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COCUMENT ORGANIZATION 

The Shuttle Flight Operations Manual (SFOM) will be published in separate 
individually bound volumes. 
the volumes will be staggered throughout 1978. 

Publication of the preliminary editions of 

The following listing of al] 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. Muitiple-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/ 
CTPO in writing including a statement of justification. . 
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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 OPS are as follows: - 

@ Supports the Guidance, Navigation, and Control (GNC) requirements of 

the vehicle, including calculation of trajectories, engine burn data, © 

and vehicle attitude control data. 

e 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. 

@ Provides for checking of data transmission errors and. crew control in- | 

put errors, and supports the annunciation of vehicle systems failures 

and out-of-tolerance. conditions. : 

The purpose of the Shuttle Flight Operations Manual (SFOM), Vol 5 - Data 

Processing Subsystem, is to provide a compilation of the functional de- 

scription of the Orbital Flight Test/Operations (OFT/OPS) 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 oPS. 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, Apri] 1978. / 

1.2 SCOPE 

This SFOM provides 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 revisions of this volume. 

e@ SECTION 2.0 - OPS HARDWARE - This section provides a functional descrip- 

Sion of the operational aspects and the interfaces for the following 

Shuttle hardware: General Purpose Computer (GPC), Mass Memory Unit 

(MMU), Computer Oata Bus Network, Master events Controller (MEC), 

lel



Backup Flight Con*roller (BFC), Multiplexer/Demultiplexer (MDM), Dis- 

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

(KBU). A brie’ a:scription is also provided for the Computer Interface 

_. Conditioning. Unit (CICU), Annunciator Display.Unit. (ADU). Data Bus... 

Coupler (O8C), and Data Bus Isolation Amplifier (DBIA). Although the 

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

Timing Unit (PCMMU/MTU) and. Caution and Warning (C&W) Electronics Unit 

(EU) process data, they will be described in SFOM Volumes 8A, 48 and 

4D, respectively. 

e: SECTION 3.0, DISPLAYS AND CONTROLS - The crew station displays and con- 

trols pertaining to the OPS are functionally described according to 

designed usage and results to the. system: if. used non-nominal ly. 

@ SECTION 4.0, SYSTEM SOFTWARE - This section provide a functional de- 

Scription of system software terms (e.g., Memory Configuration table, 

freeze-dried), GPC synchronization and Reduncancy Management (RM), 

Input/Output (1/0) Management, time management, memory modification, 

downlist and uplink. mo vee ee 

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 0, 

disengaged-stand alone). 

o 

1.3 AUTHORITY 

The Crew Training and Procedures Division (CTPO) 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 Final editions. 

Each edition will be revised as required via Page Change Notices (PCN's) 
or, if extensive changes are required to a milestone edition, the document 

will be issued again as a Revision. The Flight Training Branch of the 

CTPD has the responsibility for preparing, coordinating and maintaining 
this document. 
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Any organization having requests for changes in distribution, comments, 

questions, .suggestions, or proposal changes concerning this document 

should contact R.R. Lanier (phone 713-483-3291 or FTS 525-3291). 

eo 
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SECTION 2 
CATA PROCESSING SUBSYSTEM HARDWARE 

. The Shuttle Data. Precessing Subsystem (DPS) hardware consists of several 
Line Replaceable Units (LRU's) as illustrated in figure 2-1. Although 
there .are several devices onboard the Shuttle Orbiter which “process 
data," categorization of such hardware is made with respect to the type of 

data processed and to the principal use of the processed data. The DPS °- 

hardware elements not included in this SFOM will be included in other 

SFOM's relating to this categorization, and are outlined with dashed lines 
in figure 2-1. 
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BLOCK DIAGRAM | me 
PALL ’ 

MARTPULATOR|. 5 “io 
LAUCH s ROCKET 

; IDR ° NTERFACE | = BOOSTER 

. oC | 5 (SRB) MOM | 

ICATION (ICC) x ‘wane poost “fangs tJ 

i 7 em 
| PLIGHT 

BACK-UP | DISCRETE LINES 

COHTROLLER | (FF) MOM ® 

Pesrrion PURPOSE CAUTION § FLIGHT 
Se WARN ING Seq 2 SERETE LINES | COMPUTER | FLIGHT CRIT CRITICAL 

S (C&W) 3 (GPC) (FC) X ae . 

Ssecesncncess: OISCRETE LINE [~~] (a ' 

° [Rass peroay___| RY DISPLAY 

! CREX ] (PM) X UHIT UNIT 

station  -LISCRETE LINES | SPO] (DU) 

PANELS DISPLAY KEYBOARD ELECTRONICS 

| | (DK) X UNIT 
LGey) 

| KEYBOARD 

DISCRETE LINES} = | IS TRUMENTATION- | 
PCPA (IP) X / 

[pavioaD (PL) x * ee 

© MOM - MULTIPLEXER/DEMULTIPLEXER : PAYLOAD 

% () = INDICATES DATA BUS GROUP ~ 3 INTERLEAVER 
(PDI) 

Figure 2-1.- OPS block diagram. 
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2.1 GENERAL PURPO%E COMPUTER (GPC) 

Each of the five GPC's. onboard the Orbiter is composed of two separate 

units: an IBM AP-1C! Central Processing Unit (CPU) and an IBM 4PI . 

- Input/Output Processor (10P).. Each of these units contains:a memory. area - 

for storage of software and data. These two memory areas are collectively 

referred to as the GPC‘'s main memory. 

2.1.1 GPC Power and Cooling Interfaces 

The GPC power switches are two-position (ON, OFF) toggle switches which, 

when placed in the ON position, allow essential bus power (from three es- 

sential buses) to flow to three pairs of Remote Power Controllers (RPC's). 

The essential bus power provided by each of the power switches' three con- 

tacts is first applied to a circuit driver. Each circuit driver allows 

the Ground Support Equipment (GSE) to turn the GPC power on or off as long 

as the GPC power switch is in the ON position. This circuitry is designed 

such that when the GSE is disconnected, the circuit drivers do nothing | 

more than act as a pathway for the essential bus power to be transferred 

"on" from the GPC power switch to the RPC's. The RPC's allow main bus 

power from the three main buses to flow to the GPC's. Main bus power from 

each of the main buses flows from one of each of the RPC pairs and is 

“djioded" 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. 

Both the CPU and IOP receive forced air cooling from the avionics bay 

ans. 

2.1.2 GPC Discrete Interfaces 

There are discrete data lines between each GPC and the other GPC's, crew 

station panels, a BFC, the Caution and Warning (C&W) electronics, the 

Cote Interface Conditioning Unit (CICU) and the Mass Memory Units | 

« ‘sj. , - 

2.1.2.1 GPC discrete inputs.- ) 

@ 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. 

e GPC Discretes: Each GPC receives five discretes from each of the other 

a st Three syncronization discretes, a FAIL VOTE discrete, and a BFS 

iscrete. 

@ The BFC sends six discrete signals to the GPC (see section 2.6.2). 
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Crew Station Control Discretes: Each GPC receives discrete signals 

from its associated crew station controls on Panel 06. There is a RUN 

and a STANDBY discrete from the GPC's MODE switch, an Initial Program 

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

eretes 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.- | , eo, 

Crew Station Display Discretes: Each GPC issues a single discrete to- 

its OUTPUT talkback on Panel 06. This talkback, which is either barber- 

pole (not energized) or gray (energized), is normally gray when the de- 
signated GPC is either processing Primary Avionics Software System (PASS) 

software and maintaining Input/Output (1/0) operations on the computer 

data, bus network, or when the designated GPC is processing Backup 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 sections 4.2 and 5.2. 

GPC STATUS MATRIX Discretes: Each GPC transmits its GPC FAIL discretes 

via the CICU to the GPC STATUS matrix on Panel 01. 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 

lights (referred to as non-diagonal lights) is illuminated when a GPC 

determines another GPC has failed via synchronization or GPC RM software. 

GPC SELF-FAIL Discrete: When a GPC issues a SELF-FAIL discrete, this 

signal is also transmitted to the vehicle's C&W electronics. This sig- 

nal ig 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 light matrix on Panel R13. The five lights on this 120-light 

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 light located in the lower left- 

hand corner of the 40-light C&W matrix on Panel F7 will be illuminated. 
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TABLE 2-1:'- GPC DISCRETE INPUT SUMMARY (TYPICAL OF 5) 

  

DISCRETE INPUT SO'IRCE ‘DISCRETE INPUTS | GPC ACTION me pe 

MASS MEMORY 1 eady MMU 1 1s ready to respond to GPC 
commands; not powered OFF 

MASS MEMORY ¢ Ready MMU cis aay to respond to GPG 
commands; not powered OFF 

  

  

  
  

  

  
  
  GPC'S o-9 “1 FAIL Directs inputs to voter and main memory 

3 sync discretes “Processed by systems software to maintain 
from each GPC synchronized GPC operations 

BFS RUN e PASE GP'S TARTBTE MIA transmitters on 

PL data buses 
e BFS assumes command of PL data buses 

Backup Flight Controller | ofS ENGAGE r @ if all=i and 1/0 TERMINATE B= 

3 

  

BFS ENGAGE PASS GPC'S inhibit MIA transmitters on 

BFS ENGAGE PC data buses. Halt software and set GPC 

self-fail discrete output 
e BFS GPC assumes command of FC data buses 

if 2 of 1,2, or3el_and [/0 TERMINATE 821 

’ | 2 BFS CRT SELECT e PASS GPC's inhibit MIA transmitters 

discretes on OK data buses selected by BFC CRT 

“ SELECT switch 
e BFS GPC assumes command of OX data buses 

selected by BFC CRT SELECT switch 

  

  

  

  

  

  
  

  

  

  

  

                    
  

1/0 TERMINATE © @ Force PASS software to fail-to-sync 

e Inhibit MIA transmitters cn all FC data 

| buses ' 

HALT see MODE switch below 

L U YPC CMO Initiates IPL sequence if 

pushbuttem (momentary) e@ POWER = ON 
@ MODE = HALT 
e An MMU is selected and ready 

MODE switch (3 positions) RUN ® Allows nominal GPC operations 
STANDBY @ Transition to “STBY" from “RUN” 

or from "RUN" to "STBY" cancels any 
application software execution 

HALT @ inhibits software execution 

(frem BFC) e Resets hardware logic and 
discrete outputs 

@ Permits IPL to occur 

TPL SOURCE “3 positions) BM-1 Directs Gru to selec T for IPL 

M4-2 firects GPC to select MMU 2 for IPL 

’ 
é- 

2-5



be illuminated. Depending upon the failure case, either or both the 

GPC Tight and BACKUP C/W ALARM light can be illuminated at any one 

time... . Lowe Le 
° te . boo - 

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). 

A summary of all of the GPC-1's QUTPUT discretes js presented in table 2- 

2.1.2.3 Computer Interface Conditioning Unit (CICU) and the Annunciator 

Display Unit e- 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 light(s). The inten- 

sity of these lights can be controlled via intensity control inputs from 

switches on Panel 06 to intensity control circuitry in the ADU. When a 

GPC is powered off, that GPC will reset its discrete outputs and will in- 

hibit FAIL VOTE discrete inputs from .other GPC's to itself (i.e., that 

GPC's GPC STATUS matrix row and column will not illuminate). 

  

     

  

2.1.3 Central Processing Unit (CPU) Functional Description ' 

The CPU has the following purposes: 

e Assigns DPS resources to process data and perform systems contro] 

tasks. 
e Controls access to GPC main memory for data storace arid 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. ’ 

2.1.3.1 CPU contro] logic.- The CPU control logic schedules, supports, 

and maintains the status of GPC hardware and software tasks. It also allo- 

cates the use of DPS 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). 

  

| DISCRETE OUTPUT " DISCRETE OUTPUT SOURCE DESTINATION/EFFECT 
  

QUTPUT talkback 

  

  
  

  

or 
BFS ENGAGED 

I/0 active e@ POWER = ON 
@ OUTPUT = NORMAL driven gray 

@ MODE # HALT, STANDBY Panel 06 
(from RUN-PASS) 

e@ BFS NOT ENGAGED (PASS) 
. e 8FS ENGAGED (BFS GPC) | 

@ no CPU BITE-TYPE ERRORS - 

RUN @ POWER = ON MODE talkback 
@ MODE # HALT. STANDBY driven RUN 

(from RUN-PASS) 
e 8FS in RUN (BFS GPC) Panel 06 

e no CPU BITE-type errors __ 

TPL @ POWER = ON MODE talkback 

,| @ MODE = HALT driven IPL 
e BFS not ENGAGED (BFS GPC) Panel 06 
e no CPU BITE-type errors 
e@ IPL sequence active 

BFS RUN (GPC-c) e@ BFS GPC logic when Identifies to PASS 

BFS RUN (GPC-3) e POWER = ON GPC'S which GPC is 

BFS RUN (GPC-4) @ QUTPUT = NORMAL designated BFS GPC 

BFS RUN (GPC-5) and . PASS GPC'S inhibit 
e@ MODE = RUN MIA transmitters on 

PL data buses 

  

3 synchronization 
discretes 

systems software 
synchronization logic 

Systems software 
synchronization logic 
in other PASS GPC's. 

  

      IOP hardware voter   
GPC-d FAIL @ systems software* Indicated GPC 

GPC-3 FAIL - synchronization CICU - drives white 

GPC-4 FAIL - GPC RM light in 4°C-1 row 
|GPC-5 FAT. under indicated GPC. 
GPC-1 FAIL e systems software* CiCuU-drives yellow 

- synchronization light in GPC-1 row 

~ GPC RM GPC-1 column 

C&W-drives GPC 
light in F7 matrix 
and Light 5 in aft 
C&W status matrix 
on R13 

  

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

page and Fault Message Line and drives “BACKUP C/W ALARM" in F7 C&W matrix 
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2.1.3.2 CPU main menory.- The CPU's :nain memory section uses nonvolatile 
‘sit 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 

"“fulleword." 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 [0P control logic 

and the CPU control logic regardless of location. 

2.1.3.3 Main memory control logic.- The CPU main memory control logic 

controls access to main memory by the CPU and I0P 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 (S17) status and error _logging.- 

Built-in test equipment within eac continuously checks the CPU opera- 

tions for errors such as timing problems, erroneous data requests, power 

problems, etc. Some of these errors (called 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 oy 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 8ITE-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 Vde, +6 Vdc and +40 Vdc, and has the ca- 

pability to indese “ntly inhibit both the 5 and 12 Vde 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 Vde or an undervoltage condition in the converted 

voltages. It also exchanges power-off discretes with its IOP 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 [0P's discrete. Power input less 

than +17.5 Vde 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 a GPC error. 

2.1.3.6 Timina.- The CPU components receive signals derived from a 20 MHz 

crystal oscillator-driven timing network. Failure 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. [0P is to: © . Loe te 

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 I0P 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 IOP main memory.- The IOP main memory, like the CPU main memory, 

uses nonvolatile iron ferrite cores. The IOP main memory is arranged in 

three sections and has a total storage area for 49,152 half-words. The 

IOP main memory is also hardwired to the CPU's memory control logic. This 

allows “the CPU and the [0P 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 € main bus input power into +5, +12, +6, and +40 Vdc. It 

also can inhibit its 5 and 12 volt outputs in the event of an overcurrent 

situation and can initiate a powerdown sequence when its input power drops 

below 17.5 Vdc, or when it senses an undervoltage condition in the dc/de 

converted voltages. It also sends power-off discretes to its companion 

- CPY to coordinate a total GPC powerdown. The I0P 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 software processing components in the IOP control logic. 

2.1.4.5 IOP 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 registers.- The [OP discrete input 

register accepts and buffers discrete inputs from the other GPC's, crew 

station controls, the MMU's, and the BFC's. The discrete output register 

sets or resets discrete outputs (as directed by the contro! 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 wili be 

reset to "zero". If a condition to set the discrete output persists via 

hardware (e.g. VOTER), the discrete output will be set to mye, 
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2.1.1.7 10%, serial digital data bus interface.- The IOP 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 transmit: 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 dnd a 

special bit pattern to words scheduled for transmission prior to shipping 

the data to its associated MIA. The BCE's also validate data received 

from and transmitted to their associated MIA's and notify the [0P controi 

logic in the event an error is detected. , 

MIA's, which are commonly referred to as “ports,” have two modes of opera- 

tion: TRAMSMIT and RECEIVE. During the RECEIVE mode, a MIA validates the 

received data (notifying the I0P control logic when an error is detected), 

reformats the data, and sends it to the BCE. During a RECEIVE operation, 

the MIA's transmitter is inhibited unless that particular GPC is “in 

conmand" of that data bus. 

During the TRANSMIT mode, a MIA, which always transmits and receives 28- 

bit words over the computer data buses, adds the appropriate parity and 

SYNC code bits to the data word, reformats the data, and sends the data 

out over the data bus. In this mode, both the MIA's receiver and trans- 

mitter are enabled. 

Any BTU on the other end of the data bus also has its own MIA whose func- 

tions are the same as those of the IOP MIA. 

| 2.2 COMPUTER DATA BUS NETWORK 

The Orbiter computer data bus network consists of a group of twisted, 

shielded wire pairs (data buses) which support the transfer of serial dig- 

ital conmands 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 

into sp cific groups which perform specific functions. These groups are 

as follows: 

@ Inter-Computer Communication (IC or ICC) data buses for GPC to GPC. 

transactions. , é 

@ Oisplay/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 (MDM), Display Driver Units (00U), Engine Inter- 

face Units (EIU), and Master Events Controllers (MEC). 

e PL data buses which tie the GPC's to the PL MDM's and the Payload Data 

Interleaver (PDI). 
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-@ Launch/B8oost {LB) data buses which tie the GPC's to the GSE. Launch 
Forward (=) and Aft (LA) MOM's, Sotid Rocket Booster (SR3) “DM's and 
the Manipulator Controller interface Unit (MCI'J). 

aM ey x x 

Figure 2-5 illustrates the GPC/data bus network interface. 

2.2.1 Inter-Computer Communication (IC or ICC) Oata 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. Ouring on-orbit operations, the Systems Manage- 

ment (SM) GPC will receive Guidance, Navigation, and Contro| (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 

"traffic® 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 

data is sent from the appropriate hardware device back to the GPC over the 

same data bus. 

2.2.2 Display/Keyboard (DK) Data Buses (Ports 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. Ouring 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) a 

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

"ether 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 (D0U'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 FF1 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 
allowing exclusive command of a specific group of Shuttle vehicle hardware 
y one . 

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

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

+ 
é 

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

There are two LB data buses onboard the Orbiter (also referred to as 
Launch Data Buses or LDB's). Each GPC can interface with the GSE, the two 

launch MDM's (LF1 and LAL), and the four SRB MDM's (LL1, LL2, LR1,and LR2) 
via these two data buses. In addition, the GPC's can interface with the 
MCTU 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 serve to interface the two L3 data buses with the 

GSe sy SRB MOM's. These are called Data 3us Isolation Amplifiers 
(OBIA's).



2.2.8 Data Bus Isolation «nplifier (OBA) 

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} disconnect 

and the SRB disconnect. This isolation protects the LB data buses from 

unwanted interference and "noise." Each DBIA consists of two independ- 

ently powered and controlled channels - a GSE channel and an SRB channel. 

Upon receipt of a signal at one receiver, the control logic inhibits the 

other receiver (to avoid a “wrap-around” effect), validates the input 

data, improves the signal strength of the received data, and then trans- 

mits the data to the appropriate destination. Since the GSE channel re- 

ceives its power through the preflight test buses (via the T-0 umbilical), 
it becomes inoperative when the T-0 disconnect occurs at launch. The SRB 

channels receive main bus power via the MEC switching circuitry and power” ~ 

switches located on Panel 017. Each MEC power switch permits control bus 

power to activate a RPC which then allows main bus power to flow to the 

SRB channels in both DBIA's. Therefore, both SRB channels receive main 
bus power via either one of the two MEC switches. Power flow to the DBIA's 
is illustrated in figure 2-6. 

2.2.9 Data Bus Coupler (D8C) 

A DBC jis a small device which provides OC isolation and transformer 
coupling between a data bus and a MIA. 

2.3 MASS MEMORY UNIT (MMU) 

Onboard the Orbiter, there are two BTU's which are known as Mass Memory 
Units (MMU's). Each of these MMU's is a coaxially-mounted reel-to-reel 
digital magnetic tape storage device which provides storage for computer 

software and Orbiter systems data, and which can be accessed by the flight 
crew as required. 

2.3.1 MMU 'nterfaces 

2.3.1.1 MMU power/cooling interfaces.- Each MMU receives electrical power 
via separate MMU power switches on Panels 014 (MMU 1) and O15 (MMU 2). , 
Each MMU power switch is a two-position toggle switch which permits corf- . 
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 (OF) MDM's. 

Each MMU is cooled via the water loop coldplates in the forward avionics 
ays e ‘ : 
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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)... -: 02.0 mle 

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 limit 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). 

w 

2.3.2 MMU Functional Description 

The following is an analysis of the components of a MMU and the functions 

of these 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. The 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 conmand 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. Oata 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 wrice/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 

is erased (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. It physically moves the tape, retains proper tape 
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tension, and transfers data to and from the tape. When not responding to 

GPC command, the MMU control logic will place the tape transport mechanism 

in a standby state. 

 2.3.2.6° Power supply.- The MMU power supply ‘converts’ 28 Vde from one main’ 

bus (Main Bus A for MMU 1 and Main Bus B for MMU 2) to +5 vde 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 so by the MMU's control logic. 

2.3.2.7 Built-in test equipment (BITE).- The MMU's BITE maintains an 

"QK/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 B) 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 Tong by 1/2-inch 

wide and fs Subiivided longitudinally 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" dn 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 MDM's, onboard the Orbiter. Of these MDM's, 16 are 

classified as DPS MDM'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) MOM's - (4) . 
Payload (PL) MDM's - (2) 
Launch-SRB LEFT (LL) MOM's - (2) - --° Ue 0 2 ce te 

Launch-SRB Right (LR) MOM's - (2) | 
Launch-Forward (LF) MDM - (1) 
Launch-Aft (LA) MDM - (1) 

e 14 instrumentation MDM's have names which are derived from the instru- 

ntation systems and their locations. They are the: a
5
!
 

e
@
e
e
s
e
e
s
 

@
 

Operational Instrumentation Forward (OF) - (4) 

Operational Instrumentation Aft (OA) - (3) . oo 
Developmental Instrumentation Center (DC) - (2) : 

Developmental Instrumentation Forward (OF) - (1) 
Developmental Instrumentation Left (DL) - (2) 

Developmental Instrumentation Right (DR) - (2) 

The OPS MOM'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: 

@ Cooling - Water-loop coldplate cooling to those MDM's in the forward 

avionics bays (the FF, PL, and LF1 MDM's); Freon-loop coldplate cooling 

to the MDM's in the aft avionics bays (the FA and LAl MOM's), and pas- 

sive coldplate c: ling to the SRB MOM's (LL1, LL2, LR1, and LR2). 

@ 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 MDM/LRU interfaces see the MDM 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 SRB . 

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 OSS 

1 and 2) is to permit control bus power to activate two RPC's which 

in turn allow power from two main buses to flow to the designated MOM'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 

CRB 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 MOM Functional Description . 

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

- eate 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 MDM has two analog-to-digital 

converters. Inputs from each of the I/0 modules (there can be up to 16 

1/0 modules in each MDM) are available to both MDM "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 1/0 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 MDM, for example, would not be interchangeable. 

Figure 2-8 illustrates a functional block diagram of an MDM. 

é 
‘ 

2.4.2.1 MDM MIA.- Each of the two MIA's within an MOM are functional ly 

identical with the GPC's [0P MIA. 

2.4.2.2 Sequence Control Unit (SCU).- Either of the MDM 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 MDM 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 Analog-to-digital. (A/0D) 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 MDM output module. , 

2.4.2.4 MDM power supply.- Each of the MDM power supplies convert 28 Vdc 

main bus input power into regulated 18.6 Vde power, and then converts the 
18.6 Vde into +5 Vdc, +10 Vde, +12 Vde 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 MDM 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 MOM Input/Output (1/0) modules - There are six basic types of [/0 

modules which may be installed in an “0H. They are as follows: 

Discrete: input.module converts up to.48 paratiel +4.Vde inputs or up to. 

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

Discrete output module converts serial, digital commands into parallel 

discrete signals to Orbiter systems hardware. 

Analog input module conditions 45.11 Vde to -5.12 Vde analog inputs 

from Orbiter systems hardware for digital conversion by A/D. 

Analog cutput module converts 10-bit digital commands into #5.11 Vde to 

-5.12 Vde analog cutputs to Orbiter systems hardware. 

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): 

eo Continuously transfers control panel ‘inputs or GPC commarids to 

TACAN . 
ee Continuously requests, receives and buffers radar altimeter data. 

‘ee Continuously receives and buffers TACAN and TACAN contro! panel 
data. 

ee Converts buffered data to NRZ for transmission to GPC when 

requested. 

2.5 MULTIFUNCTION 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 manipuda- 

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 their locations in the Orbiter crew stations. Additional 

Reus: DEU's and DU's may be added to the vehicle as the Shuttle program 

evelops. 
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2.5.1 MCOS i iterfaces 

‘. 2.5.1.1 Power/cooling.--The CRT POWER switch, has. two contacts for three . 

positions: OFF, STBY, and ON. The STBY position activates two 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. mo 

The DEU and OU 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 MCUS controls. 

@ 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. 

@ Major 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. ? 

e@ 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 left CRT) or DEU/DU-3 (the center CRT), and the RIGHT CRT 

SELECT switch allows the right keyboard to talk to either DEU/DU-2 (the 
right CRT) or DEU/DU-3. . 

@ CRT POWER switches: Each DEU/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 OU. Power 

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

(in the: STANDBY position) ‘is “dfoded” together’ and supplied.-to the. Panel -. 

C3 BFC CRT switches. The ON and STBY CRT POWER switch status is avail- 

able through the OF MDM‘s. 

e Keyboard Lamp Power Switches: Each set of keyboard lamps is part of an 

instrumentation lighting 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 OK data buses. Note the inclusion of a proposed fifth DEU/OU 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/DU-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 Detection 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 OU 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. 

@ 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. 

@ 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 DEU 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 
n-rmal GPC/DEU operations. 

2.5.2 Display Electronics Unit (DEU) Functional Description _ 

Figure 2-11 illustrates a functional block diagram of an Orbiter DEU and 

the crew station contro] 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 I0P MIA; 

2.5.2.2 DEU control logic.- The DEU contro! logic validates GPC commands 
(address, operation, and word timing) and stores CRT display information 

from GPC commands in its own memory. The contro] 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 OU BITE, validates keyboard message inputs 
(syntax), and executes software to accomplish GPC command tasks. 

2.5.2.3 DEU BITE.- The DEU SITE maintains an "“OK/NOT OK" status of its 

components. the DEU and OU BITE status data are available in appendix 8. 

2.5.2.4 Symbol generator.- The symbol generator transforms data from the 

control logic 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 tig 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 DEV 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. J 

2.5.2.7 Power supply.- The DEU power supply filters the main bus 28 Vde 

input power and converts this power into +5 Vac, 12 Vde, and +15 Vde. 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 Vde. The CRT attached to this DEU will blank 

should this powerdown sequence occur. It provides a POWER-UP discrete to 

the DU low-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 Dev components, and also increments the time in DEJ 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 OU components are outlined below. Figure 2-12 illus- 
trates a functional. block diagram of aQDU.° © 6° - 7 2 A ota 

2.5.3.1 X and Y deflection amplifier.- The X and Y deflection amplifier 
amplifies the X= and Yediraction deflection signals to drive the CRT beam 
to the correct screen location. 

¥ 

2.5.3.2 Video amplifier.- The video amplifier amplifies 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 contro] unit bases its inputs to the video amplifier on sig- 

nals from the manual brightness control dial and the ambient light 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 OU BITE.- The OU BITE maintains an "OK/NOT OK" status of the DU 
components. The status of both the OU 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 Vde main bus 

power to +5, +15, +28, and +80 Vde for DU logic and amplifier needs, to 

16,000 Vde to drive the CRT beam, and to 600 Vde for focus controi. It 

aso provides overvoltage/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 special-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 

DEY), and is illuminated by dual lamps driven by Orbiter ac power (5 Vac). 

2.6 BACKUP FLIGHT CONTROLLERS (8FC'S) 

There are three BFC's onboard the Orbiter. Each of these hardware devices 

contains two independently powered medules, 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 OISENGAGE 

discretes, the BACKUP/NORMAL/TERMINATE discretes, and those discretes 

which control assignment of the forward DK bus(es) to the BFS GPC. cach 

BFC module is powered independently, with use of the same power source &5 
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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 power from the same source 
as GPC i's CPU. 

"2 ow 

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. Oestruction 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 the vehi- 
cle be turned over to the BFS GPC. Although this pushbutton is momentary 
in physical design, the 8FC ENGAGE discretes are “latched” inside the BFC 
modules and remain in that state unless the BFC OISENGAGE switch is 
toggled, power is removed from the BFC module, or na GPC's OUTPUT 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 contro! af 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 collectively 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" positjon, 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 wil] 
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/NORMA/TERMINATE discretes.- The OUTPUT switch can be in 
either the BACKUP, NORMAL, or TERMINATE position. The BACKUP position 
identifies: to the BFC-Module:if a GPC is.-intended to be-the BFC GPC-when- ~- 
the BFC ENGAGE pushbutton is depressed. 

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

e Preengage, if 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 efther 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 (1/0) 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 8FS GPC, in order to become ENGAGED, 
must recognize that at least two of the three ENGAGE discretes have 
changed from “zero” to "1" and must receive an [/0 Terminate 8 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 1/0 
Terminate B discrete also equal to a logical "1". The PASS GPC's, upon 
receiving these dis-:3tes, will give up control of their dedicated buses 
and entar a "software halt” state. These GPC's would-have to be reinitial- 
ized 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/O 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 "T/0 
Terminate 8" discrete = 1, it can not transmit on the FC data buses. Fur- 
thermore, a PASS GPC must receive an "I/O Terminate B" discrete = 1 as 
well as the BFS ENGAGE discretes 1 = 2 = 3 2 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 trassmitted via a 1 second time delay to the BFC. 
Therefore, on the assumption that the three BFS ENGAGE discretes are set 
to a logical "1" only the highest numbered GPC with its OUTPUT switch in 
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the &\CKUP position will eceive the correct discrete pattern in order to 

assume control as the BFS GPC. All the other GPC's, assuming no failures, 
will receive the correct discrete pattern which will tell them to surren- 
der control of their buses. ST meg 

2.7 MASTER EVENTS CONTROLLER TBS 

2.8 OPS ACTIVATION 

The following is a series of activation procedures, primarily taken from 

the Orbiter Systems Operating Procedures (OSOP), 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 MOM Activation 

The activation procedure for the DPS MOM's is to place the eleven POWER 

switches on Panel 06 to ON. 

FLT CRIT AFT (four) - ON 
FLT GRIT FWO (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 fo 

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: Approximately 1 minute is required for the CRT to become usable 

from an unpowered state. 

If the DEU memories have never been loaded, then a DEU memory load is re- 

quired: this can only be performed after a GPC has been activated and is 

in [>t OPS OQ. 
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2.8.4 GPC Initialization and Activation 

The ‘information ‘provided: here: concerns: itself: withthe -inittalization. and. : 

activation of the PASS GPC's as well as the BFS GPC. The first portion of 

the total procedure is known as GPC initialization 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 ina 

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 

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 1/0 

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 1/0 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 toad 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 jis 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 

initialization logic flow. 

At this point 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 logic flow up to the point where a PASS 

systems software or a 3FS software load 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 switch 

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 DEV LOAD switch (Panel 06). The BFC CRT OIS- 

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 I9L MENU subsequently appearing on the selected CRT. At this point the 

Te pence switch can be turned to the OFF position and the GPC moded to 

{Al ° 
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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 if. both of these discretes are’ "zero" (ff the BFC ‘CRT :BISPLAY °.~ 

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 the PASS software from the MMU. The logic flows for both 

the PASS and BFS activations are illustrated in figure 2-17. If an 1/0 
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 processing, timekeeping, synchronization, and the GPC's ICC data 
bus output. At this time, the OPS 0 (GPC MEMORY) CRT format will be 
driven on the available CRT's.. The GPC will then monitor inputs from the 

keyboard and, upon receiving am 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 
OPS/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 0 mode will be initiated. The BFS GPC now monitors 
its MODE discrete and the 8FS 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- 
eeyate 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. contro]. to -the- BSL which. will. then:load the-BFS 

software from MMU into the GPC. The BFS GPC will retain contro] of a CRT | 
(the first CRT identified by the BFC CRT SELECT switch position). 

The BFS GPC is now in the BFS OPS 0 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 jis in the PAY- 
LOAD position, the CRT will become blank. 

The 8FS 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 
"TRACK" 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 Mede) or by moding the BFS GPC to the appropriate Major Mode 
is 0 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. : 
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SECTION 3 
CREW STATIONS PANEL CONTROLS AND DISPLAYS 

Each switch will be shown on its crew station accompanied by a functional 

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 toqgle switch).- | Hee 

e ON: Allows 28 Vde to designated Display Electronics Unit (EU) and 
Display Unit (DU) power supplies. 

e STBY: Allows 28 Vde only to high-voltage power supply to warm-up Cathode 

Ray Tube (CRT) filament in designated OU (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 MAd FUNC (3-position toggle switch).- Changes which major function 
sontuare is to process keystrokes and to drive CRT data for the designated 

Operational Limitations 

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

epEC) on the designated CRT unless overlaid by a Specialist Function 

@ 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. 

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

ee 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 occurred. — 

OR 
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ee The new major function isn't active, then the display on the CRT 

— goes blank and an error message is generated. 

. 7 oe fee . . ~ oR .¢ . 

ee The selected major function already is in command-of three buses, 

then the display doesn't change and a fault message appears on the 

@ 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 CRT 

ee "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. 

eo "PL" will cause the display to blank. 

3.1.2 LEFT CRT SEL (2-position toggle switch) 

Directs DEU/DU 1 or DEU/DU 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. 

Gperational Limitation: OEU/DU 3 will process keystrokes from both key- 

boards if both CRI 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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Figure 3-1.- Panel C2. 
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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.9., GPC/CRT 

C) 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 (1/0 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). 

e 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). 

@ Restore BCE chains and reset BTU port masks (e.g., I/0 RESET EXEC). 

OPS - The first key of a keyboard message to initiate a new OPS (e.g., 

OPS 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) also czuses software to assign data buses according 

to the data bus assignment portion of the memory configuration table 

on GPC MEMORY. OPS 0 PRO cancels any Systems Management (SM) and Pay- - 

load (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). Amajor function can support a maximum of three 

CRT's with two SPEC's, three displays (OISP'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 

entered for an OPS not having a SYS SUMM display, an ILLEGAL ENTRY 

fault message will be generated. 
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MSG RESET - A single keystroke message which clears the fault message 
tine and extinguishes any software driven C/W light and tone or the 

SM ALERT light and tone. If entered on a keyboard attached to a CRT 

“showthg a Class 5 (operator error) 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 message from 

flashing, extinguishes the SM ALERT light and stops the Alert tone 
(no SPL echo). 

Letters A - F - Allow hexadecimal data entries for keyboard sequences 

Tnvolving [TEM 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: 

@ Initiate a new OPS (e.g., OPS 301 PRO). 
@ 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. 
@ Invoke SPEC's and OISP's (e.g., SPEC 50 PRO). 

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

CLEAR - A single keystroke message which generally blanks the last 
keystroke or "ERR" and the erroneous keystroke. If the last keystroke 
ye EXEC, entering CLEAR will blank the entire SPL (no SPL 

echo). . 

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



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 OUTPUT 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 OUTPUT = BACKUP 

remains in control of the vehicle. : 

  

  

       BFS ENGAGE 
PUSHBUTTON 

Figure 3-3.- Rotational hand controllers 8FS ENGAGE pushbutton. 
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