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FOREWORD

Thls final report covers the work performed by Autonetics Division of
North American Rockwell Corporation undeér a study contract entitled Analysis
of a Display and Control System Man-Machine Interface Concept. The report
is submitted to the National Aeronautics and Space Administration Manned
Spacecraft Center under the requirements of Contract NAS 9-12266. The study
program covered the period from October 1, 1971 through August 31, 1972. The
NASA technlcal monitor was Mr G. K. Ra1nes o

The final report consists of four (4) volumes:

Volume I.  Final Technical Report
- Volume II. = Appendix A. Principal Subsystems
aE : of Phase B Orbital Vehicle used in
the Analysis..

Appendix B. ' Control and Display Data
Required for Crew Operations.

) Volume IiI. Appendix C. Formats and~FormatATiees'
| . -Appendix D. 'Cdding of Sémple Format .

Appéndix'E Pr1nc1pa1 Subsystems of
NR-SD wlnnlng Proposal Orbltal Vehlcle

Volume IV. . Appendix F. Control/Dlsplay Sequences‘
Lo for Four M1551on Phases

—}Y_oﬁ aré'-reading' this volume. *
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APPENDIX A

Principle subsystems of North American
Rockwell Space Division Phase B Orbital

Vehicle used in analysis
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~. ACLINE o

DCLINE o

~ DATABUS

ACT

UNIT .
NO I

AERO
SURFACE
ENBL -

.. BIAS

SUPPLY
TEST

SHUTOFF
VALVE
SOLENOID
COMMANDS

CHANNEL
ERROR
TESY

SURFACE
POSITION
COMMM\DS

CONTROL

SERVO

. TEST .

?CTUATOR

ACTUATOR
PRESSURE
DIFF.

{
{
{
{
{
{
P

-

——> D

CHANNEL A OUTPUT

K—8
#—C

e—D .

RUDDER CMD A.

. 24—
3 N

—».8

—>0

bC

L 2-—p
33—

CCMPENSATION

"'__
e— 8
—C
4— D

SIGNAL |,

COND

COMPENSATION

. NN
" R 7/
oo g g SwiTew L' rAnsoucer
LT T BIAS. | |EXCITATION
BIAS A TEST SUPPLY <
3 =] SicnAL ,
e—p _ COND
l4—0=0 3 T™vE
44— _
SHUTOFF VALVE A CMD . r-"ﬁ
o5 S switen
—C 3-#

TATION

POWER
ACT-
UATORS

> RUDDER
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 APPENDIX B

;lCohtfol ahd'disblayfdété necessary

"§ fqricfew Qperatipﬁg”dﬁiing_both_,.

“.‘nominal and non-nominal :conditions -

. Categories: . o
ufé;;lCéﬁtrdlffff::?il} fmaﬁltb machihé -
o Deplay’ - Clschine toman

' Tominal © % -] . Required for crew menagement

. 6f.a nominal mission (no .un-

"\ planned internal or vehicle
Aff:éxternalfevehts requiring crew
'":Ei‘-P,aI'tiCipation) A .

*f1'.Non;nominélfaféjTﬁ;»lReguired for crew management in

.\ﬁ,thérprésencewof nQn-hominal cohd-_', A

" itions, such as malfunctions and-

. :sunplanned'flight plan“changes
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CONTROL § DISPLAY DATA -

SUBSYSTEM Main Propulsion.

| _ USE. |- PURPOSE
SIGNAL

N T REMARKS
NO.l RANGE = - UNITS .~ - ERR-

NOMINAL

| NOMINAL |
NON-

PRESS HE BOTTLE NO. 1 * A

PSIA .

rd

CONTROL
>< | DISPLAY

PRESS HE BOTTLE NO. 2
PSIA

<
>

PRESS HE CONT VLV NO. 1 =~ |~ Iy L [|¥x
PSIA AT N N
PRESS HE CONT VLV NO. 2. =~ . .= .= 1 bx !
| PSIA Y P EA U

W0 N U A N R

PRESS. HE ENG INLET NO 1 R X
PSIA . E “. . - e . B . )

[UVR—
~ o

PRESS HE ENG INLET. NO 2 LT R

!
N

23] BRESS LOX ULLAGE - Yauk N0 v X EREA
y PS14 , SN o

15] PR.SS Lox nLLfmC TmK_.ﬁiQ__?.,_, S O ¢ x -
i6 - : PSIA T ‘

17| PRESS. UH2 ULLAGE Tk | I A R
16 ESTA - | _

119] ENG. L.parss Lﬂx I“LLT
20 ) PSIA

21] ENG_) PRESS.LHZ 1;1.97 | "IN R X
191 S _ : : .
22 - | | |

s3] ENG 2 PRESS LOX IMLET. N O A
FSTA -1

P
<
>

24 . , : . , |
25| ENG_2_PHESS LH2 TFLEY. . KA
PSIA o :

26 : .

27| LOK QUANTITY (CARAG 11ANCEY = R

LH2_QUANTLTY_(CAPACITANCE). X |y

;o] - 0 100 PCT. - Qs A .

Bl-1 -



CONIROL §& DISPLAY DATA

o SUBSYSTEM Main Propulsion

Ean

" USE. | PURPOSE ° |

SIGNAL

| | . S REMARKS -~ “°|
RANGE WNITS - ERR g T

=
S .

NOMINAL

NON- |
NOMINAL

LOX GUAMTITY_ (PT SENSOR) -
o 100 PCYT 0.

CONTROL
"> >< | DISPLAY

> -

LME. QUANTITY (PT SemsOR) fe
e lov pCT 0. |

ENG 1 TEMP LOX INLET R N P S Y
DEG F S R A A

ENG 1 fEMB M2 DMET | IR x|«
TUDEG F S R e

W 00 N1 Ot AN e

LOK ENGINE CUTOFF L oRY. - | | KX

V-
~ o

LoX_EnGINE CUTOFF 2 ORY RN N P RS

[
™

|l
(8]
./,<
T~

LOK_EMGIHE CUTOFE 3 DRY

=
RS

LOK ENGINE CUTOFE & ORY | ¥ ¢

Ft
- o

LOX_ENGINE CUTOFF % ORY SR R S B {

=
0 ™

LHZ_ENGINE CUTOFF 1 DRY BRSPS

NN
- O

LHZ EMGINE _CUTOFF 2 DRY 1T 1Y |y

L

[\
[\S)

[\

(73]
>~
<

_LHZ ENGINE CUTOFF 3 DRY .

N
E-N

=

N
w

LHZ ENGINE_CUTYOFF & DRY K

S
[
(=)

271 LHZ ENGINE CUTOFF & ORY ' f S

291 LOX PRE-VALVE 1 OPEN. - | X

/\ Ao

B1-2



CONTROL -& DISPLAY DATA

SUBSYSTEM Main Propulsion

USE .- | . PURPOSE

SIGNAL

RANGE = UNITS . - ERR R

Z,.
o
NOMINAL

NON- .

CONTROL
" ~|DISPLAY

_LOX_PRE=VALVE )} CLOSED

X
>

LK PRE«VALVE 7 OPEN_

i

_LOX PREVALVE 2 CLOSLO

LH2 PRE=VALVE L oPEN. . | | X

W oo NN SN

LHZ PRE=VALVE | CLOSED. . X

P e
= o

LHZ2_PREaY ALVE_._,ZA_.QF"EN.--,_.,._4;_.-_'.__ ,

b e
WwWoN

CLHE PRE-VALVE 2 CLOSED

-
-
X
XXX 333 X 3 X > X % % 3 | NOMINAL

—
(%]

LOX VENT 1SOL VALVE ofey . I KR

—

(e}

>
P

[
~)
/\.4

LOX VENT ISOL VALVE eLotenm | | X

N
o o
X

LOX VEMT_VALVE OPER - X

NN
- O

1 LOX _VEMT VALVE CLOBED X

N
(93}

LH2 VENY TS0l _VALVE OPEN N I P

N
TR N
- X

LH2 VENT_{S0L VALYE 6Losen - | | X

™o
@)
>

LH? VENT VALVE OPEN

[gV)
~J

® ]
X
X
AL XX XXX KRR X X N

LH2 VENY ValVE CLMED

2
e

{30




* CONTROL & DISPLAY DATA

-

SUBSYSTIM Main Propulsion-

USE- | PURPOSE

SIGNAL

N : N REMARKS
RANGE ‘ UNITS ERR .

=
e

NOMINAL-

| NON-
NOMINAL

CONTROL
A | DISPLAY- |

LOX BURST DISK OPEN

>
>

LOX BURST DISK CLOSED

LH2 BURST DISK OPEN

,‘K

" LH2 BURST DISK CLOSED

Wt N O s W N

LOX_FILU_PRAIN NO'1 VALVE 0BEN _ | | ¥ V4

=
)

LOX FIVL_DHAIN NO 1 VALVE cLosEn-| | X' %

I
RN

LHZ FILL DRAIN NO -} VALVE OPEN X

ot

=Y

e
>

LM2 FILL ORAIN NO 1 VALVE CiO%En | - | X | A

—
(%41

P —
<N o

WH2 ELRECIRC PUME ON_ | | X
@ % vDC ‘ ' 5 .
. \

LH2 E) RECIRC PUMP off L A

N
O W oo

L2 E2 RECIPC PUMP on_ |
Y TR T ] R R Y

NN
I

LW £2 RECIRC PUMP oFF )X
0 S ¥De : X

N
W

N
-~
A

N
[Va]
N . i Lt e
,,~\./‘( b S O GO G W Py

LO%_F1LL DRAIN HOs 2 VALVE OPEN

-~
N
[

| LOX FILL DRAIN MO 2 VALVE CLOSE | )« |y

(3]
~1

&)
(o]
s
X X

L
w0

42 FILL DRAIN NOs 2 VALVE opiri | 1Y

A
(=]
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CONTROL & DISPLAY DATA

.~ ' SUBSYSTIM Mai_ﬂ Ppopplsion ‘

USE - *| PURPOSE |

CSIGAL

- B  REMARKS
RANGE: "~~~ UNITS -~ - ERR. S

Z
S
NOMINAL

NON-"-

| conTROL:
| DISPLAY

> | NOMINAL

LH2 FILL DRAIN NO. 2 VALVE CLOSE

Pt
o
X

ENG 1 NOZZLE EXTEND.,

< f, )

ENG 1 NOZZLE RETRACT IR I

" ENG 2 NOZZLE EXTEND X

W oON N AN
5

ENG 2 NOZZLE RETRACT

=
XRS5 2 x -

o
o
DI

st
-

LH2BOILOFF ISOL VLY OPN -~ | | X~

i
N
>

)
[

LH2BOILOFF ISOL VLV CLS

—
o

- L02 BOILOFF ISOL VLV OPN

—
(=)

ot
-~
ped
xx;mxxxx;,*

L02 BOILOFF ISOL VLV CLS

~
Co

[ondl®
0
<
PR
LY

LH2 BOILOFF VENT MODE PROP

NN
=~ O

~ LH2 BOILOFF VENT MODE NONPROP

NN
N

L02 BOILOFF VENT MooE pROP | | X [*

NN
v

L02 BOTLOFF VENT MODE NONPROP .

[ned
(@)

HELIUM ISOL VLV 1 OPN. R XX

NN
O o 3

HELIUM ISOL VLV 1 CLS -~ - SN
: C : D x | X

w
()

" BI-5



* CONTROL § DISPLAY DATA :

SUBSYSTEM Main.'leo'puls’ion

1
\

o "USE. .| PURPOSE
. SIGNAL . ' §

NO.| RANGE - wNITS. - L ER | B
NITS T I

N - .
MINAL

0
O

- REMARKS

A

HELTUM. ISOL VLV 2:0PN -

HELTOM ISOL VLV 2 CLS. . 4 .|

> > < |DISPLAY,

PROP DUMP. 1 FUEL -

CPROP DUMP 1 OFF -~ & =5 o

W 01 O B N e

PROP DUMP 1 OXID" T

=
o

~,
A

KRNI xR e X < | NOMINAL

R TR
Pt

PROP DUWP 2 FUEL .

—
[\S ]
X

o]
W

CPROP DUNP 2 OFF " |

—
E~Y

—
v

'PROP DUMP 2 OXID - .-~

e
N o

* LOX VENT VALVE AUTO

[
[e]

LH2 VENT VALVE AUTO - | X

LH2 E) RECIRC PUMP AUTO

N
o 0

x

Nto
N =

X

> X %X X/ X x>

LH2 E2 RECIRC PUMP AUTO

NN
SN

I~ NN N
W 0 9 &

A
o

6

Bl



CONTROL § DISPLAY DATA

SUBSYSTEM Orbital Maneuvering Propulsion -

USE PURPOSE

SIGNAL

NO..  RANGE~ ° WINITS' = 'ERR : : S

CONTROL
"< | DISPLAY
~'N@uw&'

LHZ ULIASE PRESSURE A 2 - | L X | 71 &
R T N

LOX_ULLAGE PRESSURE A+ -
0 a0 . PSIA 2.

>

LHM2 ULUAGE PRESSUPE B_- - L AL X
0 40 . PSIA 24 ol
LOX ULEs0E PRESSURE g T A X
0 4h FSIA 2y ool

W oo 9O s NN =]

LHZ PUMP INLEY PRESSURE 1 - - | A A

[
)

LHZ PumP INLET. PRESSURE 2 | | X ] X

[
™

K

Pt

LH2 PUMP INLET PRESSURE 3. - [ |X |
G 40 . PSIA- 2y o N

= e
T R

THRUST CHAMBER PRESS 1~~~ | Iy lx [ X
0 1000 PSIA (.

—
(e}

-
~
<

THROST CHAMBER PRESS 2 SN Y
To Yano  PSIa 0. e

—
o)

THRUST cHamBEd PRESS 3 - | ol x| % |
.0 lpo00 eSla - p, N S

N
o
)(\

LH2 PROPELLANT_MASS Y .~ . A
0 2e¢00 BN - 8,

N
N

LH2 PROPELLANT_MASS 2. = . 1y | X
0 2900 R 0,:

NN NN
[ B - N ¥X]

LOX_PROPELLANT MASS 3 XX
0l6000 LM -

[ne]
(o)}

LOX_PEOPELLANT HASS5 2
0i6opo. LD

(g8
<

R R ENEAE

IS 8N
v

Lie PusP SPEED L | : '
. RPM 7, 4 , A X

N
el
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~ CONTROL & DISPLAY DATA

- SUBSYSTEM Orbital Maneuvering Propulsion ;

NO.

RANGE

PURPOSE

DISPLAY

S

| 8
R IE

: [

NOMINAL
NON-

NOMINAL

REMARKS -

W o . Ot BN R

B DD N B NN NN NN R L e b b et e ek s e
@OO\!G\WQMNHOLO‘(D\!O\W-QNN)—'O

AN
o

LOR PUmP SPEEN 1

LOX_PUMP_SPEEN 3

LHZ PUMP_SPEEN. 2 .

LHZ PUxP SPEEQ 3

RPM

RPI4¢

LOX_PUMP SPEEN 2

RPN

!
i
|
=

ARk

LHE VENT VLV OREN -
LH2 VENT VLV GLOSED
M2 VENTISO MLV Open | I A

LH2_VENT IS0 VLV CL.

LHZ BACKUP_RELIEF viv OPEN. | | ¥

Luzwﬁﬁéxyéwﬁggigﬁmvuymggéﬁ_' NP
L.o_é__;!f;:r;‘r,_,_v.__At.._;t\f.&;_'_;éPgu_..._____.,A..A 1 |x
LOX_VENT VALVE CLOS
L05;yﬁniﬁjsn“y;QUOPgNWLi,M- I

LOX VENT 160 YLV CLOSED ' X

X

os€p | ¥

2 R | X
' X

TN XK X X
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CONTROL § DISPLAY DATA

o SUBSYSTEM Orbital Maneuvering Propulsion .

- USE - . PURPOSE

SIGNAL

RANGE o wmm . REMARKS

NOMINAL
NON-

CONTROL
< { DISPLAY

2| NOMINAL

LOK_BACKUR RLE VLV oREN -

/

x .
<

LOX SACKUP RLF_ VLV GLOSED_

>:'.

LM2 PREVALVE 18 OPEN - S R 1P

LH2_PREVALVE 1A CLOSED. .

W o N O BN

LHZ2 _PREVALVE 2A OPEN .

)
o

PSR P

i
o=

LH2 PREVALVE 2A cLosed’ . | [ X[ K

o

N
P
=X

LHZ PREVALVE 3A 0PEN__© - L | AT K

et
&~ W
- X
>‘\
*

ot
(7}

LH2_PREVALVE A CLOSED

Pt
(<))

LOX PREVALVE_LA OPENM S N B

bt
oo N3
. ><
’\\y

b
O -

LO% PREVALVE 1A CLOSED

)

[e]

X
<

LOX PREVALVE 2N OPEN K E

NN
N =
~<

N
1

LOX PREVALVE 2A CLosen |- | X

N
B9
%
R P K

LOX PREVALVE 3A OPEN

NN
A »n

[§8)
~3

LOX_PREVALVE_ 18 CLOSED | R

NN
O o

MALN FUEL VALVE L OPEN - £«

X x

AN

[ee]

Pasd
y~
4

B2-3
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" CONTROL & DISPLAY DATA

. SUBSYSTEM Orbital Maneﬁvefing'PrOPulsion}_7 .

NO.

 SIGNAL
RANGE UNITS

~ERR .

USE -

. PURPOSE

CONTROL
DISPLAY

NON-

- REMARKS

W 0 I O B L N ]

NN NN N NN N S e
O ® N9 O DS UWN RS O ®a o a D N o E;

N
o

MALN FUEL VALVE 1 CLSD
MATN FUEL_VALVE 2 OpEN
WMAIN FpEL VALVE 2 CLSD

MAIN FOEL VALVE 3 OPEN

MAIN FOEL VALVE 3 CUSD

MAIN OXTO_VALVE 1 OPEN

Al OXIO VALVE ] €(SD

#AIN OXID VALVE 2 OpEN

HALN OX10 VALVE 2 CLSD.
MAIN OXID VALVE 3 08gN

MALH OXT0 VALVE 3 (180

H2 PRESSN ISO VLV 1 OPEN
H2 PRESSN ISO VL 1 CLSD
H2 PRESSN ISO VL 2 OPEN

H2 PRESSN ISO VL 2 CLSD

X

x

‘-:?i -

Y

>

>

PP 2 DI 0 VB M 2 e X K XK > < | NOMINAL

P ¢

A SV A

>xX 20X

MR X XX AR

o,
ZUN

-
< SR

.
-

P e N AMINAL

X XK

B2-4




~ . CONTROL § DISPLAY DATA

»SUBSYS_TEM ~ Orbital Maneuvering ProPulsi‘On 5 |

| ‘USE" | . PURPOSE
NO.l RWGE  UNITS . ERR.. |

| NoMINAL

CONTROL
< |DIspLay

H2 PRESSN ISO VLV 3 OPEN - .~

! x 1v

H2 PRESSN ISO VLV 3 CLSD . -

02 PRESSN ISO VLV 1 OPEN

02 PRESSN ISO VLV 1 CLSD N Y

W N AN
<
3 X K X A S D% s o | MOV
* 2R AP ST e oL

02 PRESSN ISO VLV. 2 OPEN K
10 ' | .
11| 02 PRESSN ISO VLV 2 CLSD ‘ A
12 B | A
13| Low LEVEL wARNING A LH2 . - | | K
14 - B - | |
15| LOW LEVEL wARNING A LOX - |} | A X
16 o N |
17| LOW LEVEL WARNING B LOX X X
18 . |
19| LOW LEVEL WARNING B LH2 X
20 ) : . '-,“ o I .
21| 1H2 F oD vVALVE opEN/CLOSE | [ X | <
” o o . , % | %
23| LOX F D VALVE OPEN/CLOSE ; X X.
al . | X X
45| THERMO VENT FLOW VLV POS INCR R K
sl [ X
;7| THERMO VENT FLOW VLV POS DECR B B I A
8| B | S X
jo| THERMO VENT FLOW RATE | | ¥ | | X
30 - | |
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- CONTROL § DISPLAY DATA .

SUBSYSTEM ~ Orbital Mén’euveriné P1‘0pu.lsi"_on S

NO.

SIGNAL "

RANGE - UNITS... -, ERR- |

USE

{ .. PURPOSE

CONTROL

NON--

REMARKS

y
[

=Y~ SO N N SR C RN

B N NN NN N b d e e Rl b e
o\mAwNJ—lo&ooo\IO\m-b-w:)

N
0w o

N
(el

w s s

[
(]

[y
~J

THERMO VENT. ISOL VLV POS CLS < ; 1 "

VENT MODE SEL-NONPROP -~

HOT' GAS DOORS CLOSE ‘__:j e

LOX VENT VLV AUTO

_THERMO VENT ISOL VLV POS OPN' . . -.7|%

;| DISPLAY

E

-

N

o~

* | NOMINAL

re

<X o XX

LSRR | NOMTNAL

B26




 SUBSYSTEM

Loy

© CONTROL § DISPLAY DATA -

Attitude Control'Pfopulsion '

=
O

SIGNAL

RANGE " UNITS

" ERR-

. "PURPOSE

) USE -

NOMINAL -

INAL

. REMARKS

t NN NN N NN RN S b R e e S o b o .
L 0 N N RA NN O WO N RN MO W N D L]

%)
o]

SURE . CHAMIER THRUSTER
PSIA 2

pugs
Ao.ééo

6 4 “%1& . '?.

ﬂR[SSURE rHA%HrR THRUSTFR

.0 &qg PSIA : ).

FRESSURE FHQHWrﬂ THQUHTER

(} ‘910 PSIA . I.

PRESSUGE CHnMifR THQIMIF
6 4%0

PRES Supg CHAM*ER YHRU‘TFR

0 akﬂ Pﬁlk . So

APN?SSUHF cugmusn THQUsTGQ

0 45y PSIA - Ze

PRESSURE CHAMEER THRUSTER ;

0 459 #8)A Ze

PRESSURE GHAMBER THRUSTER

0 4%p PS1A P

PRESSURE CHAMMER THRUSTFR

0 4an LT KL 2o

PRESSURE CHAMRER THRUSTER

0 45p FS14A 2o

PRESSURE CHAMBER. THRUSTER.

0 4o LA D) 2.

PRESSURE CHAMBER THMAUSTER _

0 450 £S1A 2o

FRESSURE CHAMRER THRUSTER

0 4ig FS1A 2.

POLSSURE CHaMiEER THRUSTER

0 450 PS1A 2,

HSA ?.-Z

v .4

;ﬁgﬁiane;gmasu@R THRUSTER. 2.

& —.'

2.

9.
Ao
11

12,

1A

1&:

15

Ak X X X 2 X A X = = =

CONTROL
| pIspLay |

%

o —— .:'; — NON-
o X R =k € XINoM

S S

B3-1




" CONTROL § DISPLAY DATA -

o~ SUBSYSTEM Attitude Control Propulsion

.o

P
&

SIGNAL
RANGE

UNITS - ERR

- USE

- PURPOSE

CONTROL

'NOMINAL

NON-
NOMINAL

REMARK

g

O N O U e L8 e

B9 NN NN NN NN ke i e ke e b e ped
bJJ\lG\m-DUJNHOKOCD\IC\U'\QuNHO

[
]

PHESSURE. CHAMAER THRUSTER 16
(] “ED PSYA 2o

PRESSUPE CHAMUFR THRUSTER 13
70 4mp. BSIA- 2,

PRESSURE CHAMRER THAUSTER 18

0 ‘iﬂ PSla Ze
PRESSURE CHAMHER THRUSTER 16
0 40 PSYlA 2,

BRESSURE CHAMSER THAUSTER 2
e 6%5n - PSIA 2, '

PRESSURE _CHAMIER THAUSTER 21 -
") ago_ T OpPSLA 2, .

PUESSURE_CHAMAER THAUSTER 23
0 Asq CPSLA 0 2,

PRESSURE _CHAMHER THEUSTER. 23
0 450 eSlA 2,

PRESSURE CHAMHER THRUSTER 24
G 40 - PSIA 2e

PRESAURE. CHAMIER THOUSTER 25
h 45¢ psia . 2,

PRESSUPE CHAMBER THRUBTER z6

N A PS1A €
PRESSURE. CHAMBER THRUSTER 27
& 6e9 PSLA - 2o -

b

PHESSURE_CHAMBER TURUSTER 28

i»

9 454 FS1A 2o
PRESSURE. CHAMBER. THRUSTER

¢ “OSO 251 A ‘e

£
7.

N

RUESS FuD FUEL_MANTFOLD
0 1500 pSIA 2,

e

x
X

E I R S Y] >¢. Ko ow >&‘v x> X o X X

B3-2




CONTROL § DISPLAY DATA

7~ SUBSYSTEM Attitude Control Propulsion " .

-

=
O .

_ SIGNAL
RANGE . UNITS

R

USE

PURPOSE

CONTROL |

NOMINAL

"NCMINAL
NON-

. REMARKS

(\.‘NNNNNNNN-I—‘H)—‘P—')—IH |
O @ N O dS NN - O Wt & t: :3 Fn:;

N
(@]

WL 3O A | €

PRES GFT FUEL MANIFOLD
0 1500 PSIA T 2,

PUES FuD OXIO MANIFQLD
0 1799 PSIA EN
_PRES_AFT_OXIN MARIFOLD
0 1500 pStA 2,
TEMP_THIUSTER FUEL INLET 1.
200 bp0 . DEG 5 2 '

TEMP THPUSTER FUSL JNLEY 2
200 6a0 NEG n. 2

TEHP THPUSTER FUEL INLET.3

200 &0 DEG B 2

TENP THRUSTER FUEL INLET &

290 6lp DEG ® 2

TEMP THRUSTER FUEL, fNLET &
200 610 DEG w2

TEMP THAUSTER FUEL [NLET &
260 640 DEG 0 2

TEMP THPUSTER OXI0 INLET )
200 o0, - DEG R 2

TEMP TuURUSTER QXTI INLET 2
330 600 - NEG R 2

TEMP THRUSTER OXID IMLET. 3
3 :

200 Ha0. DEG R

TEAP_TORUSTER OXIO {HLEY &

300 500 DEG R 2

TEMP THRUSTER OXID IMLET S

300 Hig OLG R 2

JEMP TmUSTER OXID NLEY 6

300 6lg NEG 1 2

> ><|DISPLAY

X

>
U
Pae

~

<
P

X

'B3

3




]

CONTROL § DISPLAY DATA.

v SUBSYSTB\! Attitude Contro_l-PrOpuléion

.
. O

SIGNAL

RANGE

WHTS'

ERR -

. USE

| -~ PURPOSE

| NOMINALS

NON-
NCMINAL

© REMARKS

W 0 9 N AN

-
NN DN NN N == e
NSO s AN R O D o a ek 2 D :: ES

\
J
e

[y
w0

A
(o=

JEHP _PROP FUEL. ACCUM FHO_

200 699

200 60q

NEG 7 2

TEMP PROP_FUEL_ACCUM AFT

IiEG'H

!

TEHP PROP.OXID. ACCUM FuD.

200 60q

200 600

VLV FUEL RELIEF

VLV FUEL RELIEF

VLV FUEL RELIEF-

VLV OXID RELIEF

VLV OXID RELIEF

VLV OXID RELIEF

VLV OXID RELIEF

VLV FUEL MODE.

VLV _FUEL_MODE.

NEG g 2

DEG &

VLV FUEL RELIER 1 CLOSED

1 OPEN

CLOSED

N

N

OPEN
1 CLdsED
1 OPEN
2 CLOSED

2 OPEN

TEMR bpoP OXID ACCUM AFT

SEL L ACPS.

SEL_ 2 aCkSs,

VLV Fugl, MODE SEL 3 ACPS

>

"~

_%

X

CONTROL
© ¢ | DISPLAY

e

A TN XK X X X < X

‘B?ﬁ,




" CONTROL § DISPLAY DATA

—~  SUBSYSTEM - Attitude Control Pmpulsion'.'.:‘ .

USE . | : PURPOSE
SIGNAL ' '

- - - REMARKS
RANGE UNITS  ERR o

=
S
NOMINAL

NON-

CONTROL
- ><| DISPLAY

VLY FUFL MODE SEL 1 GMS

oK

VLV_FUEL MODE SEL 2 OMS. |

D32 5 >0 x| NOMINAL

VLV FUEL MOBE SEL_3 OMS

VLV _OXIp_MODE_SEL 2 ACPS!

VLV OXin_MODE_SEL_1 ACPS.

W o NN D NN

O I

—
)

X %

-
-

VLV _OX{n HOOE SEL Y aCPS L [A

-
™y

o
W

VLY OXTD MODE SEL_1 _OM3 T G

=
R IS

A

A

| 1%
VLY 0Xi0 MODE SEL 2 OMS I R I e
X

—
~J

VLY OXjp MODE SEL 3.oMs - V|

s
v ®

VLVY_MOT._GAS VENT 1 _fRop XX
VLY MOT GAT VENT Z PROP_ » X

NN N
N = O

s

VLV_HOT GAS VENT 3 gROP - . XX |
| Ll

NN
&

_VLV HOT 6AS_VENT 1 _NON=PROP’

N NN
N O N

’ VLV HOT 5aS VENT A ROH=PROP. X

]
p]

-
S
<

29| VLV HOT Gas VEMT_ 3 NON=PROP

130




- -CONTROL § DISPLAY DATA

SUBSYSTEM ~ Attitude Control Propulsion . ..

=
o

CNITS L

- USE . | “PURPOSE

NOMINAL
NOMINAL

NON-

REMARKS

NN RN NN NN - '
[
NSRS NN O © > o oS 2

29
130

VLV PROP_OPEN‘THRQSTER'l :
VLV PROP CLOSED THRUSTER 1 "
VLV PROP OPEN'THRUSTER'2 = . 77 o) X X

VLV PROP CLOSED THRUSTER 2~ - /" 10 .

W 0N N AN e

VLV PROP OPEN, THRUSTER 3. . - 5. 7 [i

Y
o,

'vLyiééoéfbtésﬁpﬁfﬁéééfgﬁ;i o
vaiéRo§76§ENATﬁRusfﬁﬁ é

VLV PROP CLOSED TﬁéﬂSféﬁTin -
VLV ESOP'OPEN‘fHRUSTEﬁ 5
VLV‘éﬁqb CLOSED THRUSTER 5

VLV PROP OPEN'THRUSfER 6

VLV PROP CLOSED THRUSTER 6 4,.' N N S
VLV PROP OPEN' THRUSTER 7 |
VLV PROP CLOSED THRUSTER 7 " I

VLV PROP OPEN THRUSTER 8

p
X

CONTROL
> . >=<|DIspLAY

i,;Si:_,

2

e

IS

B3-6 .




‘CONTROL § DISBLAY DATA - .

SUBSYSTEM . Attitude Control Prbptﬂxiﬁsion_‘ .

R

o I usE | PpurpOSE |
SIGNAL | Slz 3 o
1 o | S & | 2 523 REMARKS
NO.l  RANGE - UNITS. " ERR 18 |15 25 :
: o . S 5l= | o B85 :
. e - Olma |z 2=
1| VLV PROP CLOSED THRUSTER 8 X A
2] o N RNl X
3| VLV PROP OPEN THRUSTER 9 R i |
5| VLV PROP CLOSED THRUSTER 9 1 x}f . -
7] VLV PROP OPEN THRUSTER 10 T X
8| A X X
9| VLV PROP CLOSED THRUSTER 10. I I N
‘10 ‘ . i‘f - . Y\ 7 X
11| VLV PROP OPEN THRUSTER 11 K I X
¥ B | |- R
13| VLV PROP CLOSED THRUSTER 11 A K
14 : ' o R .
15| VLV:PROP OPEN THRUSTER 12 RS A
iy X X
17| VLV PROP CLOSED THRUSTER 12 A K
18 - 'S X
. . }( ;;f\
19} VLV.PROP OPEN THRUSTER-13 i 3
20 ’ ' ' . X1 . X
- 1 X 3
21| VLV PROP CLOSED THRUSTER 13- , ~ A
22 | R R
X X
23| VLV PROP OPEN THRUSTER 14 | ,
|25] vLv PROP CLOSED THRUSTER 14 X »
26 S N .
27| VLV PROP OPEN THRUSTER 15 R A
~g ' - 1 X
1 x X
29| VLV PROP CLOSED THRUSTER 15 .
30 | * %
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r/‘ )

CONTROL & DISPLAY DATA

)

SUBSYSTEM Attitude Control Pro;misiop S
| USE.. | PURPOSE
0 . ST : g1 é §  REMARKS
NO.l  RANGE UNITS. 'ERR Z19 |2 52 S
_ : * ' olal =z z=2
1{ VLV PROP OPEN THRUSTER 16 . 1A X
2 . - IX ] X
3| VLV PROP CLOSED THRUSTER 16 o |
‘5| VLV PROP OPEN THRUSTER 17 X A
6 | B A B B oS
7| VLV PROP CLOSED THRUSTER 17 IERER N
9| VLV PROP OPEN THRUSTER 18 A A,
10 | - X X
11| VLV PROP CLOSED THRUSTER .18 r‘ 7 Y B
12 S o e 7
13| VLV PROP OPEN THRUSTER 19 XA
14 ‘ o X , EN
15| VLV PROP CLOSED THRUSTER 19 X A
16 | ’ K . .
17| VLV PROP OPEN THRUSTER 20 | : L
' 7 ”
18 _ X «
19| VLV.PROP CLOSED THRUSTER 20 - ) X -
20| I Al X
21| VLV PROP OPEN THRUSTER 21 1 X *
22 o - S X
231 VLV PROP CLOSED THRUSTER 21 . BRe e
| | , |
24 &N y\
25| VLV PROP OPEN THRUSTER 22 R X
26 : ' K A
27| VLV PROP CLOSED THRUSTER 22 Y A
29| VLV PROP OPEN THRUSTER 23 R =
30 - ,)(‘ X
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CONTROL & DISPLAY DATA

e SUBSYSTEM Attitude Control P;*Opulsion.

1

USE . PURPOSE .

STGNAL lgla g 2

NO.|  RANGE - UNITS . mr | EBlEE L8

, - UNIT ERR E18 | 2 |22

- : . Q= O OO0

. : O (»] AN A
1| VLV PROP CLOSED THRUSTER 23 X X

2 . - X K
3| VLV PROP OPEN THRUSTER 24 K A
4l . ‘ | IR 1K
S| VLV PROP CLOSED. THRUSTER 24 A A
6 X N
7| VLV PROP OPEN THRUSTER 25 1 AKX
8 : o X X
g| VLV PROP CLOSED THRUSTER 25 X A
10 o _ X BR
11| VLV PROP OPEN THRUSTER 26 B X %
12 ' | , X A
13| .VLV PROP CLOSED THRUSTER 26 S R X
14 ’ X X
15| VLV PROP OPEN THRUSTER 27 o A X
16 . | X A
, Y X

17| VLV PROP CLOSED THRUSTER 27 -

18 ' Y\ Y
SN Y
19] VLV- PROP OPEN THRUSTER 28 B . \
20 ’ - . )'\ . X
21| VLV PROP CLOSED THRUSTER 28 . . | - | & X
22 | o AR X
23| VLV PROP OPEN THRUSTER 29 .. S N S B
l2s] vLv PROP CLOSED THRUSTER 29 A ¥
26 . E r S K
27| VLV THRUSTER OXID ISOL 1 OPEN -~ X y
" ' . v
29] VLV THRUSTER OXID ISOL I CLOSED = X "
30 X X
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' CONTROL-§ DISPLAY DATA

“"  SUBSYSTEM Attitude Control Pr0puisiqn -

USE

PURPOSE

SIGNAL alx {2 | '
. ST - |&l8 8 : 2 REMARKS
NO.  RANGE - UNITS ERR | E& | B x5 .
o O | = o 00
‘ . ~ o|la | Z [ZZ
1| VLV THRUSTER OXID ISOL 2 OPEN X X
2 : . : - x| X
3| VLV THRUSTER OXID ISOL 2 CLOSED ' _‘K X
4 . ' . RYE X
5| VLV THRUSTER OXID ISOL 3 OPEN SRS <
6 ‘ ' X A
7] VLV THRUSTER OXID ISOL 3 CLOSED 7< X .
9| VLV THRUSTER OXID ISOL 4 OPEN I RS ES
11{ VIV THRUSTER OXID ISOL 4 CLOSED R N R
13] VLV THRUSTER OXID ISOL 5 OPEN | % K
15 VLV THRUSTER OXID ISOL 5 CLOSED | X *
16 | o X ‘ X
17| VLV THRUSTER OXID ISOL 6 OPEN | # X
18 | A
19| VLV.THRUSTER OXID ISOL 6 CLOSED ~ A
20 | o N A
_ L X ®
21{ VLV THRUST FUL ISO 1 CLOSE
22 X X
' - r ®
23| VLV THRUST FUL ISO 1 OPEN
24 o o 7\ .
J{25| VLV THRUST FUL 1SO 2 CLOSE . e N
26 N X
"~ 127] VLV THRUST FUL ISO 2 OPEN * A
3 - ' | %
29| VLV THRUST FUL ISO 3 CLOSE X %
30 ’ A X




‘CONTROL, & DISPLAY DATA . -

SUBSYSTEM  Attitude Control Propulsion

o) >
_ ~ USE .| . PURPOSE
SIGNAL S5 |3 :%a . RIMARKS

NO.|  RANGE UNITS - Bl 12 z8 T

. . - Q| Q Q0

1{ VLV THRUST FUL ISO 3 OPEN X X

2 SR X A

3| VLV THRUST FUL ISO 4 CLOSE - SR IS B IR

4 . o _ L X | X

5| VLV THRUST FUL ISO 4 OPEN N

p . | 1o X

7] VLV THRUST FUL ISO -5 CLOSE R X

g ‘ o X B

9| VLV THRUST FUL ISO S OPEN o :

X X

10 o :

11| VLV THRUST FUL ISO 6 CLOSE R S
13| VLV THRUST FUL ISO 6 OPEN XA
115 DOOR - Z THRUST REENTRY OPEN ol x

16 v .4 B ) B K , . >"\' .

17| DOOR - Z THRUST REENTRY CLOSED S -

18 - X A

19} DOOR - X THRUST RENTRY OPEN - I XX

20 | B X 'S
|21] DOOR - X THRUST REENTRY CLOSED IRES

22 | | * A

23

24

25

26

27

’)8 .

9

30

B3j11 .,




'CONTROL & DISPLAY DATA

™ SUBSYSTEM

Air Breathing Enginés-i

2.
o .

fI&NGEsz»

" SIGNAL

‘,'UNITS{A-f:

" .USE .

PURPOSE

| covrror,

NOMINAL: |

NoN-

REMARKS.

e

wfa1~q“o-u1.bkw*na>a' ¢

-
o

G ‘00

L=
N

14 0 300

0 3
16 no

3a
18] @ e

20 . 0300
21 O

221 pEs

wih

24

26| =35

=3 ‘5

-35

30

13 '__V“IL kAR Y ,(,H "2(.7£

15] OlL_OI1SCHARGE

PAESSURE
23| UTL PRESSURE. | 9% ENG

251 0IL_PAES

__gﬁgwp g% R IJ vPR Ptﬁ_vffl

~“3“ “RVS RAYO th pru P;Z% o
N Sl 0 .

;'-.~

“ENG PRX:S RATO EPR PTG PTZAUX

WOJL“QI;té“kﬁﬁLéﬂﬁi§i1157”'

_4)51&5 -

,3)5“. '
PRESS
PS1G

SR RO

PSIG'

ﬂ,law tNG
FS13

RSN

FRESS gHn o

.
0

kY .

) P*Lb Rafo FPH pyg PT/ 41«

Oa

£80 ,&gs naro tPr vtu Pf?a~afff‘f

ENG 3

‘:‘Q'

17| OIL DISCHARGE PRESS ENG %
. 0e -

19| OIL.DISCHARGE PRESS ENG AUX

g.

1
Gc

$ua§mgnﬂ;ﬁﬂﬁwﬂ~w;

PS!G

27_A9LLNKH£S§HHS-I”* G b

PSIG

¢9| OIL PRESSURELow ENG'AUX;

PSIG .

Ue

- 1).

0.

s

X,

-7

KLU

x  '

>

(¥4
A\

><h‘

<

-
P

-] NoMINAL'

>

334;3 




-~ 'CONTROL & DISPLAY DATA

e SUBSYSTEM AAiAr' Breéthing.Engiries'

~ SIGNAL:

NO{  RANGE ~ UNITS . ERR - [

USE -

- PURPOSE . |

CONTROL
DISPLAY

| NOMINAL -
TNON-

NOMINAL

'REMARKS

LLUBE TR PRESS 150L T 1 . -
% 35 PSL[A - 4,

LUsE Ti PRESS 180L 1% 2 -
5 3 CPSIA L 0e.

CLUSE_ Ty PRESS ISOL fx 3

_LUsE TK PRESS TSOL T 4

% a5

Wt N AN

- LUBE TK PRESS- ISOL'TK AUX
10 535 - PSIA 0.

13 T BUANTITY VERTICAL
1 o e,
15| T QUANTITY HORIZOW
16 L : EO
17| FERRY TK QUANTITY

18 o |

19} %I PRESS ROTOR SPEED hHG
S0l 1< 1k o ReM Qe

21| ! PRESS ROTOR SPEEN ENG .2
2 12K 18K RPM 0o

23| HI PRESS ROTOR SPEED £4G 3
1éx ek RPM fre

24 ' R .

25| M1 PRESS ROTOR SPEED €16 6

« 26 12K Yek . REM Oé¢ . .

|27 HI PRESS ROTOR SPEED ENG AUX
Jag| 12¢ 15k "RPM 0.

2.

It

49| HI PRES ROTR OVASPO ENG .I
30] 14K RPM 0.

535 T psA qi; L

11| Po1a3 | MAIN TR FULL PRESS

-~
>4

2y

X

X

=

A

X

A

>

>
s

‘B4-2




<
.

t
¢

¢ ~
H
\

/’§ SUBSYSTIM Air Breathing Engines

. | CONTROL & DISPLAY DATA

——
o .

SIGVAL

RANGE UNITS -

1 usE.

. PURPOSE .- " |

| CONTROL -

NOMINAL

NON+

" REMARKS

Y
N O

13
14
15
16
17
18
19
20
21
22
23
24
25
26

9
30

WO L N oy AN | S

HI_PRES ROTR OVASHD ENG 2

16K CTPM o o,

HI PRES ROTR_QVRSPO KNG 3

1K RPM.. g,

HI_PRES ROTR OVRSPH EMNG &

l1aK RPH Oo

HI PRES ROTR OVRSPD ENG AUX
14K RPM 0. -

Fad ROTOR SPEED 1
J4g0 1nK

FAN ROYOR SPEED 2
1430 1ok CREHR 0,

Fere ROTOR SPECO 3 -
1490 15K RPA - O,

FAN ROTOR SPEED & . =

1400 12K RPM ¢,

FAN ROTOR SPEED AUX
1400 12K REM. 0.

k4% VIBRATION EXTERNAL 1
' : Ue

£ VIGRATION EXTERMAL 2

0 lo MILS Qe

FnG VIBRATION FXTERMAL 3.
0 1o MILS - 0

£M5 VIRRATION EXTEPNAL 4
610 - MILS 8.

CTL GUANTTY LOW ENG 1.

DIL QUANITY LOW ENG 2.

R 0,

‘X 5 |pIspLay

ALY

-

- | NOMINAL

.'y\

N

'B4-3




SUBSYSTEM  Air Breathing Eﬂgin_cs

* CONTROL § DISPLAY DATA

. USE

| - PURPOSE -
_ SIGNAL S1Z | e

NO|  RANGE . UNITS % a g; ,g : REHARKS
B L S|a |22

1| OIL QUANITY LOW ENG 3- Tyl %

2 : o » N

3| OIL QUANITY LOW ENG 4 N o

al . S |

5| LUBE TK ISO VLV POS OPN 1 oA X

6 L A A

7| LUBE TK 1SO VLV POS CLS 1 1o x X

9| LUBE TK ISO VLV POS OPN 2 . Y W
10 I | X N
11| LUBE TK ISO VLV. POS CLS 2 e el
13| LUBE TK ISO VLV POS OPN 3 Sl oIk
15| LUBE TK 1SO VLV POS CLS 3 - XX

16] i - ﬂ?( X
17| LUBE TK ISO VLV POS OPN 4 S N
18 - S ¥
19| LUBE TK ISO VLV POS CLS 4 ol N

20 S B Ed
21| FUEL TK ISOL VLV VENT OP. 8 { I I O I

22 o B I K
23| FUEL TK ISOL VLV VENT CL 8 v lx Ixo
24 | X A )’\
25| BOOST PMP ON I %

261 . : 1 b

27| BOOST PMP OFF e N

20 ' ')"\ . ,};’
4| BOOST PMP AUTO ol x s

30] - - A1

‘B4-4




* CONTROL § DISPLAY DATA.

{”'SUBSYSTEM Air Breéthing Engines .

SIGNAL
RANGE - UNITS

s
S .

'ERR

- USE .

PURPOSE

CONTROL |
DISPLAY

NOMINAL

NON -

NCMINAL

REMARKS

EHG NACELLE P0S _DEPLOY &

W o N O DN k]

FIRE WARNING S1GHAL ENG 1

[
| i =

S

—
W

FIAL VARNING STIGNAL ENG 3

-
(TS

FIRE WARNING. STGNAL_ ENG 4

=
o N o

o

=
e

SYS,A DETECTION INOR EHG

N N
Lo ]

6YS A_DETECTION INOP _ENG 3.

[
(3]

N
(O3]
e

SYS_A DETECTION INOp_ ENG

NN
[T NS <

SY5 © PETECTIGN_ JNOp ENG |

[}
(@)}

SYS i pETECTION INOP EnG 2

(W]
~

~

SYS B DETECTION IHOP £NG 3

(o8]
(la]

N
(o)

ENG_MACELLE POS_DEPLOY 1

ENG_MACELLE POS DEPLOY. 2. .

ENG_NACELLE. POS_DEPLOY -3 -

FINE WARNING 5I1GNAL ENG @

SYS_A_DETECTLON_INGP_ENG_ Y.

> s
P

.7\

Ny LN
P 4

x|

“

Pl

-

P

r

»

X
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~

. SUBSYSTEM

oo

vn\]

Air Bfe;thing.Enginés :

3'1 COVTIOL & DISPLAY DATA o
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