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SECRH,¥ 
BIF003W/2-140197-78 

THIS 1>0CUKBll't CONTI.INS BEPllIN'rS OF THE VISUAL NAt'ERIAL Plll-:SEN'rED AT 

LHSC OIi 30 MAJCH 1971, nl!! IIATEI.IAL CotrrAl.lfED IIEUIN WAS PltEPilED 

IN RESPONSE TO AH ACTION ITD-f G!HEIAT!D DURING THE FAlUWl l SYSTEH 

DESIGtl IEVIEV, Dt!RINC THAT llVlEW, IT B!CAHE !VIDDff 11lAT A REVIEW 

OF C'URIIENT COtlWID SU11sYSTDC DESIGN WAS NECUSAIY BEFORE A HIA!HNC· 

FUL PUSENTATION OP 'mE A.PPLICArIOtf OF A STORED cct1HANt> S~lJINCl!R 

TO ?HAT SIJBSYT". '4 COUUI BE HADE. THIS M.ll'ERIAL Df5CRI BES THE CllJUU:'.rr 

C<HWiD SUBSYST91 DESIGN, DESCRIIU!S A STOR!:D CCHWID SEQUENCER CONCEPT, 

A.ND APPLIES ntAT CONCEP! TO nlE C(HWQ) SUBSYSTl!M. 
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~tlKll♦ .: IHtlJll JW/2-l"+IH~]-11! 

REAL TIME C<W.MAND MESSAGE STRUCTURE 

• 11~ (S, 0, ) ► DIGITAL FOIMAT 

IINAIY (0,1) OAJA IITS 

PIIAMllE OECOOB COMMAND FUNCTION PAlllY EXECUTE 
(S 1115} MOIESS MAGNITUOf COMMAND_~_ (S In) 

s-s I 2 3 .,t 5 6 7 I 9 10 11 12 1l 14 el lo 17 18 19 20 s 
COMMAND RJNCTION ... LSI 

IITNIJMIEIS 14 1312 11 10 9 I 7 6 5 4 3 2 I 

COMflWrG RJt«llON DIGIT I OtG&T 2 DIGIT 3 OIGIJ-1 o•Gn !i 
OCTAL DISl~TION ID-7) (0-3) (0-7) to-n (0-7) 

VAUD •N41Y DATA COMPIISE EXACTLY 20 lfl'S CONTAINING JHE f!.OPER 5-llf DECODER AODRESS 
ANO AN ODD NUMIEI OF I ans 

• UPUNK CAR:RIU MOOUI.ATE0 WITH FSK,Nti\COMIMN0 TONES 

DIGITAL NIZ COMMANDS ARE CONVERTED TO KEYED FREQUff,,ICIES ,TONES) WHICH AJtE AMPUTU0f 

MODULATED IY THE COMMl'.ND IIT SYNC Of I KIPS. THE IESULTING AMPllnJ0E MODULAJE0, 
FftfQUENCY-SHIFT-KfYED SIGNAL PHASE MODULATES THE SGLS UPllNK RF CARRIER 
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SEllET/E BIFrlO.Hl/2- ;~111',/· .'t< 

DECODER Cg,,MAND FUNCTION EXECUTION 

IECflPI' Of ANS .. r, WHEN THE DECODER SHIFT afGISTER CONTAINS VALID 61NA.lrf DA.TA., INITIATES COMMAND 
EXECUTION WHICH HAS A DURATION OF 270 ._70 MS. ou•UNG EXECUTION, THE DECODER OUTPUTS A DlSClt.ETE 
COMMAND AT nvoc, AND A BINARY COMMAND OF 11 PARALLEL 11rs Mo voc ORS voe. 

OClAL 
DESIGNATION 
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ARllfltA.lrf BINARY COMMAND airs 
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AIIIITRARY 
81 NAR'r COMMAND 

ans 
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X t,M.G CMD 7 
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SEIET/E BlFOOlw/:>·1· 'l" ,-_, 

REAL TlME COMMAND SYSTEM FUNCTIONAL BLOCK DIAGRAM 

VD£0 
AMI& 
flL1ElS 

SIGNAt 
CON> 

DCDI 
ACT 

MMANDllECEIVHN 

IF 
AMI 
L 
DET 

COMMAND OfCOOfR NO, 1 

~HIFT REGlSlll 

+2r,,/ 
CONT 

OOUILE Rf 
CONVERTER 

DC/DC 
COl'#fRTH 

REG 
VOLT 

... 

VALIDITY 
VA.LIOITY 

SECRET/E 

♦28"1 

CONT 
CMO 
ICVI 
NO. 2 

BIT 1 '4 
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TYPICAL BA~C COMMAND EXPANSION CIRCUIT 

..._c_•~-~ __ 0_11_1r_1__,...--""1--i-----+-~ 

IINAl"f 
COMM.ANO IIT 2 

IINAIV 
COMMAND 111 3 

. ~ r .,NAl't' 
l_:~MMAND Ill ◄ 

102 

H 
t-( 

t-1 
H J : ~ i 

1 

♦ r .J Ill 5 __ ~-,__,.__. ____ __ 
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SEER~lft B!fOOJW/2-1401~7-78 

TYPICAL SUBCO'M\AND FUNCTIONAL ASSfGN\\ENTS 
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~tlKLM t 
TYPICAL SUBC<Yt\MANO FUNCTIONAL ASSIGl'lv\ENTS (CONT> 
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lCtKt:cc 
DUAL Tl MER OUTPUT EVENTS 

• SIX DUAL ~CUMUtATOI EVENTS (Sf'C's) 
- PRENOGl...t..MME0 (HA.ROW.ED PWGS) FOR SINGLE OCCURRENCE Of EACH EVENT AT OTO 32,752 SECON05 

(16 SECONDS GIANULARllY) AflH START IV SEPARATION SWIJCHES 

- FIRST EVENT COUNTDOWN AT 64 TIMES NORMAL SPEED FOR l/4 SECOND GRANULARITY 

• FOUR PRIMARY EVENTS (PE'i) 
- EACH PROGRAMMAllf IY COMMAND FOR A SINGLE OCCUAA£NCE AT 16 TO 32,752 SECONDS \16 SfCONOS 

GIANUlAIITY) AFTER START COMMAND 

- CAN Bf STAITEO INDIVIDUALLY 

• FOUR COMPANION EVENTS (Cf's} 

- EACH P«OGRAMMA8Lf BY COMMAND FOR OCCURRENCE AT B TO 204a SECONDS l8 SECONDS GRANUI.AR.ITYI 

AFTER THE ASSOCIATED PE 

- PROGRAMMED JIM£ AUTOMATICALLY RESTORED AFTER OUTPUT 

- CE◄ MAY BE RECIRCULATED 

• TWO SINGLE EVENTS (SE',! 

PlEPROGRAMME0 (HARDWIRED PlUGS) FOR OCCURRENCE AT OTO 2032 SECONDS t8 SECONDS GRANULARHY) 

AFTER HAltT COMMANDS 

1 . SE -1 TYPICALLY PIOGRAMMED FOR 672 SECONDS 

2. SE-2 TYPICALLY PltOGRAMMED f OR 32 SECONDS 

SECRET/ E 
________________ A ...... P.._Pr_ov_e_d_fo_r_R_elease: 2024/08/07 C05098408 
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IINAIV •11 -...--1 ... 
IINAl'f IIT 2 
IINAIY 1113 
liNAIV IIJ-' 
IINAIY II 5 

:1=111t 
IINAIVIITI 

A 
IIT 
IUFFUS 

-+ A 

IINARY IIT 9 I 
IINAIV IIT 10 Ill 

IINAIY Ill 11""""1~-t.._:IUf::_:. :_;F::EIS:..J 
LOAD l'f-1 

LOADCE-4 

SUIT 111:-1 

START Pf'"" 

STAllf Sl-1 

STAIIT SE-2 

flME 
IA.SE A 

+IOA 

TIME 
IA.SE I 

flMf 
IASEC 
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ltlKt~A 
DUAL TIMER BLOCK DIAGRAM 

OflM-A.::r -4 Pf! '":i. PAIIS • 
♦IOA 

• +288 (lfG) 

SE-A 
2 EVENrS 

2 PltOGIAM ,wGS, 

Pf, CE, & SE 
8 
OUTPUT 
DRIVEIS 

~ .................... -..Pf-1 

Pf-2 

PE-3 

Pf◄ 

, CE-1 

CE-2 

Cf··l 
CE..J 

CE◄ 

SE-1 

SE-I 
2 EVENfS 

i==r---◄-f ____ _Jt---e--+-t..+--1► SE-2 

2 PROGRAM PLUGS 

SPC-1 A 
ACCUMULATOR A t--· Sl'C-11 

Sl'C-6A 

+5. sa SPC-61 

•28A (ltfG) 
_.288 {lEG} 

I ~QA 

I 
i f101 

+IOC l ! ----·· - --- -----·-- i 
ST Ri ♦ 2!! UNtEG PYRO P'i·~O 

ON ,. B 
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SECIT/E BlFOOJ\Jt 2- 1 ·,,1, ·,; ·. 8 

TYPICAL DUAL TIMER OPM EVENf FUNCTION ASSIG~ENTS 

• PlllN.AlY EVENTS (PE'S) 

- PE-l, :!, 3A, 4A 

I. SELECT PAYlOA0 MEMORY AND TURN VIG HEATERS ON 

2. TURt-1 HORIZON SENSOI AND SOlAR ASPECT SYSTEM ON 

3. SELECT TAPE RECORDER (1, 2 OR 3) fOR READ-IN (1:1 OR 4:1} 

4, START ASSOCIATED CE COUNTDOWN ANO SE-2 COUNTDOWN 

- PE-38: ACS Off ANO RESET: STOP CE-.( RECYCLE 

- fE--48: ACS ON 

• COMPANION EVENTS (CE'S) 

- CE-I, 2, JA, 4A 

I. STOP TAPE lfCOROERS; PAYLOAD Off; H/5 AND SAS OFF 

,. All OOWNUNK COMPONENTS OFF; RESET TC ANTENNAS 

CE-38: ACS Off AND RESET; STOP CE-4 RECYCLE 

- CE-48: ACS MODE TOGGLE 

I. CROSS PlH-1 E - SWITCH POLARllY (+OR-) 

2. IN-PLANE - SWITCH LEVEL (1/2 OR FULL) 

• SINGLE EVENTS (SE'S) 

- SE-1: ALL DOWNLINK COMPONENTS OFF; RESET TC ANTENNAS 

- SE-2: PAYLOAD ON; SELfCTED TAPE RECORDER ON: SELECTED 0OWNUNK ON 

SECRH/E 
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SECIT/E 
JYPICAL C<lt\MAND SYSTEM FUNCTION ASSIGrfv\ENT SUMMARY 

REAL TlMf COMMAND FUNCTIONS 

• MAGNITUDE COMMANDS 

1 - LOAD Pf/CE-1 EVENT TIMES 
2 - LOAD Pf/CE-2 EVENT TIMES 
3 - LOAD Pf/CE-3 EVENT TIMES 
4 - LOAD Pf/CE .... EV8'U TIMES 
S - LOAD PAYLOAD MEMORY 
6 - LOAD PAYLOAD MEMORY 
7 • LOAD PAYLOAD MEMORY 

• BASIC COMMANDS 

00/37 - DEPLOY ANTENNAS ANO MISC 
01/36 - DOWNLINK ON 
01/35 - DOWNLINK OFF 
03/34 - lfAD OUT TAPE RECORDERS 
<M/33 - CONFIGURE P/S NO. 1 
05/32 - CONTROL DUAL TIMER 
06/31 - CONFIGURE DOWNLINK 
07/YJ - CONTROL ACS ANO SRCS 
10/27 - PROGRAM TR 1 READ-IN 
11/26 - PROGRAM TR 2 READ-IN 
l ~5 - PROGRAM H 3 REAO-IN 
13/24 - TR BYPASS MODE SELECTION 
14 - OISA8lE P/S TRICKLE CHARGE 
1 S/22 - CONFIGURE PAYLOAD 
16/21 - DEPlOY ANTENNAS & CONFIGURE PL 
17/20 - CONFIGURE P/S NO. 2 
23 - NO FUNCTION 

STORED PROGRAM COMMAND FUNCTIONS 

• DUAL TIMER 

- ACCUMULATOR EVENTS 

1A ANO 18 - FIRE SPlN ROCKETS 
2A AND 28 - FIRE -Y ORBIT ADJUST MOTOllS 
3A ANO 38 - FIRE +Y ORBIT ADJUST MOTOlS 
4A ANO 48 - START +Y SOlAR ARRAY MOTORS 
SA AND SB - STOP +Y SOLAR ARRAY MOTORS 
6A AND 68 - DEPLOY TC ANTENNAS 

- PRIMA.RV EVENTS 

1 - INITIATE TR RI OR BYPASS 
2 - INITIATE TR RI Ofl BYPASS 
3 - INITIATE TR fU OR BYPASS; ACS Off 
4 - INITIATE TR al OR BYPASS; ACS ON 

- COMPANION EVENTS 

1 - TERMINATE TR RI OR BYPASS 
2 - TERMINATE TR RI Oil BYPASS 
3 - TERMINATE TR RI OR BYPASS; ACS OFF 
4 - TERMINATE TR RJ OR IYPASS; ACS TOGGl.f 

- SINGLE EVENTS 

I • DOWNLINK OFF 
2 - PAYlOAD, TR, DOWNLINK ON 

SECRET/ E 
Approved for Release: 2024/08/07 C05098408 



C05098408 -

DOPUxtl 
SWl'ICH 

COMMANO 
ltCIIVll 
NO.I 

Approved for Release: 2024/08/07 C05098408 

!>tlKt!Q t 
CAST IRON CCWIMft) SYS1£M BLOCK DIAGRAM 
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J2 
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?>tlKti:PL 
TYPICAL TASKIMi SCENi\RIOS 
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STORED CCJ.\MAND SEQUENCER BLOCK DIAGRAM 

RESET 

CPU, 
lOM 
Cl~f!-1. 
& Wtf.~IY 
VF 

CPU-I PO'M:R 

----•• VO-A ,owu 
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l[tl\CI Ji Blt'00}W/2-140197-111 

)JNJATIVE VSPC--1 FUNCTION ASSIGM\fNJS 

BIT 
NU. :>IA It SPACECltAFT FUNCTlONS 

0 NO FUNCTION 
8 

1 PAYLOAD MEMORY POWER ON; HS POWU ON 

0 SELECT PAYLOAD MEMORY A FOlLOADING 
7 

1 SELECT PAYLOAD MEMORY B FOR LOADING 
-"I 

0 
6 

1 

0 
5 

1 

0 
4 BIT LOGIC STATES SELECT AND IN1TfATE A PAYLOAD MEMORY 

l ► 

LOAD OF 1024 (8-Btn BYTES 
0 

J 
1 

- ·----
0 

2 
1 

. - ···--·~-~----· 
0 

1 
l 

~ 

-
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TENTATIVE VSPC-2 FUNCTIQN ASSIGN\\ENTS 

111 
NO. STATE SPACECRAFT FUNCTIONS 

0 X PAYlOAD PAYLOAD X PAYLOAD PAYLOAD • RfCEtVEltS - RECEIVERS - ,___ 
RECEIVERS l X RECEIVERS X 

AND MEMORY - ON PER ,___ 
ON PER - OFF; SAS 

0 X OFF; HS AND X MEMORY A; MEMOYB; Ofi' 7 - - -
1 SAS OFF SAS ON X SAS ON X 

0 X TAPE RECOlDER TAPE RECORDER X TAPE RECORDER TAPE RECORDER 
6 - - ----

1 N0,3 X NO. 3 NO. 3 X NO. 3 
READ-IN - READ-IN - READ-IN 

,_ __ 
READ-IN 

0 X STOP X 1:1 4:1 NORMAL 4-t MINI 5 - ,--- ,......._ 

1 X 

0 X TAPE RECORDER TAPE RECORDER X TAPE RECORDER TAPE RECORDER .. - - ---
I NO. 2 X NO. 2 NO. 2 X NO. 2 

I 

READ-IN - READ-IN - READ-IN ,--· READ-IN 
0 X STOP X 1:1 4-l NOR/.ML 4-1 MINI 

3 - >--- ----
1 X X 

, 
0 X TAPE RECORDER TAPE RECORDER X 

. 
T APt RECORDER TAPE RECORDER ; 

2 - -----1 .___ 

1 NO. 2 X NO. l 
' 

NO. 1 X j NO. 1 
j ' --"""---- REAO-IN - READ-IN 

~ 
READ-IN - READ-IN 

0 X STOP X 1:1 4:1 NORMAL 4:1 MINI 
I -------- - i--~--- --

1 X . X 
• 

SECRH/E lo 
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JEN[ATIVE VSPC--3 FUM:TION ASSIGflNENTS 

arr 
NO. STATE SPACECRAFT FUNCTIONS 

0 X PAYLOAD PAYLOAD X PAVlOAD PAYLOAD 
8 - - ----1 RECEIVERS X RECEIVERS RECEIVERS X RECEIVERS 

AND MEMORY - ON PER - ON PER - OFF; 
0 X OFF; HS AND X MEMORY A; MEMORY 8; SAS OFF 7 - - -1 SAS Off SAS ON X SAS ON X 

0 SPARE 
6 -

1 SPARE 

0 PAYLOAD DATA LINKS IN FM MODE 
5 

I PAYLOAD DATA UNKS IN PM MODE 

0 SELECT -Y DOWNLINK ANTENNA 
4 

1 SELECT +Y DOWNLINK ANTENNA 

0 PA YLOA0 DATA LINK 2 OFF 
3 ·--··· 

I 1 PAYLOAD DATA UNK 2 ON 

i 0 PAYLOAD DATA LINK 1 OFF 
2 

I 
! 
' 1 PAYLOAD DATA UNK l ON 
l 

I 0 STATUS TELEMETRY OFF I 

1 i-- --

i 1 STATUS TELEMETRY ON 
I 

• SECRET/E 
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lINTATIVE tlW CCNMANO FUNCTION ASS!G'ffENTS SUfM1ARY 

IIEAL 1'IME COMMAND FUNCTIONS 

• MAGN11UDE COINMHDS 

! - I.CW> LOCKOUT A TIME DURATION 
2 -LOAD LOCKOUT I TIME DURATION 
3 • LOAD 1£-3 EVENT TIME 
4 - LOAD ft/Cr( fVEN'f TIMES 
5-PllOGIAMSCS 
6 - PROGRAM SCS 
7 - PROGRAM MINICOMPUlEtt 

• BASIC COMMANDS 

00/31 - DEPLOY ANTENNAS. MISC 
Ol/36 - DOWNLINK ON 
o,/35 - DOWNLINK OFF 
~ - READOlff TAPE RECORDERS 
Gt/33 - CONFIGURE t/S NO. I 
0$/32 - CONTROL DUAL TIMER 
06/31 - CONFIG01l£ DOWNLINK 
at/Yl-CONTROl ACS AND $RCS 
l0/27 - CONFIGURE DIU'S AND KG•S 
11 - SELECT l8U 1 MODES 
12 - SEL(CT AU 2 MODES 
13/24-TBD 
U/'13 -TIO 
15/22 - CONFIGURE PAYlOA0 
16/21 - DEPlOY ANTENNAS; MISC 
17/20 - COl',IFIGURf P/S NO. 2 
25 - COl',IFIGURE SCS 
26 • TIO 

SECRH/E 

STORS> PROGRAM COMMAND FUNOIONS 

• DUAL TIMER 

- ACCUMULATOR EVENJS 

1A AND II- fll.E SPIN lOCKffl 
2A AND 21- FIii£ -Y OalT ,\DJUST MOTOIS 
3A ANO 31 - FIRE +Y OUIT ADJUST MOTORS 
4A AND 41 - $TARI' +V SOLAR AUAY MOTORS 
5A AND SI - STOP +Y SOLAR AlllAV MOTORS 
6A AND 61S • Df PI.OY TC ANTENNAS 

- lOCICOUT CONTROLS 

I • LOCKOUT rrc SVSTEM 1 
2 - LCX: ICOUT ITC SVSTEM 2 

- PRIMARY EVENTS 

3A/B ·ACSOFF 
4AIB-ACSON 

- COMPANION £VENTS 

4 ,VI - TOGGLE ACS MOOE 

• SINGLE EVENTS 

I A/I - DON NLINK Off 
2A/I-T90 

• STORED COMMA.NO SEQIJ&4CER 

- W',Rlltat.E STORfD PROGRAM EVENTS (VSPC) 

6 (8 BIT) PORTS • rao 

- flAYlOAD MEMORY LOAD 

1024 BYTES (8 lrTS) PER LOAD 

Approved for Release: 20~4/08/07 C05098408 

• 



C05098408 
Approved for Release: 2024/08/07 C05098408 

)ttltl / t llfOOJW/?·140191-78 

PC-ND SYSJEM BLOCK DIAGRAM 

I 
- C - C''t•.- •ND CONTIOL -

lO, -
auftDII . 
SW11CH DUA&. 

5- • 

:!I'. 
COMMAND 

ltMII LOGK: , 
(TCU l N>CA) 

II • 6 , 
(MOOJ , , 

ll , , (.MOO, 

lOCKOUl 'I 
S4 j 

11, 11,. 

COMMAND ~PINI COMMAND . ~ 
SIOII.O 

IICIMI DECOOH 71 2 I COfit-NO 
SI . • NO. I NO. I :!12 • SfQUlNCII 

I - I.MOD) (H(W, , 

I s I l 
1'112 ' ' cu. 

LOCKOUT MEMOl't i TIG i 
111 "" --- _L _ _, 

COMMAND f--.PRN:Z -- COMMAND • IINAIV l 
, 

DAU • 7 I .... IIClMI 0ECODfllt I MAG - - -- --' NO. 2 5-, NO, 2 •. Jl, tAV\.OA0 
I 

' WIC -
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