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DOCUMENT ORGANIZATION

The Shuttle Flight Operations Manual (SFOM) will be published in separate
individually bound volumes. Publication of updated editions of the volumes
will be staggered throughout 1985.

The following listing of all SFOM volumes shows the responsible book
managers to whom all technical questions should be addressed. Requests for
single copies of specific SFOM volumes should be addressed to the book
manager in writing or by telephone. Multiple-copy requests for a specific
volume must be addressed to the book manager in writing stating the number
of copies required and giving a brief statement of justification. Requests
for a complete set of SFOM volumes must be addressed to the Division
Chief/CTD in writing including a statement of justification.

VOLUME TITLE BOOK MANAGER PHONE NUMBER
1 Caution and Warning DG4/K. Swiatkowski (713) 483-3601
2 Electrical Power System P. Lawson -3601
3 Environment Control and Life P. Amin -3601

Support Systems
4 Communications & Instrumentation
A. Audio DG4/J. Mapp -3601
B. S-Band G. Witbeck -3601
C. Ku-Band J. Mapp -3601
D. TV D. Brooks -2541
E. Instrumentation P. Amin -3601
5 Data Processing System DG6/K. Abotteen -3291
6 Guidance, Navigation, and S. Sinclair -5348
Control Hardware
7 Applications Software DH6/M. Brekke -4637
8 Propulsion '
A. Main Propulsion System DG4/D. Holkan -3188
B. Solid Rocket Booster System D. Holkan -3188
C. Orbital Maneuvering System J. Burling -3601
D. Reaction Control System K. Black -3601
9 Auxiliary Power Unit/Hydraulics D. Hyatt -3601
10 Structures and Mechanical J. Flowers -3601
A. ET Umbilical Doors System J. Flowers -3601
B. Active Vent System J. Flowers -3601
C. Payload Bay Door/Radiator J. Flowers -3601
System
D. Landing/Deceleration System J. Flowers ’ -3601

11 Aerodynamic Performance DG6/D. Zwingman -3048

12 Crew Systems DH4/L. Lew -2541

13 Deleted

14 Deleted

15 Extravehicular Activity DG4/M. Gardner -6226

16 Payload Deployment and Retrieval DH4/B. Kain -3087
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2.5 WIDE ANGLE LENS ASSEMBLY

The Wide Angle Lens Assembly (WLA) is similar to the CLA, except that it has
a shorter focal length. This provides the wide angle field-of-view neces-
sary for interior scenes.

2.6 CLOSEUP LENS ASSEMBLY

Stowed separately in the cabin is the closeup lens assembly (fig. 2-4). It
consists of retainer and adapter rings and typically one +3 diopter lens.
This assembly attaches to the WLA camera lens to provide closeup views
necessary for finely detailed experiment ops, 1FM, etc. (fig. 2-5). Also
available (by special request prior to flight) is a second lens which would
attach to the retainer ring of the closeup lens assembly. Lenses available
are +1, +2, or +3 diopters in any combination of two (fig. 2-5). This would
provide an even closer image.

2.7 VIEWFINDER MONITOR

The viewfinder monitor (VFM) (fig. 2-6) is a monochrome mini-monitor. The
VFM can be connected via detachable cable to either of the two interior TV
cameras. Its purpose is to provide a visual presentation to the crewmember
for camera setup and adjustment. It allows the crewmember to evaluate a TV
scene without the inconvenience of moving to the aft station monitors.

F04D/2



Figure 2-4.- Closeup lens assembly.
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Figure 2-5.- Viewfinder monitor.



2.8 PAN-TILT UNIT

The pan-tilt unit (PTU) (fig. 2-7) provides remotely-controlled pan and tilt
capability for cameras located within the payload bay. The PTU's can be
controlled either from the aft crew station or via ground commands. Pan and
tilt angles are available to the crew via on-screen alphanumeric displays,
and can be reset to zero at an arbitrary point within the camera's travel
range.

2.9 VIDEO CONTROL UNIT

The video control unit (VCU) consists of two line replaceable units (LRU's):
the video switching unit (VSU) and the remote control unit (RCU).

2.9.1 Video Switching Unit

The primary function of the VSU (fig. 2-8) is to provide input/output video
switching. Additionally, it decodes camera telemetry, provides split-screen
processing, generates the alphanumeric characters, and interleaves voice
from ICOM A or B with TV signal.

2.9.2 Remote Control Unit

The primary functions of the RCU (fig. 2-9) are to generate the master sync
signals and- to process system commands. It also generates the various test
signals and provides outputs for most of the TV annunciators and telemetry

(TLM) outputs.

2.10 TV MONITOR

The TV monitor (MON) (fig. 2-10) provides an 8-inch diagonal monochrome dis-
play. The two MON's are located at the upper right hand corner of the aft
station. In addition to the normal monitor controls, provisions are made to
enable electronic crosshairs, on-screen alphanumeric data, and screen
underscan.

2.11 VIDEO TAPE RECORDER

The video tape recorder (VTR) (fig. 2-11) provides the capability to record
and playback video from any of the Shuttle CCTV cameras. This playback
video may be observed onboard and/or downlinked to Mission Control Center
SMCQ).d A headset connector is provided for VIR voice input/output, if
esired.

2-8
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Figure 2-6.- Pan-tilt unit (with camera and thermal cover).



gli=2

vioai 22982350,
yingn sy,

TCH!NG UN
YS/CONTRA

cT NASY

S/N “_‘”

g



LL-¢

Figure 2-8.

Remote control unit.
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Figure 2-9 .- TV monitor.
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Figure 2-10.- Video tape recorder.



2.12 MECHANICAL AND ELECTRICAL SPECIFICATIONS

The size, weight, and power specifications for major components of the CCTV
subsystem are defined in table 2-I. NOTE: The maximum weight allowable on
the Orbiter's bulkhead mounting bracket is 37.2 pounds (this value is total
weight, including P/T unit, camera/lens, and any other device).

TABLE 2-1.- GENERAL MECHANICAL/ELECTRICAL SPECIFICATIONS ;

. . Heater
Item Size Weight Power

(inches) (1b) (watts) (ngig)

Camera 9.1 x 6.3 x 5.8 9.7 24.0% 26.1%
Color Lens 7.4 x 5.8 x 5.4 7.75 6.6
B&W Lens 7.4 x 5.8 x 5.4 6.75 0.6
| Viewf inder Monitor 8 x 4.3 x 3.6 4.0 7.0
‘[Pan-Tilt Unit 16 x 11 x 11 9.0 0.6 16.4
Video Switching Unit 13 x 10.5 x 7.8 39.0 21.0
|Remote Control Unit 10 x 10 x 7.7 39.0 46.0
TV Monitor 12.5 x 10 x 7 21.0 36.4 1
Video Tape Recorder 15 x 19 x 10 49.8 42.6 max !
Wide Angle Lens Assy 7.4 x 5.8 x 5.4 8.25

2.13 COMPONENT LOCATIONS

Most of the CCTV equipment is located within the cabin environment, as il-
lustrated in figure 2-12. Not shown in the figure are the two cabin cameras
and viewfinder monitors. These cameras and monitors are stowed in middeck
lockers for launch and entry. During on-orbit operations, they may be lo-
cated throughout the cabin at crew option, utilizing mounting shoes located
throughout the cabin.

Potential camera locations within the payload bay are illustrated in figure
2-13. A1l X, Y, Z coordinate dimensions are in inches and represent the
center of the pivotal axes points for each of the CCTV cameras. The elbow
camera coordinates assume use of the 25° wedge on the pan/tilt unit.

2-14
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Figure 2-12.- Possible CCTV locations (payload bay).
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For interior operation, a Viewfinder Monitor (VFM) may be attached to the
camera to assist the crewmember in camera positioning and setup. The VFM
will display a black-and-white picture regardless of which lens assembly is
being utilized. However, if the color lens assembly is in use, a 20-cycle
flicker will be present on any onboard monitor viewing this scene. This
flicker is due to the sequential or serial nature of the color reproduction
and transmission. The ground color conversion process, of course, elimi-
nates this flicker by essentially converting from a serial to a parallel
color format.

The exterior cameras are equipped with Pan-Tilt Units (PTU's), which reposi-
tion the cameras in response to crew and/or ground commands. Crew control
of the exterior cameras and the pan-tilt units is accomplished from aft sta-
tion panel A7. -

Panel A7 also has controls for video input and output selection via the VSU.
The VSU is essentially a video distribution device, and all video signals,
including downlink video, are routed through it. Power for the VSU is pro-
vided from the RCU.- The primary function of the RCU is to process commands
(whether from the crew or from the ground). However, it is the RCU which
generates the system synchronization signal.

Also at the aft station, on panel A3, are located two TV Monitors (MON's).
These are black-and-white monitors, and provide CCTV viewing capability for
the flight crew. By using the unique split-screen function, a crewmember
may simultaneously display as many as four independent scenes on the two
monitors.

The downlinking of CCTV is accomplished via the S-band FM or Ku-band down-
Tink (on later flights). Except for the split-screen case, only one video
source may be downlinked at any given time. In the case of a real-time CCTV
scene, intercom voice may be interleaved with the video signal, thereby
maintaining video and voice synchronization regardless of ground processing
and routing (see section 4.5.1.5). Additionally, voice from any loop is
available to the Video Tape Recorder (VTR) via the Audio Distribution System
(ADS)/VTR audio cable. This same cable provides for VIR voice playback into
the Orbiter audio system for downlinking.

3.2 POWER DISTRIBUTION OVERVIEW

A11 CCTV equipment utilizes 28-volt bus power. Provisions are made such
that the critical elements of the system (such as the VSU and RCU) are pro-
tected from bus failures by bus switching. No single bus failure can cause
the loss of the entire CCTV system. Of course, any bus loss will disable
portions of the CCTV equipment. A tabulation of equipment versus power bus
is shown in table 3-1. Details of power distribution for individual compo-
nents are covered in subsequent paragraphs of this document.

3-3
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Figure 4-36.- TV test pattern.



The SOURCE switch is a three-position toggle switch which selects the source
of the video input to the monitor. The PANEL setting selects the source
assigned to the monitor defined by the panel A7 pbi's. The DN-LNK setting
selects the source assigned to downlink for display on the monitor. The
third setting, DIRECT, is functional only on MON 2 and only for OV-102. It
selects VIR playback for display, regardless of the panel A7 configuration.

The MODE switch selects normal video (as determined by the SOURCE switch) or
an internal test input. This momentary switch, when positioned to PULSE-X,
shifts the scan so that the vertical interval is visible. This is used for
ground checkout only.

The amount of monitor deflection is controlled by the SCAN switch. The NORM
~setting selects a normal 5 percent overscan mode. The fringe areas of the
camera scan are not displayed in this position. Total camera image can be
seen in the UNDER setting which selects a 7.5 percent underscan mode and
gives a black border around the displayed image.

Alphanumeric data, as described in section 4.5.1.4, is controlled by the
DATA switch. When in the ON position, a signal is sent to the control
unit's character generator. This superimposes an alphanumeric data of cam-
era data for the camera output seen on the monitor. This data is displayed
.on the bottom of the monitor screen in the following order:

First two characters - CAMERA ID (see table 4-III)

Next seven characters - PAN ANGLE and DIRECTION (+ = RIGHT, - = LEFT)

Next seven characters - TILT ANGLE and DIRECTION (+ = UP, - = DOWN)

Last four characters - CAMERA TEMPERATURE (displayed only when an over-
temp condition exists)

If the DATA switch is ON during split-screen or MUX operations, only the
camera ID's are displayed. When a camera is powered OFF, the PAN and TILT
angles automatically reset to zero.

The SYNC switch selects the synchronizing source for monitor operations. In
the EXT position, the control unit sync generator is chosen. The monitors
also have internal sync generators, which are selected in the INT setting.
This setting must be used when VIR recordings are played back to a monitor,
since the VIR is an asynchronous source (not synchronized with the CCTV sys-
tem). Therefore, INT is the nominal switch position.

A crosshair is superimposed on the monitor picture when the X-HAIR switch is
activated. The crosshair output includes extended tic marks at the edges of
the FOV. Since the crosshair outputs are white with a black border, they
can be seen no matter what the background is. (This is not true of the
alphanumeric data, which is white only). Crosshairs are used as a camera
alignment aid, especially for RMS operations.

The POWER switch controls power to the monitor. When switched ON, main bus
power is applied to the monitor power supply.

4-60
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The FAULT light, when 1it (bright red), indicates there is an overtemp or
undervoltage condition in the associated monitor.

4.7 VIDEO TAPE RECORDER

The Shuttle Video Cassete Tape Recorder (VTR), located in panel L12 (0V-102)
or R11 (0V-103 and 0V-104), provides the capability to record video from any
of the selectable input sources and can playback video to the onboard moni-
tors and/or MCC. Additionally, audio may be recorded along with the video
or it may be dubbed onto previously recorded video. The VTR Crewman Commun-
ication Unit (CCU) receptacle provides the voice input/output capability for
VTR audio operations. For recording or dubbing audio, it is necessary to
either connect a handheld mike, the Audio Distribution System (ADS)/VTR
audio cable, or a headset to the CCU receptable. A headset must always be
used with a Headset Interface Unit (HIU) or Wireless Crewman Communication
Unit (WCCU) since by itself, the headset has no amplifier. Recorded audio
on a video tape may be played back to MCC provided the ADS/VTR audio cable
is connected from VIR CCU to an ADS orbiter panel. A simplified block
diagram of the VIR is provided in figure 4-37.

Currently, cassette tapes for the VIR provide a record time of 30 minutes
(fig. 4-39). The ADS/VTR cable contains an in-line toggle switch (fig. 4-
39-A). During recording operations this switch should be in RCD position.
During playback it should be positioned to PLBK. The switch is designed to
prevent feedback 'squeal'.

4,7.1 VTR Power

Power to the Shuttle VTR can only be controlled by crewmembers; that is, no
uplink commands are available. Power distribution is shown in figure 4-38.
On 0V-102, the VTR's power supply is controlled from panel L12 by a POWER
switch and two serial circuit breeakers. (One circuit breaker is next to the
POWER switch and the other is above the VIR unit.) On OV-099 and subs, the
VTR, with POWER switch and circuit breaker, will move to panel R1l. The
second circuit breaker (above the VIR) will be deleted.

4.7.2 VIR Thermal Control and Constraints

Currently, there are no special thermal control components available during
flight for the VTR. Conduction provides some cooling. Because of the ther-
mal constraints, the VTR should be powered down (POWER switch - OFF) when it
is not in use. The VIR will reach 120° F (the upper 1limit specification
temperature) after about 4 hours of continuous use. It then takes 4 more
hours to return the VTR to cabin temperature.

4.7.3 VIR Displays and Controls, with Functions

A11 necessary VTR displays and controls are found on panels A7 and L12 (or
R11), some on the VIR itself (fig. 4-40). This includes the POWER switch
and VTR circuit breakers mentioned previously. Tape decals are shown in
figure 4-29.
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The voice record mode is controlled by the AUDIO MODE switch. When switched
to HOT MIKE, the audio interface is configured for constant audio. A Push-
to-Talk (PTT) setting is also available, which configures the audio so that
the appropriate PTT switch must be pushed for audio recording.

In addition, a crewmember can record voice on previously recorded video.
This is done by simultaneously depressing the AUDIO DUB and PLAY pushbut-
tons. This enables voice recording on track 1 and event marking on track 2
and erases any previously recorded audio without erasing video.

The VIDEO OUTPUT receptacle prbvides direct access to the VIR video output
but is not used in flight.

The COLOR LOCK control is used to adjust the National Television System
Committee (NTSC) color electronics so it will match recorder electronics.
This is a ground adjustment and is normally not changed in flight.

The VIDEO MODE switch configures the VTR to record either black-and-white
video (also field-sequential color video) or NTSC color video. For normal
operations, the VIDEOC MODE switch may be left in NTSC.

The TAPE POSITION indicator gives a numerical representation of the tape's
position. There are 640 revolutions between BOT and EOT, corresponding to
30 minutes of run time.

The RESET pushbutton resets the TAPE POSITION indicator to zero when
pressed.

The F FWD (fast forward) pushbutton moves the tape in the forward direction
at ten times the normal speed (3 vs. 30 minutes from BOT to EOT).

The REWIND pushbutton moves the. tape in the reverse direction also at ten
times the normal speed.

The STOP pushbutton stops the tape's motion and unthreads the tape from the
tape head. It is also used to release any depressed pushbuttons.

An unthreaded, motionless tape cassette can be ejected by pressing the EJECT
pushbutton. If the VTR is in PLAY, RCD, STBY (threaded modes), RWND, or F
FWD (motion modes), the EJECT pushbutton is interlocked and will not eject
the cassette. Since the EJECT pushbutton can be used when the VIR is not
powered whether the head is threaded or not, it is important to use the STOP
pushbutton, then wait 10 seconds before unpowering the VTR.

In order to stop a tape without unthreading and/or to freeze a single frame
in the playback mode, the STBY (standby) pushbutton should be depressed.
When this button stops the tape, it also releases the tension around the
head. To get out of the STANDBY mode, the STBY pushbutton is depressed
again.

4-65
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The RECORD mode is accomplished by simultaneously depressing both the RCD
and PLAY pushbuttons. Input for recording must be assigned by the appro-
priate panel A7 pushbuttons as well.

The PLAY pushbutton threads the cassette tape on the tape head drum and
starts it moving for the RECORD and PLAYBACK modes. There are two different
ways to access monitors for playback: a configuration to use either monitor
and a configuration for payloads and downlink.

¢ On panel A7, either monitor can be assigned as the output for the VTR and
thereby display recorded video. In this configuration the SOURCE switch
should be in PANEL, the SYNC switch in INT, and the system in the ASYNC
mode to prevent false camera OVERTEMP alerts.

e Should the VTR playback signal be selected for downlink, it can be viewed
on either monitor by placing the desired SOURCE switch to the DN-LINK
position. Again, the system will be in the ASYNC mode to prevent false
camera OVERTEMP alerts.

The MARK TAPE pushbutton helps the user return to specific data after re-
cording. When pressed, it inserts a 1 KHz tone onto the tape as an event
marker on track 2.

Total RECORD and PLAYBACK time (i.e., head wheel motion) on the VIR is shown
on the HOURS and TENTHS indicator. It has a maximum of 999.9 hours. This
is primarily for maintenance purposes.

There are two yellow indicator 1ights on the VIR. The NO VIDEO light shows
that there is no video present at the input. The EQT light indicates that a
cassette is at the end-of-tape. The recorder will stop automatically in
this case.
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SECTION 5
COMMAND CAPABILITY

In addition to commands that are performed on panel A7, the Orbiter CCTV
system can be commanded from the ground or by crew inputs to the keyboard
through the DPS UTILITY display.

5.1 UPLINK COMMANDS

In order for the ground (i.e., INCO in the MCC) to have uplink capability,
the TV POWER CONTROL switch must be in the CMD position.

5.1.1 VCU Related Commands

The ground has the following VCU related command capability:

e VCU - MNA, OFF, and MNB

e TV Input - FLT DECK, MID DECK, A, B, C, D, RMS, VTR PLAY, PL 2,
PL 3, PL 1, MUX 1, MUX 2, and TEST

e TV Output - DOWNLINK, PAYLOAD (VTR RCD), MUX 1 L, MUX 1 R, MUX 2 L,
MUX 2 R. (Monitors cannot be controlled by uplink)

¢ VSU - SYNC and ASYNC (operating modes of the CONTR unit)

e Audio INLV - A, B, AB, and OFF.

The audio interleaver takes audio data from either ICOM A and/or B channels
and interleaves them with video downlink signals. The audio is controlled
through panel Al PL BAY ICOM A&B switches.

The ASYNC and audio INLV functions cannot be performed with nominal onboard
D&C (keyboard commands are available). SYNC is the normal configuration of
the VSU since this causes the video data to be sampled synchronously. How-
ever, to prevent erroneous SM alerts, the ASYNC configuration must be used
when playing back recorded data since the VIR is an asynchronous source.

5.1.2 Camera, Lens, and PTU Power and Confiquration Commands

The ground has the following command capability for the TV cameras, lenses,
and PTU's:

TV Camera Power - ON and OFF

TV ALC - PEAK, NORM, and AVG

TV GAMMA - WHITE, NORM, and BLACK
TV FOCUS - NEAR, FAR, and STOP

TV ZOOM - IN, OUT, and STOP

TV IRIS - OPEN, CLOSE, and STOP

TV PAN/TILT - FAST, SLOW, and RESET
TV PAN - LEFT, RIGHT, and STOP

TV TILT - UP, DOWN, and STOP

® 0000000
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5.2 KEYBOARD COMMANDS AND INTERFACES

As mentioned previously, the CCTV system can be controlled by keyboard com-
mands via SPEC 01, the DPS UTILITY display. In this mode the TV POWER CON-
TROL switch must be in CMD (in order to accept commands to control the sys-
tem), and the GPC MEMORY SPEC must be controlled by the same major function
controlling the payload data buses.

At this point, the crewmember is ready to call up the DPS UTILITY display
(fig. 5-1) on the CRT by inputting SPEC 1 PRO. TV commands will be made by
the Real-Time Command (RTC) function available in ITEMS 13 and 14. An
eight-character hexidecimal code is entered in ITEM 13, and ITEM 14 executes
this data. This system requires that two separate codes be input to acti-
vate the desired command. The first ITEM 13 entry resets the MDM channels
associated with the CCTV commands to zero. The second entry sets the com-
mand. The reset and set command inputs are listed on table 5-I. The
starred functions are those commands most 1ikely to be used since they are
not available through the onboard displays and controls (audio interleaver
and SYNC/ASYNC functions.) The double-starred functions are those least
1ikely to be used since they control motions that cannot be easily stopped
by keyboard commands, especially when good vernier control is necessary (the
focus, zoom, iris, pan, and tilt functions).

(" XXXX/001/ 0PS UTILITY Xx x onn/un:nn:ss—‘\
D0D/HH:MM:SS
NKU ASSIGN PORT ASSIGN
1 2 UL CNTL
GNC 1x 21X STRING 1 AUTO 35x
SN 3x 4x 2 ENA 36X
PL SX 6% 3 INH 37x
0PS 0 7X 81X .
A PL 172
WUy STATUS
1 xxx
2 xxx VAR PARAN 10 LIST
25 xxxx '
NKU SOURCE/BUS 26 XKXX
GPC/NNUY 9x 27 xxxx
KNU/NNY 10x 28 xxxx
6PC/LDB 111 29 Xxxx
30 Xxxxx
CKPT RETRY 31 xxxx
ENA 122X 32 xXxxx
33 xxx1x
RTC J4 xXXX
13 Xxxp xxxx :
CHOD 14

\_ ),

Figure 5-1.- DPS UTILITY display.
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SECTION 1
INTRODUCTION

1.1 PURPOSE

The successful performance of a complicated spaceflight depends heavily on
the use of a computerized system for controlling and monitoring the entire
space vehicle. The Data Processing System (DPS), through the use of its
various hardware components and its self-contained computer programming
(software), provides the vehicle with this monitoring and control support.
Some of the functions of the DPS are as follows:

o Supports the Guidance, Navigationm, and Control (GNC)'requirements' of
the vehicle, including calculation of trajectories, engine burn data, -
and vehicle attitude control data. '

o Provides for the monitoring and control of vehicle subsystems such as
electrical power and environmental control.

° Proce;ses vehicle data, and provides this data for transmission to the
ground. It also allows for ground control of the vehicle via transmit-
ted commands.

e Provides for checking of data transmission errors and. crew control in-
put errors, and supports the annunciation of vehicle systems failures
and out-of-tolerance. conditions. )

The purpose of the Shuttle Flight Operations Manual (SFOM), Vol 5 - Data
Processing Subsystem, is to provide a compilation of the functional de-
scription of the Orbital Flight Test/Operations (OFT/OPS) OPS, including
hardware, system software, crew station controls and displays pertaining
to the OPS, and Cathode Ray Tube (CRT) displays affecting or affected by
any of the above. The CRT displays will be explained as required to sup-
port functional aspects of the DPS. Explanation of each area of 2 particu-
lar CRT display can be found in SFOM, Volume 14 and are not contained
herein. More detail concerning the DPS can also be found in SD 74-SH-
0230C, DATA PROCESSING SUBSYSTEM, PRINCIPLES OF OPERATION, as published by
Rockwell International, April 1978. .

'
&
o

1.2 SCOPE

This SFOM provides DPS hardware and systems software reference informa-
tion specifically for the flight Crew and flight operations personnel.
It is comprised of the following sections:

e SECTION 1.0, INTRODUCTION - This. section describes the purpose, scope,
authority, control, publication and revisions of this volume.

e SECTION 2.0 - DPS HARDWARE - This section srovides a functional descrip-
Tion of the operational aspects and the intarfaces for the following
Shuttle hardware: General Purpose Computer (GPC), Mass Memory Unit
(MMU), Computer Data Bus Network, Master tvents Controller (MEC),
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Backup Flight Con%roller (BFC), Multiplexer/Demultiplexer (MDH), Dis-
play Electronics Init (DEU), Display Unit (OU), and Keyboard Unit
(KBU). A brie a‘scription is also provided for the Computer Interface

. Conditioning. Unit .(CICU), Annunciator Display.Unit (ADU), Data Bus . . .
Coupler (DBC), and Data Bus Isolation Amplifier (DBIA). Although the
Engine Interface Unit (EIV), Pulse-Code Modulation Master Unit/Master
Timing Unit (PCMMU/MTU) and Caution and Warning (C&W) Electronics Unit
(EU) process data, they will be described in SFOM Volumes 8A, 48 and
4D, respectively.

e SECTION 3.0, DISPLAYS AND CONTROLS - The crew station displays and con-
trols pertaining to the OPS are runctionally described according to
designed usage and results to the. sysmif yused __t_mn-mminal ly.

o SECTION 4.0, SYSTEM SOFTWARE - This section provide a functional de-
scription of system software terms (e.g., Memory Configuration table,
freeze-dried), GPC synchronization and Reduncancy Manmagement (RM),
Input/Output (I/0) Management, time management, memory modification,
downlist and uplink. - = . I

o SECTION 5:0, BFS SYSTEM SOFTWARE - The Backup Flight System (BFS) sys-
tem Software modules are functionally described with emphasis on

4

capabilities provided in various BFS modes of operation (e.g., OPS O,
disengaged-stand alone).

-

1.3 AUTHORITY

The Crew Training and Procedures Division (CTPD) within the Flight Opera-
tions directorate (FOD) has the responsibility to develop crew procedures
and to provide documentation necessary to support training operations as

defined in the Flight Operations Directorate Program Support and Manage-

ment Plan (JSC 10750).

This document, SFOM Volume 5, is CTPD's partial fulfillment of this respon-
sibility for OFT/OPS in the Data Processing Subsystem (DPS) area.

1.4 CONTROL

The OFT/OPS Shuttle Flight Operations Manual (SFOM) is controlled by the
Training Control Board as defined in the Space Shuttle Training Management
Plan (JSC 0993L).

1.5 PUBLICATIONS AND REVISIONS

This document will be published in Preliminary, Basic and Firnal editions.
Each edition will be revised as required via Page Change Notices (PCN's)
or, if extensive changes are required to a milestone edition, the document
will be issued again as a Revision. The Flight Training Branch of the
CTPD has the responsibility for preparing, coordinating and maintaining
this document. .
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Any organization having requests for changes in distribution, comments,
questions,.suggestions, or proposal changes concerning this document
should contact R.R. Lanier (phone 713-483-3291 or FTS 525-3291).
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SECTION 2
PATA PROCESSING SUBSYSTEM HARDWARE

. The Shuttle Data.Prucessing Subsystem (DPS) hardware consists of several .
Line Replaceable Units (LRU's) as illustrated in figure 2-1. ‘Although
there .are several devices onboard the Shuttle Orbiter which “"process
data," categorization of such hardware is made with respect to the type of
data processed and to the principal use of the processed data. The DPS -
hardware elements not included in this SFOM will be included in other

SFOM's relating to this categorization, and are outlined with dashed lines
in figure 2-l.

DATA PROCESSING SUBSYSTEM (CPS) : .
BLOCK DIAGRAN ‘

”llllll'l.ll'l!'l.l .
PRIPULATOR)- £ TS|
LAUNCH H ROCKET
. mn i | E BOOSTER
AT TeEs e
ac’s ICATIGH ClcCx LANCH/B0oST | A o
: e g NPLIFIER -
| ISCRETE LINES (CBIA)
, FLIGHT
%‘é’#” DISCRETE LIKES IGHT CRITICAL CRITICAL
o R ] FO X FORMARD.
EVEATS g LEELIDR
5 GERERAL ; (EC) .
; CAUTION 3 PURPOSE = ALIGHT
3t WARMINGS DISCRETE LINES | coMPyTER | ALIGHT CRIT { CRITICAL
Scawi (&0 (FOX AT,
Zansnnened DISCRETE LINE [~ (FR) 1O
. Y DISPLAY
oy ) X lﬁgﬁﬁ UNIT
STATION  pOLSCREIC LINES | [ oIsPCAY o)
PARELS ISPLAY C ELECTRONICS
a0 X URLT
Qe
| KEYBOARD
DISCRETE LINCS
et ——— ','
PAYLOAD
(PL)
mﬂ [ ]

* MM - MULTIPLEXER/TEMULTIPLEXER
X () - INDICATES DATA BUS GROUP -

Figure 2-1.- DPS block diagram.
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2.1 GENERAL PURPOE COMPUTSR (GPC)

Each of the five GPC's onboard the Orbiter is composed of two separate
units: an IBM AP-1C! Central Processing Unit (CPU) and an IBM 4P1

* Input/Output Processor (I0P).. Each of -these units contains-a memory area -
for storage of software and data. These two memory areas are collectively
referred to as the GPC's main memory. :

2.1.1 GPC Power and Cooling Interfaces

The GPC power switches are two-position (ON, OFF) toggle switches which,
when placed in the ON position, allow essential bus power (from three es-
sential buses) to flow to three pairs of Remote Power Controllers (RPC's).
The essential bus power provided by each of the power switches' three con-
tacts is first applied to a circuit driver. Each circuit driver allows
the Ground Support Equipment (GSE) to turn the GPC power on or off as long
as the GPC power switch is in the ON position. This circuitry is designed
such that when the GSE is disconnected, the circuit drivers do nothing
more than act as a pathway for the essential bus power to be transferred
"on® from the GPC power switch to the RPC's. The RPC's allow main bus
power from the three main buses to flow to the GPC's. Main bus power from
each of the main buses flows from one of each of the RPC pairs and is
udioded” together to form the power source for the GPC's IOP power supply.
Main bus power from each of the other RPC's is “djoded" together and be-
comes the source for the GPC's CPU power supply. This power is also sup-
plied to the GPC's associated Backup Flight Controller (BFC) module and
the BFC switch input circuitry. The design of the power flow to the GPC's
js such that a GPC will still be able to function normally in the event of
a loss of two of the three main bus power inputs.

goth the CPU and I0P receive forced air cooling from the avionics bay
ans. '

2.1.2 GPC Discrete Interfaces

There are discrete data lines between each GPC and the other GPC's, crew
station panels, a BFC, the Caution and Warning (ca&W) electronics, the
%gaguter Interface Conditioning Unit (CICU) and the Mass Memory Units

" .S)o ' g

’
*
I

2.1.2.1 GPC discrete inputs.-

e MMU Discretes: Each GPC receives a single discrete from each of the
two MMU's which indicates whether that MMU is READY or OFF/BUSY.

o GPC Discretes: CEach GPC receives five discretes from each of the other
ggg'gg Th;ee syncronization discretes, a FAIL VOTE discrete, .and a BFS
iscrete.

¢ The BFC sends six discrete signals to the GPC (see section 2.6.2).
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Crew Station Control Discretes: Each GPC receives discrete signals
from its associated crew station controls on Panel 06. There is a RUN
and a STANDBY discrete from the GPC's MODE switch, an Initial Program

. Load (IPL) ‘discrete- from the IPL pushbutton, and. two' IPL.source dis-

cretes from the IPL SOURCE switch which tells the GPC which MMU to ac-
cess for the IPL sequence. The GPC also receives a HALT command from
its GPC MODE switch. This discrete is separated from the other MODE
switch discretes because it is relayed to the GPC via its BFC as
discussed in section 2.6.2.

Figure 2-2 {llustrates the GPC discrete inputs. A summary of all GPC
discrete inputs is contained in table 2-1. ‘

2.1.2.2 GPC discrete outputs.- | : -

Crew Station Display Discretes: Each GPC issues a single discrete to-
its OUTPUT talkback on Panel 06. This talkback, which is either barber-
pole (not energized) or gray (energized), is normally gray when the de-
signated GPC is either processing Primary Avionics Software System (PASS)
software and maintaining Input/Output (1/0) operations on the computer
data,bus network, or when the designated GPC is processing Backup Fiight
System (BFS) software after BFS is engaged. Each GPC also issues two
discrete outputs to its respective GPC MODE talkback on Panel Q6. These
discretes drive this talkback to one of three positions: barberpole
(not energized), IPL (when the designated GPC is involved in an IPL
sequence) or RUN (when the designated GPC is processing software).

GPC Discretes: Each GPC outputs five specific discretes to each of the
other GPC's. These discretes, which consist of three synchronization
discretes, a BFS RUN discrete, and a GPC FAIL discrete (or FAIL VOTE),
will be discussed in sections 4.2 and 5.2.

GPC STATUS MATRIX Discretes: Each GPC transmits its GPC FAIL discretes
via the CICU to the GPC STATUS matrix on Panel 0l. The GPC STATUS

matrix is a five-by-five 1ight matrix.(consisting of 20 white lights,

and five yellow lights on the main diagonal) which is used to annunciate.
these GPC discretes. The yellow diagonal lights are illuminated when

a GPC determines itself failed via voter hardware and/or synchronization,
or GPC Redundancy Management (RM) software. One of the remaining white
lights (referred to as non-diagonal lights) is illuminated when a GPC
determines another GPC has failed via synchronization or GPC RM software.

GPC SELF-FAIL Discrete: When a GPC issues a SELF-FAIL discrete, this
signal is also transmitted to the vehicle's C&W electronics. This sig-
nal is used to illuminate the red GPC light on the 40-light C3W light
matrix (Panel F7), as well as a GPC SELF-FAIL indication on the C&W
120-status 1ight matrix on Panel R13. The five lights on this 120-1ight
matrix correspond to the diagonal (yellow) Tights on the GPC STATUS ma-
trix (Channels 5, 15, 25, 35 and 45: GPC's 1-5). When a GPC's soft-
ware has determined that either a self-failure or a failure in another
GPC has occurred, a BACKUP C/W ALARM light locatad in the lower lefi-
hand corner of the 40-1ight C&W matrix on Panel F7 will be illuminated.
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TABLE 2-1''- GPC DISCRETE INPYT SUMMARY (TYPICAL OF §)

DISCRETE INPUT SO'IRCE

'DISCRETE INPUTS

" gPC ACTION" ¢ - S ETI i

'MASS WMEMORY 1 ady MMU 1 1s ready to respond to GPC

commands; not powered OFF ‘
'HASS MEMORY 2 " Ready MW ¢ is ready %o respond to GPC

commands; not powered OFF
GPC'S 2-5 “GPG-1 FAIL Directs inputs to voter and main _memory

3 sync discretes
from each GPC
]

Backup Flignt Controller

pushbuttom (momentary)

BFS ENGAGE 2
BFS ENGAGE 3

~Processed Dy systems sof tware to maintain

synchronized GPC operations ‘
. 3333 GPC'S inﬁibit MIA transmitters on

PL data buses

BFS assumes command of PL data buses

1f all=l and /0 MINATE B=

PASS GPC'S inhibit MIA transmitters on

FC data buses. Halt software and set GPC
self-fail discrete output

BFS GPC assumes command of FC data buses

if 2 of 1,2, or3sl and I/0 TERMINATE B8=1

e ———————————————

2 BFS CRT SELECT
discretes

PASS GPC's inhibit MIA transmitters

on DK data buses selected by BFC CRT
SELECT switch

BFS GPC assumes command of 0K data buses
selected by BFC CRT SELECT switch

/ iRA

Force PASS software to fail-to-sync
Inhibit MIA transmitters on all FC data
buses !

sae MODE switch below

R
—TPC

"MODE switch (3 positions)

RN |

Tnitiates [PL sequence if

POWER = ON

MODE = HALT

An MMU is selected and readv
ows nomina operations

— STANDBY

Transition to “"STBY* from “RUN®
or from "RUN" to "STBY" cancels any
application software execution

(from BFC)

Tnhibits software execution

Resets hardware logic and o
discrete outputs

Permits IPL to occur

“TPL SOURCE -3 positions)

-1

Md-<

Uirects G

fo_select MMU L for

2-5

c —
Directs GPC to seject MMU 2 for IPL
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be illuminated. Oepending upon the failure case, either or both the
GPC light and BACKUP C/W ALARM 1:ight can be illuminated at any one
time... . Coe : :

Figure 2-3 illustrates the GPC discrete outputs. The only discrete output
which has not been mentioned is the BFS RUN discrete. The BFS GPC is the
only GPC to issue this discrete, which is used to tell the other GPC'S to
release control of the Payload (PL) data buses. -

There are some specifics about each of the other discrete outputs where the
BFS GPC differs from the PASS GPC's. These specifics will be discussed in
the software portion of this SFOM (sections 4.0 and 5.0).

g sumary of all of the GPC-1's OUTPUT discretes is presented in table 2-

2.1.2.3 Computer Interface Conditioning Unit (CICU) and the Annunciator
Display Unit .~ Ine receives the iscretes, con-
Jtions them, and passes them on to the ADU. The ADU uses these discretes

(or the annunciator lamp test inputs from the lamp test switches on Panels
06 and 08) to illuminate the appropriate GPC STATUS light(s). The inten-
sity of these lights can be controlled via intensity control inputs from
switches on Panel 06 to intensity control circuitry in the ADU. When a
GPC is powered off, that GPC will reset its discrete outputs and will in-
hibit FAIL VOTE discrete inputs from.other GPC's to itself (i.e., that
GPC's GPC STATUS matrix row and column will not illuminate).

2.1.3 Central Processing Unit (CPU) Functional Description .

The CPU has the following purposes:

. cssigns DPS resources to process data and perform systems control
asks.
e Controls access to GPC main memory for data storane 27d software
execution.
e Executes instructions to perform vehicle systems control and data
manipulation.

Figure 2-4 illustrates a functional block diagram of a GPC CPU. g
2.1.3.1 CPU control logic.- The CPU control logic schedules, supports,

and maintains the status of GPC hardware and software tasks. It also allo-
cates the use of DOPS hardware to accomplish scheduled tasks. It executes
hardwired (microprogram) and software jnstructions and maintains two clocks
(one for Greenwich Mean Time/Mission Elapsed Time (GMT/MET) and one for
simultaneous GPC operations). A 20-MHz oscillator within each CPU supplies
timing signals to the CPU components.
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TABLE 2-2.- GPC DISCRETE OUTPUT SUMMARY (TYPICAL OF 5).

| DISCRETE OUTPUT

" DISCRETE OUTPUT SOURCE

DESTINATION/EFFECT

QUTPUT talkback

[/0 active e POWER = ON ]
e OUTPUT = NORMAL driven gray
e MODE # HALT, STANDBY ¢ Panel 06
(from RUN-PASS)
o BFS NOT ENGAGED (PASS)
. o BFS ENGAGED (BFS GPC)
L o no CPU BITE-TYPE ERRORS -
RUN ® POWER = ON e MODE taikback
o MODE # HALT. STANDBY driven RUN
(from RUN-PASS)
e BFS in RUN (BFS GPC) e Panel 06
e no CPU BITE-type errors
IPL ® POWER = ON ® MOOE talkback
,| @ MODE = HALT driven IPL
e BFS not ENGAGED (BFS GPC) o Panel 06
e no CPU BITE-type errors
e IPL sequence active
BFS RUN (GPC-Z) e BFS GPC logic when e [dentifies to PASS
8FS RUN (GPC-3) e POWER = ON GPC'S which GPC is
BFS RUN (GPC-4) e OUTPUT = NORMAL designated BFS GPC
BFS RUN (GPC-5) and . o PASS GPC'S inhibit
e MODE = RUN MIA transmitters on
] or PL data buses
8FS ENGAGED _
3 synchronization e systems software o Systems software
discretes synchronization logic synchronization logic
. ) in other PASS GPC's.
| GPC-2 FAIL ® systems softwarex ® Indicated GPC
GPC-3 FAIL - synchronization e CICU - drives white
GPC-4 FAIL - GPC RM light in %°C-1 row
| GPC-S FAL'. -~ under indicated GPC.
GPC-T FAIL e systems software* o CICU-drives yellow
- synchronization light in GPC-1 row
- GPC RM GPC-1 column
o [OP hardware voter o CiW-drives GPC

light in F7 matrix
and Light 5 in aft
C&W status matrix

on R13

* systems software also generates the GPC fault messages appearing on the Fault summary

page and Fault Message Line and drives "BACKUP C/W ALARM" in F7 C&W matrix
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2.1.3.2 CPU main menory.- The CPU's main memory section uses nonvolatile
9it structure is maintained when power is interrupted) iron ferrite
coras, arranged in five modularized “two-page” sections. Each section can
store 32,768 18-bit data words-for a total storage. capability of 212,992
18-bit words. The terminology used in reference to GPC data words is to
call an 18-bit word a "half-word* and two consecutive "half-words" a GPC
sfull-word.” Each half-word is composed of 16 data bits, a "parity" bit
which is used to ensure data i{s read properly, and a "storage protect"
bit which is used to prevent an unintentional alteration of that half-
word. Main memory is addressable and accessed by the IOP control logic
and the CPU control logic regardless of location.

2.1.3.3 Main memory control logic.- The CPU main memory control logic
controls access to main memory by the CPU and IOP control logic and com-
mands the power supply to place main memory sections in a minimum-power- -
usage stage when data is not being accessed.

2.1.3.4 CPU Built-In Test Eguiggent gBITEI status and error logging.-
Built-in test equipment within eac continuously checks the CPU opera-
tions for errors such as timing problems, erroneous data requests, power
problems, etc. Scme of these errors (called critical BITE errors), such
as attempting to execute data as if it were program code, and main memory
data word errorss cause software halt. In this case, the CPU control
logic will only execute hardware instructions and monitor discrete inputs.
when a noncritical problem is detected by GPC hardware or software, the
condition is logged in what is known as a GPC error log. This BITE-type
error along with this GPC's four previous errors, the latest BITE-type
error for each common set GPC, and the accumulated number of BITE-type
errors for each common set GPC, are then sent to the Pulse-Code Modulation
Master Unit (PCMMU) for eventual transmission to the ground every second.
The fault message "GPC BITE® will also be generated to alert the crew of
this condition.

2.1.3.5 CPU power supply.- The CPU power supply converts input main bus
power (28 Vdc) into +5 Vdc, *12 Vdc, +6 Vdc and +40 Vdc, and has the ca-
pability to indese “ntly inhibit both the S and 12 Vdc in the event of an
overcurrent situation (more than 50 amps). The power supply also will ini-
tiate a self-powerdown sequence should it sense a drop in the input
voltage below 17.5 Vdc or an undervoltage condition in the converted
voltages. It also exchanges power-off discretes with its I0P power supply
in order to coordinate a total GPC powerdown. Therefore, should the GPC's
I0P initiate its own powerdown sequence, the CPU would also initiate a
powerdown sequence in response to the IOP's discrete. Power input less
than +17.5 Vdc is logged as a GPC error. If the converted voltage varies
more than 5 percent from nominal, a mechanical flag is driven on the CPY
(not seen inflight) and the condition is logged as a GPC error.

2.1.3.6 Timing.- The CPU components receive signals derived from a 20 MHz
crystal oscillator-driven timing network. Fajlure of the frequency output
of the network drives a mechanical flag on the outside of the CPU (not
seen inflignt) and is logged in the GPC error log which is part of the
GPC's downlist.
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2.1.4 Input/Qutput Processor (IOP) Functional Description

The purpose of each: [OP is to: . = . e
e Format and transmit commands to the vehicle systems.

e Receive and validate response data from the vehicle systems.

¢ Maintain the status of the interfaces with the CPU and the other GPC's.

Figure 2-4 illustrates a functional block diagram of a GPC IOP.

2.1.4.1 1I0P control logic.- The I10P control logic schedules the use of
10P hardware components through execution of hardwired (microprogram) in-
structions, schedules the use of instructions stored in main memory, and
sets/resets discrete outputs from the GPC.

2.1.4.2 10P main memory.- The IOP main memory, like the CPU main memory,
uses nonvolatile iron ferrite cores. The IOP main memory is arranged in
three sections and has a total storage area for 49,152 half-words. The
10P main memory is also hardwired to the CPU's memory control logic. This
allows ‘the CPU and the [OP to address both memory areas as if they were a
single unit. }

2.1.4.3 1I0P power supply.- The I10P power supply, like that of the CPU,
converts 28 Vgc main bus input power into +5, +12, +6, and #40 Vdc. It

also can inhibit its 5 and 12 volt outputs in the event of an overcurrent
situation and can initiate a powerdown sequence when its input power drops
below 17.5 Vdc, or when it senses an undervoltage condition in the dc/dc
converted voltages. It also sends power-off discretes to its companion

* CPU to coordinate a total GPC powerdown. The IOP power supply will
initiate a powerdown sequence if it receives a power-off discrete from the
CPU. If the intarnally converted voltages vary more than 5 percent from
nominal, a mechanical flag (not seen inflight) is driven on the IOP.

2.1.4.4 Timing.- 10P components receive signals derived from a 16 MHz os-
cillator-driven timing network. The signals are the basis for timesharing
of the softwara processing components in the IOP control logic.

2.1.4.5 10P voter.- The IOP contains a hardware "voter." The function of
this voter 1s to monitor discrete inputs from the other GPC's. -Should it
receive a FAIL VOTE from two other GPC's, it will cause the GPC- to con-
sider itself failed, and that GPC will cease any attempt to vote against
the other GPC's. )

2.1.4.6 [0P discrete ingut and output registers.- The IOP discrete input
register accepts and buffers discrete inputs from the other GPC's, crew
station controls, the MMU's, and the BFC's. The discrete output register
sets or resets discrete outputs (as directed by the control logic and

voter) to the other GPC's, crew station displays, the C&W subsystem, and
the CICU.

tinder certain GPC failure conditions, a GPC's discrete cutputs will be

reset to "zero". If a condition to set the discrete output persists via
hardware (e.g. VOTER), the discrete output will be set to wiv,
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2.1.4.7 10r;serial digital data bus interface.- The IOP interfaces with
the .er:al digital data buses via two sets of hardware components: Bus
Cont-o1 Elements (BCE's) and Multiplexer Interface Adapters. (MIA's). The
8CE's execute instructions to tramsmit-commands to and receive data"from-..
other vehicle hardware items called Bus Terminal Units (8Tu's). A BTU can
be considered to be any piece of hardware which communicates over & data
bus through an MIA. The BCE's add the appropriate BTU address dnd a
special bit pattern to words scheduled for transmission prior to shipping
the data to its associated MIA. The BCE's also validate data received
from and transmitted to their associated MIA's and notify the IOP control
logic in the event an error is detected. )

MIA's, which are commonly referred to as “ports,” have two modes of opera-
tion: TRAMSMIT and RECEIVE. During the RECEIVE mode, a MIA validates the
received data (notifying the I0P control logic when an error is detected),
reformats the data, and sends it to the BCE. During a RECEIVE operation,
the MIA's transmitter is inhibited unless that particular GPC is "in
command® of that data bus.

During the TRANSMIT mode, a MIA, which always transmits and receives 28-
bit words over the computer data buses, adds the appropriate parity and
SYNC code bits to the data word, reformats the data, and sends the data
out over the data bus. In this mode, both the MIA's receiver and trans-
mitter are enabled.

Any BTU on the other end of the data bus also has its own MIA whose func-
tions are the same as those of the IOP MIA.

. 2.2 COMPUTER DATA BUS NETWORK

The Orbiter computer data bus network consists of a group of twisted,
shielded wire pairs (data buses) which support the transfer of serial dig-
ital commands from the .GPC's to vehicle hardware and the transfer of vehi-
cle systems data to the GPC's. The computer data bus network is divided
intg ﬁq:cific groups which perform specific functions. These groups are
as follows:

"o Inter-Computer Communication (IC or ICC) data buses for GPC to GPC
transactions. 3

¢
0

e Display/Keyboard (DK) data buses for GPC/Display Electronics Unit (DEU)
transactions.

e Mass Memory (MM) data buses for GPC/MM Unit transactions.

e Instrumentation/PCMMU (IP) data buses for GPC/PCMMU transactions.

e Flight Critical (FC) data buses which tie the GPC's to the FC Multi-
plexer/Demultiplexers (MOM), Display Oriver Units (DDU), Engine Inter-
face Units (EIU), and Master Events Controllers (MEC).

o PL data buses which tie the GPC's to the PL MDM's and the Payload Datea
Interleaver (PDI). '

2-12



‘o Launch/Boost {LB) data buses which ti
Forward (L%) and Aft (LA) MCM's, Soti
the Manipulator Controller interface

Figure 2-5 illustrates the GPC/data bus

e the GPC's to the GSE. Launch
d Rocket Booster (SR3) “1DM's and
Unit (MCIU).

- - . *;
. b A

network interface.

2.2.1 Inter-Computer Communication (IC or ICC) Data Buses (Ports 1-5)

There are five ICC data buses on the Orb
over one data bus and receives data over
of the other GPC's. A1l GPC's which are

jter. Each GPC transmits data
a separate ICC data bus from each
processing PASS software (PASS

"GPC's) and which are members of the common set exchange status information

over the ICC data buses. During on-orbi
ment (SM) GPC will receive Guidance, Nav
from the GNC GPC's. The GPC which is pr

t operations, the Systems Manage-
jgation, and Control (GNC) data
ocessing BFS software (BFS GPC)

will not transmit or receive data over the ICC data buses.

Communications over the ICC data buses i
"traffic® which is transmitted over the
buses. ICC data bus traffic occurs in o
mits over its own ICC bus, and receives

s unique in respect to the data
other types of computer data

ne direction only. A GPC trans-
data from the other GPC's over

each of their dedicated IC buses. The commands and data, which are

carried on the other types of computer d

ata buses, are of the "command-

response” type. A GPC “requests" data over a specific data bus before the
data is sent from the appropriate hardware device back to the GPC over the

same data bus.

2.2.2 Display/Keyboard (DK) Data Buses

There are four DK data buses onboard the
oné of the four DEU's to the five GPC's.
data and commands to the DEU's via these
from the Orbiter keyboards on these data

2.2.3 Mass Memorv (MM) Data Buses (Port

(Ports 6-9)

Orbiter. Each DK data bus connects
The GPC's provide serial digital
data buses, and receive. inputs
buses via the DEU's.

s 18,19)

There are two MM data buses onboard the Orbiter. Each MM bus conn%cts,one

of the MMU's to the five GPC's. The GPC
command the MMU's to read data from, or

's, via these MM buses, €an
write data to the MMU's magnetic

tape. In addition, the MMU's can be commanded to position their tapes,

send tape position data or MMU BITE data
which can be transferred to the GPC's.

2-13
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2.2.4 Instrumentation/PCMMU (IP) Data Buses (Port 24)

There are. five IP. data buses onboard the Orbiter. Each GPC commands a. .
unique data bus to both PCMMU's. Each GPC transmits its downlist data

" to the active PCMMU via its IP data bus. As required by software, a GPC

receives instrumentation data and PCMMU BITE status from the active PCMMU
over its IP data bus. When commanded by the crew, a GPC will transmit
the required downlink telemetry format to the PCMMU's over the IP data
bus. During GPC/PCMMU communications over the IP data buses, only one
PCMMU will be powered at any one time to respond to GPC commands.

2.2.5 Flight Critical (FC) Data Buses (Ports 20-23, 14-17) S

There are eight FC data buses onboard the Orbiter. Four of these FC buses
(FC1-4) connect the GPC's with the four Flight Critical Forward (FF)
MDM's, the four Flight Critical Aft (FA) MDM's and the three DOU's. The

" other four FC buses (FC5-8) connect the GPC's to the four FF MDM's, the

four FA MDM's, the two MEC's, and the three EIU's. The specific manner in
which these units are interfaced is referred to by the term “string." A
string is composed of two FC data buses (one of the first group and one of
the second group), the BTU's connected to them (DDU's, MDM's, MEC's, and
EIU's) and all of the hardware which is hardwired to those BTU's. For
example, String 1 consists of FC data buses 1 and 5, MDM's FFl and FAl and
their hardwired hardware, controls, and displays, the three EIU's, the two
MEC's, the three DDU's, and their associated displays. There are four
strings defined in this way. The functional purpose of the string concept
is to provide failure protection capability during dynamic phases by
§I1owingpgxc1usive command of a specific group of Shuttle vehicle hardware
y one .

2.2.6 Payload (PL) Data Buses (Ports 10,11)

There are two PL data buses onboard the Orbiter. Their function is to
interface the five GPC's with the two PL MDM's presently planned for the
Orbiter and a third PL MDM which is planned for later OFT Orbiter Flights.
A PDI, which is also planned for later OFT flights, will interface with
the GPC's over PL Data Bus 1. o .

¢4
y

2.2.7 Launch/Boost (LB) Data Buses (Ports 12,13)

There are two LB data buses onboard the Orbiter (also referred to as
Launch Data Buses or LDB's). Each GPC can interface with the GSE, the two
launch MDM's (LF1 and LAl), and the four SRB MOM's (LL1l, LL2, LRl,and LR2)
via these two data buses. In addition, the GPC's can interface with the
MCIU via LB Data Bus 1. The GSE can also interface with this hardware via
these two data buses when the GPC's are not executing software. There are
two hardware items which sarve to interface the two L3 data buses with the
QSE and)the SRB MDM's. These are called Data 3us Isolation Amplifiers
(DBIA's).



2.2.8 Data Bus Isolation amplifier (DBIA)

There are two DBIA's onboard the Orbiter. The purpose of these units is
to isolate data bus-stubs-which are left open by:the GSE :(T-0)} discennect
and the SRB disconnect. This isolation protects the LB data buses from
unwanted interference and "noise.® Each DBIA consists of two independ-
ently powered and controlled channels - a GSE channel and an SRB channel.
Upon receipt of a signal at one receiver, the control logic inhibits the
other receiver (to avoid a "wrap-around" effect), validates the input
data, improves the signal strength of the received data, and then trans-
mits the data to the appropriate destination, Since the GSE channel re-
ceives its power through the preflight test buses (via the T-0 umbilical),
it becomes inoperative when the T-0 disconnect occurs at launch. The SRB

channels receive main bus power via the MEC switching circuitry and power™

switches located on Panel 017. Each MEC power switch permits control bus
power to activate a RPC which then allows main bus power to flow to the

SRB channels in both DBiA's. Therefore, both SRB channels receive main

bus power via either one of the two MEC switches. Power flow to the DBIA's
is illustrated in figure 2-6.

2.2.9 Data Bus Coupler (DBC)

A DBC is a small device which proQides DC isolation and transformer
coupling between a data bus and a MIA.

2.3 MASS MEMORY UNIT (MMU)

Onboard the Orbiter, there are two BTU's which are known as Mass Memory
Units (MMU's). Each of these MMU's is a coaxially-mounted reel-to-reel
digital magnetic tape storage device which provides storage for computer
software and Orbiter systems data, and which can be accessed by the flight
crew as required. :

2.3.1 MMU Tnterfaces

2.3.1.1 MMU power/cooling interfaces.- Each MMU receives electrical power
via separata MMU power switches on Panels 014 (MMU 1) and 015 (MMU 2). .
Each MMU power switch is a two-position toggle switch which permits cor- .
trol bus power to activate a RPC. The RPC aliows main bus power to flow
to the designated MMU power supply. The status of the power switch is
made available for downlink through the Operational Instrumentation
Forward (OF) MDM's.

Each MMU is cooled via the water loop coldplates in the forward avionics
ays. - :
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