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COCUMENT ORGANIZATION

The Shuttle Flight Operations Manual (SFOM) will be published in separate
tndividually bound volumes. Publication of the preliminary editions of
the volumes will be staggered throughout 1978. -

The following listing of all SFOM volumes shows the reponsible book man-
agers 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/
CTPD in writing including a statement of justification. .

VOLUME TITLE BOOK MANAGER PHONE NUMBER
1 Caution and Warning CG6/T. Ward (713) 483-2651
2 Electrical Power System CG6/H. Baxter -2651
3 Environment Control and Life CG6/K. Haithcoat -4794

Support Systems
4 Communications & Instrumentation CG3/E. Rainey -2213
A.. Audio E. Rainey -2213
8. S-Band T. Bruce -2213
C. Ku-Band R. DePaolo -2213
0. TV 8. Fulbright -2213
E. Instrumentation G. Steinbeck -2213
5 Data Processing System CG6/R. Lanier -3291
6  Guidance, Navigation, and CG6/A. Accola -3291
Control Hardware ,
7 Applications Software CG6/M. Brekke -4637
8 Propulsion ‘
A. Main Propulsion System CG6/C. Edwards -4637
B. Solid Rocket Booster System W. Chanis 4637
C. Orbital Maneuvering System M. Hernandez -2651
D. Reaction Control System K. Black -2651
9 Auxiliary Power Unit/Hydraulics CG6/J. Erickson -2651
10 Structures and Mechanical CG6/J. Poffinbarger -4794
A. ET Umbilical Doors System L. VandeZande - -4794
8. Active Vent System ' L. VandeZande ~4794
C. Payload Bay Door/Radiator System B. Hahne ‘-2651
D. Landing/Deceleration System J. Poffinbarger -4794
11 Aerodynamic Performance C66/0. Iwingman -3048
12 Crew Systems CG3/R. Snyder -2541
13 Shuttle Displays and Controls CB3/T. Neal ) -2541
14 Shuttle CRT Displays CG5/M, Gremillion -4271
15 Extravehicular Activity €G3/J. Covington -2541
16 Payload Deployment and Retrieval CG5/B. Kain - . -2611
Systems -
17 Payload Carrier Systems CG6/G. Laski -4794
18 Shuttle Upper Stages CG6/R. Benson -4794

19 Spacelab Support Systems CG6/A. Holt -4794
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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, Navigation, and Control (GNC)‘requirement§ 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.

e Processes 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 § - Data
Processing Subsystem, is to provide a compilation of the functional de-
scription of the Orbital Flight Test/Operations (OFT/OPS) DPS, 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 a 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. )

1.2 SCOPE

This SFOM pravides OPS 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 revisiens of this volume.

e SECTION 2.0 - DPS HARDWARE - This section orovides a functional descrip-
Tion of the operationa] aspects and the interfaces for the foliowing
Shuttle hardware: General Purpose Computer (GPC), Mass Memory Unit

(M), Computer Data Bus Network, Master Events Controller (MEC),
l-1



Backup Flight Con%roller (BFC), Maltiplexer/Demultipliexer (MDM), Dis-

play Electronics Init (DEU), Display Unit (DU}, and Keyboard init

(KBU). A brie’ a‘scription is also provided for the -Computer Interface
. Conditioniang. Unit .(CICU), Annunciator Display.unit (ADU), Data Bus . . .

Coupler (DBC), and Data Bus Isolation Amplifier (DBIA). Although the

Engine Interface Unit (EIVU), Pulse-Cade Modulation Master Unit/Master

Timing Unit (PCMMU/MTU) and Caution and Warning (CaW) 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 tunctionally described according to
designed usage and results to the_'sysmj.__fﬁ used __l_mn-nominal ly.

e SECTION 4.0, SYSTEM SOFTWARE - This section provide a functional de-
scription of system sortware terms (e.g., Memory Configuration table,
freeze-dried), GPC synchronization and Reduncancy Mamagement (RM),
Input/Output (1/0) Management, time management, memory modification,
downlist and uplink. T SCRT IR

e SECTION 5:0. BFS SYSTEM SOFTWARE - The Backup Flight System (BFS) sys-
Tem Software modules are functionally described with emphasis on
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 Fimal 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, coardinating and maintaining
this document. :

1-2



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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SECTEON 2

PATA PROCESSING SUBSYSTEM HARDWARE

. The Shuttle Data.Pr.cessing Subsystem (DPS) hardware consists

. . . i aw ts of several
Line Replaceable Units (LRU's) as illustrated in figure 2-1." 'ATthough

there .are several devices onboard the Shuttle Orbiter which “process

data," categorization of such hardware is made with respect to t?ﬁ typg of
e DP o

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 2-1.

data processed and to the principal use of the processed data.
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Figure 2-1.- OPS block diagram.




2.1 GENERAL PURPOE COMPUTER (GPC)

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

- Input/Output Processor (IOP).- 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
“gn® 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 “dioded" 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
is 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 IOP receive forced air cooling from the avionics bay
ans. '

2.1.2 GPC Discrete [nterfaces

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

" S}. ’ 3

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: Each GPC receives five discretes from each of the other
ggg'zg Th;ee syncronization discretes, a FAIL VOTE discrete, .and a BFS
iscretea.

o 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 illustrates 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-
{ts 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 Flight
System (BFS) software after BFS is engaged. Each GPC also issues two
discrete outputs to its respective GPC MODE talkback on Panel 06. These
diseretes 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 sectians 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 light 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
1ights (referred to as non-diagonal lights) is illuminated whepn 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 CW electronics. This sig-
nal is used to illuminate the red GPC light on the 40-light C&W light
matrix (Panel F7), as well as a GPC SELF-FAIL indication on the CaW
120-status 1ight matrix on Panel R13. The five lights on this_120-1ight
matrix correspond to the diagonal (yellow) lights 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 1ight located in the Tower left-
hand corner of the 40-light C&W matrix on Panel F7 will be illuminated.
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TABLE 2-17- GPC DISCRETE INPUT SUMMARY (TYPICAL OF 5)

DISCRETE INPUT SORCE

'DISCRETE INPUTS

Cade ACTIONT - e e

'MASS MEMORY 1 Ready MWMU I 1s ready to respond to GPC
commands; not powered OFF
TMASS MEMORY 2 Ready WU ¢ is ready %o respond to GrG 1
commands; not powered OFF
's é- Directs inputs to voter and main memory

- iL
3 sync discretes
from each GPC
N

Backup F1ight Controller

“pProcessed by systems software to maintain

synchronized GPC operations
e EESS GPC'S 1'nﬁz'b§t MIA transmitters on

PL data buses
BFS assumes command of PL data buses

OFS ENBAGE L
BFS ENGAGE 2
BFS ENGAGE 3

If all=i and 1/0 INATE B=

PASS GPC'S inhibit MIA transmitters on
FC data buses. Halt software and set GPC|
self-fail discrete output

8FS GPC assumes command of FC data buses
if 2 of 1,2, or3sl and 1/0 TERMINATE B8sl

2 BFS CRT SELECT
discretes

MiN

selected by BFC CRT SELECT switch ‘
® rforce PASS sortware to fail-to-sync

e e —————— s e ———————

PASS GPC's inhibit MIA transmitters

on 0K data buses selected by BFC CRT
SELECT switch

8FS GPC assumes command of 0K data buses

Inhibit MIA transmitters cn all FC data
buses !

see MODE switch below

OAD
pushbuttom (momentary)

MODE switch (3 positions)

I HALT

Initiates [PL sequence if

POWER = ON
MODE = HALT
An MMU is selected and readv

—

Al lows nominal GPC operations

STANDBY

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

- HALT
(from BFC)

Inhibits software execution
Resets hardware logic and
discrete outputs

Permits IPL to occur

"TPL SOURCE -3 positions)

M4-1

M-

Uirects GPC to select
DArects GPC to select MMU

or iPL

Ny 4

2-5
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be illuminated. DOepending upon the failure case, either or both the

GPC light and BACKUP C/W ALARM 1:ignt can be illuminated at any one
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 summary of all of the GPC-1's OUTPUT discretes is presented in table 2-

2.1.2.3 Computer Interface Conditioning Unit (CICY) and the Annunciator
Display Unit .= Ihe receives the iscretes, con-
tions 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 1ight(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:

) Ass;gns OPS resources to process data and perform systems control
tasks.

e Controls access to GPC main memory for data storaga 2°d 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. K
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 OPS hardware to accomplish scheduled tasks. It executes
hardwired (microprogram) and software instructions 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).

| D1scReTE ouTPUT

" DISCRETE OUTPUT SOURCE

DESTINATION/EFFECT

o OUTPUT talkback

or
BFS_ENGAGED

I/0 active e POWER = ON

e OUTPUT = NORMAL driven gray

e MODE # HALT, STANDBY e Panel 0

(from RUN-PASS)
o BFS NOT ENGAGED (PASS)
. o BFS ENGAGED (BFS GPC)

o no CPU BITE-TYPE ERRORS ' .
RUN e POWER = ON e MODE talkback

s MODE # HALT. STANDBY driven RUN

(from RUN-PASS)

e BFS in RUN (BFS GPC) e Panel 06

e no CPU BITE-type errors
IPL e POWER = ON e MODE talkback

,| @ MODE = HALT driven IPL
e BFS not ENGAGED (BFS GPC) e Panel 06
e no CPU BITE-type errors
‘ e IPL sequence active
BFS RUN (GPC-2) e BFS GPC logic when o Identifies to PASS
BFS RUN (GPC-3) e POWER = ON GPC'S which GPC is
8FS RUN (GPC-4) o OUTPUT = NORMAL designated BFS GPC
BFS RUN (GPC-5) and . e PASS GPC'S inhibit
o MODE = RUN MIA transmitters on

PL data buses

3 synchronization

e systems software

® Systems software

e [OP hardware voter

discretes synchronization logic synchronization logic
. ) in other PASS GPC's.

GPC-2 FAIL ® systems software® ® Indicated GPC
GPC-3 FAIL - synchronization e CICU - drives white
GPC-4 FAIL - GPC RM light in 2PC-1 row
| GPC-5 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 C&W-drives GPC .
light in F7 matrix
and Light 5 in aft
C&W status matrix
on R13

* gsystems 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 CPYU main menory.- The CPU's main memory section uses nonvolatile
9§t structure is maintained when power is interrupted) iron ferrite
cores, 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 is 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 memery 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 Equipment éBITE) status and error logging.-
Built-in test equipment within eac continuously checks the CPU opera-
tions for errors such as timing problems, erronecus data requests, power
problems, etc. Some of these errors (cailed critical BITE errors), such
as attempting to execute data as if it were program code, and main memory
data word errors; 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 Vde, *12 Vdc, +6 Vdc and +40 Vdc, and has the ca-

pability to indese ‘ntly inhibit both the 5 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
IOP 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 CPU
(not seen inflight) and the condition is logged as 2 GPC error.

2.1.3.6 Timina.- 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 inflight) and is logged in the GPC error log which is part of the
GPC's downlist.
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2.1.4 Input/Output Processor (IOP) Functional Description

The purpose of each. IOP is to: . = . .

e Format and transmit commands to the vehicle systems.
e Receive and validate response data from the vehicle systems.
e 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 0P control logic.- The IOP 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 1OP main memory.- The IOP main memory, like the CPU main memory,
uses nonvolatiile 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
a}10¥s‘th$tCPU and the [OP to address both memory areas as if they were a
single unit. .

2.1.4.3 IOP power supply.- The IOP power supply, like that of the CPU,
converts 28 Vgc main Eus 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 Vde, 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 internally 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.- IOP 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 I0P discrete input and output re jsters.- The IOP discrete input
register accepts and Duffers 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.
Under certain GPC failure conditions, a GPC's discrete cutputs will be

reset to "zero®. If a condition to set the discrate output persists via
hardware (e.g. VOTER), the discrete output will be set to wiv.
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2.1.4.7 1I0P, serial digital data bus interface.- The 1OP interfaces with
the :er:al digital data Buses via two sets of hardware components: Bus
Cont-ol Elements (BCE's) and Multiplexer Interface Adapters. (MIA's). The
BCE's execute instructions to tramsmit-commands to and. receive data“from-.
other vehicle hardware items called Bus Terminal Units (BTU's). A BTU can
be considered to be any piece of hardware which communicates over a data
bus through an MIA. The BCE's add the appropriate BTU address and 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 asscciated MIA's and notify the IOP controil
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 IOP 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.

Ouring 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, Feformats 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 ﬁg: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. v

4

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 (ODU), Engine Inter-
face Units (EIU), and Master Events Controllers (MEC).

e PL data buses which tie the GPC's to the PL MOM's and the Payload Data
Interleaver (PDI). '
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N ‘e Launch/Boost {LB) data buses which tie the GPC's to the GSE. Launch
. Forward (L%) and Aft (LA) MCM's, Solid Rocket Booster (SR3) “0M's and
the Manipulator Controller Interface Unit (MCIU).

EN N - ¥
. DA .

Fiéure 25 i]Iustrétes thé G?C/data bus netwo;k 1ﬁieéfacé.

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

There are five ICC data buses on the Orbiter. Each GPC transmits data
over one data bus and receives data over a separate ICC data bus from each

_of the other GPC's. All GPC's which are processing PASS software (PASS
GPC's) and which are members of the common set exchange status information
over the ICC data buses. During on-orbit operations, the Systems Manage-
ment (SM) GPC will receive Guidance, Navigation, and Control (GNC) data
from the GNC GPC's. The GPC which is processing BFS software (BFS GPC)
will not transmit or receive data over the ICC data buses.

Communications over the ICC data buses is unique in respect to the data
straffic® which is transmitted over the other types of computer data
buses. ICC data bus traffic occurs in one direction only. A GPC trans-
mits over its own ICC bus, and receives 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 data buses, are of the “"command-
response” type. A GPC “"requests" data over a specific data bus before the
Vo data ;stsegt from the appropriate hardware device back to the GPC over the
same data bus.

2.2.2 Display/Keyboard (DK) Data Buses (?orts 6-9)

There are four DK data buses onboard the Orbiter. Each DK data bus connects
oné of the four DEU's to the five GPC's. The GPC's provide serial digital
data and commands to the DEU's via these data buses, and receive inputs

from the Orbiter keyboards on these data buses via the DEU's.

2.2.3 Mass Memory (MM) Data Buses (Ports 18,19)

There are two MM data buses onboard the Orbiter. Each MM bus connects one
of the MMU's to the five GPC's. The GPC's, via these MM buses, ¢can
command the MMU's to read data from, or 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, and control the amount of data
which can be transferred to the GPC's.
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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) -
There are eight FC data buses onboard the Orbiter. Four of these FC buses

(FC1l-4) connect the GPC's with the four Flight Critical Forward (FF)
MOM's, the four Flight Critical Aft (FA) MDM's and the three DDU'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 (DOU'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
gl1cwingpgxc1usive 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 MOM 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. 3 :

’
+
/

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 SR8 MOM's (LLl, 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
GSt and)the SRB MOM's. These are called Data 3us Isolation Amplifiers
(DBIA's).



2.2.8 Data Bus Isolation smplifier (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 SRE 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 destinationm. 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 proéides 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
¢rew 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 allows 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 (QF) MDM's.

Each MMU is cooled via the water loop coldplates in the forward avionics
ays. | - ,
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2.3.1.2 MMU/GPC interface.- Each MMU interfaces with all five GPC's via
a separate MM data bus. In addition, each MMU has a separate discrete
interface line to each of the GPC's to inform the @GPC's of the state of
.the MMU (busy or ready -to accept -command. inputs).. L e

The GPC's, via the MM data buses, can command the MMU's to read data from
or write data to the MMU's magnetic tape. In addition, the MMU's can be
commanded to position their tapes, to send the GPC's BITE data or tape
position data, and to extend the 1imit on the amount of data which can be
transferred by a factor of eight. (The normal amount is 2,048 16-bit
words in SM OPS 2).

-

2.3.2 MMU Functional Description

The following is an analysis of the components of a MMU and the functions
of ﬁaﬁse components. Figure 2-7 illustrates a functional block diagram of
an .

2.3.2.1 Multiplexer Interface Adapter (MIA) .- Each MMU interfaces with
its MM data bus via an MIA. e functions of the MMU MIA are the same as
those listed for the IOP MIA; that is, GPC command validation, data

format conversion, and the addition of SYNC codes and parity bits to MMU
response data to the GPC's.

2.3.2.2 Control logic.- The MMU control logic decodes and performs addi-
tional GPC command validation. It also issues command signals to the
other MMU components and sends the READY discretes to the GPC's when it is
not responding to GPC commands. It is responsible for maintaining tape
position, providing data format conversion prior to issuing the data to
the tape heads, and adding address and status bits to response words to
the GPC's. It also places various MMU components in a standby state when
the MMU is not responding to GPC commands. :

2.3.2.3 Read electronics.- The MMU read electronics activate the appro-
priate read heads for the selected ‘data track and control track, validates
data read from the tape, and converts data read from the track (which is
in an analog format) into digital data. The MMU tape is subdivided into
eight data tracks and one “control" track which run the length of the
entire tape. Data is read from each of these tracks via a separate read

head and is written to each track via individual write/erase heads. These

heads are activated individually by the Read and Write electronics.

2.3.2.4 Read/write electronics.- The MMU write electronics activate the
appropriate write/erase heads for the selected data track and control
track read head, transmits an erase signal to the head selected for the
erase function, and transmits write data to the head selected to write the
~data on the tape. Prior to writing on a portion of the tape, that portion
1slerased (actually a continuous operation) to insure that the tape is
“clean.”

2.3.2.5 Tape transport mechanism.- The tape transport mechanism houses
the nine-track magnetic tape, the tape heads, and the motor and its
control mechanism. [t physically moves the tape, retains proper tape
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tension, and transfers data to and from the tape. When not responding to
6PC command, the MMU control logic will place the tape transport mechanism
in a standby state.

'2.3.2.6" Powér supply.- The MM) power Supply ‘converts™28 Vdé ' from one matn

bus (Main Bus A for MU 1 and Main Bus.B for MMU 2) to #5 vdc and +12 vdc
for distribution to the MMU components. The power supply also provides
undervoltage protection for both severe low-input power spikes and
continuous low-input power states. The power supply also powers down the
transport mechanism when commanded to do soO by the MMU's control logic.

2.3.2.7 Built-in test equipment (BITE).- The MU's BITE maintains an
nQK/NOT OK® status of the MMU's components. Whenever a GPC requests_the
BITE status of a piece of hardware (in this case, from an MMU), it is a .
request for this "OK/NOT OK* status. The MMU's BITE data (provided in
appendix 8) is updated in GPC main memory every time data is read or writ-
ten to the MMU's and is downlisted every second. ,

2.3.2.8 MMU tape description.- The MMU tape is 602 feet long by 1/2-inch
wide and Ts suE%?videH Tongitudinally into eight data tracks and a control
track. These tracks are then further divided into files, subfiles, and
blocks of data which serve as an aid to finding specific tape locations
during read and write operations. Each tape can store over 8,000,000 16-
bit words, which at the present time, is more than sufficient for storing
three copies of all the flight software in each MMU.

2,3.2.9 MMU tape data layout.- Software stored on MMU is organized
according to operational groups called phases. A phase of software is
designed to be a group of software code and data which is transferred to
the GPC's during normal Orbiter operations (e.g., GNC OPS 1 to OPS 2 tran-
sition). Each phase is divided into load blocks of data and load blocks
of code to be stored in unprotected and protected main memory,
respectively. A load bleck can contain up to 32 MMU blocks of data (one
subfile) within the same file of the same track. Data transfers between
MMU's and GPC's occur in load blocks.

2.3.2.10 Checksum.- Checksum refers to a method by which data transfers
from the MMU's to the GPC's are validated. When each load block is stored
on MMU, the number of "1's" in all the 16-bit words of the load block are
added and the sum is stored as the last word of the load block, the -
checksum word. When a GPC reads the load block, it counts the number of -
%1's" in all the 16-bit words as received and compares its "checksum" to
the stored checksum. If a miscompare occurs, the software is not executed
and an I/0 ERROR MMU fault message is generated.

2.4 MULTIPLEXER/DEMULTIPLEXERS (MDM's)

There is a total of 30 MOM's, onboard the Orbiter. Of these MDM's, 16 are
§Bassified as DPS MOM's and the other 14 are classified as instrumentation
: 's.

The 16 DPS MDM's have names which are derived from their locations and
their hardware interfaces. They are the:
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Flight Critical Forward (FF) MDM's - (4

Flight Critical Aft (FA) MDM's - (4)

Payload (PL) MDM's - (2) i

Launch-SRB LEFT (LL) MOM's - (2) -~ .-~ "=~ . -~ .= 0. =
Launch-SRB Right (LR) MDM's - (2)

Launch-Forward (LF) MOM - (1)

Launch-Aft (LA) MOM - (1)

e 14 instrumentation MDM's have names which are derived from the instru-
ntation systems and their locations. They are the:

35' oo;oooo

Operational Instrumentation Forward (OF) - (4)
Operational Instrumentation Aft (0A) - (3)
Developmental Instrumentation Center (DC) - (2)
Developmental Instrumentation Forward (OF) - (1)
Developmental Instrumentation Left (OL) - (2)
Developmental Instrumentation Right (DR) - (2)

The DPS MDM's serve the following purposes: they convert and format se-
rial digital GPC commands into parallel discrete, digital, and analog com-
mands for transfer to vehicle subsystem hardware. This operation is
commonly referred to as an MDM's demultiplexing function. The other
function of the MOM, which is known as the multipiexing operation, is to
convert and format parallel discrete, digital, and analog data from vehicle
systems into serial digital data for transmission to the GPC's.

2.4.1 MDM Interfaces ‘ .

The several MOM interfaces are as follows:

e Cooling - Water-loop coldplate cooling to those MDM's in the forward
avionics bays (the FF, PL, and LF1 MOM's); Freon-loop coldplate cooling
to the MDM's in the aft avionics bays (the FA and LAl MOM's), and pas-
sive coldplate ¢~ ling to the SRB MDM's (LL1, LL2, LR1, and LR2).

e The MDM's interface with the GPC's via serial digital data buses and
with Orbiter systems hardware via hardwired lines. For a complete
description of MOM/LRU interfaces see the MOM Tables in appendix.A.

e Power - Main bus power (28 Vdc) to the FF, FA, and PL MOM's, preflight
Test bus power to the LF and LA MDM's, and SRB bus power to the SR8 .
MOM's (LL1, LL2, LR1, LR2). There are 11 FC and PL MDM power switches
on Panel 06. The function of these two-position, dual-contact toggle
switches (with the exception of the PL3 switch which is unwired for 0SS
1 and 2) is to permit control bus power to activate two RPC's which
in turn allow power frcm two main buses to flow to the designated MDM's.
The MDM power switch status is made available for downlink via the OF
and OA MDM's (FF1-4, FAl-4, PL1-3). The LF and the LA MOM's receive
the‘» power through the preflight test buses, (there is no crew station
control for these MDM's). The four SRB MDM's receive power through
<RB Buses A and B. These buses are tied to the Orbiter main buses and
controlied by the MEC.
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2.4.2 MDM Functional Description .

The typical DPS MDM is redundant in several ways. Each MDM can communi-

- cate on-one .of two different-data buses via two.separate MIA's.:: Each: MDM..
has two separate power supplies, each fed by a different main bus power
source. Furthermore, each power supply can provide power to all ‘compo-
nents within the MDM; therefore, a power supply failure will not inhibit
the operation of either MDM “channel." Each MOM has two analog-to-digital
converters. Inputs from each of the I/0 modules (there can be up to 16
I/0 modules in each MOM) are available to both MOM “channels." Since each
MDM has two MIA's or “"ports® and the other redundant components, the loss
of a MIA would not mean the permanent loss of data to the GPC's since the
data can be accessed through the other port on the other data bus upon-ac-
tion of the crew. “Switchover® is not automatic. The I/0 modules which -
reside in an MDM are based on the hardware components and types of data
that the particular MDM is required to access. Therefore, a FF MDM and an
SRB MOM, for example, would not be interchangeable.

Figure 2-8 illustrates a functional block dﬁagram of an MOM,

¢
\

2.4.2.1 MDM MIA.- Each of the two MIA's within an MOM are functionally
identical with the GPC's IOP MIA. '

2.4.2.2 Sequence Control Unit (SCU).- Either of the MOM SCU's validates
GPC commands (for proper address, operation, and time between words) and

. decodes those commands into instructions to control MDM operations. They
also execute instructions which are stored in a programmable read-only
memory (PROM) if required, and maintain the BITE status of the MOM com-
ponents. MDM BITE is updated in GPC main memory only when requested by
crew or uplink command and is not nominally downlisted. MDM BITE status
data is available in appendix B. Self-check tasks are cyclically performed
to terminate MOM operations if invalid. Cycling MDM power will restore
normal MDM functions.

2,4.2.3 Anang-to-digital.gA/D% converter.- The function of the A/D
converter is to convert analog data inputs from the input modules into
serial digital data for transfer to the SCU. The reverse process (digi-
tal-to-analog conversion) is not performed by this device, but is accom-
plished instead in the appropriate MOM output module. s
2.4.2.4 MDM power supply.- Each of the MDM power supplies convert 28 Vdc
main bus input power into regulated 18.6 Vdc power, and then converts the
18.6 Vdc into +5 Vdc, +10 Vdc, +12 Vdc and -20 Vdc, as required. These
power supplies also provide undervoltage detection and their power inputs
are "dioded" together to supply all the MOM components. Failure of one
power supply will not effect MOM operations. Failure of both power sup-
plies will cause the MDM to reset all discrete outputs, to reset all ana-
log outputs, and, when power is reapplied, to invalidate the first MOM

response to GPC commands.
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2.4.2.5 MDM Input/Output (I/0) modules - There are six basic types of 1/0
modules which may be installed in an 10, They are as follows:

¢ Discrete input module.converts up to.48 paratlel +5.Vdc inputs or up to .. . -

48 +28 Vdc inputs into three serial, 16-bit data words.

o Discrete output module converts serial, digital commands into parallel
discrete signals to Orbiter systems hardware.

¢ Analog input module conditions +#5.11 Vdc to <5.12 Vdc analog inputs
from Orbiter systems hardware for digital conversion by A/D.

o Analog output module converts 10-bit digital commands into +5.11 Vdc to

-5.12 Vdc analog outputs to Orbiter systems hardware.
e Serial, digital input/output module:

ee Notifies Orbiter systems hardware to receive commands or to send
data.

ee Converts "NRZ" commands into “Manchester II" commands for transmis-
sion to Orbiter systems hardware (waveform conversion).

ee Adds SYNC code and parity bits to commands for systems hardware.

ee. Converts "Manchester II" data into "NRZ" data from systems hardware
(waveform conversion). ' .

. TACAN/RADAR altimeter module (applicable to FF MDM's only):

oo %Rgx;nuousw transfers control panel inputs or GPC commarids to
() Contiﬁuously requests, receives and buffers radar altimeter data.
‘00 gogtinuously receives and buffers TACAN and TACAN control panel
a ao ! |
ee Converts buffered data to NRZ for transmission to GPC when
requested.

2.5 MULTISUNCTION CRT DISPLAY SYSTEM (MCDS)

The MCDS onboard the Orbiter is the system which allows for onboard ,
monitoring of Orbiter systems and computer software processing, and pro-
vides the flight crew with manual control for data and software manipula-
tion. The MCDS consists of three types of hardware the DEU's, the Display
Units (DU's), and the Keyboard Units (KBU's), which communicate with the
GPC's over the KBU's data bus network. Figure 2-9 illustrates the KBU's
and the DU's and ctheir locations in the Orbiter crew stations. Additional
EBU‘?, DEU's and DU's may be added to the vehicle as the Shuttle program
evelops. :
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2.5.1 MCDS 1Iterfaces

'~ 2.5.1.1 Power/cooling.~-The -CRT POMER switch has. two contacts for three . . .
positions: OFF, 5iBY, and ON. The STBY position activates twa RPC's to

allow main bus power from one bus to the DEU and DU power supplies. Only
the DU high-voltage power supply is activated to use for CRT filament
heaters. In the ON position, the DEU power supply receives a POWER UP sig-
nal discrete input to activate its logic circuitry and send a POWER UP sig-
nal to the DU voltage power supply to activate its logic circuitry. A 3-
amp circuit breaker allows the 115 Vac input to the respective instrumenta-
tion lamp potentiometer to control lamp intensity via dimmer circuitry.

The dimmer circuitry output is transformed to 5§ Vac and protected by a 5-
amp fuse for keyboard lamp power. v

The DEU and DU pairs receive forced-air cooling via the cabin fans. The
KBU's are cooled by convective heat dissipation.

2.5.1.2 Crew station controls - The following is a brief explanation of

each of the , controls.

o DEU LOAD switches: Prior to beginning normal operations, each DEU must
receive a memory load from MMU through a GPC. This procedure is accom-
plished through the use of the DEU LOAD switches on Panel 06. Each of
these four switches (one for each DEU) is a two-position momentary tog-
gle switch which sets a "flag” which will initiate a GPC request for
data stored in MMU. These data will be shipped from MMU to the GPC and
then Toaded from the GPC .into the DEU's own memory. This DEU data load
request will only be recognized immediately after GPC initialization.
Ouring this initialization sequence, the words DEU LOAD will appear on
the appropriate Cathode Ray Tube (CRT). If the load is successful, the
words IPL COMPLETE will appear on the CRT, followed shortly thereafter
by the appropriate CRT display. IPL INCOMPLETE will appear on the CRT
if the attempted load is unsuccessful.

e HMajor Function (MAJ FUNC) switches: On the basis of the phase of the
Shuttle mission, there may be different functional groups of software
being processed at the same time. These three-position toggle switches

- (one for each KBU) tell the GPC's which of these software groups is
meant to process the KBU inputs and drive the data presented on the-
CRT: GNC, SM, PL. o

o CRT SELECT switches: There are three CRT's (three DU's hardwired to
three DEU's) in the forward station and only two KBU's. The forward sta-
tion KBU's are each connected to two of these DEU/ DU pairs. The func-.
tion of the CRT SELECT switches is to identify to the system which
DEU/DU pair is to process keystrokes from each of the keyboards. The
LEFT CRT SELECT switch allows the left keyboard to talk to either
DEU/DU-1 (the Teft CRT) or DEU/DU-3 (the center CRT), and the RIGHT CRT
SELECT switch allows the right keyboard to talk to either DEU/OU-2 (the
rignt CRT) or DEU/DU-3. .

o CRT POWER switches: Each OEU/DU pair has a DEU/DU POWER switch assoc-
jated with it. Each of these is a three-position dual-contact toggle
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switch which permits control bus power to activate a pair of RPC's, and
allows main bus power to flow to the designated DEU and DU. Power

allowed to flow through each of the forward station CRT POWER switches

(in the STANDBY position) is “dioded” together- and supplied to the. Panel :.
C3 BFC CRT switches. The ON and STBY CRT POWER switch status is avail-
able through the OF MOM's. ’

o Keyboard Lamp Power Switches: Each set of keyboard lamps is part of an
instrumentation 1ighting system which responds to crew station circuit
breakers and potentiometers. Three 3-amp circuit breakers protect the
ac phase power bus inputs to the left/center, right, and Mission Spe-
cialist (MS) instrumentation lamps (including keyboard lamps). The po-
tentiometers permit variable control of instrumentation lamp intensity.

2.5.1.3 GPC interface.- Figure 2-10 illustrates the GPC/MCDS interfaces
“via the DK data buses. Note the inclusion of a proposed fifth DEUY/DU pair
and a fourth KBU (for the PL specialists station in the aft crew station).
when and if a fifth DEU/DU pair is added to the vehicle, it will interface
with the GPC's over DK-2, and provisions will be made to ensure that only
DEU/DU-2 or DEU/OU-5 will be active at any one time. Only one GPC can com-
mand a specific DEU/DU pair at any one time. If two GPC's send commands

to the DEU to drive different displays and data, frequently the viewer

will see a flashing effect on the CRT. ' :

2.5.1.4 Fault Détection and Annunciation.- The DEU maintains a capability

via software and hardware .logic to detect and annunciate certain MCOS prob-
lems and keyboard input errors: ‘

e BITE - Each CRT contains DEU and DU GO/NO-GO flags on its front panel.
These flags go to a NO-GO state (black and white) when a BITE-detected
condition exists for 6 seconds, but may be reset manually. If the problem
is considered a critical situation (e.g. DEU memory parity error, power
failure), the GPC DEU interface software will detect the appropriate
BITE bits set and drive the CRT BITE.fault message.

e Flashing ERR - The DEU control logic performs certain syntax checks on
keyboard messages before transmission to the GPC's. Input of an un-
expected character (e.g. letter in an OPS request) or termination of a
sequence without the required previous keystrokes will result in a, flash-
ing ERR on the scratch pad line after the offending keystroke. Using .-
the CLEAR key or starting the message again will recover from the . -
error.

e Big X - When a DEU detects that a GPC has not sent CRT data for 3 seconds,
a corner-to-corner "X" will be drawn on its associated CRT and freeze
all data on the screen. This state remains until a CRT data update
command is received.

e POLL FAILURE - When a DEU detects that a GPC has not polled it for 3
seconds, the words "POLL FAILURE" appear on the left of the scratch
pad line. This state remains until the DEY is polled by a GPC.

e Stand-alone Self-Test Program (STP) - A special CRT display and DEU
software can be used to verify the operation and interfaces involved
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i1 DEU operations immediately after GPC IPL and prior to initiating
nrmal GPC/DEU operations.

2.5.2 Display E1ectronics Unit (DEV) FynctionaI Descriptiop. .

Figure 2-11 illustrates a functional block diagram of an Orbiter DEU and
the crew station control inputs to the DEU. The following is a functional
description of these DEU components.

2.5.2.1 DEU MIA.- The functions of the DEU MIA are the same as those of
the 10P MIA. .

2.5.2.2 DEU control logic.- The DEU control logic validates GPC commands
(address, operation, and word timing) and stores CRT display information
from GPC commands in its own memory. The control logic also checks the
crew station control discretes to determine which keyboard adapter to

read, if a OEU memory load has been requested, and which major function
software should be processing KBU's and processing display data. It also
sends CRT display information to the symbol generator, provides timing sig-
nals for OEU operations and DU BITE, validates keyboard message inputs
(syntax), and executes software to accomplish GPC command tasks.

2.5.2.3 DEU BITE.- The DEU BITE maintains an "OK/NOT OK" status of its
components. The DEU and DU BITE status data are available in appendix B.

2.5.2.4 Symbol generator.- The symbol generator transforms data frem the
cogtroT Togic into control signals which are then sent to the display
unit. '

2.5.2.5 DEU memory.- The DEU has a memory area which provides storage for
8192 17-bit words 116 data bits and parity). This memory area is used to
buffer keyboard messages, GPC input and output data, the CRT scratch pad
and fault message lines, and CRT refresh data. This memory area also
stores critical background CRT display formats.

2.5.2.6 Keyboard adapter.- The DEU keyboard adapter (of which there are
two in each DEU) notifies the DEU control logic when a keyboard input is
made, and formats the status of all the keys for transmission to the con-
trol logic as requested. s

2.5.2.7 Power supply.- The DEU power supply filters the main bus 28 Vdc
input powér and converts this power into +5 Vac, 12 Vdc, and +15 Vdec. It
also provides undervoltage detection for converted voltages (when 5 per-
cent below nominal) and initiates a powerdown sequence when the input
power drops below 17.5 Vdc. The CRT attached to this DEU will blank
should this powerdown sequence occur. [t provides a POWER-UP discrete to
theinu lgw-voltage power supply when its control logic circuitry is
activated. '

2.5.2.8 DEU oscillator.- The DEU oscillator provides 24 MHz timing sig-
nals to the DEU components, and also increments the time in DE!) memory.
Shoulc the GPC stop sending time updates to the DEU, the time shown on the
assoc:ated CRT will continue to update as a function of this oscillator.
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2.5.3 Display Unit Functional Description

¥

The functions of the DU components are outlined belew. Figure 2-12 illus-
trates a functional block diagram ofa BU. - -~ . - .- %7 Lo

2.5.3.1 X and Y deflection g%g1ifier.- The X and Y deflection amplifier
amplifies the X- an rection deflection signals to drive the CRT beam
to the correct screen location.

2.5.3.2 Video amplifier.- The video amplifier ampliifies analog signals
from the symbol generator to control CRT beam intensity. It also scales
total CRT screen brightness on the basis of brightness control inputs.

The brightness control unit bases its inputs to the video amplifier on sig-
nals from the manual brightness control dial and the ambient 1light sensor
located just below the CRT screen. '

2.5.3.3 CRT.- The CRT displays alphanumeric characters, graphic symbols,
and vectors on a green-on-green phosphorus screen which is activated by a
magnetically controlled beam.

2.5.3.4 DU BITE.- The DU BITE maintains an “OK/NOT OK" status of the DU
components. The status of both the DU and DEU BITE is also reflected on
a pair of mechanical “flags® located just below the CRT screen.

2.5.3.5 DEU power supply.- The DEU power supply converts 28 Vdc main bus
power to +5, +15, +28, and +80 Vdc for DU logic and amplifier needs, to
16,000 Vdc to drive the CRT beam, and to 600 Vdc for focus controi. It
a}so provides overvaltage/undervoltage detection and overcurrent protec-
tion.

2.5.4 Keyboard Unit

Figure 2-13 is a schematic of an Orbiter kevhcard and figure 2-9 indicates
the locations of the three keyboards presentiy onboard the Orbiter vehi-
cle. There are 10 number keys, 6 letter keys (used for hexadecimal data
inputs), 2 algebraic-sign keys, a decimal key, and 13 speciai-function
keys. Each keyboard consists of 32 momentary double-contact pushbutton
keys. Each key utilizes its double contacts for communicating on separate
signal paths to two DEU's (only one set of contacts on the aft station KBU
keys is actually wired because this keyboard can only communicate with one
DEU), and is illuminated by dual lamps driven by Orbiter ac power (5 vac).

2.6 BACKUP FLIGHT CONTROLLERS (BFC'S)

There are three BFC's onboard the Orbiter. Each of these hardware devices
contains two independently powered modules, and each of these modules pro-
vides the interface between one GPC and the crew station controls. The
BFC interfaces are illustrated in figure 2-14. These interfaces consist
of the GPC HALT command, the BFC ENGAGE discretes, the BFC DISENGAGE
discretes, the BACKUP/NORMAL/TERMINATE discretes, and those discretes
which control assignment of the forward DK bus(es) to the BFS GPC. Zach
BFC module is powered independently, with use of the same power source as
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the CPU of its associated GPC. For example, Modile A of BFC 1, which
transmits its discretes to GPC 1, receives its pwer from the same source
as GPC 1's CPU.

‘e @

2.6.1 GPC/BFC Power Flow

A GPC receives its power when its associated GPC POWER switch is"moved to
the ON position. The power that is supplied to the GPC's CPU power supply
is also supplied to that GPC's BFC module and to the BFC switch input cir-
cuitry (to be discussed later on in this section). A total loss of power
to a GPC's CPU would also result in a total loss of power to that GPC's
associated BFC module. There is a S-amp fuse in the power supply line to
the BFC module. Destruction of this fuse could cause the loss of a BFC.
module even though the CPU is still receiving its required power,

2.6.2 BFC Discrete Inputs

2.6.2.1 BFC ENGAGE discretes.- The BFC ENGAGE pushbutton is a momentary
pushbutton switch located on each of the two forward station Rotational
Hand Controllers (RHC's). This pushbutton, when depressed, issues dis-
crete signals to the BFC modules, which request that control of theé vehi-
cle be turned over to the BFS GPC. Although this pushbutton is momentary
in physical design, the BFC ENGAGE discretes are "latched" inside the BFC
modules and remain in that state unless the BFC DISENGAGE switch is
toggled, power is removed from the BFC module, or no GPC's QUTPUT switch
is in the "BACKUP" position.

2.6.2.2 BFC DISENGAGE discretes.- The BFC DISENGAGE switch is a single
two-position momentary toggle switch, located on Panel F6. The purpose of
this switch is to request that control of the vehicle be given back to the
PASS GPC's. This switch resets the BFS ENGAGE discretes which were latched
inside the BFC modules.

2.5.2.3 BFC CRT discretes.- There are two switches on Panel C3 which are
known colTectively as the BFC CRT switches. The left-hand switch, or BFC
CRT DISPLAY switch, allows power from the CRT power switches in the for-
ward station (dioded together to form a single "source®) to flow to the
BFC CRT SELECT switch. The right-hand switch, or BFC CRT SELECT switch,
is a three-position toggle switch which has its positions marked 1+2, 2+3,
and 3+1. Assuming the BFC CRT DISPLAY switch is in the "ON" position, if
the BFC CRT SELECT switch is in the 1+2 position, the BFS GPC will command
CRT 1 when the BFS has not been engaged (the preengage state) and will
command CRT 1 and CRT 2 after the BFS has been engaged (postengage

state). The 2+3 position allows similar control of CRT 2 and 3, and the
3+1 position allows similar control of CRT 3 and 1. Preengage, should

the BFC CRT DISPLAY switch be turned off, command of the single CRT
(dedicated to the BFS) will be restored to the PASS. Postengage, if the
BFC CRT DISPLAY switch was in the OFF position, the BFS GPC would default
to commanding CRT's 1 and 2. A GPC/CRT keyboard message allows assignment
of DK buses to the BFS in addition to those assigned via the 8FC CRT
switches.
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2.6.2.4 BACKUP/NORM~./TERMINATE discretes.- The QUTPUT switch can be in
either the BACKUP, NORMAL, or TERMINAIE position. The BACKUP position .
jdentifies:to the BFC-Module:'if 'a GPC is-intended to be-the BFC GPC-when- - *
the BFC ENGAGE pushbutton is depressed. :

o If the QUTPUT switches of two or more GPC's are in the BACKUP' positien,
the QUTPUT switch is wired such that any lower numbered GPC defaults to
the NORMAL position.

. Pfeengage, §f a GPC is in either the "true® BACKUP or TERMINATE posi-
tion, the I/0 Terminate B discrete will be sent to that GPC.

e If all five GPC's are in either the NORMAL or TERMINATE position (no
GPC is in the BACKUP position) then the BFS ENGAGE discretes will be
forced to logical “zero's", and thus depression of the BFC ENGAGE push-
button would be ineffective.

2.6.3 Backup Flight Controller (BFC) Input/Output (I/0) Logic

As can be seen from figure 2-14, the BFC receives inputs from the BFC
ENGAGE pushbuttons, the BFC DISENGAGE switch, the OUTPUT switches, GPC

MODE switch (HALT position only), and the BFC CRT DISPLAY and SELECT
switches. The logic in the BFC module uses these inputs to develop the

BFS ENGAGE discretes (1, 2, and 3), the "I/0 Terminate B" discrete, and

the BFS CRT SELECT discretes, which are then output by the BFC and trans-
mitted to the associated GPC.. The HALT position of the GPC MODE Switch is
wired through the appropriate BFC to the GPC to reduce the effects of Elec-
tromagnetic Interference (EMI). The BFS GPC, in order to become ENGAGED,
mist recognize that at least two of the three ENGAGE discretes have

changed from “zero® to "1" and must receive an I/0 Terminate B discrete
equal to a logical "zero". The PASS GPC's, on the other hand, must re-.
ceive all three BFS ENGAGE discretes set to logical "1" and an [/0
Terminate B discrete also equal to a logical "1"., The PASS GPC's, upon
receiving these di;-2tes, will give up control of their dedicated buses
and enter a "softwa:e¢ halt* state. These GPC's would have to be reinitial-
jzed with an IPL sequence before they could be used again with any guaran-
tee of success. ,

Each GPC interrogates the ENGAGE discretes and the "I/0 Terminate B dis-.
crete inputs to determine if a valid BFS Engage or Disengage condition
exists. Also, the “I/0 Terminate B" discrete provides for hardware con-
trol of the FC data bus transmitters; i.e., if a GPC detects its “1/0
Terminate B" discrete = 1, it can not transmit on the FC data buses. Fur-
thermore, a PASS GPC must receive an "I/0 Terminate B" discrete = 1 as
we1;1:? the BFS ENGAGE discretes 1 = 2 = 3 = 1 to recognize the BFS ENGAGE
con on.

The GPC QUTPUT switch logic shows that if the OUTPUT switch is in the TER-
MINATE position, or if the OUTPUT switch is in the BACKUP position and
there is no higher numbered GPC with its OUTPUT switch in BACKUP, a logi-
cal "one" will be transmitted via a 1 second time delay to the 8FC.
Therefore, on the assumption that the three BFS ENGAGE discretas are set
to a logical "1" only the highest numbered GPC with its QUTPUT switch in
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the 51CKUP position will -aceive the correct discrete pattern in order to
assume control as the BFS GPC. A1l the other GPC's, assuming no failures,
will receive the correct discrete pattern which will tell them to surren-
der ¢ontrol of their buses. S A RN

2.7 MASTER EVENTS CONTROLLER TBS

2.8 DPS ACTIVATION

The following is a series of activation procedures, primarily taken from
the Orbiter Systems Operating Procedures (0SOP), showing an acceptable- .
order of activating the DPS. These procedures assume that the power and
cooling subsystems have previously been activated.

2.8.1 MMU Activation

The only activation required for the MMU is to place the MMU 1 (2) POWER
switches to ON on Panels 014 (015).

For non-IPL use, the IPL SOURCE switch for each MMU should be in the OFF
position on Panel 06.

2.8.2 MDM Activation

The activation procedure for the OPS MDM's is to place the eleven POWER
switches on Panel 06 to ON.

FLT CRIT AFT (four) - ON
FLT CRIT FWD (four) - ON
PL (three) - ON
Note: MOM's should be power.:d up before the GPC's are activated to pre-
vent I/0 errors from occurring.

2.8.3 MCDS Activation f-

The four MCDS's are normally activated by placing the appropriate CRT
POWER switch to ON on Panels C2 and R12.

CRT 1 (2,3) Power - ON Panel C2
CRT 4 Power - ON Panel R12

Note: Approximatsly 1 minuta is required for the CRT to become usable
from an unpowered state.

I¥ the DEU memories have never Seen loaded, then a DEU memory load is re-

quired; this can only be performed after a GPC has been activated and is
in I7L OPS 0.
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2.8.4 GPC Initialization and Activation

: The'information'provided-here-concernsvitseﬂfiwithnthgzinitializ&tion-and:;.
activation of the PASS GPC's as well as the BFS GPC. The first portion of
the total procedure is known as GPC {nitialization and is equivalent for
all GPC's. The first step in this initialization procedure is to turn a
GPC's POWER switch to the ON position. At this point, the GPC is in a
hardware-controlled state in which the GPC monitors its MODE discrete, the
IPL SOURCE switch, and the IPL pushbutton. For an IPL request to be
completed, the GPC's MODE switch must be in HALT and either MMU 1 or 2

must be selected as the IPL SOURCE. When the IPL pushbutton for that GPC
is depressed, hardware initialization logic within the GPC checks the 5
selected MMU's READY/BUSY discrete to determine whether or not the MMU is
ready to respond with the initialization software load. If it is, and

this is the first attempt at getting the MMU software load, the GPC will
request the software from the selected MM and drive its own mode talkback
(Panel 06) to the IPL position. If this software is received with no I/0
errors and no checksum errors, the GPC will reset its mode talkback to
barberpole and begin to monitor its discrete inputs for a signal to start
the activation phase.

Should an I/0 or checksum error be detected, the GPC will return to the
hardware-controlled state and will wait for another IPL request via the
IPL pushbutton. If the READY talkback has not returned to the barberpole
state within 2 minutes, it will indicate that the load was not successful.
The second and subsequent depressions of the IPL pushbutton will cause the
GPC to retry the initialization software load from a second place on the
same MM tape. If the other MMU is to be tried, the IPL SOURCE SELECT
switch must be cycled to the other MMU, since there is no automatic MMU
switching during this procedure. Figure 2-15 illustrates a functional GPC
jnitialization logic flow.

At this Eoint the initialized GPC contains the system software loader and
STP which will allow it to proceed with the activation sequence. Figure
2-16 illustrates this activation-]o?ic flow up to the point where a PASS
systems software or a 3FS software oad is attempted. _

At the start of this process, the GPC is monitoring its discrete inputs .
and remains in a "wait® state until it detects that the IPL SOURCE switgh
is OFF and its MODE switch is now in the STANDBY position. Prior to mod--
ing these switches, it should be noted that additional steps must be imple-
mented if this initialization/activation process is intended for the BFS
GPC or if a GPC extended self-test is going to be performed. Both these
processes require an active DEU because the GPC IPL MENU display (figure
2-18) is used to perform these functions. For either process, a CRT must
be powered ON, and the associated DEU must be loaded with software via an
input from the appropriate DEU LOAD switch (Panel 06). The BFC CRT DIS-
PLAY switch must be turned ON, and the BFC CRT SELECT switch moved to the
desired position (1+2, 2+3, or 3+1). The IPL is then initiated by
depressing the GPC's IPL pushbutton on Panel 06. This will result in the
GPC TSL MENU subsequently appearing on the selected CRT. At this point the

IPL SOURCE switch can be turned to the OFF position and the GPC moded to
STANDBY.
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The GPC is now under software control to execute a STP, and it drives its
mode talkback to RUN. The GPC then monitors the BFC CRT SELECT discrete
-inputs and ¥f both of ‘thése discretas are-"zero* {({f the BFC CRT-:DISPLAY °. -
switch is in the OFF position), the GPC will attempt to load the PASS sys-
tems software. .

However, if both these discretes are not “zero” the GPC checks to see if
the DEU assigned to the. BFS GPC is in the proper configuration as ex-
plained previously. If it is not, the GPC enters an unknown state (the re-
sults of this situation have not been defined). On the -assumption the
selected DEU has been properly configured, the GPC initiates the DEU
interface and the DEU responds to the GPC poll. At this point, the GPC -
IPL MENU display is driven on the CRT. There are two item entries on this
display which are used to select either a PASS software load request or a
BFS software load request. When one of these item entries is initiated,
the GPC branches off to attempt either the PASS or the BFS software load.

2.8.4.1 PASS activation.- At this point in the logic flow, the GPC at-
tempts to load ithe PASS software from the MMU. The logic flows for both
the PASS and BFS activations are illustrated in figure 2-17. If an I/0
error or a checksum error is detected during this MMU read operation the
read attempt is aborted. Since the read was unsuccessful, the software
does not start processing and the IPL must be reinitiated. Assuming that
the load has been completed successfully, the GPC monitors its MODE dis-
crete and remains in this "wait® state until the MODE switch is moved to
the RUN position. At this point, the PASS software begins processing.
This software includes the DEU interface processing, the downlist and
uplink processirng, timekeeping, synchronization, and the GPC's ICC data
bus ocutput. At this time, the OPS O (GPC MEMORY) CRT format will be
driven on the available CRT's. The GPC will then monitor inputs from the
keyboard and, upon receiving an OPS overlay request, will attempt to read
the OPS overlay software. If this software load is successfully read,
redundant set operations will be initiated as required and the proper
0PS/Major Mode CRT format will be displayed on the CRT assigned to the
GPC('s). If this load is unsuccessful, the appropriate fault message will
be generated and the transaction retried as described earlier. Execution
of this software will only begin when the read is successful by at least
one GPC required to execute the OPS. ‘
2.8.4.2 BFS activation.- At this point in the logic flow, the GPC at- '
tempts to read the BFS software from the MMU. If an I/0 or checksum error
is detected, the read attempt is aborted. Assuming the software load is
successful, BFS OPS O mode will be initiated. The BFS GPC now monitors
jts MODE discrete and the BFS ENGAGE discretes. Should the BFS ENGAGE dis-
cretes indicate that the BFS is engaged, or when the BFS GPC is moded to
RUN, the BFS GPC sets its BFS RUN discrete. However, the BFS GPC does not
perform any GNC software processing until a keyboard entry is made to ac-
%ivgge the GNC software modules (which were included in the BFS software
oad).

Figure 2-18 illustrates the GPC IPL MENU CRT Display. In order to load
the BFS .software, the BFS LOAD ITEM must be entered (Item 16 EXECUTE). At
this point, the PASS software could still have been loaded via an ITEM 15
EXEC entry. )
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Figure 2-18.- GPC IPL MENU CRT display.



If the BFS software is requested, the STP will load a software block from
MMU called the Backup System Loader (BSL). After the load is complete,
- the: STP will.hand over. control. to .the BSL which. will. then.load the-BFS

software from MMU into the GPC. The BFS GPC will retain control of a 3

(the first CRT identified by the BFC CRT SELECT switch position).

The BFS GPC is now in the BFS OPS O state (as discussed in Section 5), and
a display will appear on the CRT. If the DEU is in the GNC major func-
tion, the BFS MEMORY display will appear. If it is in the SM function,

the HYD ACTR/PL display will appear. If the MAJ FUNC switch is in the PAY-
LOAD position, the CRT will become blank.

The BFS GPC is now listening on the FC data buses to see whether the PASS -
GPC's are in a Major Mode which supports the active PASS/BFS interface
(currently GNC OPS 1 and OPS 3 phases). If so, the BFS will attempt to
uTRACK" the PASS GPC's by listening on the FC data buses for the PASS
"HIGH FREQUENCY EXECUTIVE™ (25 Hz) listen commands and the PASS transfer
data, and continue its processing using PASS data.

If the PASS i§ not operating in one of the appropriate Major Modes, the
BFS GPC will ignore the PASS and enter the DISENGAGED-STAND ALONE mode in
which no FC data bus inputs are considered valid.

If appropriate (depending upon the mission phase), the BFS GPC can be
moded to RUN, at which time the PASS will surrender its control of the PL
. data buses and the BFS GPC will begin to command on the PL data buses.

If the BFS GPC is in the DISENGAGED-STAND ALONE state and it is desired to
have the BFS GPC attempt to "TRACK" the PASS (such as after the PASS has
been moded: to OPS 101 or OPS 301), one of the following must be done: the
BFS GPC MODE switch can be moded to HALT and back to STANDBY or RUN (plac-
ing the BFS GPC in BFS OPS 0); the keyboard entry of I/0 RESET EXEC can be
made via a BFS-controlled keyboard (the BFS GPC remains in its current
OPS/Major Mode) or by moding the BFS GPC to the appropriate Major Mode
-£0§§ 105 or OPS 301) via an OPS 101 PRO or OPS 301 PRO entry to the BFS
eyboard.

At some point in this process, the OUTPUT switch for the BFS GPC will typ-
ically be placed in the BACKUP position to allow BFS Engagement. .

K4
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SECTION 3
CREW STATIONS PANEL CONTROLS AND DISPLAYS

Each switéhwﬁi1i 5eA§h6wn bniits crew statioﬁ acédmpanie& b&:a fﬁnctional
description and operational limitations as necessary. :

3.1 PANEL C2

3.1.1 CRT 1 (CRT 2, CRT 3)
3.1.1.1 POWER (3-position toggle switch).- | -

e ON: Allows 28 Vdc to designated Display £lectronics Unit (DEU) and
Display Unit (DU) power supplies.

e STBY: Allows 28 Vdc only to high-voltage power supply to warm-up Cathode
Ray Tube (CRT) filament in designated DU (no CRT characters).

e OFF: Inhibits all power inputs to designated DEU and DU.

e NOTE: CRT warm-up occurs in ON or STBY position.

3.1.1.2 MAJ FUNC (3-position toggle switchz.-'Changes which major function
sgﬁggare s to process keystrokes and to drive CRT data for the designated

Operational Limitations

o The selected major function's Operational Sequence (OPS) display will

?ggggs on the designated CRT unless overlaid by a Specialist Function

o Moving the switch from one major function to another, then back to the
original major function returns the underlying major mode or SPEC dis-
play to the CRT.

o Moving the switch to another major function in Primary Avionig§ Soft-
ware System (PASS) causes that major function's major mode display to
appear on the CRT unless:

e A SPEC was active on the CRT the last time the major function was
selected; then the SPEC appears on the CRT if an OPS transition
has not cccurred.

OR
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eo The new major function isn't active, then the display on the CRT
~ goes blank and an error message is generated.

" R

oo The selected major function already is in command-of three buses,
Eaen the display doesn't change and a fault message appears on the

o Moving a MAJ FUNC switch of a CRT assigned to the Backup Flight System
(BFS) to “SM" will cause the HYD ACTR/PL display to appear on the QBT

e “GNC" will cause the appropriate Guidance, Navigation and Control
(GNC) major mode display to appear on the CRT unless a SPEC was
active the last time GNC was selected; then the SPEC appears on
the CRT if no OPS transition has occurred. If GNC is not active,
the CRT display doesn't change.

ee "PL" will cause the display to blank.

3.1.2 LEFT CRT SEL (2-position toggle switch

Directs DEU/DU 1 or DEU/OU 3 to process keystrokes from the left keyboard
in the forward station. ’ .

3.1.3 RIGHT CRT SEL (2-position toggle switch

Directs DEU/DU 2 or DEU/DU 3 to process keystrokes from the right keyboard
in the forward station.

Operational Limitation: DEU/DU 3 will process keystrokes from both key-
Boards if both CRT SEL switches are in position "3". Hence, if the

combined keyboard inputs pass DEU syntax checks, an unwanted message or
command could be transmitted to GPC's listening to DEU 3 response
messages.
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OFT KEYBOARD

FAULT SUMM - A single keystroke message which includes the FAULT dis-
play in any OPS. SPEC 99 PRO invokes the FAULT display and clears

GPC/CRT - The first keystroke of a keyboard message (e.g., GPC/CRT

T) which assigns a specific Multifunction CRT Display System
(MCDS) to a particular General Purpose Computer (GPC). A DEU/CRT may
be isolated from the PASS GPC's by entering "0" for the GPC on a PASS
keyboard. Isolation of a CRT from the BFS is similarly done via a
BFS keyboard. The BFS responds to CRT reassignment via this keyboard
message and the proper configuration of the BFC CRT DISPLAY and SELECT
switches on Panel C3. . .

1/0 RESET - The first key of a keyboard message (I/0 RESET EXEC) which
restores Bus Control Element (BCE) chains and resets any Bus Terminal
Unit (BTU) port masks. PASS responds to inputs from a PASS keyboard
while the BFS responds to inputs from a BFS keyboard or PASS keyboard
when BFS is tracking the PASS (OPS land 3).

ITEM - The ‘first key of a keyboard message which acts as a software
switch (e.g., ITEM 14 EXEC), or allows data to be input for software
processing (e.g., ITEM 13 + 1099 EXEC) for supporting SPEC's and oPs.

EXEC - The last key of a keyboard message to:

e Enter data on SPEC'S and -OPS displays (e.g., ITEM 13 + 7099 EXEC).

o Assign a specific CRT to a particular GPC (e.g., GPC/CRT 43 EXEC) .

e Enable or inhibit software processes (e.g., ITEM 14 EXEC).

e Restore BCE chains and reset BTU port masks (e.g., I70 RESET EXEC).

OPS - The first key of a keyboard message to initiate a new OPS (e.g.,
OP3 301 PRO), change major modes (e.g., OPS 302 PRO), or restart the
current Ops major mode [only in GNC OPS major modes 201, 301, 801,

and 901, and SM OPS major modes 201 and 202). The latter technique
(OPS mode recall) alss czus<s software to assign data buses according
to the data bus assignment portion of the memory configuration table
on GPC MEMORY. OPS O PRO cancels any Systems Management (SM) and Pay-
Toad (PL) OPS when SM and PL, respectively, are selected via the Major
Function switch, but cancels only GNC OPS 2 and 9 when GNC is selected.

SPEC - The first key of a keyboard message to invoke SPEC's or DISP's
(e.g., SPEC 50 PRO). A major function can support a maximum of three
CRT's with two SPEC's, three displays (DISP's), of any combination

of three SPEC's and DISP's for the three CRT's. A SPEC may overlay
an OPS while a DISP may overlay a SPEC or OPS. The same SPEC may be
driven on two CRT's for the same major function (using the maximum
of two SPEC's for the major function). Systems software SPEC's and
DISP's count against the major function in which they were called.

SYS SUMM - A single keystroke message which invokes the System Summary
(SYS SUMM) CRT display for the current OPS in the GPC. Only Ops 9 in
all major functions do not have SYS SUMM displays. When SYS SUMM is
entared for an OPS not having a SYS SUMM display, an ILLEGAL ENTRY
fault message will be generated.
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Figure 3-2.- CFT keyboard.
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MSG RESET - A single keystroke message which clears the fault message

Tine and extinguishes any software driven C/W 1ight and tone or the
_SM ALERT light and tone. If entered on a keyboard attached to a CRT = .
“showthg -a Class 5 (operator erior) message, MSG RESET clears only: " "' .

that CRT's message line (no Scratch Pad Line (SPL) echo).

ACK - A single keystroke message which stops the fault meésage from
FTlashing, extinguishes the SM ALERT light and stops the Alert tone
(no SPL echo).

Letters A - F - Allow hexadecimal data entries for keyboard sequences
Tnvolving LIEM numbers. : } .
Digits 0 - 9 - Used to specify ITEM numbers, data, OPS major modes,
SPEC numbers, and GPC/CRT designation for the associated keyboard
messages.

Signs (+,-) - Used to specify algebraic value for item data entries
and to separate ITEM numbers from data entries on ITEM data keyboard
messages’ (e.g., ITEM 1 + 6 + 14 + 12 EXEC).

PRO - The final keystroke in keyboard messages to:

o Initiate a new OPS (e.g., OPS 301 PRO).

e Proceed to the next major mode (e.g., OPS 302 PRO) except for certain
mode transitions in GNC OPS 1, OPS 6, and OPS 3.

o Invoke SPEC's and DISP's (e.g., SPEC 50 PRO).

Decimal Point (.) - is used to enter floating point decimal data in
Ttem keyboard messages.

CLEAR - A singlé keystroke message which generally blanks the last
keystroke or "ERR" and the erroneous keystroke. If the last keystroke
isha)PRO,or EXEC, entering CLEAR will blank the entire SPL (no SPL
echo). .

RESUME - A single keystroke used to terminate the current CRT over-
lay and to return the underlaying SPEC or OPS display.

’
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3.3 FORWARD STATICN ROTATIONAL HAND CONTROLLERS (RHC)

3.3.1 BFS Engage Pushbutton

BFS Engage Pushbutton engages the BFS and disengages the PASS if the BFS
GPC's OUTPUT switch (Panel 06) is in BACKUP. If no GPC OUTPUT switch is

in BACKUP, PASS remains in control of the vehicle. If a GPC OQUTPUT switch
is in BACKUP but no GPC contains BFS Software, the PASS GPC's with OUTPUT =
NORMAL will give up vehicle control but the PASS GPC with QUTPUT = BACKUP
remains in control of the vehicle. .

-

BFS ENGAGE
PUSHBUTTON

Figure 3-3.- Rotational hand controllers BFS ENGAGE pushbutton.
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3.4 PANEL C3
" 3.4.1 BFC CRT DISPLAY (2-position toggle switch)’
o ON: Provides power to the SELECT switch.

1.

PP

e OFF: BFS CRT selection can be accomplished with GPC/CRT key when the
display switch is in OFF.

3.4.2 BFC CRT SELECT (3-position toggle switch) ~ L

Allows onboard control of which CRT's are to be driven by the BFS. Pre-
engage, the BFS drives CRT 4 in the aft station and the forward station
CRT indicated by the first number in the SELECT switch position (CRT 2 in
figure 3-4). After BFS is engaged, the BFS drives CRT 4 and both forward
station CRT's indicated by the SELECT switch positions.

NOTE: If the BFS is engaged, the BFS will default to CRT's 1 and 2 if the
BFC CRT DISPLAY and SELECT switches fail.

3.4.3 UPLINK BLOCK (3-position toagle switch: 2 positions lever-locked)

o ALL: A1l uplink commands are not processed (blacked).
o CRITICAL: A1l two-stage commands are blocked.
e NONE: No commands are blocked.

NOTE: The "ALL" and "CRITICAL" positions are lever-locked (note the " ")
to prevent inadvertant toggling. Once lower-locked, a switch must be
pulled out to change switch positions.

3.4.4 OI PCMMU PWR (3-position toagle switch)

Allows power to PCMMU 1, PCMMU 2 or neither PCMMU. Toggling from one .
Pulse-Caode Modulation Master Unit (PCMMU) to the other applies power to-
the designated PCMMU power supplies. The Random Access Memories (RAM's)
in the newly selected PCMMU will have to be reloaded with the appropriate
operational downlink telemetry load since powering off the PCMMU erases
the Telemetry Fermal Load (TFL) in the RAM's. The 128 kbps Programmable
Read-Only Memory (PROM) is still available to retrieve data from toggle
buffers 1 and 5 only.




8FC CRT BFC CRT
DISPLAY Switch SELECT Switch

| o= S=-3AND PM
CONTROL SWITCH

A~~~ 0I PCMMU
FORMAT SWITCH

N\— 01 .PCMMU
POWER SWITCH

) UPLINK BLOCK SWITCH

Figure 3-4.- Panel! C3.
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3.4.5 OI PCMMU FORMAT (3-position toagle sQitch!

[

_Allows onbaard control of the PCMMU telemetry formatter outputs.
GPC: The PCMMU.logic updates either the 128 kbps RAM or the 64 Kbps T

RAM and selects which memory will be read by the 128 kbps telemetry
formatter as directed by the GPC via keyboard inputs or uplink.

FIXED: The 128 kbps telemetry formatter reads the fixed 128 kbps PROM
:ormat while the 64 kbps telemetry formatter reads the 64 kbps RAM
ormat. *

PROGRAM: Both PCMMU telemetry formatters (64 and 128) read the program-
mable TFL RAM formats to build the telemetry output to the Network Signal
Processors (NSP's).

3.4.6 S-BAND PM CONTROL (2-position tpggle switch)

Allows onboard control to direct the Ground Command Interface Logic (GCIL)
to use uplink commands (CMD) or crew station panel switches for S-BAND

PM hardware selection. When placed from "PANEL® to “CMD", the GCIL will
control S-BAND PM hardware based on crew station switches until the GPC
processes a valid uplink command to control S-BAND PM hardware (NSP's,
pre-amps, power-amps and transponders).
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3.5 PANELS F2, F4, MO52J

3.5.1 MASTER ALARM (black Tetters-.on red background) ‘ e

I1luminated by the Caution and Warning (C&W) electronics upon detection
of a Class 2 problem. Data Processing Subsystem (OPS) Class 2 problems
involve GPC fail-to-sync and sumword miscompare cases. Extinguished only
by depression of any MASTER ALARM pushbutton indicator. Accompanied by

a MASTER ALARM tone.

3.5.2 BFC (yellow letters on black background) .
I1luminated by the BFS GPC when BFS is engaged.

8FC Light MASTER ALARM
Push-dutton

Indicator

'-_-——_——.-— "‘

3FC Light

Figure 3-5.- Panels F2, F4 and MO523.
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3.6 PANEL F6

3.6.1 BFC DLSENGAGE (Z-position, momentary. guarded toggle) =~ = ' '

Sets three discrete inputs to all five Backup Flight Controller {BFC) mod-
ules to disengage the BFS.

NOTE: The PASS will not assume control of the vehicle without an overt
action onboard to prepare the PASS for vehicle control (e.g., reinitialize
and/or reformation of PASS redundant set).

Figure 3-6.- Panel F6.
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3.7 PANEL F7

.3.7.1 CRT 1 (CRT .2, CRT 3)

- (5" x 7 phosphorus screen activated by magnetically positioned electron
bgam) BESresents alphanumeric characters and graphics as directed by a GPC
via a . '

3.7.1.1 BRT ggotentiometer).- Allows onboard control of associated total
CRT screen brightness from blackout to full brightness.

3.7.1.2 DEUﬁ ou *Zzﬁosition talkback).- Indicates illustrated "NO-GO"
state when the etects that a problem has existed for at least 6- sec-
onds in the associated device. To return the flag to black (no problem
detected), the flag must be manually twisted in a counterclaockwise direc-
tion and released. If the problem still exists, the flag will return to
i1lustrated "NO-GO" state. Accompanied by CRT BITE Class 3 fault message
andb?ssociated annunciations if critical Built-In Test Equipment (BITE)
problem.

L

3.7.2 SM ALERT (black letters on blue background)

I1luminates when a Class 3 alert problem is detected by software. OPS
Class 3 problems include Input/Output (1/0) error, BCE chain bypass, GPC
configuration, BITE, and timekeeping cases. Accompanied by alert tone,
and fault message. LIGHT & TONE extinguished by depression of ACK or MSG
RESET keys. Tone independently terminated by Software in 3 seconds.

3.7.3 GPC (red letters on black background)

I1luminated by C&W when any GPC issues jts SELF-FAIL discrete output

based on voter hardware, synchronization software, or sumword comparison
log}E. Normally accompanied by GPC STATUS matrix yellow diagonal light,
MASTER ALARM lights and tone, Panel R12 CAUTION/WARNING STATUS matrix light
(when status requested), BACK-UP C/W ALARM 1light on Panel F7 C&W matrix,
and fault message. Extinguished by correction of problem or by powering-
off faulty GPC. !

P
.

3.7.4 BACKUP C/W ALARM (red letters on black background)

I1luminated by C&W via DPS MDM's when a Class 2 C&W problem is detected
by software. OPS Class 2 problems include GPC fail-to-sync and sumword
miscompare cases.

Normally accompanied by GPC STATUS matrix light, MASTER ALARM lights and
tone, and fault message. Extinguished by MSG RESET key depression.

~
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Control Control

]3] ou

3 2
BITE 8ITE 3ITE
Flag Flag Flag

Figure 3-7.- Panel F7.
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3.8 PANEL L4

380 ISTR(eb) -~ e e

Permits power to the Panel 08 potentiometer for instrumentation intensity
?ontrol in the right forward station (e.g., right keyboarai instrumentation
amps.

3.8.2 INST L/CRT (cb)

Permits power to the Panel 06 potentiometer for instrumentation intensity
control in the left and center forward stations (e.g., left keyboard) in-
strumentation lamps. ’

3.8.3 PANEL MS

4

Permits power to the Panel R10 potentiometer for intensity control in the
mission specialist (MS) station (e.g., keyboard) panel lamps.

Figure 3-3.- Panel L4.
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3.9 PANEL MO42F .

-~ 70319,1 "GPC MENORY'DUMP’(S‘bositionlrotary-switeh)-.ﬂ;ﬁ-.v.’A.-» .

ldentifies a GPC to be selected for a special Hardware Initiated Stand-
Alone Memory (HISAM) dump capability. The selected GPC's OUTPUT switch
(Panel 06) must be in TERMINATE, and the MODE switch must in HALT. When
the MODE switch is moved to STBY, the GPC begins sending a 32 half-word
frame downlist to the PCMMU's toggle puffer 4. If the PCMMU 128 kbps
sfixed® format or a TFL which reads toggle buffer 4 is used, the contents
of the selected GPC's memory will be included in the operational telemetry
downlink until the selected GPC'S MODE switch is moved to HALT or power .
is turned off. A dump of a GPC main memory using this method will require
about 5-10 minutes to complete.

Figure 3-9.- Panel MO42F.

3-16



3.10 Panel 01 - GPC STATUS Matrix

(5 x 5 1ight matrix with yellow 1ights on the main diagonal and white
" lights elsewhere). - * B -

Yellow, main diagonal light indicates a GPC has determined (i.e., voted)
jtself failed. A white light indicates a GPC has determined (i.e., voted)
another GPC has failed. Normally, during Ascent and Entry phases, a fail-
ed PASS GPC will be indicated with its GPC STATUS matrix column, the GPC
and BACKUP C/W ALARM lights (Panel F7), the MASTER ALARM lights (Panels
F2, F4 and A7) and GPC fault messages on PASS driven CRT's. If the BFS
GPC fails during Ascent or Entry, only its GPC STATUS yellow diagonal
1ight, the GPC C&W light, and the MASTER ALARM lights will illuminate. .
During on-orbit operations, failure of one of the two GNC GPC's or the SM
GPC may be indicated with the yellow GPC STATUS diagonal light, the GPC
and BACKUP C/W ALARM lights, the MASTER ALARM lights, and/or GPC fault
messages. In each instance, the C&W alarm will also occur. Different sit-
uations may involve different combinations of the annunciations mentioned
above with other annunciations not mentioned (e.g. fault messages).

:_‘, sl » g W 3 ; Por. II)‘ — .“ ’
R 3 DANaR2T  SFRL N . SY82°  AIREES: O

D ENTIAS

Figure 3-10.- Panel 01, GPC STATUS matrix.
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3.11 PANEL 06

©3.11.T" LEFT/CTR “INSTRUMENT ‘(potenticmeter) Ve e

Permits variable input to control brightness of left/center instrumentation
lamps in the forward station; e.g., left keyboard lamps.

3.11.2 ANNUNCIATOR LAMP TEST (3-position momentary tggglg:switcul

Permits power to the forward station annunciator lamps (including the Panel
01 GPC STATUS matrix when in the °LEFT" position) for bulb test. -

3.11.3 ANNUNCIATOR INTENSITY (2-position toggle switch and potentiometer)

Permits onboard intensity control of annunciator lamps (including Panel

01 GPC STATUS matrix). When the INTENSITY toggle switch is in "BRIGHT",
the forward stdtion annunciator lamps are driven to full brightness. When
the INTENSITY'to?gle switch is in "VAR®, the LOW-MED potenticmeter .con-
trols the variable annunciator lamp intensity level from low to medium.

3.11.4 MDM PL1 (PL2, PL3, FF1-4, FAl-4) (2 position toggle switch)

Permits power inputs to the designated muiltiplexer/demultiplexer (MOM) ~
ggygical of all 10 DPS MDM's). The PL3 MDM power switch is not wired for
and 2.

3.11.5 DEy LOAD (2-position, momeﬁtary toggle switch)

Requests the Initial Program Load (IPL) software in a Mass Memory Unit
(MMU) to be stored in a GPC for transfer to the designated DEU (typical
of all four DEU's). When the switch is momentarily placed in LOAD during
nominal DEU operations, the GPC will stop responding to keyboard inputs
from that DEU and sending data for the CRT. The DEU/DU will be lost for
nominal usage until initialization which can occur only via a GPC just -
after GPC IPL. s

3.11.6 General Purpose Computer

3.11.6.1 POWER éz-positionz ?garded tbgg]e switch).- Permits power inputs
to the designate ypical of a aPl’s).

3.11.6.2 GOUTPUT (2-state talkback) .- Indicates barberpole for a PASS GPC
if it stops output over its assigned Flight Critical (FC) data bus(es)

pre-8FS engage or when the BFS. is engaged. Indicates barberpole for the
BFS GPC pre-BFS engage or if it stops output over the FC data buses post-
BFS engage. Ouring nominal operation of a GPC, a loss of power, critical
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Figure 3-11.- PANEL 06.
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internal failure halting Software, GUTPUT Switch = TERMINATE or MODE Switch
= HALT will cause a GPC's QUTPUT talkback to go barberpole. Nominal state
is gray. . .. .. . .

3.11.6.3 OQUTPUT (3-position, quarded toaqgle switch).- Terminates.FC out-
put for the indicated GPC and allows onboard acknowledgement of BFS GPC
for coordination of PASS to BFS handover of vehicle control. Selection
of BFS GPC occurs during GPC IPL/Activation and not with this switch. If
all five GPC QUTPUT switches (often called the BACKUP /NORMAL / TERMINATE)
are in either NORMAL or TERMINATE, the PASS GPC's will retain control of
the vehicle if BFS ENGAGE is requested via an RHC pushbutton. If more
than one GPC's OUTPUT switch is in BACKUP, the higher numbered GPC's OUT-
PUTNS:;REh will be acknowledged to be in BACKUP; all others will default -
to .

3.11.6.4 IPL (pushbutton).- Initiates IPL for the indicated GPC if power
is on, MODE = HALT, an MMU is selected and the selected, MMU is ready.
Depression of the IPL pushbutton during nominal GPC operations will not
be recognized. Only one GPC at a time i{s initialized since command of
the MM 1 and 2 data buses is required.

3.11.6.5 MODE (3-state talkback).- Indicates status of software process-
ing for designated GPC. During the IPL sequence, IPL will be driven on
the talkback. During nominal operations RUN will be driven unless power
is off, a critical internal failure has halted software, or MODE = HALT/
STBY, in which case barberpole will be displayed.

3.11.6.6 MODE (3-position toggle switch: one position lever-locked).-

o RUN: The designated GPC is under software control.

e STBY: A PASS GPC .is in a software "WAIT" state. A BFS GPC is under
software control. :

e HALT: The designated GPC is under hardware control, processing no
software.

NOTE: During initialization, a GPC's MODE switch is in HALT. After
initialization, transition from HALT to STBY enables loading of system
software while subsequent transition from STBY to RUN initiates excution
of the OPS O system software. Transition from RUN to STBY during nominal
operations stops a PASS GPC from executing software while transition back
to RUN only initiates the OPS 0 system software. Normal shutdown of & GPC
involves transition from RUN to STBY to HALT. Transition from RUN di-
rectly to HALT prevents an orderly shutdown of the GPC to a "known" state.

3.11.7 IPL SOURCE (3-position toggle switch)

Indicates to GPC's which MMU is to be the source of the. IPL software.
When in OFF, IPL will not occur.
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3.12 PANEL 08

3.12.1 RIGHT INSTRUMENT ggotentiometerl

Permits variable input to control brightness of right forward- station
instrumentation lamps; e.g., right keyboard. lamps. .

3.12.2 ANNUNCIATOR LAMP TEST (3-position toggle)

Permits power to the forward station annunciator lamps (incliuding the
Panel 01 GPC STATUS matrix when in the "LEFT" position) for bulb test.

9

RIGHT INSTRUMENT
Lighting
Potentiametar

ANNUNCIATOR LAMP
Test Toggle Switch

=)

Figure 3-12.- Panel 08.

3-21



3.13 PANEL 013

LI

3.13.1 GPC STATUS (cb) o !

Permits essential bus power to the logic and onboard controls ‘which

drive the GPC STATUS matrix annunciations.

013

VTR

Figure 3.13.- Panel 013.
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3.14 PANEL 014

L3140 MMUL - L e e
Permits 28 Vdc to MMU 1 power supply (Z-positio'n tog§1e switch).

MMU 1 Power | @ —mm = o .5".?""3:———.';‘ — =9
Togg1 e SWi tCh . S S— - L] 1 1 1 vEnT 100
IRy

p—

Figure 3-14,- Panel 014.
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3.15 PANEL 015

. 3 IS 1 mj 2‘ ._'_«. e e e o
Permits 28 Vdc to MMU 2 power supply (2-position toggle smtch)

Eﬂ:é ry ‘-':::T.I" o™ wam
oggle — = ol o > |
® ® 015 @ _@m_

Figure 3-15.- Panel 015.
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~ 3,15 PANEL R10

3.16.1 MS LIGHTING PANEL (potentiometer o R
Permits variable input to control brightness of MS panel 'Iamps,
e.g., MS keyboard lamps. ' R
PANEL R10 MS LIGHTING
PANEL

e 000 e &9:
: &7
oss o’ St |
Oul'llt ! ou-m. 2 '1
@ ' @1 )
R10 (vaad

Figure 3-16.- Panel R10.
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3.17 PANEL R12
The controls on Panel R12 provide the same function for DEU/OU/CRT 4 as

" ‘simular controls om Panels 2 and F7 -provide for DEU/DU/CRT's 1, 2, and. -
3. The MS keyboard functions are the same as those defined for the .
Panel C2 keyboards.

PANEL R12

CRT 4
Brightness

Control "‘~\\

DEU 4 .
BITE Flag

ou 4
BITE Flag ] CRT 4

Switch

MS Station
Keyboard

CRT 4
Major Function
Switch

Figure 3-17.- Panel R1Z.
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3.18 PANEL R13

3;18.1‘26AUT10N[HARNING PARAMETERS STATUS light matrix (120 white lights).

Lights 05, 15, 25, 35, and 45 represent self-fail for GPC's 1, 2, 3, 4
and 5, respectively. Provides aft station status to accompany any GPC
Status matrix (Panel 01) yellow diagonal light and the Panel F7 CaW
matrix red GPC light (with MASTER ALARM annunciation).
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Figure 3-18.-1 Panel R13
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3.19 PANEL Al

3.19.1 DATA RATE XMIT (2-position toggle switch)

Directs the GCIL to command the NSP to transmit data at 128 kbps
(HIGH) or 64 kbps if the S-BAND PM hardware is under crew station
control (ref: Panel C3, S-BAND PM CONTROL toggle switch).

3.19.2 POWER (3-position toggle switch

Directs the GCIL to permit power to NSP 1, NSP 2 or neither NSP if )

the S-BAND PM hardware is under crew station control (ref: Panel
C3, S-BAND PM CONTROL toggle switch).

*I8G e’a’

]

ol [Oh
=]

Eed

NSP DATA RATE
XMIT Toggle Switch

NSP POWER
Toggle Switch

Figure 3-19.- Panel Al.
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3.20 PANEL A7

3.20.1 MASTER ALARM (Black letters on red background)

I1luminated by C&W electronics upon detection of a Class 2 problem (DPS
Class 2 involves GPC fail-to-sync and sumwork miscompare). Extinguished
only by depression of any MASTER ALARM pushbutton indicator. Normally
accompanied by a MASTER ALARM tone.

8

!
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Figure 3-20.- Panel A7
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~ ' SECTION &
FLIGHT COMPUTER SOFTWARE

4.1 OVERVIEW

The OFT flight computer software consists of system software and applica-
tions software modules.

The system software modules consist of the software required to control
the PASS GPC's and to provide the input, output and operational control
services to the applications software, ground users, and flight crew. It
is resident in all PASS GPC's following Initial Program Load (IPL} and is
partitioned into the Flight Computer Operating System (FCOS), the User
Interface module and the Systems Control module. As this last subdivisiom
is transparent to the user, no distinction will be made in this document
between the FCOS, User Interface and Systems Control modules. Instead,
they will collectively be referred to as the system software. The system
software provides the following services:

o Starts and coordinates the initialization process.

e Coordinates General Purpose Computer (GPC) and data bus configuration.
e Discrete input monitoring and distribution.

e Main memory modification.

e Main memory overlays.

e Synchronization.

e Redundancy Management.

o Timekeeping.

o Input/Output (I/0) management and I/0 error processing.

e Multifunction CRT Display System (MCDS) interface software.
e Uplink processing.

e Downlist formatting.

e Ground Support Equipment (GSE) processing.

o System-level Specialist Function (SPEC) interface.

e Post-IPL (and before any Operational Sequences (OPS) overlays), con-

tains Display Electronics Unit (DEU) loader software and DEU self-
tast package.



The Backup Flight System (8FS) software also includes system software
modules which perform many of these same functions and will be discussed
_in .section 5. . e e . .

In order to conserve memory in each GPC, the software used to perform the
mission (applications software) is divided into the Guidance, Navigation,
and Control (GNC) major function, the Systems Management (SM) major func-
tion, and the Payload (PL) major function. The GNC, SM, and PL major func-
tion software blocks are further subdivided into mission-phase-oriented
blocks called OPS. Each OPS is given a number to identify it. For exam-
ple, the GNC launch 0PS is called OPS 1 while the entry ‘OPS is called (0] )
3, as illustrated in figure 4-1. : .
Each of these OPS is subdivided further into software blocks called major
modes, which relate to a specific portion of a mission phase. For exam-
ple, Major Mode Ol in 0PS 1 (often referred to as OPS 101 or Major Mode
101) contains the software pertaining to that part of the launch sequence
known as the “terminal count period, which extends from approximately 20
minutes prior to ignition until lift-off. Each major mode has an associ-
ated OPS display, which will be displayed by an MCDS if it is in the ap-
propriate major function. p

A transition from one mission phase (OPS) to another is referred to as an
0PS transition. These transitions are always initiated by flight crew in=
tervention. .
Depending upon the jndividual case, a major mode may be initiated automati-
cally (based on specific events) or through a keyboard entry to a DEU

which is assigned to the appropriate GPC(s). Under certain conditions,

the current major mode may be requested for purposes of reassigning data
buses and changing the redundant set. Note that a complete keyboard entry
must be made to initiate a major mode. If the transition from 0PS 2 Major
Mode 1 to OPS 2 Major Mode 2 is desired, a crew entry of "OPS 202 PRO"

will be required. Also, only certain of these OPS/mode transitions are
allowed by software. The current legal OPS/mode transition table is in ap-
pendix 6. The Class 5 fault message "ILLEGAL ENTRY" will appear if an

illegal OPS/mode transition is requested.

4.2 CONCEPTS AND DEFINITIONS

4.2.1 Displays

There are three levels of displays which can be used by the flight crew to
observe systems data and status, and for SM and control via keyboard entries.
First, there is a display called an OPS display associated with each OPS/major
- mode. The OPS displays are the highest priority of the three types. There
are portions of each OPS display which can be manipulated by flight crew
keyboard input (or ground uplink) via item entries, which are used to

view and modify systems parameters and allow for data entry.

The next level of displays is that associated with blocks of sofiware
called SPEC's. These SPEC displays are invoked by a "SPEC ABC PROQ"
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Figure 4-1.- Orbiter flight computer software.
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keyboard entry (where A #9, 0 <B <9and0<C< 5). A SPEC display
“gverlays” the current OPS display and is also used to view and modify
parameters via keyboard item entries. Depression of the KBU RESUME. key
will terminate the SPEC display, and the overlaid OPS display will reap-
pear. Whether or not the software associated with the SPEC is terminated
depends upon the individual case. .

The third level of displays are those associated with blocks of software
called display functions (DISP's). These DISP displays are also invoked

by a “SPEC ABC PRO" keyboard entry (where A =9, 0<B<9o0r6<Cc<9).
These displays can only be used to view systems parameters, and do not
allow manipulation of the system via item entries. The DISP's will overlay
the current OPS display and the current SPEC display if a SPEC had been T
invoked. Use of the RESUME key will terminate the DISP and recall the
previous SPEC (if available) or OPS display (if no SPEC had been overlaid).

4.2.2 System Softwarg Displays

There are five displays associated with the systems software. They are
illustrated on the next three pages-.

e FAULT - DISP 99; called with the FAULT SUMM key; available all OPS.
e GPC MEMORY - OPS display in GNC OPS 9 and 0PS 0; SPEC 0 in all OPS.
o DPS UTILITY - SPEC 1; not available GNC OPS 1, 3, 6.

e TIME - SPEC 2; not available GNC OPS 1, 3, 6.

e GPC/BUS STATUS - DISP 6; not available GNC OPS 1, 3, 6.

Following IPL, a PASS GPC is loaded only with system software and certain
other initialization software such as the DEU loader and self-test soft-
ware. At this time, five system level CRT displays are supported - GPC
MEMORY, DPS UTILITY, TIME, GPC/BUS STATUS and FAULT. However, following
any OPS transition, the initialization software is overlaid with other
software and is no longer available. Also, following an OPS transition to
GNC OPS 6, OPS 1, or OPS 3, the DPS UTILITY, TIME, and GPC/BUS STATUS dis-
play software will be overlaid and will not be available. When an QPS / |
other than OPS 1, 3, or 6 is loaded, these three displays (oPS UTILITY,
;IME, @PC/BUS STATUS) are again included in the overlay and are available
or use.

The statement that a PASS GPC is in GPC OPS O means that it is processing
system software, but is not processing any applications (GNC, SM, PL) soft-
ware. Thus, in OPS 0, a GPC can perform certain tasks including downlist,
uplink, timekeeping, OEU polling, GSE polling as well as tasks initiated

by crew interface with one of the available system level displays. The

OPS display for OPS 0 is the GPC MEMORY display.

A GPC will be placed in OPS O by a crew entry of "OPS 000 PRQ" to 2 DEY to
which it is listening if it is in one of the following major modes: GNC
OPS 201 or 901; SM OPS 201, 202, or 901; or PL OPS 901.
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Note that if a GNC redundant set exists, in GNC OPS 2 or 9, an "OPS 000

PRO® input to a PASS GNC DEU will result in all members of the redundant

- set going to OPS-0-(i.e., ceasing to process GNC application software)l. A .
single PASS GPC may be placed in OPS 0 at any time by moving that GPC's
MODE switch from RUN to STBY (STANDBY) and back to RUN, or from RUN to

STBY to HALT and back to RUN. If a GPC were running in a specified major

. function (GNC, SM, PL) and it was not a target GPC for a new OPS in that
major function, then it would be forced to OPS O at that transition.

Thus, it will stop processing major function software.

To leave OPS 0, a PASS GPC must be moded to GNC 0PS 201, 301,or 901; SM

201 or 202; or PL OPS 901. These are the only legal OPS transitions from
PASS GPC OPS 0 as illustrated in figure 4-7. ' -

4.2.3 GPC MODE - HALT, STBY, and RUN

Each GPC has. its own three-position toggle-type MODE switch located on
Panel 06. Each of these switches has a HALT, a STBY, and a RUN position;
and the position of this switch determines the software processing avail-
able from that GPC's as illustrated in table 4-1.

In the HALT mode, the GPC is in a hardware-controlled state in which na
software can be exscuted. The GPC MODE switch, the IPL SOURCE switch, the
Mass Memory Units (MMU) Ready discretes, and the GPC IPL pushbutton dis-
cretes are all monitored in this state.

In the RUN mode, the GPC suppérts jts normal OPS-assigned vehicle
operations.

With the exception of the IPL case, a PASS GPC in STBY is in a state in
which no software is executed. In this state, only the GPC MODE switch
discretes are monitored. It is necessary, 2s a matter of procedure, that

a GPC being moded from RUN to HALT be moded to STBY prior to going to HALT |
(1ong enough for the STBY discrete to te ac+i:ored for 1-2 seconds), since
moding to STBY all-wz for an orderly software cleanup, which will then
allow a GPC to be :orrectly reinitialized without the necessity of per-
forming an IPL. Should a GPC be moded from RUN to HALT (without pausing

in STBY), there would be no guarantee that it could correctly perform its
functions upon being remoded to RUN. ’

The current GPC MODE of each of the PASS GPC's will appear on the GPC/BUS
STATUS display (available during all mission phases except GNC OPS 1, 3,
and 6). See figure 4-4. Note that only RUN or HALT will be displayed as
STBY is not distinguished from HALT.
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TABLE 4-1.-

MODE SWITCH TRANSITIONS

« . To - R .- a e Caer T, .
HALT STANDBY RUN'
From ' ]

Systems reset: Systems reset:

o IPL cleanup (if o IPL cleanup (if
necessar¥). necessary).

o Ready talkback (TB) o Ready talkback
to RUN. | to RUN.

o Initiate cyclic moni- | @ Activate communi-
tor for RUN mode cations with other
transition. GPC's.

HALT e Initiate time
management.
o Initiate downlist.
¢ Initiate DEU and
, network signal
processor command
(if no other GPC
in control).
e Force GPC to
0PsS-0.
Hardware halt: Systems reset:
e No active software. o Ready talkback
e GPC IPL (if re- to RUN.
quired). e Activate communi-
cations with other
GPC's.
STBY e Initiate time
management.
o Initiate downlist.
¢ Initiate DEU and
NSP command (if
! no other GPC in
control). .
e Force GPC to OPS-0.
Same as STBY + Systems reset:
HALT transition e Terminate all CPU
(not a preferred and IOP processes.
sequence; software e Monitor for RUN
RUN downmode in STANDBY mode switch
is proper). position.

e Ready talkback to

barberpole.
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" 4,2,4 Downlist GPC

A1l GPC's which are operating in a redundant set are processing identical
software, using identical inputs, and processing identical outputs. . There-
fore, only the downlist from one member of the redundant set:needs to be ¥
incorporated into the telemetry and sent to the ground. The redundant set
GPC whose downlist is incorporated into the telemetry and sent to the

ground is called the downlist GPC (not prime GPC). '

Selection of the downlist GPC can occur automatically according to a selec-
tion hierarchy based upon certain conditions, or as a result of a flight
(or ground) crew entry to a CRT display. The first PASS GPC to complete
1PL and be moded to RUN will be the downlist GPC. Under the following
conditiogs, the selection of a new downlist GPC is automatically -
initiated:

e At OPS transitions and OPS mode recalls involving redundant set for-
mation.

e In the event of a downlist GPC powerdown.

o In %he event the downlist GPC MODE switch is moded from RUN to STBY or
HALT. a

e In the event the downlist GPC fails to sync with all other redundant
set GPC's and there are at least two other GPC's operating in the redun-
dant set.

In any of the above situations, the software automatically selects the
lowest numbered GPC in the redundant set as the new downlist GPC. If
there is no redundant set, the remaining GNC GPC becomes the downlist GPC.

Also, any GNC GPC in the redundant set may be manually selected as the
downlist GPC by keyboard entry (ITEM 44 on the GPC MEMORY SPEC). See fig-
ure 4-3. If a GPC other than one in the redundant set is entered in this
jtem, the "ILLEGAL ENTRY" fault message will be generated.

The current downlist GPC ID appears in ITEM 44 on the GPC MEMORY display.

4.2.5 Memory Configuration (MC)

'
4

An MC consists of the software resident in the GPC. A1l the software nec-
essary for a flight is recorded on each of the MMU tapes. When a PASS GPC
completes its IPL, it is loaded with the systems software, plus certain
initialization software. This is referred to as Memory Configuration O.

In order to perform other tasks which are related to a mission phase,
other software is loaded into the GPC's memory. An additional block of
software known as a Major Function Overlay (MFQ) (which contains software
related to either GNC, PL, or SM applications) and a block of software
known as an OPS overlay (which contains the mission-phase-common software)
are loaded into the appropriate GPC's following a specified OPS request as
i1lustrated in tabie 4-2. It should be noted that the GNC MFQ software
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contains certain flight-critical (FC) software which will be retained from
one mission phase to another. To the user, it appears that both of these

. software-blecks (the MFO and ‘the- OPS overlay)--are-loaded-tato-the-GPC's-at:.

the same time.

Table 4-2.- GPC-1 MEMORY CONFIGURATION ON ASCENT

SYSTEM GNC _ 0Ps-1
SOFTWARE MAJOR FUNCTION (ASCENT) i
BASE OVERLAY | 0PS-6 |
(RTLS)

The current resident major function and OPS for each PASS GPC will appear
on .the GPC/BUS STATUS display (not available in GNC OPS 1, 3, or 6) with
an alphanumeric indicator in which the left-most character will be a
G(GNC), S(SM), P(PL), or a blank (IPL) and the right digit will indicate
the number of the current OPS.

4.2.5.1 Memory configuration table.- Each PASS GPC maintains a software
memory configuration table, which contains the initiating OPS and the num-
bers of the GPC's that are scheduled to receive the software for each MC.
Those 6PC's are often referred to as the target GPC's or "selected" GPC's
for that MC. This table also includes the nominal data bus assignments
for each MC and is used at OPS transitions involving memory reconfigu-
ration or upon a legal OPS/Mode Recall as is illustrated in table 4-3.

The new MC is called into the target GPC's when a crew entry is made to a
keyboard unit, based on the position of the associated MAJ FUNC switch,
For example, a crew entry of “OPS 301 PRQ" with a MAJ FUNC switch setting
of GNC would bring Memory Configuration 3 into GPC's 1, 2, 3, and 4.

4-12
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4.2.5.2 Bus assignment table.- Associated with each MC is a bus assign-
ment table (for that MC) which pertains to the assignment of the FC, PL,
-+ Launch Boest-{LB}, Mass.Memory- (MM), and Display/Keyboard -(OK). data -buses ... - .
as illustrated in table 4-4. .

This internally stored table indicates which buses will be commanded
(transmitters enabled) by which target GPC's for that MC.

The assignment of strings and data buses to GPC's is accomplished during

OPS transitions and OPS/mode recalls. The current GPC/bus assignment may
be observed, on the GPC/BUS STATUS display (not available GNC OPS 1, 3, 6)
for the Strings, PL, Launch, and 0K (also referred to as CRT) data buses.

The Multiplexer/Demultiplexer's (MDM's) on the Strings and PL data buses
are dual port devices. The hardware is designed, however, to allow only
one port to be accessed at a time. Still, if it was determined that one
port of one of these MDM's had failed, it would be advantageous to switch
and send commands to the other port. This capability is available in all
OPS except GNC OPS 1, 3 and 6 via inputs to the DPS UTILITY display
(figure 4-4). On this display, an asterisk by the appropriate item number
(15-24) indicates which ports (Primary or Secondary) are being accessed on
that String or PL data bus. When this display is available, it is possi-
ble to switch ports being accessed with the appropriate item entry.

The flight crew (and ground controllers via an uplink capability known as
DEU .EQUIVALENT) have the capability to observe and modify the memory con-
figuration and bus assignment tables by making keyboard entries to the GPC
MEMORY display. This display is a system level SPEC which is available in
all OPS. 1In order to observe or modify the selected GPC's and data bus as-
signments for a particular MC, the number (x) of that MC must be entered :
with Item 1 (ITEM 1 + x EXEC). At this time the appropriate “*ig" and num-
bers will appear to indicate the target GPC's and assigned command GPC's

for each of the data buses. To modify this table, the appropriate item
numbers and, for data bus assignments, GPC numbers must be entered. Note
that the command GPC for a data bus must also be a target (selected) GPC for
that MC for the assignment to take effact. Also, modification of the

table is not effective until an OPS transition involving the MC or a legal
OPS/Mode Recall. In addition, a GPC/CRT keyboard message will modify the
bus assignment table for the current MC pertaining to which CRT (DK) data
buses are assigned to which GPC's. o

4,2.6 Freeze-dried GPC

A GPC which is loaded with the software for a particular MC and placed in
0PS O or moded to STBY (and then HALT or powered off) is said to be
freeze-dried with that MC. Prior to the OPS transition to that MC, the
freeze-dried GPC could be moded back to RUN, if necessary (it will now be
in OPS 0 not processing any application software), and then the appropri-
ate OPS requested. Thus, the freeze-dried GPC would serve as a safequard
in casa the MMU and/or MM buses failed.
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TABLE 4-4.- NOMINAL BUS ASSIGNMENTS

-~

- ne

MEMORY 1 2 3 4 6 7 8 9
CONFIGURATION | (61,66) | (62) (63) (52) (P9) (59) (68) (69)
“IRGETEPCs | 1233 PP I Y R 7 2 7 1234
STRING 1 1 1 1 0 0 4 1 1
STRING 2 2 2 2 0 0 4 2 2
STRING 3 3 2 3 0 0 4 2 3
STRING 4 4 1 4 0 0 A 1 a
PL1/2 1 0 1 4 0 4 0 1
LDB-1 3 0 0 4 0 4 1 1
LDB-2 3 2 3 0 0 4 2 3
MM 1 1 1 4 2 4 1 1
MMU-2 A 2 4 4 2 4 2 3
K-1 1 ] 1 4 2 4 1 1
DK-2 2 0 2 0 0 0 2 2
DK-3 3. 2 3 4 2 4 2 3
DK-4 0 ) 0 4 2 4 0 0 .
e _—




4.2.7 Memory Reconfiguration
.- Systems sof tware may_perform GPC m@in,memory,reconfigqration with the use .

of an MMU or another GPC as the memory source."
initiated by user selection or a MFO and OPS overlay software via a key-

board entry - OPS ABC PRO. :

Although the system software is loaded into a GPC following IPL, a transi-
tion to Memory Configuration 1 or 3 overlays the part of the system soft-
ware including the software associated with the DPS UTILITY, GPC/BUS STA-
TUS and TIME displays. Thus, these displays are not available in GNC OPS
1, 3 or 6. However, when a transition is made from OPS 1, 3, or 6 to _an-
other OPS (such as GNC OPS 2 or 9, SM OPS 2, etc.), it will be necessary-
to reload these areas of system software as well as possibly reload a
major function or OPS overlay. Still, current estimates indicate that an
OPS MFO with no errors will take less than 15 seconds.

If a legal OPS transition is requested (the legal OPS transitions are
included in appendix @), the necessary OPS overlay (and the necessary
major function/system softwara overlay, if required) will be loaded into
all target GPC's in the common set as specified in the memory configura-
tion table. However, a user input requesting that a simplex MC (SM OPS 2,
PL OPS 9, and SM OPS 9) be loaded into multiple GPC's (via modification of
the memory configuration table) will be rejected and an “ILLEGAL ENTRY"
fault message will be generated. Thus, neither PL nor SM software can be
run redundantly. Also, if a target GPC is new to the major function con-
figuration and is not in OPS O when the reconfiguration is requested, the
request will be rejected and the Class 3 alarm and “GPC CONF" fault mes-
sage will be generated. An attempt to reconfigure a GPC which is not a
member of the common set (the BFS GPC, for example) will result in a Class
3 alarm and a "GPC CONF" fault message.

1£ an OPS transition is requested which is not legal, the fault message
wILLEGAL ENTRY" will appear. A41so, it should be pointed out that if a GPC
is running in a certain major -function but is not a target GPC for a par-
ticular OPS (MC) in that major function, then that GPC will be forced to
OPS 0 (i.e., stop application software processing) when that OPS is
requested. Thus, within a major function, only one OPS may be active.

¢
D

4.2.8 0PS/Mode Recall

An OPS/Mode Recall can be made (i.e., the current major mode may be re-

requested) under the same limitations as a legal OPS transition in any

major mode providing that no change in the selected GPC's for that MC will

be involved. If such a change has been made, the request will be accepted

gg{y ig ggg following major modes: GNC's 201, 301, 801 and 901, and SM's
an .
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In any other major mode, the request will be denied with the Class 5 fault
message “ILLEGAL ENTRY". This means that an 0PS/Mode Recall may be used

at any time in the mission to simply reassign data buses, but can only be
used in a few specific cases to instigate main memory reconfiguration.”

4.2.9 Memory Source Selection

4.2.9.1 IPL.- During an IPL, an MMU is selected for the memory load via
the “IPL SOURCE® switch on Panel 06. This switch is a three-position tog-
gle switch which will be either on the MMU 1 or MMU 2 position during the
i?L sequence. At all other times, this switch will be in the OFF posi-
on. : -
4.2.9.2 Non-IPL source selection.- Each PASS GPC exchanges its currently
resident MC as part of Tts common set sync status information. Then, when
a request is made for MC, each GPC's software can determine if another GPC
has the requested OPS or current major function base. Typically, the
lowest numbered GPC which already has the requested software will be used
as a source. for the GPC's as illustrated in figure 4-8. If there is no
available GPC source, the OPS request will be made to MMU. Thus, Item 9
is nominally selected on the DPS UTILITY display. It is possible to force
the OPS overlay from an MMU. This is done by an ITEM 10 entry to the DPS
UTILITY SPEC. If this item is selected, both the MFQ and OPS overlay will
be forced from MMU. This means that certain GNC OPS transition FC informa-
tion, such as vehicle state vector, will be lost and/or inaccurate, with
a previously stored one substituted from MU, If there is no usable GPC
source and/or the selected MMU is OFF or being used for another memory
transaction, the Class 3 fault message "MM OFF/BSY" is initiated. The cur-
rent status of each MMU is shown on the DPS UTILITY display as either ROY
(ready to respond) or BSY (OFF or currently responding to a GPC command).

4.2.9.3 Input errors during OPS transition.- During an OPS transitionm, if
an I/0 error or checksum error is encountered during an MMU read opera-
tion, the software will automatically generate a Class 3 “I/0 ERROR MMU"
fault message and retry the transaction. This retry serves to filter MMU
and MM data bus transients. [f the error occurs again, the Class 3 and
fault message "I/0 ERROR MMU" will be generated, and the software will au-
tomatically retry the transaction on the other MMU. An automatic realign-
ment of this new MMU to the appropriate major function will occur, and
this reassignment will be reflected on the portion of the DPS UTILITY:
display which relates to MMU assignment (Items 1-8). This automatic
switching protects against a single MMU or MM data bus failure.

Any GPC which again detects an error on the transaction (while other GPC(s)
were successful) will force fail to sync with the successful GPC's and
enter the OPS O state. An *"I/0 ERROR MMU" error message will be gener-
ated, and the successful GPC's will process the overlay. If all target
GPC's detect an error, they will not process the overlay, be forced to

OPS 0, and drive the GPC MEMORY display on their CRT's.
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The software which handles GPC-to-GPC-transaction /0 errors operates in
a similar manner except that no checksum is computed. In case of an
error, an “I/0 ERROR MMU" fault message is generated and the transaction .
is retried. If another error is detected, the "I/0 ERROR MMU®  fault- is
gene:aged; and then, the alternate bus is selected and the transaction
retried. :

After exausting the retry options, the OPS will be initiated in the suc-
cessful GPC's and the erring GPC(s) will fail to sync.

4.2.10 Checkpoint

Blocks of data, called checkpoint data, can be reserved for future use.by
storing these data on MMU. These data represent a “snapshot®" look at the .,
appropriate systems data taken at the time the checkpoint is made. Prior
to launch, an initialized set of checkpoint data is loaded on the MMU's.
At specified times during a flight, these data can be updated in order to
provide a more accurate data source should retrieval of this information
be required. A checkpoint can be made for each major function. However,
the software required to support a GNC or PL checkpoint will not be avail-
able in the early Shuttle flights, so only an SM checkpoint capability
will be discussed here. This SM checkpoint is initiated by user entry to
the SM TABLE MAINTENANCE display. The data in this checkpoint include cur-
rent Fault Detection and Annunciation (FDA) status, including limit
values, noise filter constants, telemetry constants, parameter annuncia-
tion inhibits, and current time. The checkpoint is initiated by an “ITEM
18 EXEC" input to the SM TABLE MAINTENANCE display as shown in figure 4-9.
If the checkpoint is successfully written, the time and status (GOOD) will
appear.

Item 12 on the DPS UTILITY display (figure 4-4) is the control which
enables the incorporation of checkpoint data upon an OPS transition or an
OPS/mode recall. This capability will be inhibited when the display is
first initiated. This particular itm number (12) is a "SET/RESET" type
of i.em. The first entry of "ITEM 12 EXEC" will enable the checkpoint
retrieval capability and place an asterisk next to the jtem number on the
display. The next entry of “ITEM 12 EXEC" will inhibit the capability and
cause the "** to disappear. After the checkpaint has been used during an
0P§1transition or recall, the capability will again be inhibited automati-
cally. ’ :
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4.3 SYNCRONIZATION/GPC REDUNDANCY MANAGEMENT

~..The SYNC and GPC RM schemes employ both hardware and software methods to -

ensure that the GPC's operate together propérly. The software controlled =
SYNC scheme is used to ensure simultaneous GPC operation, intercomputer
communication .(ICC) of specified GPC status information, and that all of
the appropriate GPC's have received their required data. A" software con-
trolled sumword comparison is made to ensure that the redundant set GPC's
are issuing identical critical output commands. Software detected discrep-
ancies in the above schemes may result in a FAIL discrete being sent to
%?e ?r§ing GPC from the detecting GPC(s) via a dedicated FAIL discrete
ne(s).

A hardware “"voter" in each GPC is used to initiate GPC self-fail annuncia-
tion as a result of its receiving two of the above-mentioned FAIL dis-
cretes or by the GPC's own software SYNC or sumword comparison schemes
indicating a “self-failure.”

4.3.1 SYNC/GPC RM Failure Indicators

A failure detected by the hardware or software SYNC/GPC/RM scheme will be

annunciated in one or more of the following ways: A Class 2 alarm which
includes “GPC x" (x = GPC [d) fault messages, illumination of the MASTER
ALARM Tights on Panels F2, F4, M042J and A7, illumination of the BACKUP
C/W ALARM 1ight on Panel F7, the sounding of a CZW tone, the illumination
of a light or lights on the GPC STATUS matrix on Panel 01, the GPC light
on Panel F7, and illumination of a light or lights on the 120-1ight C&W
matrix on Panel R13. Also, a “+" and "M's" may appear on the GNC SYSTEM
SUMMARY displays and the GPC/BUS STATUS displays (if available).

4.3.1.1 GPC STATUS matrix.- The GPC STATUS matrix, located on Panel 01,

is a 5x5 matrix of 1ights used to annunciate the GPC status when a GPC has
failed a SYNC or GPC RM scheme with another GPC. Each lighted element rep-
resents one GPC's FAIL discrete (vote) for another GPC. For example, if
GPC 1 sends a FAIL discrete to GPC 3, Element 1/3 will light (refer to fig-
ure 4-10). A1l of the lights that can illuminate as a result of one GPC
voting against another are white in color. Those lights which would be il-
luminated due to GPC self-failure recognition are yellow in color and form
the upper-left to lower-right diagonal. When a GPC lights its own diagonal,
it will also automatically reset any FAIL discretes it had _sent to other
GPC's. Thus, its non-diagonal row will be extinguished. The cross-hatched
column of lights in figure 4-10 illustrates a GPC STATUS matrix indication
if GPC 1 failed in a nominal ascent or entry configuration.

The GPC STATUS matrix discretes arz reset by the involved GPC's at any OPS
transition or OPS/Mode Recall invoiving MC. Also, when a GPC is powered
off,. its corresponding row and column are extinguished, and if it is placed
in HALT, it will extinguish its non-diagonal row. Furthermore, as will

be discussed later, if the lights were set as a result of a sumword mis-
compare they will be reset following a correct comparison.



The GPC STATUS matrix is used primarily to annunciate redundant set GPC
failures. Any GPC which goes to software halt (as a result of crew sta-

: ;ion.pangl.cpnfiguration,-harqqgre.getggtgq.pgqbleps or.ﬁfs eggagg)zghgulq‘ ‘e

Tight its‘diagomal 1fght. =

Note here that whenever a diagonal element on the GPC STATUS matfix is
1it, the GPC light on the 40 light F7 C&W matrix will light.

4.3.1.2 120-light caution and warning matrix.- There is a 120-1ight C&W
matrix located on Pane . Five of the elements on this matrix parallel
the main diagonal elements (SELF-FAIL discretes) of the GPC STATUS matrix.
For example, Element 05 (the first digit indicates the row, the last digit
indicates the column) corresponds to the GPC 1 SELF-FAIL light (1/1) on -
the GPC STATUS matrix. Likewise, Element 015 corresponds to the 2/2 diago-
nal, 025 corresponds to the 3/3 diagonal, and so forth.

Indications on Panel R13 become useful only when there would be a crew mem-
ber available to access this panel, since a manual change to the parameter-
status toggle switch (to the “tripped” position) must be made in order to
read these status lights.

4.3.2 Mechanization of Synchronization

SYNC is the software scheme used to ensure adequate ICC of GPC status,
data and error information between PASS GPC's. Two types of GPC opera-
tions in which SYNC plays a part are common set and redundant set
operations.

4.3.2.1 Common set operations.- A common set is a set of PASS GPC's which
cyclically exchange certain status information at a rate of 6.25 times per
second over the ICC data buses at specified "sync points”. This exchanged
status information includes the following:

1/0 errors

Fault messages

GPC STATUS matrix data

DEU MAJOR FUNCTION switch settings

GPC/CRT keyboard entries f
Current Central Processing Unit (CPU) duty cycle 4
Resident MC C

Memory configuration table

OPS overlay request

Master Timing Unit (MTU) Time

Internal GPC time

System-level display information

Network Signal Processor (NSP) read data (uplink)

The GPC's in the common set may be executing different applications soft-
ware, as the on-orbit case in which GPC's executing GNC software and the
GPC executing SM software will both be operating as members of the com-
mon sat.
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Each PASS GPC attempts to join the common set when it is moded from HALT
to RUN, or from STBY to RUN after an IPL. Each GPC maintains an inter-

;" .nal table-of the.other GPC's with which.it has achieved common set.sync.. ... . - .

(its common ‘set sync set or common set mask). Except under GPC failure
conditions, all active PASS GPC's will be members of the common'set.

4.3.2.2 Redundant set operations.- A redundant set is a set of two or
more GPC's which are performing identical tasks using identical inputs and
producing identical outputs. Therefore, except for the Instrumentation/
PCMMU (IP) data bus, (each GPC is assigned a dedicated IP data bus) any
bus assigned to a member of the redundant set will be listened to by all
members of the redundant set. Thus, if GPC 1 commands String 1 and OK

1, all of the redundant set GPC's will receive the data transmitted over -
String 1 and OK 1, since they are listening on those buses.

The redundant set SYNC schemes ensure that the redundant set software proc-
essing is done simultaneously in all redundant set GPC's and also that

all redundant set GPC's are receiving the requested data. This requirement
ensures identical inputs to the redundant set GPC's and, if any redundant
set GPC detetts an error, no redundant set GPC will process the input data.
Such an 1/0 transaction is called a "protected" transaction.

The above requirements result in status being exchanged between the redun-
dant set GPC's at a rate of 400 to 600 times per second (at redundant set
sync points). Each GPC maintains a table of the other GPC's with which it
will attempt to maintain redundant set sync (its redundant set sync set or
redundant set mask). . S

Only GNC programs can be executed by a redundant set. An attempt to load
an SM or PL MC into multiple GPC's will result in the generation of an
“ILLEGAL ENTRY" fault message. The redundant set is formed automatically

by systems software at specified OPS transitions and legal 0PS/mode recalls.

4.3.2.3 Synchronization operation.- Each GPC is connected to the other
four GPC's with a dedicated set of three discrete sync lines. Over such

a set of discrete lines, each GPL periodically (as specified “sync

- points”) will broadcast a three-bit binary signal called a "sync code". A
GPC which is powered off, is in STBY or HALT (according to the GPC MODE
switch position), software HALT (internal failure or BFS-engage command),
or is the BFS GPC, will broadcast a sync code of "000." This "000" sync
ﬁ:ﬁ$ will tell the other GPC's that the transmitting GPC is in STBY or

A PASS GPC, which is actively processing software, will broadcast a "111"
sync code except at certain "sync points.” At the common set sync point
(6.25 times per second), all common set GPC's will issue a sync code of
"100." If all of the common set GPC's correctly broadcast “100," they
will exchange their status information over the ICC buses.

At redundant set sync points (400 to 600 times per second), the redundant
set GPC's compare their sync codes. At certain points in software proces-
sing, whenever a branch in software is indicated, the redundant set GPC's
issue a "110" sync code and enter a specific type of synchronization logic
called a Supervisor Call (SVC) sync. This ensures that they leave the
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branch together. After each I/0 transaction involving the redundant set
("protected” transactions), each redundant set GPC issues one of two svnc
codes: “010" for I/0 complete without error or “011" for 1/0 compiete
when an error has occurred.. Thus, it can-be immediately determined whether
or ot all the GPC's have successfully completed the transaction. This'~
particular sync routine is also used by the common set GPC's following
1CC data transfer at each common set sync point. ,

Periodically, another interrupt is generated by the redundant set GPC's
and the sync code "101" is broadcast. A1l Flight Critical (FC) 1/0 is
initiated at such interrupts. There interrupts are also used to
rg;gnchronize the redundant set following OPS overlays to redundant set
members. -

-

4.3.2.4 Joining the common set.- Following IPL, anytime a PASS GPC is .
transitioned from HALT or 5187 to RUN, that GPC will attempt to join the
current common set. The new GPC will monitor the other GPC's sync lines
to determine if and when they are broadcasting the common set sync code.
If it does detect that the other GPC's are broadcasting the common set
sync code, it will wait a prescribed amount of time and then begin also
broadcasting the common set sync code and entering the SYNC scheme
described earlier. The old common set GPC's note the change in another
GPC's sync discretes from 000" (HALT or STBY) to “111" (RUN) and then add
such a GPC to their common set sync set and expect that GPC at the next
sync point. If the new GPC successfully joins the common set, it will
begin ICC data transfer with the old common set GPC's. .

4.3.3 Fail to Sync Annunciation

The annunciation following a GPC failing to sync is dependent upon a num-
ber of factors, such as, whether the GPC was a simplex GPC or a redundant
set GPC, whether the failure was at a common set or redundant set sync
point, and which SPC's detected the problem.

The software logic ensures that if a redundant set GPC fails to sync with
all other redundant set GPC's, and if its software is still processing, it
will determine that it has self-failed and will initiate a command to its
voter to annunciate self-failure (resulting in the illumination of a diago-
nal light on the GPC STATUS matrix, etc). If a GPC has not failed to sync
with all other redundant set GPC's, it will send a FAIL discretes(vote) to
any redundant set GPC with which it has not synced (resulting in GPC STA- .
TUS matrix off-diagonal annunciation, etc). Furthermore, a GPC's hardware
voter will trigger self-fail annunciation if it receives FAIL discretes
(votes) from two or more of the other GPC's. This results in diagonal GPC
STATUS matrix annunciation, etc.

If a GPC is in the redundant set and it fails to sync with all other
redundant set GPC's, but is still in the common set, ICC will continue and
the subsequently produced fault messages will continue to be exchanged.
Thus, the contents of the FAULT page will remain the same no matter which
GPC is driving it. If that GPC fails common set sync also (as is typi-
cally the case), ICC will cease and thus differences will appear between
the FAULT pages driven by the GPC's. In either case, that GPC will stop
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listening on any bus (with the possible exception of the ICC buses as
described above) commanded by a GPC remaining in the common set. Con-
-versely, each 6PC-remaining- in- the.redundant. set: will.set. masks' on buses..
comnanded by that GPC (with the exception of the 1CC data bus if common
set sync is maintained). The following annunciation will appear for the
crew: .

e The diagonal light for the failing GPC on the GPC STATUS matrix will il-
luminate. -Also any element in that GPC's row corresponding to a GPC
remaining in the redundant set will i1luminate if more than two GPC's
rﬁm:;n in the redundant set, and this GPC did not fail to sync with all
0 em. ' . .-

-

e On a CRT driven by the failing GPC:

- B¥uig and "M's" on the GNC SYS SUMM 1 and GPC/BUS STATUS displays to
dingicate masking of buses commanded by GPC's remaining in the redun
ant. '

- gi“+: under the failed GPC on the GNC SYS SUMM 1 and GPC/BUS STATUS
splay. : ‘ )

- Class 2 alarm (BACKUP C/W ALARM light, MASTER ALARM light/tone) and
fault message: :

ee If the failing GPC disagreed with another GPC the message "GPC
X+ N¥ would appear, where X is the other .GPC and N is this
(the failing) GPC. Note that if the failing GPC remained in the
common set, this message would appear on any CRT driven by a com-
mon set GPC and this message would appear on a FAULT page driven
by the failing GPC. .

e On a CRT driven by a healthy GPC (GPC X) remaining in the redundant
set:

- ""g and “M's" on the GNC SYS SUMM 1 and GPC/BUS STATUS displays to
indicate masking of buses commanded by the failing GPC.

- A "¥" ynder the failed GPC on the GNC SYS SUMM 1 and GPC/BUS STATUS
displays. ' L

- (Class 2 alarm and fault message: "GPC N + X-=".

Note that if there are only two GPC's in the redundant set, each will re-
‘spond as the failed GPC, as described above. ’

If the failing GPC is in the redundant set and fails to sync with some
member of the redundant set but not all members of the common set, the
software response is similar to what was described above with a few ex-
ceptions. An example would be the "2 on 2" cases. In this case, the bus

masking and CRT annunciation follows the same principles as described atave.

However, the annunciation on the GPC STATUS matrix would be dependent ugcn
timing factors. If a GPC receives two FAIL votes from the other recundait
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set GPC's, its voter will reset any FAIL. discretes-(votes) set against
other GPC's and will send a SELF-FAIL discrete to light its didgonal light
on the GPC STATUS matrix. . ,

If a simplex GPC fails common set sync, the ICC exchange between that GPC
and the other GPC's cease. This means that if the simplex GPC is not in
control of FC 1, 2, or 3, it will not receive MTU or NSP (uplink) data as
this data was passed from the GPC's in control of those buses to the sim-
plex GPC over ICC. Thus, information such as fault messages, on a CRT
driven by the simplex GPC will differ from that driven on a GPC remaining
in the common set. The simplex GPC will drive the BACKUP C/W ALARM light
and a Class 2 GPC message(s) on its CRT indicating it has disagreed with
the other common sat GPG's. Similarly, each of the remaining common set
GPC's will drive the BACKUP C/W ALARM light and a Class 2 combined message
indicating that they disagreed with the simplex GPC. A "+" will appear

on the GPC/BUS STATUS and the GNC SYS SUMM 1 display under the simplex

GPC regardless of which GPC was commanding the display. Thus, on-orbit,
if GPC 4 i the SM GPC and GPC's 1 and 2 form 2 GNC redundant set, failure
og GPC 4 to sync with GPC's 1.and 2 will result in the following annuncia-
tion: T

o CLASS 2 ALARM (BACKUP C/W ALARM 1light, MASTER ALARM 1light/tone)
e On a CRT driven hy'GPC 4 - "GPC 1 + 4% fault message
aGPC 2 + 4¢ fault message

uyn ynder GPC 4 on the GPC/BUS STATUS
display (if availabie)

e On a CRT ariven by GPC 1 or GPC 2 - “GPC 4 ¥ 12" fault message

94% ynder GPC 4 on the GNC SYS SUMM 1
and GPC/BUS STATUS displays

Note that there will be no annunciation on the GPC STATUS matrix.

4.3.3.1 Force fail to sync.- A GPC will force itself to fail to’sync

(both from the common set and the redundant sat) under each of the follow-

ing conditions:

e A redundant set GPC which has an I/0 error when all the other redundant
set GPC's have successfully completed the transaction will fail to sync
the set upon the detection of a second consacutive error.

[ ifgeg gertain 1CC data bus I/0 errors (to be discussed in Section

e After that GPC's OUTPUT switch is set ©o TERMINATE.
e [f that GPC (but not all target GPC's) fails to correctly racaive an

OPS overlay after the retry options are exhaustad, that GPC will Taii
to sync and go to OPS O.
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4.3.3.2 Downlist GPC impact.- If the downlist GPC fails either the radun-
dant set or common set sync by disagreeing with all other redundant set

GPC's or by forcing fail to sync,.and is in a redundant set with at. least
two ‘other-GPC's, @ new downtist EPC will bé seTected. ‘The new downlist™ = '
GPC will be the lowest numbered GPC in the redundant set. :

4.3.4 Sumword Comparison

The redundant set GPC's are required to execute identical software simul-
taneously, using identical inputs and producing identical outputs. Al-
though' the redundant set GPC outputs are not directly compared, the GNC ap- .
plications software in each of these GPC's will take the sum of a
specified set of critical output commands and store the "least signifi-
cant” bits of this sum in a 64-bit “double-precision” word called a
sumword. This sumword is passed to the systems software from which it is
transferred over the ICC data buses to the other GPC's, 6.25 times per sec-
ond. Each GPC then performs a bit-by-bit comparison of each of the
redundant set GPC's sumwords. This operation is referred to as a sumword
comparison. The software sumword voting logic and the hardware voter, as
a part of GPC fault detection and' identification, are incorporated to de-
termine and annunciate the specific problem should a GPC repeatedly fail
the sumword comparison test ("sumword miscompare”). Note that a sumword
miscomparison only results in an annunciation of the problem. It does not
g:gessarily impact the redundant set or any software operation of the

s.

The sumword computed by the GNC applications program has an OPS-dependent
composition (refer to table 4-4). For example, ‘the following items are
included in the entry (Memory Configuration 3) sumword: OMS commands,
inboard/outboard elevon commands, rudder, bodyflap and speed brake com-

"mands, and accelerometer assembly data. Also included in this sumword
are the forward and aft vent commands, the Orbital Maneuvering System
(OMS), Main Propulsion System (MPS), and Reaction Contral System (RCS)
commands, the Reaction Jat Driver Forward (RJDF) commands and the Doppler
Extractor data.

The software sumword voting logic in each GPC keeps track of the number of
sumword miscompares it has detected, and this number is exchanged amomrg
the common set GPC's for downlist purposes. '

[f a GPC logs three consecutive miscomparas with all of the other redun-
dant set GPC's, its softwars will determine that it has self-failed and
will issue a self-fail “"tast command" to its hardware voter. This will re-
sult in the illumination of that GPC's diagonal element (SELF-FAIL light)
on the GPC STATUS matrix and the GPC light on the 40-1ight CIW matrix on
Panel F7. A Class 2 alarm (Master Alarm light, C&W tone, Backup C/W ALARM
‘1ight on Panel F7) will then be generated, aleng with the fault message
"GPC N + N" (assuming GPC N is the GPC under consideration). A "+"

will appear under GPC N on the display (if available) GPC/BUS STATUS and
GNC SYS SUMM display. -

'If a GPC detects that it has miscompared with another redundant set GPC
three consecutive times, and that it has not miscomparsd with all the
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other redundant set GPC's, then it will generate a Class 2 alarm and a

fault message of the "GPC X ¥ N" type which indicates that GPC N thinks

that the problem lies with the miscomparing GPC X. GPC N will also send

a FAIL discrete to the GPC X's hardware voter. This FAIL vote is alsa |
sent to the GPC STATUS matrix, which results in the illumination of the ap- "™
propriate element (row N, column X). 4

Each redundant set GPC's hardware voter determines if two FAIL discretes
from other redundant set GPC's have been received. If two FAIL votes have
been received, the erring GPC will issue a SELF-FAIL vote with all of the
accompanying annunciations. This self-failed GPC will reset all of its
votes against the other GPC's and its voting row an the GPC STATUS matrix
will be extinguished (with the exception of its main diagonal).

Following a sumword miscompare, assuming that the redundant set is still
intact, sumwords are still exchanged and compared, and a single correct
comparison results in the reset of all “miscompare counters® and annuncia-
tion. These FAIL discretes and counters are also reset by the involved
GPC's at an OPS transition which involves the formation of a new redundant
set.

4

4.4 [INPUT/OUTPUT MANAGEMENT"

One of the responsibilities of systems software is the management of input
and output operations. This function includes assigning GPC's as
segmmanders” and "listeners” on the data buses, and the logic involved in
sending commands to these data buses at specified rates upon requests from
the applications software. Furthermore, the systems software [/0 Manage-
ment function includes the 1/0 error processing techniques and some spe-
cial tests for certain failure conditions. This software will also pro-
vide failure annunciation to the ground and to the flight crew, should an
1/0 error be detected.

The I/0 Management logic related to bus assignment and I/0 error process-
ing varies between the data bus groups. Therefore, these data bus groups
and their associated 1/0 Management logic, will be examined separately.
Prior to doing this, however, some of the major concepts which are basic
to the entire subject of I/0 Management will be discussed.

’
’
4

4.4,1 1/0 Transaction

An I/0 transaction is an operation which is initiated by a software re-
quest for the initiation and the execution of a data transfer into, or out
of, a GPC. This request can be based upon a request from the applications
software or can come directly from the systems software. An I/0 transac-
tion may involve multiple data buses connected to multiple Bus Terminal
Units (BTU's), each of which is connected to multiple sensors or effectors.

In order to maintain consistently identical inputs for the redundant set
GPC's, input transactions involving these redundant set GPC's are "pro-
tected". This means that either all of the redundant set GPC's correctly
receive and process the input data, or they ignore the cata. Following
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TABLE 4-5.- SUMWORD COMPOSITION

COMPONENT

MEMORY CONFIGURATION:

1/6

MPS (1-3)

ENG ACTR CMD

ENG ACTR BYPASS

ENG ACTR RESET

ENG MAINSTAGE CMD

ENG LO2 PREVALVE CMD

ENG LH2 PREVALVE CMD

ENG EMERG SHTON INH CMD
SIG COND PWR CMD

LO2 ACC RECIRC VLV CMD
LO2 FDLN RLF VLV CMD

L02 FEED DISC VLV CMD
L02 INBD FILL VLV CMD
LH2 INBD FILL VLV CMD
LH2 FEED OISC VLV CMD
LH2 RTLS MANF REPRESS CMD
LH2 RTLS OUTBD CMD

LH2 RTLS INBD CMO
REPLACE L02 ULLAGE PRESS
REPLACE LH2 ULLAGE PRESS

CUACNRCN N NN CNCNRNNNNCNNNNCNNNNS

NSNS CKCLNNN

<

SRR E R

R N N

<

OMS (L,R)

ENG ACTR CMD

ENG CTRL VLV CMD

POD VAPOR ISLN VLV CMD
POD FUEL ISLN VLV CMD
POD OXDZR ISLN VLV CMD
POD FUEL XFD

POD FUEL XFD VLV CMD
POD OXDZR XFD VLV CMD

R N N N S

CERE R R
CE R E RN

RCS

0X XFD VLV CMD
FU TK ISLN CMD
0X TX ISLN CMD
MANF ISLN VLV CMD

N N

AN NN

LW

SR8

ACTR BYPASS
ACTR RESET -

AN

~

RN

ATVC

ACTR CMD

RJDA

JET CMD
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TABLE 4-5.- Concluded

COMPONENT

" MEMORY CONFIGURATION:

1/6
RJDF JET CMD 4 Y/
ET UMB DR CMD / /
VENT CMDS / /
ACCEL ASSEMBLY BIT / y
DOPPLER EXTRACTOR START TIME / /
TEST MODE DISCRETE / /
GROUND SPEED ENBL CMD / Y
ELEVON cMD /
ACTR BYPASS v /
ACTR RESET / /
SPEEDBRAKE CMD v
BYPASS / /
RESET / /
RUDDER CMD v/
BYPASS /
RESET /
BODY FLAP CMD / v
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the detection of an input error, the transaction typi:ally will be tried
again in the next data cycle.

“*.- Sgecial Togic 1§ incorporated to-endure’ that ‘a faulty GPT can not prevent - 2

the other redundant set GPC's from receiving necessary data. If a GPC in
the redundant set is the only redundant set GPC to detect the same I/0
error two consecutive times, that GPC will force fail to sync, and
therefore, drop out of the redundant set.

The protected transaction capability is maintained through the use of sync
codes and certain I/0 error processing techniques. Following an input
transaction over the FC data buses, which involves the redundant set
GPC's, a special sync code is issued by each of the involved GPC's: ""010*
if the transaction was completed without any errors, and "0l1" if an error
was detected on the transaction. This sync pattern is known as the “I1/0
Problem Report (IPR)" sync. If one of the involved GPC's broadcasts the
IPR sync code which indicates an I1/0 error, an ICC transaction is
initiated in order to transfer information.among the participating GPC's
as to the specific source of the problem. This ICC transaction is also
called an IPR. Thus, if any member of the redundant set detects an error
during an I/0 transaction, that information is exchanged among all of the
redundant set GPC's. How this information is utilized is a subject which
will be discussed in greater detail later on in this section.

While protected transactions are used primarily for redundant set transac-
tions, there is also one case whera the same philosophy is invoked: ICC
transactions involving the common set. Here again, if one GPC in the com-
-mon set detects an 1/3 error on an ICC transaction, this information will
be revealed to the other common set GPC's using the appropriate IPR sync
code, and no common set GPC will use the data that was received over the
involved ICC bus.

4.4.2 Minor Cycle/Major Cycle

Within the software system there are certain high-rat: cyclic processes
which are critical to both the safety and the performance of the vehicle.
The principle example of such applications software processing is that
which relates to the GNC flight control and flight control-related opera-
tions. The period over which one cycle of these processes can be peyform-
ed is called a minor cycle. It will be 40 msecs in duration since the’
highest rate of cyclic processing used is 25 Hz.

A major cycle is a time period consisting of 24 minor cycles, during which

a majority of the cyclic software processing is scheduled. Thus, a major
Cycle is of 960 msecs in duration and is initiated at 1.04 Hz.
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4.4.3 1/0 Transaction Rates

Many commands and requests for data are sent to hardware devices at speci-
fied rates.- These rates vary from once per minor cycle (25 Hz) to once
every major cycle (1.04 Hz). Some examples are as follows:

e There is a transaction consisting of a set of flight control commands
and requests for data which is sent over the FC data buses. This
transaction, which is known as the GNC High Frequency Executive (HFE)
transaction and which involves all eight of the FC data buses, in-
cludes requests for data from the Engine Interface Units (EIVU's), Air
Data Transducer Assemblys (ADTA's), the RCS, the MPS, and the OMS once
every minor cycle (25 Hz). .

o Since many navigation computations run at 6.25 Hz (every fourth minor
cycle), data from many of the avionics sensors, such as the Inertial
Measurement Units (IMU's), Tactical Air Command and Navigation System
(TACAN) and the Radar Altimeters (RA's), is requested at this 6.25 Hz
rate. These data requests are a part of the Mid Frequency Executive
(MFE) transaction, which consists of the set of commands and data re-
quests that are sent out over the eight FC data buses at 6.25 Hz.

e Once ever minor cycle (25 Hz), each GPC, which is actively processing
?gftwage, sends its downlist to the Pulse-Code Modulation Master Unit

o Commands are sent to the MTU, for the current Greenwich Mean Time
(GMT), Mission Elapsed Time (MET) and Built-In Test Equipment (BITE)
status data, once every major cycle (1.04 Hz).

However, not all I/0 transactions are cyclic in nature. Certain of these

transactions are initiated only on a specific request from an applications
or a systems software program.

4.4.4 MDM PROM Segment

An MDM Programmable Real-Only Memory (PROM) segment is a hardware sequence
which is contained in an MDM to support the capability to access multiple
hardware devices with a single command frem a GPC. The PROM's, which can-
not be changed in flight, contain all of the pre-set programming required
to support their individual functions. An input PROM stored in an FF MDM
js illustrated in table 4-6. A complete listing of the input and output
PROM's for the FF and FA MDM's is included in appendix D.
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TABLE 4-6.- FF INPUT PROM

-

A . PROM" N

"Qr.d:'...".h"'" A

S paseription’ of tnput [T Freqilt T
segment ! count
1 RCS tank temp/press 6.25 Hz 6

RCS manf. press 2
2 Discretes 6.25 Hz/

25 Hz 13
3 RSC thrust inj. temp. 25 Hz 8
4 LH RHC CMDS 25 Hz 3
' LH RPTA CMD 1
LH SBTC CMD 1
AFT RCH CMDS 3
5 RHRHC CMDS 75Tz 3
RH RPTA CMD 1
RH SBTC CMD . 1
6 Lateral acc'm 25 Hz 1
Normal acc'm 1

7 FF discrete output channels Non-
. cyclic 10

8 FF discrete output channels Non-
cyclic 8
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4.4.5 Bus Control Element (BCE) Chain

An I/0 transaction is comprised of “groups” of subsystem data from one or

-more BTU's. e e s e %

A BCE chain is a sequential set of software instructions, each of which
accesses a group of subsystem data from one or more 8TU's, .which is
initiated through a single BCE and, thus, through a single data bus.

Each of the software instructions and the associated subsystem data in a
BCE chain is called a BCE chain element or, more simply, a 8CE element.

The associated subsystem data may include an MOM return word, a segment of
an MDM PROM, MOM stored data associated with an external device or data
from an individual BTU (such as an EIU). For example, at 6.25 Hz, the fol-
lowing BCE chain may be initiated over FCl (BCE 20) by each GNC GPC.

TABLE 4-7.- I/0 TRANSACTION for BCE 20 - FC1

' BCﬁu;gggent Request for data from:
1 FF1 PROM segment 1, 2
2 M 1
3 TAC/RA 1
4 MSBLS 1
S ST 1
6 OWDE 1

An 1/0 transaction may involve several BCE chains. For example, the MFE
transaction (6.25 Hz) discussed earlier in this section, is composed of
eight BCE chains (one for each of the FC data buses 1 through 8).

Through the use of certain validity checks (performed by the Multiplexer
Interface Adapter (MIA), BCE, and the I/0 error processing logic in the
systems software), a problem with a BCE chain may be jdentified as an error
from a specific BCE or from the involved MOM. Currently, BCE chains have
been identified for the FC and P1 data buses only as presentad in

Appendix C.
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4.4.5.1 MDM Return Word.- The first :lement of certain BCE chains is
called an MOM Return Word. This word is used to determine whether or not

-, the.MOM. 1s' capable-of communicating,.and. is used by.the, I/Q.error process-. .. -

ing logic to determine whether or nét an 1/0 error is the result of an MDM
failure or a particular BCE chain element failure. :

If there are multiple BCE chains associated with a BCE and an MOM, the BCE
chain which has the highest frequency will have the MOM Return Word as its
first element. The philosophy here is that if the MOM Return Word is cor-
rect (which indicates that the MOM is still communicating with the GPC) on
the highest frequency transactiom, it would also be correct for the lower
frequency transactions. - : -

4.4.5.2 BCE element bypass.- A BCE chain is composed of multiple BCE ele-
ments which relate to multiple hardware line replaceable units (LRU's) and
which usually involve at least one BTU/MBM. Special 1/0 error processing
logic is in-voked to determine if a detected problem is a result of a GPC,
a BTU/MDM or an individual hardware item (LRU) problem. If, as a result
of this 1/0 error processing logic, the GPC is determined to be at fault,
that GPC may be forced to fail to sync. This topic will be discussed in
greater detail later in this section. :

If the problem is at the BTU/MDM level (as detected by an incorrect or
absent MOM return word), the problem will be downlisted and annunciated
and no further I/0 transactions would be attempted jnvolving that BTU/MDM
“port.* This action is called a BTU segment bypass. If the problem
existed with FF MOM 1, for example, a Class 3 alarm would be generated .
along with the fault message "I1/0 ERROR FF 1." Also, additional informa-
tion concerning this failure will be displayed on the current GNC SYS SUMM
1 display and the GPC/BUS STATUS display, if available.

If the problem is determined to be at the individual LRU level (BCE ele-
ment level), the problem will be annunciated by a Class 3 alarm and fault
message. The fault message will indicate whether the bypass was on a PL
or FC chain. If the problem is on a FC chain, the string and element will
be identified in the message. See appendix C for the 1ist of BCE element
bypass fault messages. The problem will also be downlisted and that BCE
element will be bypassed on subsequent transactions. An appropriate time

delay will be inserted in the chain to replace that particular request
for data. s

For example, in the HFE transaction, the BCE chain being executed for BCE
20 attached to FC 1 is illustrated in table 4-3.
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TABLE 4-8.- FCL HFE TRANSACTION

lBCE glement #| Request for-data from | BCE element #| Request:for data from
1 FF1 RTN WD 1 FF1 RTN WORD
2 PL/SNSR 2 PL/SENSR
3 ADTA 1 3  DELAY -
4 FF1 PROM SEG 8 FF1 PROM SEG
2-6 2-6
' BEFORE BYPASS AFTER BYPASS

1f ADTA 1 fails and does not respond to the BCE 3 request for data (two
consecutive times to insure that it is not just a transient problem), then
that element will be bypassed and a time delay substituted for that re-
quest for data as illustrated in table 4-8. The Class 3 fault message
nBCE STRING 1 ADTA" will be generated.

4.4.6 Bus Masking

Bus masking is a software controlled technique which results in a GPC ter-
minating its command and listen mode on a given data bus. It is used when
a bus is no longer controlled by a GPC within the GPC set (i.e., common
sat or redundant set) performing the transaction. For example, if on As-
cent, GPC 3 fails to sync with GPC's 1, 2, and 4 (assuming the nominal
string assignment on Ascent), then GPC's 1, 2 and 4 will mask FC buses 3
and 7 (String 3) which are commanded by GPC 3. Similarly, if GPG'3 is
sti11 processing software, it will mask FC 1, 2, 4, 5, 6, and 8 buses’
(Str;ngs 1, 2, and 4) which are commanded by GPC's 1, 2, and 4, respec-.
tively. '

Bus masks of this type will be reset following a GPC being moded from HALT
or STANDBY to RUN, following an OPS transition (which involves memory re-
configuration or redundent set formation), or following a legal OPS/mode
recall in which memory reconfiguration or string reassignment is perform-
ed. Thus, in the previous example, if String 3 was reassigned to GPC 2
with an OPS/mode recall, GPC's 1, 2 and 4 would remove their bus masks on
FC 3 and 7 (String 3).

when the BFS GPC is "engaged", the PASS GPC's go to a state of SOFTWARE
HALT. If an attampt is made to reinitialize a PASS GPC (via a new IPL
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sequence), that PASS GPC will set bus masks on all of the data buses being
used by the BFS GPC (FC, PL and DK buses). These bus masks will be re-
. moved following recognition by the PASS GPC of the BFS DISENGAGE condi-

“T.eion. This ensures that the néwly IPL'd PASS GPEC does not:interferz:with. . <»-" A

the data buses until the BFS is disengaged. .

Also, bus masks are normally set by systems software when a GPC is
required neither to transmit or receive data on a particular data bus. For
example, the GNC GPC's will set bus masks on the PL data buses during the
orbital flight phase, when the PL buses are assigned to the SM GPC.

There is'no special fault annunciation associated with the bus masking ex-

cept, in some cases, the use of “¥'s® on the GPC/BUS STATUS and GNC SYS -

SUMM 1 displays and "M's® on other displays to indicate missing data.

4.4.7 1/0 Error Handling

4.4.7.1 General description.- The I/0 error handling Togic is designed to
detect data transmission errors. It is not designed to determine any
other data validity. Data validity determination is the responsibility of
the application software.

The specific way that /0 errors are handled is dependent on the type of
data bus involved. Some similar concepts exist, and they will be dis-
‘cussed here. In general, only input errors are detected and annunciated
directly by the systems software. The exception is with the output of the
GPC downlist to the PCMMU over the IP data buses.

For protected-input transactions, the general logic is as follows: The
IPR report from all of the redundant set GPC's are compared per bus. If

a single GPC detects the same I/0 error two consecutive times, it will
“force fail to sync* (both the common set sync and the redundant set sync)
with the other GPC's. If more than one GPC detects a particular 1/0 error
two consecutive times, each GPC will perform the BTU segment or BCE ele-
ment bypass as required.

For non-protected transactions (transactions for a simplex GPC), no spe-
cial logic is necessary to determine which GPC is responsible for detect-

’

ing the error. Following two consecutive errors of a particular type, the -

GPC will do either a BTU segment or a BCE element bypass, depending on the
nature of the problem.

Special 1/0 error handling checks exist to protect against certain hard-
ware states and failures. For example, a specific test is made, following
any 1/0 error, to insure that only the assigned command GPC has its trans-
mitters enabled. If another GPC's transmitter is detected to be "on" that
GPC will go to software halt. A special test is also made following any
1/0 error to determine if the BFS had been engaged (the switches which de-
termine the BFS engage condition are monitored at a once-per-second rate).
If the BFS has been engaged, the PASS GPC's will go to software halt.

4.3.7.2 General annunciation.- I/0 errors on any of the seven groups of
data bus will initiate Class 3 alarms. This means that, along with a
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fault message, the blue SM ALERT Light on Panel F7 will be illuminated and
the SM ALERT tone will be generated. The fault message will be one of two
forms: "I/0 ERROR ABC" if the error is attributable to a BTU (ABC refers

" to which BTU is at fault, such as FF 1, PL 1, MMU, etc.), or ."8CE -===e- "
if the problem results in a BCE element bypass on a string or the PL data
buses. Furthermore, the fault message will indicate which GPC's detected
the problem and at what time (MET) the problem was detected.  For example,
the fault message: :

“I/0 ERROR FF1 1234 05:01:00"

jndicates that GPC's 1, 2, 3 and 4 each detected a problem with MOM FF1 at
05:01:00 MET.

4.4.7.3 Error logging for downlist purposes.- The systems software in
each PASS GPC will log any 1/0 error in a memory “stack” which will con- -
tain the latest five I/0 errors. The total number of I/0 errors detected
by a GPC will be maintained by a counter. At common set sync, the latest
1/0 error, its timetag and the cumulative number of all I/0 errors will be
exchanged between the GPC's over the ICC data buses, Each GPC then, will
make available for downlist, its own S-deep log of [/0 errors, each common
set GPC's latest I/0 error, and each GPC's I/0 error cumulative counter.

4.4.7.4 Commfault.- The systems software provides status information on
I/0 errors called communications fault (commfault) indicators to the appro-
priate applications (GNC, SM, PL) software. It is then the responsibility
of the application software to determine whether or not to use this data.
Typically, such data will be flagged as "missing”, and an "M" will appear
on the appropriate display.

Commfault indicators are set as the result of bus masking, BCE element
bypasses and BTU segment bypasses. The logic involved is as follows:

when an I/0 error is detected on a BCE chain by any GPC, the data on the
entire chain is flagged as invalid (commfaulted) for the applications soft-
ware. On subsequent transactions, if the problem is isolated, only the
faulty element(s) is flagged as invalid. In a similar way, if a bus mask
is set, all BCE elements and data associated with that bus is indicated
via commfault as being in error.

4.4.7.5 Resetting I/0 error indications.- The BCE chains and error counters
associated with the 1/0 error processing logic are reset by the appropriate
GPC's under the following conditions: o

e OPS transitions and OPS/mode recalls involving memory reconfiguration
or new redundant set formation, and OPS/mode recalls involving bus
reassignments, will reset all counters to zero and reset the BCE chains
to their nominal configurations.

o A keyboard entry of “I/0 RESET EXEC" will reset the counters and BCE
chains in all of the GPC's listening to that particular keyboard.

o If a string or PL bus is moded from one port to another, all counters

will be zeroed, but only the BCE chains associated with the moded
strings or busas will be reset.
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o Reassigning a CRT to a new GPC via a GPC/CRT key input will reset the 7~
appropriate counter (and I/0 error) for that DK Bus.

"¢ " On the“IP data buses,-a°singie-goad:data cycle résets the- counters - o
o Moding a GPC from HALT to RUN or STANDBY ta RUN will reset the counters
and BCE chains in that GPC. ' ' - -

4.4.8 Flight Critical (FC) Data Buses

The first GPC to complete an IPL will assume command of all eight FC data
buses. This setup remains in effect until the first OPS transition to-an_
MC where the strings would normally be reassigned. Following an OPS tran-
sition to an MC which supports string to GPC assignments, a nominal bus as- '
signment table is used to determine the commanding GPC for each string.

This table originally contains I-loaded values for each MC which can be
observed at any time by the crew via the GPC MEMORY display. The observa-

tion and modification of these tables was discussed in section 4.2.5.

With one exception, there is no automatic way to reassign the strings
other than at certain OPS transitions or OPS/mode recalls. Only in the
case of a redundant set of GPC's, which is moded to OPS O via an “QPS 000
PRO" keyboard entry, will the strings be automatically reassigned to the
lowest numbered GPC in that set. Therefore, with that case excluded, if

a GPC fails, the string(s) that GPC commanded can not be reassigned to an-

ggher GPC until an OPS transition or an OPS/mode recall in that major func- N
10“. - A ‘ '
Note that it is possible to assign multiple strings to a single GPC. Opti-
mally, each string would be assigned to a different GPC. Thus, if a GPC
failed, at most one string would be lost; the attached sensors and effec-
tors would receive, at most, one set of erroneous data from the failed

GPC. However, there are certain cases, such as on-orbit, where there are
only two GNC GPC's, and where each string will be assigned to a GPC. Typ-
ically GPC 1 ~i11 command Strings 1 and 4, and GPC 2 will command Strings

2 and 3. The current string assigmments for the common set GPC's will

be indicated on the GPC/BUS STATUS display (available all OPS except GNC
oPsS 1, 3, 6). : ,
4.4.8.1 String moding.- As mentioned earlier, each of the FA and FF MOM's
has dual ports. Only one port of an MDM may be active at any one time.

When only the primary (number 1) ports are accessed, the string which inter-
faces with those MOM's is said to be in the primary mode. When only the
secondary (number 2) ports are being accessed, the string is said to be

in the secondary mode. This concept of primary and secondary modes is

a software restriction (not a hardware limitation), which pertains to the

FF and FA MDM's and also-to the PL MDM's. Thus, regardless of whether

a string is in the primary or secondary mode, the commands to the other
BTU's on the string Display Driver Units (DDU's), EIU's, Master Events
Controllers /MEC's) are not affectad.

Initially, all of the strings will be in the primary mode. However, follow- /—-s\
ing certain types of failures, it is possible in any OPS (except GNC OPS ‘

4-40



.1, 3, 6) to mode an individual string to the secondary mode (or back to

the primary mode) through the use of Items 15- 20 on the DPS UTILITY d1sp1ay. -

These changes take effect immediately. - . - . -

4.4.8.2 1/0 error handling.- All of the I/0 transactions involving the FC
data buses are implemented using the BCE chain concept described earlier.

Thus, the I/0 error handling functions involved with FC bus transactions
include BCE element bypasses and BTU segment bypasses. Also, status indi-
cators in the form of down-arrows (¥) will appear in the appropriate loca-
tions on the GPC/BUS STATUS display beside the involved FF or FA MOM if a
BTU segment bypass has occurred. No "+ will appear for a BCE element by-
pass. In the same way, on the GNC SYS SUMM 1 display, a "¥" will appear
under the appropriate FF or FA MDM in order to indicate which MDM was at
fault. In addition, for either BCE element bypasses or BTU segment by-
passes, "M's" may appear in other portions of this display and others to
indicate missing data.

4.3.9 Intercomputer Communication {ICC or IC) Data Buses

There are five unidirectional ICC data buses - one for each GPC to trans-
mit messages to the other GPC's. Any transmissions over these data buses
are processed only by the common set GPC's. Therefore, the BFS GPC will
not process data received over the ICC data buses, and will also not trans-
mit informatign over its own ICC bus.

The ICC bus traffic includes the assorted GPC status information necessary
to keep the common set GPC's running together. Such information as OPS
overiay requests, GPC/CRT assignment, the MAJ FUNC switch setting on each
DEU, and the current fault messages are exchanged. Also, the MTU time,
uplink data and the current vehicle state vector are sent to the SM GPC
on-arbit. In order to maintain the redundant set, SUMWORDS are exchanged
over ICC as well as I/0 errors as they are detected (IPR).

As mentioned earlier, all transactions involving the ICC buses are pro-
tected. If an 1/0 error is detected by any involved GPC, that error will
be indicated to the other GPC's via the appropriate IPR sync code. The
transaction is automatically retried, and the exchanged data over the ICC
buses will include the error status from the previous transaction. The
general logic which is then invoked is as follows: :

] If a single GPC detects an error over an ICC bus, that GPC will be pre-
sumed in error and will force fail to sync.

o If multiple GPC's report an error over a particular ICC bus, the command-
ing GPC for that bus will be assumed at fault, and will force fail to
sync. ]

o If multiple GPC's report ICC errors with no agreement on the buses, all
such GPC's will force fail to sync.

In any of the above cases, there will be the previously described Class 2
alarm (section 4.3.3) and annunciation associated with a GPC's failure to
sync. This problem will also be iogged in the GPC error log.
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4.4.10 Mass Memory (MM) Data Buses

There are two jdentical MMU's connected to the GPC's via two Mi4 data buses.
“The assignment of these MM buses is dependent upon a number of factors.

‘In most 'cases’, “only one  MMU and -Tts MM data ‘bus wtll-be asstgned-to.respond - .. i

to commands from a GPC in a specific major function. These assignments
can be controlled by the flight crew or the ground via Items 1-8 on the
DPS UTILITY display. :

The MASS MEMORY READ/WRITE display which is the OPS display in the Payload
major function (PL OPS 9) and a SPEC display in SM OPS 2 allows access to
either of the MMU's by either the PL OPS 9 GPC or by the SM 0OPS 2 GPC. Re-
call that Items 7 and 8 on the DPS UTILITY display refer to the assignment
of an MMU to an OPS O GPC for such functions as retrieving the DEU initia-
lization logic from the MMU following a GPC IPL. Note that Items 1 and Z,-
3and 4, 5 and 6, 7 and 8 on the DPS UTILITY display are mutually exclusive.

Thus, which MMU is to be used by a given major function and which GPC in
the major function will command a specific MM bus is determined by one of
two factors. Ouring a GPC-to-GPC overlay, the source GPC for that overlay
will automatically assume command of that MM data bus. In the other kinds
of transactions involving the MM buses, the command GPC is determined by

a nominal bus assignment table which specifies, per MC, which GPC will com-
mand an MM bus. This table may be observed and modified via Items 1, 18,
and 19 on the GPC MEMORY display. Also, there is an automatic MM bus
switching capability should I/0 or checksum errors be encountered during
MMU access for a memory reconfiguration.

4.4.10.1 1/0 error handling.- A1l MMU transactions are protected. A sin-
gle occurrence of -a checksum or [/0 arror during an MMU transaction which
does not involve GPC memory reconfiguration causes a Class 3 alarm and an-
nunciation and an "1/0 ERROR MMU® fault message. As in all protected
transactions, the software in each of the members of the GPC set will re-
ject the transaction.

1/0 error handling during memory reconfiguration involves the following:
--Upon the detection of an 1/0 error (by any participating G°C) on one data
bus, the transaction will be automatically retried on the same data bus.
If the error is detected again, a Class 3 alarm and fault message "1/0
ERROR MMU" will be generated. The transaction will be automatically |
retried on the other MM bus. If the error occurs again, the transaction
will once again be retried. If any GPC still detects the error, the Y1/0
ERROR MMU" fault message will again be generated and the GPC detecting the:
error will force fail to sync and go to OPS 0.

4.4.11 Payload (PL) Data Buses

There are two PL data buses, PL 1 and PL 2, each of which is attached to
all five GPC's and to a port in each of the two PL MOM's (PL 1 and PL 2).
Following STS 2, a third PL MDM may be added to the PL 1 and PL 2 data
buses, and a PAYLOAD DATA INTERLEAVER (POI) may be added to the PL 1 data
bus. The type of data transferred through the PL MOM's include commands
concerning the PL 3ay Doors, fuel cell purges, the antenna management
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systam and the PL and SM C&W. On la%er flights, data.from PL test arti-
cles and experiments may also be accessed through the PL data buses. Note
here that the PL MDOM's are also referred to as PF1l and PFZ in some documen-

- tation. -

4.4.11.1 PL MDM port moding.- As was the case for the FC MDM's, each of
the PL MDM's 1s a dual port device. Note that PL data bus-1 is attached
to the number 1 port in both of the PL MDM's and PL2 is attached to the
number 2 port in both the PL1 and PL2 MOM's (figure 2-5). As before, only
one port of an MDM may be accessed at a time, and the systems software in
the GPC's is designed such that this restriction is not violated. Thus,
the PL MDM's may be accessed in one of two modes - primary or secondary.
In the primary mode, Port 1 of MOM PL1 is accessed via the PL1 data bus,
and port 2 of MDM PL2 is accessed by the PL2 bus. In the secondary mode,
Port 2 of MDM PL1 is accessed by the PL2 data bus and port 1 of MOM PL2 is
accessed by the PL1 bus. As with the strings, the PL MDM's will initially
be operating in the primary mode. There is a capability, using Items 23
and 24 on the DPS UTILITY display to select which mode is used. However,
the gapab111ty to mode the PL MDM's is not available during GNC OPS 1, 3,
and 6.
\
4.3.11.2 1/0 error handling.- As with the FC MOM's, BCE chains will be
used for 170 transactions on the PL data busss. Upon two consecutive I/0
errors with a PL BCE element, a Class 3 alarm and fault message "BCE PL"
will be generated. There also is a PL MDM Return Word. If two consecu-
tive [/0 errors are detected with 'a Payload MOM Return Word, a Class 3
alarm and a fault message will be generated. The fault message will be of
the "1/0 ERROR ABC" type, where "ABC" will read either PL1l or PLZ, de-
pending upon which MDM caused the problem. Also, a "¥" will appear on the
GPC/BUS STATUS display under the detecting GPC in the "PL® row.

4.4.12 Display Electronics Unit/Keyboard (OK) Data Bus I/0 Management

There are four DK data buses - one for each DEU - connected to each of the
five GPC's. -

A GPC in command of a particular OK data bus polls the DEU attached to
that DK bus twice every second. In this way, the GPC can keep track of
the current MAJ FUNC switch setting of that DEU. Changes in that switch
setting may result in the change of commanders on that OK bus. 7 :

The DK data buses are assigned to GPC's according to a hierarchy based
upon several factors: the MAJ FUNC switch position, the nominal bus as-
signment table, GPC/CRT keyboard input, the BFC DISPLAY/SELEGT switches
and the moding of the BFS.

The assignment of CRT's (DK buses) to the BFS GPC will be discussed in sec-
tion 5. However, in summary, if the 8FS GPC is moded from HALT to STBY or
RUN, it will begin commanding an CRT/DK 4 whether or not the PASS is
commanding on that bus. If the SFC DISPLAY switch is ON, the BFS GPC will
command on the first indicated CRT if it is not engaged, and on both
indicated CRT's if it is engaged. If the BFC DISPLAY switch is OFF, the
8FS GPC takes no forward CRT if it is not engaged, and CRT's 1 and 2 if
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the BFS is engaged. The GPC/CRT key can also be used to assign a CRT to
the BFS GPC via either a PASS or BFS controlled keyboard. User care must
be taken to insure that no multiple commanders on a DK bus occur. Pre-

_engaged, the BFS GPC.listens to PASS-controlled DK buses to acquire major .

 mode transitions’ and certain”disptay data. -~ "7

For the PASS, the MAJ FUNC switch is used in connection with the Nominal
Bus Assignment Table:(NBAT), which is MC dependent, to specify which PASS
GPC will command a given CRT. If the switch-selected major function is
supported by only one PASS GPC, that GPC will receive command of the CRT
regardless of the NBAT assignment, with the exceptions which are described
below. If the switch-selected major function is supported by a redundant
set, then the NBAT should specify which GPC in the redundant set will com-
mand the CRT. However, if the NBAT-specified GPC is not in the redundant _
set, or if the NBAT GPC ID IS 0 (with the exceptions described below), the
involved DEU will be assigned to the lowest numbered GPC in the redundant
set and these new assignments will be reflected in the NBAT. If the
switch-selected major function is not supported by any member of the com-
" mon set, no change in CRT commanders will occur; however, the OPS 0 dis-
play will appear.  The exceptions to the above are as follows:

o Only three DK buses may be assigned at any time to the common set. An
attempt to assign a fourth DEU ‘to the common set will result in a Class
3-alarm and fault message: ">3 DEU". During an OPS transition, DEU's
1, 3, and 4 are first considered. If the NBAT for the requested MC as-
signs DEU's 1, 3, and 4 to a common set GPC, and the software then at-
tempts to assign DEU 2 to a member of the common set, the attempt will
be denied and the above mentioned fault message generated.

e If a DEU currently has no commander in the common set and an OPS transi-
tion is requested to an MC when the NBAT specified GPC ID is zero for
that DEU, then no GPC in the common set will attempt to command that
DEU following the OPS transition.

The above Maj Func switch logic is initiated at OPS transitions and fol-
lowing GPC/CRT key input, as well as when a DEU poll response indicates
a change in MAJ FUNC switch setting.

The GPC/CRT key is also used to reassign CRT's (DK buses) among the PASS
GPC's. Following a GPC/CRT key input, the software automatically will .
transfer control of the CRT to the requested GPC. No check is made by,the .
old commander's software to see if the newly assigned GPC is in the common
set or tn a matching major function. Also, no check is made to ensure
against multiple command GPC's on the same 0K bus if control handover of

a CRT is requested which has a current commander not in the common set.

The GPC/CRT key is also used to make BFS DK bus assignment changes as de-
scribed in section 5.2.5. )

Multiple commanders on a CRT will be readily apparent to the usar as two
CRT background formats will be loaded and the DEU will flash. _THE GPC/CRT
key also is usad to assign a CRT to the BFS GPC as described in section 2.

4.4.12.1 1/0 error handling.- If a DEU is assigned to an redundant set GPC,
all of the members of the redundant set will listen on that DK data bus, and
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all the transactions on that bus will be “protected.” When an 1/0 error
is detected bv any GPC on that data bus, all the participating GPC's will
ignore the input. After two consecutive. I/0 errors are detected on a OK.
" bus, .the Class 3-alarm and the. fault message "I/0 ERROR CRT X".will be. .
generated (where "X" indicates on which DK bus the problem was detected).
Also a “0" will appear on the GPC/BUS STATUS display by the appropriate DK
(CRT) bus and under the detecting GPC(s). ‘

Since transactions involving the redundant set are protected, if only one
redundant set GPC detects an I/0 error two consecutive times on a DK bus
transaction, that GPC will force fail to sync with the corresponding annun-
ciation.

4.4.13 Instrumentation/PCMMU (IP) Data Bus I1/0 Management

Each GPC is assigned a dedicated IP data bus which connects that GPC with
each of the two PCMMU's. Over these IP data buses, each active GPC sends
its downlist to the active PCMMU. Also, the SM GPC accesses certain in-
strumentation and systems data through the active PCMMU over its IP data
bus. Note that each IP data bus is hardwired to both PCMMU's, but only
one PCMMU may be powered-up (active) at any one time. I/0 error annuncia-
tion exists for the IP data buses if a GPC detects an error in the down-
list transaction. If two consecutive errors are detected, a Class 3 alarm
will be annunciated and the fault message "I/0 ERROR PCM" will be genera-
ted. The detecting GPC will continue sending its downlist data to the
PCMMU after this problem has been annunciated. Also, the SM applications
software will drive the Class 3 "I1/0 ERROR PCM" message following three
consecutive input errors detected on its IP data bus. The SM GPC performs
some logic to determine which parameters are missing and flags these with
"M's." It continues to retry IP transactions. The "M's" are removed upon
a good parameter sample. The 1/0 error count is not removed until a sin-
gle error-free data cycle is received.

4.4.14 Launch Data Bus (LDB) 1/0 Management

There are two LDB's, each of which is connected to all five GPC's. They
are primarily used for ground checkout and launch phase activities. In
particular, there is an interface with the GSE launch processing subsystem
through both LDB data buses. The Launch Forward (LF) and Launch ‘Aft (LA)
MDM's, also known as the command decoder MDM's, are connected to these

LDB buses, and are used only during the prefiight (and possibly during
the postflight) phases for checkout of various Orbiter systems. There

is also an interface with the left and right Solid Rocket Boosters (SRB's)
for obtaining certain data which are incorporated into the downlist. The
LL and LR MDM's (in the left and right SRB's, respectively) are used for
this function prior to SRB separation. In addition, LDB 1l is attached

to the Manipulator Controller Interface Unit (MCIU) which is associated
with the remote manipulator system. The MCIU may be accessed preflight
for checkout and eventually, for on-orbit operations. The LDB's may also
be used for a GPC to GPC memory overlay if so commanded via an entry to
the OPS UTILITY display.
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Ini*ially, the command GPC for the LD8's is the first GPC to complete IPL

and be placed in RUN. After the first OPS transition, the command GPC for

. the LDB's will be as specified in the nominal bus assignment table for

"that MC'(unless altered by a GSE cormand-or following certain types-of- /0 '~
errors). The current command GPC for the LDB's is shown. with an "*" under
the command GPC on the GPC/BUS STATUS display. The only exception to the
above is when the LDB's are specified for use in a GPC-t0o-GPC memory over-
Jay. In this case, the LDB used (LDB 1 or 2) has the same number as the
MMU/MM bus specified 'in Items 1-6 on the DPS UTILITY display. The command
GPC for such a transaction would be the source GPC for the memory overlay.

4.4.14.1 1/0 error handling.- The I/0 error handling for the LDB's is de-
pendent upon whether the transaction failures occurred during a GPC-to-GPC
transaction, or during a transaction with the LA or LF MOM's. In the ~
first case, 1/0 errors on GPC-to-GPC transactions are handled similarly
with GPC-to-GPC transactions using the MM data buses. There is an auto-
matic retry on the same bus, and there can be up to two retries on the
other LDB. In the second case, for 1/0 errors on a LF or LA MOM trans-
actions, a Class 3 alarm and a fault message is generated following two
consecutive 1/0 errors. The message would be either "1/0 ERROR LF1" or
1/0 ERROR LAl." The software response is to switch data buses and retry
the transaction. .This automatic switching does not come into play for

the SRB (LL and LR) MDM's.

4.5 TIME MANAGEMENT

The GPC complex requires a stable, accurate time source, since the soft-
ware within the PASS GPC's uses GMT for scheduling software processing.
Each of the five GPC's uses the MTU to update its jnternal clock, since
the MTU provides the most accurate timing source. The MTU, which provides
precise frequency outputs for various timing and synchronization purposes
to the GPC complex and many Orbiter subsystems, includes three time accu-
mulators. Each of these MTU accumulators provide both GMT and MET, which
can he updated by external control.

The software Time Management Processor (TMP), which is a part of each GPC's
systems software, provides external control over the MTU through synchronizing
and/or updating the MTU accumulators, as well as requesting the current time
and BITE status from the MTU. The TMP is also responsible for comparing the
internal GPC time with the MTU time sources, selecting the best sourcé and
updating its internal clock as necessary.

A systems level SPEC, called TIME (figure 4-5), provides the capability to
the user to observe the current MTU and GPC clock status, synchronize or up-
date the MTU and GPC clocks, select MET or GMT as the CRT mission time and
set CRT timers and alert tone duration/timers. This SPEC is available in
all OPS except GNC OPS 1, 3, and 6. :

4.5.1 Master Timing Unit (MTYJ)

The MTU is a device which provides GMT and MET for ail Orbiter applica-
tions, and provides precise frequency outputs for various timiag purposes.
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The MTU outputs serial digital time data (GMT/MET) on demand to the GPC's
which use this time for a computer reference time and indirectly for time
tagging.of GNC and SM processing. .The MTU also provides continuous digi-" «

" tal timing outputs for driving the four digital timers in’the crew compart-- ' *’

ment (there are two mission timers, one on Panel 03 and one on Panel A4,
which have an associated switch to display GMT or MET, and an events timer
on Panel A4 and on Panel F7).

There are three timing terms that are used when discussing time manage-
ment.

® Runtime - Runtime is the time derived from a GPC's internal clock (in
GMT). A1l software processing in a GPC is scheduled according to that
GPC's runtime. Therefore adjustments to a GPC's runtime affects its
software processing. A GPC's runtime is also referred to as internal
time.

e Clocktime - Clocktime is a commonly derived value of time which is used
during redundant set operations for applications software computations
which ‘require time (such as state vector propagation, IMU reads, etc.).
This time is computed 25 times a second, and thus is accurate to 40 msecs.

It is then stored in a location which can be accessed by the application
software.

e Mission Time - Mission Time is the time value which is displayed in the
upper right hand corner of each CRT display. This time can be display-
ed in either GMT or MET. Items 1 and 2 on the TIME SPEC control whether
GMT or MET is displayed for all common set GPC's. Note that in the on-
orbit case, for example, when there is both GNC major function software
and SM major function software processing simultaneously, a change in
the mission time selection to a GNC GPC controlled keyboard will be
seen on both GNC and SM driven displays. An "** will be displayed next
to the type of time used as the mission time. ‘

4,5.1.1 “TU hardware.- The MTU is a stable, crystal-controlled frequency
source with an accuracy of one part in 109 per day, after a 16-hour warm-
up (as illustrated in figure 4-13). The MTU uses two 4.608 MHz oscillators
as redundant frequency sources. The signals from one of these sources
(selectable via the MASTER TIMING UNIT OSC select switch on Panel ,06) are
passed to the three GMT/MET accumulators. These accumulators keep track

of time in days, hrs, min, sec, and msec. The GMT can be accumulated for
up to a total of 366 days, 23 hrs, 59 mins, 59 secs, and 999.875 msecs.

The MET can be accumulated for up to 365 days, 23 hrs, 59 mins, 59 secs,
and 999.875 msecs.

The MTU sends its BITE status to the GPC's and PCMMU's. The MTU BITE word
is incorporatad into the operational instrumentation downlink and some of
the MTU status derived from the BITE word is displayed in the TIME SPEC.

More detail about the MTU operational aspects are presented in SFOM Volume
48'

4.,5.1.2 GPC/MTU operational interface.- Each of the MTU accumulators is
tie? to a Flignt Critical Forward (FF) MOM., (Accumulater 1 to MOM FF1,
etc). .
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Because of this arrangement, any one of the GPC'c which is "listening" on
Strings 1, 2, or 3, will receive MTU time and £ITE status directly.

The redundant set GPC's will receive’the MTU tim‘ng- inputs simultaneously, .- -
‘thereby allowing them to keep théir ‘timing and processing within”the e e T

1imits required for redundant set operations. Note that each GPC will re-
ceive timing inputs from each of the three MTU accumulators.

A software module in each GPC, called the TMP attempts to obtain GMT, MET
and BITE from all three accumulators 1.04 times per second. The GPC which
is in command of the appropriate FC bus (and FF MDM) actually sends the
command for data to the corresponding MTU accumulator, and all GPC's
listening on that data bus will hear the MTU.response. If an I/0 error
causes data loss from that accumulator, an Mt will be displayed next %o
the MTU accumulator time word on the TIME SPEC. The current MTU accumu-
lator times will also be exchanged among the common set GPC's at the next
common set sync point over the ICC data buses. This ICC exchange will
also include the current time value for each common set GPC. Thus, each
common set GPC may have as many as seven sources of time available: the
three MTU accumulators and four common set GPC runtimes (itself included).

It should be noted that although the GPC's receive EMT, MET and BITE from
the MTU, they do not utilize the MTU's MET. Instead, that value is
ignored and the GPC's compute MET based upon GMT.

4.5.1.3 MTU accumulator status.- If an accumulator fails to incorporate
an update signal from the MTU oscillator, as detected by the MTU BITE, an
appropriate bit will be set in the MTU BITE word sent to the GPC's and the
PCMMU's. Should this happen, the word “BITE" will appear next to the
erring accumulator time word in the status column on the TIME display. In
addition, a "¥" will appear next to the accumulator time word should this
accumulator failure cause the GPC to fault down to another time source
when it goes through its time selection process. (This would be accompan-
jed by a “TIME MTU" Class 3 fault message on the CRT's fault message line.)

4.5.2 Time Management Processor §TMP)

The systems software module known as the TMP is initiated once every major
cycle (1.04 Hz). Its purpose is to gather and adjust time source informa- -
tion from the three MTU accumulators and from the other common set @PC's.-
It then selects a time source (either automatically or through a crew
entry to the TIME SPEC) with which to correct its internal clock.
whether the selected time source is an MTU accumulator or another GPC's
runtime is based upon several factors.

1f a GPC has selected an MTU source on the previous cycle, it will compare
jts internal runtime with that of the MTU source on this cycle and see if
the difference is less than a tolerance factor, Kl. K1 typically is 450
msec. This K1 or "credibility® test is used to insure that an MTU accumu-
lator failure K1, the GPC will use that MTU accumulator time to correct
its own runtime for drift.

If the difference is greater than K1, that GPC will initiate a Class 3
alarm alarm and TIME "MTU" fault message. Also, a "¥" will appear next
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to the former MTU time source's time word on tc TIME SPEC. Next, the GPC
will sequentially compare its runtime with the other two MTU accumulators.
. The first one to pass the K1 test will be the new selected time source for
- thHat GPC-and will:be udsed to update:its .runtime. ' If o MTU accumutator: -. -
passes the K1 test, that GPC will then select a GPC source with which to
correct its runtime. Once this happens, the GPC will not check an MTU
source on future time management cycles until user intervention. -

In order to select a GPC source, the following logic is incorporated: The
two lowest numbered common set GPC's times are compared. If the differ-
ence is less than K1, after faulting from an MTU source, Kl is set to 5
msecs for that cycle. Then the lowest numbered common set GPC's time is
compared with this GPC's time; otherwise, the third lowest numbered common
set GPC's time is compared with this GPC's.time. In either case, if this
difference is less than K1, this GPC will correct its runtime based upon
that GPC's internal time; otherwise, it will fault down to internal time,
i.e., not update its time.

If the GPC selected a GPC time source on the pravious cycle, then it will
again go through the logic described above to select a GPC source again.
The only exception here is that K1 will be once again 450 usec.

If there was a crew entry of one of Items 33, 34, 35 or 36 to the TIME
SPEC, all common set GPC's will begin their time source selection process
using the source selected on the TIME SPEC. However, such a user entry
changes the value of K1 to 5 msec for that cycle and thus increases the
probability that the user selected time source passes the K1 test and will
be used to update the common set GPC's internal <locks. On future TMP
cycles, K1 is again reduced to 450 usec.

If any case, the time source (MTU Al, A2 or A3, &PC 1, 2, 3, 4, 5) select-
ed by the GPC will appear in the lower right hand corner of the TIME SPEC.

4.5.2.1 Time sync.- It is possible, via a single user entry (Item 37
EXEC) to the TIME SPEC, to synchronize the three MTU accumulators to the
time source usac by the lowest numbered GPC which has control of at least
one of FC Data Buses 1, 2, and 3. The runtime of all common set GPC's
will be set equal to this time source, as will the time values in the
three accumulators. All the GPC's would then, at least temporarily, at-
tempt to use MTU Al as their time source. s
4.5,2.2 Initialization.- The first PASS GPC to complete IPL and be moded
to RUN wiTT request the current MTU accumulator times. This GPC will set
its runtime equal to this PCMMU GMT. If none is available (the MTU is
off), it will continue to process, using its own runtime.

If the GPC's OUTPUT switch is in TERMINATE, or the BFS is engaged, the
PASS GPC will not be transmitting or receiving on the FC data buses, and
so will not be listening to the MTU. In this case (initialization only),
the PCMMU will be substituted for the MTU as a time source. This is done
to synchronize the GPC's downlist with the PCMMU downlink.

If one PASS GPC is already in RUN and is in control of at least one of FC
Data Buses 1, 2, and 3, then when another GPC is moded from HALT or
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STANDBY to RUN, it will set its runtime equal to that of the lowest num-
bered GPC in control of one of FC 1-3. This “raw" GPC will also initiate
its TMP software, using'the same time source as the lowest numbered GPC in
contral of one of the FC 1-3 Data Buses. . - '~ TR T e

-

4.5.3 MTU/GPC Clock Update

It is possible to update the GMT and/or the MET clocks in the MTU and in
the GPC's by entering a "delta time update" via a user entry to the TIME
SPEC. The MET may also be updated via the applications software. An exam-
ple of this is at 1iftoff when the MET clocks are automatically set to
zero. .

Ttems 24-27 (25-27 are “implied item numbers”) on the TIME SPEC allow for
user entry of a desired GMT delta update in days, hours, minutes, seconds,
and milliseconds. Similarly, Items 28-31 allow for a user entry of a
desired MET delta update. MET is actually derived from the GMT, so a GMT
update would result in a corresponding MET update.

The sign of the update (+ or -) will correspond to the sign of the lowest
entered item number for the GMT or MET set. Therefore, if an MET delta
update is entered using a "+" key for the Item 24 entry and the "-° key
as a delimiter for the rest of the entries, the sign of the delta update
would be positive..

Entry of “Item 32 EXEC" initiates the time update, using the values enter-
ed in the previous locations, with the actual update occurring frem 1-2
minutes later-at the MTU coincidence time. The coincidence time is com-
puted by rounding the current time to the next minute and adding 1 minuta.
After "Item 32 EXEC" is entered, Items 24-31 will be blanked. Another
point to note is that following a GMT update, the TMP in each GPC will se-
lect MTU Accumulator 1 for its time source.

A GMT update request of more than 15 msecs will be rejected, and an
wILLEGAL ENTRY" fault message generated. Since each PASS GPC bases its
processing on its internal GMT runtime, this limitation insures that no
GPC will go inactive for more than 15 msecs. An exception to this limita-
tion is an update to a single running GPC in OPS Q. In such a case, the
GMT may be updated by days, hrs, mins, secs, and msecs, and the MET will
bg reset to zero. Furthermore, both GMT and MET updates can not be’enter-
ed at once. C

4,5.4 CRT Timer

Each major function is provided a separate CRT timer. This timer's cur-

rent value is displayed on the second line in the upper right-hand corner
of all displays within the applicable major function. This timer can be

controlled by a specific QPS sequence or SPEC software.

Figure 4-12 illustrates a typical "XXXXX MNVR XXXXX" display (in this
case, the ORSIT MNVR EXEC display), which is an OPS display. On this dis-
play, The Time of Ignition (TIG) of a burn can be entered using Itams
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27-29, and loaded into the appropriate GPC's for execution using [tem 38.
When the timer is started (ITEM 39 EXEC), the difference between the TG
. and the current mission time will appear in the CRT timer, and the CRT’
timer will begin counting down, reaching zero at the burn TIG. -

A specified time can be placed in the CRT timer by using item entry con-
trols on TIME SPEC. This entry can be positive or negative, and can in-
clude hours, minutes, and seconds. Items 9-11 are used to enter this
data, and the sign of the lowest entered item number defines the sign of
the entire time string. A minus entry here, when started, will cause the
CRT timer to count down to zero and then begin counting up. A positive
entry will simply count up from the entered value.

This CRT timer value is loaded into the timer, and the timer started in

one of two ways. An entry of "ITEM 12 EXEC" will start the timer, at '
which time the data entered in Items 9-11 will blank. Item 13 can be used
to stop and zero the CRT timer.

Another method for loading ‘the CRT timer is to enter a mission time value,
in hours, minutes, and seconds, into Items 14-16, This time is then com-
pared with the value of the current mission time. When these two times
are equal, the previously loaded time in Items 9-11 will be loaded into
the CRT timer, Items 9-11 and Items 14-16 will blank, and the timer will
begin counting.

4.5.5 Alert Tones -

The TIME SPEC also contains controls to set times at which alert tones
will be sounded (two for selected mission times and one for CRT timer),
aqd alio to set the duration of the SM alert tone (used in Class 3
alarms).

Itzm 23 is used to set the duration of the SM alert tone, using an "ITEM

23 + XY EXEC" type entry, where "XY" represents the tone duration in sec-
onds. This value can be set in a range from zero (which would inhibit the
tone) to 99 sec. Note that this tone duration control alters the tone du-
ration for all applications of the SM alert tone, and not Jjust those related
to those on the TIME SPEC. Also the tone duration will be in effect for

any GPC in the common set. s o
The initial time duration is 3 seconds. This duration is "I-loaded" into
all of the GPC's.

There is another method of setting the CRT timer, which, like the controls
on the "XXXXX MNVR XXXXX" display, sets the timer to count down to a spe-
cific event or mission time.

This is done by entering the "target” mission time into Items 17, 18, and
19. Upon completion of this command sequence, the diffarence between the
target mission time and the current mission time is loaded into the CRT
timer, and the timer begins counting down. The CRT timer will reach zers
shen the current mission time and the target mission time are equal. when
this happens, the data fields for Items 17-19 will blank. '
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Whenever the CRT timer is required to count down to zero, it will start
counting up again, as soon as the zero point is reached. N\

" Note that ‘a separate CRT.timer ‘is.available within-each-major functian... -
-Thus, using some of the controls previously mentioned, the user may set up
one timer in the GNC major function, one in the SM major function, and a
third timer in the PL major function. .

There are three sets of item controls on the TIME SPEC, which allow the

user to enter time values at which the alert tone will be sounded. Two of
these sets (Items 3-5 and 6-8) allow the user to enter mission times for
sounding the alert tone. When the current mission time equals the time

input to one of these data sets, the alert tone will be activated for the
time period specified by the 'duration' item. At the same time, a fault - .
message ('TIME TONE') will be generated on the appropriate CRT's, and the

SM alert light will be illuminated. The involved data field will also

blank at this time.

The third data set (Items 20-22) allows the user to activate the alert

tone at a specified CRT timer value. A negative value will result in a
tone when the CRT timer counts down to that value, and a positive input
nayent” time will result in a tone when the CRT timer counts up to that
value. The same responses and actions that pertain to the mission time
event timers also pertain to the CRT time event timer.

These "event timers” are based on a 24-hour clock; so if an event time

input is made which is less than the current time, the alert tone will not /4-\
be activated until the following day, when the current time and the event

time are again equal.

4.6 DATA PROCESSING SYSTEM GPC MAIN MEMORY MODIFICATION

The contents of memory within the GPC's (main memory) can be modified by
by both the ground support personnel as well as by the crew. During pre-
launch operation main memory can be modified via the LDB interface with
the GSE computers, inflight via uplink commands from mission contral and
at any time by the crew or ground support personnel via the GPC MEMORY
SPEC (see figure 4-3).

The following discussion will not cover the LDB interface but will cover:
uplink and thé GPC MEMORY SPEC. '

4.6.1 Uplink Commands

The ground can uplink three distinct and separate types of uplink data to

modify main memory. The first type is for modifying either contiguous or

scattered locations in memory containing code as well as data. WNote that

this method directly modifies memory without interfacing with the MCDS

system. As a result, it is not as visible to the crew, nor is it con-

strained as much as using the GPC MEMORY SPEC for memory modification;

i.e., 64 16-hit words at a time versus 6 32-bit words KEYED IN ONE WORD AT /A-n\
A TIME. The second type of uplink data comes via the "0EU equivalent”
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command capability of the ground. The ground can call SPEC's, execute item
numbers and/or modify main memory via the GPC MEMORY SPEC, etc., the same

© way that the crew would-with the GPC. MEMORY. CRT display. .. The third type .. -
of uplink commands frem the ground-that modify memory are those that change .
certain groups of variables in core such as state vectors, refsmmats, guid-
ance polynomials, launch targets, IMU gyro biases, IMU accelerometer biases,
quaternions, deorbit landing site parameters, etc. These commands do not
change code, but alter data that is reguiarly used by the flight software.

4.6.2 GPC MEMORY CRT Display

The read/write portion of the GPC MEMORY display provides the user inter-
face to review and change the value contained in any specified GPC MEMORY
location. The general use of this portion of the display is to first read
the present value of a given location. The value then may be changed us-
ing a two-step load sequence. Additional control items allow the user to
read sequential memory locations with minimal keystroke inputs, and to se-
lect the mode in which the reading and writing is performed. This part of
the display is initialized with all fields blank except the mode, which
will indicate DATA, and the major function indicator which will show which
major function software is being addressed. Changes made to main memory
via the read/write portion of this SPEC affect only those GPC's which are
listening to the involved DEU/CRT. Thus, if the DEU's MAJ FUNC switch is
in the GNC position, only the GNC GPC's will be affected. Similarly, if
the MAJ FUNC switch is in the SM position, only the SM GPC will be affect-
ed. If the DEU has been assigned to an OPS O GPC, only that GPC will hear
the transactions from this part of the SPEC. The major function of the GPC
driving this display will be indicated on the display.

4.6.2.1 Operational modes.- The spec has two modes of operation; the DATA
mode and the CODE mode. 1n the DATA mode, the crew or the ground can review
or modify any data location in main memory. In the CODE mode, the crew

or the ground can review or modify any instruction location in main memory.
Instructions or code can only be changed by having the software clear the
ngtorage-protect bit" that is normally set for all code Tocations. The
protect bit is cleared upon execution of Item 2 and input of an address

on the GPC MEMORY Spec. That action causes the word "CODE" to flash and
also allow complete freedom in altering main memory. The protect bit is

not cleared when in DATA mode and thus prevents accidental alteration. of
flight software instructions. S
The read/write part of the GPC MEMORY display is primarily intended to
address the data sections of main memory which are unprotected. For this
reason, the display is initialized with Item 20 (DATA) enabled. A special
operating mode is provided which allows the user to address the protected
areas (CODE) of the main memory. As a protection feature, when the CODE
mode is selected by the user, (ITEM 21 EXEC), the word CODE will flash.

In addition, after the user writes in a code location(s), the mode will au-
tomatically revert back to the DATA mode. Items 22 and 23 are designed to
allow the user to sat and reset individual bits in memory.



Upon executing any of Items 20, 21, 22, or 23, the active mode will be

indicated by an asterisk to the right of the corresponding item number,

and all the data fields will blank. This * will remain next to the selec-

. --ted mode umntil -changed by -another -mode item entry,. or until the display is -
dropped, or in the CODE mode case until a WRITE command is executed. The-

four mode item numbers are mutua1iy exclusive. ,

*4,6.2.2 Memory read operations.- The contents of any memory location may
be observed after the selection of the appropriate operational mode is

made (DATA, CODE, BIT SET, or RESET). This display is initialized with
DATA (Item 20) and half-word hex (Item 27) selected. This read is accom-
plished by entering the appropriate memory location address (ADD ID) and

an appropriate scaling factor of engineering units or half-word hex. The
ADD ID is a five-digit hexadecimal number which identifies the memory loca-
tion being addressed. T

A scaling factor of engineering units or half-word hex may be selected via
Items 26 or 27 for the display of the contents of addresses specified in
Items 28-38. However, the desired contents for such.an address must be
input in half-word hex. A three-digit number may be input to Item 26 to
indicate that the contents of the addresses in Items 28-38 are to be
viewed in the specified Engineering Units. The first digit identifies
fixed or floating point. The second and third digits select the desired
unit conversion.

pigitl ,

1 - 16 bit/fixed

2 - 32 bit/floating

Digits 2 and 3 _ '

00 - Units in Memory (no conversion)

01
02 - NM from K feet

03 - Feet from MN

NM from feet

04 - K feet from NM ‘.
05 - Feet/Sec? from G
06 - Deg/Sec from M Rad/Sec
07 - Deg from Arc Sec
08 - Feet/Sec? from Micro G
09 - Deg from Rad
19 - KFT from feet
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Upon the entry of a correct ADD ID the current value of that memory loca-
tion will be displayed in the CURRENT column.

It ‘is* also possibTe, v{a'the sequential IDlIfeﬁ-zd,"to=réad'§éﬁﬁéﬁtié1xmeﬁ-d}rf;:.‘

ory locations, starting with the most recently entered ADD ID. The scale
of these sequential locations is the same as that of the most recently
entered ADD ID. These scales can be changed later as required. Also, the
sequential locations are sequential by quantity, not necessarily by num-
ber. Thus, if the data being observed requires two sequential memory loca-
tions for each value displayed in the CURRENT column, the AOD ID values
gggp}gyed after a SEQ ID command will reflect this by skipping every other

If no ADD ID or SCALE is initially given, and Item 7 is executed, a Class .
5 fault message (ILLEGAL ENTRY) will be generated. Note that the SEQ ID
command will fill the GPC READ/WRITE table starting in the row that fol-
lows the most recently entered ADD ID.

4.6.2.3 Bit set/reset operations.- The capability also exists to set indi-
vidual bits to a logical "1" (bit set) or to a logical “zero" (bit reset),

as opposed to’‘writing over a memory location with new data. This capabil-

ity is only available when half-word hex (ITEM 27) is selected.

In order to perform the bit set function, ITEM 22 EXEC must be entered to
initiate the BIT SET mode. ITEM 27 (half-word hex) must be entered if it
is not already selected and the appropriate ADD ID must then be entered,
bringing the value in that memory location into the CURRENT column on the
display. A 16-bit "mask word," represented by four hexadecimal’
characters, is then placed in the DESIRED column. This “"mask word"
identifies the individual bits which are to be set with a logicai "1", and
the bits which are to remain unchanged with a logical “zero“.

ITEM 8 EXEC initiates the bit set function and the specified memory word
;§N$1§$r?g accordingly, with the new representation displayed in the CUR-
e L ]

The reset function works the same way except that ITEM 23 must be selected
and a logical “1" in the "mask word" resets the appropriate bit in memory
to a "zero", and a logical "zero" in the "mask word" leaves its
corresponding memory word bit unaltered. <
These two functions are especially useful when a specific data word is par-
tially dynamic, and the user wishes to alter only part of the data word,
while allowing the rest of the data word to update freely.

4.6.2.4 Memory write operations.- A1l changes to GPC main memory are done
in an ARM/FIRE method. In order to perform a write operation, the appro-
priate mode (DATA or CODE) must be selected, and then the appropriata ADD
ID and scaling factor entered, resulting in the display of the present
data value in the current column. The user then must enter the value to
be written into memory in the DESIRED column in half-word hex. The user
can verify the new value prior to writing this new value into memory. An
entry of ITEM 25 EXEC will send this desired value to the specified memory
location for storage. The CURRENT field will then reflect the new stored
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value, which can be compared to the desired field. The desired field will

not blank until the mode is changed, reselected, or the display dropped.

Selected valies in the current list can be changed by supplying desired
data only for those values, and then executing a WRITE command. Blank
rows in the desired column are skipped, and their current values remain
unchanged. [f no desired value has been entered prior to a WRITE command,
the ILLEGAL ENTRY fault message will be generated.

The operational mode will automatically revert to the DATA mode following
a WRITE command in the CODE mode. If the DATA mode is selected, and the
user attempts to write into a CODE location (these locations are protec-
ted), the ILLEGAL ENTRY fault message will be generated. However, there

is no software protection to stop the user from writing into. a DATA loca-

tion while in the CODE mode. This would result in the DATA location being
transformed into a CODE (protected) location. This could result in the
loss of the involved GPC's, or the loss of that data word with unknown re-
sults (e.g., state vector). -

4.7 DATA PROCESSING SUBSYSTEM MASS MEMCRY MODIFICATION

The data contained on either Mass Memory magnetic tape can be modified by
the ground support personnel as well as by the crew, via the LDB's (during
prelaunch operations) or inflight via uplink commands or crew controls on
the MASS MEMORY R/W SPEC display (figure 4-13). The inflight techniques
involving uplink commands and crew controls will be discussed here.

when required to update Mass Memory, a GPC must be executing SM OPS 2 or
PL OPS 9 software to provide enough GPC main memory storage to perform the
function. This is necessary because modification of Mass Memory occurs by
reading a software load block finto a special storage area of the GPC .
(available in special SM and PL OPS), modifying the load block and writing
the modified load block back onto Mass Memory. The special storage area
of main memory is 2,048 16-bit words in SM OPS 2, 16,384 16-bit words in
PL OPS 9 and non-~xistent in any other major function OPS.

4.7.1 Uplink Commands

Mass Memory is modified via direct write conmands or DEU equivalent com- .
mands using the MASS MEMORY R/W display. The direct write capability is
mechanized like the MASS MECMORY R/W display without interfering with any
MCDS operations. The DEU equivalent method requires activating the MASS
MEMORY R/W display and interfacing with the MCDS input processor as would
a crewmember as described below.

4.7.2 MASS MEMORY R/W CRT Display

The MASS MEMORY R/W display allows reading and changing of data storad on
an MMU, comparing a load block between MMU 1 and MMU 2 and dumping MMU

data to the ground via downlist. The area on the right third of the dis-
play selects which MMU data to change or dump and maintains the status of
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the operation. The area on the left two-third: of the display sh-ws the
current data in the specified location, allows eniry of the data :ssired
to be in_the specified location and- fndicates the hexadec¢imal che~ksum of
the operatioa in progress. The display is initialized with blanks in all- ~
data slots when the Spec is activated as SPEC 85 in SM OPS 2 or as the 0PS
display in PL OPS 9.

4.7.2.1 Memory write operation.- A MMU write operation initially requires
specification of which %ﬂﬁ (ITEM 40 or 41) and which software system
Softwara System ID Software System

Text and Graphics (OFT,KSC)
PASS Version 1 .
PASS Version 2

PASS Version 3

BFS (K3C)

DEU :

SSME

TCS Sequances (OFT,KSC)

NOMIHA WO

4

contain the data to be changed. Only one MMU can be modified at a time.
The particular software phase (ITEM 43) and load block (ITEM 44) within
the specified system must be identified since MMU-t0-GPC data transfers
occur in load blocks consisting of up to 16,384 16-bit words. The display
only has the capability to present 39 16-bit words at a time for modifica-
tion. Hence, the words of the load block to be changed must be identified
relative to the first word of the load blaock by specifying the offset
(ITEM 45) into the load block and the number of continguous words (ITEM
46) to be changed.

Each time a MMU load block is read into GPC main memory, the version of
the MMU contents is displayed (MM VERSION). Whenever a particular load
block is modified, a log of MMU changes is updated by assigning a hexa-
decimal ID (ITEM 47) to the particular load block modification or patch.

A read operation is initiated by transferring the identified load block
from the MMU to the GPC (ITEM 48). The STATUS (IP, CPLT, ERR) is pre-
sented to indicate a successful or unsuccessful data transfer operation
{and a numerical CODE to identify error if unsuccessful). The MMU “BITE
status REGISTER A and B data (which are transferred to the GPC with the’
load block transfer) and the checksum word are displayed in hexadecimal no-
tation. When ‘oaded into the special main memory storage area, the hexa-
demical data values to be changed (as specified via ITEMS 40-46) appear in
the slots on the display beside the appropriate item numbers under the AC-
TUAL column. A DESIRED hexadecimal value must be entered for each ACTUAL
data value before the DESIRED values overlay or merge with (ITEM 49) the
ACTUAL data value, making the ACTUAL column = the DESIRED column.

The STATUS of the merge aperation is prasented as during the data trans-
far gperation. If more than 39 16-bit words or a different set of l15-bit
words are t be modified, ITEMS 45 and 46 are raentered for the next set
of 16-bit werds to be changed, blanking ITEMS 1-39. When all DESIRED vai-
yes nave been merged with the ACTUAL values of the load block, the load
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Figure 4-13.- MASS MEMORY R/W SPEC display.
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block is written bock into the selected MMU (ITEM 50). A problem with the

write. operation attempting to VIOLATE restrictions of patch ID or simulta- .

neous MMU read will be indicated ‘as would the STATUS of the write opera- '
tion itself. As part of the write operation, the load block will, be read
back into the GPC to perform a word-by-word comparison check to verify
proper coordination and allow user retry if necessary. .

4.7.2.2 Memory compare operations.- The particular load block of one MMU
identified via ITEEE EU-I% can be compared to the same load block on the
other MMU using a word-by-word comparison (ITEM S1) and any error condi-

tions displayed as STATUS and CODE. The capability to dump Mass Memory
via downlist is described in Section 4.8.3.2. ' T

-

4.8 DOWNLIST

A downlist is a set of data transferred from a GPC to the PCMMU, The
downlist system software executive in each GPC organizes data obtained di-
rectly, or via one of the DPS MDM's, and data from the various systems
software modules, into sets of data called downlist formats (also referred
to as the GPC's downlist). Each GPC transmits its downlist format to the
PCMMU's as illustrated in figure 4-14, The PCMMU's interleave Operational
Instrumentation (OI) data from OI MOM's and PL data (from the payload data
interleaver and Spacelab) with the downlist telemetry data into telemetry
data formats for transmission to the Network Signal Processors (NSP's).
The NSP's combine the PCMMU telemetry data with onboard voice into opera-
tional downlink telemetry formats. The S-band subsystem converts the NSP
operational downlink telemetry format into the proper waveform for trans-
mission to the ground by a transponder transmitter (XPNDR XMTR).

One of several Spacecraft Tracking and Data Network (STON) remote site sta-
tions receives the operational downlink telemetry and separates voice from
data. In addition, the STDN remote site documents and reformats the opera-
tional downlink telemetry before transmitting the voice and data to

Goddard Space Flight Center (GSFC) in Greenbelt, Maryland. Goddard man-
ages the STON remote sites and transfers the voice and data to JSC's Mis-
sion Control Center (MCC). ' '

The communication interface system in MCC validates and preprocesses
downlink data prior to shipping it to the Shuttle Data Processing Complex .
(SOPC). The SDPC performs data manipulation and processing of downlink
data before transmission of the realtime data to the display control sys-
tem for routing to the appropriate MCC console.

During later OFT flights and the OPS flights, the STDN downlink system
will become the secondary downlink methad. The primary downlink system
will be a Tracking Data Relay Satellite (TORS) system. The formation of
downlink telemetry will follow the same data flow as that in the early OFT
phase as far as the Orbiter NSP's. The NSP's will transfer the opera-
+ional downlink to the S-band system or to the Ku-band systam for process-
ing. The S-band system or the Ku-band system transmits operational down-

link telemetry to a TORS as the primary telemetry path, while the STON re-
mote sites will remain functional as secondary telemetry paths.
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The TORS system will transfer the operational downlink telemetry to a TORS N
remote site for relay to the Domestic Satellite (DOME SAT).  The DOME SAT -~ ~ ~ '
will transfer the telemetry to the DOME SAT receiver which will relay the

combined voice and data to the MCC communication interface system for sepa-

ration and validation processing by the SDPC. :

4.8.1 Composition of the Downlist '

The groups of data included in a typical GPC downlist format are shown
B e s syaten.sofiware data are available fn.every

downlist format. Furthermore, anytime a GPC is executing software, it is”

sending downlist data to the PCMMU's for inclusion into the operational

downlink telemetry to the ground.

e Crew station controls & displays

o MTU ,

o MPS, OMS, RCS

¢ SM sequence software

e Ku-band, S-band

¢ Landing gear f‘-k\
e Aerosurface amplifiers/actuators
s Flight control sensors (e.g., RGA)
e Vents, payload bay d;ors'

o NAV SENSORS (e.g., IMU)

e NAV AIDS (e.g., TACAN)

o CONTROLLERS (e.g., RHC)

o DEDICATED DISPLAYS (e.g., AMI)

¢ Guidance software

¢ Navigation software

e Flight Control software
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. & DOPS hardware data, =~ - .
- BITE sfatus (DéU 1-;, ﬁasg Memories i-Z)
- DEU 1-4 scratch pad lines |
- Current major function & display for all DEU's
e SYSTEM SOFTWARE data
- GPC mode, voting status, duty cycle
- GMT, time source for timekeeping software
- Redundant and common set status
- Latest five GPC & I/0 Errors of Self
- Accumulated # and last I/0 Error for common set GPC's
- Accumulated # and last GPC‘Error for common set GPC's
- . BCE chain element status and BUS masks
- Latest five fault messag;s _ ' N
- Discrete outputs and inputs
- - NSP Status word, NSP power status
- GPC Command validity word

- 2-stage buffer contents

4.8.2 Downlist Format Composition

Data parameters (in GPC main memory) to be downlisted are selected pre-
flight and organized into "frames." One frame of data is transmitted to
the PCMMU's every 40 msecs. Fifty of these frames comprise one complete
data cycle, which is 2 secs in length. .

Sample rates for the downlist parameters can be 1, 5, 12.5, or 25 samples
per sec. A one sample per sec (S/S) parameter will appear once in the
first 25 data frames and once again in the same relative frame of the sec-
ond group of 25 frames. For example, DEU BITE, which is sampled once per
sec, may appear in Frame 3 and again in Frame 28. . A parameter which is
sampled 25 times per sec will appear in every frame of the downlist.

Each frame is composed of 16, 32, 64 or 128 16-bit words depending on the

MC software. The first frame in each group of 25 frames has a header iden- /4-\
tifying the downlist format, GMT and other associated data. Each frame

then has a counter to allow time taaging of downlist data on the ground

within 40 msecs.
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4.8.2.1 OFT downlist forma%s.- The GPC's MC -letarmines which downlist for-
mat will be transmitted to -he PCMMU's. The /1C software downlist format

specifies which parameters  as ‘a- functiom of* 3PC ‘main memory lgcation), -~

‘and how many 16-bit words per frame (the frame length) will be sent to the-
PCMMU's. .

Each format is allowed only in one MC except for the memory dump-formats.
Memory dumps from the Orbiter replace the nominal downlist data during the
dump for at least one data cycle. Mass Memory and main memory dumps are
discussed in section 4.8.3.

A table which presents the downlist formats for STS 1 and 2 as a function
of format identification number (FMT ID), frame length, and memory configu-
ration, is presented in table 4-9 for your information. . )

4.8.2.2 STS 1 and 2 downlink/downlist combinations.- Table 4-10 presents
the downlink/downlist combinations for STS 1 and 2 as extracted from the
Computer Program Development Specification (CPDS) S$S-P-0002-140E, Volume
I, Book 4, Downlist/Uplink Software Requirements, November 18, 1977, and
the Telemetry Data Format Control Book, JSC-11384, Section 2, Volume I,
April 1977, and conversations with reliable FOD personnel.

Selection of the 128 kbps high data rate (HDR) or 64 kbps low data rate
(LDR) depends on station acquisition and transmitting signal strength and
is performed by the NSP's as directed by Ground Control Interface Logic
(GCIL) via the NETWORK SIG PROC XMIT DATA RATE control on Panel Al or via
uplink command.

_Selection of a 128 kbps PROM (HDR-H) format or 128 kbps RAM (HOR) format
within a flight phase requires onboard manipulation of the Ol PCMMU FORMAT
control on Panel C3, SM SPEC keyboard entries or uplink commands.

Loading operational instrumentation formats into the PCMMU programmable
Random Access Memories (RAM's) requires placing the QI PCMMU FORMAT con-
trol to "GPC" and entering item entries on the "PCMMU/PL COMM" SPEC in
SM OPS 2 or on BFS MEMORY in ascent or entry to request a format to be
loaded in the RAM's.

Changing downlist formats sent from a GPC to PCMMU's requires requesting
a new MC to be loaded into the GPC.

Changing into which toggle buffer a GPC loads data requires item entries
on the PGPC MEMORY" SPEC (e.g. reassigning Downlist GPC).

Combination 5 in the table is the 128 kbps PROM (HOR-H) format 129 of

which 50 percent (64/128) is OI data, 40 percent (51.2/128) is data from
toggle buffer 1 and 10 percent (12.8/64) is data from toggle buffer 5.
Combination 6 is the 64-KBPS RAM (LDR) format 002 which maintains the rela-
tive percentages but reduces the ‘amount of data output (and therefore, re-
duces the amount of data downlistad).

4.2.2.2 Loss of downlist.- If a PASS GPC detects a problem with its
downlist {called the downlist command message) prior to transmission to
the PCMMU's, an I/0 ERROR PCM fault message will be generated and will
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TABLE 4-9 - DOWNLIST FORMATS, STS FLIGHTS 1 AND 2

Down- POST MCl MC2 MC3 MC4 MC6 MC7 Mc8 MC9 Name
list IPL GNC GNC GNC SM2 PL9 SM9 GNC GNC

FMT frame oPS 1,6 2 3 , 8 9

1D length 0-00

20 32 X POST IPL/OPS 0-00

21 128 X GN&C ASCENT/ABORT

22 128 X GN&C ON-ORBIT -

23 128 X GN&C ENTRY :

24 32 X SM ORBIT DOORS

42 128 X INIT AND CHECKOUT SM 9

44 128 X GN&C 9 PRECOUNT - '

32 128 X GN&C 8 ORBIT CHECKOUT

46 128 X FRT - GENERAL

:g 32 X MM UTILITY PL 9

90 X X X X X X X X X MAIN MEMORY DUMP

91 X X MASS MEMORY DUMP

97 128 X PCMMU CHECKOUT-ADDRESS

98 128 X PCMMU CHECKOUT-052525
: (OCTAL) '

99 128 X PCMMU CHECKOUT-12525

(OCTAL)




appear on all (RT's driven by the PASS. A loss of downlist could also be
caused by the loss of an [P Jata bus or a PCMMU MIA. These last two prob-
. lems.would cause a downlist.loss which.would only be detectable by the. .
ground. - . . - Cw o

1f the downlist GNC GPC fails "hard” (loss of sync, software halt, etc.),
the PASS software will automatically reassign a "healthy” GPC to take over
the role of supplying downlist data to toggle buffer 1. The PCMMU would
then have a good set of PASS GNC downlist data to incorporate into the
PCMMU output. ’

If the loss of downlist is caused by an IP or PCMMU failure, this failure
may be corrected by switching over to the other PCMMU via the OI PCMMU
power switch on Panel C3. This switchover may be done during the dynamic
flight phases, but requires using only the PROM format for the 128 kbps
formatter since the RAM's are volatile in the new PCMMU. Loading Teleme-
try Format Loads (TFL's) into the new PCMMU during ascent or entry re-
quires BFS to reestablish the RAM.

During coasting flight, downlist may be recovered in similar ways. The
PCMMU togg]e buffer designations may also be reassigned via uplink or GPC
MEMORY SPEC keyboard entries.

4.8.2.4 Downlist variable parameter list.- Item entries 25-34, located in
the lower right-hand corner of the DPS UTILITY SPEC, are used to control
which parameters are placed in 10 variable parameter slots of each down-
1ist format. Items 25-34 identify which parameters, according to their
hexadecimal main memory addresses, are to be placed into the variable pa-
rameter list (one 16-bit word per slot). An entry of an improper address
will result in an “ILLEGAL ENTRY" fault message. For example, "ITEM 1

+ 1FA EXEC" would be a correct entry, while "ITEM 1 + 341FA EXEC" would

be i1legal since the GPC only has 34000 addresses in hexadecimal rotation.

An entry for one of Items 25-34 would immediately tell the downlist for-
matter to incorporate the parameter identified into the variable parameter
slot for inclusion in the downlist. Any changes to the VARIABLE PARAMETER
ID LIST becomes effective immediately. Nominally, fault messages 6, 7 and
8 will occupy the variable parameter slots.

¢

4.8.3 Memory Dumps

-

The capability exists to "DUMP" selected portions of GPC main memory and
portions of the Mass Memory to the ground, by replacing the nominal down-
1ist data with the specific "DUMP" data. GPC main memory may be dumped
using controls on the GPC MEMORY SPEC, or via uplink commands. Mass Mem-
ory may be dumped via inputs to the "MASS MEMORY R/W® SPEC, or via uplink
commands. In both casaes, if the dumps are performed by the flight crew,
all of the keyboard entries will be coordinated with the MCC flight con-
trol team.. For any dump operation, the dump format will replace the nomi-
nal data for at least one data cycle but only as long as it takes to get
the data dumped once.
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TABLE 4-10.- STS 1 AND 2 DOWNLINK/DOWNLIST COMBINATIONS

GPC GPC GPC 6PC 6PC )
Canbinations_| (r!ﬁeglip_q al instrumentation | toggle buffer 1 toggle buffer 2 | toggle buffer 3 | togqle buffer 4 toggle buffer 5
‘phase " ne. [0 [ *vpe | BW ﬁl'oﬂ OL [ BW _ﬁpogg (1] ) lil‘g DL | B ﬁgg BL_| B ‘—j?’
Prelaunch 1| 129 ioR-H | 64 s9 | 42| 51.2 8-S| 12] 12.8
2 160 HOR 64 S9 42 | 51.2 P9 48 | 12.8 .
3] 129 IDR-11 | 64 69 | 4] s1.2 8-S |12] 12,8
4| 160 HOR 64 69 | 44| 51.2 P9 |48 J12.8
Ascent 5| 129 IDR-H | 64 Gl. | 21| 51.2 8-A} 15] 12,8
6 002 LOR 32 Gl 21} 25.6 . B-A]15] 6.4
orbit 7| 129 HoR-H | 64 62 | 22| s1.2 B-A{ 15| 12,8
8 | 002 LDR 32 G2 | 22] 25.6 B-A|15]| 6.4
91 161 DR 64 62 J 22| 61.2 | s2 | 24 ] 12,8
10 | 003 LDR 32 G2 | 22]25.6 | s2 | 24 ] 6.4
ni 129 IDR-H | 64 62 | 221 51.2 S-2 | 24| 12.8
12 | o02 LOR 32 G2 | 22| 25.6 s-2| 24| 6.4
Entry C/0 13 | 162 HOR 64 68 | 32| 651.2 | s2 | 41128 |°
14| 004 LDR R 68 | 321 25.6 | S2 | 24| 6.4
Entry 151 129 HOR-H | 64 63 | 23| 51.2 8-E]13] 12.8
16 | 164 HDR 32 63 | 23| s1.2 B-E | 131128
17 005 LDR k 74 63 23 | 25.6 6-€ | 14| 12,8
18 | 162 HDR 64 63 | 23| 61.2 | s2 | 24 | 12.8
19 | 004 LOR 32 6 | 23] 256 | Ss2 | 24| 6.4
GPC 20 | 163 iR 51.2 62 | 22512 | s2 | 24128 0PS0]20 {12.8
Utitity 21 006 LOR 25.6 62 22 | 25.6 s2 24 6.4 oPSs ¢ 20 6.4
GPC/MM 22 | 163 R 51.2 ‘@62 |22 |s1.2 | s2 ] 24]128 P9 40 |12.8
c/0 23 | 006 LR 25.6 tG2 | 2]25.6 | s2)] 24| 6.4 P9 j48 | 6.4
“SICK GPC* 163 {0 §1.2 G2 22 | 51.2 $2 24 | 12.8 NA 90 | 12.8
or 006 LDR 25.6 62 | 22 ]| 25.6 | S2 | 24128 NA |90 | 6.4
HISAM DUMP i(note 6) ’

NOTES: 1. . The main and mass memory dump downlist 1D's are considered’ shecial cases and do not require additiona) combinations.

2. NDR-M equals high data rate in the HARD 128 KBPS PROM format. A1) other 10 formats are Telemetry Format Load (TFL) RAN fomats 4
3. B8-S equals Backup in standby, B-A equals backup in ascent mode, and B-E equals backup in entry mde.

4. Combinations 1) and 12 require a manual toggle buffer assignment change for S2.

g Band Hidth (BW) refers to the share of the telemetry allotted to the data.

Nownlist dump may be skewed with respecl Lo PCM telemetry output frame.
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In. the case where the dump request would require more than one data cycle
to complete, the dump downlist format would remain in effect until the
dump was completed. As soon as the dump is completed, the nominal down-
1ist format would be restored. These memory dumps would result in the
loss of at least one downlist format data cycle, which would be replaced
by the dump frames and fill data. :

4.8.3.1 GPC main memory dump.- A GPC main memory dump would normally be
used for MCC verification of selected portions of a GPC's main memory
after an OPS transition caused a change in the software content of that
GPC. Presently, the capability to dump a GPC's main memory exists in all
MC except MC1 (Ascent) GPC MEMORY SPEC keyboard entries (via onboard or
uplink). The dump will occur in those GPC's which are listening to the
DEU which is supporting this SPEC at the time of the dump. A dump of a
GNC GPC requires about 70 seconds to complete in High Bit Rate (HBR).

The capability also exists to dump a GPC using the panel MO42F GPC MEMORY
DUMP rotary switch when a GPC has been moded from HALT to STBY with its
OUTPUT switch in TERMINATE (Panel 06). The PCMMU telemetry format may
have to be changed since the GPC dump initiated in such a manner will send
its data to toggle buffer 5 which may be read by the telemetry formatter
in the current configuration. This specialized configuration will be pri-
marily used to dump memory of GPC's which have failed and takes about 4
minutes in HBR to complete.

4.8.3.2 Mass memory dump.- The Mass Memory dump capability, which can be
accomplished either via uplink commands or via crew keyboard entries to

the "MASS MEMORY R/W* SPEC, will not normally be used inflight. This capa-
bility exists only in MC 4 (SM OPS 2) and in MC 6 (PL OPS 9}, in the on-
orbit mission phase.

The MASS MEMORY R/W SPEC, illustrated in figure 4-13, is available as SPEC
85 in SM OPS 2 and as the PL OPS 901 major mode ("OPS") display. It can
allow the crew or ground control the capability to observe selected Mass
Memory data on the CRT, modify this data, and to dump selectad Mass Memory
data to the ground via the downlist. Once the MMU software system, phase
and load block (ITEMS 40-44) are specified, the dump is initiated (ITEM
52). STATUS indicaters and the checksum value are displayed when the data
is read from the MU and the dump operation occurs. ,

Dumps of Mass Memory data are limited to 2048 16-bit words in SM oPS 2,
and limited to 16,384 16-bit words during PL OPS 9. As you will recall,
the downlist frame length for both GPC main memory dumps and for Mass Mem-
ory dumps is controlled via the control in the GPC MEMORY SPEC. The Mass
Memory to be dumped, the data to be dumped, and the request for the dump
are controlled via the MASS MEMORY R/W display.

4.9 UPLINK

Uplink is the method by which ground commands, originating in the Mission
Control Center, are formatted, generated, and transmitted to the Orbhiter
for validation, processing, and eventual execution Dy onboard software.

This capability allows the ground to control software processing, affect
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mode changes in Orbiter hardware, and to store or change software in GPC
main memory and Mass Memory. '

Figure 4-15 illustrates the functional operational uplink data flow. Com-
mands are issued at MCC consoles which request uplink communications. The
SDPC formats the command requests into what is called a command load and
transmits this command load to the Network Output Multiplexer (NOM). The
NOM mixes the command loads with voice, and ships this operational uplink
to the GSFC, which distributes it to the appropriate STDN remote site for
transmission to the Orbiter. ' :

The Orbiter's S-band transponder receiver (XPNDR RCVR) demodulates this
received operaticnal uplink and transmits it to the NSP-which validates

and separates the commands from the voice. The DPS MOM's format the com-
mands and transmit them to the GPC's when requested by systems software. - .
The uplink processor software within the GPC(s) executes commands to con-
trol software operations, store or change software in GPC or Mass Memory,
and affect mode changes in Orbiter hardware.

For later OFT and OPS flights, the function operational uplink data flow
will change to reflect the use of satellite communications, as is shown in
figure 4-15. The method of uplink which utilizes the STON will then be-
come the secondary method of providing uplink.

The primary method will involve the cutput of the NOM being transmitted to
the JSC OOME SAT Transmitter (XMTR), which will transmit the operational
uplink to a TORS remote site through a DOME SAT. The TORS remote site
XMTR will then relay the operational uplink to the Orbiter through a TDRS,
to either a KU-band receiver or an S-band recejver onboard the Orbiter.

The KU-band XPONDER RCVR will demodulate the received data and voice, and
ship it to the KU-band signal processor, where the signal will be validated
and the commands separated from the voice. The uplink commands will then
be transferred to the NSP. If received by the S-band XPONDER RCVR, the
operztional uplink will be sent to the NSP's, which will separate commands
from voice. An NSP will buffer the uplink commands until requested by

Gre syscem software. .

4.9.1 Uplink Command Description

Uplink commands can be issued to a GPC by number (GPC 1, GPC 2, etc), by
major function {ALL GNC, ALL SM, ALL PL), all active GPC's in the common
set, or to the BFS GPC. An OP CODE identifies which operation is to be
performed. A table of current approved command OP codes are presented in
the appendix.

MCC builds commands loads to perform certain functions as identified by
the OP code of the command.

There are three types of uplink command loads. These are the single stage

commands, the critical (or two-stage) commands, and the stored program com-
mands (which are really a special case of the critical commands).
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Single stage commands, upon reception, will be buffered and executed by ~
the uplink processor software. : |

A1l critical commands, when received, will be buffered by the uplink pro-
cessor software. The content of this buffer is then downlisted for com-
mand verification (onboard verification is available via the "GPC MEMORY"
SPEC). While a command is stored in the 2-stage buffer, the "UL" indica-
tor appears on all CRT displays associated with the GPC. When the uplink
processor software receives a "BUFFER EXECUTE" single stage command, it
will send a flag to the appropriate software modules to execute the
buffered command and blank the UL indicator.

The stored program commands are buffered in the same fashion as the two-
stage commands, except that they are time-tagged, and will be executed - .
when the GMT in the command load equals the GPC's GMT. These stored pro-
gram commands are used to set or reset MDM discrete outputs.

4.9.1.1 DPS uplink commands.- The uplink commands which relate directly
to the DPS inc%ude commands used to set or reset discrete outputs for a
particular OPS MOM discrete output module channel. Up to 16 discrete
outputs can be set or reset in a single command load. This process is
also known as a Real Time Command (RTC). Two OPS MDM discrete output
module channels can have their outputs set or reset each time the two-
stage command is executed (either via a buffer-execute command or a GMT
time of execution). The MDOM's in consideration for these last two items
are the four FF MDM's, the four FA MDM's, the PL MOMS, and the LF and LA ‘
MOM's. An RTC load includes an RTC to reset the MDM discrete output chan- N
nels to zero and a second RTC to set the appropriate MDM discrete output
channels to one.

The DPS uplink commands can also be used to write over GPC main memory,
either in contiguous or in scattered locations except in Memory Configura-
tion 1. The capability also exists to read, write or dump Mass Memory
words in SM OFS 2 or PL OPS 9.

One form of OPS uplink commands, known.as the "DEU equivalent® commands,
allows the ground to perform most of the functions the flight crew could
perform, as if the ground had its own "keyboard". The “DEU equivalent®
commands from the ground go through the NSP to the GPC two-stage buffer,
and when executed are transferred to the "equivalent DEU input table."’ ,
An event is set to signal the MCDS input processor that a message is wait- '
ing, and the input processor transfers the data into the DEU input table
and the standard keyboard message processing takes over. At this point,
the ground interacts with the GPC in exactly the same manner as the crew.
In other words, the ground has the capability, via uplink, to activate

or deactivata SPEC software, mode the current OPS, make item entries, etc.,
as if keyboard entries were made onboard. A CRT format activated via up-
1ink is charged to the major function addressed (e.g., one of the SPEC's

is used). In addition, if the DEU/OU combination is powered up, the SPEC
or DISP activated via uplink will appear on the CRT.

0PS uplink commands can also clear or execute the two stage command buff-
er, clear the stored program command buffer, correct the two stage command /"‘\

4-72



buffer, and turn the “UL" (uplink) indicators (on the title line of the
CRT display formats) on or off. :

For STS 1 and 2, single stage and stored program commands are allowed in
every MC, whereas two-stage commands are processed only in specified MC's.
A table of the OP codes, uplink loads, and the MC's in which they are
available, is given in appendix G. :

4.9.2 NSP/MOM/GPC Interface

The Orbiter NSP's 1 and 2 are hardwired to the OPS FF MDM's FF1l and FF 3,
as shown in figure 4-16. The NSP's store the uplinked command loads until
they are requested by the GPC's via these two MOM's. The GPC's also. read
the NSP BCE bypass status and power status, in order to determine which .
NSP is powered up, and therefore is to be polled.

The GPC that is in charge of the string containing the active NSP initi-
ates the request for the NSP to send its data over the FC data buses
(referred to as "polling the NSP"). The NSP responds by sending the data
to all of the GPC's which are "listening" to the critical data buses, in--
cluding the BFS GPC. Those GPC's which are not listening to the FC data
buses will receive the NSP status and command over the ICC data buses as
it is sent to them by the other GPC's. At the next processing cycle, all
GPC's will initiate their processing of the upiink command.

After receiving the uplink command load, the GPC checks the NSP status

word to determine if all commands have been blocked from processing by the
UPLINK BLOCK switch (Pancel C3). If they have, the uplink processing soft-
ware w;ll stop 1ts command processing and wait to process the next uplink
command. :

If all commands are not blocked by the UPLINK BLOCK switch, the uplink
processing software checks to see if the N3P is ready to transmit the
uplink commands. If the NSP is nct r=a’v, the uplink processing software
will stop its processing and wait for the next uplink command.

If the NSP is ready to transmit the uplink commands, the GPC receives
these commands and validates them. The resulting command validity word is
stored for inclusion in the GPC's downlist. Assuming that the command is
valid, the GPC proceeds to perform the valid operation. -
4.9.2.1 NSP status word.- The NSP status word is a 16-bit data word that
conveys the NSP condition to the GPC's. The first bit of this word, if
set to a logical “1", tells the GPC's that the NSP is not ready to trans-
mit its command data. The second bit of this word is controlled by the
“ALL" position of the UPLINK BLOCK switch, and if it is set to a logical
"1t tells the GPC's that all commands are blocked from processing. The
remaining bits (3-16) contain the NSP BITE status.
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4.9.2.2 GPC command validity word.- Each GPC creates a 16-bit “command va-
1idity word®, in response to up1ink. commands from the NSP, which defines
the possible errors that may have.occurred in the uplink transaction. Nor-
mally, all 16 bits of this word are zero. Any bit set to a logical *1

will indicate a problem in the command processing. The GPC “"command valid-
ity word" is part of each downlist at a 1 Hz rate.

4.9.2.3 Loss of uplink to the GPC's.- A loss of uplink from the NSP's to
the GPC's may occur if a problem exists either with the NSP, the data path
batween the NSP and the FF MOM it is hardwired to, with the MOM itself,
with the data path between the GPC's and the MDM, or with the GPC(s) it-
self. Obviously, the cure for this loss of uplink is a function of what
kind of failure causes this loss and where the failure occurs. An I/0
error, detected when the NSP is polled by the GPC, will cause a "BCE - _
STRING X NSP“ fault message (X = 1,3 implies NSP 1 or NSP2, respectively)
to be generated, which will indicate that a problem exists with the
specified NSP. If only one GPC of a four GPC redundant set (on ascent or
entry) detects a problem, that GPC will force fail to sync and will be
removed from the set. :

If the NSP itself has failed, the NSP POWER switch on Panel Al may be used
to select the other NSP if the S-band PM hardware is under panel control.
Since this switch is in the aft crew station, this onboard "fix" would be
unavailable during dynamic flight phases, but the ground could send uplink
commands to the GCIL to select the correct NSP if the S-band PM hardware
was under command control. ) '

4.9.3 Real-Time Commands

A real-time command is the capability to set or reset discrete outputs for
cne channel of one discrete output module in one of the FF, FA, PL, LA, or
LF MOM's. The onboard capability involves the DPS UTILITY SPEC and an

~ item entry corresponding to the second word of an MOM single stage uplink
command, which identifies the MOM, the I/0 module, the discrete output
channel, and whether the bits are to be set or reset and the third word

of the MDM single-stage uplink command, which identifies which bits are

to be set or reset as directed by the first four digits. A1l eight of

the digits entered are hexadecimal notation via ITEM 13.

“ITEM 14 EXEC" sends the command to the systems software which sets-uq;ﬁnd o
transmits the required output word to the specified MDM. T
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SECTION S

BACKUP FLIGHT SYSTEM SOFTUARE
5.1 BACKUP OPERATING SYSTEM (BOS)
_ The BOS is the software in the Backup Flight System (BFS) which plays the
same role in the BFS as the system software does in the Primary Avionics
Software System (PASS). The BOS software forms the interface between the
applications program (Guidance, Navigation and Control (GNC), Systems Man-
agement (SM), and Sequencing) and the outside world through Uplink, Down-
1ist, the Multifunction CRT Display System (MCDS), and the Ground Support
Equipment (GSE). The BOS provides for the output of commands and/or the
retrieval of data from the PASS and the hardware external to the General
Purpose Computers (GPC's) such as the avionics devices, Caution and Warning
(C&W) electronics, the Master Timing Unit (MTU), etc. The BOS is also
responsible for updating the B8FS GPC's internal clock and making Greenwich

Mean Time (GMT) and Mission Elapsed Time (MET) available to the BFS applica-
tions programs.

5.2 ACTIVE PASS/BFS INTERFACE

The BFS is designed to take over vehicle control in case of a major fail-
‘ure in the PASS, and perform limited SM during the critical mission phases.
when the BFS is not engaged (preengaged), the PASS GPC's control the
flight critical (FC) data buses. Therefore, during GNC Operational Se-
quence (OPS) 1 and OPS 3, the BFS GPC must track the PASS GPC's for re-

" ceipt of data over the FC data buses and certain PASS-loaded or computed
parameters such as the current vehicle state, vector mission phase
sequencing, the Bus Control Element (BCE) chain element bypass status, the
inertial measurement unit Reference Stable Member Matrix (REFIMMAT), etc.
In order to accomplish this, the BFS GPC "listens” on the FC data buses.
This ensures that the BFS GPC can receive uplink and the MTU updates. In
addition, the PASS GPC's send data known as "PASS transfer data" to the
BFS GPC over the FC data buses up to 25 times-per-second.

To perform its SM functions, the BFS GPC assumes command of the payload
(PL) data buses when the PASS GPC's receive the BFS GPC's BFS RUN dis-
crete.

The BFS GPC may also be assigned Display Keyboard (DK) DATA bus 4 ang an- .-
other DK DATA bus as a function of the BFC CRT DISPLAY and SELECT switches,
the BFS GPC MODE switch, or a GPC/CRT keyboard message. The BFS Tlistens

to all PASS-controlled buses in the preengaged state.

Once the BFS is engaged, no further interface is made between the BFS and

the PASS GPC's. Figure 5-1 illustrates the PASS/BFS functional configura-
tion.
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§.2.1 PASS/BFS Discrete Interface .

In. addition ta the {nterfaces previously mentioned; the PASS and- BFS GPC's... .
have specialized discrete interfacés. The BFS must not. interfere. with the
PASS GPC's synchronization schemes. Therefore the BFS GPC holds its three
SYNC discretes to a “000“ pattern. when in the RUN mode, the BFS GPC

jssues its BFS RUN discrete to the PASS GPC's which tells the PASS to sur-
render control of the PL data buses and results in the BFS taking command

of the PL data buses (except in BFS OPS 0). :

The BFS GPC will also not drive any GPC FAIL discretes or any GPC STATUS
matrix 1ights other than its own diagonal. It should drive its own diago-
nal if it goes into a software HALT state.. Conversely, the PASS GPC's
z;1132§t6;§sue GPC FAIL discretes or light GPC STATUS matrix 1lights for

e . -

-

'5.?.2 BFS ENGAGE Condition

The BFS GPC is engaged following the BFS GPC's OUTPUT switch being placed

in the BACKUP position and depression of the ENGAGE pushbutton on either

the left or right RHC., The outputs of these switches (the OUTPUT switch

and ENGAGE pushbutton) are sent to the Backup Flight Control (BFC) modules.
The BFC outputs the BFS ENGAGE discretes (1, 2, 33 and “1/0 Terminate 8°
discrete (see section 2.6). PASS notification of the BFS GPC ENGAGE condi-
tion is discrete output "I1/0 Terminate B" = 1 and discrete inputs 1, 2, 3 =

1. The PASS responds by relinquishing command capability on all data buses
within 200 msec and by entering software HALT. The BOS changes BFS operations
from disengaged to engaged when at least two BFS ENGAGE 1, 2 and 3 discretes
change to "1's" from izerges” and the "I/0 Terminate BY discrete = 0. At this
time, the BFS GPC will takeover command of the FC data buses, two forward
Cathode Ray Tubes (CRT's) and the PL data buses, (if it was not already

in command of the PL data buses), and assumes vehicle control.

The Orbiter flight crew has available to them a series of indications

which show that the BFS has been engaged. The BFS software illuminates

a BFC light on Panel F2 and on Panel F4 (the “Eyebrow Panels") via the .
PL Forward MDM PF2, The BFS GPC OUTPUT talkback on Panel 06 will go gray,
while the QUTPUT talkbacks of the PASS GPC's go to barberpole. Any PASS
GPC's in RUN will light their diagonal 1ights on the GPC STATUS matrix,

and illuminate the GPC light on the 40-1ight C&W matrix (Panel F7). The

two CRT's indicated on the BFC CRT SELECT switch will be driven. by the BFS
GPC if the BFS CRT DISPLAY switch is in the ON position. If this switch

is in the OFF position, the 8FS GPC will drive CRT's 1 and 2. Those CRT's
which are not controlled by the 8FS GPC will show a big "X" across the CRT
screen, and the message "POLL FAILURE® will appear on the left side of the
scratch pad line. (These are the same indications that occur under other
circuﬂsgances when a DEU does not receive GPC update commands for a 3-second
period. .
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5.2.3 BFS DISENGAGE Condition

The BFC DISENGAGE switch, located on Panel F6, is used to disengage the

BFS. Response to this switch inverts the BFS ENGAGE 1, 2, and 3, and "1/0
TERMINATE B discrete inputs. When the BFS GPC detects that at least two
of the BFS ENGAGE 1, 2, and 3 discretes have changed from "1's" to “zeroes”,
the BFS enters the DISENGAGED-STAND ALONE state (stops FC output, continues
software processing independent of the PASS and releases contrdl of the
second Display Electronics Unit (DEU)). .

If the PASS has undergone Initial Program Load (IPL), has been moded to

RUN and to the appropriate GNC OPS/Major Mode, and “sees” the BFS ENGAGE
1, 2, 3 and “I/0 TERMINATE B" discretes = 0, the PASS will assume control
of the FC data buses and the vehicle. [f the PASS has not undergone a .
new IPL, it may remain in software HALT resulting in no vehicle control.

A BFS GPC power transient could cause an inadvertent BFS GPC disengage due
to the BFC power reset. The BFS GPC can again be engaged via a repeat of
the BFC ENGAGE command via a BFC ENGAGE pushbutton.

When the BFS jis disengaged, the BFC light on Panels F2 and F4 will be ex-
tinguished, and the BFS GPC's OUTPUT talkback will go to barberpole. If
the PASS had undergone a new IPL, the PASS GPC's will extinguish their
GPC STATUS Matrix Tights, and thus the GPC 1ight on the C3W Panel. The
PASS GPC's will also take control of their assigned DK buses, except for
the first CRT allocated to the BFS via the BFC CRT switches. In addition,
the PASS GPC's OUTPUT talkbacks will go gray.

5.2.4 Effects Of The GPC MODE Switch

Assuming the BFS GPC's power is ON, the BFS GPC's MODE switch HALT dis-
crete is transferred to the BFS GPC via its associated BFC module (as in
the case with all of the GPC's). When the BFS GPC receives this HALT dis-
crete, it terminates its active software, which puts it in a hardware-
controlled state and its OUTPUT talkback and MODE talkback will go
barberpale. This state is the one in which any GPC must be in order to
begin the IPL sequence, and is illustrated in figure 5-2.

When the BFS GPC's MODE switch is in STANDBY, (and it is not engaged), -the
software processing is identical to that done in the RUN position except
that the BFS GPC will not take control of the PL data buses. A BFS GPC-
in STANDBY and engaged is operationally the same as if it were in the RUN
mode. [t will gain control of the PL data buses as well as the FC data
buses and the two selected DK buses.

When the BFS GPC is in the RUN mode, it sets the BFS RUN discrete output

and assumes command of the PL data buses within 2 seconds. The PASS GPC's,
accordingly, set bus masks on the PL data buses upon receipt of the BFS

RUN discrete. In the RUN mode, the BFS GPC continues the software processing
associated with its current major mode and state (tracking PASS or not).
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5.2.5 BFS CRT Selection

BFS GPC control of the selected forward station CRT's is controlled by the
BFC CRT DISPLAY and SELECT switches, which are illustrated in figure 3-4,
and by a backup method using the GPC/CRT key. The BFC CRT DISPLAY switch
permits power to the SELECT switch which allows BFS GPC control of the
designated DK data bus, and therefore the designated CRT. When ‘the BFS is
engaged, the BFS GPC also takes command of the second CRT indicated by the
BFC CRT SELECT switch position. Shculd the display switch be OFF when the
BFS is engaged, the BFS GPC will take control of CRT's 1 and 2. Note here
that if the BFS is engaged and the IPL source SELECT switch on Panel 06 is
moved to either the MU 1 or MMU 2 position, the BFS GPC will give up con-
trol of the first indicated CRT/OK bus. The reason for this bus surrender
is the IPL procedure. If another GPC undergoes IPL at this. time,  (with
the BFC CRT DISPLAY switch ON), it will take control of this DK bus in ~
order to generate the GPC IPL MENU display. If the BFS GPC has not given
up this DK bus, both GPC's would be commanding over the same data bus with
unpredictable results (most likely a flashing CRT).

Input of the "GPC/CRT" key, followed by two digits corresponding to the
desired GPC commander (first digit) and the desired CRT (second digit) is
another method for assigning/deassigning BFS control of any DEU. This
method would be used following BFC CRT select switch failure or in case
the user desires to assign two forward CRT's to the BFS preengage (or
three forward CRT's postengage). GPC/CRT key inputs to the BFS can
override the BFC CRT select switch if used to deassign the selected BFS
CRT. Also, the BFS GPC will respond to GPC/CRT key inputs from either a
PASS or BFS keyboard as long as the desired GPC commander is BFS GPC. The
BFS GPC uses DK listen to receive inputs from a PASS keyboard. User care
wi}1 be necessary to ensure that multiple commanders on-a CRT do not re-
sult.

Following a transition from HALT to STANDBY or RUN, the BFS GPC will begin
commanding CRT 4 via 0K 4. This is to allow the BFS GPC to control cer-
tain functions from the aft station such as the closing of the payload bay
doors. Thus, it must be ensured that no PASS GPC is commanding OK 4 or
multiple commanders may result. This may be accomplished via the nominal
bus (CRT) assignment table or through entry of “GPC/CRT 04 EXEC" to a PASS
assigned keyboard. The BFS GPC can also be made to release 0K 4 by an
entry of "GPC/CRT 04 EXEC" to a BFS assigned keyboard, and can regain com-
ganddon DK 4 following an entry of "GPC/CRT 54 EXEC" to any assigned key- .-
oard. ‘ b

5.3 BFS OPS/MAJOR MODES/DISPLAYS

Essentially, the BFS will support identical GNC OPS/Major Modes as the
PASS does during ascent and entry (Memory Configurations 1 and 3). In the
SM major function, the BFS only supports one OPS/Major Mode. The BFS also
supports a transition state called BFS OPS 0, which, it should be noted,
is not the same as the PASS GPC OPS 0 state.
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5.3.1 BFS 0PS 0

BFS OPS 0 is the state which s used to begin scheduled software pro--
cessing following IPL or & HALT to STANDBY or RUN transition (System
Reset). It can also be entered during OPS 1 or 3 by crew entry of -“OPS
000 PRO" to a BFS-controlled keyboard. The transition from BFS 0PS 0 to
0PS/Major Mode 101 or 301 is, in turn, initiated by an "0PS 101 PRO" or
"0PS 301 PRO" BFS keyboard entry. ’

In BFS OPS 0, all outputs over the FC data buses are inhibited. If the

BFS is tracking the PASS, it will receive FC data inputs through the ac-
tive PASS/BFS interface, but the BFS GPC will not process any GNC software
in OPS 0. It will support, however, monitoring of the GPC MODE and GPC
OUTPUT switches, and display of the FAULT Summary display, the BFS MEMORY
Spec and the SM displays. This software state will also support downlist| -
SM processing (except as limited by lack of command of the PL data buses)
and, if the active PASS/BFS interface exists (and therefore 8FS communica-
tion with the network signal processors), uplink. It also supports data
bus configuration control, GNC mode transition monitoring, ENGAGE/DISENGAGE
monitoring, DK data bus input/output (I/0), and instrumentation data /0
via the IP data bus.

Regardless of the ENGAGE condition, no GNC software processing takes place
in BFS OPS 0. It requires a keyboard entry of "OPS 101 PRQ" or “OPS 301
PRO" to a BFS keyboard to leave OPS 0. Actually, transitions to other BFS

modes are legal, but the proper initialization of the GNC or SM software
gr?cessing is not supported. Thus, such a transition may not be succass-
ul.

5.3.2 BFS QPS/Major Mode Transitions

The BFS GPC can be moded from one OPS to another only by a crew input of
"QOPS XYZ PRO" to a BFS controlled keyboard. This includes transitions to
OPS 0, OPS 1 and OPS 3. Within an OPS, transitions between major modes
may be made several ways. The BFS does listen on PASS controlled OK buses
as well as BFS controlled DK buses for keyboard entries to sequence major
modes. Also, the BFS monitors other systems such as the Solid Rocket
Boosters (SRB's) to determine if moding is appropriate. Based on these
factors, the BFS will sequence from one major mode to another. Table 5-

1 indicates the criteria for 0PS/Major Mode transitions. v

I'
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TABLE 5-1.- OPS TRANSITION/SELECTION.

IF GPC-IPL 2223S3333ITATCIXTITTAIISITTITIIIITIZITZIIITRNIIRAISSD
IF SYSTEM-RESET =s=sssaszsssasssazsasassazzIsIISIIIIIIIII2aaasd

oPS 000: If
OR
oPs 101: If
If

oPS 102: If

OPS 103: If
If
If

oPs 104: If
If

OPS 105: If
If

oPsS 106: If
If

oPS 301: If
If
If
oPS 302: If
If
If
OR
OPS 303: If

If
If

OPS 304: If
If
0PS 305: If

BFS not engaged

then if “OPS 101 PRO" entered ===as3szasaazssaz>,

if “OPS 301 PROi entered z===a=a:==s===a==:===:a§>

SR8 chamber pressure GT 50 PSIA =az==zasazasazzaz>
"ops 000 PRO* entered =ssa§aaza:sa::a:a::acsca:sa)

SRB-SEP comp]eted 2STTTTITTITATISITIITTIIIVITIITIAD

DELTA-V-Z-AUTO-TRANS completed s==ssassassssasssa>
“0pS 104 PRO* entered ===s3zazaasazzzzazzz3==I=3=3S
w0PS 104 PRO" entered in PASS sasss=assssssssasaz>

“OPS 105 PRO“ entered 3TTITTRTIVSTTNITIZSITIISIIZED
u0PS 105 PRO" entered in PASS sssssssasasssasszsz>

“OPS 106 PROY entered ZT=ITWIZIITZIITTTTITIZITITITIID
“QPS 106 PRO® entered in PASS sessssasassasszssz=>

ngps 301 PRO“ entered =s3=333=32ITITITIIIIIIIIII=D
“QPS 000 PRO® entered ssssz=azszzaazzI=I=IIITIIIID

QPSS 302 PRO" entered Z=zzssIIITIIAISSIZTS
wQPS 302 PRO" entered in PASS s==ssasssaz=
“"QPS 000 PRO® entered s=ss=3533333=333ITIIIS

"OPS 303 PRO* entered 23ZTSTTISTTTTIITITITSIITISITD
QPS 303 PRO® entered in PASS =zzszszz;ssszazaszz==D
“QPS 301 PRO" entered,
If “0PS 301 PRO™ entered in PASS,

Then ¢ TIG=-GMT GT 5 sec =zss33===azzazz3=a=zz=a=>

*0PS 304 PRO" entered a=s=s=3a3z=szz=3333Z3=a3==333
“OPS 304 PRO" entered in PASS =ssssaassszssassaa=z>
“OPS 301 PRO" entered ====saszz==:=333I=23TIIIITIIII=>
"0PS.301 PRO" entered in PASS s==sssassssazassss=>

TAEM-Interface achieved ==s==sa==a=sszzazzTI==333=>
“OPS 305 PRO" entered s=s==sssass= =
“QPS 305 PRO“ entered in PASS a=sssssssssasssss=s>

»QPS 000 PRO" entere SESEISSINSITTITITITIIISIISSND
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0PS 000;
0PS 000;

oPS 101;
oPs 301;

0PsS 102;
0PS 000;

OPS 103;

0PS"104;
OPS 104;
OPS 104;

0PS 105;
0PS 105;

0PS 106;
0PS 106;

0PS 301;
0PS 000;

OPS 302;
OPS 302;
0PS 000;

0PS 303;
OPS 303;

0PS 301;

OPS 304;
OPS 304;
0PS 301;
OPS 301;

0PS 305;
0PS 305
0PS 305:

0PS 000.



5.3.3 BFS CRT Displays

. The BFS GPC supports a -limited number of Specialist Functions (SPEC's) and - -- - -
. Display Functions (DISP's).- As is the case with the PASS, each BFS SPEC- ~ ™
and DISP is given a three-digit number by which the SPEC or DISP is called
up using a SPEC ABC PRO keyboard entry to the BFS-controlled keyboard.

The distinction between SPEC's and DISP's is the same as that-of the PASS
SPEC's and DISP's, and the BFS Systems Summary (SYS SUMM) displays (GNC
and SM) are called using the SYS SUMM key on the BFS keyboard. Also, as
in the PASS, the FAULT page may be called via the FAULT key on the key-
board or via SPEC 99 PRO to clear the FAULT page. Any BFS display will
contain the notation “8FS® in the upper-right portion of the display next
to the CRT Timer (Line 2). .

5.3.3.1 System displays.- The following displays are available at all . -
times in any supported major function, where the keyboard invocation is
also listed:

Display ' Keystrokes

BFS MEMORY (figure 5-3) SPEC 0 PRO
FAULT" SPEC 99 PRO, FAULT

Payload Displays. No display§ are supported for this major function. If
payload 1s selected as the new major function from the requesting MCOS,

and if the previous major function was not payload, the previous major
function is maintained. Otherwise, no display is presented at the CRT.

5.3.3.2 GN&C displays.- The BFS Memory display is supported for QPS O,
Major Mode Q0.

The following major mode displays are supported for OPS 1: where MM de-
notes Major Mode:.

Display Major Mode
LAUNCH TRAJ 1 101
ASCENT/ATO TRAJ 1 102
ASCENT/ATO TRAJ 2 103
OMS/ATO 1 MNVR EXEC 104
QMS/ATO 2 MNVR EXEC 105 ,
OMS/ATO 2 MNVR COAST 106 ‘o

The following SPEC displays are available at any time during OPS 1. The
keyboard selection required to invoke the displays is also listed.

Display Keystrokes
GNC SYS SUMM 1 SPEC 18 PRO, SYS SUMM
GNC SYS SuMM 2 SPEC 19 PRO, SYS SUMM
HORIZ SIT SPEC 50 PRO
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Figure 5-3.- BFS MEMORY display.
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The following major mode displays are available in OPS 3:

- pisplay o vt e uggdr Modes .

"GEORB MNVR COAST 301, 303

DEORS MNVR EXEC 302 * .
ENTRY TRAJ L, 2, 3, 4, 5 304

VERT SIT 1, 2 305

The following displays are available at any time in OPS 3. The keyboard
invocation is also listed: ,

Display Keystrokes -
HORIZ SIT SPEC 50 PRO _
GNC SYS SuMM 1 - SPEC 18 PRO, SYS SUMM
GNC SYS SUMM 2 : SPEC 19 PRO, SYS SUMM

5.3.3.4 M displays.- The following displays are available at all times
in the SM major function. The keyboard input’ necessary to invoke the dis-
play is also listed.

Display ) Keystrokes *
THERMAL/PL Major mode display
SM SYS SUMM 1 SPEC 78 PRO, SYS SUMM
SM SYS SUMM 2 . SPEC 79 PRO, SYS SuMM
PL BAY DOORS SPEC 63 PRO

Since there is only one OPS in the SM major function, the THERMAL/PL dis-
play is active at all times as the underlying OPS/major mode display.

5.4 BFS GPC - NOT ENGAGED/ENGAGED

Following the BFS IPL or transition from HALT to STANDBY or RUN, the BFS
GPC will enter BFS OPS O. If the BFS is not engaged, it will monitor the
FC data buses to determine whether or not the PASS is in a state which sup-
ports the active PASS/BFS interface; i.e., in 0PS 1 or OPS 3. If the PASS
is in one of these states, the BFS will begin “tracking” (or maintaining

a kind of sync with) the PASS based upon receipt of the 25 Hz High Fre-
quency Executive (HFE) transaction and the PASS transfer data. - If the

PASS was not in OPS 1 or 3, the BFS will ignore the PASS and enter the-
DliggGAGED-STAND ALONE Mode in which no FC data bus inputs are considered
valid.

5.4.1 Transitions Between the STAND-ALONE and PASS TRACKING States - Not
Engaged
If the EFS GPC is in the DISENGAGED-STAND ALONE state, it will require

either a BFS "I/0 RESET EXEC" input, 2 transition to OPS 101 or 301, or a
movement of the BFS GPC MODE switch to HALT and back to STANDEY or RUN to
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force it to attempt to “track® the PASS. It should be noted that a transi-

tion from HALT to STBY or RUN significantly impacts software processing as -
it forces BFS OPS O (stops GNC processing in particular) whereas an “I/0 ' 0\
RESET EXEC" input does not force OPS 0. An I/0 reset of this type is done L
automatically by the BFS system software following a BFS keyboard.entry *

for an OPS transition to OPS 1 or 3 (OPS 101 PRO or OPS 301 PRO). The BFS

GPC will enter the STAND ALONE state when the PASS transitions to an OPS

which the BFS cannot support (such as the OPS 1 to OPS 2 PASS GPC transi-

tion). If the BFS GPC is engaged and then disengaged (using the BFC DISEN-

GAGE switch, for example,) it will enter this STAND ALONE state. Also, if

the BFS GPC is tracking the PASS and a GMT update of over 5 msec is made

to the PASS, the BFS will enter the DISENGAGED-STAND ALONE state. For

whatever the reason, whenever the BFS GPC stops tracking the PASS, it will

generate four fault messages indicating that the BFS is not listening to

any PASS BCE chain inputs (e.g., BCE/STRING 1 (2,3,4) PASS). -

5.4.2 BFS Listening to the PASS DK Buses - Not Engaged

The BFS GPC will listen on all DK buses including those controlled by the
PASS. On the PASS OK buses, the BFS will process only certain specified
item entries’on the HORIZ SIT, ENTRY TRAJ X (MM304), and XXXXX MNVR XXXXX
displays, and manual major mode .transition requests within an OPS. Also,
GPC/CRT XY EXEC entries, where “X" is the BFS GPC ID, are recognized by
the BFS. This capability eliminates the necessity to enter these items
through both the PASS and BFS keyboards to the appropriate displays.

Table 5-2 lists the items on the three displays which the BFS will receive

by DK listen. ) /,-‘\
TABLE 5-2.- PASS DISPLAYS MONITORED BY BFS.
Display Keyboard inputs Remarks
HORIZONTAL SITUATION | Item 1 Altimeter data
Items 2-4 Runway select
Items 5,6 - Glide slope select
Item 7 MEP/NEP select
XXXX MNVR YYYY Items 2-7 OMS gimbal drive select
Items 8-10 Entry interface attitude
Items 12-14 Gimbal trim select
Items 15-18 Engine burn select
Item 21 Vehicle weight
Items 27-38 PEG 4/7 targeting data
Item 39 Load targeting data
[tem 40 Start CRT timer
ENTRY TRAJ X Item 1 Bias
! s
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5.4.3 BFS GPC Selective Listen Mode - FC Data Buses - Not Engaged

" As previously mentioned,”the BFS GPC Fecdives'data from the PASS= ™' =
controlled FC data buses by operating in a “Selective Transaction Listen
Mode." In OPS 1 and 3, the PASS commander of a FC data bus begins its

1/0 sequence by sending a “listen® command (used only by the BFS GPC)
which identifies the particular 1/0 sequence and Bus Terminal Unit (8TU)
address (Flight Forward (FF), Multiplexer/Demultiplexer (MDM), Master
Events Controller (MEC), Engine Interface Unit (EIU), Data Display Unit
(00U)). The BFS recognizes this “listen" command and prepares itself to
receive the subsequent data response. The selective transaction listen
mode allows the BFS GPC to receive uplink commands and MTU updates as well
as avionics sensor and status information. The BFS GPC does not, however,
monitor the PASS GPC outputs to those BTU's mentioned above. - .

5.4.4 PASS/BFS Transfer Data - Not Engaged

During the OPS 1 and OPS 3 mission phases, the PASS GPC's will send cer-
tain status and computational information to the BFS GPC over FC data
buses §, 6, 7, and 8, including MOM/BCE element bypass data, string and PL
port mode indicators, PASS major mode information, and an indicator which
tells where the PASS is in its' processing sequence (minor cycle sequenc-
ing). The minor cycle sequencing and string mode data are used to estab-
lish PASS tracking by the BFS. The above mentioned data is transferred at
25 Hz. Also transmitted in this transfer data are the state vector with

a time tag, the IMU REFSMMAT and the PASS "time-to-Launch" refarence.

This data is transferred at 1.04 Hz. The BFS GPC uses the PASS state
vector to update its own state vector only after it has been moded from
0PS O to OPS 301 and begins tracking the PASS. It uses the PASS state
vector one time only. After that the BFS computes its own state vector
and ignores the PASS state vector. This PASS/BFS transfer data should be
identical over all four FC data buses (FC5 - EC8). The BFS GPC checks to
ensure that this information is identical. If a discrepancy is found, a
Class 3 fault message is generated (BCE STRG X PASS) and the lowest-
numbered two identical FC inputs will be used. This BFS GPC will ignore, .
until reinitialized, those strings over which the differing data was transmitted.
This means that if the BFS GPC detects that identical data is transferred
over FC 5, 6, and 7 but (twice in a row) the transfer data over FC 8 is
different, the BFC GPC will ignore String 4; i.e. both FC 4 and 8. If

no two inputs are the same, the BFS GPC enters the OISENGAGED-STAND. ALONE
state. In either case, an appropriate TBD fault message will be generated.

5.4.5 One-Shot Transfers - Not Engaged

In order to transfer certain data (launch polyncminal, Inertial Measurement
Unit (IMU) calibration data, accelerometer data, etc.) into the BFS GPC
during the launch countdown (prior to PASS moding to OPS 1), a “one-shot
transfer" capability will be included in the PASS GNC OPS 9 software in

the General Test Support (GTS) SPEC display. The BFS GPC must de in oPS

0 and in the DISENGAGED-STAND ALONE state for this to be possible. An

item number (24) exists on the BFS MEMORY display which, when initiatad,
will cause the BFS to set up to receive the data. An asterisk will appear
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next to Item 24. An item number (29) exists on the PASS GTS display (SPEC
100) to initiate the transfer. If the transaction is successful, the as-
terisk on the BFS MEMORY display will disappear. If it was not success-
ful, the one-shot transfer can be repeated if necessary. Both displays
must appear on different CRT's simultaneously for the transfer to-occur.

5.4.6 BFS/I/0 Management

5.4.6.1 Data bus control - summary.- The BFS GPC will not access the
Intercomputer Communication (1CC) or, after IPL, the Mass Memory (MM) data
buses. The BFS GPC will begin commanding on the PL data buses when it is
in RUN or Engaged. Preengage, the BFS will not command any FC data bus
and will listen on the FC data buses only if it is tracking PASS (OPS
1,3). When engaged, the BFS will command on the FC data buses and gain~
control of the vehicle. Whenever the BFS is moded from HALT to STBY or
RUN, it will begin transmitting on OK 4. The BFS GPC may be assigned one
forward CRT preengage, and two forward CRT's postengage via the BFC/CRT
DISPLAY and SELECT switches. Also, the GPC/CRT key may be used to assign
or deassign the BFS from any DK bus. This capability provides a backup
method for assigning the forward CRT's to the BFS if the BFC CRT SELECT
switch develops a problem. Each GPC has a dedicated IP bus through which
it receives QI data and transmits its downlist. When the BFS GPC is
initialized, it does not have command of the LDB's. Control may be
assigned to the BFS GPC via a keyboard entry to the BFS MEMORY display
(Items 25 or 26). It is the user's responsibiliy to insure that the PASS
is no longer commanding on those data buses.

5.4.6.2 BFS 1/0 error ?rocessing.- As is the case in the PASS, errors

detected on outputs wi e recorded in an I/0 error log but cause no spe-

cial "downmoding“ or annunciation. The BFS tracks PASS detected BCE ele-

ment bypasses on the FC data buses through the PASS transfer data (25

times-per-second) and also performs its own [/0 error processing based
solely on its own inputs. ‘

For data access on the FC data buses and PL data buses, two consecutive
errors on a particular transaction involving a BCE element (other than on
an MDM return word) will result in a BCE element bypass. In this case,
the element will no longer be accessed for data and a Class 3 alarm and

" fault message will be generated. The fault message will be of the same
format as those generated by the PASS (“BCE STRG X ABCD" where X = 1,2,3,4 .
and ABCD indicates the failed element). Also, two consecutive errors with
the MDM return word on a transaction will result in the BFS ignoring that
MDM and generating an appropriate Class 3 fault message of the "I/0 ERROR
ABC" variety. Also, a "¥* will appear on the BFS GNC SYS SUMM 1 display
beside the fault MDM (FF, FA, PL) just like in the PASS. It should be
noted that this means that an MOM or certain Line Replaceable Unit (LRU)
failures will result in double annunciation by the PASS and BFS in the
preengage state. After the first error detected on a DK bus, or the sec-
ond consecutive error detected on the Instrumentation/Pulse-Code

" Modulation Master Unit (IP) data bus, the fault is annunciated, (Class 3
alarm and "1/0 ERROR ABC" fault message where ABC indicates the faulty
bus), but the BFS GPC continues to use the bus. In these cases, the data
bus is not downmoded.
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Preengage, if the BFS GPC fails to correctly receive the PASS transfer
data or the HFE transaction listen commands two consecutive times over a
string, then the BFS GPC will downmode ‘the ‘fiivolved string (HALT 1/Q'on
that string)., This downmoding remains in effect until the BFS is h
reinitialized using its MODE switch, or until an 1/0 RESET is made
(automatically upon OPS transition, or BFS engagement, or manually upon
BFS keyboard entry).  Also, the Class 3 fault message "BCE-STRG X PASS"
:111 bedgenerated where "X" indicates on which string the problem was
etected.

when the BFS is engaged, its I/0 error processing is the same as that
which is done in the PREENGAGE state, except that it ignores any PASS-
detected 1/0 errors. When the BFS is engaged, it also performs an auto-
matic reset of all I/0 errors.

§.4.7 1/0 RESET Response

Following an "1/0 RESET EXEC" command to a BFS keyboard, the BFS restores

data buses and BCE elements to their nominal configuration for the current
mission, phase and state (engaged or not). Because no downmoding occurs on
the IP or OK buses, only the FC and PL buses are affected by an I/0 RESET.

If the BFS is engaged when the 1/0 RESET is commanded, both the FC and PL
buses are configured in the command mode and BCE elements are restored as
appropriate for the current mission phase.

If the BFS is not engaged, and an /0 RESET is commanded, the FC buses are
placed in the listen mode and the BFS attempts to synchronize with the
PASS. If the BFS succeeds in establishing sync with the PASS, the FC B8CE
elements are configured to the state indicated in the PASS transfer data.
If the BFS is not successful, the BFS enters the DISENGAGED-STAND ALONE
state and disables the FC data buses. In either case, the BFS configures
the PL guses in the command mode if the BFS is in RUN and BCE elements are
restored.

5.4.8 Timekeeping

The B80S software maintains the current value of GMT and MET for use by ap-
plications programs as well as for its own use. These values are internai-
1y updated 25 times-per-second (once per sminor cycle"). Once’per "major
cycle® (1.04 times per second), a comparison is made between the internally
computed time and an MTU source, if available (through the BFS listen mode
on the FC Data Buses, when the BFS is not engaged but tracking the PASS, or
through its normal 1/0 on the FC data buses when it is engaged). The B8FS
checks the MTU responses for commfault and BITE. If at least two of the
MTU sources pass the commfault and BITE test, the BFS simply uses a mid-
value selection to pick its time source. If only one time source passes
the BITE/commfault test, it is used as a time source. In either case,

the BFS uses this good source to update its internal clock. If no good
source is found, the MTU is ignored until user intarvention.

5-15



when the BFS GPC is initialized (moded from HALT to STANDBY or RUN), it
checks for an MTU source. If one is available, it sets its GMT/MET to the
lowest numbered available MTU accumulator GMT/MET (if valid). If no valid
MTU source is available, the BFS GPC defaults its time values to "day one"
for GMT and its MET to “zero“®. It is proposed that when the BFS is forced
to OPS O prior to OPS 3, the BFS will again update its internal clock to
the MTU time upon the OPS transaction to OPS 3. :

There is no time management display for the BFS, and so the BFS GPC MEMORY
display must be used to change the time. This process must be done care-
fully, however, as it may affect BFS applications software processing
(GNC, sequencing).

The current BFS mission time in MET will be in the top line in the upper .
right-hand corner of all BFS driven CRT's. The CRT timer may be initiated
to countdown of. the loaded Time of Ignition (TIG) time through a crew
input to the current XXXXX MNVR XXXXX display through a BFS keyboard, or
through the BFS listening to PASS controlled DK buses. The current CRT
Timer time appears in the second line in the upper right-hand corner of
all BFS CRT displays.

e

5.4.9 Uplink

Uplink to the BFS GPC is similar to uplink to the PASS GPC's. Only a sub-
set of the PASS uplink commands will be used for the BFS as illustrated in
appendix E. For example, no DEU Equivalent commands can be sent from the
ground to the BFS. The ground can only uplink to the BFS GPC when the BFS
GPC is "listening" on Strings 1 or 3, since the Network Signal Processor
(NSP) 1 is on FFl and NSP 2 is on FF3. The BFS, if not engaged, must be
in the selective listen mode on the FC data buses in order to receive
uplink and thus the PASS must be in OPS 1 or OPS 3. If the BFS entered
the DISENGAGED-STAND ALONE state, it would stop listening on the FC data
buses and thus would not be capable of uplink. If the BFS is engaged,

it will be capable of responding to uplink commands since it controls the
FC Data Buses.

5.4.10 Downlist

The BFS GPC collects and sends its downlist to the Pulse-Code Modulation ,

Master Unit (PCMMU) 24 times-per-major cycle. This downlist data is O

stored in the PCMMU's toggle buffer 5§ for incorporation into the Downlink

during the OPS 1 and OPS 3 mission phases. There are controls on the GPC

TE?%RY)disp1ay to dump 3FS main memory and to enter Real Time Commands
's).
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APPENDIX A
MOM TABLES



MDM FF1
MOM BITE STATUS REGISTER

CARD 0 -
(TAC)

CARD1 -
(AID)

CARD 2 -
(DOH) -

CARD 3 -
(S10)

CARD 4 -
(OIH)

.. ..APPENDIX A . . . .
" 7 'MDM_TABLES

TACAN #1 PWR, BRNG, RANGE, CHAN SEL, MODE, ANTENNA
SEL RADAR ALTIMETER #1 ALTITUDE DATA, STATUS, LOCK-ON, TEST

LH RHC ROLL, PITCH, YAW - CMD A

LEFT RUDDER PEDAL - CMD A

LH SBTC - CMD A T T
AFT RHC ROLL, PITCH, YAW - CMD A '

RT FWD VENTS (1/2) - OP/CL/PURGE - CMD 1B
RCS FWD MANF ISOL VLV #1 - QP

RCS FWD MANF ISOL VLV #4 - CL A

RCS FWD OX TNK ISOL VLV 3/4/5 - QP A/CL B
RCS FWD TNK ISOL VLV 3/4/5 - CL A

N/W STEERING - GROUND SPEED ENA CMD

MPS STATUS AMBER LITE - ON (El)

LH EVENT SEQUENCE A/B/C/D/E

DPLR XTRTR = UNIT 1

RCS CMD R/P/Y - LAMP A - LEFT/RT

FWD DAP AUTO-SELECT A, MANUAL-SELECT B LITES
FWD RCS JETS NORM LITE/VERNIER LITE

OMS - LEFT ENG ACTR SEL ACTIVE 1/2

RT/LEFT PLB VENT 3 QP/CL - CMD 1B

LEFT PLB VENT 6 OP/CL/PURGE 1/PURGE 2 - CMD 1B
RT PLB VENT 5 OP/CL - CMD 1B

IMU #1 STATUS, DATA
MTU - CHAN 1 GMT, MET, BITE STATUS, GMT/MET UPDATE
-2 STAR TRKR STATUS, DATA, POSITION, CMD WORD

FCS MON CHAN 3 - RESET/OVERRIDE B, CHAN 4 - RESET/QVERRIDE C
FCS LH PITCH AUTO MODE A/CSS MODE A

FCS LH R-Y AUTO MODE A/CSS MQOE A K
GPC UPLINK 2-STAGE BLOCK CMD A 4
LH BODY FLAP UP/DOWN CMD A, AUTO/MAN CMD A b
MPS ME 1 SHUTDOWN CMD A

RJDF 1 TRICKLE CURRENT CONTINUITY 1

RCS FWD FU MANF ISOL VLV 1 OP/CL

RCS FWD FU TANK ISOL VLV 3/4/5 - OP/CL

RCS HE FU PRESS VLV-A QP/CL

LH AIR DATA SOURCE SEL - LEFT/NAV/RT

LH ADI ATT SEL - INERTIAL/LVLH/REFERENCE

LH ADI RATE SCALE - HIGH/MED/LOW

LH ADI ERROR SCALE - HIGH/MED/LOW

LH SPEED BRAKE/THROTTLE AUTO/MAN A

START TRKR -Z DOOR - OP/CL-2

ENTRY ROLL MODE AILERON A
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MDM FF1 (Continued)

e CARD 4
(OIH)

o CARD §
(ooL)

e CARD 6
(DIL)

o CARD 7
(AIS)

o CARD 8
(AOD)

e CARD 9
(DIH)

RT/LEFT PLB VENT 3 OP/CL-1

RT FWD VENTS 1/2 OP/CL/PURGE IND 1
LEFT PLB VENT 6 OP/CL/PURGE IND 1
RT PLB VENT 5 OP/CL 1

RJDF 1 JET F1F/F1L/F1U/F1D CMD A
ACCEL ASSY 1 STATUS

DPLR XTRTR #1 STATUS

FWD EVENT TIMER - ABORT RESET
LEFT RCS LEAK DET

RJDF 1 JET F1F/F1L/F1U/F1D CHMBR PRESS IND
LH DDU PWR SUPPLY A/B/C STATUS

FWD THC +/- X,Y,Z OUTPUT-A

LH SBTC TAKEOVER-A

LH RHC +/- PITCH, ROLL TRIM-A

SRB SEP AUTO A CMD

SRB SEP MAN/AUTO ENA A CMD

SR8 SEP INIT A CMD

RCS FWD OX/FU THRUST INJ TEMP F1F/FIL/F1U/F1D
RCS FWD HE FU TANK TEMP 1/PRESS 1

RCS FWD OX TANK TEMP A

RCS FWD HE OX TANK PRESS 2

RCS FWD FU TANK OUT PRESS

RCS FWD OX TANK ULLAGE PRESS

RCS FWD OX/FU MANF PRESS-1/2

MPS E1 MAIN CHMBR PRESS/CMPT

RCS FWD OX/AFT OX (LEFT/RT) QTY
RCS FWD/L AFT LOWEST PROPELLANT QTY
OMS PBR OX TNK TOTAL QTY

SPEED BRAKE POSN - SPI

LH INBD/OUTBD - ELEVON POSN - SPI
RH INBD/OUTBD ELEVON POSN - SPI
ACCEL ASSY 1 NORM/LAT TEST STIM

RJDF 1 JET F1F/FIL/F1U/F1D DRIVER

FWD DAP SEL A-A/SEL B-A/AUTO A/MAN A

AFT DAP SEL A-C/SEL 8-C/AUTO C/MAN C

FCS FWD LOOP GAIN PITCH/ROLL-YAW HIGH-A/LOW-A
SENSE SW -Z CON A/-X CON A

ENTRY ROLL MODE AUTO-A

FWD ROTATION R/P/Y DISC RATE A/ACCEL A/PULSE A
FWD RCS JETS NORM A/VERNIER A

FWD TRANSLATION X/Y/Z NORM A/PULSE A/HIGH A
MPS LO2 FEEDLINE DUMP START A/STOP A

LH AIR DATA PROBE DEPLOY 1/STOW 1

ADTA 1 PWR .ON CMD

IMU 1 PWR ON CMD-B

MSBLS #1 PWR STATUS

TACAN #1 AUTO DISCRETE
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MDM FF1 (Continued)

"o CARD 10 -
(DOH)

o CARD 11 -
(S10)

o CARD 12 -
(DIH)

e CARD 13 -
(ooL)

e CARD 14 -
(AID)

“RT FWD VENTS 1/2 OP/CL/PURGE CMD IA™ "~ T

LH BODY FLAP AUTO

LH SPEED BRAKE AUTO

FCS MODE - LH P/R/Y AUTO

RCS FWD FU TK ISOL VLV 3/4/5 OP A/CL B

RCS FWD MANF ISOL VLV 5 CL A

RCS FWD HE PRESS VLV A OP A/CL7A

RCS FWD MANF ISOL VLV 4 CL B

MPS STATUS/RED LIGHT-

FWD ROTATION R/P/Y DSCR/ACCEL/PULSE LITES

FWD TRANSLATION X/Y/Z NORMAL /PULSE/HIGH LITES

SM B/U C/W A CMD 1/TONE A CMD 1/ALERT A-CMD 1. .
RT/LEFT PLB VENT 3 OP/CL CMD 1A -
LEFT PLB VENT 6 OP/CL/PURGE 1/PURGE 2 CMD 1A

RT PLB VENT 5 OP/CL CMD 1A

ADTA #1 STATUS, PRESS, TOTAL TEMP

MSBLS #1 AZIMUTH DATA, STATUS, ELEVATION DATA, RANGE

DPLR XTRTR 1 STATUS, STATION ID, XPNOR MODE A/B/C, XPNDR SEL
MTU STATUS

DPLR XTRTR 1 NSP 172 SEL

DPLR COUNT/INTERVAL COUNT

NSP 1 STATUS, CMD 1, NSP 1 CMD 2, NSP 1 CMD 3, NSP 1 CMD 4,
NSP 1 CMD 5, NSP 1 CMD 6, NSP 1 CMD 7, NSP 1 CMD 8,

NSP 1 CMD 9, NSP 1 CMD 10, NSP CMD VALIDITY

FCS MON CHAN 1 RESET/OVERRIDE B

LH +/- P/R/Y TRIM A

RCS FWD OX MANF ISOL VLV 1 OP/CL

RCS FWD OX PRESS VLV-A OP/CL

RCS FWD OX TANK ISOL VLV 3/4/5 OP/CL

RADAR ALTM LH DISPLAY SEL-NO 1/NO 2

LH HSI MLS, NAV TACAN APPROACH /TAEM /ENTRY MODE SEL

LH HSI SOURCE SEL 1/2/3

LH RHC TRIM INH 4

-Z ST PWR ON CMD

FCS RATE GAIN PITCH MED A =

RCS MASTER XFEED FROM LEFT 1/RT 1

ATO/AOA/RTLS ABORT REQUEST SIGNAL A ,f
LH ADI ATT REF PB-A/PB-8 s
LEFT PLB VENT 5 PURGE 2 IND 1

FCS RATE GAIN PITCH OFF A/ROLL-YAW MED A/ROLL-YAW OFF A

STAR TRKR -Y DR OP L/CL 1

AFT RCS OPTIONS NORMAL-C/VERNIER-C

RJDF 1 JET F1F/FIL/F1U/F1D CMD B
ADTA 1 HIGH/LOW TEST MODE CMD
IMU-1 QPERATE MODE CMD

SPI DATA STATUS

ACCEL ASSY 1 LAT/NORM ACCEL
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. MDM FF1 (Continued)

o CARD 15 - IMU 1 STATUS

(0IL) AFT THC +/- X,Y,Z GUTPUT A
ET SEP MNL ENA A/INIT A/AUTO A
LH ODU STATUS

MDM _FF2

MDM BITE STATUS REGISTER
CARD 0 - TACAN #2 PWR, BRNG, RANGE, CHAN SEL, MODE, ANTENNA

(TAC) SEL RADAR ALTIMETER #2 ALTITUDE DATA, STATUS, LOCK-ON, TEST
CARO1 - LHRHCR, P, Y -CMD B
(AID) LEFT RUDDER PEDAL - CMD B

LH SBTC - CMD B
AFT RHCR, P, Y - CMD B

CARD 2 - ‘LEFT FWD VENTS (1/2) - OP/CL/PURGE - CMD 28
(DOH) RCS FWD MANF ISOL VLV 2 - OP

RCS FWD MANF ISOL VLV 3 - CL A

MPS E2 STATUS/AMBER LITE ON

OMS -~ LEFT ENG ACTR SEL STBY 1/2

LEFT PLB VENT 3 OP/CL CMD 2B

LEFT PLB/W VENTS 4&7 OP/CL CMD 2B

RT PLB VENT 6 OP/CL/PURGE 1/PURGE 2 CMD 2B

RT PLB VENT 5§ OP/CL - CMD 2B

CARD 3 - IMU #2 STATUS, DATA

(S10) MTU - CHAN 2 GMT, MET, BITE STATUS, GMT/MET UPDATE
CARD 4 - FCS MON CHAN 2 - RESET/OVERRIDE A, CHAN 3 - RESET/QVERRIDE C
(0IH) ENTRY ROLL MODE AILERON 8B

LH BODY FLAP UP/DN B, AUTO/MAN B

MPS ME-1 SHUTDOWN CMD.B

RJDF 1 TRICKLE CURRENT CONTINUITY 2

RCS FWD FU MANF ISOL VLV 2 OP/CL y
RCS HE FU PRESS VLV-8 QP/CL S

NOSE WHEEL STEERING MAN - ON/COMPUTER-ON Lo
RH AIR DATA SOURCE SEL - LEFT/NAV/RT

RH ADI ATT SEL - INERTIAL/LVLH/REFERENCE

RH ADI RATE SCALE - HIGH/MED/LOW

RH.ADI ERROR SCALE - HIGH/MED/LOW

FCS LH PITCH AUTO MODE B/CSS Mode 8

FCS LH R-Y AUTO MODE B/CSS MOOE 8

LH SPEED BRAKE/THROT AUTO/MAN B

MPS ENG LIMIT CNTL #1 ENA/INH/AUTO

LEFT PLB VENT 3 OP/CL-2

LEFT FWD VENTS (1/2) OP/CL/PURGE IND 2

RT PLB VENT 6 OP 2/CL 2/PURGE 1 IND 2

LEFT PLB/W VENTS 4&7 OP/CL 2
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MDM FF2 (Continued)

CARD 4
(DIH)

CARD 5 -
(ooL)

CARD 6 -
(DIL)

CARD 7 -

(ALS)

CARD 8 -
(AQD)

CARD 9 -
(DIH)

CARD 10 -
(DOH)

CARD 11 -
(s10)

- RT PLB VENTS QP/CL 2~ A

RJDF 1 JET F2F/F2R/F2U/F20 CMD A
ACCEL ASSY 2 BITE

RJDF 1 JET F2F/F2R/F2U/F2D CHMBR PRESS IND
RH DOU PWR SPLY A/B/C GOOD

FWD THC POS/NEG X/Y/Z OQUTPUT B

LH SBTC TAKEOVER-B

LH RHC +/- PITCH/ROLL TRIM 8

RCS FWD OX/FU THRUST INJ TEMP - FZF/FZR/FZD/FZU
RCS FWD HE OX/FU PRESS-2

RCS FWD HE FU TANK TEMP-1

MPS E2 MAIN CHMBR PRESS/CMPT

NOSE WHEEL STEERING COMPUTER CMD -
BODY FLAP PQS SPI

AILERON POS - SPI

RJOF 1 JET F2F/F2R/F2U/F2D DRIVER

FWD DAP SEL A-B/B-B

FWD DAP MAN B/AUTO B "

FCS FWD LOOP GAIN PITCH/ROLL-YAW HIGH-B8/LOW-8
MPS ME-2 SHUTDOWN CMD A

SENSE SW -Z/-X CON B

ENTRY ROLL MODE AUTO-8

FWD ROTATION R/P/Y DISC RATE B/ACCEL B/PULSE B

FWD RCS JETS NORM B/VERNIER B

FWD TRANSLATION X/Y/Z NORM B/PULSE B/HIGH B
MPS LO2 FEEDLINE DUMP START B/STOP B

LH AIR DATA PROBE DEPLQY 2/STOW 2

ADTA 2 PWR ON CMD

IMU-2 PWR ON CMD-8

MSBLS 2 PWR STATUS

TACAN 2 AUTO DISCRETE

LEFT FWD VENTS 1/2 OP/CL/PURGE CMD 2A

LH BODY FLAP MAN

LH SPEED BRAKE MAN

FCS MODE - LH PITCH/ROLL-YAW CSS

RCS FWD MANF ISOL VLV-3 GPC CL B

MPS £2 STATUS/RED LITE ON

SM BU C& A CMD 2/TONE A CMD 2/ALERT A CMD 2
LEFT PLB VENT 3 OP/CL CMD 2A

LEFT PLB/W VENTS 4&7 OP/CL CMD 2A

RT PLB VENT 6 OP/CL/PURGE 1/PURGE 2 CMD 2A
RT PLB VENT 5 OP/CL CMD 2A

ADTA 2 STATUS DATA
MSBLS 2 STATUS DATA
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MDM _FF2 (Continued)

CARD 12 -
(DIH)

CARD 13 -
(DoL)

CARD 14 -
(AID)

CARD 15 -
(OIL)

MDM _FF3
MDM BITE STATUS REGISTER

CARDO -
(TAC)

CARRD1 -
(AID)

CARD 2 -
(DOH)

FCS MON CHAN 1 RESET/OVERRIDE A

LH +/- P/R/Y TRIM B

RCS FWD OX MANF ISOL VLV 2 OP/CL
RCS FWD HE OX PRESS VLV B OP/CL

NLG NO WEIGHT-ON-WHEELS #2

NLG UPLOCKED

RADAR ALTIM RH DISPLAY SEL 1/2

RH HSI MLS/NAV/TACAN/SEL

RH HST APPROACH/TAEM/ENTRY MODE SEL
RH HSI SOURCE SEL 1/2/3

LH RHC TRIM INH B

FCS RH PITCH/ROLL-YAW AUTOQ/CSS MODE A
RH BODY FLAP AUTO/MAN A

RH SPEED BRAKE/THROTTLE AUTO/MAN A
RCS MASTER XFEED FROM LEFT-2/RT-2
ATO/AOA/RTLS ABORT REQUEST SIGNAL 8
RH ADI ATT REF PLB A/B :
RT PLB VENT 6 PURGE 2 IND 2

LMG, NO WEIGHT ON WHEEL S/UPLOCKED
RMG DR UPLOCKED

FCS RATE GAIN PITCH/ROLL-YAW MED B/OFF 8

RJOF 1 JET F2F/F2R/F2U/F2D CMD B
ADTA 2 HIGH/LOW TEST MODE CMD .
IMU 2 OPERATE MODE CMD

RH RHC R/P/Y CMD-A

RIGHT RUDDER PEDAL CMD-A
RH SBTC CMD-A '

ACCEL ASSY 2 LAT/NORM ACCEL

IMU 2 STATUS

RH DDU STATUS

AFT THC +/- X/Y/Z QUTPUT 8
RH SBTC TAKEOVER A

TAEAN 43 PWR, BRNG, RANGE, CHAN SEL, MODE, ANTENNA ‘
SELECT

LH RHC R, P, Y-CMD C
LEFT RUDDER PEDAL CMD-C
LH SBTC-CMD C

AFT RHC R, P, Y-CMD C

LEFT FWD VENTS 1&2 OP/CL/PURGE CMD 1B
RCS FWD MANF ISOL VLV 4 OP
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MDM FF3

o. CARD 2 -
(DOH)

o CARD3 -
(S10)

RCS FWD MANF ISOL VLV 1 CL-A

RCS FWD OX TNK ISOL VLV 1/2 OP A/CL 8

RCS FWD TNK ISOL VLV 1/2 CL A

MPS E3 STATUS/AMBER LITE ON

RH EVENT SEQUENCE A/B/C/D/E COMPUTER CONT
DPLR XTRTR - UNIT 2 -

RCS CMD R/P/Y LEFT/RT LAMP B

RCS CMD PITCH UP/DOWN B

AFT DAP AUTO (LITE)/SEL A (LITE)

OMS R ENG ACTR SEL STBY 1/STBY 2

AFT DAP MAN (LITE)/SEL 8 (LITE) :
AFT RCS JETS VERNIER (LITE)/NORMAL (LITE)
RT PL8/W VENTS 4&7 OP/CL CMD 2B

LEFT PLB/W VENTS 4&7 OP/CL CMD 1B

RT PLB VENT 6 OP/CL/PURGE 1/PURGE 2 CMD 1B
LEFT PLB VENT 5 OP/CL CMD 1B

IMU 3 STATUS, DATA

MTU CHAN 3 GMT/MET, BITE STATUS, GMT/MET UPDATE

' KU-A CH 2 ANT STRG AUTO 2; A/B SEL

e CARD 4 -
(DIH)

.
AL

e CARD 5 -

(ooL)

-Y STAR TRKR STATUS, DATA
KU-A CH 2 STATUS, DATA

FCS MON CHAN 2 RESET/QVERRIDE B

FCS CHAN 1 RESET/QVERRIDE C

GPC UPLINK 2-STAGE BLOCK CMD B

RH BODY FLAP UP/DOWN A

MPS ME-3 SHUTDOWN CMD A

RJDF 2 TRICKLE CURRENT CONTINUITY 4,5
RCS FWD FU MANF ISOL VLV 4 OP/CL

RCS FWD FU TANK ISOL VLV 1/2 OP/CL
RCS FWD FU MANF ISOL VLV 5 OP/CL

STAR TRKR -Z DOOR OP/CL 1

AFT ADI ATT SEL INERTIAL/LVLH/REFERENCE
AFT ADI RATE SCALE HIGH/MEDIUM/LOW
AFT ADI ERROR SCALE HIGH/MEDIUM/LOW
FCS LH PITCH/ROLL-YAW AUTO/CSS MODE C
LH SPEED BRAKE/THROT AUTO/MAN C

MPS ENG LIMIT CNTL #2 ENA/INH/AUTO

RT PLB/W VENTS 4&7 OP/CL 2

LEFT FWD VENTS 1&2 OP/CL/PURGE IND 1
RT PLB VENT 6 OP/CL/PURGE IND 4

LEFT PLB/W VENTS 4&7 OP/CL 1

LEFT PLB VENT 5 oP/CL 1

RJOF 2 JET F4R/F4D/FSL/FSR CMD A
ACCEL ASSY 3 BITE

OPLR XTRTR 2 START DO TIME/TEST MODE DISCRETES

RCS FAIL/OMS-TVC FAIL

OMS LEFT-ENG/RT-ENG ABNORMAL
FCS CHANNEL FAIL

FCS SATURATION
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ﬂQM FF3 (Continued)

CARD § -
(ooL)

CARD 6 -
(0IL)

CARD 7 -
(AIS)

CARD 8 -
(A0D)

CARD 9 -
(DIH)

CARD 10 -
(DOH)

IMU/RH RHC/LH RHC/NAV SENSOR/GYRO ACCEL FAIL
RT RCS/FWD RCS LEAK DET

RJDF 2 JET F4R/F4D/FSL/FSR CHMBR PRESS IND
AFT DDU PWR SPLY A/B/C GOQD

FWD THC +/- X/Y/Z OUTPUT-C

LH SBTC TAKEOVER-C

RCS FWD OX THRUST INJ TEMP - F4R/F4D/FSL/FSR
RCS FWD FU THRUST INJ TEMP - F4R/F4D/FSL/F5R
RCS FWD FU TANK TEMP 1

RCS FWD HE FU TANK PRESS 2

RCS FWD HE OX TANK TEMP 1/PRESS 1

RCS FWD 0X TANK OUT PRESS

RCS FWD FU TANK ULLAGE PRESS

RCS FWD FU/OX MANF PRESS 3/4/5

MPS E3 MAIN CHMBR - PRESS/CMPT ~
RCS FWD/LEFT-AFT/RT-AFT FU QTY

RCS - RT AFT LOWEST PROPELLANT QTY
ACCEL ASSY 3 NORM/LAT TEST STIM

RJOF 2 JET F4R/F4D/F5R/FSL DRIVER

AFT DAP SEL A-A/B-A

FWD DAP SEL A-C/B-C

AFT DAP AUTO A/MAN A

FWD DAP AUTO C/MAN C

FCS FWD LOOP GAIN PITCH/ROLL-YAW HIGH-C/LOW-C
MPS ME-2 SHUTDOWN CMD B

SENSE SW -Z/-X CON C

ENTRY ROLL MODE AUTO-C

AFT ROTATION R/P/Y DISC RATE/ACCEL RATE/PULSE A

AFT RCS JETS NORM A/VERNIER A

AFT TRANSLATION X/Y/Z PULSE A/HIGH A/NORM A
MPS LH2 FEEDLINE OUMP START A/STOP A

RH AIR DATA PROBE DEPLOY 1/STOW 1

ADTA 3 PWR ON CMD

IMU 3 PWR ON CMD B

MSBLS 3 PWR STATUS

TACAN 3 AUTO DISCRETE

LEFT FWD VENTS 1&2 OP/CL/PURGE CMD 1A

RH BODY FLAP AUTO

RH SPEEDBRAKE AUTO

FCS MODE - RH PITCH/RH ROLL-YAW AUTO

RCS FWD FU TNK ISOL VLV 1/2 OP A/CL 8

RCS FWD MANF ISOL VLV 5 OP A

RCS FWD HE PRESS VLV B OP/CL A

RCS FWD MANF ISOL VLV 1 CL B

MPS E3 STATUS/RED LITE ON

AFT ROTATION R/P/Y DSCR/ACCEL/PULSE (LITES)
AFT TRANSLATION X/Y/Z NORM/PULSE/HIGH (LITES)
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MOM FF3 (Continued)

e CARD 10 - :SM BU C&W A CMD 3/TONE A CMD 3/ALERT A CMOD J
(DOH) RT PLB/W VENTS 4&7 OP/CL CMD 2A
LEFT PLB/W VENTS 4&7 OP/CL CMD 1A
RT PLB VENT 6 OP/CL/PURGE 1/PURGE 2 CMD 1A :
LEFT PLB VENT 5 OP/CL CMD 1A ,

e CARD 11 - ADTA 3 STATUS, DATA
(S10) MSBLS 3 STATUS, DATA
DPLR XTRTR 2 STATUS, DATA
NSP 2 STATUS, DATA

o CARD 12 - FCS MON CHAN 4 RESET/OVERRIDE B
(DIH) RH +/- P/R/Y TRIM A
RCS FWD OX MANF ISOL VLV & OP/CL
RCS FWD OX TANK ISOL VLV 1/2 OP/CL
RCS FWD OX MANF ISOL VLV 5 OP/CL
NLG NO WEIGHT ON WHEELS #1
NLG DOOR UNLOCKED
| ENTRY ROLL MODE AILERON C
FCS RATE GAIN PITCH/ROLL-YAW MED/OFF C
-Y STAR TRKR PWR ON CMD
. RH RHC TRIM INH A :
FCS RH PITCH/ROLL-YAW AUTO/CSS MODE B
RH BODY FLAP AUTO/MAN 8
-~ RH SPEED BRAKE/THROT AUTO/MAN 8
| RCS MASTER XFEED FROM LEFT-3/RT-3
AOA/ATO/RTLS ABORT REQUEST SIGNAL C
APT ADI ATT REF PLB-A/PLB-8
RT PLB VENT & PURGE 2 IND 1
_ RMG NO WEIGHT ON WHEELS
RMG UPLOCKED
LMG DOOR UPLOCKED
STAR TRKR -Y DR OP 2/CL 2
FWD RCS OPTIONS NORM C/VERNIER C

o CARD 13 - RJDF 2 JET F4R/F4D/FSL/FSR CMD 8
(ooL) ADTA 3 HIGH/LOW TEST MOOE CMD
IMU 3 OPERATE MODE CMD

o CARD 14 - RH RHC ROLL/PITCH/YAW CMD 8 r
(AID) RT RUDDER PEDAL CMD B8 Co
RH SBTC CMD B8
ACCEL ASSY 3 NORM/LAT ACCEL

CARD 15 - IMy 3 STATUS, DATA

(DIL) AFT 0DU GOOD
AFT THC +/- X/Y/Z OUTPUT C
RH SBTC TAKEQVER-8
RH RHC +/- PITCH/ROLL TRIM A

~
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MOM FF4
MDM BITE STATUS REGISTER

CARD 0
(TAC)

CARD 1
(AID)

CARD 2
(DOH)

CARD 3
(S10)

CARD 4
(DIH)

CARD 5
(ooL)

CARD 6
(DIL)

CARD 7
(AIS)

CARD 8
(A0D)

EMPTY
EMPTY

RT FWD VENTS 1%2 OP/CL/PURGE CMD 2B

RCS FWD MANF ISOL VLV 3 OP

RCS FWD MANF ISOL VLV 2 CL-A

OMS - R ENG ACTR SEL ACTIVE-1/ACTIVE-2

RT PLB VENT 3 OP/CL CMD 2B

RT PLB/W VENTS 4&7 0P/CL CMD 18

LEFT PLB VENT 6 OP/CL/PURGE 1/PURGE 2 CMD 2B
LEFT PLB VENT 5 OP/CL CMD 2B

EMPTY

:

FCS MON CHAN 3 RESET/OVERRIDE A
FCS CHAN 2 RESET/QVERRIDE C

RH BODY FLAP UP/DOWN B

MPS ME-3 SHUTDOWN CMD 8

-RJDOF 2 TRICKLE CURRENT CONTINUITY 3

RCS FWD FU MANF ISOL VLV 3 OP/CL _
MPS ENG LIMIT CONTROL #3 ENA/INH/AUTO
RT PLB VENT 3 OP/CL-2

RT FWD VENTS 1&2 OP/CL/PURGE IND-2
LEFT PLB VENT 6 OP- 2/CL 2/PURGE IND 2
RT PLB/W- VENTS 4&7 OP/CL-1

LEFT PLB VENT 5 OP/CL-2

RJNE 2 2IT  FIF/F3L/F3U/F3D CHAMBER PRESS IND
ACCEL ASSY 4 LAT/NORM BITE N
FWD EVENT TIMER - LIFT-OFF START

RJDF 2 JET F3F/F3L/F3U/F3D CMD A
SRB SEP AUTO 8 CMD

SRB SEP MAN/AUTO ENA B CMD

SRB SEP INIT B CMD

RCS FWD OX/FU THRUST INJ TEMP - F3F/F3L/F3U/F3D
RCS FWD OX/FU TANK OUT PRESS
RCS FWD FU TANK TEMP 1

ACCEL ASSY 4 NORM/LAT TEST STIM
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MDM FF4 (Continued)

CARD 9

(DIH)

CARD 10
(DOH)

CARD 11
(s10)

CARD 12
(DIH)

CARD 13
(ooL)

CARD 14
(AID)

CARD 15
(0IL)

RJDF 2 JET F3F/F3L/F3U/F3D DRIVER" 7~ "7 7
AFT DAP SEL A-B/B-8 ' :

AFT DAP AUTO/MAN B

ENTRY ROLL MODE AUTO D .
AFT ROTATION R/P/Y DISC RATE B/ACCEL B/PULSE B
AFT RCS JETS NORM B/VERNIER B

AFT TRANSLATION X/Y/Z NORM 8/PULSE B/HIGH B

RT FWD VENTS 1%2 OP/CL/PURGE CMD 2A

RH BODY FLAP MAN/SPEEDBRAKE MANUAL

FCS MODE RH PITCH/ROLL-YAW CSS :

RCS FWD MANF ISOL VLV-2 CLOSE 8 :

SM BU C&W A CMD 4/TONE A CMD 4/ALERT A CMD &4
RT PLB VENT 3 OP/CL CMD 2A

/T PLB/W VENTS 4&7 OP/CL CMD 1A

LEFT PLB VENT 6 OP/CL/PURGE 1/PURGE 2 CMD 2A
LEFT PLB VENT 5 OP/CL CMD 2A

ADTA STATUS/DATA

FCS MON CHAN 4 RESET/OVERRIDE A

RH +/- P/R/Y - TRIM B .

RCS FWD OX MANF ISOL VLV 3 OP/CL

RH RHC TRIM INH B

FCS RH PITCH/ROLL-YAW AUTO/CSS MOOE C
RH BODY FLAP AUTO/MAN C

RH SPEED BRAKE/THROT AUTO/MAN C

LEFT PLB VENT 6 PURGE 2 IND 2

ENTRY ROLL MODE AILERON D

RJDF 2 JET F3F/F3L/F3U/F3D CMD B
ADTA 4 HIGH/LOW TEST MODE CMD

RH RHC R, P, Y CMD-C

RT RUDDER PEDAL CMD C

RH SBTC CMD-C

ACCEL ASSY 4 LAT/NORM ACCEL

RH SBTC TAKEOVER-C

RH RHC +/- PITCH/ROLL TRIM-8
ET SEP MAN ENA B/INIT B/AUTO 8
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MOM FAl
o MDM BITE STATUS REGISTER

o CARD 0 - LH TVC TILT ACTR CNTRL A CMD - v
(A0D) RH TVC ROCK ACTR CNTRL A CMD _ )
MPS ENG 2 Y (P) ACTR A CMD -
MPS ENG 1 P ACTR A CMD :
LEFT INBD (OUTBD) -ELEVON (SPEED BRAKE CMD 1, RUDDER CMD 1) CMD 1

o CARD 1 LEFT INBD (OUTBD) ELEVON POSN FOBK-1
(AID) RT INBD (OUTBD) ELEVON POSN FDBK-1
SPEED BRAKE POSN FDBK-1
RUDDER POSN FDBK-1 ‘ v .
BODY FLAP POSN FDBK-1 ' T

o CARD 2 RJDA 1 JET L1A (LIL,L1U,R1A,RIR,R1U,LSD,L5L) CMD A
(oaL) MPS ENG 1 P ACTR A BYPASS (RESET)
MPS ENG 2 P (Y) ACTR A BYPASS (RESET)
LH SRB TILT ACTR A BYPASS (RESET)
RH SRB ROCK ACTR A BYPASS (RESET)
' LEFT INBD (OUTBD) ELEVON ACTR 1 BYPASS (RESET)
RT INBD (OUTBD) ELEVON ACTR 1 BYPASS (RESET)
SPEED BRAKE BYPASS (RESET) 1
RUDDER BYPASS (RESET) 1
BODY FLAP UP (DOWN) CMD 1

e CARD 3 RT INBD {OUTBD) ELEVON ACTR 1 FAIL
(DIH) RUDDER ACTR 1 FAIL .
MPS ENG 1 (2,3) P.ACTR A FAIL
LH SR8 TILT ACTR A FAIL
RH SRB ROCK ACTR A FAIL
RJDA 1 TRICKLE CURRENT CONTINUITY 1,5L
ET - LH2 LOW LEVEL LIQ SENSOR NO. 4
MPS LH2 INBD FILL VLV (REPLENISH VLV) CLOSED
MPS E-1 L42 PREVLV OPEN A
ET SEP A
LH SRB SEP IND B
OMS PBK (LEFT-POD) FU ISOL VALVE A POSN OP (CL)
OMS - LEFT POD VAPOR ISOL VLV 1 POSN OP
OMS - LEFT ENG PURGE VLV 1 POSN QP .
OMS - LEFT ENG ARM PRESS (ARM) CMD 2 OP oo
OMS - RT POD OX XFEED (FU XFEED) VLV A POSN OP (CL)
ET UMB OR LCH 1 LKD (STWD) IND 1
RCSPR{ A§T FU (0X) MANF ISOL VLV-1 (HE OX/FU PRESS VLV-A)
0P (CL
RCS RT AFT FU (0X) XFEED VLV-3/4/5 OP (CL)

o CARD 4 - LH TVC ROCK ACTR CNTRL A CMDS
(A0D) RH TVC TILT ACTR CNTRL A CMDS
MPS ENG 3 P (Y) ACTR A CMDS
MPS ENG 1 (Y) ACTR A CMDS
RT INBD (OUTBD) ELEVON CMD 1
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MDM FAl (Continued)

e CARD 10 - RJDA 1 JET LIA (LIL,L1V,R1A,RIR,R1U,L5D,L5L) CMD B
(ooL) MPS ENG 1 Y ACTR A BYPASS (RESET)
MPS ENG 3 Y (P) ACTR A BYPASS (RESET)
RH TILT SRB ACTR A BYPASS (RESET)
RH ROCK SRB ACTR A BYPASS (RESET)
BODY FLAP ENA CMD 1

o CARD 11 - LEFT INBD (OUTBD) ELEVON ACTR 1 FAIL
(DIH) SPEED BRAKE ACTR 1 FAIL

MPS 1 (2,3) Y ACTR A FAIL
LH ROCK SRB ACTR A FAIL
RH TILT SR8 ACTR A FAIL
MPS LOX LOW LVL LIQUID SNSR #4
MPS ENG 1 LOX PRE VLV OP
LEFT AFT VENTS 8&9 CL (OP, PURGE) 1
OMS PBK OX ISOL VLV AL POSN OP (CL)
OMS LEFT POD HE ISOL VLV A POSN OP
OMS PBK OX TNK (L POD OX TNK, L PGD FU TNK) LVL LOW
OMS LEFT POD OX (FU) XFEED. VLV A POSN OP (CL)
OMS PBK OX (FU) DUMP VLV Al POSN OP (CL)
RCS LEFT AFT OX (FU) ISOL VLV-1 OP (CL)
RCS LEFT AFT 0X (FU) TANK ISOL vLv-1 (2) OP/CL
RCS LEFT AFT HE OX (FU) PRESS VLV-A OP (CL)
RCS ~LEFT AFT OX (FU) MANF ISOL VLV-5 OP (CL)

e CARD 12 - MPS LO2 RECIRC VLV 1 CL CMD A

. (DOH) MPS SIG COND PWR NO 1 ON CMD
MPS LH2 RTLS INBD (OUTBD) D/V OPEN CMD C
MPS LO2 INBD ALL VLV OP CMD A
MPS RTLS MANF REPRESS 1 OP CMD 8
MPS E-3 LO2 PREVLV 0P (CL) CMD C
MPS E-3 LH2 PREVLV OP (CL) CMD C
REPLACE LO2 ULLAGE PRESS NO 1 XOCR
MPS LH2 FDLN RLF S/0 VLV CL CMD C

" MPS E-3 MAINSTAGE CMD B

MPS E-3 EMERG SHT ON INH CMD A
OMS PBK OX ISOL VLV Al OP (CL)
OMS PBK FU ISOL VLV Al OP (CL)
OMS LEFT ENG PURGE VLV 1 OP
OMS PBK OX DUMP VLV Al 0P (CL)
OMS PBK FU DUMP VLV Al OP (CL)
HYD SYS 1 LDG GR ISOL VLV OP

o CARD 14 - RCS LEFT AFT FU (OX) THRUST INJ TEMP-L1A (LIL,L1U,LSD)
. (AIS) RCS LEFT AFT HE OX TANK TEMP (PRESS)-1 -
RCS LEFT AFT FU TANK TEMP-1 (ULLAGE PRESS)
RCS LEFT AFT HE FU TANK PRESS-2
RCS LEFT AFT OX TNK OUT PRESS .
OMS LEFT ENG ACTV P (Y) ACTR POSN IN
MPS ENG 1 LH2 INLET PRESS (TEMP)
MPS ENG 1 LO2 INLET PRESS (TEMP)
MPS ENG 1 HE SPLY (REG OUTLET) PRESS
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MDM FAl (Continued)
."ﬂ\

"o CARD 14 -

e CARD 15 -

(ALS)

(DOH)

MDM_FA2
MDM BITE STATUS REGISTER

CARDO -
(AQD)

CARRD1 -
(AID)

CARD 2 -
(ooL)

MPS" LHZ ENG MANF PRESS™ ™ = =
HYD SYS 1 SPLY PRESS B ‘
RCS LEFT AFT OX MANF PRESS-1
RH SRM CHMBR PRESS A

RH IGN PIC CAP A VOLTAGE

ET UMB OR CL LCH 1 STOW (LK) CMD 1B

ET LAUNCH UMB CL/QUT DR LCH CMD 1B

LEFT AFT VENTS 829 CL (OP, PURGE) CMD 1B

MPS LO2 FOLN RLF S/0 VLV CL CMD B ,

MPS E-2 LO2 PREVLV OP (CL) CMD A

MPS E-2 LH2 PREVLV QP (CL) CMD A

MPS LH2 INBD FILL VLV OP (CL) CMD B

LH2 RTLS MANF REPRESS 2 OP CMD B

MPS E-2 EMER SHT DN INH CMD B

OMS LEFT ENG CNTRL VLV 1 COIL 2 OP

OMS LEFT POD HE ISOL VLV A OP

OMS LEFT POD TK YLVS 8 CMD 1 OP (CL)
,ET/ORB SEP CAMERAS - HTR ON CMD '
OMS LEFT POD XFEED VLVS B CMD OP (CL)

OMS RT POD XFEED VLVS B CMD 0P (CL)

RCS RT AFT OX XFEED v-3/4/5 GPC QP (CL; B
RCS RT AFT FU XFEED v-3/4/5 GPC OP (CL) B
RCS RT AFT TK ISOL V-1/2 GPC OP (CL) A
RCS RT AFT MANF ISOL VLV-1 GPC QP

RCS RT AFT MANF ISOL V-3 (-5) GPC CL A
RCS LEFT AFT MANF ISOL V-3 GPC CL 8 -
RCS RT AFT HE PRESS VLV-A GPC CL (OP) A

LH TVC TILT ACTR CNTRL B CMD
RH TVC ROCK ACTR CNTRL A CMD
"MPS ENG 2 Y (P) ACTR B CMD

MPS ENG 1 P ACTR B CMD

LEFT INBD (OUTBD) ELEVON CMD 2
SPEED BRAKE CMD 2

RUDDER CMD 2

LEFT INBD (OUTBD) ELEVON PQSN FOBK-2
RT INBD (OUTBD) ELEVON POSN- FDBK-2
SPEED BRAKE POSN FDBK-2

RUDDER POSN FDBK-2

BODY FLAP POSN FDBK-2

RJDA 2 JET L3A (L3L,L3D,R3A,R3R,R3D,R5R,RSD) CMD A
MPS ENG 1 P ACTR B BYPASS {RESET)
MPS ENG 2 P (Y) ACTR B BYPASS (RESET)
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MDM FA2 (Continued)

o CARD 2 - RH SRB ROCK ACTR B BYPASS (RESET)
(ooL) LH SRB TILT ACTR B BYPASS (RESET) .
LEFT INBD (OUTBD) ACTR 2 BYPASS (RESET)
RT INBD (OQUTBD) ACTR 2 BYPASS (RESET)
SPEED BRAKE BYPASS (RESET) 2
RUDDER BYPASS (RESET) 2
BODY FLAP UP (DOWN) CMD 2

o CARD 3 - RT INBD (QUTBD) ELEVON ACTR 2 FAIL
(DIH) RUDDER ACTR 2 FAIL

MPS ENG 1 (2,3) P ACTR B FAIL
SRB LH TILT ACTR B FAIL
SRB -RH ROCK ACTR B FAIL .
RJDA 2 TRICKLE CURRENT CONTINUITY 3,5R
ET - LH2 LOW LEV LIQ SENSOR NO. 2
MPS - LH2 QUTBD FILL VLV CLSD
MPS E-2 LH2 PREVLV OP-A
MPS LH2 FEED DISC VLV CLSD-A
ET SEP B
RH SR8 SEP IND B .
OMS PBK (LEFT-POD) FU ISOL VLV B POSN OP (CL)
OMS LEFT POD VAPOR ISOL VLV 2 POSN QP
OMS 'LEFT ENG PURGE VLV 2 POSN OP
OMS RT ENG ARM PRESS (ARM) CMD 2 OP
OMS RT POD OX XFEED VLV B POSN OP (CL)
OMS RT POD FU XFEED VLV 8 POSN OP (CL)
OMS PBK HE ISOL VLV A POSN QP
OMS PBK VAPOR ISOL VLV 1 POSN OP
ET UMB DR LCH 1 LKD (STWD) IND 2
RCS RT AFT FU MANF ISOL VLV-3(5) OP (CL)
RCS RT AFT OX MANF ISOL VLV-3(5) 0P (CL)
RCS RT AFT FU TNK ISOL VLV-1/2 OP (CL)
RCS RT AFT OX TNK ISOL VLV-1/2 OP (CL)
RCS RT AFT HE FU PRESS VLV-B 0P (CL)
RCS RT AFT HE 0X PRESS VLV-8 OP {CL)

o CARD 4 - SRB TVC LH ROCK ACTR CNTRL 8 CMD
(AQD) SRB TVC RH TILT ACTR CNTRL B CMD .
MPS ENG 3 Y (P) ACTR B8 CMD s
MPS ENG 1 Y ACTR B CMD
RT INBD (OUTBO) ELEVON CMD 2
OMS - LEFT ENG STBY P (Y) ACTR CMD
RGA 2 R (P,Y) BITE TORQUE CMD

e CARD 5 - RJDA 2 JET CHMBR PRESS IND L3L (L3D,L3A,R3A,R3R,R3D,RSR,RSD)
(01IL) RGA 2 R (P,Y) SMRD IND ‘

o CARD 6 - RCS RT AFT FU THRUST INJ TEMP-R3A (R3R,R3D,RSR
(AIS) RCS RT AFT OX THRUST INJ TEMP-R3A (R3R,R3D,RSR
RCS RT AFT 0X (HE FU) TANK TEMP-1
RCS RT AFT HE FU TANK PRESS-1
RCS RT AFT OX TANK ULLAGE PRESS
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~ MDM FA2 (Continued)

« CARD 6 - RCS RTAFT FU TANK OUT PRESS
(AIS) OMS RT POD FU TANK ULLAGE PRESS

OMS RT ENG OX INLET PRESS
OMS RT POD HE TANK PRESS 1 (TEMP UPPER)
OMS 'LEFT POD OX TANK ULLAGE PRESS
OMS RT ENG PNEU SPLY PRESS 2
OMS PBK HE TNK PRESS 1
OMS RT ENG RES OUT PRESS
OMS RT POD OX AFT COMPRTMNT QTY
OMS RT POD FU AFT COMPRTMNT QTY
OMS PBK HE TANK TEMP
ET LHZ ULLAGE PRESS NO 2
ET LOZ ULLAGE PRESS NO 2
HYD SYS 2 SPLY PRESS A
LH SRM CHMBR PRESS B
LH VOLTAGE IGN PIC CAP B

o CARD 7 - ET UMB DR CL LCH1 STOW §LOCK) CMD 2A
(DOH) ET RT UMB-CL/OUT DR CL (LCH) CMD 28
RT AFT VENTS 849 CL (OP,PURGE) CMD 2A
MPS E-1 LO2 (LH2) PREVLV CL (OP) CMD C
REPLACE LH2 ULLAGE PRESS NO 2 XDCR
MPS LH2 FEED DISC VLV CL (OP) CMD C .
MPS E-1 MAINSTAGE CMD B ,
77N : MPS LH2 MANF REPRESS NO 2 OP CMD
- OMS RT ENG CNTRL VLV 2 COIL 2 OP
OMS LEFT POD VAPOR ISOL VLV 2 OP
OMS LEFT POD TANK VLVS A CMD 1 OP (CL)
OMS LEFT POD XFEED VLVS A CMD 1 OP (CL)
.OMS RT PQD XFEED VLYS A CMD 1 QP (cL)
OMS PBK VAPOR ISOL VLV 1 OP '
RCS LEFT AFT 0X (FU) XFEED V-3/4/5 GPC CL (oP) B
RCS LEFT AFT TNK ISOL V-1/2 GPC CL (oP) A
RCS LEFT AFT MANF ISOL VLV-3 GPC OP (-5 GPC CL A)
RCS LEFT AFT MANF ISOL V-1 GPC CL A (B)
RCS LEFT AFT HE PRESS VLV-B GPC OP (CL) A

e CARD 8 - RJDA 2 JET ORIVER L3A (L3L,L3D,R3A,R3R,R30,RSR,RSD)
(DIH) ET RT UMB CL/OUT OR CLSD (OP,LTCHD) IND 2
ET RT UMB CL/OUT DR LTCH REL IND 2

e CARD 9 - LEFT INBD (OUTBD) PRI DELTA PRESS 2
(AID) RT INBD (OUTBD) PRI DELTA PRESS 2
RGA 2 R (P,Y) RATE
LH RATE Y (P) GYRO B
RH RATE Y (P) GYRO B

-

o CARD 10 - RJDA 2 JET L3A (L3L,L30,R3A,R3R,R3D,R5R,R50) cMD 8
(00L) MPS ENG 1 Y ACTR B BYPASS/RESET
MPS ENG 3 P (Y) ACTR B BYPASS/RESET

/7N SR8 ACTR B LH ROCK BYPASS (RESET)
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MDM_FA2 (Continued),

e CARD 10 -
(ooL)

e CARD 11 -
(DIH)

e CARD 12 -
(DOH)

e CARD 14 -
(A1S)

SRB ACTR B RH TILT BYPASS (RESET)
80DY FLAP ENA CMD 2

LEFT INBDO (OUTBD) ELEVON ACTR 2 FAIL

SPEED BRAKE ACTR 2 FAIL

MPS ENG 1 (2,3) Y ACTR B FAIL

SRB LH ROCK ACTR B FAIL

SRB RH TILT ACTR 8 FAIL

MPS LOX LOW LVL LIQ SNSR 2

MPS ENG 2 LOX PREVLV 0P

MPS LO2 FD DISC VLV CL A

MPS LOX INBD FILL VLV CL

MPS LO2 OVERBD B8/V CL B

RT AFT VENTS 8&9 CL (OP,PURGE) 2

OMS PBK OX ISOL VLV Bl POSN OP (CL)

OMS LEFT POD OX ISOL VLV B POSN OP (CL)

OMS LEFT POD HE ISOL VLV B POSN OP

OMS PBK FU TNK LVL LOW

OMS LEFT POD OX (FU) XFEED VLV B POSN OP (CL)
OMS RT POD OX (FU) TNK LVL LOW

OMS' PBK OX (FU) DUMP VLV Bl POSN OP (CL) .
RCS LEFT AFT FU (0X) MANF ISOL VALVE-3 OP (CL)
RCS LEFT AFT 0X (Fu) XFEED VLV-3/4/5 OP (CL)

MPS LO2 ACC RECIRC VLV 2 CL CMD A
MPS LO2 OVERBD B/V CL CMD C

MPS SIG COND PWR NO 2 ON CMD

MPS LH2 QUTBD FILL VLV OP (CL) CMD
MPS LO2 INBD FILL VLV OP (CL) CMD B
MPS E-3 LO2 (LH2) PREVLV CL (OP) CMD A
REPLACE LO2 ULLAGE PRESS #2 XDCR
LH2 RTLS MANF REPRESS 2 OP CMD C
MPS E-3 EMER SHT DN INH CMD B

OMS PBK OX (FU; ISOL VLV Bl OP fCL
OMS PBK OX (FU) DumP VLV Bl OP (CL
OMS LEFT ENG PURGE VLV 2 QP

HYD SYS 2 LDG GR ISOL VLV OP

RCS LEFT AFT FU (0X) THRUST INJ TEMP-L3A (L3L,L3D)
RCS RT AFT FU (0X) THRUST INJ TEMP-RSD
RCS RT AFT HE 0X TNK TEMP-1 (PRESS-1)
RCS RT AFT FU TNK TEMP-1 (ULLAGE PRESS)
RCS RT AFT HE FU TNK PRESS-2

RCS RT AFT 0X TNK QUT PRESS

OMS LEFT ENG STBY P (Y) ACTR POSN IN
MPS ENG 2 LH2 (LOX) INLET PRESS (TEMP)
MPS ENG 2 HE SPLY (REG OUTLET) PRESS
MPS LOX ENG MANF PRESS

HYD SYS 2 SPLY PRESS 3

RCS LEFT AFT 0X MANF PRESS-3

RH SRB CHMBR PRESS B

RH SRB IGN PIC CAP B VOLTAGE
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MDM FA2 (Continued)

e CARD 15 -

(DOH)

VDM FA3
MDM BITE STATUS REGISTER

CARD 0
(A0D)

CARD 1
(AID)

CARD 2
(ooL)

ET UMB DR CL LCH 1 STW CMD 28

ET RT UMB CL/QUT DR LCH CMD 2A

RT AFT VENTS 8&9 CL (OP,PUR) CMD 2B
MPS LO2 FDLN RLF S/0 VLV CL CMD A

MPS E-2 LO2 (LH2) PREVLV CLS (OP) CMD B

MPS LH2 INBD FILL VLV OP CMD A

MPS LO2 FEED DISC VLV CL (OP) CMD C

MPS E-2 MAINSTAGE CMD A

MPS E-2 EMERG SHT DN INH CMD A

OMS LEFT ENG CNTRL VLV 2 COIL 2 OP

OMS LEFT POD HE ISOL VLV B OP '

OMS LEFT POD FU (OX; ISOL VLV B CMD 2 QP (CL)

OMS LEFT POD (R POD) FU (OX) XFEED VLV 8 CMD 2 OP (CL)
RCS RT AFT XFEED VLV-3/4/5 GPC CL (oP) A

_RCS RT AFT FU (OX) TNK ISOL VLV-1/2 GPC op (CL) B

RCS RT AFT MANF ISOL VLV-3 (-5) GPC QP A
RCS RT AFT MANF ISOL VLV-1 GPC CL A
RCS LEFT AFT MANF ISOL VLV-1 GPC CL 8

. RCS RT AFT HE PRESS VLV-8 GPC OP (CL) A

- SRB TVC ACTR - LH TILT CONTROL C CMD

SR8 TVC ACTR - RH ROCK CONTROL C CMD
MPS ENG 2 Y (P) ACTR C CMD

MPS ENG 1 P ACTR C CMD

LEFT INBD (OUTBD) ELEVON CMD 3

SPEED BRAKE CMD 3

RUDDER CMD 3

LEFT INBD (OUTBD) ELEVON POSN FDBK-3
RT INBD (OUTBD) ELEVON POSN FDBK-3
SPEED BRAKE POSN FDBK-3

RUDDER POSN FDBK-3

BODY FLAP POSN FDBK-3

RJDA 1 JET L2L (L2u,L2D,R2R,R2U,R2D) CMD A
MPS ENG 1 P ACTR C BYPASS (RESET)

MPS ENG 2 P (Y) ACTR C BYPASS (RESET)

SRB ACTR C LH TILT BYPASS (RESET)

SRB ACTR C RH ROCK BYPASS (RESET)

LEFT INBD (OUTBO) ELEVON ACTR 3 BYPASS (RESET)
RT INBD (OUTBD) ELEVON ACTR 3 BYPASS (RESET)
SPEED BRAKE BYPASS (RESET) 3

RUDDER BYPASS (RESET)

BODY FLAP UP (DOWN) CMD 3
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MDM FA3 (Continued)

e CARD 3
(DIH)

o CARD 4
(AQD)

e CARD 5
(DIL)

e CARD 6
(AIS)

e CARD 7
(DOH)

RT INBD (OUTBD) ELEVON ACTR 3 FAIL

RUDDER ACTR 3 FAIL QUTPUT

MPS 1 (2,3) P ACTR C FAIL

SRB LH TILT ACTR C FAIL

SRB RH ROCK ACTR C FAIL

RJDA TRICKLE CURRENT CONTINUITY 2

ET LH2 LOW LVL LIQ SENSOR NO 1°

MPS LH2 RTLS OUTBD D/V CL

MPS E-1 LH2 PREVLV OP B

LH SR8 SEP IND A

OMS PBK FU ISOL VLV A2 POSN OP (CL)

OMS RT POD FU ISOL VLV B POSN OP (CL)
OMS RT POD VAPOR ISOL VLV 1 POSN OP

OMS RT ENG PURGE VLV 1 POSN OP

OMS LEFT ENG ARM/PRESS CMD 1 OP

OMS LEFT ENG ARM/CMD 1 OP

OMS PBK HE ISOL VLV B POSN OP -

OMS PBK VAPOR ISOL VLV 2 POSN OP

ET- UMB DR CL LCH 2 LOCKED (STOWED) IND 2
RCS RT AFT FU (0X) MANF ISOL VLV-2 0P (CL)
RCS RT AFT 0X (FU) TNK ISOL VLV-3/4/5 QP (CL)
RCS LEFT AFT.0X (FU) XFEED VLV-1/2 0P (CL)

SRB TVC LH ROCK ACTR CNTRL C CMD
SRB TVC RH TILT ACTR CNTRL C CMD
MPS ENG 3 Y (P) ACTR C CMD

MPS ENG 1 Y ACTR C CMD

RT INBD (OUTBD) ELEVON CMD 3

OMS RT ENG STBY P (Y) ACTR CMD

RGA 3 R (P,Y) BITE TORQUE CMD

RJDA 1 JET L2L (L2u,L2D,R2R,R2U,R2D) CHMBR PRESS IND
RGA 3 R (P,Y) SMRD IND

RT AFT FU (0X) THRUST INJ TEMP-R2R,R2U,R20
RCS LEFT AFT HE FU TANK TEMP-1 (PRESS-2)
RCS LEFT AFT FU TANK TEMP-1 (OUT PRESS)
RCS LEFT AFT HE OX TANK PRESS-2

OMS LEFT POD OX (FU) TANK TOTAL QTY

OMS LEFT ENG FU INLET PRESS (CHMBR PRESS)
OMS LEFT POD HE TANK PRESS 2

OMS LEFT ENG BI-PROP VLV 1 (2) POSN OP
OMS LEFT ENG PNEU SPLY PRESS 1

OMS PBK OX TANK TEMP (ULLAGE PRESS)

LH SRM CHMBR PRESS C

OMS LEFT PQD OX (FU) AFT COMPRTMNT QTY
ET LH2 (LO2) ULLAGE PRESS 3

HYD SYS 3 SPLY PRESS A

ET UMB DR CL LCH 2 STOW (LOCK) CMD 2A
ET RT UMB CL/QUT DR LCH CMD 1A
ET LEFT UMB CL/OUT DR CL CMD 2
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MDM FA3 (Continued)

o CARD 11 - RCS LEFT AFT OX (FU) MANF ISOL VLV-2 OP (CL)
(DIH) RCS LEFT AFT OX (FU) TNK ISOL VLV-3/4/5 A QP (CL)
RCS LEFT AFT HE OX (FU) PRESS VLV-8 OP (CL)

o CARD 12 - MPS LO2 ACC RECIRC VLV 1 CL CMD B
(DOH) MPS LO2 QVERBD B/V CL CMD A

MPS LH2 RTLS INBD (OUTBD) D/V GP CMD A
LH2 RTLS MANF REPRESS 1 OP CMD A .
MPS L02 FDLN RLF S/0 VLV CL CMD C
LEFT SRB BUS C RPC C ON CMD
RT SRB BUS C RPC C ON CMD
OMS PBK OX (FU) ISOL VLV A2 OP (CL)
OMS RT ENG PURGE VLV 1 OP
OMS PBK OX (FU) DUMP VLV A2 0P (GL)
HYD SYS 3 LDG GR ISOL VLV OP

¢ CARD 14 - RCS LEFT AFT FU (OX) THRUST INJ TEMP-L2L (L2U,L2D)
(AIS) OMS RT ENG STBY P (Y) ACTR POSN IN
MPS ENG NO 3 LH2 (LOX) INLET PRESS (TEMP)
MPS ENG NO 3 HE.SPLY (REG QUTLET) PRESS
HYD SYS 3 SPLY PRESS B
RCS LEFT AFT OX (FU) MANF PRESS 2
RCS RT AFT 0X (FU) MANF PRESS 2
RH PRESS C SRM CHMBR

¢ CARD 15 - ET UMB DR CL LCH 2 STOW (LOCK) CMD 2B
(DOH) ET RT UMB CL/OUT DR LCH CMD 1B

RT AFT VENTS 8&9 CL (0P, PURGE) CMD 1B
MPS LH2 FDLN RLF S/0 VLV CL CMD A
MPS E-2 LO2 PREVLY OP (CL) CMD C
MPS LO2 FEED DISC VLV CL (OP) CMD A
MPS E-2 MAINSTAGE CMD B
MPS LO2 MANF REPRESS NO 1 QP CMD
OMS LEFT ENG CNTRL VLV 2 COIL 1 OP
OMS RT POD HE ISOL VLV A OP
OMS RT POD FY ISOL VLV B CMD 2 OP (CL
OMS RT POD OX ISOL VLV B CMD 2 OP (CL
ET/0ORB SEP CAMERAS ON CMD
OMS PBK HE ISOL VLV B QP
RCS RT AFT XFEED VLV-1/2 GPC CL (OP) A
RCS RT AFT FU TNK ISOL VLV 3/4/5 A GPC OP (CL)
RCS RT AFT OX TNK ISOL VLV 3/4/5 A GPC OP (CL)
RCS RT AFT MANF ISOL VLV-2 GPC QP
RCS RT AFT MANF ISOL VLV-4 GPC CL A
RCS LEFT AFT MANF ISOL VLV-4 GPC CL B
RCS LEFT AFT FU XFEED VLV-1/2 GPC CL (OP) B
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R

MOM FA4
" MDM BITE'STATUS REGISTER -
e CARDO -

(A0D)

CARD1 -~
(AID)

CARD 2 -
(ooL)

-

CARD 3 -
(DIH)

CARD 4 -
(A0D)

TVC LH TILT ACTR CNTRL D CMD
TVC RH ROCK ACTR CNTRL D CMD
MPS ENG 2 P (Y) ACTR D CMD :
MPS ENG 1 P ACTR D CMD

LEFT INBD (OUTBD) ELEVON CMD 4
SPEED BRAKE CMD 4

RUDDER CMD 4

LEFT INBD (OUTBD) ELEVON POSN FDBK-4
RT INBD (OUTBO) ELEVON POSN FDBK-4
SPEED BRAKE POSN FDBK-4

RUDDER POSN FDBK-4

BODY FLAP POSN FDBK-4

RJDA 2 JET L4L (L4U,L4D,R4R,R4U,R4D) CMD A
MPS ENG 1 P iYg ACTR D BYPASS (RESET)

MPS ENG 2 P (Y) ACTR D BYPASS (RESET)

SRB RH ROCK ACTR D BYPASS (RESET)

SRB LH TILT ACTR D BYPASS (RESET)

LEFT INBD (OUTBD) ELEVON ACTR 4 BYPASS (RESET)
RT INBD (OUTBD) ELEVON ACTR 4 BYPASS (RESET)
SPEED BRAKE BYPASS (RESET) 4

RUDDER BYPASS (RESET) 4

RT INBD (OUTBD) ELEVON ACTR 4 FAIL
RUDDER ACTR 4 FAIL QUTPUT

MPS ENG 1 (2,3) P ACTR D FAIL

SR8 LH TILT ACTR D FAIL

SR8 RH ROCK ACTR D FAIL

RJDA 2 TRICKLE CURRENT CONTINUITY 4

ET LH2 LOW LVL LIQ SENSOR NO 3

MPS LH2 RTLS INBD O/V CLSD

MPS E-2 LH2 PREVLYV OP B .

MPS LH2 FEED DISC VLV CL (OP) B

RH SRB SEP IND A

OMS PBK FU ISOL VLV B2 POSN OP (CL)

OMS RT POD FU ISOL VLV A POSN QP (CL)
OMS RT POD VAPOR ISOL VLV 2 POSN OP

OMS RT ENG PURGE VLV 2 POSN OP

OMS RT ENG ARM/PRESS (ARM) CMD 1 OP

ET UMB DR CL LCH 2 LOCKED (STOWED) IND 1
RCS RT AFT FU (OX) MANF ISOL VLV OP (CL)
RCS RT AFT FU (0X) TK ISOL VLV-3/4/5 B OP (cL)

TVC LH ROCK ACTR CONTROL D CMD
TVC RH TILT ACTR CONTROL D CMD
MPS ENG 3 Y (P) ACTR D CMD

MPS ENG 1 Y ACTR D CMD

RT INBD (OUTBD) ELEVON CMD 4
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MDM _£A4 (Continued)

CARD 4
(A0D)

CARD §
(oIL)

CARD 6
(AIS)

CARD 7
(DOH)

CARD 8
(DIH)

CARD 9
(AID)

CARD 10
(ooL)

CARD i1

(DIH)

OMS RT ENG P (Y) ACTR CMD
RGA 4 R (P,Y) BITE TORQUE CMD

RGA 4 YAW SYRD IND
RCS RT AFT FU (OX) THRUST INJ TEMP-RR (R4U,R4D)

RCS RT AFT HE FU TANK TEMP-1 (PRESS-2)
RCS RT AFT 0X (FU) TANK QUT PRESS

‘RCS RT AFT HE OX TANK PRESS-2

RCS RT POD OX (FU) TANK TOTAL QTY
OMS RT ENG FU INLET PRESS

OMS RT POD HE TANK PRESS 2

OMS RT ENG CHMBR PRESS

OMS RT ENG BI-PROP VLV 1 (2) POSN OP
OMS RT ENG PNEU SPLY PRESS 1

OMS PBK FU TNK TEMP (ULLAGE PRESS)

ET UMB DR CL LCH 2 STOW (LOCK) CMD 1A

ET LEFT UMB CL/OUT DR LCH CMD 2A

ET RT UMB CL/OUT DR .CL CMD 1

LEFT AFT VENTS 8&9 OP (CL,PURGE) CMD 2A

MPS LH2 RECIRC DISC VLV OP-(CL) CMD

MPS LH2 FEED DISG VLV CL (OP) CMD B

MPS El1 EMERG SHT ON INH CMD B :

OMS RT ENG CONTROL VLV 2 COIL 1 OP

OMS RT POD VAPOR ISOL VLV 2 OP

OMS RT POD FU (0X) ISOL VLV A CMD 2 OP (CL)
RCS LEFT AFT XFEED VLV-1/2 GPC CL (OP) A
RCS LEFT AFT FU (0X) TNK ISOL V 3/4/5 B GPC 0P (CL)
RCS LEFT AFT MANF ISOL VLV-4 GPC QP .
RCS LEFT AFT MANF ISOL VLV-2 GPC CL A

RCS RT AFT MANF ISOL V-2 GPC CL B

RJDA 2 JET L4L (L4U,L4D,R4R,R4U,R4D) DRIVER
MPS LO2 ACC RECIRC VLV 2 QP

MPS E-3 LHZ PREVLV OP A

ET RT UMB CL/OUT DR OP (CL) IND 1

ET LEFT UMB CL/OUT DR LCHD (LTCH REL) IND 2

LEFT INBD (OUTBD) ELEVON PRI DELTA PRESS 4
RT INBD (OUTBD) ELEVON PRI DELTA PRESS 4
RGA 4 R (P,Y) RATE

RJDA 2 JET L4L (L4U,L4D,R4R,R4U,R4D) CMD B
MPS ENG 1 Y ACTR D BYPASS (RESET)

MPS ENG 3 Y (P) ACTR D BYPASS (RESET)

SRB RH TILT ACTR D BYPASS'%RESETJ

SRB LH ROCK ACTR D BYPASS (RESET)

LEFT INBD (OUTBD) ELEVON ACTR 4 FAIL
SPEED BRAKE ACTR 4 FAIL
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e CARD 11 - MPS ENG 1'(2,3) Y ACTR D FAIL -
(DIH) SR8 LH ROCK ACTR D FAIL

SR8 RH TILT ACTR D FAIL
MPS LOW LVL LIQ SNSR KO 3
MPS ENG NO 3 LOX PREVLV QP
LEFT AFT VENTS 889 OP (CL, PURGE) IND 2
OMS PBK OX ISOL VLV 82 POSN QP (cL)
OMS RT PGD OX ISOL VLV A POSN OP (cL)
OMS RT POD HE ISOL VLV B POSN OP
QMS RT ENG PRESS VLV POSN 0P .
OMS PBX OX (FU) DUMP VLV B2 POSN OP (cL)
RCS LEFT AFT FU (0X) MANF ISOL VLV-4 oP (CL)
RCS LEFT AFT 0X (FU) TNK ISOL VLV-3/4/5 B 0P (CL)
RCS RT AFT OX (FU) XFEED VLV-1/2 OP (cL)

e CARD 12 - MPS LO2 ACC RECIR VLV 2 CL CMO B
(DOH) MPS L02 OVERBD B/V CL CMD B
MPS SIG COND PWR #3 ON CMD
. MPS LH2 RTLS INBD (OUTBD) O/V QP CMD B
MPS E-3 LO2 (LH2) PREVLV OP (CL) CMD B
REPLACE L02 ULLAGE PRESS #3 XDCR
LH2 RTLS MANF REPRESS 1 OP CMD C
MPS E-3 MAINSTAGE CMD A
OMS PBK OX (Fu) ISOL VLV B2 OP (CL)
7N OMS RT ENG PURGE VLV 2 OP
QMS PBK OX (FU) DUMP VLV B2 OP (CL)

e CARD 14 - RCS LEFT AFT FU (0X) THRUST INJ TEMP-LAL (L4u,L4D)
(AIS) OMS RT ENG ACTV P (Y) POSN IN
) RCS LEFT AFT FU (0X) MANF PRESS 4
RCS RT AFT FU (OX) MANF PRESS 4

o CARD 15 - ET UMB DR CL LCH 2 STOW (LOCK) CMD 1B
(DOH) ET LEFT UMB CL/OUT OR LCH CMD 2B
LEFT AFT VENTS 889 CL (0P, PURGE) CMD 2B
MPS LH2 FDLN RLF S/0 VLV CL CMD B
MPS L02 OUTBD FILL VLV OP (CL) CMD
MPS E-2 LH2 PREVLV OP (CL) CMD C
MPS LO2 FEED DISC VLV CL (OP) CMD 8
LH2 RTLS MANF REPRESS 2 OP CMD A
MPS LO2 MANF REPRESS NO 2 OP CMD
OMS LEFT ENG CNTRL VLV 1 COIL 1 OP
OMS RT POD HE ISOL VLV B OP
OMS RT POD TK VLVS B CMD 1 OP (cL)
RCS RT AFT OX XFEED V-1/2 GPC CL (oP) B
RCS RT AFT FU (0X) TNK ISOL v-3/4/5 B GPC CL (OP)
RCS RT AFT MANF ISOL VLV-4 GPC OP
RCS RT AFT MANF ISOL YLv-2 GPC CL A
RCS LEFT AFT MANF [SOL VLV-2 GPC CL 8
RCS RT AFT FU XFEED VLV-1/2 GPC CL (oP) B
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MOM PL1 (PF1)

MDM BITE STATUS REGISTER

CARD 0
(ooL)

CARD 1
(AID)

CARD 2
(DOH)

CARD 3
(DIH)

CARD 4
(AID)

CARD 5
(DIL)

CARD 6
(DIH)

CARD 7
(DOH)

CARD 8
(s10)

RCOR PL PRI BITS 1-16
PL SYSTEM ACTIVATION 33-56

PL CAUTION/WARNING 13-25

PLBD RT OP/CL CMD A

PLBD RT FWD BHD LCH REL/LCH CMD 1

PLBD RT AFT BHD LCH REL/LCH CMD 2

PLBD OPERATION ENABLE CMD 1A/CMD 3A/CMD 4A

FLASH EVAP CNTLR PRI B ON (GPC)

NH3 BLR CNTLR PRI A/8 ON - GPC CMD B

SM BU C&W B/TONE B/ALERT B - CMD 1

ABORT ADVISORY A

S-BAND FM ANT SEL 1 - LOWER/UPPER

S-BAND QUAD ANT SEL 1 - UPPER LEFT/UPPER RT/LOWER LEFT/
LOWER RT

PL SAFING CMD 19-30

PLBD RT FWD/AFT BHD RDY FOR LCH 1
PLBD RT FWD BHD LCH REL 1/LCH 1
PLBD RT AFT BHD LCH REL 2/LCH 2
PLBD'RT OP 1/CL 1

PLBD OP/CL CMD C

EMPTY

PL CAUTION AND WARNING 36-50
PL SYSTEM MONITOR 25-32

PLBD LEFT FWD/AFT BHD RDY FOR LCH-4
PLBD LEFT FWD/AFT BHD LCH REL-1/LCH-1
PLBD LEFT OP 2/CL 2

PLBD OP/CL CMD B

PLBD LEFT 88 DEG OP 2 .
PLBD RT 88 DEG OP 1 ;
KU BAND A RADAR - ON g

PLBD OP/CL IND 1

PLBO CENTERLINE LCH 1-4/5-8/9-12 LCH/REL CMD 1
PLBD CENTERLINE LCH 13-16 LCH/REL CMD 2

H20 LOOP 1 PUMP A/B CONT ON - GPC CMOD

SILTS ON/QFF

FCP 1 PURGE VLVS GPC A/B QP

GCIL DECODER A SEL BIT A9

GCIL UPLINK PARALLEL CMD BIT AQ-A8

KU-A CHAN 1 STATUS/DATA
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MDM PL1 (PF1) (Continued)

(N

CARD 9 - - PLBD LEFT FWO/AFT BHD RDY FOR LCH 2 ° L
(DIH) PLBD CENTERLINE LCH 1-4/5-8/9-12 LCH 1/REL 1
PLBD CENTERLINE LCH 13-16 LCH 2/REL 2 )

CARD 10 - RCDR OPS 1 PRI BITS-1-16

(ooL) PL SYSTEM ACTIVATION 57-64

CARD 11 - PL SYSTEM MONITOR 56-64

(AID)

CARD 13 - PL SYSTEM MONITOR 33-48

(DIL)

CARD 14 - PLBD LEFT OP/CL CMD B

(DOH) PLBD LEFT FWD/AFT BHD LCH REL/LCH CMD 1

PLBD OPERATION ENA CMD 1B8/38/48B
HYDR SYS 1/SYS 2/SYS 3 PUMP ON A
FCL 2 PUMP B ON

. FCP 2 PURGE VLVS GPC-A/GPC-8 oP

PL SAFING CMD 31-36 '
CARD 15 - PL GN&C UPDATE - SERIAL I/0
(s10) PL SENSOR SERIAL 1/0

MDM PL2 (PF2)

MDM BITE STATUS REGISTER
CARD 0 - PL SYSTEM ACTIVATION 1-24

(DoL) ,

CARD 1 - PL CAUTION/WARNING 1-12

(AID)

CARD 2 - PLBD RT OP/CL CMD B

(DOH) PLBD RT FWD BHD LCH REL/LCH CMD 2

PLBD RT AFT BHD LCH REL/LCH CMD 1 N

PLBD OPERATION ENA CMD 2A/SA/6A o

FLASH EVAP CNTLR PRI A ON - GPC CMD

NH3 BLR CNTLR PRI A/B ON - GPC_CMD

SYSTEM MGMT BU C/W B/TONE B/ALERT B CMD 2

ABORT ADVISORY B

S-BAND FM ANT SEL 2 - UPPER/LOWER

S-BAND QUAD ANT SEL 2 - UPPER LEFT/UPPER RT/LOWER LEFT/
LOWER RT ,

PL SAFING CMD 1-12

CARD 3 - PLBD RT FWD/AFT B8HD RDY FOR LCH 2
(DIH) PLBD RT FWD BHD LCH REL/LCH 2
PLBO RT AFT BHD LCH REL/LCH 1 '
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MDM PL2 (PF2) (Continued)
o CARD 3 - PLBD RT OP 2/CL 2

(DIH) PLBD OP/CL CMD A
e CARD 4 - EMPTY
(AID)
o CARD 5 - PL CAUTION/WARNING 26-37
(DIL) PL SYSTEM MONITOR 1-8
o CARD 6 - PLBD LEFT FWD/AFT BHD RDY FOR LCH 3
(DIH) PLBD FWD/AFT BHD LCH - LCH/REL 2

PLBD LEFT OP 1/CL 1

PLBD OP/CL CMD D

PLBO LEFT 88 DEG OP 1

PLBD RT 88 DEG OP 2

FC GPC PURGE SEQUENCE START

e CARD 7 - PLBO OP IND 2/CL IND 2
(0OH) ~  PLBD CENTERLINE LCH 1-4/5-8/9-12 LCH/REL CMD 2

PLBD CENTERLINE LCH 13-16 LCH/REL CMD 1
FLASH EVAP CNTLR SEC ON - GPC CMD
NH3 8LR CNTLR PRI A/B ON - GPC CMD C
Ho0 LOOP 2 PUMP CONT ON - GPC CMD
LH/RH BFS ENGAGE LITE
FCP 3 PURGE VLVS GPC-A/GPC-B OP
CCTV UPLINK PARALLEL CMD BITS AQ-Al3
GCIL DECODER B SEL BIT B9
GCIL UPLINK PARALLEL CMD BITS BO-88

e CARD 8 - KU BAND B CHAN 1 STATUS/DATA

(s10)
e CARD 9 - PLBD RT FWD/AFT BHD RDY FOR LCH 3
(DIH) PLBD CENTERLINE LCH 1-4/5-8/9-12 LCH/REL 2
PLBD CENTERLINE LCH 13-16 LCH/REL 1
e CARD 10 - RCDR OPS 2 PRI BITS 1-16

(ooL) RCDR QPS 1/2 SEC BIT 13
RCOR OPS SEC BIT 14
GPC - PAYLOAD CAUTION
PL SYSTEM ACTIVATION 25-32

® CARD 11 - " PL SYSTEM MONITOR 49-55
(AID)
o CARD 12 - APU 1/2/3 FU TNK QTY

(AOD) HYOR SYS 1/2/3 H20 BLR FLUID QTY CMPT

e CARD 13 PL SYSTEM MONITOR 9-24
(OIL) '
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MDM PL2 (PF2) §Continued)

Vs . , : .
- | o CARD 14.-. PLBD -LEFT OP/CL CMD A S :
(DOH) PL30 LEFT FWD/AFT BHD LCH REL/LCH CMD 2
PLBO OPERATION ENA CMD 23/5B/68
HYOR SYS 1/2/3 CIRC PUMP ON 8.
FCP 02/H2 PURGE HTRS GPC-A/GPC-B ON
PL SAFING CMD 13-18
e CARD 15 - PL GN&C UPDATE - SERIAL I1/0
(S10) PL SENSOR - SERIAL I/0
~ ,
—.
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APPENDIX B
OPS BUILT-IN TEST EQUIPMENT SUMMARY
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APPENDIX 8
DPS BUILT-IN TEST EQUIPMENT SUMMARY

The following is a compilation of the Software and/or Hardware BITE status
information for the DPS. Note that the CPU/IOP combination has no BITE
status visible to the crew although software status is available to the
ground via GPC Error Log and the I/0 Error Log. .

o MASS MEMORY BITE
o STATUS REGISTER A

BIT 9 - POWER INTERRUPT

BIT 10 - FILE ADDRESS NOT EQUAL TO LAST FILE SELECT COMMAND
BIT 11 - COMMANDED ADDRESS WITHIN OR BEHIND SUBFILE ADDRESS |,
8IT 12 - WRITE PROTECT VIOLATION

BIT 13 - INVALID OP CODE/MIA COMMAND ERRORS

e STATUS REGISTER 8

‘ BIT 9 - WRITE WORD COUNT ERROR
BIT 10 - READ TAPE DATA DROP QUT
BIT 11 - CLOCK ASSURANCE ON READ
BIT 12 - READ PARITY ERROR
BIT 13 - MIA INVALID MANCHESTER RECEIVED
BIT 14 - COMMAND RECEIVED WHEN NOT READY
BIT 15 - END-OF-FILE BLOCK COUNT NOT EQUAL TO ZERO
BIT 16 - END-OF-FILE NO SEARCH ADORESS COMPARE
BIT 17 - MALFUNCTION (SPEED CONTROL; DIRECTION; HEAD SELECT;
TRACK PARITY)
BIT 18 - BEGINNING OF TAPE
BIT 19 - END OF TAPE

BIT 20 - ACTION ABORTED

BIT 21 - MIA BIT COUNT ERROR

BIT 22 - MIA PARITY ERROR

BIT 23 - INVALID SEV ON RECEIVED DATA

BIT 24 - RECEIVED DATA INTERRUPTED BY I0P OR MIA ERRORS
o MULTIPLEXER/DEMULTIPLEXER BITE

BIT 1 - POWER INTERRUPT s
BIT 2 - INCOMING DATA ERROR

BIT 3 - OPERATION REQUESTED ON NON-EXISTENT CHANNEL
BIT 4 - UNABLE TO TRANSFER DATA TO/FROM IQOM

BIT S - TOO MANY WORDS IN LAST MESSAGE

BIT 6 - LAST COMMAND NOT COMPLETED

BIT 7 - SIMULTANEOUS EXECUTION ON PRIMARY/BACKUP DATA BUS
BIT 8 - ILLEGAL MODE COMMAND

BIT 9 - INTERNAL ERROR DETECTED

BIT 10 - GAP TIME ERROR

BIT 11 - SUCCESSFUL BITE COMPLETION
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e MULTIFUNCTION CATHODE RAY TUBE DISPLAY SYSTEM BITE
o STATUS REGISTER 1

BITO - ALWAYS SET 1

BIT1 - IPL HAS BEEN PERFORMED
BIT 2 - IPL PARITY ERROR

BIT3 - IPL CIRCUIT TEST ERROR °

BIT 4 - INTENSITY ERRQR

BITS - SINE-COSINE ERROR

BIT 6 - SYMBOL GENERATOR ACTIVE

BIT 7 - CHARACTER GENERATOR ERROR

BIT 8 - OSCILLATOR ERROR

BIT 9 - - ANALOG DEFLECTION ERROR (ZERO TEST)
BIT 10 - ANALOG DEFLECTION ERROR (NON-ZERO TEST)
BIT 11 - ANALOG TEST FAIL (PULSE TEST)

BIT 12 - CIRCLE OSCILLATOR ERROR

BIT 13 - ANALOG FAILURE (OR OF BITS 9-12)
BIT 14 - DIGITAL-TO-ANALOG CONVERTER FAILURE
BIT 15 - REFRESH ERROR

o STATUS REGISTER 2

BITO - ALWAYS SET 1

BIT 1-7 - SPARE

BIT 8 - SMALL PROCESSOR SOFTWARE ERROR*
BIT 9 - KEYBOARD CHANNEL A FAIL*

BIT 10 - KEYBOARD CHANNEL B FAIL*

BIT 11 - MIA ECHO CHECK ERROR

BIT 12 - MIA PARITY ERROR

BIT 13 - TRANSMIT ERROR

BIT 14 - MIA BIT COUNT ERROR

BIT 15 - MIA COMMAND ERROR

e STATUS REGISTER 3

BITO - ALWAYS SET 1

BIT1 - DU DEFLECTION STATUS
BIT 2 - DU VIDEQ STATUS

BIT 3 - DU CRT PHOSPHOR PROTECT
BIT 4 - SPARE

BIT 5 - DU CRT FILAMENT CURRENT
BIT 6 - DU TEMPERATURE STATUS
BIT 7-14~ SPARE

BIT 15 - DU POWER SUPPLY STATUS

*CRITICAL BITE



e SOFTWARE STATUS REGISTER

BIT O - DISPLAY/FORMAT DATA FILL ERROR o )
BIT 1 - SPARE - : : .
BIT 2 - INITIALIZATION PERFORMED, IPL, OR POWER TRANSIENT*
BIT 3 - INVALID WORD COUNT IN GPC MESSAGE :

BIT 4 - WRAP WORD ERROR

BITS - COMMAND OVERLOAD

BIT6 - SPARE
BIT 7 - DEU MEMORY PARITY ERROR*
BIT 8 - SPARE

BIT 9 - INVALID MESSAGE CODE

BIT 10 - RIPPLE TEST ERROR

BIT 11 - CHECKSUM ERROR

BIT 12 - INVALID DATA ADDRESS IN GPC MESSAGE
8IT 13 - RECEIVED MESSAGE ERROR

BIT 14 - CPU SELF-TEST ERROR

BIT 15 - TRANSMIT MESSAGE ERROR

q

*CRITICAL BITE
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APPENDIX C
BCE CHAINS - HFE/MFE TRANSACTIONS
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APPENDIX C
BCE CHAINS - HFE/MFE TRANSACTIONS

The following tables illustrate the BCE chains current1y defined for each
of the Flight Critical (FC) BCE's (as identified per Buses FC 1-8) during
the High Frequency Executive (HFE) and Mid Frequency Executive (MFE) trans-
actions and as partitioned per GNC OPS. Single element chains such as
those for the MTU or NSP reads are not included here. Note that it is as-
sumed that the FC MDM's are in the Prime mode in the following examples.
Also note that in certain chains delays are included in the chains. In
some cases this is to insure that FC port moding does not affect non FC
MDM commands. In others, they are inserted when a particular hardware de-
vice (e.g. 2 star tracker) is accessible in certain similar BCE chains in
a transaction for a phase but not in others. Additional delays may be
added in-flight for an element in any of the BCE chains as a result of 1/0
errors resulting in a BCE element bypass.



TABLE C-1.- GNC 1/6 HFE INPUT TRANSACTION

FCl FC2 FC3 FC4 FCS FC6 FC7 FC8
: EIULl DELAY | DELAY |- EIUl
0 0 D D
E E E E |
L L L L DELAY | EIU2 DELAY | EIu2
A A A A
Y Y Y Y ,
DELAY | DELAY | EIU3 | EIU3 -
FFO1 FFO2 FFO3 FFO4
M MDM MOM MDM DELAY | DELAY | DELAY | DELAY
TN WD | RTN WD | RTN WD | RTN WD
‘BYPASS ) FAOL FAO2 FAO3 FAO4
DELAY | DOELAY | DELAY | DELAY: | MDM MDM MDM MDM
RTN WD | RTN WD | RTN WD | RTN WD
FA FA FA FA
ADTAL | ADTA2 | ADTA3 | ADTA4 | PROM PROM PROM PROM
3-10 3-10 - | 3-10 3-10
FF FF FF FF
PROM PROM PROM PROM
-6 ° 2-6 2-6 2-6




TABLE C-2.- GNC 1/6 MFE INPUT TRANSACTION

Fcl Fc2 | Fe3 Fca FCS FC6 FC7 FC8
FFoL | Fro2 | FFO3 | FFO4
PROM | PROM | PROM | PROM
1-2 1.2 | 1.2 1-2
mut | mMu2 | U3
D. 0 0 0
: E £ £ £
TACAN/ | TACAN/ | TACAN/ L L L L
RAL RAZ___ | RA3 A A A A
— Y Y Y Y
MSBLSL | MSBLS2 | MSBLS3
BYPASS : BYPASS
DELAY | DELAY | DELAY |
BYPASS BYPASS
DELAY | DELAY | DELAY I
BYPASS ‘raol | FA02 | FAO3 | FAO4
DELAY | DELAY | DELAY PROM | PROM | PROM | PROM
1-2 - | 1-2 1-2 1-2
el | etz | EIus
PRIM | PRIM | PRIM
REG REG REG




TABLE C-3.- GNC 2 HFE INPUT TRANSACTION

FCl Fc2 FC3 FCa FCS FC6 FC7 FC8
BYPASS ' _BYPASS
2 D D D DELAY | DELAY | DELAY | DELAY
E E E
L L L L BYPASS BYPASS
A A A A DELAY | DELAY | DELAY | DELAY
Y Y Y Y :
_BYPASS | BYPASS
! DELAY | DELAY | DELAY | DELAY"
FFOL | FFO2 | FFO3 | FFO4 '
MDM MOM MDM MDM DELAY | DELAY | DELAY | DELAY
RTN WD [ RTN WD | RTN WD [ RTN WD )
PL , FAOL | FAO2 | FAO3 | FAO4
SENSOR | DELAY | DELAY | DELAY | MOM MDM MDM MDM
. * | RTN WD | RTN WD | RTN WD | RTN WD
BYPASS | BYPASS | BYPASS | BYPASS | FA FA FA FA
DELAY | DELAY | DELAY | DELAY | PROM | PROM | PROM- | PROM
3-10 | 3-10 | 3-10 | 3-10
FF FF FF EF :
PROM | PROM -| PROM | PROM
2-6 2-6 2-6 2-6




.
-

TABLE C-4.- GNC 2 MFE INPUT TRANSACTION

c-7

FCl FC2 FC3 FC4 FCS FC6 Fe7 | _Fcs

Fro1 | FFO2 | FFO3 | FFO4

PROM | PROM | PROM | PROM

12 |12 |12 | 12

mul | mwu2 . | Mu3
D 0 D D
E € E E

aypass | Bypass | BYPASS L L L L

DELAY | DELAY | DELAY A A A A

—_— y Y Y Y

BYPASS | BYPASS | BYPASS

DELAY | DELAY | DELAY

sTUL | DELAY | STu2

OWDEL | DELAY | OWDE2

| reoz FAOL | FAO2Z | FAO3 | FAO4

DELAY | DELAY | RADAR PROM | PROM | PROM | PROM
1-2 1-2 1-2 1-2
BYPASS | BYPASS | BYPASS
DELAY | DELAY | DELAY




 TABLE C-5.- GNC 3/8 HFE INPUT TRANSACTION

FCl F2 | Fc3 FC4 FCS FC6 FC7 Fc8
' BYPASS BYPASS
) 0 ) g | DELAY | DELAY | DELAY | DELAY
3 E E I I IR R B
L L L L BYPASS BYPASS
A A A A DELAY | DELAY | DELAY | DELAY
Y Y Y Y —
BYPASS | BYPASS
DELAY | DELAY | DELAY | DELAY -
FFOL FFO2 FFO3 FFO4
MOM MOM1 MDM | MDM DELAY | DELAY | DELAY | DELAY
RTN WD | RTN WO [ RTN WD | RTN WD
BYPASS , : FAOL FAO2 FAO3 FAO4
DELAY | DELAY ‘| DELAY | DELAY | MOM® MOM MDM MDM
: ] RTN WD | RTN WD | RTN WD | RTN WD
' FA FA FA FA
ADTAl | ADTA2 | ADTA3 | ADTA4 | PROM PROM: PROM PROM
3-10 3-10 3-10 3-10
FF FF FF FF
PROM PROM PROM PROM
2-6 2-6 2-5 2-6




TABLE C-6.- GNC 3/8 MFE INPUT TRANSACTION

c-9

FCl FC2 FC3 Fc4 | FCS FC6 Fc7 | Fc8

FFOL | FFO2 | FFO3 | FFO4

PROM | PROM | PROM | PROM

12 | 1-2 1-2 1-2

mul | w2 | mMU3 D D 0 0
E E E E
L L L L

TACAN/ | TACAN/ | TACAN/ A A A A"

RAL | RA2 | RA3 Y Y Y Y

MSBLSL | MSBLS2 | MSBLS3

BYPASS BYPASS

DELAY | DELAY | OELAY

BYPASS BYPASS

OELAY | DELAY | DELAY

BYPASS FAOL | FAO2 | FAO3 | FAO4

DELAY | DELAY | DELAY PROM | PROM | PROM | PROM
2-2 1-2 1-2 i-2
BYPASS| BYPASS| BYPASS
DELAY | DELAY | DELAY




TABLE C-7.- GNC 9 HOUSEKEEPING DATA ACQUISITION (HDA) INPUT

Fel FC2 FC3 FC4 FCS5 FC6 FC7 Fc8 .

FFOL | FFO2 | FFO3 | FFO4 L

MOM MOM MOM. | MOM DELAY | DELAY | DELAY | DELAY

RTN WO | RTN WD | RTN WD | RTN WD

pL ' FAOL -| FAO2 | FAO3 | FA04

SENSOR | DELAY | DELAY | DELAY | MOM MOM MDM MM
RTN WD | RTN WD | RTN WD | RTN WD

: FA FA FA FA

ADTAL | ADTA2 | ADTA3 | ADTA4 | PROM | PROM | PROM | PROM
3-10 | 3-10 | 3-10 | 3-10

FF FF FF | FF

PROM | PROM | PROM | PROM

2-6 2-6 2-6 2-6

c-10




TABLE C-8.- GNC 9 MFE TRANSACTION

. FC8

c-11

Fcl FC2 FC3 FC4 Fes | Fce | TFC7
FFOL | FFO2 | FFO3 | FFO4
PROM | PROM | PROM | PROM
1-2 1-2 1.2 | 1-2
BYPASS | BYPASS. | BYPASS
DELAY | DELAY | DELAY -
D D D D
TACAN/ | TACAN/ | TACAN/ E E E E
RAL RA2 RA3 L L L L
—— A A A A
MSBLS1 | MSBLS2 | MSBLS3 Y Y Y Y
STUL | DELAY | STU2
OWDEL | DELAY | OWDE3
RNDZ FAOL | FAO2 | FAO3 | FAQ4
DELAY | DELAY | RADAR PROM | PROM | PROM | PROM
2-2 1-2 1-2 1-2
EIUl | EIU2 | EIU3
PRIM | PRIM | PRIM
REG REG REG _




APPENDIX .D
MDM INPUT PROM



APPENDIX D
MOM FF1 INPUT PROM

Prom
Segment

MOM FF1

1 RCS FWD HE FU TNK TEMP-1, PRESS 1
RCS FWD OX TNK TEMP-1, ULLAGE PRESS
RCS FWD HE OX TNK PRESS 2
RCS FWD FU TNK QUT PRESS
RCS FWD OX/FU MANF PRESS 1/2

2 MOM FF1 Card 4:

FCS MON CHAN 3 - RESET/OVERRIDE B, CHAN 4 -
RESET/QVERRIDE C

FCS LH PITCH AUTO MODE A/CSS MODE A

FCS LH R-Y AUTO MODE A/CSS MODE A

GPC UPLINK 2-STAGE BLOCK CMD A

LH BODY FLAP UP/DOWN CMD A, AUTO/MANUAL CMD A

MPS ME 1 SHUTDOWN:- CMD A

RJDF 1 TRICKLE CURRENT CONTINUITY 1

RCS FWD FU MANF ISOL VLV 1 OPEN/CLOSE

RCS FWD FU TANK ISOL VLV 3/4/5 - OPEN/CLOSE

RCS HE FU PRESS VLV-A QPEN/CLOSE

LH AIR DATA SOURCE SELECT - LEFT/NAV/RIGHT

LH ADI ATTITUDE SEL - INERTIAL/LVLH/REFERENCE

LH ADI RATE SCALE - HIGH/MEDIUM/LOW

LH ADI ERROR SCALE - HIGH/MEDIUM/LOW

LH SPEED BRAKE/THROTTLE AUTQ/MAN A

START TRKR -Z DOCR - OPEN/CLOSE-2

ENTRY ROLL MODE AILERON A

RT/LEFT PLB VENT 3 OPEN/CLOSE-1

RT FWD VENTS 1/2 OPEN/CLOSE/PURGE IND 1

LEFT PLB VENT 6 OPEN/CLOSE/PURGE IND 1

RT PLB VENT 5 OPEN/CLOSE 1

MDM FF1l Card 6:

RJOF 1 JET FIF/FLL/FLU/F1D CHAMBER PRESS IND
LH DDU POWER SUPPLY A/B/C STATUS

FWD THC +/ - X,Y,Z, OUTPUT-A

LH SBTC TAKEQOVER-A

LH RHC +/- PITCH, ROLL TRIM-A

SRB SEP AUTO A CMD

SRB SEP MANUAL/AUTO ENABLE A CM

SRB SEP INITIATE A CMD

MDM FF1l Card 9:

RJOF 1 JET F1F/F1L/F1U/F1D DRIVER
FWD DAP SELECT A-A/SELECT 8-A/AUTO A/MAN A

0-3



Prom
Segment

-

AFT DAP SELECT A-C/SELECT B-C/AUTO C/MAN C

FCS FWD LOOP GAIN PITCH/ROLL-YAW HIGH-A/LOW-A

SENSE SW -Z CON A/-X CON A

ENTRY ROLL MODE AUTO-A

FWD ROTATION ROLL/PITCH/YAW DISC RATE A/ACCEL
A/PULSE A

FWD RCS JETS NORM A/VERNIER A

FWD TRANSLATION. X/Y/Z NORM A/PULSE A/HIGH A

MPS LO2 FEEDLINE DUMP START A/STOP A -

LH AIR DATA PROBE DEPLOY 1/STOW 1

ADTA 1 POWER ON CMD

IMU 1 POWER ON CMD-8

MSBLS #1 POWER STATUS

TACAN #1 AUTO DISCRETE

MDM FF1l Card 12:

FCS MON CHAN 1 RESET/OVERRIDE B

LH +/- PITCH/ROLL/YAW TRIM A

RCS FWD OX MANF ISOL VLV 1 OPEN/CLOSE

RCS FWD OX PRESS VLV-A OPEN/CLOSE

RCS FWD OX TANK ISOL VLV 3/4/5 OPEN/CLOSE .

RADAR ALTM LH DISPLAY SEL NO 1/NO 2

LH HSI MLS/NAV/TACAN/APPROACH MODE/TAEM MODE/
ENTRY MODE SELECT

LH HSI SOURCE SELECT 1/2/3

LH RHC TRIM INHIBIT 4

-Z ST PWR ON CMD

RCS RATE GAIN PITCH MED A

RCS MASTER XFEED FROM LEFT 1/RIGHT 1

ATO/AQA/RTLS ABORT REQUEST SIGNAL A

LH ADI ATTITUDE REF PB-A/PB-B

LEFT PLB VENT 5 PURGE 2 IND 1

RCS;?ATE GAIN PITCH OFF A/ROLL-YAW MED A/ROLL-YAW
OFF A

STAR TRKR -Y DOOR OPEN 1/CLOSED 1

AFT RCS OPTIONS NORMAL-C/VERNIER-C

MDM FFl Card is Channel O:

IMU 1 STATUS
LH DDU STATUS
AFT THC +/- X,Y,Z QUTPUT A

RCS FWD OX/FU THRUST INS TEMP F1F, F1L, FiU, F1D
AFT/LH RHC R/P/Y-CMD A

LEFT RUDDER PEDAL-CMDA
LH SBTC-CMD A

D-4



Prom

Segment :

s DUMMY

6 ACCEL ASSY 1 LAT/NORM ACCEL - '
Z MOM FF1 Card 2 Ch 1,2:

MPS STATUS AMBER LIGHT - ON (E1)

LH EVENT SEQUENCE A/B/C/D/E

DOPPLER EXTRACTOR - UNIT 1 _

RCS CMD ROLL/PITCH/YAW - LAMP A - LEFT/RIGHT

FWO DAP AUTO/SELECT A/MANUAL/SELECT B LIGHTS

FWD RCS JETS NORM LIGHT/VERNIER LIGHT

OMS - LEFT ENG ACTR SELECT ACTIVE 1/2

RT/LEFT PLB VENT 3 OPEN/CLOSE - CMD 18

LEFT PLB VENT 6 OPEN/CLOSE/PURGE 1/PURGE 2 - CMD 1B
RT PLB VENT 5 OPEN/CLOSE - CMD 18

MDM FF1 Card 5 Ch 1:

FWD EVENT TIMER - ABORT RESET
LEFT RCS LEAK DET

MOM ff1 Card 10 Ch 1,2:

MPS STATUS/RED LIGHT :

FWD ROTATION ROLL/PITCH/YAW DSCR/ACCEL/PULSE LIGHTS
FWD TRANSLATION X/Y/Z NORMAL/PULSE/HIGH LIGHTS

SM B/U C/W A CMD 1/TONE A CMD 1/ALERT A CMD 1
RT/LEFT PLB VENT 3 QPEN/CLOSE CMD 1A

LEFT PLB VENT 6 OPEN/CLOSE/PURGE 1/PURGE 2 CMD 1A
RT PLB VENT 5 OPEN/CLOSE CMD 1A

8 . MDM FF1 Card 5 Ch O:

RJOF 1 JET F1F/F1L/F1U/F1D CMD A
ACCEL ASSY 1 STATUS
DOPLR EXTR #1 STATUS

MDM FF1 Card 13 Ch O:

RJOF 1 JET F1F/F1L/F1U/F1D CMD 8
ADTA 1 HIGH/LOW TEST MODE COMMAND
IMU-1 OPERATE MODE CMD

SPI DATA STATUS

MDM FF1 Card 2 Ch O
RT FWD VENTS (1/2) - OPEN/CLOSE/PURGE - CMD 1B
RCS FWD MANF ISOL VLY #1 - OPEN
RCS FWD MANF ISOL VLY #4 - CLOSE A
RCS FWD OX TNK ISOL VLV 3/4/5 - OPEN A/CLOSE B8
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Prom
Segment

MDM FF2
1

2

MDM FF2 Card 4:

RCS FWD TNK ISOL VLV 3/4/5 - CLOSE A
N/W STEERING - GROUND SPEED ENABLE CMD

MOM FF1 Card 10 Ch O:

LH BODY FLAP AUTO

LH SPEED BRAKE AUTO

FCS MODE - LH PITCH/ROLL/YAW AUTO

RCS FWD FU TK ISOL VLV 3/4/5/ QP A/CL B
RCS FWD MANF ISOL VLV 5 CL A

RCS FWD HE PRESS VLV A OPEN A/CLOSE A
RCS FWD MANF ISOL VLV 4 CLOSE B

RT FWD VENTS 1/2 OPEN/CLOSE/PURGE CMD 1A

RCS FWD HE FU TNK TEMP 1, PRESS 2
RCS FWD HE OX TNK PRESS 2

FCS MON CHAN 2 - RESET/OVERRIDE A, CHAN 3 - RESET/
OVERRIDE C

ENTRY ROLL MODE AILERON B :

LH BODY FLAP UP/DOWN B, AUTO/MANUAL B

MPS ME-1 SHUTDOWN CMD 8

RJDF 1 TRICKLE CURRENT CONTINUITY 2

RCS FWD FU MANF ISOL VLV 2 OPEN/CLOSE

RCS HE FU PRESS VLV-B OPEN/CLOSE

NOSE WHEEL STEERING MANUAL - ON/COMPUTER-ON

RH AIR DATA SOURCE SELECT - LEFT/NAV/RIGHT

RH ADI ATTITUDE SEL - INERTIAL/LVLH/REFERENCE

RH ADI RATE SCALE - HIGH/MEDIUM/LOW

RH ADI ERROR SCALE - HIGH/MEDIUM/LOW

FCS LH PITCH AUTO MODE B/CSS MODE B

FCS LH R-Y AUTO MODE B/CSS MODE B

LH SPEED BRAKE/THROT AUTO/MAN B

MPS ENG LIMIT CONTROL #1 ENABLE/INHIBIT/AUTO

LEFT PLB VENT 3 OPEN/CLOSED-2

LEFT FWD VENTS (1/2) OPEN/CLOSED/PURGE IND 2

RT PLB VENT 6 OPEN 2/CLOSED 2/PURGE 1 IND 2

LEFT PLB/W VENTS 4&7 OPEN/CLOSED 2

RT PLB VENTS OPEN/CLOSED 2

MDM FF2 Card 6:

RJOF 1 JET F2F/F2R/F2U/F2D CHAMBER PRESS IND
RH DDU PWR SUPPLY A/B/C GOQD

FWD THC POS/NEG X/Y/Z QUTPUT 8

LH SBTC TAKEQVER-8

LH RHC POS/NEG PITCH/ROLL TRIM 8
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Prom
Segment

2

MOM FF2 Card 9:

RJIDF 1 JET F2F/F2R/F2U/F2D ORIVER

FWD DAP SELECT A-B/B-B

FWD DAP MAN B/AUTO B :

FCS FWD LOOP GAIN PITCH/ROLL-YAW HIGH-B/LOW-B

MPS ME-2 SHUTDOWN CMD A |

SENSE SW -Z/-X CON B

ENTRY ROLL MODE AUTO-B |

FWD ROTATION ROLL/PITCH/YAN DISC RATE B/ACCEL
B/PULSE 8 |

FWD RCS JETS NORM B/VERNIER B

FWD TRANSLATION X/Y/Z NORM B/PULSE B/HIGH B

MPS LO2 FEEDLINE DUMP START B/STOP B8

LH AIR DATA PROBE DEPLOY 2/STOW 2

ADTA 2 POWER ON CMD

IMU-2 POWER ON CMD-8

MSBLS 2 - POWER STATUS

TACAN 2 - AUTO DISCRETE

MDM FF2 Card 12:

FCS MON CHAN 1 RESET/OVERRIDE A

LH +/- PITCH/ROLL/YAW TRIM 8

RCS FWD OX MANF ISOL VLV 2 OPEN/CLOSE
RCS FWD HE 0X PRESS VLV 8 OPEN/CLOSE
NLG NO WEIGHT-ON-WHEELS #2

NLG UPLOCKED

RADAR ALTIM RH DISPLAY SELECT 1/2

RH HSI MLS/NAV/TACAN/SELECT

RH HSI APPROACH/TAEM/ENTRY MODE SELECT
RH HSI SQURCE SELECT 1/2/3

LH RHC TRIM INHIBIT B

RCS RH PITCH/ROLL-YAW AUTO/CSS MODE A
RH BODY FLAT AUTO/MANUAL A

RH SPEED BRAKE/THROTTLE AUTO/MANUAL A
RCS MASTER CROSSFEED FROM LEFT-2/RIGHT-2
ATO/AOA/RTLS ABORT REQUEST SIGNAL B

RH ADI ATTITUDE REF PLB A/B

RT PLB VENT 6 PURGE 2 IND 2



Prom
Segment

2 LMG NO WEIGHT ON WHEELS/UPLOCKED
RMG DOCR UPLOCKED
FCS RATE GAIN PITCH/ROLL-YAW MED B/OFF B

MOM FF2 Card 15 Ch O:

IMU 2 STATUS

RH DOY STATUS '
AFT THC POS/NEG X/Y/Z OUTPUT B
RH SBTC TAKEOVER A

3 RCS FWD OX/FU THRUST INJ TEMP - F2F/F2R/F2U/F2D
8 AFT/LH RHC R/P/Y - CMD B
LEFT RUDDER PEDAL - CMD B
LH SBTC - CMD B
5 RH RHC R/P/Y - CMD A
RT RUDDER PEDAL - CMD A
RH SBTC CMD - A .
6 ACCEL ASSY 2 LAT/NORM ACCEL
7 MDM FF2 Card 2 Ch 1,2:

MPS E2 STATUS/AMBER LITE ON

OMS - LEFT ENG ACTR SELECT STBY 1/2

LEFT PLB VENT 3 OPEN/CLOSE CMD 28

LEFT PLB/W VENTS 447 OPEN/CLOSE CMD 28

RT PLB VENT 6 OPEN/CLOSE/PURGE 1/PURGE 2 CMD 2B
RT PLB VENT 5 OPEN/CLOSE - CMD 2B

MDM FF2 Card 10 Ch 1,2:

MPS E2 STATUS/RED LIGHT ON

SM BU C&W A CMD 2/TONE A CMD 2/ALERT A CMD 2
LEFT PLB VENT 3 OPEN/CLOSE CMD 2A

LEFT PLB/W VENTS 4&7 OPEN/CLOSE CMD 2A

RT PLB VENT 6 OPEN/CLOSE/PURGE 1/PURGE 2 CMD 2A
RT PLB VENT 5 OPEN/CLOSE CMD 2A

8 MDM FF2 Card 5 Ch O:

RJOF 1 JET F2F/F2R/F2U/F2D CMD A
ACCEL ASSY 2 BITE
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Prom
Segment

2 RT PLB VENT 6 OPEN/CLOSED/PURGE IND 4
LEFT PLB/W VENTS 4&7 OPEN/CLOSED 1
LEFT PLB VENT 5 OPEN/CLOSED 1

MDM FF3 Card 6 Ch O:

RJOF 2 JET F4R/F4D/FSL/FSR CHAMBER PRESS IND
AFT DOU PWR SPLY A/B/C G0QD

FWD THC +/- X/Y/Z GUTPUT-C

LH SBTC TAKEOVER-C

MDM FF3 Card 9:

RJDOF 2 JET F4R/F4D/F5R/FSL DRIVER

AFT DAP SELECT A-A/B-A

FWD DAP SELECT A-C/B-C

AFT DAP AUTO A/MAN A

FWD DAP AUTO C/MAN C

FCS FWD LOOP GAIN PITCH/ROLL-YAW HIGH-C/LOW-C

MPS ME-2 SHUTDOWN CMD B

SENSE SW -Z/-X CON C

ENTRY ROLL MODE AUTQ-C

AFT ROTATION ROLL/PITCH/YAW DISC RATE/ACCEL
RATE/PULSE A

AFT RCS JETS NORM A/VERNIER A |

AFT TRANSLATION X/Y/Z PULSE A/HIGH A/NORM A

MPS LH2 FEEDLINE DUMP START A/STOP A

RH AIR DATA PROBE DEPLOY 1/STOW 1

ADTA 3 POWER ON CMD

IMU 3 POWER ON CMD B

MSBLS 3 POWER STATUS

TACAN 3 AUTO DISCRETE

MDM FF3 Card 12:

FCS MON CHAN 4 RESET/QOVERRIDE B

RH +/- PITCH/ROLL/YAW TRIM A

RCS FWD OX MANF ISOL VLV 4 OPEN/CLOSE
RCS FWD OX TANK ISOL VLV 1/2 OPEN/CLOSE
RCS FWD OX MANF ISOL VLV S OPEN/CLOSE
NLG NO WEIGHT ON WHEELS #1

NLG DOOR UNLOCKED

ENTRY ROLLMODE AILERON C

FCS RATE GAIN PITCH/ROLL-YAW MED/OFF C
-Y STAR TRKR POWER ON CMD

RH RHC TRIM INHIBIT A

FCS RH PITCH/ROLL-YAW AUTO/CSS MODE B
RH BODY FLAT AUTO/MANUAL B
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Prom
Segment

2 ' RH SPEED BRAKE/THROT AUTO/MAN B .
RCS MASTER CROSSFEED FROM LEFT-3/RIGHT-3
AOA/ATO/RTLS ABORT REQUEST SIGNAL C
APT ADI ATTITUDE REF PLB-A/PLB-B
RT PLB VENT 6 PURGE 2 IND 1
RMG NO WEIGHT ON WHEELS
RMG UPLOCKED
LMG DOOR UPLOCKED
STAR TRKR -Y DOOR OPEN 2/CLOSED 2
FWD RCS OPTIONS NORM C/VERNIER C

MDM FF3 Card 15:

IMU 3 STATUS, DATA

AFT DDU GOOD

AFT THC +/- X/Y/T QUTPUT C
RH SBTC TAKEOVER-8

RH RHC +/- PITCH/ROLL TRIM A

3 RCS FWD OX/FU THRQST INJ TEMP F4R/F4D/FSL/FSR

4 AFT/LH RHC R/P/Y - CMD C
LEFT RUDDER PEDAL - CMD C
LH SBTC-CMD C

5 RH RHC R/P/Y - CMD 8
RT RUDDER PEDAL - CMD B
RH SBTC - CMD B8

] ACCEL ASSY 3 LAT/NORM ACCEL
MDM FF3 Card 2 Ch 1,2:

MPS E3 STATUS/AMBER LITE ON

RH EVENT SEQUENCE A/B/C/D/E COMPUTER CONT
DOPPLER EXTRACTOR - UNIT 2

RCS CMD ROLL/PITCH/YAW LEFT/RIGHT LAMP B
RCS CMD PITCH UP/DQWN B

AFT DAP AUTO (LIGHT)/SELECT A (LIGHT)

OMS R ENG ACTR SELECT STBY 1/STBY 2

AFT DAP MANUAL (LIGHT)/SELECT B8 (LIGHT)

AFT RCS JETS VERNIER (LIGHT)/NORMAL (LIGHT)
RT PLB/W VENTS 447 OPEN/CLOSE CMD 2B

LEFT PLB/W VENTS 4%7 OPEN/CLOSE CMD 1B

RT PLB VENT 6 OPEN/CLOSE/PURGE 1/PURGE 2 CMD 18
LEFT PLB VENT 5 OPEN/CLOSE CMD 1B

~
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8

MDM FF4
1

2

MDM FF3 Card 5 Ch 1:

RCS FAIL/OMS-TVC FAIL

OMS LEFT-ENG/RT-ENG ABNORMAL

FC CHANNEL FAIL

FCS SATURATE

IMU/RH RHC/LH RHC/NAV SENSOR/GYRO ACCEL FAIL
RIGHT RCS/FWD RCS LEAK DET

MDM FF3 Card 10 Ch 1,2:

MPS E3 STATUS/RED LITE ON

AFT ROTATION ROLL/PITCH/YAW DSCR/ACCEL/PULSE (LIGHTS)
AFT TRANSLATION X/Y/Z NORM/PULSE/HIGH (LIGHTS)

SM 8U C&W A CMD 3/TONE A CMD 3/ALERT A CMD 3

RT PLB/W VENTS 4&7 OPEN/CLOSE CMD 2A

LEFT PLB/W VENTS 4&7 OPEN/CLOSE CMD 1A

RT PLB VENT 6 OPEN/CLOSE/PURGE 1/PURGE 2 CMD 1A

LEFT PLB VENT 5 OPEN/CLOSE CMD 1A

MOM FF3 Card 5 Ch O:

RJDF 2 JET F4R/FAD/RSL/FSR CMD A
ACCEL ASSY 3 BITE
DPLR XTRTR 2 START D TIME/TEST MODE DISCRETES

RCS FWD FU TNK OUT PRESS
RCS FWD FU TNK TEMP-1

MDM FF4 Card 4 Ch 0,2:

FCS MON CHAN 3 RESET/OVERRIDE A

FCS CHAN 2 RESET/QVERRIDE C

RH BODY FLAP UP/DOWN B

MPS ME-3 SHUTDOWN CMD B

RJDF 2 TRICKLE CURRENT CONTINUITY 3

RCS FWD FU MANF ISOL VLV 3 OPEN/CLOSE

MPS ENG LIMIT CONTROIL #3 ENABLE/INHIBIT/AUTO
RT PLB VENT 3 QPEN/CLOSED-2

RT FWD VENTS 1%2 OPEN/CLOSED/PURGE IND-2
LEFT PLB VENT 6 OPEN 2/CLOSED 2/PURGE IND 2
RT PLB/W VENTS 4&7 OPEN/CLOSED-1

LEFT PLB VENT 5 OPEN/CLOSED-2

0-12
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MDM FF4 Card 8 Ch O: .
RIDF 2 JET F3F/F3L/F3U/F3D CHAMBER PRESS IND
MDM FF4 Card 9:

RJOF 2 JET F3F/F3L/F3U/F3D DRIVER

AFT DAP SELECT A-8/8-8

AFT DAP AUTO/MANUAL B

ENTRY ROLL MODE AUTO D -

AFT ROTATION ROLL/PITCH/YAW DISC RATE B/ACCEL
B/PULSE 8 '

AFT RCS JETS NORM 8/VERNIER 8

AFT TRANSLATION X/Y/Z NORM B/PULSE B/HIGH B

MOM FF4 Card 12:

FCS MON CHAN 4 RESET/OVERRIDE A
* RH +/- PITCH/ROLL/YAW - TRIM 8

RCS FWD OX MANF JSOL VLV 3 OPEN/CLOSED
RH RHC TRIM INHIBIT B
FCS RH PITCH/ROLL-YAW AUTO/CSS MODE C
RH BODY FLAP AUTO/MANUAL C
RH SPEED BRAKE/THROT AUTO/MAN C
LEFT PLB VENT 6 PURGE 2 IND 2

, ENTRY ROLL MODE AILERON D

MOM FF4 Card 15:
RH SBTC TAKEQVER-C
RH RHC +/- PITCH/ROLL TRIM-8
ET SEP. MANUAL ENABLE B/INITIATE B/AUTO B
RCS FWD OX/FU THRUST INJ TEMP -.F3F/F3L/F3U/F3D
pUMMY
RH RHC R/P/Y - CMD C
RT RUDDER PEDAL-CMD C
RH SBTC - CMD C
ACCEL ASSY 4 LAT/NORM ACCEL
MDM FF4 Card 2 Ch 2:

OMS - R ENG ACTR SELECT ACTIVE-1/ACTIVE-2
RT PLB VENT 3 OPEN/CLOSE CMD 28

0-13
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MDM FAl
L

RT PLB/W VENTS 4&7 OPEN/CLOSE CMD 1B
LEFT PLB VENT 6 OPEN/CLOSE/PURGE 1/PURGE 2 CMD 2B
LEFT PLB VENT 5 OPEN/CLOSE CMD 2B

MOM FF4 Card 5 Ch 1:
FWD - EVENT TIMER - LIFT-OFF START
MDM FF4 Card 10 Ch 2:

SM BU C&W A CMD 4/TONE A CMD 4/ALERT A CMD 4

RT PLB VENT 3 OPEN/CLOSE CMD 2A

RT PLB/W VENTS 4&7 OPEN/CLOSE CMD 1A

LEFT PLB VENT 6 OPEN/CLOSE/PURGE 1/PURGE 2 CMD 2A
LEFT PLB VENT 5 OPEN/CLOSE CMD 2A

MOM FF4 Card 5 Ch O:

RJOF 2 JET F3F/F3L/F3U/F3D CMD A
ACCEL ASSY & LAT/NORM BITE

ET LH2/L02 ULLAGE PRESS NO 1
MPS ENG NO 1 HE SUPPLY/RGLTR OUTLET PRESS
MPS LH2 ENG MANF PRESS

RCS L AFT HE FU/OX TANK PRESS 1/PRESS 2/TEMP 1
RCS L AFT FU/0X TNK OUT PRESS/TEMP 1/ULLAGE PRESS
RCS L/R AFT OX/FU MANF PRESS -1/2

OMS L POD FUEL TNK ULLAGE PRESS

OMS L POD HE TNK PRESS 1/TEMP-UPPER

OMS R POD OXDZR TNK ULLAGE PRESS

OMS L ENG OX INLET PRESS

OMS-L ENG PNEU SUPPLY PRESS 2

OMS-L ENG RGLTR QUT PRESS

OMS-PBK HE TNK PRESS 2

OMS-PBK OX/FU AFT COMPARTMENT QTY

OMS L ENG ACTV P/Y ACTR POSN IN

RCS R AFT FU/OX THRUST INJ TEMP-R1A,R1R,R1U
RCS L AFT FU/0X THRUST INJ TEMP-LS5L,L1A,L1L,L1U,LS5D

MDM FAl Card 3 Discretes:
RT INBD (QUTBO) ELEVON ACTR 1 FAIL

RUDDER ACTR 1 FAIL
MPS ENG 1 (2,3) P ACTR A FAIL

D-14



Prom

/o~  Segment

5 LH SRB TILT ACTR A FAIL -
RH SRB ROCK ACTR A FAIL
RJDA 1 TRICKLE CURRENT CONTINUITY 1,5L
€T - LH2 LOW LEVEL LIQ SENSOR KO. 4
MPS LH2 INBD FILL VLV (REPLENIS VLV) CLOSED
MPS E-1 LH2 PREVLV OPEN A ~
ET SEPARATION A
LH SRB SEPARATION INDICATION B
OMS PBK (LEFT-POD) FU ISOL VALVE A posn oP (CL)
OMS - LEFT PGD VAPOR ISOL VLV 1 POSN 1]
OMS - LEFT ENG PURGE VLV 1 POSN OP
OMS - LEFT ENG ARM PRESS (ARM) CMD 2 0P
OMS - RT POD 0X XFD (FU XFD) VLV A POSN OP (CL)
ET UMB OR LCH 1 LKD (STWD) IND 1
RCS RT AFT FU (OX) MANF ISOL VLV-1 (HE OX/FU
PRESS VLV-A) 0P (CL)
RCS RT AFT FU (OX) XFD VLV-3/4/5 OP (cL)

MDM‘FAL Card 5:

RJDA 1 JETS (L1A,L1L,L1U,R1A,RIR,R1U,LSD,L5L)
CHMBR P IND
RGA 1 R (P,Y) SMRD IND

N MOM FAl Card 8: .

RJDA 1 JET DRIVER (LlA,LlL,LlU,RlA,RlR,RlU,LSD,LSL)
ET LAUNCH UMB CL/OUT DR OP (CL,LTCHD,LTCH REL IND)-1
ET LAUNCH UMB CL/OUT DR RDY-TO-LTCH IND 1 (2,3)

MOM FALl Card 11:

LEFT INBD (OUTBD) ELEVON ACTR 1 FAIL

SPEED BRAKE ACTR 1 FAIL

MPS 1 (2,3) Y ACTR A FAIL

LH ROCK SRB ACTR A FAIL

RH TILT SR8 ACTR A FAIL

MPS - LOX LOW LVL LIQUID SNSR #4

MPS - ENG 1 LOX PRE VLV OP

LEFT AFT VENTS 8&9 CL (OP, PURGE) 1

OMS - PBK OX ISOL VLV Al POSN 0P (CL)

OMS - LEFT POD HE ISOL VLV A POSN OP

OMS - PBK OX TNK (L POD OX TNK, L POD FU T™K)
LVL LOW

OMS - LEFT POD OX (FU) XFD VLV A POSN OP (cL)

OMS - PBK OX (FU) OUMP VLV Al POSN OP (cL)

RCS - LEFT AFT OX (FU) ISOL VLV-1 OP (cL) :

RCS - LEFT AFT OX (FU) TANK ISOL VLV-1 (2) oP/CL



Prom
Segment

10

11

RCS - LEFT AFT HE OX (FU) PRESS VLV-A OP (CL)
RCS - LEFT AFT 0X (FU) MANF ISOL VLV-5 OP (CL)

HYDR SYS 1 SUPPLY PRESS A/B

MPS ENG NO 1 LH2/LOX INLET PRESS/TEMP
LH/RH PRESS A SRM CHAMBER

LH/RH VOLTAGE IGN PIC CAP A

L/R INBD/OUTBD ELEVON POSN FDBK-1
SPEED BRAKE/RUDDER/BODY FLAP POSN FDBK-1

L/R INBD/OUTBD PR1 DELTA PRESS 1

RGA 1 R/P/Y RATE
LH/RH RATE PITCH/YAW GYRO A

MDM FAL Card 2 Ch 0,1:

RJDA 1 JET LI1A (LIL, L1U,R1A,RIR,RIU,LSD,LSL) CMD A
MPS ENG 1 P ACTR A BYPASS (RESET)

MPS ENG 2 P (Y) ACTR A BYPASS (RESET)

LH SR8 TILT ACTR A BYPASS (RESET)

RH SRB ROCK ACTR A BYPASS (RESET)

LEFT INBO (OUTBD) ELEVON ACTR 1 BYPASS (RESET)

RT INBD (OUTBD) ELEVON ACTR 1 BYPASS RESET

SPEED BRAKE BYPASS (RESET) 1

RUDDER BYPASS (RESET) 1

BODY FLAP UP (DOWN) CMD 1

MDM FAl Card 7:

ET UMB DR CL LCH 1 STOW (LOCK) CMD 1A

ET LAUNCH-UMB CL/OUT DR CLOSE (LATCH) CMD 1A

LEFT AFT VENTS 8&9 CL (OP, PURGE) CMD 1A

MPS E-1 LO2 (LH2) PREVLV 0P (CL) CMD B

REPLACE LH2 ULLAGE PRESS NO 1 XDCR

MPS E-1 MAINSTAGE CMD A

MPS LH2 REPLENISH VLV OPEN CMD

MPS LH2 MANF REPRESS NO 1 OP CMD

OMS - RT ENG CONTROL VLV 1 COIL 2 OP

OMS - LEFT POD VAPOR ISOL VLV 1 OP

OMS - LEFT POD FU (0X) ISOL VLV A CMD 2 OP (CL)

OMS- LEFT/RT POD FU (0X) XFD VLV A CMD 2 QP (CL)

RCS - LEFT AFT XFD VLV-3/4/5 GPC CL (OP) A

ch -(LE?T AFT FU (OX) TANK A ISOL VLV 1/2 GPC
L (oP) B

D-16
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11

MOM_FA2

OMS - LEFT POD XFD VLVS B CMD OP (CL)

OMS - RT POD XFD VLVS 8 CMD OP (CL)

RCS - RT AFT OX XFD V-3/4/5 GPC OP (CL) B
RCS - RT AFT FU XFD v-3/4/5 GPC OP (CL) B
RCS .- RT AFT TK ISOL V-1/2 GPC OP (CL) A

RCS - RT AFT MANF ISOL VLV-1 GPC QP

RCS - RT AFT MANF ISOL V-3 (-5) GPC CL A

RCS - LEFT AFT MANF ISOL V-3 GPC CL B

RCS - RT AFT HE PRESS VLV-A GPC CL (OP) A

" ET LH2/L02 ULLAGE PRESS NO 2

MPS ENG NO 2 HE SUPPLY/RGLTR OUTLET PRESS
MPS LOX ENG MANF PRESS '

RCS R AFT HE FU/OX TNK PRESS 1/PRESS 2/TEMP 1
RCS,R AFT FU/0X TNK OUT PRESS/TEMP 1/ULLAGE PRESS
RCS'L/R AFT OX/FU MANF PRESS -3/4/5

OMS R POD FU TNK ULLAGE PRESS

OMS R POD HE TNK PRESS 1/ TEMP UPPER

OMS L POD OXDZR TNK ULLAGE PRESS

OMS R POD OX/FU AFT COMPARTMENT QTY

OMS R ENG OX INLET/PRESSURE

OMS R ENG RGLTR QUTPRESSURE

OMS R ENG PNEU SUPPLY PRESS 2 .

OMS PBK HE TANK PRESS 1/TEMP

OMS - L ENG STBY P/Y ACTR POSN IN

RCS L AFT FU/0X THRUST INJ TEMP-L3A,L3L,L3D
RCS R AFT FU/OX THRUST INJ TEMP-R3A,R3R,R3D,RSD,RSR

MDM FA2 Card 3 Discretes:

RT INBD (OUTBD) ELEVON ACTR 2 FAIL
RUDDER ACTR 2 FAIL

MPS ENG 1 (2,3) P ACTR B FAIL

SRB LH TILT ACTR B FAIL -

SR8 RH ROCK ACTR 8 FAIL

RJDA 2 TRICKLE CURRENT CONTINUITY 3,5R

ET - LH2 LOW LEVEL LIQ SENSOR NO. 2

MPS - LH2 OUTBD FILL VLV CLSD

MPS E-2 LH2 PREVLV OP-A

MPS LH2 FEED DISC VLV CLSD-A

ET SEPARATION 8

RH SR8 SEPARATION IND B :
QMS PBK (LEFT-POD) FU ISOL VLV B POSN OP (CL)

0-18



61-0

(70) d0 §/9/€-ATA QX (nd) X0 Ldv L4371 SN
(13) d0 £-3ATWA 0SI SNWW (x0) nd Ldv L1431 S
(13) d0 NSOd T8 ATA dWN (nd) XO Mg8d = SWO

MOT AT MNL (Nd) XO GOd L¥ - SWO

(13) 40 NSOd 8 ATA QX (nd) X0 Q0d L4317 = SWO
MOT A7 SINL Nd X8d = SKWO

40 NSOd 8 ATA 10SI 3H 00d L4317 - SWO

(70) d0 NSOd 8 A7A 70SI X0 00d 1437 - SWO

o (19) dO NSOd 18 ATA T0SI XO %8d = SWO
I 2 (29uNd*d0) 10 638 SINIA Ldv L¥
; . g 10 A/8 08Y3A0 207 SdW
19 AN T11d4 G8NI X017 SdW
v 19 ATA 3510 Q3 207 SdW
d0 ATA3Yd X071 2 ON3 SdW
2 USNS DIT AT MOY XO7 ScW
qIV4 8 LIV 1111 HY 8YS
1Iv4 8 ¥LIV J0Y H1 8¥S
91v4 8 WY A (€°2) T ON3 SdW,
11v4 2 ¥lIY 3)vie G33dS
“Iv4 2 ulov NOA3T3 (Q8Ln0) GENI L1d31

111 PJR) 2V WOW

2 GNI 734 HOL1 ¥0 1M0/70 8WN L¥ 13 “ \
¢ ONI SGHQlT'dQ) @S0 ¥ 1N0/70 8WN L¥ 13
(QSY* uGY“ OEY“ YEY ‘VEY 0L I€7) Ve ¥3AI¥O 130 2 vaCY

8 PJ4®D 2vd WOW

ONI QuWS (A*d) ¥ 2 YOu
(Q5Y*¥SY* OEY* UEY VEU YET* 0ET) €T ONI SS3Yd ¥GAHD 13C 2 varY

1§ p4RD 2vd WOW

(19) d0 8-ATA SS3¥d XO 3H 1V L¥ - S
, (19) d0 8-ATA SS3ud Ad 3H Ldv 1¥ - SN
- (19)"d0 2/T-AIA 10SI ML X0 Ldv 1¥ - SJ¥
(1) d0) 2/T-AIA 10ST NL Nd Ldv LY - SO¥
(72) d0 (S)E-ATA 10SI JNVW XO Lldv 1¥ - v}
(19) d0 (S)E-ATA 10SI INWW Nd Ldv LY = Sy
2 ONI (GMLS) QX1 T HO1 ¥0 8Wn 13
d0 NSOd T AA 10SI ¥OdVA d8d = SWO
d0 NSOd ¥ ATA 10SI 3H X8d - SWO
(19) dO NSOd 8 ATA G3X N GOd LY = SKO
(19) d0 NSOd 8 AA QdX X0 00d' LY - SWO
40 2 WD (Wyy) SS3¥d Wiy OSN3 LY - SWO
d0 NSOd 2 AA 39¥nd ON3 1431 - SWO
.40 NSOd 2 ATA 10SI ¥0dvA 004 1437 = SWO : s

juaubas W/

. wodd



Prom
Segment

10

11

HYOR SYS 2 SUPPLY PRESS A/B

MPS ENG NO 2 LH2/LOX INLET PRESS/TEMP
LH/RH PRESS B SRM CHAMBER

LH/RH VOLTAGE IGN PIC CAP B

L/R INBD/OUTBD ELEVON POSN FDBK-2
SPEED BRAKE/RUDDER/BGDY FLAP POSN FDBK-2

L/R ‘INBD/OUTBD ELEVON- PR1 DELTA PRESS 2

RGA 2 R/P/Y RATE
LH/RH RATE PITCH/YAW GYRO B

MOM FA2 Card 2:

RJDA 2 JET L3A (L3L,L3D,R3A,R3R,R3D,RSR,RSD) CMD A
MPS ENG 1 P ACTR B BYPASS (RESET)

MPS ENG 2 P (Y) ACTR B BYPASS (RESET)

RH SRB ROCK ACTR B BYPASS (RESET)

LH SR8 TILT ACTR B BYPASS RESET%

LEFT INBD (OUTBD) ACTR 2 BYPASS (RESET)

RT INBD (OUTBD) ACTR 2 BYPASS (RESET)

SPEED BRAKE BYPASS (RESET) 2

RUDDER BYPASS (RESET) 2

BODY FLAP UP (DOWN) CMD 2

MDM FA2 Card 7:

ET UMB DR CL LCH1 STOW (LOCK) CMD 2A

ET RT UMB-CL/OUT OR CLOSE (LATCH) CMD 28

RT AFT VENTS 8&9 CL (0P,PURGE) CMD 2A

MPS E-1 LO2 (LH2) PREVLV CL (QP) CMD C

REPLACE LH2 ULLAGE PRESS NO 2 XDCR

MPS LH2 FEED DISC VLV CL (OP) CMD C

MPS E-1 MAINSTAGE CMD B

MPS - LH2 MANF REPRESS NO 2 OP CMD

OMS - RT ENG CNTRL VLV 2 COIL 2 OP

OMS - LEFT POD VAPOR ISOL VLV 2 OP

OMS - LEFT POD TANK VLVS A CMD 1 OP (CL)

OMS - LEFT POD XFD VLVS A CMD 1 OP (CL)

OMS - RT POD XFD VLVS A CMD 1 OP (CL)

OMS - PBK VAPOR ISOL VLV 1 OP

RCS - LEFT AFT 0X (FU) XFD V-3/4/5 GPC CL (OP) B
RCS - LEFT AFT TNK ISOL V-1/2 GPC CL (OP) A

RCS - LEFT AFT MANF ISOL VLV-3 GPC OP (-5 GPC CL A)
RCS - LEFT AFT MANF ISOL V-1 GPC CL A (Bg

RCS - LEFT AFT HE PRESS VLV-B GPC OP (CL) A

0-20
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Segmnent

MDM FA3

ET LH2/L02 ULLAGE PRESS NO 3
MPS ENG NO 3 HE SUPPLY/RGLTR OUTLET PRESS

RCS L AFT HE FU TNK PRESS 2/TEMP 1
RCS L AFT FU TNK QUTPRESS/TEMP 1
RCS L AFT OX TNK OUTPRESS

RCS L AFT HE OX TNK PRESS 2 -

RCS L/R AFT OX/FU MANF VLV 2

OMS L POD FU/0X TNK TOTAL QTY

OMS L POD HE TNK PRESS 2

OMS L POD OX/FU AFT COMPARTMENT QTY
OMS L ENG CHAMBER FU INLET PRESSURE
GMS L ENG BI-PROP' VLV 1/2 POSN OP
OMS L ENG PNEU SUPPLY PRESS 1

OMS PBK OXDZR TANK TEMP/ULLAGE PRESS

OMS R ENG STBY P/Y ACTR POSN IN

RCS R AFT FU/OX THRUST INJ TEMP-RZR,R2U,R2D
RCS L AFT FU/OX THRUST INJ TEMP-L2L,L2U,L20

MDM FA3 Card 3 Discretes:

RT INBD {OUTBD) ELEVON ACTR 3 FAIL
RUDDER ACTR 3 FAIL QUTPUT

MPS 1 (2,3) P ACTR C FAIL

SR8 LH TILT ACTR C FAIL

SRB RH ROCK ACTR C FAIL

RJDA TRICKLE CURRENT CONTINUITY 2

ET - LH2 LOW LVL LIQ SENSOR NO 1

MPS LH2 RTLS OUTBD D/V CL

MPS E-1 LH2 PREVLV OP B

LH SRB SEP IND A '
OMS - PBK FU ISOL VLV A2 POSN OP (CL)
OMS - RT POD FU ISOL VLV B POSN OP (CL)
OMS - RT POD VAPOR ISOL VLV 1 POSN OP
OMS - RT ENG PURGE VLV 1 POSN OP

OMS - LEFT ENG ARM/PRESS CMD 1 OP

OMS - LEFT ENG ARM/CMD 1 QP

OMS - PBK HE ISOL VLV B POSN QP

OMS - PBK VAPOR ISOL VLV 2 POSN OP

ET UMB DR CL LCH 2 LOCKED (STOWED) IND 2
RCS RT AFT FU (0X) MANF ISOL VLV-2 OP (CL)
RCS RT AFT OX (FU) TNK ISOL VLV-3/4/5/ QP (CL)
RCS LEFT AFT OX (FU) XFD VLV-1/2 OP (CL)
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Prom
Segment

11 MDM FA3 Card 2:

RJDA 1 JET L2L (L2u,L2D,R2R,R2U,R2D) CMD A -
MPS ENG 1 P ACTR C BYPASS (RESET) '

MPS ENG 2 P (Y) ACTR C BYPASS (RESET)

SRB ACTR C LH TILT BYPASS (RESET

SR8 ACTR C RH ROCK BYPASS (RESET

LEFT INBD (OUTBD) ELEVON ACTR 3 BYPASS (RESET)
RT INBD (OUTBD) ELEVON ACTR 3 BYPASS (RESET)
SPEED BRAKE BYPASS (RESET) 3

RUDDER BYPASS (RESET)

BODY FLAP UP (DOWN) CMD 3

MDM FA3 Card 7:

ET UMB DR CL LCH 2 STOW (LOCK) CMD 2A

ET RT UMB CL/OUT OR LCH CMD 1A

ET LEFT UMB CL/OUT DR CL CMD 2

RT AFT VENTS 829 CL (OP,PURGE) CMD 1A

MPS E-1 L0O2 PREVLV OP (CL) CMD A

MPS E-1 LH2 PREVLY OP (CL) CMD A

REPLACE LH2 ULLAGE PRESS NO 3 XDCR

MPS LH2 FEED DISC VLV CL (OP) CMD A

MPS - E1 EMERG SHT ON INH CMD A

OMS - RT ENG CONTROL VLV 1 COIL 1 OP,

OMS - RT POD VAPOR ISOL VLV 1 OP

OMS - RT POD TNK VLVS A CMD 1 OP (CL)

OMS - PBK VAPOR ISOL VLV 2 0P

RCS - LEFT AFT 0X XFD VLV 1/2 GPC CL (OP) B
RCS - LEFT AFT FU-(0X) TK ISOL V 3/4/5 A GPC OP (CL)
RCS - LEFT AFT MANF ISOL VLV-2 GPC OP

RCS - LEFT AFT MANF ISOL VLV-4 GPC CL A
RCS - RT AFT MANF ISOL VLV-4 GPC CL B

MDM FA3 Card 10:

RJDA JET L2L (L2U,L2D,R2R,R2U,R2D) CMD B
MPS ENG 1 Y ACTR C BYPASS (RESET)

MPS ENG 3 Y (P) ACTR C BYPASS (RESET)
SRB RH TILT ACTR C BYPASS (RESET)

SRB LH ROCK ACTR C BYPASS (RESET)

BODY FLAP ENA CMD 3

MDM FA3 Card 12:
MPS LO2 ACC RECIRC VLV 1 CL CMD B
MPS LO2 OVERBD 8/V CL CMD A

MPS LH2 RTLS INBD (OUTBD) D/V OPEN CMD A
LH2 RTLS MANF REPRESS 1 OP CMD A
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Prom
Segment

1 _ MPS LO2 FOLN RLF S/0. VLV €L CMD C
- LEFT SRB BUS C RPC C ON CMD
RT SRB BUS C RPC C ON CMD
OMS - PBK OX (FU) ISOL VLV A2 OP (CL)
OMS - RT ENG PURGE VLV 1 OP
OMS - PBK OX (FU) DUMP VLV A2 OP (CL)
: HYD SYS 3 LDG GR ISOL VLV OP

MOM FA3 Card 15:

ET UMB DR CL LCH 2 STOW (LOCK) CMD 28
€T RT UMB CL/OUT OR LCH CMD 18
RT AFT VENTS 8&9 CL (OP, PURGE) CMD 1B
MPS LH2 FOLN RLF S/0 VLV CL CMD A
MPS E-2 LO2 PREVLYV OP (CL) CMD C
MPS LO2 FEED DISC VLV CL (OP) CMD A
MPS E-2 MAINSTAGE CMD 8
MPS - LO2 MANF REPRESS NO 1 OP CMD
' OMS - LEFT ENG CONTROL VLV 2 COIL 1 OP
OMS - RT POD HE ISOL VLV A OP
OMS - RT POD OX/FU ISOL VLV B CMD 2 OP (CL)
ET/ORB SEP CAMERAS ON CMD
OMS - PBK HE ISOL VLV B OP
RCS - RT AFT XFD VLV-1/2 GPC CL (QP) A
RCS - RT AFT OX/FU TNK ISOL VLV 3/4/5 A GPC OP (CL)
RCS - RT AFT MANF ISOL VLV-2 GPC QP
RCS - RT AFT MANF ISOL VLV-4 GPC CL A
RCS - LEFT AFT MANF ISOL VLV-4 GPC CL B
RCS - LEFT AFT FU XFD VLV-1/2 GPC CL (OP) B

MDM _FA4

AFT HE FU TNK TEMP 1/PRESS 2
AFT FU TNK TEMP 1/0UT PRESS
AFT OX TNK OUT PRESS

RCS R AFT HE OX TNK PRESS 2

RCS L/R AFT OX/FU MANF VLV 4

OMS R POD OX/FU TNK TOTAL QTY

OMS R POD HE TNK PRESS 2

OMS R ENG FU INLET/CHAMBER PRESS
OMS R ENG BI PROP VLV 1/2 POSN 0P
OMS R ENG PNEU SUPPLY PRESS 1

OMS PBK FU TANK TEMP/ULLAGE PRESS

3 OMS R ENG ACTV P/Y ACTR POSN IN
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Segment ‘

5 RCS R AFT FU/0X THRUST INJ TEMP-R4R,R4U,R4D
RCS L AFT FU/0X THRUST INJ TEMP-L4L,L4U,L4D

5 MDM FA4 Card 3:

RT INBD (QUTBD) ELEVON ACTR 4 FAIL

RUDDER ACTR 4 FAIL OQUTPUT

MPS ENG 1 (2,3) P ACTR D FAIL

SRB LH TILT ACTR D FAIL

SRB RH ROCK ACTR D FAIL

RJDA 2 TRICKLE CURRENT CONTINUITY 4

ET - LH2 LOW LVL LIQ SENSOR NO 3

MPS LH2 RTLS INBD D/V CLSD

MPS E-2 LH2 PREVLV OP B .

MPS - LH2 FEED DISC VLV CL (OP) B

RH SRB SEP IND A

OMS - PBK FU ISOL VLV B2 POSN 0P (CL)

QMS - RT POD FU ISOL VLV A POSN OP (CL)
OMS - RT POD VAPOR ISOL VLV 2 POSN op

OMS - RT ENG PURGE VLV 2 POSN QP

OMS - RT ENG ARM/PRESS (ARM) CMD 1 OP

ET UMB DR CL LCH 2 LOCKED (STOWED) IND 1
RCS - RT AFT FU (0X) MANF ISOL VLV OP (CL)
RCS - RT AFT FU (0X) TK ISOL VLV-3/4/6 B OP (CL)

MOM FA4 Card 5:
RGA 4 YAW SMRD IND
MDM FA4 Card 8:

RJDA 2 JET L4L (L4U,L4D,R4R,R4U,R4D) ORIVER
MPS 'LO2 ACC RECIRC VLV 2 0P

MPS E-3 LH2 PREVLV OP A

ET RT UMB CL?0UT DR OP (CL) IND 1

ET LEFT UMB CL/OUT DR LCHD (LTCH REL) IND 2

MDM FA4 Card 11:

LEFT INBD (OUTBD) ELEVON ACTR 4 FAIL
SPEED BRAKE ACTR 4 FAIL
MPS ENG 1 (2,3) Y ACTR D FAIL
SRB LH ROCK ACTR 0 FAIL -
SRB RH TILT ACTR 0 FAIL
MPS - LOW LVL LIQ SNSR NO 3
" MPS - ENG NO 3 LOX PREVLV OP
L AFT VENTS 8&9 OP (CL, PURGE) IND 2
OMS - PBK OX ISOL VLV 32 POSN OP (CL)
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Segment
5 OMS - RT POD OX.ISOL VLV A'POSN OP (CL)

OMS - RT POD HE ISOL -VLV B POSN OP
OMS - RT ENG PRESS VLV POSN 0P ‘
OMS - PBX OX (FU) OUMP VLV B2 POSN 0P (CL)
RCS - LEFT AFT FU (0X) MANF ISOL VLV-4 OP (CL)
RCS - LEFT AF OX (FU) TNK ISOL VLV-3/4/5 B OP (CL)
RCS - RT AFT OX (FU) XFD vLV-1/2 OP (CL)

6 DUMMY

7 DUMMY

8 L/R INBD/OUTBD ELEVON POSN FDBK-4
SPEEDBRAKE/RUDDER/BODY FLAP POSN FDBK-4

9 L/R INBD/OUTBD ELEVON PRI DELTA PRESS 4

10 . RGA 4 R/P/Y RATE

11 MDM FA4 Card 2:

RJDA 2 JET L4L (L4U,L4D,R4R,R4U,R4D) CMD A
MPS ENG 1 P'éYi ACTR D BYPASS (RESET

MPS ENG 2 P (Y) ACTR D BYPASS (RESET

SRB RH ROCK ACTR D BYPASS (RESET)

SR8 LH TILT ACTR D BYPASS (RESET)

LEFT INBD (OUTBD) ELEVON ACTR 4 BYPASS (RESET)
RT INBD (CUTBD) ELEVON ACTR 4 BYPASS (RESET)
SPEED BRAKE BYPASS (RESET) 4
RUDDER BYPASS (RESET) 4

MDM FA4 Card 7:

ET UMB DR CL LCH 2 STOW (LOCK) CMD 1A
ET LEFT UMB CL/OUT DR LCH CMD 2A

ET RT UMB CL/OUT DR CL CMD 1

LEFT AFT VENTS 8&9 OP (CL,PURGE) CMD 2A :
MPS - LH2 RECIRC DISC VLV OP (CL) CMD P
MPS - LH2 FEED DISC VLV CL (OP) CMD B b
MPS - E1 EMERG SHT DN INH CMD B

o

OMS - RT ENG CONTROL VLV 2 COIL 1 OP
OMS - RT POD VAPOR ISOL VLV 2 QP
- QOMS - RT POD FU (0X) ISOL VLV A CMD 2 OP (CL)
RCS - LEFT AFT XFD VLV-1/2 GPC CL (0P) A
RCS - LEFT AFT FU (0X) TNK ISOL V 3/4/5 B GPC OP (CL)(
RCS - LEFT AFT MANF ISOL VLV-4 GPC OP
RCS - LEFT AFT MANF ISOL VLV-2 GPC CL A
RCS - RT AFT MANF ISOL V-2 GPC CL B
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11

MDM FA4 Card 10:

RJDA 2 JET L4L (L4U,L4D,R4R,R4U,R4D) CMD B
MPS ENG 1 Y ACTR D BYPASS (RESET)

MPS ENG 3 Y (P) ACTR D BYPASS (RESET)

SRB RH TILT ACTR D BYPASS (RESET

SR8 LH ROCK ACTR D BYPASS (RESET

MDM FA4 Card 12:

MPS L02 ACC RECIR VLV 2 CL CMD B

MPS LO2 OVERSD B/V CL CMD B

MPS SIG COND PWR #3 ON CMD

MPS LH2 RTLS INBD (OUTBD) D/V OP CMD B
MPS E-3 LO2 (LH2) PREVLV OP (CL) CMD B
REPLACE L02 ULLAGE PRESS #3 XDCR

LH2 RTLS MANF REPRESS 1 OP CMD C

MPS, E-3 MAINSTAGE CMD A

OMS - PBK OX (FU) ISOL VLV B2 OP (CL)
OMS - RT ENG PURGE VLV 2 OP

OMS - PBK OX (FU) DUMP VLV B2 OP (CL)

MOM FA4 Card 15:

ET UMB DR CL LCH 2 STOW (LOCK) CMD 1B

ET LEFT UMB CL/OUT DOOR LATCH CMD 28
LEFT AFT VENTS 8&9 CL (OP, PURGE) CMD 2B
MPS LH2 FDLN RLF S/0 VLV CL CMD B -

MPS LO2 OUTBD FILL VLV 0P (CL) CMD

MPS E-2 LH2 PREVLY OP (CL) CMD C

MPS LO2 FEED DISC VLV CL (OP) CMD B

LH2 RTLS MANF REPRESS 2 OP CMD A

MPS - LO2 MANF REPRESS NO 2 0P CMD

OMS - LEFT ENG CONTROL VLV 1 COIL 1 OP
OMS - RT POD HE ISOL VLV B QP

OMS - RT POD TK VLVS B CMD 1 OP (CL)

RCS RT AFT OX XFD Vv-1/2 GPC CL (OP) B
RCS RT AFT FU (OX) TNK ISOL V-3/4/5 B GPC CL (OP)
RCS RT AFT MANF ISOL VLV-4 GPC OP

RCS RT AFT MANF ISOL VLV-2 GPC CL A

RCS LEFT AFT MANF ISOL VLV-2 GPC CL B
RCS RT AFT FU XFD VLV-1/2 GPC CL (OP) B
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APPENDIX E - UPLENK LOADS/MEMORY CONFIGURATIONS

)

MEMORY CONF IGURAT IONS

W1 w2 W 3 W4 W0 W6 W 7 W8 9 6FsS
0PS CODE GNC 1.6 GNC 2 NOM ENTRY SM 2 M8 SH 9 GHC 8 GNC 9

ASC/ABT ON-GRBIT GNC 3 OPS 000 MM UTIL [INIT/CO ON-ORBIT__PRECOUNT
2-STAGE BUFFER X X X X X X X X X X
CLEAR (1000001) ) .
SPC BUFFER CLEAR X X
(1600010) .
2-STAGE BUFFER X X X X X X X X X X
EXECUTE (1000011) .
WORD BY WORD X X X X X X X X X
CORRECTION .
(16000100)
G-MEM CONTIGUOUS X X X X X X X X
(0000001 )
G-MEM SCATTER  * X X X X X X X X
(6000010)
MDM SINGLE X X X X X X X X X X
(0000101)
MDM MULT X X X X X X X X X X
(0000011)
MK SPC MULT X X
(0000100)
EQUIV DEV X X X X X X X X X
(0000101) )
MM SM INTERFACE X X
(1000010)
uL ACTIVITY ON X X X X X X X X X
(1000110)
UL ACTIVITY OFF X X X X X X X X X
(1000110) )
KU BAND ANTENNA X
CNTL (0000111) .
MU REF SHHAT X X X
(0001000)



APPENDIX E - Continued

* MEMORY CONFIGURAT IONS

RET W2 HC3 W1 WO [
0PS COBE GNC 1.6 GNC 2  NOM ENTRY SH 2 M 8
. ASC/ABT _ON-ORBIT GNC 3 OPS 000 MM UTIL

W7 WwB I BFS
SH 9 GHC 8 GNC 9
INIT/CO ON-ORBIT _PRECOUNT

ORBITER STATE X X X
VECTOR {0001001)

REND VEW STATE X
VECTOR (0001010)

GUIDARCE POLYNGMINAL X
PPOLY1 (0001011)

GUIDANCE POYNOMINAL X
PSIT (0001100)

GUIDANCE PCLYNOMINAL X
THET 1, 1 (0001101)

GUIDAKCE POLYNOMINAL X
THET 1, 2 (0001110)

LAUNCH TARGETING X
(o001111)

ON-GRBIT GUIDANCE X
TARGETS PEG 7 (0010000)

DE-ORBIT GUIDANCE X X
PEG 7 (0010001)

1M GYRO BIAS X X
(0010010)

1M ACCELEROMETER X X
(81as (0010011)

DEORBIT GUIDANCE X X
PEG 4 (0010100)

TABLE MAINTENANCE X
BLOCK UPDATE (0100001)

GUIDANCE POLYNOMINAL X
THET [ (0100011)

GUIDANCE POLYNOMINAL X
THET [, 3 (0100100)



)

APPENDIX E - Continued

MEMORY CONF IGURATIGNS

KT K2 W3 W4 wo We K7 KB w9 oFs
0PS CODE GNC 1.6 GNC 2  NOM ENTRY SM 2 SH8 SM9 GNC8  GNC Y
ASC/ABT ON-ORBIT 6KC 3 OPS 000 MM UTIL [INIT/CO ON-ORBIT PRECOUNT

GUIDANCE POLYNOMINAL X X
PHI 1 (0101000) .

INSERVION GUIDAHCE X X
TARGET, PEG 4 (0101101)

VENT TIMELINE X
(0110001)

DELVA HAV X X . X
(0100000) ,

DEGRBIT LANDING SITE X X X
PARAMETERS (0010101)

TORS STATE VECTOR X ) ’x
(0010110)

KU BAND ANTENNA X
BJAS MATRIX (0010111)

ADI INERTIAL X X X X
QUATERNIGN (0011000)

ATTITUDE TIMELINE X
(oo11001)

PAYLOAD DATA LOAD X
(0011010)

PSP CONF IGURATION X
TABLE (0011011)

VENICLE INERTIA X
MATRIX (0011100)

ADI REFERENCE X X X X’
QUATERHIONS (0011101)

AD] BIAS LVLH - X X - X X
QUAT {0011110) .

DEORBIT TACAN - X X X
PARA (0D11111)
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APPENDIX € - Concluded

0PS COGDE

MEMORY CONF IGURATIONS

KT W2 w3 W d WO W6 W7 W8 KI

GNC 1.6 GNC 2 NOM ENTRY SM 2

ASC/ABT ON-ORBIT GNC 3

SM8 M9 GNC 8 GNC 9
OPS 000 MM UTIL INIT/CO ON-ORBIT PRECOUNT

BFS

TIME EXECUTED
S0 (TEC) (0101110)

RCS QUANTITY
MONITORING (0110010)



APPENDIX F
SYSTEM FAULT MESSAGES



CRT A| SOFTWARE
ID|{FAULT MESSAGE | PASS g8FS |[L| DRIVEN | -
RICAUTION
QPS 0PS (M &
MAJOR FIELD MINOR WARNING ‘ CONDITIONS
: FIELD | AVAIL | AVAIL [c| LIGHT |
L
BCE PL Yes No 3 o PL 1/2 BYPASS
K| ves Yes |3 o FFL [
1, 2 BYPASS
ARAUOTA Yes Yes |3 e FrL AUIA BYPASS
B | ves Yes (3( ®FFL 1
1 2, 6 BYPASS
C es Yes (3 e FAL INPUT_ P
1, 2 BYPASS
1) Yes Yes |3 ® FAL [
BCE STRG 1 . 3, 10 BYPASS
TWU Yes Yas |3 e Frl
I Yes | No k] e FF1
MTU| VYes Yes (3 o FF
NSP | VYes | VYes [3 e FFL NOP DISCRETES
! TTKR1 Ves No (3 e FF1 51U BYPASS
, A C Yes Yes |3 ® FF1 TACAN/RA BYPASS
PARASS | No Yes ® FALL SYNG ON
FF1/FAl
)} Yes Yes |3 e FF2 INPUT PROM ScQs
1, 2 BYPASS
ADTA Yes Yes 13 ® Fr2 ADTA OYPASS
B | ves Yes |3 e FF2 INPUT PROM SEds
) 2,6 BYPASS
C | VYes es e FAZ2 INPUI
BCE STRG 2 1,2 BYPASS
] Yes Yes |3 e FAZ 1
3, 10 BYPASS
T WU Yes Yes |3 e rre 1MJ BYPASS
“MLS Yes No 3 ® FF2 MSBLS BYPASS
_MTU] Yes Yes |3 o rr2 MIJ BYPASS
1 AC Yes Yaes |3 o Fr2 TACAN/RA BY/ ..
FPARASS | No Yes |3 ® FAIL SYNC ON
FF2/FA2
A Yes Yes e FF3 1
1, 2 BYPASS
AOUTA]| VYes Yes |3 e FT3 AUIA BYPASS
B Yes Yes |3 e rr3 1]
2, 6 BYPASS
C es Yes |3 ® FA3 INPUT PROM Scdo
1, 2 BYPASS
BCE STRG 3 ) Yes Yes |3 ® rA3 INPUT PROM Stus
3, 10 BYPASS
TMU Yes Yes 1|3 e rF3 1MJ BYPASS
MU Yes NoO 3 e FT3 MSBLS BYPASS
WIU Yes Yes (3 ® rF3 MIU BYPASS
“NSP Yes Yes |3 ® FF3 NP DISCREIES
ST KR Yes No K] e rr2 510 S8YPASS
TAC Yes Na 31 ® FF3 1ACAN/RA BVPASS
PASS NO Yes |3 o ralL STNC ON
o FF3/FA3




CRT A| SOFTWARE
ID|{FAULT MESSAGE]| PASS BFS (L] ORIVEN
R{CAUTION
0PS 0PS T M &
MAJOR FIELD MINOR WARNING CONDITIONS
FIELD AVAIL | AVAIL |C| LIGHT
\ L
A Yes Yes |3 e FF4 INPUT PROM SEQS
1, 2 BYPASS
ADTA Yes Yes e rrd AD
—B | ves | Vves |3 ® FFE |
BCE STREG 4 2, 6 BYPASS
Yes Yes e FAZ [
1, 2 BYPASS .
— D | ves Yes |3 e FAG INPUT
3, 10 BYPASS
PARS S| NO Yes |3 e FAIL S
FF4/FA4
1 Yes Yes |3 ° B
INDICATION
2| ves Yes |3 *
CRT BI'TE INDICATION
~3 | ves Yes |3 s DEU3 BITE
INDICATION
4| VYes Yes e OEU4 BLTE
INDICATION
BITE]| ves Yes o r AN
PROCESS
CONF Yes No 3 M
GPC'S IN RUN MOOE
e: NO TARGET GPC IN
RUN MODE
SUM | No Yes |3 ry N
: PROTECTED FAIL
GPC 1 es No riEd gﬁgKﬂF’o
2 Yes No 2% CE;\ET(UP @ GPC2 FAIL IND
3 Yes No 21* c ® GPC3 FAIL IND
: /M
T | VYes No [2]* gAERUFW.
/W :
5| ves No 2| *—Mm@ ® GPC5 FAIL IND
CRT1 Yes Yes |3 ol
INITIALIZATION
e ERROR IN DEUl MSG
1/70 ERROR 1/0 OR CHECKSUM
+|e I/0 ERROR IN DEUl
CRITICAL FORMAT
LOAD

* A GPC FAIL will also result in the annunciation of a GPC status Matrix light and the

C&W 'GPC' light.
+ Supported in PASS only.
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CRT
ID|{FAULT MESSAGE

MAJOR FIELD

MINCR -
FIELD

PASS
OPS
AVAIL

BFS
0PS
AVAIL

[l o } XO>

SOFTWARE
DRIVEN
CAUTION

&
WARNING
LIGHT

CONDITIONS

1/70 ERROR

CRT2

Yes

Yas

[/0 ERROR IN DEU2
INITIALIZATION
ERROR IN DEU2 MSG
I/0 OR CHECKSUM
I/0 ERROR IN DEU2
CRITICAL FORMAT
LOAD

CRT3

Yes

Yes

170 ERROR-IN DEUS —
INITIALIZATION .

. ERROR IN DEU3 MSG

1/0 OR CHECKSUM
[/0 ERROR IN DEU3
CRITICAL FORMAT
LOAD

CR1 4

Yes

Yes

170 ERROR IN DEUZ

INITIALIZATION
ERROR IN DEU4 MSG
I/0 OR CHECKSUM
1/0 ERROR IN DEU4
CRITICAL FORMAT
LOAD

rAL

Yes

Yes

1/0
[/0 ERROR ON FAl/P2

FAZ

Tes

Yes

170 tR /Pl
1/0 gRROR ON FA2/P2

FA3

Tes

Tes

I/U¢c Al
1/0 ERROR ON FA3/P2

FAG

“Yes

Yes

W W

T/0 ERROR ON FA4/PL
1/0 ERROR ON FA4/P2

Frl

Tes

1es

1/0 EKRUR
[/0 ERROR ON FF1/P2

F T 2

Yes

Tes

[70 ERROR ON FFZ/PL
1/0 ERROR ON FF2/P2

FF3

Yes

- Yes

/0 E r
1/0 ERROR ON FF3/P2

F T34

Yes

Yes

1/0 ERRUR ON FF4/Pl
1/0 ERROR ON FF4/P2

LAL

No

Yes

170 ERROR ON LAL/PL
1/0 ERROR ON LA1/P2

LFl

No

Yes

W W W W W

[/0 EXROUR ON Lrl/PL
[/0 ERROR ON LF1/P2

+ Supported in PASS only.
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OFTWARE
ORIVEN .
CAUTION

& .
WARNING CONDITIONS
LIGHT

CRT
ID|FAULT MESSAGE /| PASS BFS

oPS 0PS
MAJOR FIELD | MINOR
| FIELD | AVAIL | AVAIL

—a IXore
W

MMU | Yes No 3 - |e CHECKXSUM ERROR OR
I/0 ERROR ON MMU
TRANSACTION -

o FORMAT NOT FQUND IN
BUFFER FOLLOWING
1/70 ERROR RETRIEVAL FROM MMU

. o DATA XFER ON
CHECKSUM ERROR ON
GPC-GPC OVERLAY VIA
MM QR LDB

® 1/0 ERRUR UN PCRMU

® 1/0 ERROR ON PFI/PIL

e 1/0 ERROR ON PF1/P2

o 1/0 EX !

o 1/0 ERROR ON PF2/P2

(@ OPS UNDEFINED OR

ol e -

VERLAY
INITIATOR

¢ OPS REQUEST CON-
TAINING INVALID -
MODE NUMBER

e PRO NOT COMPATIBLE
WITH CURRENT FORMAT
OR STEP IN CONTROL
SEGMENT

e REQUESTED OPS NOT A
LEGAL TRANSITION

*| 9 NO TARGET GPC IN

CONFIG TABLE WHEN

0PS SELECTED

*| ¢ REQUEST REDUNDANT

ILLEGAL ENTRY OPERATION OF; SIM- .

' PLEX OPS L

*| 9 REQUEST MEMORY

RECONF WHEN GPCs

NOT IN OPS 00 RUN

|9 ATTEMPT TO ASSIGN
PRIME GPC WHEN
SELECTED GPC IS NOT
PART OF AN RS

e REQUEST FOR DEU
INIT WHEN GPC NOT
IN OPS Q0 OR PL
OPS 9

*| ¢ NORMAL GMT UPDATE

GREATER THAN 15 MS /‘-.\

' P c 4] 1es Yes
PL1 Yes Yes

PL2Z es Tes

“Yes Yes

ol o il

* Supported in PASS only.



CRT ) ' A SOFTWARE
M|FAULT MESSAGE ]| PASS BFS |L q“
_ . R CAUTION
) ) oPS ops M| :
MAJOR FTELD | MINR | - ummm CONDITIONS .
FIELD | AVAIL | AVAIL |C| LIGHT .
‘ L
Yes Yes |5 *l 9 GMT OR MET DELTA

ILLEGAL ENTRY

UPDATE NOT ENTERED
AND UPDATE REQUEST-

ED

EXTERNAL DATA QUT
OF LIMITS

INVALID ITEM NO.
FOR DATA LOAD
ATTEMPT TO LOAD

. DATA VIA DISPLAY

INSUFFICIENT ODIGITS

" ENTERED FOR ENG

UNITS

ADD ID ON 0DD WORD
BOUNDARY WHEN 32
BIT FLOATING POINT
OPTION IS SELECTED
SEQ READ REQ WITH
NO ADD ID

EXEC LOAD WITH NO
DATA

ATTEMPT TO WRITE
INTD PROTECTED
MEMORY WHEN MODE IS
NOT CODE

SCALE CODE WITH

88 10 or Afl, 2
EXEC LOAD WITH NO
ADD 1D

ADDRESS EXCEEDS
MEMORY SIZE

DL DUMP ITEM EXEC
IN MC1

NO DUMP ADDRESS
SPECIFIED
SELECTION. OF DIS-
PLAY NOT, ASSOCIATED
WITH CURRENT OPS
SPEC NOT ALLOWED
IN CURRENT OPS

TWO ACTIVE NON-
RESIDENT FORMATS
WHEN ANOTHER RE-
QUESTED

REQUEST SPEC WHEN
TWO ARE ACTIVE

GPC DETECTED INPUT
MSG SYNTAX ZRROR

* Sypported in PASS only.
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CRT
ID|FAULT MESSAGE

MAJOR FI1ELD | MINOR

FIELD

PASS
oPS
AVAIL

BFS
OPS
AVAIL

SOFTWARE
ORIVEN
CAUTION

&
WARNING
LIGHT

— XXR>

- ¥

CONDITIO&S

ILLEGAL ENTRY

e

Yes

Yes

o EXEC NOT COMPATIBLE
WITH CURRENT FORMAT
OR STEP IN CONTROL:
SEGMENT

o. EXEC, OR ITEM
WHEN NEW FORMAT
IS BEING RETRIEVED

e INPUTS OTHER THAN
MSG RESET, CLEAR,
FAULT OR ACK IN
MIDST OF QPS
TRANSACTION

e GPC/CRT KEY ENTRY
WITH CRT # 1-4,

MM OFF/BSY

Yes

Na

GPC # 0-5
.

GPC AND MMU
OFF/BUSY

o REQUESTED MMU
TRANSACTION WHEN
MMU IS OFF/BUSY

LR
TIME

- Yes

No

e AUl
SOURCE CHANGE

TOUNE

Yes

No

* Supported in PASS only.
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Figure G-1.- Legal OPS/mode transitions (sheet 2 of 2).
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ACRDNYMS/ABBREVIATIONS LIST



Lo

ci
CW,C/M
COR
<iCU

CL

ce
CM‘D

APPENDEX H - ACRONYMS/ABBREVIATIONS LIST

ACCELEROMETER ASSEMBLY
ACCELEROMETER
ACKNCWLEDGE

ACTIVATED

ATTITUDE DIRECTOR INDICATOR
AIR DATA TRANSDUCER ASSEMBLY
ANNUNCIATOR DISPLAY UNIT
ANALOG INPUT,DIFFERENTIAL ~
ANALGG INPUT, SINGLE-ENDED
ALPHA MACH INDICATOR

ABORT ONCE AROUND

-ANALOG QUTPUT, OIFFERENTIAL

AFT POWER CONTROLLER

AUXILIARY POWER UNIT

ATMOSPHERE REVITALIZATION SYSTEM
AEROSURFACE AMPLIFIER

ASSEMBLY

ABORT TO ORBIT ~

ATTITUDE

ASCENT THRUST VECTOR CONTROL ORIVER
ALTITUDE/VERTICAL VELOCITY INDICATCR

BUS CONTROL ELEMENT
BACKUP FLIGHT CONTROLLER
BACKUP FLIGHT SYSTEM
BUILT-IN TEST EQUIPMENT
BEARING

BUSY

BUS TERMINAL UNIT

BLEED VALVE

COMPUTER ANNUNCIATION MATRIX
CONTROLS AND DISPLAYS
CAUTION AND WARNING

COMMANDER

COMPUTER INTERFACE CONDITIONING UNIT
CLOSED

COMMAND MCDULE COMPUTER

COMMAND

COMPUTER

ENﬁTL +CNTRL CONTROL

coMpP
CON
COND
CONF16
CPOS

CPY

COMMUNICATIONS

COMPARISON, COMPUTATION
CONTACT

CONDITIONER

CONFIGURATION

COMPUTER PROGRAM OEVELOPMENT
SPECIFICATION

CENTRAL PROCESSING UNIT

EXEC
FA

CATHODE RAY TUBE

COMMON SET

COMPUTER STATUS MATRIX
CREW SOFTWARE .TRAINING AID

DATA 8US ISGLATION AMPLIFIER
OETAILED OESIGN SPECIFICATION
DISPLAY CRIVER UNIT

DESELECT

DISPLAY ELECTRONICS UNIT
DISCRETE INPUT HIGH

DISCRETE INPUT LOW
DISCONNECT

DISPLAY FUNCTION ~ ..
DISPLAY /KEYBOARD

DOWNLIST, OOWNLINK '
OISCRETE QUTPUT HIGH
DISCRETE QUTPUT LOW

DOPPLER

DATA PROCESSING SUBSYSTEM
OISPLAY UNIT

ENVIRONMENTAL CONTROL LIFE SUPPORT
SUBSYSTEM

ENGINE INTERFACE UNIT

EMERGENCY

ELECTROMAGNETIC INTERFERENCE
ENABLE

ENGINE

ELECTRICAL POWER DISTRIBUTION AND
CONTROL SUBSYSTEM

ELECTRICAL POWER GENERATING
SUBSYSTEM

ELECTRICAL POWER SYSTEM

ERROR

EXTERNAL TANK

EXECUTE

FLIGHT CRITICAL AFT

FAULT SUMM FAULT SUMMARY

FLIGHT CRITICAL A
FLIGHT COMPUTER OPERATING SYSTEM
FLIGHT CONTROL SUBSYSTEM

FAULT OETECTION AND ANNUNCIATION
FEEDBACK

FEEDLINE

FUNCTIONAL DESIGN SPECIFICATION
FLIGHT CRITICAL FORWARD

FILTER

FAULT MESSAGE LINE

FORWARD POWER CONTROLLER
FAIL-TO-SYNC

FUNCTIONAL SUBSYSTEM somme
REQUIREMENTS



FW0
GCIL

Lox,L02
LR

LRU
LTCH

' FUEL

FORWARD

GROUND CONTROL INTERFACE LOGIC
GREENWICH MEAN TIME

GUIDANCE, NAVIGATION AND FLIGHT
CONTROL

GENERAL PURPOSE COMPUTER

GEAR
GROUND SUPPORT EQUIPMENT

HIGH DATA RATE

HELIUM

HIGH FREQUENCY EXECUTIVE
HORIZONTAL SITUATION INDICATOR
HARDWARE STATUS REGISTER

HALT

HARDWARE

HYDRAULICS

INTER-COMPUTER COMMUNICATION
IDENTIFICATION
INTERFACE

. IGNITION

INERTIAL MEASUREMENT UNIT
INBOARD

INDICATION

INHIBIT

INITIATION
INPUT/QUTPUT
INPUT/QUTPUT PROCESSOR
INSTRUMENTATION/PCMMY
INITIAL PROGRAM LOAD
INPUT PROBLEM REPCRT
ISOLATION

KEYBOARD UNIT
KEYBOARD

LAUNCH AFT

LATERAL
LAUKCH/B0QST, POUND
LATCH

LAUNCH DATA BUS
LANDING

LOW DATA RATE
LAUNCH FORWARD

LEFT HAND

HIQUID HYDROGEN
LAUNCH (SRB) LEFT
LIQUID OXYGEN
LAUNCH (SRB) RIGHT
LINE REPLACEABLE UNIT
LATCH

H-4

MCIU

MEC
MET
MFE

MIA
MLS,MSBLS

MM, MU
MPS

MS
MSEC
MSG

NAV
NLG
NOM
NORM

N/
oF

o1
QMS

0PS
]
0sC
cuTBO
CWOE
0x

PASS
P81
PBK

LEVEL :
LOCAL VERTICAL LGCAL HORIZONTAL

MAJOR FUNCTION

MANUAL

MANIFOLD

MEMORY CONFIGURATION

MOTOR CONTROL ASSEMBLY

MISSION CONTROL CENTER °
MILTIFUNCTION CRT DISPLAY SYSTEM
mrla%puum CONTROLLER INTERFACE
MULTIPLEXER/OEMULTIPLEXER

MAIN ENGINE

MASTER EVENTS CONTROLLER
MEDIUM

MISSION ELAPSED TIME

MAJOR FUNCTION

MID FREQUENCY EXECUTIVE

MAJOR FUNCTION OVERLAY
MILTIPLEXER INTERFACE ADAPTER
MICROWAVE SCANNING BEAM LANDING
SYSTEM

MASS MEMORY UNIT

MONITOR

"MAIN PROPULSION SYSTEM

MISSION SPECIALIST
MILLISECOND
MESSAGE

MASTER TIMING UNIT

NAVIGATTON

NOSE LANDING GEAR

NETWORK GUTPUT MULTIPLEXER
NORMAL

NETWORK SIGNAL PROCESSOR
NOSEWHEEL

CPERATIONAL FORWARD
ORBITER FLIGHT TEST
OPERATIONAL INSTRUMENTATION
ORBITER MANEUVERING SYSTEM

OPEN - :
OPERATIONAL SEQUENCE, OPERATIONS
ORBITER

OSCILLATOR

QUTBOARD

ONE-WAY DOPPLER EXTRACTOR
OXIDIZER

PRIMARY, PITCH

PRIMARY AVIQNICS SOFTWARE SYSTEM
PUSHBUTTON INDICATOR

PAYLOAD BAY KIT



PULSE-CCDE MODULATICN
PCM MASTER UNIT

PAYLOAD DATA INTERLEAVER
PHASE ELAPSED TIME
PAYLOAD FORWARD MOM
PRIMARY FLIGHT SYSTEM
PYRO-INITIATGR CAPACITOR
PAYLOAD

PAYLOAD BAY

PAYLOAD SYSTEMS

PILOT

PANEL

POSITION

PREFLIGHT

PRIMARY

PROCEED

:%g%RAMABLE READ ONLY MEMORY

PRIME GPC GMT
PURGE
POWER

QUANTITY

ROLL

RADAR ALTIMETER
RANDOM ACCESS MEMORY
REACTION CONTROL SYSTEM
RECEIVER

REDUNDANT SET

RADAR

READY

RECIRCULATION

RATE GYRO ASSEMBLY

RIGHT HAND .

ROTATIONAL HAND CONTROLLER
REACTION JET CONTROL SYSTEM
REACTION JET ORIVER AFT
REACTION JET ORIVER FORWARD
RELIEF

I;uEgUNDANCY MANAGEMENT

READ ONLY MEMORY

REMOTE POWER CONTROLLER
RUDDER PEDAL TRANSDUCER ASSEMBLY
REDUNDANT SET

RIGHT

REAL-TIME CCMPUTER

RETURN TO LANDING SITE

SECONDARY
SPEED BRAKE THRUST CONTROLLER
SEQUENCE CONTROL UNIT

SHUTTLE DATA PROCESSING COMPLEX

VLY

SECOND, SECONDARY
SELECT o

SEQUENCE, SEQUENTIAL

STATUS, ERROR AND VALIDITY
SELECTION FILTER

SHUT OOWN

SERIAL INPUT/QUTPUT

SYSTEMS INTERFACE PROCESSING

- SOFTWARE

SYSTEMS MANAGEMENT

SPIN MOTOR RUN OETECTOR
SENSOR

SPECTALIST FUNCTION '
SURFACE POSITION INDICATOR
SCRATCH PAD LINE

SUPPLY

SOLID ROCKET BOOSTER SRT
SPECIAL RATED THRUST

SPACE SHUTTLE

STAR TRACKER

STATUS

STANDBY

SPACE TRACKING AND DATA NETWORK
SELF-TEST PROGRAM

STRING

SHUTTLE TRANSPORTATION SYSTEM
STAR TRACKER UNIT

STOWED
SUPERVISOR CALL
SOFTWARE
SYNCHRONIZATION
SYSTEM
SYSTEMS SUMMARY

TACTICAL AIR NAVIGATION
TERMINAL AREA ENERGY MANAGEMENT
TALKBACK

TO BE DETERMINED

TO BE SUPPLIED

TELEMETRY DATA RELAY SATELLITE
TEMPERATURE

TRANSLATIONAL HAND CONTROLLER
THROTTLE ,

TELEMETRY : _
TIME MANAGEMENT PROCESSOR-

TANK C
TACAN/RADAR ALTIMETER

- TRACKER

USER INTERFACE
UMBILICAL

VARIABLE
VALVE



WD,NOS
WONG

wT
XFEED

XPNDR
XTRTR

usec

VEHICLE UTILITY

WORD(S)

WEIGHT ON NOSE GEAR
WEIGHT ON WHEELS
WATCHDOG TIMER

TRANSODUCER
CROSSFEED
TRANSMITTER
TRANSPONDER
EXTRACTOR

YAW

MICROSECON
MILLISECON

He6
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APPENDIX I
ALPHABETICAL INDEX

-A-

ACK key.'.‘..l............I....l..‘.........l...‘....'........l...'.3-4

aCtiVatiOﬂ, GPC..o-.o.oooo.oo-o-oo0-0.0oooooncoooooooooo-ooi0011002'37
A/D converter, Mm ......................"........‘."...........2-22
ADU...............-.............-.o.-....................-.-.......2-6
aﬂalog I/O’ MDM ouoo.oo.coaooo.-.000000.0000.000000o.ooo--o-oo.-c-2-24
app11cat10“ SIw, d8f1ﬂ1t10ﬂ ..oncoooaoo..-o.oooor.ga-‘oooocooooonno4‘2

BACKUP/NORMAL/TERMINATE sw (see GPC OUTPUT sw)
BACKUP C/W ALARM.Tight...........................2-3,‘3-13, 3-17, 4-21
BCE, funct10ﬂ31 descriﬂtion ........o.-..¢........................2-12
chain..................'...........'....O..........'...‘..‘..4-35
e’em3ﬂt..............-.......--o-.......................4-35, 5-1
BCE STRG faU]t message.............-o.......................4-35, 5'15
BFC, functional description..cececececcconsaancecccscaaetoosceses 2-31
BFC CRT SWitCheS......-....o(-....-o-o.-.........- 2-3St 3.8’ 5-3, 5'6
BFC DISENGAGE SW...............-..........;.................2-35, 3-12
BFC 1ightonoooo-nuﬁooo-o.oouooooo ooooooooo o..oooo-.o.ococ.oaooo-a-3'11
BFS, System Saftware.............-...--...........-..o........4-2, 5-1
activation...... e erveeesssecesssecesacssssssssasssassssseseed=38
disengage.................J...o.-....................a...-....5-4
disengaged, stand-alone......................................2-44
engage p/booocoooooo-aolooooo..-o-o.o.-oooaooo.cocoooo¢.2-35’ 5-3
BFS MEMORY CRT d1splay..........----.-.........................-...5-9
BITE Status VEQiSterS......-....o.o--............2-20, 2'23, 2‘29, B‘l
BIT SET/BIT RESET --...ooooooo.ooooocn-ooooo..c-o.ooo ----------- . 4'57
Bos'.......CI.......“.....................'...I...................l 5-1
BTU, dEfiﬂitiOﬂ..................-..-o----......,...........2-12, 4-29
segment bypaSS...............-.-.-...........................4-36

-

-C -

ChQCpriﬂt.......................-.oo...-.................-.......4-19
ChECkSUﬂ ..........................oo---o................-.-......2-20.-
CICU .l......0.....0..00....0.0...CO..'.......I..0.0..C.0......0.'::.2-6
CLEAR key seccecc s eeseenroe sassesese ecsccevss e eees s e o.nonco-n-oo---a'a
clocktime..... cecsaee ccsveasssrses et tieveseessssessesvscnsasened=i?
CODEI oooooo 06000000000 CQROGOOECEIRBSDOPPOTITOSCOTDS PPN Y Y R R E R RN AN A .-4‘55
command-decoder MOM .......J...................................;..4-45
COMMFAULT oooooooooooo YR EEERER] P T X N R I IR A oon.oo.n4'39
Commﬁﬂ seto.-.oooooccooao-ccooooonocoonnoool.uoooooo.ooo-cono--o.c4‘22
CPUoco ooooo YRR NN ] ooo.clo00'0000000-000000.00.co...-.o...cooz-s
crew station controls....... tevescsneas cesens cesees cesecceses tesees3=1
critical commands (see two-stage commands )
CRT, functional description ..e.ceecececcccsnccncnnceccnncee 2-27, 2-31
, system software displays ...cceeceeneconccrccaccncnncnranceres 4.3
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Alphabetical Index
CRT BITE fau]t message ..0..........".. lllll .......00!.0.00.'..‘.2-27

CRT MAJ FUNC W qoo.ncoco.o.oono..o....clto.c'.loo.'.o'.o00002-26, 3-1
CRT PONER SwW ooo..oo.o..o.o-oooooooo-o--ncooo~.nooo'.-¢-o-0002‘26, 3-1
CRT SELECT SWTtCheS ............-o.-.........................2{26, 3-2
CRT Timer'........"..............'0..‘....O.'..C.......C....I.....4’51
c/w’ 1nterface w1th GPC‘S ..Q......C......‘.....‘.........l..........2-3
Y BACKUP C/w ALARM 1‘ght.o'..'o..l..Io....c..o....‘tooolt02-3, 3-13
[ GPC ]1ght.............-..-.o.-...-...-........-.........203, 3-13
> 1ight matrices .oo-oou--ooaoccoo00-0-0.0..00273, 3‘13, 3-27, 4‘22

-0 -

data bus, functional description 2 ¥4
9 COUPIer..QQ......Q..Q.IQ...I-‘..'............l.'.0.......2-16
, Network ...O........Ql.....‘D.....l............l....l...z-lz
, nominal assignment £aDTCe eeeereoccannossssacossscssssssesdald

DBIA .'....I.......l....l.‘.....l...'..'....................l‘.0002.16

DDU ..I..V...‘I...Il'.......‘.....‘...O....0‘..'.............2-12’ 2-15

DEU functional desSCriPLtion we.eeseeeecccsscssscsssssscsscasesnesse2=2d
DEU LOAD, message 9080000000 00000000000080006000080800000000000000000 2‘26

'Y SW.....................-.-.......-............... 2'26, 3-18
discrete I/O, MDM ooo.o.ooo.oo.o--cloo0-ocnooooo.o-ooooooo-;0300002'24
disp‘ay fUﬂCtiOﬂ o‘oocoo'noooo-ooocoo-oooo-oooo-oooooocouco-olomoc-4-2
disengaged stand-alone et eveeesessescesesascsssessssssesssassssesld=dd
DK data bus.coootooo.ocoo.--.oomoooooon ----- ..0052'15’ 4'43, 5-1, 5-12
DOME SAT .'l.'...'."......'."'.l..".......................4-61’ 4-70
dm]ink, data f‘ow ..'..‘......l........".....l..l........0.0'...4‘61

Y dEfiﬂitiOﬂ .--o.oooo.-oovooooac--oo.oo.o.-o.oo-oc.-0.-0.4-61
downlist, definitfon ..ccceecececscee cecresaens wesecsesasssssd-61, 5-16

[y GPC o.o'oo.-n-oooaoo-nooooo-"-oocaoo-ouonoc¢.oooc4-11, 4'28

DPS ...0-.-.0.0.000....'-0000000l.oo0..o.lonl..o..t.oco.o..oc01-1’ 2‘1
DPS UTILITY CRT display o..oo.o--aoooooono00000001003004'4, 4“17, 4-19
DU 0.........il'.l.'..........'...0....'llll.IQ...O..‘.'C'....D.l.2-3l

-E -

EIU ssessscsnce 0-o.loo.ooo..-.o.olootoclDllc.....aoocoo....a.z-lz, 2‘15’
ExEc key .........’....I............'...‘Q.....'....... ....... .'..'3.:4

-F -

FA MDM, LRU interfaces .-.-c.uo-coo-oooono-o.o-acoooooA-14, 2'24, 4-36
9 POrt m0d1ﬂg eseessecsancsoesscssosce ooccoo-nnooooon-.-uo'ooo4‘14

FAULT CRT dispPlay cecececese cesesesscsavevss secssssnes ceessces 4-4, 529
fau1t message’ ]ine .oo..scoo;.-nooo-ooo-c-oo'ooooa-.-o-o..u.con..-3-4
, System SOT WAL v eevvcsensesssssasscssscssssscasesshal

FAULT SUMM key ...veevcsncencnnsne tesesesesansevecssassenns cesessens 3-4
FC, data buses .....ceeees cesenae cececcccas Cesesecactsananes 2-15, 4-40

9 L/V eeevsescccsscscerscascrscssccccconssenen TR RN 4-
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FF MDM, LRU interfaces aocoooo‘o-ocn-oo.ouo.ofnoooooo-.A‘l, 2'24,'4-36 .
) 9 port HIOd'fﬂg oociooo-o'cosoool.iocooo_o'n.ool‘l00‘0'00033000160;4-14'
f]fght SOftWﬁre, OVEPVfEW .lt...‘.l.!c.'Q.o.......l!...ool...:o'o..4-l
force fai]‘to’sync cooo.moooco.-oooo-oo-oo.oooono-o-o.-ooo.,4-27’ 4-38
freEze dried GPC l..'.'....'..............CI.‘.'.CO.I.....‘...'00004-14

-6 -

GCIL ..0..’....‘0..'........................................."‘...4.65

GMT oo.ooococooooo..oo.oooooo-.no.-oococoouonoooowc-o..ooc.o4‘33, 4-46
GO/NO‘GD fT&gS, DEU and DU .ooo-QCUOOQQO.ocooco‘c.coooz‘27’ 2-29, 3-13
GPC’ activation/initial123;10" oooo.oooctoooooooooaoo-oo-.ooo-o-;-2338

9 d1SCPete data I/o .I.Cl‘....l.00.0....'.!0.00..t...l......l...z-z
error 109 ..00‘00oQ...oono.Oﬁo.....ogo.ooo.l.‘.oo.'o‘oon00000.2‘9
fau‘t detection .............-.-.......................2-11, 4-21
fa01t message 0000.0.o..o...C0.....000000000000004-21’ 4-25, 4-28
functional, description ..cecececscscscscssccsecscsccocssaasesel=d

RM ."‘.'..‘.0.0......'.........'..C..........I.........4-21’ 4-28

-

. v v v

[ S]ﬂc ooo-o..o-.o.oo-ooo-coooolo-..o.oooa.o..oooooocom---on.o-4'21
GPC BITE fau1t mess&ge ooocco-cooooooooooaooaoooooo-oooooo-.ooocnnoZFg
GPC/BUS STATUS CRT disp]ay ;-cooooo-.oo.o.o'-..ooono-oo4-4; 4.12, 4‘14

4-26, 4-38, 4-40

GPCICRT key......'l...'........l.........l'........0..0‘........‘..3-4
GPC IPL MNU..I...'...".l...l....l.!............'.‘....'.......‘.l.2-43
GPC 1ight ooooo-oooo.u'olooootoooooc.a-ococo-ooooZ'sg 3'132 3-17, 4-21
GPC MEMORY CRT diSD]&Y -oo.o.oo-ooooc-.oooooo-oo.4‘4, 4‘11’ 4‘17, 4‘55
GPC MEMORY DUMPSW ........‘I......'l..‘.'.............00.003-16’ 4.69
GPC MODE SW O...Q.........O.....O.l.o.l.l..O...O.O..UZ-IB’ 2-38, 3‘20
| 4-8, 4-11

GPC MODE tb ooooooo-oooooooooo--ooooooo.-oooo-oooz-3, 2‘38, 3-20, 4-10
GPC OUTPUT SwW ooo..oooooooono.oouooooooocoooocoo.co.oo.2‘4, 3‘20, 4-27
GPC OUTPUT tb aoooo.oo.ooooooouoo-ooooo.oooo-oooooz-3’ 3‘18, 4-10, 5’5
GPC POWER SwW 9800000000000 0 0000000000 oooooooo'oooc.oooooc.cZ'Z, 3‘18
GPC STATUS, Cb .....-......-......................................3-22
9 matrix................-o.........-.........2-3, 3‘13, 3-17

2-21, 4-26

-H-

HALT, transition to/from GPC mode tecessecessesssessasssseveessd=8, 5-4
hardware, DPS ..... teccasssescesestescsacasasasas cesscecscsessesenns 2-1
HFE ceeiecense cesvscssesssssesesass ceeeesnsess2=84, 4-33, C-4, C-6, C-8
HISAM dUMD R EEEEEEEE N NN NN NN NN N IR ENNN N esccsee se0c00ccsncescace 3'16

ICC data bus R I BN I LI IE A BT A A I AL A oo.ooo--002’14, 4-27, 4-41

ILLEGAL ENTRY fault message .....eecsvene Cecesistareas 4-11, 4-16, 4-24
4-51, 4-67
initialization (see IPL)
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I/O, error haﬂd]iﬂg o.oooaoacoc-ooo.oaoo1000oob..onoo-ccqc-n4'38, 5‘14
FY error 109 oo.o.o.c.oolc.!lo'n....o.ouooo.o...o!'oo..ooo.oooc.4-39

9 traﬂsaction 0.Qn..ooocoooocoo.ooo.oooo-o..oooooo.n.3-300900004-29
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