoke in the cabin,
and the other is used for air sampling during deorbit

prep, of if a crewmember notices either an unusual
odor and/or excessive sneezing and/or watery eyes
in a particular area of the cabin. If this occurs,

Mission Control should be notified for a microbial

sample to be taken of that location post flight.
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Description

The DPS, consisting of various hardware

components and self-contained software, provides
the entire Space shuttle vehicle with computerized
monitoring and control. DPS functions are:

2. SYSTEMS
26 Data Processing System

Support the guidance, navigation, and control
of the vehicle, including calculations of

trajectories, SSME burn data, and vehicle
attitude control data.

Monitor and control vehicle subsystems, such
as the electrical power system and the
environmental control and life support system.
Process vehicle data for the flight crew and
for transmission to the ground, and allow

ground control of some vehicle systems via
transmitted commands.

Check data transmission errors and crew

control input errors; support annunciation of
vehicle system failures and out-of-tolerance

system conditions.

Support payloads with flight crew /software
interface for activation, deployment,
deactivation, and retrieval.

Process rendezvous, tracking, and data

transmissions between payloads and the

ground.

The DPS hardware consists of five general-purpose
computers (GPCs), two mass memory units (MMUs)
for large-volume bulk storage, and a network of
serial digital data buses to accommodate the data

traffic between the GPCs and vehicle systems. The
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2.6 Data Processing System

DPS also includes 20 orbiter and four SRB

multiplexers/demultiplexers(MDMs) to convert

and format data from the various vehicle systems,

three SSME interface units to command the SSMEs,

four multifunction CRT display systems used by
the flight crew to monitor and control the vehicle

and payload systems, two data bus isolation

amplifiers to interface with the ground support

equipment/launchprocessing system and the SRBs,

two master events controllers, and a master timing
unit.

DPS software accommodates almost every aspect
of Space shuttle operations, including orbiter

checkout, prelaunch and final countdown for

launch, turnaround activities, control and

monitoring during launch, ascent, on-orbit activities,

entry, and landing, and aborts or other contingency
mission phases. A multicomputer mode is used for

the critical phases of the mission, such as launch,
ascent, orbit, entry, landing, and aborts.

General Purpose Computers (GPCs)

The orbiter has five identical IBM AP-101S GPCs.

The GPCs receive and transmit data to and from

interfacing hardware via the data bus network.

GPCs also contain the software that provides the

main on-board data processing capability. Up to

four of the systems may run identical software. The

fifth system runs different software, programmed
by a different company, designed to take control of

the vehicle if an error in the primary software or

other multiple failures cause aloss of vehicle control.

The software utilized by the four primary GPCs is

referred to as PASS (primary avionics software

system); the fifth GPC is referred to as BFS (backup
flight system).

GPCs 1 and 4 are located in forward middeck

avionics bay 1,GPCs 2 and 5 are located in forward

middeck avionics bay 2, and GPC 3is located in aft

middeck avionics bay 3. The GPCs receive forced-
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é
air cooling from an avionics bay fan. (There are

two fans in each avionics bay, but only one is

powered at a time.)

CAUTION

If both fans in an avionics bay fail, the

computers will overheat within 25 minutes

(at 14.7 psi cabin pressure) or 17 minutes

(at 10.2 psi) after which their operation
cannot be relied upon. An operating GPC

may or may not survive for up to an

additional 30 minutes beyond the
certifiable thermal limits.

Each GPC consists of a central processing unit (CPU)
and an input/output processor (IOP) stored in one

avionics box. The boxes are 19.55 inches long, 7.62

inches high, and 10.2 inches wide; they weigh
approximately 68 pounds. The main memory of
each GPC is volatile (the software is not retained if

power is interrupted), but a battery pack preserves
software contents when the GPC is powered off.
The memory capacity of the GPCs is 256 k half-

words, but only the lower 128 k half-words are

normally used for software processing.

The CPU controls access to GPC main memory for
data storage and software execution and executes

instructions to control vehicle systems and

manipulate data.

The IOP formats and transmits commands to the
vehicle systems, receives and validates response
data transmissions from the vehicle systems, and

maintains the status of interfaces with the CPU and
the other GPCs.

The 24 data buses are connected to each IOP by bus

control elements (BCEs) that receive, convert, and

validate serial data in response to requests for

available data to be transmitted or received from

vehicle hardware.

For timing, each GPC contains an oscillator that

sends signals to internal components to regulate
operations. The GPC also uses the oscillator to

maintain an internal clock to keep track of

Greenwich mean time (GMT) and mission elapsed
time (MET) as a backup to the timing signal from
the master timing unit (MTU).

2. SYSTEMS
2.6 Data Processing System

Each GPC contains a watchdog timer. The watchdog
timer is an incrementingclock register in the GPC
that is reset about once every second bya signal
from the CPU. If the register ever overflows, thena

problem exists and is annunciated by aself-fail
indication from that GPC. The PASS set does not
utilize this hardware feature since it operates in

synchronization with each of its GPCs to ensure

proper functioning. Since the BFS operates
essentially standalone relative to the PASS set

synchronization, the BFS mechanization does utilize
the watchdog timer function to serve as a check on

its operation.

The PASS GPCs use a hardware “voter” to monitor
discrete inputs from the other GPCs. Should a GPC
receive a fail vote from two or more of the other
GPCs, it will cause the GPC to annunciate a self-fail
indication that also causes the GPC to inhibit any
fail votes of its own against the other GPCs.

GPC Controls

The GENERAL PURPOSE COMPUTER hardware
controls are located on panel O6. Each of the five
GPCs reads the position of its corresponding
OUTPUT and MODE switches and INITIAL
PROGRAM LOAD push buttons from discrete input
lines that go directly to the GPC. Each GPC has
OUTPUT and MODE talkback indicators on panel
O6 that are driven by GPC output discretes.

Each GPC has a GENERAL PURPOSE COMPUTER
POWER switch on panel O6. Positioning a switch

to ON enables power from three essential buses,
ESS 1BC, 2CA, and 3AB. The essential bus power
controls remote power controller (RPCs), which

permit main bus DC power from the three main

buses (MN A, MN B, and MN C) to power the GPC.

There are three RPCs for each GPC; thus, any GPC

will function normally, even if two main or essential

buses are lost. Each computer uses 560 watts of

power.

Each GENERAL PURPOSE COMPUTER OUTPUT
switch on panel O6 is a guarded switch with

BACKUP, NORMAL, and TERMINATE positions.
The switch provides a hardware override to the

GPC that precludes that GPC from outputting on

the flight-critical buses. The switches for the PASS
GNC GPCs are positioned to NORMAL, which
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GENERAL PURPOSE COMPUTER

Hardware Controls

permits them to output. The backup flight system
switch (GPC 5) is positioned to BACKUP, which

precludes it from outputting until it is engaged.
The switch for a GPC designated on-orbit to be a

systems management (SM) computer is positioned
to TERMINATE, since the GPC is not to command

anything on the flight-critical buses.

The talkback indicator above each OUTPUT switch
on panel O06 indicates gray if that GPC output is
enabled and barberpole if it is not.

Each GPC receives RUN, STBY, or HALT discrete
inputs from its MODE switch on panel 06, which
determines whether that GPC can Process software.
The MODE switch is lever-locked in the RUN
Position. The HALT position initiates a hardware-controlled state in which no software can be

executed. A GPC that fails to synchronize with

others is either powered OFF or moded to HALT as

soonas possible to prevent the failed computer from

outputting erroneous commands. The talkback

indicator above the MODE switch for that GPC

indicates barberpole when that computer is in HALT.

In STBY, a GPC is also in a state in which no PASS

software can be executed, but it is in a software-

controlled state. The STBY mode allows an orderly
startup or shutdown of processing. It is necessary,

as a matter of procedure, for a PASS GPC that is

shifting from RUN to HALT or vice versa to be

temporarily (more than 3 seconds) in the STBY mode

before going to the next state. The STBY mode allows

for an orderly software cleanup and allows a GPC

to be correctly initialized (when reactivated) without

an initial program load. If a GPC is moded to RUN

or HALT without pausing in STBY, it may not

perform its functions correctly. There is no STBY

indication on the talkback indicator above the MODE

switch.

The RUN position permits a GPC to support its

normal processing of all active software and assigned
vehicle operations. Whenever a computer is moded

from STBY to RUN, it initializes itself to a state in

which only system software is processed (called OPS

0). Ifa GPC is in another operational sequence (OPS)
before being moded out of RUN, that software still
resides in main memory; however, it will not begin
processing until that OPS is restarted by flight crew

keyboard entry. The MODE talkback indicator

always reads RUN when that GPC switch is in RUN,
and no failures exist.

Placing the backup flight system GPC in STBY does
ot stop BFS software processing or preclude BFS

©

ngagement; it only prevents the BFS from

ommanding the payload buses used by BFS systems
anagement software.

The PASS GPC/BUS STATUS display (DISP 6)
indicates the current mode of each PASS GPC in the
common set. The display does not differentiate
between STBY and HALT; only RUN or HALT is

displayed (GPC MODE).

The INITIAL PROGRAM LOAD pushbutton for a

GPC on panel 06 activates the initial program load
command discrete input when depressed. When
the input is received, that GPC initiates an initial
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program load (IPL) from the MMU specified by the
IPL SOURCE switch on panel O6. The talkback
indicator above the MODE switch for that GPC
indicates IPL.

During non-critical periods in orbit, only one or

two GPCs are used for GNC tasks, and another is
used for systems management and payload
operations.

A GPC on-orbit can also be “freeze-dried”; that is, it

can be loaded with the software for a particular
memory configuration and then moded to HALT.

Before an OPS transition to the loaded memory
configuration, the freeze-dried GPC can be moded
back to RUN and the appropriate OPS requested.

NOTE

Because all BFS software is loaded into
the BFS GPC at the same time, the BFS

GPC is sometimes referred to as being
freeze-dried on orbit when it is placed in

HALT. The BFS GPC can be moded to

RUN prior to entry and will begin
processing entry software following the

OPS 3 request without having to access a

mass memory unit. The term freeze-dry
or freeze-dried is most often used with

respect to the PASS GPCs.

2. SYSTEMS

2.6 Data Processing System

GPC Modes of Operation

GPC modes of operation are redundant set, common

set, and simplex. Redundant set operations refer to
the mode in which two or more GPCs are

concurrently receiving the same inputs, executingthe same GNC software, and producing the same

outputs. This mode uses a maximum amount of

intercomputer communications, and the GPCs must

maintain a high level of synchronization (called
redundant set synchronization).

During redundant set operations, each GPC outputs
only certain portions of its total software output to

its interfacing hardware. Therefore, although each
GPC “thinks” it is performing all its operations,
only the GPC responsible for supporting aspecific
group of hardware will be able to actually transmit
its data and commands. The redundant set GPCs

compare all calculations to ensure that individual

outputs are the same.

Common set operations occur when two or more

GPCs communicate with one another while they
are performing their individual tasks. They do not

have to be performing the same major function

(although they can be), but they do maintain

common set synchronization. Any GPC operating
as a member of the redundant set is also a member
of the common set.

A simplex GPC is in RUN, but not a member of the
redundant set. Systems management and payload
major functions are always processed in a simplex
GPC.

GPCs running together in the same GNC OPS are

part of a redundant set performing identical tasks
from the same inputs and producing identical

outputs. Therefore, any data bus assigned to a

commanding GNC GPC (except the instrumentation

buses because each GPC has only one dedicated
bus connected to it) is heard by all members of the

redundantset. These transmissions include all CRT

inputs and mass memory transactions, as well as

flight-critical data. If one or more GPCs in the

redundant set fail, the remaining computers can

continue operating in GNC. Each GPC performs
about 1.2 million operations per second during
critical phases.
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Each computer in a redundant set operates in

synchronized steps and cross-checks results of

processing hundreds of times per second.

Synchronization refers to the software scheme

used to ensure simultaneous intercomputer
communications of necessary GPC status

information among the PASS computers. Ifa GPC

operating in a redundant set fails to meet any

redundant synchronization point, the remaining

computers will immediately vote it out of the

redundant set. If a GPC has a problem with one of

its multiplexer interface adapter receivers during
two successive reads of response data, or does not

receive data while other members of the redundant

set do receive data, the GPC with the problem will

fail-to-sync. A failed GPC is either powered OFF or

moded to HALT as soon as possible by the crew.

GPC Failure Indications

GPC failure votes are annunciated in a number of

ways. Each GPC has discrete output lines for fail

votes against each of the other GPCs that go to the

other GPCs and the GPC status matrix. A GPC

FAIL detection will cause a class 2 GPC fault

message with illumination of the MASTER ALARM.

Error indications may be displayed on DISP 18 GNC

SYS SUMM 1 and DISP 6 GPC/BUS STATUS

displays.

The GPC STATUS matrix (sometimes referred to as

the GPC fail CAM) on panel O1 is a 5-by-5 matrix of

lights. Each light corresponds to a GPC’s fail vote

1 000/02:46:03
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against another GPC or itself. For example, if GPC

2sends out a failure vote against GPC 3, the second

white light in the third column is illuminated. The

off-diagonal votes are votes against other GPCs.

The yellow diagonal lights from upper left to lower

right are self-failure votes. Whenever a GPC receives

two or more failure votes from other GPCs, it

illuminates its own yellow light and resets any
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failure votes that it made against other GPCs (any
white lights in its row are extinguished). Any time
a yellow matrix lightis illuminated, the GPC caution
and warning light on panel F7 is illuminated, in

addition to MASTER ALARM illumination, and a

GPC fault message is displayed on the CRT.

A failed GPC’s memory contents can be dumped
by powering ON, switching the computer to

TERMINATE and HALT, and then selecting the
number of the failed GPC on the GRC MEMORY
DUMP rotary switch on panel M042F. The GPC is

then moded to STBY to start the dump. After 2 to 8
minutes, the dump is stopped by moding the GPC
to HALT and the output to NORM. This process is

referred to as a hardware-initiated, standalone

memory (HISAM) GPC memory dump.

GPCs 25

2. SYSTEMS
2.6 Data Processing System

Data Bus Network

The data bus network supports the transfer of serial

digital commands and data between the GPCs and
vehicle systems. The network is divided into seven

groups that perform specific functions:

1.Flight-critical (FC)data buses that tie the
GPCs to the flight-critical multiplexer/
demultiplexers (MDMs), dis lay driver units,

head-updisplays,engineinterfaceunits,and
Imnaster events controllerseerie ene

DDU  - Display Drive Unit
DEU —- Display Electronics Unit
DK __- Display Keyboard
EIU —- EngineInterfaceUnit

Fo ~ FlightCritical
GSE = - Ground Support

Equipment
HUD - Head-Up Display
Ic - Intercomputer
IP ~ InstrumentatiovPCMMU

lA - Launch Aft

anee LB ~ Launch/Boost

uF - Launch Forward

ue ~ Launch Left

LM __- Launch Midbody (EDO)

LR ~ Launch Right
MDM - Multiplexer/

Demuitiplexer
MEC  - Master Events

Controller
MMU - Mass Memory Unit

PCMMU - Pulse Code
Modulation Master Unit

PDI _- Payload Data Interleaver
PL = Payload

2 Mec
1

Data Bus Network
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2. Payload data buses that tie the GPCs to the

payload MDMs and the payload data

interleaver (PDI), and possibly mission-

dependent flex MDMs or sequence control
assemblies

3, Launch data buses that tie the GPCs to ground

support equipment, launch forward, launch

aft, launch mid, and SRB MDMs, and the

manipulator controller interface unit (MCIU)
used by the remote manipulator system

4. Mass memory data buses for GPC/MMU

transactions

5. Display/keyboard data buses for GPC/

display electronics unit transactions

6. Instrumentation/pulse code modulation

master unit (PCMMU)data buses

7. Intercomputer communication data buses.

Although all data buses in each group except the

instrumentation/PCMMU buses are connected to

all five GPCs, only one GPC at a time transmits

commands over each bus. However, several GPCs

may receive data from the same bus simultaneously.

Each data bus, with the exception of the

intercomputer communication data buses, is

bidirectional; that is, data can flow in either

direction. The intercomputer communication data

bus traffic flows in only one direction (a PASS

software constraint, not a hardware restriction).

Flight-Critical Data Buses

A string is composed of two FC data buses: one

from the first group (FC1, 2, 3, or 4) and one from

the second group (FCS, 6, 7, or 8). Vehicle hardware

is segmented into these groups to facilitate GPC

command of these components for redundancy, to

allow for nominal mission operations in the event

of a loss of one string caused by a GPC or MDM

failure, and to allow for safe return to Earth in the

event of the loss of a second string.

String 1 consists of FC data buses 1 and 5, MDMs

FF1 and FAI and their hard-wired hardware,

controls, and displays, the three engine interface

units, the two master events controllers, the three

display driver units, head-up display 1, and their

associated displays. This distribution of hardware

is fixed and cannot be changed. The other three

strings are defined in a similar manner.

During ascent and entry, when there are four PASS

GNC GPCs in the redundant set, each is assigned a

different string to maximize redundancy. All flight-
critical hardware units are redundant, and the

redundant units are on different strings. The string
concept provides failure protection during dynamic
phases by allowing exclusive command of a specific
group of vehicle hardware by one GPC, which can

be transferred to another GPC in case of failure. All

or part of one string can be lost, and all avionics

functions will still be retained through the other

strings.

Flight critical data bus 1 (FC1)

There are eight FC data buses directed
into groups of two, referred to as an

FC string. Each FC string can be |

commanded by a different GPC.

Multiple units of each type of GNC
hardware are wired to a different
MDM and flight-critical bus. FC1, 2,
3, and 4 connect the GPCs with the 1

four flight-critical forward (FF)
|

MDMs, the four flight-critical aft (FA)
MDMs, the three display driver units,
and the two head-up displays. The
other four, FC5, 6, 7, and 8, connect
the GPCs to the same four FF MDMs,
the same four FA MDMs, the two
master events controllers, and the -

—4
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With four PASS GNC GPCs in a redundant set,
each GPC is responsible for issuing commands over

the string assigned to it; that is, itis the commander
of that string. The other GNC GPCs will monitor or

listen on this string. When the string’s commanding
GPC sends a request for data to the hardware on

the string, all the other GNC GPCs will hear and

receive the same data coming back on the string.
This transaction (one commanding GPC and

multiple listening GPCs) is occurring in parallel with

the other three strings. Therefore, all GNC GPCs
will geta copy of all of the data from all four strings.
Once all the data are received from the string, the
GPCs then agree (or disagree) that the data are

consistent.

Payload Data Buses

Two payload data buses interface the five GPCs
with the two payload MDMs (also called payload
forward MDMs), which interface with orbiter

systems and payloads. A PDI is connected to

payload data bus 1. Additionally, on some flights,
one or two flex MDMs and/or sequence control

assemblies connect the payload data buses to

communicate with other payload equipment.

Each payload MDM is connected to two payload
data buses. Safety-critical payload status parameters
may be hard-wired; then these parameters and

others canbe recorded as part of the vehicle’s system
management, which is transmitted and received

over two payload buses. To accommodate the

various forms of payload data, the PDI integrates
payload data for transmission to ground telemetry.
PDI configuration commands and status monitoring
is accomplished via payload data bus 1.

Launch Data Buses

Two launch data buses are used primarily for

ground checkout and launch phase activities. They
connect the five GPCs with the ground support
equipment/launch processing system, the launch

forward (LF1), launch mid (LM1), and launch aft

(LA1) MDMs aboard the orbiter, and the two left

and right SRB MDMs (LL1, LL2, LR1, and LR2).

2. SYSTEMS
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Launch data bus 1 is used on orbit for interface
with the remote manipulator system controller by
the SM GPC.

Mass Memory Data Buses

Each of two MMUs interfaces with its data bus viaa

multiplexer interface adapter, which functions just
like the ones in the GPCs. Each data busis connected
to all five GPCs. Each MMU is connected to only
one mass memory data bus.

In addition, each MMU has a separate discrete line
called the “ready discrete” that goes to each of the
GPCs. If the discrete is on, it tells the GPC the mass

memory unit is ready for a transaction. When the
discrete is off, the MMUis either busy with another
transaction or is powered off.

Note that all MMU operations and transmissions to

the GPCs are on an on-demand basis only. There is

no insight into the state of the MMU (other than the

ready discrete) unless a specific transaction is

requested. This includes the status of the MMU’s

built-in test equipment (BITE), which is only
updated for MMU read or write.

Display/Keyboard Data Buses

The four display electronics unit keyboard (DK)

data buses, one for each display electronics unit,
are connected to each of the five GPCs. The

computer in command of a particular display /
keyboard data bus is a function of the current

MAJOR FUNC switch setting of the associated CRT,
current memory configuration, GPC/CRT keyboard
entries, and the position of the backup flight control

CRT switches. (These topics are discussed in more

detail under “Operations.”)

Instrumentation/Pulse-Code Modulation Master

Unit (PCMMU) Buses

The five instrumentation/PCMMU data buses are

unique in that each GPC has its own individual

data bus to two PCMMUs. All the other data buses

interface with every GPC.
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Flight controllers monitor the status of thevehicle’s
onboard systems through data transmissionsfrom
the vehicle to the ground. These transmissions,

called downlink, include GPC-collected data,

payload data, instrumentation data, and onboard
voice. The GPC-collected data, called downlist,

includes aset of parameters chosen before flight for

each mission phase.

The system software in each GPC assimilates the

specified GNC, systems management, payload, or

DPS data according to the premission-defined
format for inclusion in the downlist. Each GPC is

physically capable of transmitting its downlist to

the current active PCMMU over its dedicated

instrumentation/PCMMU data bus. Only one

PCMMU is powered at a time. It interleaves the

downlist data from the different GPCs with the

instrumentation and payload data according to the

telemetry format load programmed in the PCMMU.

The resulting composite data set, called the

operational downlink, is transmitted to one of two

network signal processors (NSPs). Only one NSP is

powered at a time. In the NSP, the operational
downlink is combined with onboard recorded voice

for transmission to the ground. The S-band and

Ku-band communications systems transmit the data

either to the space flight tracking and data network
remote site ground stations or through the Tracking
and Data Relay Satellite (TDRS) system to Mission
Control.

Uplink is the method by which ground commands

originating in Mission Control are formatted,
generated, and transmitted to the orbiter for
validation, processing, and eventual execution by
onboard software. This capability allows ground
systems to control data processing, change modes
in orbiter hardware, and store or change software
in GPC memory and mass memory.

FromMission Control consoles, flight controllers
issue commands and request uplink. The command
requests are formatted into a command load for
transmission to the orbiter either by the STDN sites
or by the TDRS system. The S-band or Ku-band
transponder receivers aboard the orbiter send the
commands to the active NSP. The NSP validates
the commands and, when they are requested by the
GPCs througha flight-critical MDM, sends themon
to the GPC. The GPCs also validate the commandsbeforeexecuting them. Those GPCs listeningdirectly to the flight-critical data buses then forward

uplink commands for those GPCs not listening to

the FC buses over the intercomputer communication

data buses.

The PCMMU also contains a programmable read-

only memory: for accessing subsystem data, a

random-access memory in which to store data, and

a memory in which GPC data are stored for

incorporation into the downlink.

To prevent the uplink of spurious commands from

somewhere other than Mission Control, the flight
crew can control when the GPCs accept uplink
commands, and when uplink is blocked. The GPC

BLOCK position of the UPLINK switch on panel C3

inhibits uplink commands during ascent and entry
when the orbiter is not over a ground station or in

TDRS coverage.

UPLINK Switch on Panel C3 N208
Intercomputer Communication Data Buses

There are five intercomputer communication (IC)
data buses. The following information is exchanged
over these buses for proper DPS operation: input/
output errors, fault messages, GPC status matrix

data,display electronics unit major function switch

settings, GPC/CRT keyboard entries, resident GPC

memory configuration, memory configuration table,

2.6-10
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operational sequences, master timing unit, time,
internal GPC time, system-level display information,
uplink data, and state vectors.

All GPCs processing PASS software exchange status
information over the IC data buses. During launch,
ascent, and entry, GPCs 1, 2, 3, and 4 are usually
assigned to perform GNC tasks, operating as a

redundant set, with GPC 5 as the backup flight
system. Each of the PASS GPCs acts as acommander
of a given IC data bus and initiates all data bus
transactions on that data bus.

The four PASS GPCs are loaded with the same

software. Interconnecting the four IC buses to the
four PASS GPCs allows each GPC access to the
status of data received or transmitted by the other
GPCs so that identical results among the four PASS
GPCs can be verified. Each IC bus is assigned to
one of the four PASS GPCs in the command mode,
and the remaining GPCs operate in the listen mode
for the bus. Each GPC can receive data from the
other three GPCs, pass data to the others, and

perform any other tasks required to operate the

redundant set.

Multiplexers/Demultiplexers (MDMs)

The MDMs convert and format (demultiplex) serial

digital GPC commands into separate parallel
discrete, digital, and analog commands for various

vehicle hardware systems. The MDMs also convert

and format (multiplex) the discrete, digital, and

analog data from vehicle systems into serial digital
data for transmission to the GPCs. Each MDM has
two redundant multiplexer interface adapters
(MIAs), each connected to a separate data bus. The
MDM‘s other functional interface is its connection

to the appropriate vehicle system hardware by hard-
wired lines.

2. SYSTEMS
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The DPS MDMs consist of flight-critical forward
(FF) MDMs 1 through 4, flight-critical aft (FA)
MDMs 1through 4, payload (PL) MDMs 1 and 2,
and GSE/LPS launch forward (LF1), launch mid

(LM1), and launch aft (LA1). One or two flex MDMs

(FMDMs)may also be connected to the PL data
buses, depending on the payload needs for a

particular flight.

Of the seven operational instrumentation MDMs,
four are located forward (OF1, OF2, OF3, and OF4),
and three are located aft (OA1, OA2, and OA3).
Also recall, there are four SRB MDMs; ie., SRB
launch left (LL) MDMs 1 and 2 and launch right
(LR) MDMs 1 and 2.

The system software in the redundant set GPC
activates a GNC executive program and issues
commands to authorized buses and MDMs to

Tequest a set of input data. Each MDM receives the
command from the GPC assigned to command it,
acquires the requested data from the GNC hardware
wired to it, and sends the data to the GPCs.

Each FC data bus is connected to a flight forward
and flight aft MDM. Each MDM has two MIAs, or

ports, and each port has a channel through which
the GPCs can communicate with an MDM; however,
the GPCs can interface on the FC data buses with

only one MIA port at a time. Port moding is the
software method used to control the MIA port that
is active in an MDM. Initially, these MDMs operate
with port 1; if a failure occurs in port 1, the flight
crew can select port 2. Since port moding involves
a pair of buses, both MDMs must be port moded at

the same time. The control of all other units

connected to the affected data buses is unaffected

by port moding. Port moding is a software-only
process and does not involve any hardware changes.

There are 20 MDMs aboard the orbiter;
13 are part of the DPS, connected

directly to the GPCs and named and

numbered according to their location

in the vehicle and hardware interface.

The remaining seven MDMs are part
of the vehicle instrumentation system
and send vehicle instrumentation data

to the PCMMUs. (They are termed

operational instrumentation (Ol)
MDMs.)

Bus
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Payload data bus 1 is connected to the primary
MIA port of payload MDM 1, and payload data bus

2 is connected to the primary port of payload MDM

2. Payload data bus 1 is connected to the secondary
MIA port of payload MDM 2, and payload data bus

2 is connected to the secondary port of payload
MDM 1. Which bus is used to communicate with

each MDM is controlled by port moding.

The two launch data buses are also connected to

dual launch MDM multiplexer interface adapter
ports. The flight crew cannot switch these ports;
however, if an input/output error is detected on

LF1 or LA1 during prelaunch, an automatic

switchover occurs.

The hardware controls for the MDMs are the MDM

PL1, PL2, PL3, FLT CRIT AFT, and FLT CRIT FWD

power switches on panel 06. These ON/OFF

switches provide or remove power for the four aft

and four forward flight-critical MDMs and PL1 and

PL2 MDMs. The PL3 switch is unwired and is not

used. There are no flight crew controls for the SRB

MDMs.

Each MDM is redundantly powered by two main

buses. The power switches control bus power for
activation of a remote power controller (RPC) for
each main power bus to an MDM. The main buses

power separate power supplies in the MDM. Loss
of either the main bus or MDM power supply does
not cause a loss of function because each power
supply powers both channels in the MDM. Turning
off power to an MDM resets all the discrete and

analog command interfaces to subsystems.

The SRB MDMs receive power through SRB buses
Aand B; they are tied to the orbiter main buses and
are controlled by the master events controller

circuitry. The launch forward, mid, and aftMDMs
receive their power through the preflight test buses.

The FF, PL, LF, and LM MDMs are located intheforward avionics bays and are cooled by water
coolant loop cold plates. LA and FA MDMs are in
the aft avionics bays and are cooled by Freon coolant

eae
cold plates. MDMs LL1, LL2, LR1, and LR2

are located in the SRBs and i

ae
are cooled by passive

Module (or card) configuration in an MDM was

dictated by the hardware components to be accessed

by that type of MDM. Aflight-critical forward and

aft MDM are not interchangeable. However, flight-
critical MDMs of the same type may be interchanged
with another and the payload MDMs may be

interchanged.

Each MDM is 13 by 11 by 7 inches and weighs
about 38.5 pounds. MDMs use less than 80 watts of

power.

Enhanced MDMs (EMDMs) were installed in OV

105. EMDMs will be installed in the other vehicles

only as MDMs require replacement. The presence
of EMDMs is transparent to the crew except in the

case of am MDM OUTPUT message. With MDMs,
the message means there is a problem with an MDM

or a GPC. An MDM OUTPUT message with

EMDMs means it is most likely a GPC problem.
Crews flying with a combination of MDMs and

EMDMs will receive assistance from flight
controllers in interpreting an MDM OUTPUT

message.
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Mass Memory Units

There are two mass memory units (MMUs) aboard
the orbiter. Each is a coaxially mounted, reel-to-
reel read/write digital magnetic tape storage device
for GPC software and orbiter systems data.

Computing functions for all mission phases requires
approximately 600,000 half-words of computer
memory. The orbiter GPCs are loaded with different

memory configurations from the MMUs. In this

way, software can be stored in MMUs and loaded
into the GPCs when actually needed.

To fit the required software into the available GPC
I memory space, programs are subdivided into eight

memory configurations corresponding to functions
executed during specific flight and checkout phases.
Thus, in addition to the central memory in the GPCs

themselves, 34 million bytes of information can be
stored in each of the two MMUs. Critical programs
and data are loaded in both MMUs and protected
from erasure.

The principal function of the MMU, besides storing
the basic flight software, is to store background
formats and code for certain CRT displays and the

checkpoints that are written periodically to save

selected data in case the systems management GPC
fails.

Operations are controlled by logic and the read and
write electronics that activate the proper tape heads

(read or write/erase) and validate the data.

Each MMU interfaces with its mass memory data
bus through MIAs that function like the ones in the
GPCs. Each mass memory data bus is connected to

all five computers; however, each MMU is
connected to only one mass memory data bus. All

MMU operations are on an on-demand basis only.

The power switches are located on panel O14 for
MMU 1and panel O15 for MMU 2. The MMU 1

switch on panel O14 positioned to ON allows control
bus power to activate an RPC, which allows MNA

power to MMU 1. The MMU 2 switch on panel O15

positioned to ON operates in a similar manner with
MNB power. An MMU uses 20 watts of power in

I standby and 70 watts when the tape is moving.

2. SYSTEMS
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MMU 1 is located in crew compartment middeck
avionics bay 1, and MMU 2 is in avionics bay 2.

Each unit is cooled by water coolant loop cold plates.
Each MMU is 7.6 inches high, 11.6 inches wide and
15 inches long and weighs 25 pounds.
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Multifunction CRT Display System

The multifunction CRT display system allows

onboard monitoring of orbiter systems, computer
software processing, and manual control for flight

crew data and software manipulation.

The system is composedof three types of hardware:

four displayelectronics units (DEUs), four display
units (DUs) or CRTs, and three keyboard units,

which together communicate with the GPCs over

the display /keyboard data buses.

The system provides almost immediate response to

flight crew inquiries through displays, graphs,
trajectory plots, and predictions about flight

progress. The crew controls the vehicle system

operation through the use of keyboards in

conjunction with the display units. The flight crew

can alter the system configuration, change data or

instructions in GPC main memory, change memory

configurations corresponding to different mission

phases, respond to error messages and alarms,

request special programs to perform specific tasks,
run through operational sequences for each mission

phase, and request specific displays.

Three identical keyboards are located on the flight
deck: one each on the left and right sides of the

flight deck center console (panel C2) and one on the

flight deck at the side aft flight station (panel R11L).
Each keyboard consists of 32 momentary double-
contact push button keys. Each key uses its double
contacts to permit communication on separate signal
paths to two DEUs. Only one set of contacts on the
aft station keys is actually used because this

keyboard is wired to communicate with only the
aft display electronics unit.

There are 10 number keys, six letter keys (used for
hexadecimal inputs), two algebraic keys, a decimal
key, and 13 special function keys. Using these keys,
the flight crew can ask the GPC more than 1,000
questions about the mission and condition of the
vehicle. (Keyboard operations are discussed in
detail later in this section.)

Each of the four DEUs responds to computer
commands, transmits data, executes its own

softwareto process keyboard inputs, and sends

signalsto drive displays on the CRTs (ordisplayunits). The units store display data, generate the

GPC/keyboard unit and GPC/display unit interface

displays, update and refresh on-screen data, check

keyboard entry errors, and echo keyboard entries

to the CRT.

There are three CRTs on flight deck forward display
and control panel F7 and one at the side aft flight
deck station on panel R11L. Each CRT is 5 by 7

inches.

The display unit uses a magnetic-deflected,
electrostatic-focused CRT. When supplied with

deflection signals and video input, the CRT displays
alphanumeric characters, graphic symbols, and

vectors ona green monochrome phosphorous screen

activated by a magnetically controlled beam. Each

CRT has a brightness control for ambient light and

flight crew adjustment.

The DEUs are connected to the display/keyboard
data buses by MIAs that function like those of the

GPCs. Inputs to the DEU are from a keyboard or a

GPC.

Positioning the DISPLAY ELECTRONICS UNIT 1,

2, 3, 4 switches on panel O6 to LOAD initiates a

GPC request for a copy of DEU software stored in
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mass memory before operations begin. If the GPC
software in control of the CRT is designed to support
a DEU load (or IPL) request, then information is
sent from the mass memory to the GPC and then
loaded from the GPC into the DEU memory.

It is possible to do in-flight maintenance and

exchange CRT 4 with CRT 1 or 2. CRT 3 cannot be

changed out because of interface problems with the
orbiter jettison T-handle. Also, either individual

keys or the entire forward keyboard can be replaced
by the aft keyboard. The DEUs are located behind

panels on the flight deck. DEUs 1 and 3 are on the
left, and DEUs 2 and 4are on the right. DEU 4 can

replace any of the others; however, if DEU 2 is to be

replaced, only the cables are changed because 2
and 4 are next to each other.

The display electronics units and display units are

cooled by the cabin fan system. The keyboard units
are cooled by passive heat dissipation.

Master Timing Unit

The GPC complex requires a stable, accurate time
source because its software uses Greenwich mean

time (GMT) to schedule processing. Each GPC uses

the master timing unit (MTU) to update its internal
clock. The MTU provides precise frequency outputs
for various timing and synchronization purposes
to the GPC complex and many other orbiter

subsystems. Its three time accumulators provide
GMT and mission elapsed time (MET), which can

be updated by external control. The accumulator’s

timing is in days, hours, minutes, seconds, and

milliseconds up to 1 year.

The MTU isa stable, crystal-controlled frequency
source that uses two oscillators for redundancy.
The signals from one of the two oscillators are passed
through signal shapers and frequency drivers to

the three GMT/MET accumulators.

The MTU outputs serial digital time data (GMT/
MET) on demand to the GPCs through the

accumulators. The GPCs use this information for

reference time and indirectly for time-tagging GNC

and systems management processing. The MTU

also provides continuous digital timing outputs to

drive the four digital timers in the crew

2. SYSTEMS
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compartment: two mission timers and two event

timers. In addition, the MTU Provides signals to
the PCMMUs, COMSECs, payload signal processor,
and FM signal processor, as well as various

payloads.

The GPCs start by using MTU accumulator 1 as

their time source. Once each second, each GPC
checks the accumulator time against its own internal
time. If the time is within tolerance (less than one

millisecond), the GPC updates its internal clock to
the time of the accumulator, which is more accurate,
and continues. However, if the time is out of
tolerance, the GPC will try the other accumulators
and then the lowest numbered GPC until it finds a

successful comparison.

The PASS GPCs do not use the MET that they receive
from the master timing unit because they compute
MET on the basis of current GMT and lift-off time.

The TIME display (SPEC 2) provides the capability
to observe the current MTU and GPC clock status,

synchronize or update the MTU and GPC clocks,
and set CRT timers and alert tone duration and
timers.

The MTU is redundantly powered by the ESS 1BC
MTU A and ESS 2CA MTU Bcircuit breakers on

panel O13. The MASTER TIMING UNIT switch on

panel O6 controls the MTU. When the switch is in

AUTO, and a time signal from one oscillator is out

of tolerance, the MTU automatically switches to the
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000/00:25:12
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3. MSNTMET 2 6
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other oscillator. For nominal

operations, the MTU is using
oscillator 2 with the switch in

AUTO. The OSC 1 or OSC 2

position of the switch manually
selects oscillator 1 or 2,

respectively.

The MTU is located in crew

compartment middeck avionics

bay 3B and is cooled by a water

coolant loop cold plate. The

hardware displays associated with

the master timing unit are the

mission and event timers.

MISSION TIME displays are

located on panelsO3 and A4. They
can display either GMT or MET in

response to the GMT or MET

positions of the switch below the

displays. The forward EVENT

TIME display is on panel F7, and

itiscontrolled by theEVENTTIME

switches on panel C2. The aft

EVENT TIME
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EVENT TIME display is on panel A4, and its EVENT

TIME control switches are on panel A6U.

Software

Primary Avionics Software System (PASS)

The PASS (also referred to as primary flight
software) is the principal software used to operate
the vehicle during a mission. It contains all the

programming needed to fly the vehicle through all

phases of the mission and manage all vehicle and

payload systems.

Since the ascent and entry phases of flight are so

critical, four of the five GPCs are loaded with the

same PASS software and perform all GNC functions

simultaneously and redundantly. As a safety
measure, the fifth GPC contains a different set of

software, programmed by a company different from

the PASS developer, designed to take control of the

vehicle if a generic error in the PASS software or

other multiple errors should cause a loss of vehicle

control. This software is called the backup flight
system (BFS). In the less dynamic phases of on-

orbit operations, the BFS is not required. The

information provided below describes how the

PASS software relates to the DPS and the crew.

Much of the material is common between PASS

and BFS; therefore, only BFS differences are

discussed immediately after the PASS discussion.

EVENT TIMER Switches on Thumbwheels on Panel A6U Ni
DPS software is divided into two major groups,
system software and applications software. The
two groups are combined to form a memory
configuration for a specific mission phase. The

programs are written in HAL/S (high-order
assembly language/shuttle) specifically developed
for real-time space flight applications.

System software is the GPC operating system
software that controls the interfaces among the

computers and the rest of the DPS. It is loaded into
the computer when it is first initialized. It always
resides in the GPC main memory and is common to

all memory configurations. The system software

controls GPC input and output, loads new memory
configurations, keeps time, monitors discretes into

the GPCs, and performs many other DPS

operational functions.

The system software consists of three sets of

programs. The flight computer operating system
(FCOS) (the executive) controls the processors,
monitors key system parameters, allocates computer
resources, provides for orderly program interrupts
for higher priority activities, and updates computer
memory. The user interface programs provide
instructions for processing flight crew commands

or requests. The system control program initializes

each GPC and arranges for multi-GPC operation
during flight-critical phases.
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One of the system software functions is to manage

the GPC input and output operations, which

includes assigning computers as commanders and

listeners on the data buses and exercising the logic

involved in sending commands to these data buses

at specified rates and upon request from the

applications software.

The applications software performs the functions

required to fly and operate the vehicle. To conserve

main memory, the applications software is divided

into three major functions:

© Guidance, navigation, and control (GNC):

specific software required for launch, ascent

to orbit, maneuvering in orbit, entry, and

landing. This is the only major function where

redundant set synchronization can occur.

© Systems management (SM): tasks that monitor

various orbiter systems, such as life support,
thermal control, communications, and payload
operations. SM is a simplex major function;

only one GPC at a time can actively process
an SM memory configuration.

Payload (PL): this major function currently
contains mass memory utility software. The

PL major function is usually unsupported in

flight, which means that none of the GPCs are

loaded with PL software. It is only used in

vehicle preparation at KSC, and is also a

simplex major function. Note that software to

support payload operations is included as part
of the SM GPC memory configuration.

Major functions are divided into mission phase
oriented blocks called operational sequences (OPS).
Each OPS of a major function is associated with a

Orbiter
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MajorModes

Particular memory configuration that must be
loaded separately into a GPC from the MMUs.

Therefore, all the software residing in a GPC at any
given time consists of system software and an OPS

major function; ie, one memory configuration.
Except for memory configuration 1, each memory
configuration contains one OPS. Memory
configuration 1 is loaded for GNC at launch and
contains both OPS 1 (ascent) and OPS 6 (RTLS),
since there would be no time to load in new software
for an return to launch site (RTLS) abort.

During the transition from one OPS to another,
called an OPS transition, the flight crew requests a

new set of applications software to be loaded in

from the MMU. Every OPS transition is initiated

by the flight crew. When an OPS transition is

requested, the redundant OPS overlay contains all

major modes of that sequence.

Major modes are further subdivisions of an OPS,
which relate to specific portions of a mission phase.
As part of one memory configuration, all major
modes of a particular OPS are resident in GPC main

memory at the same time. The transition from one

major mode to another can be automatic (e.g., in

GNC OPS 1 from precount MM 101 to first stage
MM 102 at lift-off) or manual (e.g., in SM OPS 2
from on-orbit MM 201 to payload bay door MM 202

and back).

Each major mode has an associated CRT display,
called a major mode display or OPS display, that

provides the flight crew with information

concerning the current portion of the mission phase
and allows flight crew interaction. There are three
levels of CRT displays. Certain portions of each
OPS display can be manipulated by flight crew

keyboard input (or ground link) to view and modify
system parameters and enter data. The specialist
function (SPEC) of the OPS software is a block of

displays associated with one or more operational
sequences and enabled by the flight crew to monitor
and modify system parameters through keyboard
entries. The display function (DISP) of the OPS
software is a group of displays associated with one

or more OPS. These displays are for parameter
monitoring only (no modification capability) and

are called from the keyboard. Display hierarchy
and usage are described in detail later in this section.

Backup Flight System

Even though the four PASS GPCs control all GNC

functions during the critical phases of the mission,
there is alwaysa possibility that a generic software

failure could cause loss of vehicle control. Therefore,
the fifth GPC is loaded with the BFS software. To

take over control of the vehicle, the BFS monitors

the PASS GPCs to keep track of the current state of

the vehicle. If required, the BFS can take over control
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of the vehicle upon the press of a button. The BFS

also performs the SM functions during ascentand
entry because the PASS GPCs are all operating in

GNC. BES software is always loaded into GPC 5

before flight, but any of the five GPCs could be

made the BFS GPC if necessary.

Since the BFS is intended to be used only in a

contingency, its programming is much simpler than

that of the PASS. Only the software necessary to

complete ascent or entry safely, maintain vehicle

control in orbit, and perform SM functions during
ascent and entry is included. Thus, all the software

used by the BFS can fit into one GPC and never

needs to access mass memory. For added protection,
the BFS software is loaded into the MMUs in case of

a BFS GPC failure and the need to IPL a new BFS

GPC.

The BFS, like PASS, consists of system software and

applications software. System software in the BFS

performs basically the same functions as it does in

PASS. These functions include time management,
PASS/BFS interface, multifunction CRT display
system, input and output, uplink and downlink,
and engage and disengage control. The system
software is always operating when the BFS GPC is
not in HALT.

Applications software in the BFS has two different

major functions, GNC and systems management,
but all its applications software resides in main

memory at one time, and the BFS can process
software in both major functions simultaneously.The GNC functions of the BFS, designed as a backup
capability, support the ascent phase beginning at
MM 101 and the deorbit/entry phase beginningat
MM 301. In addition, the various ascent abort modes

are supported by the BFS. The BFS provides only
limited support for on-orbit operations via MM 106
or MM 301. Because the BFS is designed to monitor

everythingthe PASS does during ascent and entry,
2ae same major modes as the PASS in OPS 1,

and 6.

The BFS SM contains software to support the ascent
and entry phases of the mission. Whenever the BFS

GPCis in the RUN or STBY mode, it runs

continuously; however, the BFS does not control

thepayload buses in STBY. The SM Major function
in the BFS is not associated with any operational
Sequenceand is always available whenever the BES
1s active.

Even though the five general-purpose computers
and their switches are identical, the GENERAL

PURPOSE COMPUTER MODE switch on panel 06

works differently for a GPC loaded with BFS. Since

HALTis a hardware-controlled state, no software is

executed. The STBY mode in the BFS GPC is totally
different from its corollary in the PASS GPCs. When

the BFSGPC is in STBY, all normal softwareis.
executed as if the BFS were in ; the on

difference is thatBFS command of the payload data

in Ruyforascentandentry,and in STBY whenever
a PASSs) managemeni is Operating. If

STBY or RUN, the BFS takes control of the flight-
critical and payload data buses. The MODE talkback

indicator on panel O6 indicates RUN if the BFS

GPC is in RUN or STBY and displays barberpole if

the BFS is in HALT or has failed.

de ee
r————GENERALPURPOSE COMPUTER

tosin

Kj ore
IPL SOURCE

routIMITIAL PROGRAM LOAD

mu2

aeei—
Soe

GENERAL PURPOSE COMPUTER
MODE Switches and Talkbacks on Panel O6
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Pre-engage, the BFS is synchronized with the PASS
set using flight-critical I/O so that it can track the
PASS and keep up with its flow of commands and
data. Synchronization and tracking take place
during OPS 1, 3, and 6. During this time, the BFS
listens over the flight-critical data buses to the

requests for data by PASS and to the data coming
back. The BFS depends on the PASS GPCs for

acquisition of all its GNC data and must be

synchronized with the PASS GPCs so that it will
know when to receive GNC data over the FC buses.
When the BFS is in sync and listening to atleast two

strings, itis said to betracking PASS. As longas the
BFS is in this mode, it maintains the current state
vector and all other information necessary to fly the
vehicle in case the flight crew needs to engage it.
When the BFS GPC is tracking the PASS GPCs, it
cannot command over the FC buses but may listen
to FC inputs through the listen mode. The BFS uses

the MTU (like PASS) and keeps track of GMT over

the flight-critical buses for synchronization. The
BFS also monitors some inputs to PASS CRTs and

updates its own GNC parameters accordingly.

The BFS GPC controls its own instrumentation/
PCMMU data bus. The BFS GPC requirements
strictly forbid use of the IC data bus to monitor or

to transmit status or data to the other GPCs. The
mass memory data buses are not used except during
initial program load, which uses the same IPL
SOURCE switch on panel 06 as used for PASS IPL.

The BFC lights on panels F2 and F4 remain unlighted
as long as PASS is in control, and the BFS is tracking.
The lights flash if the BFS loses track of the PASS
and goes standalone. The flight crew must then
decide whether to engage the BFS or try to initiate
BFS tracking again by an I/O RESET on the

keyboard. When BFS is

LanaorthofTe eee uses.theBEClig.S are

‘illuminated and stay on until the BFS isdisengaged.
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To engage the BFS, which is considered alast resort
to save the vehicle, the crew presses a BES ENGAGE

momentary push button located on the
commander's and pilot's rotational hand controllers 1(RHCs). As long as the RHC is owered, and the

appropriateOUTPUTswitchonpenelO6isin
BACKUP, depressing the AGE pushbuttonon

eitherRHC aT theBESand causes PASS to I
relinquish control. There are three contactsineach

ENGAGEpush button, and all three contacts must
be made to engage the BFS. The signals from the
RHCare sent to the backup flight controller, which
handles the engagement logic.

When the BFS is engaged, the BFC lights on panels
F2 and F4 are steadily illuminated, the BFS’s
OUTPUT talkback indicator on panel O6 turns gray,
all PASS GPC OUTPUT and MODE talkback
indicators on panel O6 display barberpole, the BFS
controls the CRTs selected by the BFC CRT SELECT
switch on panel C3, big X and poll fail appear on

the remaining PASS-controlled CRTs, and all four
GPC STATUS matrix diagonal indicators for PASS
GPCs are illuminated on panel 01.

F2

‘SPD BK)

THROTBesos >
eS

Since the BFS does not operate in a redundant set,
its fail votes from and against other GPCs are not

enabled; thus, the GPC STATUS light matrix on

panel O1 for the BFS GPC does not function as it
does in PASS. The BFS can illuminate its own light
on the GPC STATUS matrix if the watchdog timer

in the BFS GPC times out when the BFS GPC does
not complete its cyclic processing.

‘SPD BK/

THROT

BODY

FLAP

BFC Light on Panel F4
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When the BFS is not engaged, and the BFC CRT
DISPLAY switch on panel C3 is positioned to ON,
the BFS commands the first CRT indicated by the
BFC CRT SELECT switch. The BFC CRT SELECT
switch positions on panel C3 are 1 + 2, 2 + 3, and
3+1. When the BFS is engaged, it assumes control
of the second CRT as well.

If the BFS is engaged during ascent, the PASS GPCs
can be recovered on orbit to continue a normal

mission. This procedure takes about 2 hours, since

the PASS inertial measurement unit reference must

be reestablished. The BFS is disengaged after all
PASS GPCs have been hardware-dumped and
reloaded with PASS software. Positioning the BFC
DISENGAGE switch on panel F6 to the UP position
disengages the BFS. The switch sends a signal to

the BFCs thatresets the engage discretes to the GPCs.
The BFS then releases control of the flight-critical
buses as well as the payload buses if it is in STBY,
and the PASS GPCs assume command.

After disengagement, the PASS and BFS GPCs
return to their normal pre-engaged states.

Indications of the PASS engagement and BFS

disengagementare as follows: BFC lights on panels
F2and F4 are out, BFS’s OUTPUT talkback on panel
O6 displays barberpole, all PASS OUTPUT talkback

indicators on panel O6 are gray, and BFS releases

control of one of the CRTs.

If the B! aged, there is no manual thrust

Se es ing capability during
the BFSis engagede ascent.first- andsecond-

du e speed brake can be positioned
using the s; rake/ throttle SonaleeaRaE

fedDapcubeposteetnemalyConan
steering (CSS) by either the commander or pilot is

aE
Pre-engage, the BFS supplies attitude errors on the

CRT trajectory display, whereas PASS supplies
attitude errors to the attitude director indicators;

however, when the BFS is engaged, the errors on

the CRT are blanked, and attitude errors are

supplied to the attitude director indicators.
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Operations

The crew interfaces with the five GPCs via four
CRTs and various dedicated display instruments.
This section first discusses crew operations using
PASS, and then discusses crew operations using
the BFS.

CRT Switches

Switches on panel C2 designate which keyboard
controls each forward display electronics unit.

When the LEFT CRT SEL switch is positioned to 1,
the left keyboard controls the left CRT 1; if the switch
is positioned to 3, the left keyboard controls the
center CRT 3. When the RIGHT CRT SEL switch on

panel C2 is positioned to 2, the right keyboard
controls the right CRT 2; if positioned to 3, it controls
the center CRT 3. Thus, flight crew inputs are made
on the keyboards, and data are output from the
GPCs on the CRT displays.

NOTE

If the LEFTCRT SELand RIGHTCRTSEL

switches are both positioned to 3,

keystrokes from both keyboards are

interleaved.

The aft station panel R11L keyboard is connected

directly to the aft panel R11L display electronics

unit and CRT (or DU); there is no select switch.

Each CRT has an associated power switch. The

CRT 1 POWER switch on panel C2 positioned to

STBY or ON allows control bus power to activate

remote power controllers and sends MN A power
to CRT 1. The STBY position warms up the CRT

filament, only. The ON position provides high
voltage to the CRT. The CRT 2 POWER switch on

panel C2 functions the same as the CRT 7 switch,

except that CRT 2 is powered from MN B. The CRT

3 POWER switch on panel C2 functions the same as

the CRT 1 switch, except that CRT 3 is powered
from MN C. The CRT 4 POWER switch on panel
R11L functions the same as the CRT 1 switch, except
that CRT 4 is powered from MN C. The respective
keyboards receive 5 volts of ac power to illuminate

the keys. Each DEU/DU pair uses about 290 watts

of power when on and about 20 watts in standby.
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; CRTS3

Possible CRT/KeyboardAssignmentsin the Forward Flight Station

NOTE

Crewmembers should always check that

keyboard information is accepted on the

proper CRT prior to executing the item.

Each CRT has an associated MAJ FUNC switch. The
CRT 1,3,2, MAJFUNCswitches on panel C2 tell the
GPCs which of the different functional software
groups is being processed by the keyboard units

and what information is presented on the CRT. The

CRT4 MAJ FUNC switch on panel R11L functions
in the same manner. This three-position toggle
switch allows the crew access to the GNC, SM, or

PL software on a desired CRT. The GPC loaded
with the desired major function applications
software will then drive this CRT. Each major
function accesses an independent set of display data
and functional software.
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@) Display Hierarchy

=a ee mm | CRT display organization

@
consists of three levels of crew

software displays within any
given major function. The

display types parallel the
different types of modules
used in the GPC software. The

established display hierarchy

e�): (ele |

POWER MAJ FUNC POWER MAJ FUNC POWER MAJ FUNC
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s

7]

3)

y

OFF PL OF PL OFF PL

On cnc oN onc

| = S
LEFT CRT SEL5

RicuT cat secfil
diy I within applications software is

1 @ 3 Eee eee 3 @ 2a Operational sequences (OPS),
TH ® TIMER SET = specialist functions (SPEC),

<a
and display (DISP) functions.
Each has a type of CRT page
associated with it.ii

tsi)

tt
(array

The OPS is the highest level

all

of crew software control
rae)

within a major function.

© Each memory configuration

\
contains one or more OPS.
Each OPS allows the crew to

accomplish an associated

mission phase task. Several

operational sequences are

defined, each covering some portion of the mission.
For example, OPS 1 contains ascent software, OPS

FUEL CELL 120 2 contains on-orbit software, and OPS 3 contains

entry software.

CRT Switches on Panel C2

Each operational sequence is further divided into

major modes. Each major mode has an associated

display that allows direct crew interface with the
software. These are OPS pages, and are also
referred to as major mode pages.

Specialist functions (SPECs) are second in the

hierarchy. A SPEC allows crew execution of other
activities in conjunction with a particular OPS.
SPEC displays, like major mode displays, allow
direct crew interface with the software. Each SPEC
has an associated displaythatwilloverlay the major
mode display when called. When a SPEC is called,
its display rolls in on top of the major mode display,
which is still active underneath. The SPEC provides
access to an associated portion of the software
located in the GPC. Some SPECs are contained in

systems software, whereas others are resident in
the applications load. A SPEC can be associated

with a major function or an OPS, but the systemsCRT 4 POWER and MAJ FUNC Switches
on Panel R11L

@
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software SPECs can be obtained in most OPS and

major functions. (The list of SPECs and their

availability can be found in the DPS Dictionary.)

Display functions (DISPs) are the lowest level of
software. Each DISP has an associated display that

presents the status of a predefined set of parameters.
Unlike major mode displays or SPECs, a DISP

cannot initiate a change in software processing
because DISP displays do not permit direct crew

interface with the software. They provide
information only.

When called, a DISP will overlay the major mode

display and the SPEC, if one is active. Both the

SPEC and the major mode display are overlaid, and

access to them can be easily regained. The method

of terminating the processing of SPECs and DISPs

will be discussed later.

The Keyboard

Each keyboard is composed of a 4 x 8 matrix of 32

push button keys. This matrix consists of:

Sixteen alphanumeric keys: 0 through 9 and

A through F, for a hexadecimal numbering
system

© Twosign keys (+ and -) serving the dual roles

of sign indicators and delimiters. A delimiter

is used to separate discrete keyboard entries

from their associated data.

Single keystroke commands

TE

FAULT SYS MSG
ACK

SUMM SUMM RESET

GPC/

CRT A B c

Multi-stroke voinitiators.

Require EXEC
*

| RESET D E Fs
as terminator.

ITEM 1 2 3

Terminator
(~

forabove < | EX

initiators.
Ee a 5 6

OPS

Multi-stroke
7 8 9

initiators.

Require PRO
as terminator. :

SPEC _ 0 +

RESUME] | CLEAR . PRO

——— ay —

Single keystroke commands Terminator
for OPS and SPEC

Multifunction CRT DisplaySystem KeyboardUnit Found on Panels C2 and R11L

SCOM1.6
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* One decimal point key for use in entering data
with decimal notation

* Thirteen special function keys: some of these

keys are single stroke commands, and some

are keys that start or finish a multi-stroke
command sequence. A key that starts a

command sequence is a command initiator and

requires a command terminator key to be

depressed to tell the DEU the keyboard entry
is complete.

Each of these keys is discussed below.

ACK acknowledges receipt of a fault message on

the fault message line by causing the message to

become static and by extinguishing the SM ALERT

light and software-controlled tones. If multiple
messages are indicated on the CRT, each subsequent
press of the ACK key will bring up the next oldest

unacknowledged message and clear out the last

acknowledged one.

MSG RESET operates as a single keystroke
command that clears both the currently annunciated
fault message and the buffer message indicator (if
any) from the fault message line. The fault message
line is the second to the last line on the CRT.

Depressing this key will also extinguish all software-
driven caution and warning annunciators, software-
controlled tones, and the SM ALERT light. An

ILLEGAL ENTRY message can only be cleared with
the MSG RESET key.

SYS SUMM is used to invoke the SYS SUMM

display. The particular display called is determined

by the selected major function and active OPS.

FAULT SUMM is used to invoke the FAULT

display. It operates as a single keystroke command.
The FAULT display can be accessed in every major
function and OPS.

GPC/CRT initiates a multistroke keyboard entry,
allowing the selection of a particular GPC to drive a

DEU/DU set.

VORESET attempts to restore a GPC’s input/output
configuration to its original status prior to any error

detection. It is a command initiator and requires a

terminator keystroke.

2. SYSTEMS
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ITEM is used as a multi-keystroke command
initiator for changing the value of defined

parameters or implementingconfiguration changes
on a given display (OPS or SPEC).

EXEC acts as a multi-keystroke terminator to

command the execution of the action specified on

the scratch pad line. It is the terminator for the
initiators above it (GPC/CRT, I/O RESET, and
ITEM keys). EXEC may also be a single keystroke
command to enable an OMS burn.

OPS serves as a multi-keystroke initiator to load a

desired OPS load from mass memory into one or

more GPCs. It is also used to transition from major
mode to major mode within an OPS.

SPEC acts as a multi-keystroke initiator to select a

defined SPEC or DISP display within a given OPS.

Inaddition, this key provides the capability to freeze
a display on the CRT. A single depression of the
SPEC key freezes the display so it may bestatically
viewed. The display will remain frozen until
another key (other than ACK, MSG RESET, or

another SPEC) is entered.

PRO (Proceed) serves as a terminator to the OPS
and SPEC keys. The completed command sequence
initiates the selection of a desired OPS, SPEC, or

DISP display.

RESUME is used to terminate a displayed SPEC or

DISP. CRT control is restored to the underlying
display upon depression of this key.

CLEAR clears the last echoed keystroke from the
bottom line (scratch pad line) of the CRT. For each

depression, one additional keystroke is removed,

proceeding from right to left. After a command

sequence is completed, a single depression of the
CLEAR key will erase the static command from the
scratch pad line.

Display Selection Procedures

The crew can select a variety of CRT displays. Some
of the different ways to select an OPS display and

its available SPEC and DISP displays are as follows:

* Selection of the major function is done by
placing the MAJ FUNC switch (on panel C2)
associated with the CRT in use in the GNC,
SM, or PL position.
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* AnOPS is loaded from the MMU via a three-

step keyboard entry. A new OPS is called

from mass memory by its first major mode.

The OPS is loaded into the GPC that is

currently driving the DEU/DU on whichthe
keyboard entry is done. Once the OPS is
loaded, access is provided to major modes in

that OPS. Major mode displays are advanced

by the same keyboard command. The steps

for selecting an OPS display are as follows:

1. Depress the OPS key.

2. Keyin the three numbers ofthe desired OPS.

The first digit defines the OPS and the

next two digits specify the major mode.

3. Depress the PRO key. Once the OPS is

loaded into one or more GPCs, that

software can be accessed at any time

through any CRT in the proper major
function.

Selection of a major mode does not involve a mass

memory access. Advancing major modes is done

by the same keyboard command as loading an OPS.

The first digit will be the same as the OPS number,
but the last two digits specify the major mode. For

example, to go to GNC MM 202, enter OPS 2 0 2

PRO.

Within each OPS, certain SPEC and DISP displays
are available. The steps for selecting a SPEC or a

DISP are as follows:

1. Depress the SPEC key. The SPEC key is used in

calling both SPEC and DISP displays.
2. Key in the SPEC or DISP number omitting all

leadingzeros. SPEC and DISP numbers have
three digits. They are differentiated by their

numbering scheme. The display is a DISP

only if the first digit is a 9, or if the last digit is
a 6 through 9. To illustrate the method for

keying in SPEC and DISP numbers, DISP
number 106 would be keyed in as “106”; SPEC
number 034 would be keyed “34”; DISP
number 066 would be keyed “66”; and SPEC
number 001 would be keyed “1.”

3. Depress the PRO key.

OPS and Major Mode Transitions

Transitions from major mode to major mode or to

anotherOPS are accomplished by either automatic
transitions or proper command entry.

¢ Automatic transitions: Some major mode

transitions occur automatically, usually as a

function of some mission event. Examples of

automatic transitions are between major
modes 101 and 102 (SRB ignition) and between

major modes 102 and 103 (SRB separation).
Selection of an RTLS abort also results in an

automatic OPS transition.

¢ Command entry: Proper command entry (OPS
XXX PRO) is almost always used to transition

from one OPS to another. In most cases, it is

also a legal transition operation for proceeding
from one major mode tothenext(e.g.;301 to 302).

Display Sequencing, Overlaying, and Retention

Certain rules have been established for proceeding
from one display to another. These can be

categorized into treatment of proper display
sequencing, the overlaying of current displays by
new displays, and the display retention hierarchy.

SPEC and DISP Displays

The hierarchy of overlaying SPECs and DISPs makes

sense if one remembers that a SPEC allows crew

interaction and control of specialized operations,
whereas a DISP provides display information only.
Both SPECs and DISPs overlay the current major
mode display when called.

A SPEC need not be previously selected in order to

call a DISP. If a DISP is on the CRT, and another

SPEC or DISP is called, the current DISP is

terminated. The terminated DISP can only be viewed

again by entering its calling command once more.

IfaSPEC is selected, and a DISP is called to overlay it,
the SPEC is retained underneath the DISP. If another
SPEC is then selected, the underlying SPEC as well as

the DISP over it is terminated. The terminated SPEC
can onlybeviewed again if it is recalled.

The RESUME key is used as a single keystroke entry
to terminate the SPEC or DISP currently being
displayed and to restore the underlying display. If
the display being terminated is a DISP, CRT control
will be restored to the underlying SPEC, or to the
OPS display if no SPEC has been selected. If a

SPEC display is terminated, CRT control is restored
to the major mode display. It is advisable to press
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RESUME after viewing any SPEC or DISP to avoid
confusion and to decrease the possibility of

attempting to retain more SPEC displays than the
software allows. Also, certain ground command
functions may not be possible when corresponding
SPECs are active or underlying a DISP. The
RESUME key cannot be used to transition from one

major mode display to another or to page backwards

through major mode displays.

Display Retention Hierarchy
¢ Major mode transitions: Both SPECs and

DISPs are retained during a major mode
transition. If a SPEC or DISP is overlaying the

major mode display, the new major mode

display can’t be seen until the overlaying
displays are terminated with the RESUME key.

¢ Major function change: OPS and SPEC

displays on the CRT screen are retained within
their major function when major function

Positions are switched. When the crew returns

to the first major function, the SPEC last
viewed will appear on the screen. Depression
of the RESUME key will restore the underlying
OPS. If no SPEC had been selected, return to

a major function would restore the last major
mode display. DISP displays are not retained
at major function switch transitions.

* OPS transition: SPECs, DISPs, and major mode

displays are not retained through an OPS

transition, since this involves loading an

entirely new module of applications software
in the GPC. The SPECs may be called again if

they are available in the new OPS.

Standard Display Characteristics

Standard Display Features

Two discrete brightness intensities for displayed
characters are designated “bright” and “overbright.”
The bulk of all material is displayed in the “bright”
intensity. Special messages and special characters,
such as parameter status indicators, are displayed
in “overbright” to direct the crew’s attention during
their display scan.

Certain words and messages are designed to flash on

and off. Fault messages will flash, indicating a

message that needs to be acknowledged. Command

initiators are designed to flash until the command is

2. SYSTEMS
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completed, and an incorrect keyboard entry will result
inaflashing “ERR” to the right of the erroneous entry.

Formatting Similarities

OPS number: The four-digit field in the upper left
corner of the first line designates the number of the
OPS display being processed. The first digit
represents the OPS; the next two digits indicate the

major mode. The last digit is always a “1,” and it
is not used when making keyboard entries.

SPEC number: Directly to the right of the OPS
number isa three-digit field. This field displays the
number of the SPEC overlaying the OPS. This field
is blank if no SPEC is selected.

DISP number: The last field in the upper left corner

tepresents the DISP number. It is a three-digit field.
This field is blank if no DISP is currently being
displayed.

Display title: Centered on the top line of the display
is the title of the display. Portions of some titles are

dynamic and will specify the mission phase.

Uplink indicator: Directly to the rightofthe display
title is a two-space field. When an uplink to the
GPC is in progress, a flashing “UL” will be

displayed. Otherwise this field is blank.

GPC driver: To the right of the uplink indicator is a

one-digit field. A number in this field indicates the

particular GPC (1, 2, 3, 4, or 5) that is commanding
the CRT.

GMT/MET clock: This field displays time in days,
hours, minutes, and seconds (DDD/HH:MM5SS).
The field is updated every second. The time

displayed may be either GMT or MET selectable
via a keyboard entry to the SPEC 2 TIME display.

CRT timer: Directly below the GMT/MET clock is
a CRT timer field also displayed in days, hours,
minutes, and seconds (DDD/HH:MM5sS). This
field is also updated every second, and can be set

via a keyboard entry to the TIME SPEC display.

Fault message line: The second line from the bottom
is reserved for fault messages. Illegal keyboard
entry messages and systems fault messages are

displayed on this line. In the case of system faults,
a number in parentheses to the far right on this line

indicates the number of fault messages that have
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Fault message line Scratch pad line

Formatting Conventions Common to All Displays

not been viewed and acknowledged (further
discussion of fault messages is covered ina later

section).

Scratch pad line: The bottom line of the display
echoes keyboard entries made by the crew.

Command initiators (OPS, SPEC, ITEM, GPC/CRT,
and I/O RESET) will flash on the scratch pad line

until the command is terminated. The keystrokes
remain on the scratch pad line in a static mode until

(a) anew command is initiated, (b) the CLEAR key
is depressed, or (c) the MAJOR FUNC switch

position is changed. Keyboard syntax errors

detected by the DEU will result in a flashing “ERR”

on the scratch pad line following the keyboard entry.

Specially Defined Symbols

These symbols include an asterisk and a set of

parameter status indicators. Parameter status

indicators are displayed in “overbright” intensity
for quick recognition. These special symbols are

defined as follows:

M: This symbol indicates missing data. It is

displayed directly to the right of the affected
parameter. The parameter value may be blanked,

or the last value received by the GPC may be

displayed. If data are missing for a parameter that

has no numerical value associated with it, then an

Mis used to indicate the parameter status.

H: This symbol indicates that a parameter is off-

scale high. This indicates a transducer limit has

been reached, and the scale is registering its highest
possible value. The actual parameter being
measured may, in fact, be higher than the recorded

data, but the instrument in use does not have the

capacity to measure the value. Off-scale high
indicators do not appear on the display until several

(normally two) consecutive readings have verified

this finding. This symbol is displayed to the right
of the data affected.

L: This symbol indicates off-scale low parameters.
This means that the parameter value displayed is

the lowest possible reading due to transducer

limitations. The actual value of the parameter may
exceed the displayed value, but the range of the

hardware is not defined to evaluate this reading.
As with the “H,” the off-scale low indicator is not

displayed until a set number of consecutive readings
have verified this status.
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Up arrow: This symbol, displayed to the right of
the affected parameter, indicates a parameter driven
out-of-limits high. The value displayed is a true

reading but has equaled or exceeded the operational
high limit established by the software. The fault
detection and annunciation (FDA) software keeps
track of the low and high limits for each parameter
and annunciates any violation of these limits to the
crew by displaying the appropriate “up arrow” or

“down arrow” next to the parameter on the

appropriate display.

In the case where the transducer limit is the same as

the operational limit, the “H” symbol overrides the

“ap arrow” symbol. Several (normally two)
consecutive readings verify this status before the

“ap arrow” symbol is displayed.

Down arrow: This symbol indicates that a

parameter value is equal to or less than the

operational low limit. The value displayed is outside
the software limits placed upon the parameter.
When the software limit established is the same as

the transducer limit, the “L” symbol takes

precedence over the “down arrow” symbol. A set

number of consecutive readings verifies this
indication before the “down arrow” is displayed.

In addition, the down arrow is used to indicate a

discrete state that does not agree with the nominal

state. For example,a high pressure gas supply valve
state reading “closed” when its position is normally
“open” would drive the “down arrow” symbol.

The down arrow is also used to indicate that a

hardware unit has been declared failed by a GPC.

?: This symbol indicates a redundancy management
dilemma. Thatis, if two hardware units measuring
the same parameter disagree, and the software

cannot isolate which of the two is failed, a “?” will

be displayed in both places.

*: This symbol indicates an active state or the

selected item of mutually exclusive items.

Item Operations

Within a given display, certain operations can be

performed by the crew. Those items that may be

altered are identified by an item number. The item

number is a maximum of two digits and is placed
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26 Data Processing System

( 2011094078 SMSYSSUMM1 4 000/04:44:52)
000/00 : 00:00

SMOKE VA 28 | DCVOLTS VA 2B 3c

CABIN = 88 — 00 | Fc 31.2 31.0 31.0

L/RFD oo — 0.0 | MAIN 31.1 31.0 31.0
AVBAY 1— 00 — 00 | Ess

2 00

- NTL

CABIN

PRESS 18.7
Me

Sie Fer
Ol |) votre ararciay tte A oy

PPO2 5.11H 332 Kkfe ie ten “
FANAE rie AMPS OA 25 40 24

i

9B 26 39 2402 FLOW QOL  ooL
Richio asia (aaN2FLOW 0.0L 0.0L)

FUEL CELL

8

AV FC1 FC2 FCa
ssi 15 18 18

S82 16 20 11 EXIT B 151 151 151
S83 20 24 og CooL 61 61 61

TOTAL AMPS 536 PUMP

KW 17

NUSUnie solistinl..ottaeaie paw)
10310511018GNC SYS SUMM1 4 001/19:54:43

ACS JET ISOL ‘Common = Of: 04:

MANE FAIL VLV SURE POS MOM DPS 12345
Fi OP 1. OB Gi 4

2 cM iB MDM FF —
3 op RB FA +

4 op OB
5 AIL

u OP RUD ECSaC gee2 OP SPDBRK v=<—_
3 CLM BDYFLP
4 op

5 NAV 1234

Rt OP IMU 2M?
2 OP CNTR123 acc M
3 CLM RHC RGA M

4 OP TAC
5 MLS

THC ADTADr>ereorSBTC

SYS SUMM

2011/001/006 GPC/BUS STATUS 4 000/02:30:53
000 / 00 :00:00

Pc _| 1s 2s 3s 4s 5S

MODE [RUN [RUN [RUN |RUN [HALT
ors G2 G2 ° S2 o

STRING 1 FF
:

+ +

FA

2 FF

FA

3 FF

FA

4 FF

FA

PL

LAUNCH 1

|

CRT 1

SPEC 6 PRO

SpeciallyDefinedSymbolson CRT Displays

2.6-33

SCOM 1.3

June 1993



2. SYSTEMS
2.6 Data Processing System

in such a way that itis readily identifiable with the
parameter or status configuration with whichit is

associated. When item numbering is obvious, item

numbers may be implied and will not appear on

the display. Item numbering is sequentiallyordered
for each display. There are never more than 99

items per display. The two basic typesof
manipulations that the crew can perform are item

configuration change and item data entry.

Item Configuration Change

This operation allows the crew to choose any of a

number of options or to initiate a specificaction as

defined by the particular display format. Typical

purposes of this operation include selecting or

deselecting an item, initiating and executing an

action, and altering software configurations. The

procedure used in performing an item configuration
change withina selected display is as follows:

1. Depress the ITEMkey

2. Keyin the item number.

3. Depress the EXEC key

Item Data Entry

This operation allows the crew to load data into the

software. Typical purposes of this operation include

initializing parameters, changing software limits,
and specifying memory locations. The procedure
used in performing an item data entry is as follows:

1. Depress the ITEM key.
2. Key in the item number. Item numbers are

ordered sequentially (1, 2, 3, . . .) on each

display. They are located next to the parameter
to which they are assigned. Some item

numbers must be inferred by their

surrounding item numbers.
‘

3. Key in a delimiter (“+” or “—”). A delimiter
serves to separate item number codes from
their corresponding data. The delimiter whose

sign corresponds to the sign of the data should
be used, but if no sign is associated with the

data, it doesn’t matter which delimiter is used.
A “[ ]” after the data field indicates that the

entry is sign-dependent.
4. Keyinthedata.Data size specifications depend

on the format established for that particular

dataload. Usually, the data size will be
indicated with an underline for each digit. As

a generalrule, leading and trailing zeros need
not be entered. Remember that the sign of the

delimiter is the sign of the data.

5. Depress the EXEC key.

Multiple Data Entries

Multiple item configuration changes cannot be done;

however, multiple item data entries can. Multiple
data entries can be made with separate command

strings, but because this is time-consuming, the

software allows more than one data entry to be

made with one command sequence. The procedure
is the same as described above except step 4 (after

data are keyed in). Add step 4a to make more than

one item data entry at once.

4a. Key in a delimiter. Consecutive data entries

may be loaded by using a delimiter to separate
each parameter. Item entries are incremented

sequentially so the item number need not be

entered for each parameter following the one

already entered. Just hit another delimiter,
and the next item number will appear, ready
to receive its associated data. To skip an item

number, hit a delimiter twice. In this way,

any amountof item numbers may be skipped
until the desired item number is reached.

Both the “+” and the “—” keys may be used

interchangeably as delimiters. However, when

skipping item numbers, it is a good idea to use the

delimiter corresponding to the sign of the next data

entry if there is any sign associated with it. Using
the sign key corresponding to the next data entry
ensures that the GPC receives the proper data entry.

Anexample of a multiple item data keyboard entry
is:

ITEM7+2+1++2+--2EXEC

In this example, Items 7, 8, 10, and 13 have no sign
associated with them so the sign of the delimiters

doesn’t matter. Although there was room for four

item entries here, the actual number allowed on the

scratch pad line is a function of the size of the data.

This entry will appear on the scratch pad line of the

corresponding CRT as:

ITEM (07) + 2 (08) + 1 (10) + 2 (13) -2 EXEC.
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All item operations will be one of these two basic

manipulations. However, data size and form will
differ for each display.

Remember, only OPS and SPEC displays allow item

operations. A DISP display does not.

Special Operations and Displays

GPCICRTAssignment
GPC assignment to a particular DEU/CRT set is

determined via a predefined table of assignments.
This table is stored in all the common set GPCs’

systems software and can be manipulated by the
crew. Thereisa table for each memory configuration
(MC) that is valid when that MC is active (loaded in

one or more GPCs), and the particular major
function is selected. This table can be changed using
the GPC MEMORY display (SPEC 0). The current

GPC driver for a CRT is controlled by the MAJ
FUNC switch. That is, the position of the MAJ FUNC
switch (GNC, SM, or PL) will determine the GPC
with which the DEU communicates. In some cases,

a redundant set of GPCs is formed for GNC, and

the GNC CRTs are normally split among them. This
is done with the predefined table. The table is looked
at by the GPCs when they are loaded with the

applications software, and that is when the

assignments take effect.

Another way to change the current GPC assignment
logic is with the GPC/CRT key. The GPC/CRT

key allows the crew to reassign a CRT to a different
GPC commander. The steps for selecting a GPC to

command a given DEU/CRT are as follows:

1. Depress the GPC/CRT key.
2. Key in the desired GPC number (1, 2,3, 4, or 5)

3. Key in the desired CRT number(1, 2,3, or 4). No

delimiter is needed between the GPC and the
CRT numbers.

4. Depress the EXEC key.

An assignment is not executed if the GPC being
assigned doesn’t have the applications software in

memory to support the DEU/CRT in its current

major function. If the GPC specified by a keyboard
entry is not a valid assignment, the reassignment
does not occur, and the current GPC driver retains

the CRT. Thus, if a CRT is in GNC, and an attempt
is made to assign a GPC that is not in the redundant
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set to drive it, a redundant set (or valid) GPC will
drive the CRT instead of the invalid GPC. If GPC 4
is the SM machine (nominal configuration), then it
is the only valid GPC to drive a CRT whose MAJ
FUNC switch is in SM.

The payloads major function is usually unsupported.
This means that none of the GPCs have payload
applications software loaded in them. Any GPC
can be assigned to drive a CRT in an unsupported
major function. The GPC that was driving the CRT
in the previous major function will retain the CRT
when it is placed in PL.

If the keyboard entry specifies a valid GPC, it will
override any assignment made by the software. The

keyboard entry assignment will remain in effect
whenever the MAJ FUNC switch is in a position
supported by that GPC. A new assignment can be
made via the keyboard.

The GPC/CRT key can also be used to isolate a

DEU from communication with all GPCs. This is

accomplished by using “0” for the number of the
GPC. The PASS set can drive only three of the four
CRTs at one time, so at least one DEU is always
isolated from PASS.

The DEU drives a big X over an isolated CRT to

remind the crew that the DEU is not receiving data.
The DEU also annunciates a POLL FAIL message
to inform the crew that the GPC is no longer
successfully polling the DEU (not attempting to

communicate with the DEU).

Memory Configurations

After a GPC has been IPL’d, the only software
resident is the systems software, and the GPC is in

OPS 0 when moded to RUN. Any applications
software is loaded in from the MMU during an

OPS transition. There are two levels of applications
software: the major function base (MFB) and the

OPS overlay. The MFB is that software common to

all OPS ina particular major function. For GNC,
the MEFB contains flight-critical software and data
that are retained from one mission phase to another,
such as the current state vector and inertial

measurement unit processing. When a GPC is

transitioned from one OPS to another in the same

major function (e.g., from GNC OPS 1[ascent] to

OPS 2[orbit]), the MFB remains in main memory,
and only the OPS overlay is loaded from the MMU
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OPS overlay.

The controls for performing an OPS transition (i.e.,

loading a new memory configuration into the GPC

from the MMU) are on the GPC MEMORY display
(SPEC 0), which is also the OPS 0 OPS display.
Item 1 determines the memory configuration
(CONFIG) to be loaded. Currently, there are eight
different memory CONFIGs, besides memory

CONFIG 0, which is post-IPL OPS 0 (no applications
software loaded).

MC ABBREV| DESCRIPTION

1 (G1) GNC OPS 1 and 6 combined

(ascent and aborts)
2 (G2) GNC OPS2(on orbit)
3 (G3) | GNC OPS 3 (entry)
4 (S2) SM OPS 2 (on orbit)
5 (S4) SM OPS4(on orbit [not used] )
6 (P9) PL OPS 9(preflight)
No MC 7

8 (G8) GNC OPS 8(on orbit checkout)
9 (G9) GNC OPS 9 (preflight/postflight)

Memory Configurations

Nominal Bus Assignment Table

Associated with each memory configuration is a

nominal bus assignment table (NBAT). It is

displayed via items 7-19 on SPEC 0 whenever a

memory configuration is entered, and it tells which
GPCs are in the target set and which GPCs are to be
in command of each data bus. The nominal

assignments are already loaded in GPC main

memory preflight. However, these bus assignments
may be changed any time, including when an OPS
transition is performed.

An example of a typical nominal bus assignmenttable is shown below on SPEC 0 GPC MEMORY for
GNC OPS 3.

LAUNCH

op:
oP:

Ss
s

ramenP/L 1s

cRT

STORE  MC=02

45 CONFIG
46 GPC

STORE 47

MEMORY DUMP

40 START ID
41 NO WORDS

42 WOS/FRAME
DUMP 43
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1
cs

o
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z 44 DOWNLIST GPC
1

OPS 0 ENA 49 p

ERR LOG RESET 48 SI

MM AREA

3 UPLK 50

tye
Gc 53

3 INIT 51 M54 T

SampleNBAT Data on GPC MEMORY

Display (SPEC 0)

Items 2-6 determine which GPCs will be in

the OPS. They are referred to as the “target”
GPCs. In this case, GPCs 14 are ina redundant

set. If a GPCis not to bein that OPS,a 0is
entered in that GPC’s item number, which is

one more than the GPC number. (Item 2 is for

GPC 1, etc.)

The commanders of the flight-critical data

buses or strings are entered in items 7-10.

(String 1 is FF1 and FA1, etc.) In this case,

each GPC is set to command its same-

numbered string.

The two PL buses are assigned together. For
OPS 1 and 3 they are assigned to GPC 1 via
item 11 in case the BFS fails. When the BFS is
in RUN (as it is for entry), it commands the PL
data buses.

* CRTs 1, 2, 3 are assigned to GPCs 1, 2, 3

respectively, via items 12-14. Since the PASS
can only control three CRTs at a time, no GPC
is assigned to CRT 4 during entry. Note that
CRT assignments are for a particular major
function only.
The launch data buses are assigned via items
16 and 17. Since they have no function during
entry, they are deassigned.

* Items 18 and 19 show that GPC 1 will
command mass memory bus 1 for the OPS 3
transition, and GPC 2 will command mass

memory bus 2, either if the transaction fails
on mass memory bus 1 or if MMU 2is prime
selected on SPEC 1 DPS UTILITY.
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MMU Assignment

Since there are two identical MMUs, there must be
a method to tell the GPCs which one to use for a

particular transaction. This is done on DPS UTILITY
SPEC 1 display via items 1 through 8. Only one

MMU (and its data bus) is assigned to each major
function. A post-IPL OPS 0 GPC also has an MMU
assigned to it for requesting freeze-drysoftware for
amemory store. This display is initialized with all
assigned to MMU 1, and execution of any of the
item numbers causes the appropriate MMU to be
assigned. Note that each of the pairs of item
numbers is mutually exclusive.

When a GPC needs to access mass memory, this
table tells it which MMU to use. For example, the
SM GPC may need to call a roll-in SPEC or take a

checkpoint (discussed later). In the case of OPS
transitions, if the MMU selected is busy or fails
twice, then the other is automatically tried. For a

GNC OPS transition where a redundant set is
involved, one GPC is assigned to each mass memorybus via items 18 and 19 on SPEC 0 GPC MEMORY.The indicated GPC will command the mass memorybus selected by item 1 or2 on SPEC 1 DPS UTILITY,then the other GPC will command the next mass

memory bus if the first transaction fails. Of course,
all GPCs in the redundant set will be listening over
both buses and receive the overlay.

1 008/12:12:12
000/00:25:12

2011/001/ OPS UTILITY

PORT ASSIGN
PRI SEC

STRING 1 15* 16
2 17* 18
3 19* 20

21+ 22

23* 24

MMU ASSIGN
1 2

GNC 1*
UL CNTL

AUTO 35*
SM 3* ENA 36
PL S* INH 37

ops 0 7* 4

P/L 1/2 IPL SOURCE SW
MMU STATUS MASK 38*1 ROY

2 ROY VAR PARAM ID LIST
25 QABA

MMU _SOURCE/BUS G3 ARCHIVE
GPC/MMU
MMU/MMU
GPC/LOB

LOAD 48.
RETRIEVE 49*

GROUND ops
GSE POLL ENA 50

SM GSE INH 51
SM C/O ENA 52

GNC C/O ENA 53
BFC C/O ENA 54

ALT PLO TB 55

CKPT RETRY

ENA 12

DPS UTILITY Display (SPEC 1)

Software Memory Source Selection

During an initial program load (IPL), an MMU is
selected as the software source via the IPL SOURCE

2. SYSTEMS
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switch on panel O6. This switch is athree-positiontoggle switch that will be either in the MMU 1 or
MMU 2position during the IPL sequence. At all
other times, this switch will nominally be in the
OFF position.

IPL SOURCE Switch on Panel 06

The controls for selecting the memory source for an

OPS transition and the bus over which it is loaded
into the GPCs are on SPEC 1 DPS UTILITY (items 9

through 11). The display is initialized with item 9
selected, which is almost always used. As part of
the GPC status exchanged at common set sync, each
GPC exchanges its current resident memory
configuration. When a request is made for a

memory configuration, the software determines
whether or not another GPC already has the
requested OPS or a current major function base. If
another GPC already has any of the requested
software, the lowest numbered such GPC will be
used as a source for the other GPCs. Such a GPC-
to-GPC overlay of software will be done over the
mass memory data buses. An overlay that is not

available from a GPC will be loaded from an MMU.
Note that the major function base may come from
another GPC and the OPS overlay from mass

memory. For transitions to OPS 3, the G3 archive
(stored in the upper 128 k of main memory
prelaunch) is simply copied to lower memory and
executed.
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If there is a problem with both of the mass memory
data buses, then item 11 may be selected if there is a

GPC source for both overlays. In this case, the
GPC-to-GPC overlay is done over the launch data

buses.

Memory reconfiguration may be forced from an
MMU, regardlessof other GPC sources, byselection
of item 10 on the DPS UTILITY display. In this

case, whether both are required or not, both the

major function base and the OPS overlay will be

loaded from mass memory. This would only be

used if the software in a current GPC was suspect
for some reason.

If there is no usable GPC source and the selected

MMU is off or being used for another memory

transaction, the class 3 fault message OFF/BUSY

MMU1 (2) is initiated. The current status of each

MMU is shown on the DPS UTILITY display as

either RDY (ready to respond) or BSY (off or

currently responding to a GPC command).

Resetting I/O Configurations

When a GPC detects an error or is missing data

from a piece of equipment, a fault message will be

displayed on the CRTs, the SM ALERT light and

tone will be activated, and further attempts by the

GPC to communicate with the equipment will be

terminated. Two common causes of detected errors

or missing data are the powering down of

equipment or an error in a data transmission. In

these two cases, if the equipment is to be powered
up, or if the error has been corrected, it is desirable
to restore the GPC’s data input to the nominal

configuration. Restoring input is done through the
1/O RESET key in the affected major function. If an

I/O RESET is performed only on a GNC GPC, the
entire redundant set of GNC GPCs will be restored
to nominal I/O configuration. If it is performed on

the SM GPC, only the SM GPC’s I/O configuration
will be restored to nominal. To reset I/O
configurations, the procedure is as follows:

* Select desired MAJ FUNC.

* Depress the I/O RESET key.
* Depress the EXEC key.

Ifthe powereddown equipment has been powered
on, or if a problem with a piece of equipment has
been fixed, an I/O RESET will resume

communication, and it will not cause another fault

message annunciation. If the GPCstillhas aproblem
communicating with any piece of its assigned

equipment, a fault message will reannunciate after

an I/O RESET. This termination of attempts by the

GPC to communicate with its assigned equipment
is called a commfault (i.e., the input element has

been bypassed by the GPC) and the resultant loss

of input data to applications software is also referred

to as a commfault.

Systems Summary Displays

Systems summary displays provide general systems
status information that can be accessed quickly to

aid immediate diagnosis of a problem. They are

designed to support the caution and warning
(C/W) matrix located on panel F7. When a C/W

alarm occurs, the crew can call a systems summary

display that has general information from several

systems to pinpoint the problem to a specific system,
then continue troubleshooting the problem on

system-specificSPECs, DISPs, and hardware panels.
The systems summary displays are DISPs and

provide information only.

The systems summary displays are major function-

specific and are called with the SYS SUMM key. If

a CRT’s MAJ FUNC switch is in GNC, and the SYS

SUMM key is pressed, then GNC SYS SUMM 1will

appear on that CRT. GNC SYS SUMM 1 is DISP 18

so it may also be called with a SPEC 18 PRO, but it

is faster to use the SYS SUMM key.

There are four PASS systems summary displays:
GNC SYS SUMM 1, GNC SYS SUMM 2, SM SYS

SUMM 1, and SM SYS SUMM 2.

The SYS SUMM key is a toggle function in each

major function. In SM on-orbit, hitting SM SYS
SUMM will cause SM SYS SUMM (DISP 78) to

appear on the CRT. If SYS SUMM is depressed
again, SM SYS SUMM 2 (DISP 79) will appear, and
if SYS SUMM is depressed once more, SM SYS
SUMM 1 reappears.

The same toggle function exists in GNC between
GNC SYS SUMM 1 (DISP 18) and GNC SYS SUMM
2 (DISP 19).

2.6-38



2. SYSTEMS
2.6 Data Processing System

2011/ /018

RCS
MANE

JET
FAIL

1SOL

GNC SYS SUMM 1 1 000/02:46:03

000/00:00:00

POS MOM CES renter
FL

2

2s

a

Maun
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wn

oy

RHC

THC

GPC
MOM FF

FA

FCS CH 234

CNTLR 1 2 3

203

PASS GNC SYS SUMM 2, available in GNC OPS

1, 6,2, 8and 3

2011/. 019

OMS AFT QTY L
OXxID 30.2

FU 30.2

GNC SYS SUMM 2

os:
Tk

R
30.2

30.2

2 000/03:15:52
000/00:00:00

L R

HE 4070 4070

OxID
JETISOL|
ATU VLVFU

2968
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6

3048

247
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248
248
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+2
Be

2

yf

ig

vv
y<vy
vovv

RONHOR
Maw

ne

2011/

SMOKE
CABIN
L/R_FO
AV BAY 1

2

/078

2/8

0.0
3
.4

23

CA

PRESS 14.

dP/dT-EQ +.00 +.000

02 CONC

Ppo2

FAN aP.
HX OUT T

. 02 FLOW

N2 FLOW
IMU_FAN.

AV FC1
ssl 22
$82 22
SS3 23
TOTAL AMPS

KW

SM SYS SUMM 1

OC VOLTS
FC
MAIN
Ess

CNTL 1

2
3

AC

VOLT OA

98

ec
AMPS OA

eB

ec
FUEL CELL

AMPS.
REAC VLV

STACK_T
ExIT T

COOL P

PuMP

+202
150

PASS SM SYS SUMM 1, available in SM OPS 2

2011/  /079 SM SYS SUMM 2

CRYO TK
£

4

238
858

-194
-194

HYD

PRESS
RSVR T

Pp

aTy
W/B

H20 QTY
7

9
BYP VLV BYP BYP

THERM CNTL 1

H20 PUMP P 50
FREON FLOW 2000
EVAP OUT T 50

3
238
858

-212
-212SNorw

worn]
emo

RewOIL OUT P 24

AV BAY

TEMP
FAN oP

50

2000

50

075

PASS SM SYS SUMM 2, available in SM OPS 2

Fault Detection and Annunciation

Five classes of alarms have been established. Class
1, Emergency, has no interface with software. Class
2, Caution and Warning (C/W), is the second

highest alarm class. It is divided into primary
(hardware-driven) and backup (software-driven)
systems. An alarm of the software-driven class will

result in the annunciation of the BACKUP C/W
ALARM light on the C/W matrix on panel F7, the

MASTER ALARM lights, and an associated tone. In

addition, a fault message will be displayed upon
the fault message line of the CRT. Class 3, Alert,
triggers the SM ALERT light and corresponding
tone. A fault message is displayed upon the fault

message line. Class 5, Operator Errors, is the lowest

priority alarm and is caused only by a crew entry
error. It results in an ILLEGAL ENTRY fault

message being displayed. Class 0, Limit Sense,

provides a status indicator (down arrow, up arrow)
to the right of the affected parameter on an

appropriate CRT. No fault message, tone, or light
is triggered.

The output of a fault message to the fault message
line results in several indications requiring crew

interface. Although generally the crew keyboard
responses are similar, the effects of these responses
differ for each class alarm.
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The crew response to a class 2 backup fault

message is:

1. Depress the MASTER ALARM push button

indicator. This will extinguish the MASTER

ALARM light and caution and warning tone.

2. Depress the ACK key (on the keyboard). The

fault message will cease flashing. If the

crewmember can examine the message while

it flashes, this step is unnecessary. Depress
the ACK key again to look at the next message

ina stack if required.

3. Depress the MSG RESET key. Depression of

this key removes the fault message from the

fault message line. In addition, the BACKUP

CM light is extinguished. (Hardware-driven

lights remain on until the problem is

corrected.)

The crew response to a class 3 fault message is:

1. Depress the ACK key. This will cause the fault

message to become static. Depression of the

ACK key will also extinguish the SM ALERT

light and tone. (The tone duration is set to a

crew-selected length and may have stopped
before the ACK key is pressed.) Depress the

ACK key again to look at the next message in

a stack if required.

2011/ /018 GNC SYS SUMM 1 1 000/02:46:03
000/00:00:00

RCS J Iso

MANE SURE POS MOM OPS___123 45GPC
MOM FF

FA

Fes CH123 4
SPD BRK
BOY FLP

MAYi234THU

ACC

RGA
TAC

MLS

$88 EVAP OUT T

Major Field

SampleCRT Fault Message

2. Depress the MSG RESET key. This will remove

the fault message from the fault message line.

If the ACK key had not been depressed, the

MSG RESET key would extinguish the SM

ALERT light and tone.

A class 5 fault message displays a flashing
“ILLEGAL ENTRY” on the fault message line. The

crew response is simply to depress the MSG RESET

key. This clears the fault message from the fault

message line. The ACK key will not clear an

"ILLEGAL ENTRY." It will cause messages stacked

under the "ILLEGAL ENTRY" display to be

acknowledged and cleared.

Some illegal keyboard entries are detected by the

DEU before being sent to the GPCs. When this

occurs, a flashing “ERR” appears immediately to

the right of the erroneous entry on the scratch pad
line. The crew response is simply to depress the

CLEAR key. Upon depression of the CLEAR key,
the “ERR” and the last keystroke will disappear.
Subsequent depressions of the CLEAR key will

remove single keystrokes, proceeding from right to

left. This feature enables the crew to CLEAR back

to the portion of the command that was incorrect,
correct it, and proceed. This type of error is not

identified by class, since it is not GPC-detected and

is known simply as a DEU-detected error.

Fault Messages

Fault messages associated with alarm classes 2, 3,
and 5 follow a standard format of five fields.

The major field is a 14-character field. The first
three characters identify the display on which more

information about the annunciated failure can be
found. AnSoraG, followed by atwo digit number,
indicates the major function (G for GNC and S$for

SM) and the number of the SPEC or DISP. If no

display is associated with the fault, this field is blank.
In the example below, “S88”
is the CRT IDand means that

information on the fault can

be found on SPEC 88 in SM.



@
The remaining characters identify the problem or

subsystem group associated with the fault. In the

example, “EVAP OUT T” is the FAULT portion of
the major field and indicates a fault in the flash

evaporator subsystem.

The minor field is a four-character field that further
identifies the fault. It will specify the subdivision,
direction, location, parameter, or specific unit of
the subsystem or problem identified in the major
field. In the example fault message, “1” is the minor
field message and means that the temperature
sensor 1is the area in which the fault was detected.

The C/W field is used only with caution and

warning class 2 backup messages. An asterisk

appears in this column across from the

corresponding fault to denote that the condition is
a class 2 backup alarm.

The GPC field identifies the GPC that detected this
fault. This characteristic aids the crewmember in

locating or identifying internal GPC or I/O errors.

The far right field is the TIME field. This field

indicates the time at which the fault occurred. The

time is MET and is displayed in hours, minutes,
and seconds (HH:MM:SS).

A complete listing of all possible fault messages
can be found in the Flight Data File Reference Data

Book and in Section 2.2.

A class 5 alarm is annunciated by an “ILLEGAL

ENTRY” in the major field, and all other fault

message fields are blank. Whena class 5 message is

received, it is displayed instantaneously on the fault

message line of the CRT where the error occurred,
rather than on all CRTs like class 2 and 3 errors. To

get rid of the class 5 message, a MSG RESET must

be done to the CRT where the error occurred. Class

2 backup and class 3 messages are extinguished by
a MSG RESET on any CRT.

The Fault Summary Display

A historical summary of class 2 backup and class 3

fault messages is provided via the FAULT display
(DISP 99). Class 5 errors are not displayed as they
are caused by illegal crew entries to a single DEU.

The FAULT display is a DISP available in all OPS.

It is selected for viewing by depression of the FAULT

SUMM key.

2. SYSTEMS
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3021/ 099 FAULT 1 006/09:39:31
000/00:00:00

FAULT Display (DISP 99)

The PASS fault summary display consists of up to

15 fault message lines. They appear in reverse

chronological order. The oldest message appears
on the bottom line. When a new fault message is

generated, it appears on the top line. The other

messages are pushed down, and the 15th message
(the oldest) disappears.

The only difference between the fault messages on

the FAULT display and the fault message on the
fault message line is the TIME field. On the FAULT

display, the time field includes days as wellas hours,
minutes, and seconds (DDD/HH:MM:5:sS).

Sometimes, a subsystem failure or malfunction
results in the output of several fault messages, some

of which may be identical. The fault detection and

annunciation logic can prevent the annunciation of

identical fault messages. When afault message is

generated, its major and minor fields are compared
to those of the top message of the display. If the

fields are the same, and if the new fault message
has occurred within a 4.8 second window, the new

message is inhibited.

The last message displayed on the fault message
line of any CRT is not necessarily the most recent

fault message. Unless the fault message line was

cleared with a MSG RESET, the crewmember will

not see any new messages that came in after the

flashing or frozen message. In that case, the

crewmembers can see if a new message has been

annunciated by looking at a two-character field.

2.6-41

SCOM 1.6

August 1996



2. SYSTEMS

2.6 Data Processing System

ua

ae

d
This field is called the buffer messageindicator an

is located in the last field on the far right of the fault

message line.

The buffer message indicator serves to indicate the

number of messages in the fault buffer on the
FAULT display since the last MSG RESET. This

number includes class 2 backup and class 3 messages

only. Class 5 messages and the currently displayed
messagesare not included in this counter. The

number is enclosed by parentheses. If no fault

messages are in the stack, this field is blank. To

view any of these messages, the crewmember may

depress the ACK key to display subsequent
messages or look at the FAULT display. A MSG

RESET clears both the fault message line and the

buffer message indicator.

In addition to using the FAULT SUMM key, the

FAULT display may also be selected by the

keyboard entry “SPEC 99 PRO.” However, this

command will clear all fault messages from the

FAULT display and the fault message lines. This

capability is useful if and when the fault messages
displayed are no longer significant (i.e., they are

old, or they have been dealt with).

Crew Software Interface with the BFS

The crew software interface with the BFS is designed
to be as much like PASS as possible, but there are

some differences. This section covers the differences
between the PASS’s and BFS’s crew and CRT
interfaces. If something is not mentioned in this
section, it can be assumed to operate the same as

the PASS interface.

BFC CRT Switches

Panel C3 contains two switches relevant to BES
operations. The BFC CRT DISPLAY switch is a

two-position ON/OFF switch. In the ON position,the CRT(s) specified by the BEC CRT SELECTswitchis driven by the BFS computer. (The BEC CRT
SELECT switch controls CRT assignment to the BFS
computer.) The switch is read by the GPC onlywhen the BFC CRT DISPLAY switch is in the ON
position. The BFC CRT SELECT switch has three
Positions. In each position, the first digit is the CRT
commanded by the BFS pre-engage. Post-engaged,the BFS also commands a second CRT indicated bythe second number. For example, when the BFC
CRT SELECT switch isin the 1 +2 position, CRT 1 is

connected to the BFS GPC prior to engaging the

BFS. After the BFS is engaged, this switch position
allows the BFS computer to command both CRT 1

and CRT 2. In the 2 + 3 position, CRT 2 is

commanded by the BFS GPC prior to engaging the

BFS. Post-engaged, this switch allows CRT 2 and

CRT 3 to be supported by the BFS computer. In the

3 + 1 position, CRT 3 is driven by the pre-engaged
BFS GPC. Upon engaging the BFS, both CRT 3 and

CRT 1 will be assigned to the BFS computer.

ad

BFC CRT DISPLAY and SELECT Switches
on Panel C3

During ascent and entry, one CRT will normally be

assigned to the BFS via the BFC CRT SELECTswitch.
The nominal position of the switch is the 3+ 1

position. However, this switch position may be

changed at any time, pre-engage or post-engage. If
the BFS is engaged with the BFC CRT DISPLAY
switch OFF, the BFS will automatically assume

command of CRTs 1 and 2.

No set of BFC CRT switches exists for the CRT in
the aft station.

BFS Functions of the MAJ FUNC Switch

The MAJ FUNC switches on panels C2 and R11L
are also functional for the BES. However, thedisplaydata and functional software accessed by the three-
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position switch are slightly different. The BFS engaged on-orbit, the BFS mustbe "awakened", andQa functions of the MAJ FUNC switch are defined as the only software that will be of any use is entryfollows: and systems management software.
° GNC: Flight critical software including limited

‘
A

guidance, navigation, and control software is Keyboard and DisplayDifferencesfor the BFS
contained in this major function. The BES GNC

major function contains only that software The keyboard operates exactly the same way for

necessary for safe orbital insertion and return, the BFSas for the PASS. A few additional
including ascent abort logic. capabilities need to be mentioned.

SM: This major function contains limited
nonredundant systems management and

payload software. There is no room in the
BFS for the redundancy management found
in PASS. When the MAJFUNCswitch is set in
the SM position, the THERMAL display is
invoked. This display is unique to the BFS.

¢ The GPC/CRT key: In addition to the BEC
CRT DISPLAY switch, this key provides the

capability to assign a CRT to (or isolate a CRT

from) the BFS GPC. Both methods can be
used interchangeably,but as long as the BFC
CRT DISPLAY switch is working, it is the
fastest method of allowing the BES to drive a

CRT or to change BFS CRTs. The BFC CRT
DISPLAY switch allows PASS to automatically
begin driving the CRT again when the BFS is
turned off. When the BFS is assigned a CRT
with the GPC/CRT key, it is the same as

° PL: This major function is not functional for
the BFS. Should the MAJ FUNC switch be set
in this position, no display change would
occur. If the BFC CRT DISPLAY switch is
turned on, allowing the BFS to drive a CRT

already in the PL major function, the CRT will
be blank except for time and GPC Si Yaw Travel
driver fields because the BFS has. I

no software to support this major 4function. Backup Flight Pitch and RollOQ System EngageSwitch Trim Switch
BFS ENGAGE Push Button

The BFS ENGAGE push button is

located on the commander's and pilot's
rotational hand controllers (RHCs).
During the dynamic flight phases
(ascent and entry), the commander and

pilot usually rest a hand on or near the
RHC. In this way, BFS engagement
can occur as quickly as possible. If the
crew delays engagement during these

flight phases, they could lose control
of the vehicle, or the BFS’ navigation
calculations could degrade very
quickly so that control would be

essentially lost after engagement.

3-Axis Control Stick

Pitch

Travel

Some force (8 Ib) is required to depress
this push button to prevent
inadvertent engages. While on-orbit,
the push button is essentially disabled

by reconfiguring the BFS OUTPUT
switch. The BFS cannot track PASS
while it is in OPS 2 and is moded to

HALT on-orbit. If the BFS needs to be

Self-Contained

Electronics
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oe Sve
deassigning that screen from PASS wii
GPC/CRT 0X EXEC. PASSmust bereassigned
to resume commanding of that CRT.

* The BFS INDICATOR: When the BFS is
commanding a CRT, the BFS indicator will

appear on the CRT being commanded. On

the second line of every BFS display a three-

character space field has been reserved forthe

message “BFS.” This field is locateddirectly
below the GPC indicator. The BFS indicator is

displayed in the overbright intensity and is

intended to prevent possible confusion of a

PASS display with a BFS display. Often the

BFS display will be identical or very close to

the corresponding PASS display.

5 000/02:46:03
BFS 000/00:00:00

Ops__123 4MOM FF

FA

PL

1011/  /018 GNC SYS SUMM 1

FCS CH 1 23 4

BDY FLP

MPS L c RUS ANAVECI1E2 384,

REG PA 784 «768
6 776 «766

dP/dT

768 | TAC
770 LADTA

MPS PNEU HE P

ULL P LH2 42.5 42.7 42.9 TK 4350
Loz 21.1 21.0 20.8 REG 798

1 1 1
ACUM 760

GH2 OUT P 70 50, 40% MANF P LH2 46
GO2 OUT T 79L 97h 704 coz 110

BFS Indicator on CRT

BFS Display Sequencing

The BFS is designed to operate in the same manner

as the PASS where possible. BFS requirements,
however, demanded a distinction be made between
BES pre-engage and BFS post-engage major mode
transitions and associated display sequencing.

BFS pre-engage major mode display sequencing is
either automatic, or it may be performed in the
same manner as that of the PASS. Before the BFS is

engaged, the BFS CRT is listening to the PASS CRT
across the display/keyboard (DK) buses and

updating its software accordingly. This is called
DK listeningand the BFS can hear PASS item entries,
PASS major mode transitions, and PASS GPC/CRT
assignments. On the other hand, the PASS doesn’t
know that the BFS exists, so it never DK listens to
the BFS. Therefore, BES major mode transitions are

performed automatically as a function of themajor

mode transitions performed on a PASS keyboard.
If the BFS does not follow the PASS major mode

transitions, then the BFS must receive a manual

OPS XXX PRO on its CRT.

BFS post-engage major mode display sequencing is

the same as that of the PASS. After the BFS is

engaged, the BES GPC is on its own. It no longer
listens to the PASS GPCs. Therefore, major mode

display sequencing has been designed to be the

same as that of the PASS.

Three operational sequences are defined for BFS

GNC; one operational sequence is defined for the

BFS SM. Transactions to and from these OPS

displays differ considerably from the PASS. BFS

keyboard and CRT peculiarities are outlined as

follows:

¢ BFSGNC OPS0-BFS MEMORY display: This

display is forced to the CRT when BFS is not

processing either GNC OPS 1 or 3. Nominally,
this occurs prior to ascent and again prior to

entry. This display corresponds to the PASS

GPC MEMORY display and performs the

same functions for the BFS. It also performs
some of the same functions as PASS SPEC 2,
the TIME SPEC, in that time updates can be

performed along with selection of GMT or

MET to be displayed. GPC MEMORY is the

default display for PASS OPS 0, and the BFS

MEMORY display is the default display for

BFS GNC OPS 0.

¢ BFS GNC OPS 1 and 6 - Ascent: This OPS

must be manually selected via a keyboard
assigned to the BFS prelaunch. BFS GNC OPS

0001/000/ BFS MEMORY

READ/WRITE
DATA 1*

CODE 2

5 008/12:12:12
BFS 000/00:29:12

SEQ 105

WRITE 6
HEX 8*

ACTUAL

BIT SET 3

BIT RST 4
7 ENG UNITS

__

DESIRED
10

MEMORY DUMP

21 START ID
22 NUMBER WOS
23 WOS/FRAME
BUMP 24

LAUNCH BUS 1 26 TFL ENA

227 29
OFF 28*

PASS/BFS XFER ENA 25

BFS TIME UPDATES
30 GMT Of 37
34 MET OF 3 /

UPDATE 38 MISSION TIME
GMT 39

MET 40

BFS MEMORY Display
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lis available for use during the ascent portion
of the mission. The OPS 6 transition is
automatic upon abort selection with the
ABORT rotary switch and push button, or an

OPS 601 PRO may be used.

¢ BFS GNC OPS 3 - Entry: This OPS must be

manually selected from BFS GNC OPS 0 or

BFS GNC OPS 1. BFS GNC OPS3is available
for use during the entry portion of the mission.
It is a legal transition to go from the BES GNC
OPS 1 to BFS GNC OPS 3 (for aborts), but

nominally, the transition will be from BFS
GNC OPS 0. In both cases, the manual

keyboard entry “OPS 301 PRO” is required.

The major mode displays for BFS OPS 1, 3, and 6

are similar, if not identical, to their PASS

counterparts. A complete listing of PASS and BFS

displays can be found in the DPS Dictionary.

BES Special Operations and Displays

In the pre-engaged mode, the BFS GPC performs
BCE and MDM bypasses when PASS data are

bypassed, or it sets its own bypasses. The I/O
RESET command when made via the BFS keyboard
restores those I/O configurations set by the BFS
GPC. That is, a BFS “I/O RESET EXEC” restores

the bypasses set by the BFS GPC. In addition, the

1/O RESET operation attempts to synchronize the

BFS with the PASS GPC listen commands so the

BFS can track PASS.

Post-engage, the only bypasses set are those detected

by the BFS GPC. The “I/O RESET EXEC” command

functions to restore those bypasses.

2. SYSTEMS

2.6 Data Processing System

The BFS systems summary displays operate the
same way the PASS displays work. The BFS display
numbers are the same as their PASS counterpartsand some of the displays themselves are identical.
However, three of the BFS SYS SUMM displays are

unique to the BFS.

* GNC SYS SUMM. The GNC SYS SUMM
consists of two DISPs. GNC SYS SUMM 1 is

display format and content unique to BFS. It
is called via the SYS SUMM key or by the
command “SPEC 18 PRO.” GNC SYS SUMM
2 is identical to the GNC SYS SUMM 2display
available in the PASS OPS 2 and 8. It is called

by the command “SPEC 19 PRO” or by
depressing the SYS SUMM key twice.

1011/_ /oie GNC SYS SUMM 1 000/02: 46:03
BFS 000/00:00:00

AIL

RUD

SPD BRK

BDY FLP

MPS L c RNAV
HE TK P___4280_4230__4240_| IMU

REG PA 784 768 768 | TAC
776 766 - 770 | ADTA

MPS PNEU HE P

BFS GNC SYS SUMM 1, available in GNC OPS

1,6, and 3 (Unique to BFS)

3011/  /019 GNC SYS SUMM 2 5 015/20
BFS 000/00:

OMS AFT QTY L L

OxID 28.6 HE 2610

OxID 260
Fu_IN. 3

J 267

RCS FU

1264)
244

0

242)
244

246 aeOe
JET|ISOL

Viv

BFS GNC SYS SUMM 2, available in GNC OPS

1, 6, and 3 (Identical to PASS GNC SYS SUMM

2 except shaded lines)
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* SMSYSSUMM. There are two SMSYSSUMM

displays. SM SYS SUMM 1is identical to the

PASS SM SYS SUMM 1, while BFS SM SYS

SUMM2is a unique display. They are called

in the same manner as the PASS SM SYS

SUMM displays.
¢ THERMAL. This is a systems summary DISP

available as the SM OPS 0 display in BFS. Itis

forced to the screen anytime the MAJ FUNC

switch is placed in the SM position (unless an

SM SPEC is called up over it). This display is

unique to the BFS. It cannot be obtained with

a SPEC key, and it never requires a keyboard
entry.

0001/ 078 SM SYS SUMM 1 5 000/03:13:09
BFS 000/00:00:00

DC _VOLTS
FC
MAIN

CNTL AB

8

BU/EQ -.00

Ppoz 3.02

FAN P 5.79

HX OUT T 49

02 FLOW 0.0L

N2 FLOW 0.0L
IMU_FAN AP

AV FCL FC2
ssi 15 18

20
SS3 22 26
TOTAL AMPS 510

KW 15

VOLT

3.02

AMPS

0.0L)
0.0L)

BFS SM SYS SUMM 1, available in SM

OPS 0 (Unique to BFS)

0001/ /079 SM SYS SUMM 2

cRYO TK 1 2
H2 PRESS 208 208
O2 PRESS 816 815
HTR TI 48-248

12 : =248

5 008/23:29:22
BFS 000/00:00:00

5 MANF1 MANF2

206 207

&14 815
-248

=248

HYD 1
PRESS 3064

ACUM P 3080
RSVR T 116

206
814

-248
248

208
815

3
3064
3080

142

APU 2
TEMP EGT 942

8/U EGT
OIL

GG BED S11H 511H 511H
IND 1271 1271 (1271

SPEED % 99 102
FUEL QTY 59 60

PMP LK P14 14
OIL OUT P 42 © 42

ary 72

W/8

H20 OTY 78
BYP VLV BYP

65 THERM CNTL
H20 PUMP P

FREON FLOW
EVAP_OUT T

26.324 31.873
38

18.48

BFS SM SYS SUMM 2, available in SM OPS 0

(unique to BFS)

Seve:

BFS Fault Messages

ral crew interface characteristics of fault

annunciation in the BFS differ from those in the

PASS.

000:

HYD

The BFS FAULT display. The BFS FAULT

display functions in the same manner as the

PASS. The BFS FAULT display is composed
of 20 fault lines as compared to 15 in the PASS.

The C/Wfield displays an asterisk when the

message annunciated is a class 2 backup alarm.

The BFS FAULT display provides a history of

only class 2 backup and class 3 messages
annunciated by the BFS GPC itself.

BFS Unique CRT IDs. In BFS SM, all messages

referring to SM SYS SUMM 1 or SM SYS

SUMM 2 are indicated by the CRT IDs SM1

and SM2. Fault messages referring to the

THERMAL display are indicated by the CRT

ID SMO.

1/ THERMAL

SYS TEMP BDYFLP RD/SB
PRIME + 99 + 79

STBY 1 + 89 +79
BRAKE PRES
HYD SYS 1/

5 000/00:00:00

AIR
PRP!
POD

OMS
EVAP

HI
TOP

L/A R/B FREON LOOP 1
ACCUM QTY 34
RAD OUT T 109

TIRE PRESS

420 418 418
421 416 416
397_ 381 81

TEMP
eT

109
CRSFD

HYD
APU

GG/
TK/

ING 397
2 3

BLR/HTR

FU PMP HTR

FU LN HTR|

PUMP/VLV

BFS THERMAL, available in SM OPS 0

(Unique to BFS)
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DPS Summary Data

* The DPS combines various hardware

components and self-contained software to

provide computerized monitoring and control.

¢ DPS hardware includes five GPCs, two mass

memory units, a data bus network, 20 MDMs,
four CRTs, and other specialized equipment.

* Each of the five GPCs consists of a CPU and
an IOP stored in one avionics box. During
ascent/entry, four of the GPCs are loaded with
identical PASS software; the fifth is loaded
with different software, the BFS.

¢ The data bus network transfers data between
the GPCs and vehicle systems. There are seven

types of data buses: flight-critical, payload,
launch, mass memory, display /keyboard,
instrumentation/PCMMU, and intercomputer
communication.

¢ The13DPSMDMs convert data to appropriate
formats for transfer between the GPCs and

vehicle systems. OV 105 has all EMDMs.

* Two mass memory units provide bulk storage
for software and data.

¢ Four CRTs (three on panel F7 and one on panel
R11L) and associated keyboards provide the

means for flight crew interaction with the

GPCs.

¢ The two types of DPS software, system
software and applications software, combine

to form a memory configuration for a specific
mission phase.

¢ The system software is operating software that

always resides in GPC main memory.

¢ The applications software performs the

functions required to fly and operate the

vehicle. It is divided into three major functions:

guidance, navigation, and control (GNC);
systems management (SM); and payload (PL).

Major functions are divided into mission phase
oriented blocks called operational sequences
(OPS).

OPS are further divided into blocks called

major modes (MM), which relate to specific
portions of a mission phase.
There are three levels of CRT displays: major
mode or OPS, specialist (SPEC), and display
(DISP).

The four PASS GPCs control all GNC functions

during ascent/entry mission phases; the fifth
GPC is loaded with backup flight system (BFS)
software to take over in case of PASS GPC
failure.

The BFS contains a limited amount of software;
there are some operational differences between
BFS and PASS.

The BFS is engaged by pushbutton on the
rotational hand controller.

A GPC FAIL detection will display a class 2

GPC FAULT message with illumination of the
MASTER ALARM. The GPC STATUS matrix

(sometimes referred to as the computer
annunciation matrix (CAM)) on panel O11 lights
to indicate failure votes; any time a yellow
matrix light is illuminated, the GPC caution

and warning light on panel F7 also lights.
Most DPS control switches are located on

panels O06 and C2. Others may be found on

panels C3, R11L, F2, F4, F6, and F7.

CRT displays relevant to the DPS are:

GPC/BUS STATUS (SPEC 6), GRC MEMORY

(SPEC 0), DPS UTILITY (SPEC 1), and TIME

(SPEC 2).
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GPC/BUS STATUS

3 4

2 008/02:56:10

000/00:11:10
5

MODE

ors.

RUN |HALT | RUN

G2 o S2

HALT

STRING 1 FF

FA

2 FF

FA

3 FF

FA

4 FF

FA

PL 1

2

LAUNCH 1

q

eeeecee

GPC/BUS STATUS (SPEC 6)

2011/001/ OPS UTILITY

MMU ASSIGN PORT ASSIGN
2 PRI

GNC 1* 2 STRING 1
SM 3* 4 2

PL 5* 6 3
ops 0 7* 8 4

P/L 1/2

MMU. STATUS
1” RDY
2 RDY VAR PARAM ID LIST

S QABA.

15%
17*

19%
he

23*

MMU SOURCE/BUS SABB

GPC/MMU o*
MMU/MMU 10.

ABC
ABD

GPC/LOB 11 SABE

SABF
CKPT RETRV QACA

ENA 12 9ACB
9ACC
9ACD

1 008/12:12:12

000/00:25:12

UL CNTL
AUTO 35*

ENA 36

INH 37

24 IPL SOURCE SW
MASK 38*

G3 ARCHIVE
LOAD 48
RETRIEVE 49*

GROUND OPS
GSE POLL ENA 50

SM GSE INH 51
SM C/O ENA 52

GNC C/O ENA 53
BFC_C/O ENA 54

ALT PLO TB 55

DPS UTILITY (SPEC 1)

2

NEM.

ops
OPS

11/000/

/BUSCONFIG

LAUNCH

“M

3 UPLK
3 INIT

raneine
1
2;

g
z

b
Tr

z

GPC MEMORY

ENG UNITS —

008/12:12:12
000/00:29:12

SEO 10 24
WRITE 25
HEX 27*

ACTUAL

MEMORY DUMP

40 START ID
41 NO WORDS
42 WOS/FRAME

DUMP” 43

STORE MC=02
45 CONF
a EREFIS
STORE 47

44 DOWNLIST GPC
OPS 0 ENA 49

ERR LOG RESET 48

MM AREA

GPC MEMORY (SPEC 0)

1061/002/

MISSION TIME
GMT 1*

MET 2
CRT TIMER

OSSETET)) mean

START 12
—

“STOP13

MTU

24 GMT A 3
28 MET A J

UPDATE 32

GPC TIME

MTU ACCUM
s Baayaeepene008/12:cre 008/12:

TIME SYNC 38

1 008/12:12:12
000/01

200 Glue on

14 START AT _: __:__
MSN T 23 DURATION

17 COUNT TO z MSN T

MET RESET 33

GPC
1 Al

2 Al
3 Al
4 AL
5 Al

TIME (SPEC 2)
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DPS Rules of Thumb
¢ Always HALT fail to sync GPCs and reassign

their CRTs to good GPCs to avoid inadvertent

entries (NBATs/restrings, burn targets, etc.).
° Before OPS transitions and restrings, always

verify the appropriate NBAT is 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.

¢ Clear the Fault Message line as soon as you
have seen the message or use the ACK key to

display subsequent messages.

¢ 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 I/O problems on the

flight critical strings.
e 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.

It is important to be able to identify GPC
failures. 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 to a CRT that a PASS CRT is still

driving.

Always distribute your CRTs among different

GPCs. On orbit, always be sure to minimize
SM usage on all CRTs at the same time; if you
lose SM, you also lose PASS CRT interface.

The same is true if in single GPC GNC OPS

such as Spacelab missions.

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 essentially two positions
at the same time. This problem can occur on

other orbiter switches too. It is a 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

pad line before it is entered.

When moding PASS GPCs into the common

set (i.e., STBY to RUN), always pause 10

seconds before and after switch throws to

avoid a possible fail-to-sync and to ensure

proper common set initialization.
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>
2.7 DEDICATED DISPLAY SYSTEMS Description

Dedicated displays provide the flight crew with

ConTENTS informationrequiredto flythevehicle manually or

ft to monitor automatic flight control systemDSSCMPHONsitnesesessscsetereckc ret ee2.7-1 performance. The data on the dedicated displays
Display Driver UMit ......-sssssssessscssscssssssses 2.7-2 may be

eee. by the navigation or flight control
: ‘ : system software or more directly by one of theAttitude Director Indicator.........:.scssse: 2.7-4 navigation sensors. The dedicated displays are

Horizontal Situation Indicator .............. 2.7-8 located in front of the commander's and pilot’s seats

Alpha/Mach Indicator. 27-13 andonthe
aft fight deck panel by the aft-facing

Altitude/Vertical Velocity Indicator... 2.7-15
5 :

Surface Position Indicator. 2.7-17
Pie dedicated displays are:

Apiiae aie)
Aa:

Flight Control System Push Button #4saligee
or indicators on panels F6, F8,

Trica torsterresctees.mtrccatecresieee 2.7-19
* Horizontal situation indicators on panels F6Reaction Control System Command

and F8
Li

igh *¢ Alpha/Mach indicators on panels Fé and F8

° Altitude/vertical velocity indicators on panels
F6 and F8

* Surface position indicator on panel F7

DEDICATED | SUBSYSTEM

SUBSYSTEM | SENSORS

DISPLAYS _@
228 «|‘

‘
eee

—— 4 ‘ inane ;‘ [
!

1 iseiay :

DEDICATED~~COMPUTERS |
SUBSYSTEM | SUBSYSTEMS

UNIT
CONTROLS

DISPLAY

DRIVER

UNIT

ALPHA ATTITUDEeed HORIZONTALcs SURFACE

MACH DIRECTORVELOCITYSITUATION METER POSITION HUD

INDICATORINDICATOR LI | i picaTor INDICATOR INDICATOR

LATIONALBRAKE/BOTA TONS PEDAL
BSS

JANSDUCERHAND pees CONTROLLERNg 5

h
CONTROLLERICONTROLLER|

1 ’
Dedicated Display and Control System

oo) aa

MOM

] [ [ i [ 4TRANS— SPEED

| RUDDERl

SCOM 1.6

August 1996



a
2. SYSTEMS
2.7 Dedicated Display Systems

Reaction control system activity lights on panel
F6

© G-meter on panel F7

 Head-up display on the glareshield in front of

the commander’s and pilot's seats.

Notall the dedicated displays are available in every

operational sequence or major mode. Their

availability is related to the requirements of each

flight phase.

Display Driver Unit

The display driver unit (DDU) is an electronic

mechanism that connects the GPCs and the primary

flight displays. The display driver unit receives

data signals from the computers and decodes them

to drive the dedicated displays. The unit also

provides dc and ac power for the attitude director

indicators and the rotational and translational hand

controllers. It contains logic for setting flags on the

dedicated instruments for such items as data

dropouts and sensor failures.

All display parameters, regardless of their origin,
are ultimately processed through the dedicated

display subsystem operating program (SOP)
software (except the g-meter, which is totally self-

contained). The display parameters are then routed
to the respective displays through either a DDU or

multiplexer/demultiplexer (MDM); DDUs send
data to the attitude director indicator, horizontal
situation indicator, alpha/Mach indicator, and

altitude/vertical velocity indicator displays; MDMs

provide data for the surface position indicator and
reaction control system activity lights. In addition,
the HUD electronic units generate video symbologyfor the head-up display.

The orbiter contains three display driver units: at
the commander’s station, at the pilot’s station, and
at the aft station. One unit interfaces with the
attitude director indicator, horizontal situation
indicator, altitude/vertical velocity indicator, and
alpha/Mach indicator displays on panel F6 at the
commander's station, and the second interfaces with
the same instruments on panel F8 at the pilot’s
Station. The third interfaces with the attitude
director indicator at the aft flight station.

Each display driver unit has an associated DATABUS rotary switch. The commander’s Switch is on

panel F6, and the pilot’s is on panel F8. Theswitch
for the aft flight station is on panel A6U. Switch

positions 1, 2, 3, and 4 allow the flight crew toselect
any one of four forward flight-critical data buses
(FC1 through 4) as the data source for that display

F6

DATA BUS

2 3.

INSTRUMENT 3

POWER
FLT/MPS

DO sonan ©

DATA BUS Switch on Panel F6

F8
a

@) GE oat wus
ans

insTRuMlikT
POWERS

i)
ov i

OFF

—>

at

REF

(sy)

[ateee AT

| ATTITUDEERROR
| INRTL HIGH

ee
REF, Low

N

h

DATA BUS Switch on Panel F8
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= ORS ITER |

sect
— ——__

DATA BUS Switch on Panel A6U

driver unit and its dedicated displays. (Because the

flight-critical data buses are assigned to specific
orbiter GPCs, the DATA BUS select switch also

provides a means of assessing the health of

Qo individual computers, if they are assigned to FC1,
2, 3, or 4. See Section 2.6 for detailed data bus

information.)

The commander’s attitude director indicator is

powered from the MN A DDU LEFT circuit breaker Bice oe 2 aS!

on panel O14 and the MN B DDU LEFT circuit
breaker on panel O15 through DDU 1 power supply MN B DDU Circuit Breakers on Panel 015

D, which provides ac and de power. The pilot’s
attitude director indicator is powered from the MN

B DDU RIGHT circuit breaker on panel O15 and the
MN C DDU RIGHT circuit breaker on panel O16

through DDU 2 power supply D, which also

provides ac and de power. The aft flight station
attitude director indicator is powered from the MN
A DDU AFT circuit breaker on panel O14 and the
MN C DDU AFT circuit breaker on panel O16

through DDU 3 power supply D, which provides
ac and dc power.

The INSTRUMENT POWER switch on panel F6

supplies main bus A power to the commander’s
horizontal situation indicator, alpha/Mach
indicator, and altitude/vertical velocity indicator

displays, the single surface position indicator, and :

the main propulsion instruments when positioned MN C DDU Circuit Breakers on Panel 016

& 2.7-3
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to FLT/MPS. The INSTRUMENT

POWER switch on panel F8 supplies
main bus B power to the pilot's
horizontal situation indicator, alpha/
Mach indicator, and altitude/vertical

velocity indicator displays and the

hydraulic and auxiliary power unit

displays.The switch on panel F8 isa

two-position ON/OFF switch.

The reaction control system activity

lights receive power from

annunciator control assemblies.

Attitude Director Indicator

(ADI)

The commander's and pilot's attitude

director indicators are supported
throughout the mission; the aft

attitude director indicator is active

only during orbital operations. The

indicators give the crew attitude

information as well as attitude rate

and attitude errors, which can be read

from the position of the pointers and

needles.
PowerforAlpha/MachIndicator, Altitude/Vertical VelocityIndicator,

Horizontal Situation Indicator, and surface Position Indicator

(care antea)oomag’ Bus@
A

|

ue
INSTRUMENT 1

POWER

ON

AIR DATA

LEFT

n

|
ese) LEFT

OFF
| |

a
a

oe ed Y
REF

|

|

(Samana. Naaanaiaaaaeee|
ATTITUDE ERROR RATE

NRTL HIGH

xse<erom ome
Low —————

INSTRUMENT POWER Switch on Panel F6 {
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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 INDEX MARKER,

ROLL ERROR
/

NEEDLE

—_/— ae
q

y Cc

PCH Roll - Left

CIRCLE Pitch - Down

Yaw- Left

ss0"aw | * Rate Pointer Deflection to Positive Commands

CIRCLE Roll - Right
Pitch - Up
Yaw- Right

PITCH RATE
POINTER

YAW RATE POINTER,YAW ERROR NEEDLE

Attitude Director Indicator

The orbiter’s attitude is displayed to the flight crew

by an enclosed ball (sometimes called the eight ball)
that is gimbaled to represent 3 degrees of freedom.
The ball, covered with numbers indicating angle
measurements (a 0 is added as the last digit of

each), moves in response to software-generated
commands to depict the current orbiter attitude in

terms of pitch, yaw, and roll.

Each attitude director indicator has a set of switches

by which the crew can select the mode or scale of
the readout. The commander’s switches are located
on panel F6, the pilot’s on panel F8, and the aft
switches on panel A6U.

The ADI ATTITUDE switches determine the unit’s

frame of reference: INRTL (inertial), LVLH (local
vertical /local horizontal), and REF (reference). The
INRTL position allows the flight crew to view the
orbiter’s attitude with respect to the inertial
teference frame, useful in locating stars. The LVLH

position shows the orbiter’s attitude from an orbiter-
centered rotating reference frame with respect to

Earth. The REF position is primarily used to see

the orbiter’s attitude with respect to an inertial

reference frame defined when the flight crew last

depressed the ATTREFpush button above the ADI

ATTITUDE switch. The REF position is useful when

the crew flies back to a previous attitude or monitors

an OMS burn for attitude excursions. The switches
on panels F6 and F8 are active during ascent, orbital,
and transition flight phases but have no effect

during entry, the latter part of a return to launch
site, or when the backup flight system is driving the
attitude director indicators. The switch on panel
A6U, like the aft attitude director indicator, is

operational only in orbit.

Each attitude director indicator has a set of three
rate pointers that provide a continuous readout of

vehicle body rotational rates. Roll, pitch, and yaw
rates are displayed on the top, right, and bottom

pointers respectively. The center mark on the

graduated scale next to the pointers shows zero

rates; the rest of the marks indicate positive (right
or up) or negative (left or down) rates. The ADI

RATE switch for each indicator unit determines the

magnitude of full-scale deflection. When this switch

is positioned to HIGH (the coarsest setting), the

pointer at the end of the scale represents a rotation

rate of 10 degrees per second. When the switch is

positioned to MED, a full-range deflection

represents 5 degrees per second. In the LOW

position (the finest setting), a pointer at either end

of the scale is read at a rate of 1 degree per second.

These pointers are “fly to” in the sense that the

rotational hand controller must be moved in the

same direction as the pointer to null a rate.

Attitude director indicator rate readings are

independent of the selected attitude reference.

During ascent, the selected rates come directly from
the solid rocket booster or orbiter rate gyros to the
attitude director indicator processor for display on
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Commander's ADI Switches and ATT REF

Push Button on Panel F6

ss

popes
iene|)

lp Ue VindREF —— Low

Pilot's ADI Switches and ATT REF

Push Button on Panel F8

the rate pointers. During entry, only the pitch rate

followsthe direct route to the attitude director
indicator display. The selected roll and yaw rates

(eelle!
———_

TRANSLATION

x .

|

aaig

®oft
;
© i

PAYLOAD RETE

=i rear
ppm Be(ema

Aft ADI Switches and ATT REF

Push Button on Panel A6U

first flow through flight control, where they are

processed and output to the attitude director

indicator as stability roll and yaw rates. (This
transformation is necessary because, in

aerodynamic flight, control is achieved about

stability axes, which in the cases of roll and yaw
differ from body axes.) The rate needles strictly
display vehicle rate information in all major modes

except while in TAEM (MM 305, 603). For ascent,

orbit, and most of entry, the HIGH position
represents 10 degrees per second, MED represents
5 degrees per second, and LOW represents 1 degree
per second. During TAEM, the ADI rate needles

can be used to help fly the proper HAC profile as

long as the rate switch is in MED (see table A).

Three yellow needles on each attitude director

indicator display vehicle attitude errors. These
needles extend in front of the attitude director

indicator ball, with roll, pitch, and yaw arranged
just as the rate pointers are. Like the rate indicators,
each error needle has an arc-shaped background
scale with graduation marks that allow the flight
crew to read the magnitude of the attitude error.

The errors are displayed with respect to the body
axis coordinate system and, thus, are independent
of the selected reference frame of the attitude

display.
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g
MISSION PHASE ROLL PITCH YAW

Ascent (101-106, 601)

On-orbit (201, 202, 801)
Transition/entry (301-304, 602) (deg/s) (deg/s) (deg/s)High 10 10 10

Medium 5 5 5
Low 1 1 1

TAEM to HAC intercept (305, 603)

High 10 (deg/s) 10 (deg/s) 10 (deg/s)
Medium Time to HAC Altitude error Heading error

intercept (10 sec) (+5000 feet) to HAC (5 deg)

Low 1 (deg/s) 1 (deg/s) 1 (deg/s)

HAC intercept to prefinal (305, 603)

High 10 (deg/s) 10 (deg/s) 10 (deg/s)
Medium Stowed Altitude error Radial error

(£5000 feet) (£5000 feet)

Low 1 (deg/s) 1 (deg/s) 1 (deg/s)

Prefinal to 7000 ft (305, 603)

High 10 (deg/s) 10 (deg/s) 10 (deg/s)
Medium Stowed Altitude error Crosstrack

(£1000 feet) (£2500 feet)
Low 1 (deg/s) 1 (deg/s) 1 (deg/s)

7000 ft to landing (305, 603) (deg/s) (deg/s) (deg/s)

High 10 10 10

Medium 5 5 5
Low 1 1 1

22a

(A) ADI Rate Switch vs. Full Range Deflection

The attitude director indicator error needles are
MacoNoiee mata Rerrartl vadriven by flight control outputs that show the

difference between the required and current vehicle (101-106, 601)

attitude. These needles are also “fly to,” meaning aor | er a 801)

that the flight crew must maneuver in the direction
2 Soe a

; Transition (Deg) | (Deg) | (Deg)
of the needle to null the needle. For example, if the High 10 10 10

pitch error needle points down, the flight crew must Medium 5 5 5

manually pitch down to null the pitch attitude error. Low 1 1 1

The amount of needle deflection indicating the
5 7 7number of degrees of attitude error depends upon eaten

304, 602) (peo)( ad) (Dea)the position of the ADI ERROR RATE switch for Medium 25 5 25
each attitude director indicator and the flight phase. Low 10 1 25

For ascent, orbit, and transition, in the HIGH MM 603 IPH = 4,6

position, the error needles represent 10 degrees,
;

MED represents 5 degrees, and LOW represents 1 EA MSc SECS) (Deg) | (Gs) | (ed)
Beene High 25) lado eos

degree.For entry, the needles signify different errors
Medium 25 125 | 25

in different phases (see table B). Low 10 0.5 25

IPH + 4,5 WOWLON = 0

The SENSE switch on panel A6U allows the flight
crew to use the aft attitude director indicator, WOWLON = 1

zmrotational hand controller, and translational hand Sens SOROS) (Ps9)ee) (
oo

controller in a minus X or minus Z control axis Neiain 5 5 25
sense. These two options of the aft attitude director

Low 1 1 25
indicator and hand controllers correspond to the

aH
visual data out of the aft viewing (negative X) or

(B) ADI Error Switch vs. Full Range Deflection
overhead viewing (negative Z) windows.
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C ME rome ak

Each attitude director indicator has a single flag
labeled OFF on the left side of the display whenever

any attitude drive signal is invalid. There are no

flags for the rate and error needles; these indicators
are driven out of view when they are invalid.

SENSE Switch on Panel A6U

Horizontal Situation Indicator (HSI)

The horizontal situation indicator for the

commander (panel F6) and pilot (panel F8) displays
a pictorial view of the vehicle’s position with respect
to various navigation points and shows a visual

perspective of certain guidance, navigation, and
control parameters, such as direction, distance, and

course/glide path deviation. The flight crew uses

this information to control or monitor vehicle

performance. The horizontal situation indicators
are active during the entry and landing and ascent/
return to launch site phases.

Each horizontal situation indicator provides an

independent source to compare with ascent and

entry guidance, a means of assessing the health of
individual navigation aids during entry, and
information needed by the flight crew to fly manual

ascent, return to launch site, and entry.

HSI Ascent Displays

During ascent major modes 102 and 103 (first and
second stage) and return to launch site, the

Compass card Lubber line

©

fF © ©)secondaryrange
y SV (flag shown)

Primary range ~

Primary bearin 3919/0) / {3|919)0mary Je es oe peor)arin

Powerlag Le
2

<

=

, 2 N <
_ Glideslope

Coursepointer / ex @ 4 indicator

a LESTE
2

4)| va
aee s—— Course deviation

oe deviation | =e a! icaion

Wa
(A

¥ | |_2_| PrimarybearingSecondarybearing % 4S . IL Sereciprocal ———(@_ s 2 we Fe reciprocal

Glide slope flag
Bearing flag gx

Horizontal Situation Indicator

horizontal situation indicator provides information

about the target insertion orbit. The compass card

displays heading with respect to target insertion

orbit, and north on the compass card points along
the target insertion orbit plane. The heading of the

body plus X axis with respect to the target insertion

orbit is read at the lubber line.

The course pointer provides the heading of the

Earth-relative velocity vector with respect to the

target insertion orbit plane. The course deviation

indicator deflection indicates the estimated sideslip
angle, the angle between the body X axis and the

relative velocity vector.

The primary bearing pointer during major modes

102 and 103 (pre-TAL abort) is fixed on the compass
card at a predetermined value to provide a

turnaround heading in the event of a return to

launch site (RTLS) abort. During RTLS major mode

601, or post-TAL abort, MM103, the pointer indicates

the heading to the landing site runway. The

secondary bearing provides the heading of the

inertial velocity vector with respect to the target
insertion orbit plane.

HSI Entry Displays

The commander’s horizontal situation indicator

switches are on panel F6, and the pilot’s are on

panel F8. The HSI SELECT MODE switch selects

the mode: ENTRY, TAEM, or APPROACH. These

Area Navigation modes are different from the

Guidance phases with virtually identical names

(Entry, TAEM, and Approach and Landing). The

ENTRY position enables HSI mode auto switching
from Entry through Approach. The HSI SELECT

SCOM 1.6
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