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IV . I NTRODUCTION 

It :::. s the purpose of thi s secti on to bri efly descr·be the method of 
p resenti ng the i nterface material j_ n _ thi s doctp71ent. 

In add:i t:..on to the general AGC i nterface cons i derat i c;ms presented i n Section VI , 
Se cUons VIIthrough XI present as much detail a s is presently i nterne.lly lmmm 

· concerni ng the AGC i nterface wi th five part:Lcular areas. 

:Each of these f :. ve parti cular :Lnte rfaces j s i ntroduced by a s i mple data 
flow b lock d :-. o.gram wh :·_ ch merely i dent :i. f .i.es the i nterface. Th:i. s i s followed by 
one o more detai led 1nterface charts, each a 3-4 page foldout, wh i ch SUJJ'l.Jnar i zes 
.:. n cons .: deraole detai l yet i n conveni ent form and m:::.n imum space, the pa rticular 
_ nterface area. be i 1:1:g cons i dered. ':lb.en i nterface changes or ·correct i ons are 
made, i t i s :. ntended that these charts wi ll be the handi est medium of updati ng 
the :i nterface. 

A textual e:>..'I)lanat i on of the detai ls of the i nterface follows the i n.terface 
chart. Th:. s deta .Lled explanati on :::. snot i ntended to merel y elaborate upon· what 
has already been more s i mply and bri efly described by - t he char t, but rather to 
explai n f:::.ne poi nts and spec :::. al i nterface cons i derati on's wh i ch do not lend 
themselves to presentation i n chart form . The explanati on i s folloi:red by a 
l i st.· ng of :::.nterface questi ons wh i ch must be ans wered · i n order to complete 
t he chart or to enable a better understandi ng of the i nterface requi rements. 

" . . 

V- .. l 
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The .Lnterf e.ce charts presented i n thi s document represent the best i nternal 
JCSP knowledge at t h is t me concerni ng the part i cular. AGC i.'nterf'ace areas . It 
:.s intended t hat documentati on of the increas i ngly better . defined i nterface 
• .. :.11 be la.r gely .:.mplemented by t i mely revi ew of these cp.arts by appropr" ate 
ACSP, MIT and Raythe on personnel. 

Are2.s of m:i.ssj_ng or i ncomplete knowledge may rap .L dly · be ascertained by 
no t:.n[; the r.mny blank spaces on t he charts . If enough cha rts are pla e d i n the 
he.nds o: enough knowle dge·ab le people, it should b e 2. shnple matter for these 
people to t ake r ed penci l i n hand and me.....~e correcti ons r : ght on the charts 
thensel ve Co-or d i na t i on of t hese correcti on's wi ll be accompl i shed by the 
D:.g~.tal Te chn:;_ ques -Gr oup. 

However, i n order t o effi c ~. ently update the ch2.rts, i. t i s necess ary to 
have a petty good undGrstand:'.. ng of what was i ntended to be i ncluded under the 
vo.r :.ous chart hea d :'.. ngs . I n some cases , t he headi ngs are self-e:>..-planator,y ,in 
ther:iselves ; :~ n other cases, further explanati on _; s necessary to what i s i ntended. · 
The ma:..n purpos e of th.:. s sect .on i s to present thi s e·xpJ.anati on, whi ch u :.:.11 
be .Lrnpler::ented by a d1scuss :i. on of the read.:.ngs and i nformati on on the f :i. rst 
. ntcrface cha rt :5.n t h i s document ( refer to Chart 1, AGC Int erface wi th c:bu, 
Pe.;;c VII- 3) . 

S c;nc.l Des ~gn['..t~on ( Harne and Abb revi ati on) 

This col umn li s ts by name all the s .~ gnals of wh i ch the part:'.. cul2.r i nterface 
cors:i. sts . It i. s h ope d t ho.t the terr:,,i nology employed :i.n des ignat ..i.ng the s i gnals 
1 _11 he ste.nd.ard~ zecl beh;·een I-iIT _. Raytheon o.nd ACSP. t 'he r e s t andard a.bbre -

q ,, c..tions have bee11 accepted, these should e.lso be l i s.ted. 

· Inrr.it ( I ) or Output ( O) 

By using capit a l le t ters I or O th j. s colurrn shows ,·hether the s i gnal i s an 
p~t o or an output from the AGC. • 

Or ~~~n or Des t ination 

This column briefly describes the or ~. g i n or sou rce of AGC i nputs or the 
dcstinat:i.on of AGC outputs ; 

an• •-•••-- 1,_m...,.•n•••z••••• ■ .,.c ... untN,.....,, 
. , A I I I I . I : Ip- V~l~ .. 
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Thi s column i s the f :i. rst rwhich contai ns s i gn_f i cant information . It and 
· ·1 · t h e next s j x columns to the r i ght contai n i nformati o~. whi ch _ should be available 

~n order to thoroue;hly understand the system i mpl i cati O:ns of the _AGC j_ nte rfe.ce . 
, .) (The succeed:i ne; 14 columns, starti ng wi th "Phys i cal Form\· contain i nfonnati on of 
'.· '. :: more i.nterest to those responsj_ble for i mplement.i rig the:, :phys i.:ca], i nterface 

' , · between the AGC and the rest of the system). · 

i ! . f· I nformati on to be i ncluded 1.n thi s colunm might cons i st of: \ ! 
t .. 

I 

·, 
I 

; 
1· 

•., 

j 

1. ~-:hat a cti on i n the AGC i n i t i ates thi s s ignal? 

(A certa j_ n i nstructi on, the setti ng o'f a particuiar control fl i p - flop, 
etc . ). 

2. Wh i ch b i ts i n ,.,h :i. ch AGC regi.sters .contai n the i nforme.t :i. on to be output 
or rece i ve the i nfonnati on to be accepted? 

3. When (at what time ) i s thi s s i gnal i nit i ated? 

(After a sequence of pri •or events or the fulfi llment of certai n 
condi t i ons duri.ng a certai n loop or program: phase, etc.): 

4 . How often i s the s i gnal i :Lkely to occur? 

( In terms of t i me or E?vents). 

Availc:,ble · (up) How Long 

, .. ; :-Jhen the s i gnal i s on ·ht gh or up, 1101,,1 1011g ,..,-i ll be rerna:ln ~. n that cond~_t i on 
> .'.n order • that the AGC may accept -:L t as i nput or that othe r e quj _pment rne.y rece ive 
1 

• ••. t as output? 

Usage of Input or Response Caused by Output 

• 
Thi s column should contain a bri ef ve rbal descri pt :L on of the , funct i on of 

the s i gnal. If an :Lnput, what act :L on does i t cause the AGC to take? If an 
output, what response wi ll be forthcoming from the recei v .i.ng eqU:1.pment ? 

Effect of Failure to Accept Input or Supply Output at Requi red Rate 

It i s. qui te •likely that thi s column ,-rill be the last, i n po i nt of t ime, to 
; re completed . Bero~e the bugs are ,forked,. ·out -of . any system, it i s usual that .. 

J. 111111 •• -- ••• 'fa,,..,.• n•••01• .,. • .,. ...... ,..... ... · · 

· A I ., •. · I -') .·:_ ,p_.v~3~· .. I ' r:~ .. ~ 
? I \ 

. .. 
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many ~. nterface s _;_gnals --through an unknm-m sequence of events--are not accepted 
or i s~l!ed at the proper t i.me or rate . Th:i s type 'Of system inte.rfac.e di f f i culty 
,.,::.11 be much eas ,.er t o p .·.npoi nt i f the effect of sue~ trouble ori :the system 
can first be descr.:.bed. (As an ·overs i mplifi ed .e:xa.rppl~, ·· i f ' t;DU J._oop control i s 

·· not ::. ssued at the requi red Ume or ni.te, the CDU will:- b'.e in, ·the.':wrong loop 
or mode ) . ' ; . ; , · · ' 

· Quant i ty Represented (Accuracy, Resoluti on, Rang¢) · 

l
' .I I , ·. " 
I •• •, . 

These three columns contai n quant~tative i nformati on ,about the abstract 
mathematical or non-phys i cal corollary of the phys i cal s i gnal i n ·quesLon. For 
exrunple, a s i gnal v. hi ch i..s-·phys i cc.lly measured i n terms of volts mi ght represent 
m:: lli.radi ans per second. 

. ' 
': 

The accura~y qf the quanti ty represented differs from i ts resoluti on or 
preci s10n . Resolution (preci s i on) i s s imply how closely t he hardware i nv0lved 
· s cc.pable of meas\rri ng the s i gnal presenterl t o i t. The resolut:;.on of t lie 
quanti ty r epresented would be the resoluti on of the phys :i. cal quanti zaLon t i mes 
the scale factor necessaT1J to convert from say, pulses -per sec to milli radi ans 
per sec . The accuracy of the que.ntHy represented i s related to system error 
cons ·' derat i ons and ~ s usually not as good as the resoluti on or preci s :'.. on to wM ch 
the phys::. cal representat i on of that quantity can be measured. The range of 
val ues of the quanti ty represented ~s self-explanatory. 

Physi cal Form 

Thi s i s a very bri ef descri pti on of the phys i cal form of the s i gnal, .:. such · 
as DC voltage l evel, pulse, conti nuous square wave , analog, etc . It i s 
mportant:, however, to state the form of the s i gnal as i t must appear at the 

·nput to t he AGC (or immedi atery ·after output from the AGC) rather than merely 
g_ ving t he f _orm · of t he s ig~a.l as i t i s sent from or r~ ce i ved by the sendi ng or 
re e i v:.i. ng equi pment . Only i n thi's manner wj ll :i.nterface di screpanci e s be effi 
c ~cntly covered .. 

It i s ·s jmpler t o accompl i sh thi s for AGC outputs than for Aqc inputs . .An 
AGC i nterface man usually knows pretty defi ni tely the exact physi,,cal form of the . . . . 

i'.:· ·. output s i gnals .from the AGC. He should, however, gi ve thi s form a:hd ·not the 
~ form .:.n whi ch ·t hat someone else respons i ble for some other p i ece -~f equi pment 

vants t o see . If any di screpancy exi sts, it can be readi l y resolved later by 
mutual di scuss i on, but unless the exi stence of the di screpancy i s · made obvi ously 
apparent, • i t may. take considerably mor~ t i me to resolve the problem . 

man 
. ' f 

In tne ~ase •of i nputs to the AOC .from other equipment, the AGC ~nterface 
is much more ' dependent for i nformat i on -y.pon the person who speci f i es the 

f the . .· . ' 

• 1 

. ' \ 
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The GC ir..terface should, hmrever, sti ll be g:Lven i n terms of the type of 
s · Jr:al ,,,hich t he AGC i nput ci rcui try expects to see . Any d.~ screpancy •.-rhich 
cx~sts can be r esolved by a s i mple compari son of the separate AGC and CDU 
interface charts. 

Phys i cal Quant :t zatl on (Accuracy, Resolut ::.on, Range) 

These th ree columns contai n quanti tative i nformati on about the pcrticular 
a::.gnal as :t appears j n i ts true physical form, the form in wh i ch it is actually 
measured by hardware. The units used might typi cally be volts, pulses per second 
(p .s ), etc. If the quant-i ty i s sent to or del:.vered from a binary register, i t 
n,~ght be descri bed :L n b:'...ts . 

kll comments as to di fferentiat i on between accuracy, re·soluti on and range 
are analogous to those me.de under the headi ng, "Quantity Represented" . 

Humber of Li nes 

This column l ists the number of l i nes (data, control, ground, etc .) 
actually requi red to implement the i nterface for each s_i gnal . !here each l i ne 

s the output of a transfonner, the two l :.nes are s imply called a 'pai r " . 

Slgnel Characteri sti cs 

Eight columns (T,Jpe Element, z, Amplitude, I, Pulse Width, Ri se Time, 
Full Time, f) are ~ncluded under this category of i nterface data. These are all 
of Jnterest to the ci rcu~t or logical designer who must implement the i nterface. 
For each s i gnal these columns should be filled out twice, us :~ ng the upper l i ne 
of the chart for the character.i sti cs of the s i gnal at the transmi tti ng end of 
the l i ne and immedi ately beneath the correspondi ng characteri sti cs of t he s i gnal 
at the rece i ving end of the l :::'_ne . 

Type Element 

z 

Ampl i tude 

The type of ci rcui t or logic element used to form or 
accept the s i gnal . 

The impedance seen by the load when looking at t he source 
and v::. ce versa . 

The voltage level, or voltage swing, etc., necessary at 
each end of the l i ne to properly actuate the s i gnal
handl i ng element. 

'l'inl '"POtMATION. POlt GOltPIDllfflAL SIIGllflS•two UH ONL'tt POii UH hf PIIODVC:TIOlf, TNS COlffSllff INOVI.D 8S IISl,SAHD 
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Ri se Time 

Fall Time 

f 

Line Delay 

., 
·J .. E. Kernan 

The current put out by the transmitting dev:Lce or that 
necessary to actuate or actually drai ned by the rece iving 
devi ce . 

For pulse signals, the time it takes for the s i gnal to 
r i se from 10 percent of its peak 'amplitude to 90 percent 
of i ts "up" peak amplitude . 

For pulse s i gnals, the t i me it takes for the s ignal to 
drop from 90 to 10 percent of :.ts peak "up" amplitude . 
(Usually of s i gnificance only i n those circuHs 
wh · ch depend upon the trailing edge of the pulse for the :L r 
operati on). 

Appli cable only 1.1here the s i gnal has a cycle nature, 
such e.s a s i nusoi dal or a repet i tive square '\-:ave . The 
cyclic frequency. 

The amount of t ime it i s es-f::imated i t will take the s ignal to traverse the 
l i ne between the transmi tting and rece i ving elements, or the upper t i me l imit 
,.'hi ch can be alloued for such traversal ( clearly d i fferent i ate between these two 
nur. bers) . > 

Si nce this i s the f i rst i nternal atternpt ·at des ign i ng an Apollo d i g j tal 
~nterface chart, .:. t may very well be that some colurnns may not be too useful 
c.nd that other s .. gnifi cant categori es or headi ngs have been .:.nadvertently 
or.1:'... tted Any suggest i ons as to improvements :i n the format of t hese charts or 
cor:unents regardi ng the i r u~il i ty wi ll be velcomed by the Dig:i. t2-l Techni ques 
Group . 

Titll '""ORIIIATIOif. POlt GOltf'ID.NTIAI. llNCUNllS■llfO .... OWi.Ya POii •• l1f PRODUC:TIOlf, TN& C:Olf'HIITW INOV&.D •• ••&.aAHD 
Olli AltltLICAaL■ D•AWIN08 AlfD,IOR • P■CIPICATIOlfll POR UH • ., Da■IOII IUIICOllf'l'■ACTCNtl , COlfT■lffl INOULO •• ••1.■AHD •Y 
Xe■ (lftL .... ,. Alff OTHSR SJlTS■lfAL UH IHOVLD es TRA .. IIITTSD T•OUON TNS COIIT.ACN DSPAIITDNT. 

I I I I I I I . V-5 . 
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AC SPARK PLUG DIVISION 
General Motors Co,pon,tlon 

Milwaulcee, Wisconsin . 

PRELIMINARY AGC INTERFACE SPECIFICATION 

VI. qeneral AGC Interface Considerations 

A. AGC Interface Block Diagram 

13 

7 

CDU 
J BOX 

s/c 

8 

6 

• 

25 

PSA 

' 

AGC 

NAAG& N 
UPLINK 
DECODER 

FIGURE VI:-1 

! 

' . 

2 

x DE __ ; ..... :,34-S-504A 

~ , .. . , -ENGINEER~NG 
! · OESIGH INFORMATION · \ .. , EXHIBIT 

,, . , 10 ... J . Kernan . 1/29/63 ,_ 
,. 

,-------, J 

6 

f 1.-. 

I 

AGC 
1 

fr & C 

32 ID 

2 

NM 
IN-FLIGHT 
TELEMETRY 

1 

8 MAP & t 

I 
r DATA 

VIEWER 

6 

'l'NII INP°"MATION • ,. .. OOIIIIDlftiAI, .... IN'l •• hto .... O"I.Yt POii VIS IN nODUCTIOlt, TIIII C:Oll'Hli"l'I ••ovc.o •• ••a.&AHD 
O" 4\IIIIIWCA■UI D■AW""911 AlfttlOII IP•C .. fCATIO"'I POii VII■ •• DH,O• IWC:Ollfl'■ACTOIII. -C:Olft'■lffl IIIOUl,,O ·•■ ■IUIAIID ■Y, 
xc■ (1111. .... ,, Alff OTNS■ ■JlT&■lfAL UIS IHOVLD •• T■A-MITT■D T•OUON ,. .. COIITaACTI D■PAIITM&ff, 

' 
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. 6C IPAII PLUG DIVISION G•• _....._,c:.,...t&. ........... -... 
.PRELIMINARY AGC INTERFACE SPECIFICATION 

B. General Characteristics 

1. Logical 

1. Word length and format 
Data: Sign, 14 bits, parity. 

One ' s complement 
Instructions: Order Code (3 bits) 

Address (12 bits), parity 

2. Parallel transfer of words 

3. Memory Cycle Time (MCT) 
I 

XOE 34-2S-504A 

., 
INIINl!IDIO 

DIIDI IIPOIMATION · 
IINIIIT .... 

· · J. Kernan 

16 bits 

11.72 µ.sec 

4 . Normal Order Codes 11 instru9tions 

5. Involuntary instructions ( Interrupt, 8 instructions 
Increment, Load, Start) 

6. Add instruction time 2 MCT 

7. Double precision add ( ~ubroutine) 
.. 

20 MCT 

8. Multiply instruction time ' 10 MCT . 
.. ~ .... 

9 . Divide instruction time 18 MCT 

10. Counter incrementing time 1 MCT . , 

11. Aggregate input rate at which instructions . 43 K pps 
are e~ecuted at half speed. •. .. . 

' 
12. Storage 

Flip-flop registers . 14 

+O (Inhint and Relint - no hardware for 2 addressee~ . 
these words) 

• 1 • 

•· 
Erasable core memory 1008 words 

Fix~d rope core memory 12,288 words 
• . 

2. Electrical ' 
(To be supplied) 

.... I I I I · 1 - . ' I ) -VI-2 . 
A , . • .. , p_. _, , 

• I • 
I 

I • 



AC SPARK 'iLUG DIVISION 
General Motors Corpo,atloet 

t.lilwouli~, Wi1con1i11 

PREIIliiINARY AGC IIJTERFACE SPECIFICATION 

3. Counter Incrementing Feature 

.... 

XDE 
, 

; .. . , .. J . 

·. r . 

34-S- 504 A 

-ENGINEERING 
DE SIGH INFORMATION · 

EXHlBIT 

E. Kernan 10 ... . 
: . 
I 

' 

• I t 

Certain erasable regi sters addressable by program, can act as counters. 
Upon receipt of an i nput pulse, the contents of the counter register 
2.re read ::..no the arithmeti c uni ts' adder, i ncremented by+ l (or -1) 
and placed back into the counter register. These registers are other-
1:rise normal ones and may be written i nto. In this way, a counter may 
be set to overflow after any number of pulses . 

. ' . . 
I 

The overflow or underflow of a counter may be used as an output, as the 
~nput to another counter and as the i nput to the Program Interrupt 
ci cuit. No time is spent on the incrementing operation unless the r e 
~s a non- ze ro increment. ' 

i.. Program Interrupti ng Feature 

Once during each instructi on t ime the interrupt ci rcui t i s scanned 
and if an input has been rece i ved, the computer puts away the co tep.ts 
of relevant central register i n the ari thmeti c unit and proceeds to 
execute some other program . There are eight p-osp i ble interrupt inputs 
and each results i n a di fferent program·bei ng executed. Upon completion 
of t he i nterrupt program, the ori ginal contents of the central registers 
are restored and the ori ginal task resumed exactly where i t was i nt er-
ru ted . · :--. 

An interrupt program .may not itself re interrupted. Inputs to t he 
i terrupt ci rcui ts are not lost; however, should they occur duri ng an 
i nterrupt program, they are stored and processed accord::..ng to some 
predetermined pri ori ty. 

The interru t reaction time is one i ns tructi on time; i .e . , the i nter
rupti on occurs at the end of the i nstructi on presently executed . 

Tihl INPOWIMTIOW • POii oow•••nM&. ..... ,... •• IIIO ... ·"""' POii ., ..... ... ODUC'tlON, TNII COlft'■li'n IIIOVl,D •• •■UAHD 
ON AIIIILICA■I.■ D■AWIN08 AIIDIO■ ••• C .. ICATIONl1 POW UH • ., D■llaN IU.C:Olft'■ACTOIII. ·con■lffl ....... ... •■L■AHD ■Y •c• (lffl. lltl)t Alff OTNS■ SXTS■IML UH IHOVLD •• TWA .. llffflD T•ouaN TNS cowr■ACfl DSPAIITMSlff, 

Rl!Y. I A I I I I ·. I . , I ;~r-3 •• -I ' 

• i . 

I • 
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MIL 1111 ._,_., 

. AC IPAa PLUG DIVISION , ... , ....... ,c-,..ta.. ................. 
PRELIMI NARY AGC INTERFACE SPECIFICATION 

4.1 Li s t of In errupts 

R pt 1 - T3 RUPT 

XDE 34-S-5O4A 

.. 
INOll!IIING 

IIIDI IIPOIMATION · 
IINIIIT .... 

J. Kernan 

Thi s i s a general s cheme for generating waits and delays. It is caused by 
an overflow of counter TIME 3; entry is to the WAITLIST programs . This 
i nterrupt can be caused to occur at some specific time by initializing 
the content s of TIME 3 . 

.Rup 2 - ERRUPT 

Cert ai n error s ignals from external sources cause automatic entrance to 
alarm, abor t or PIPA scale factor change programs. At present, t hese 
signals are def ined as : Bad Boost, Abort, AGC Power Fai+, IMU Fail, 
CDU Fai l , OPT Fail, TRKR Fail, and ACCEL Fail. 

Ru.pt 3 - DSRUPT 

The "End Pulse" from NM ' s telemetry programmer and overflows of TIME 4 
cause t his i nterrupt. Programs entered are DOWNLINK for loading of OUT 4 
and display programs . 

Rupt 4 - KEYRUPT 
.>·· 

Activity s ignals from the MARK button, keyboards, or the tare reader cause 
i t errupt which results in entry to t he keyboard input programs. 

Rup 5 - UPRUPT 

An overflow of the UPLINK counter causes this interrupt . It cause entry 
o keyboard i nput programs to .process GSE originated information . Also, 

it i s possible t hat LEM range data for TRACKER programs will be processed 
via t his i nterrupt. ~· 
Rupt 6, 7 and 8 - Spare 

•c• • 11•1i ••.,... unw1o- 11111Y • n1o••11• ••• 1 ■ na cunuw • ....,....,, 

A I I I I I lp~'"I-4
~ I 



, . . 6C IPAIII PLUG DIYISION 
• ............ c. .... , ... 

111a, .......... .. 

,PRELIMINARY AGC INTERFACE SPECIFICATION 

5. Inp t bi · a.5sig:nments and functions 

Register 

IN 0 
( VO) 

Bit Assignment 

XDE 34-S-504A ...., ... 
DIIIIN IIPOIMATION · 
· IINIIIT · ., 

•J , Kernan 

Function 

' i 

Bit 1 Key 1 
2 Key 2 
3 Key 3 
4 Key 4 
5 Key 5 

All bit of' this 
re~ister are normally 
zero . 

' 
) 

·' ' .. , , 
' 

I ! 

IN 1 
(Vl ) 

6 Key Active (KEYRUPI') 
7 Spare 
8 Spare 
9 Spare 

10 Spare 
11 Spare 
12 Spare 
13 Spare 
14 St' by Allowed SW 
15 MARK (KEYRUPT) 

Bit 11600 pps 
2 800 pps 
3 400 pps 
4 200 pps 

) 
5 OR of' Cl, 2, 3, 4, 10 
6 OR of' C5, 6, 7, 8, ·9 
7 OR of' Cll, 12 
8 Spare 
9 Spare 

10 Spare 
11 Parity_ 
12 CROSSPOINT FAIL 
13 SR INACTIVE (GO) 
14 RUPI' LOCK (GO) 
15 TCA TRAP (GO) 

) 

Time verni er 

IMU Relay Drivers 
s/c Alarm Lights 
OPT Relay Drivers 

AGC Alarms . 

lft-==■&Lm .... 'llhllltltL'V".IW~.ftal•&IIT.n.r&T --- ....... - .. _ .. , ............. ,.11111--• ....... . .... A I I . I ,.,_ VI;) I 



AC IPAIS PLUG DIYISION , .. ........ c-,..,a.. ................ 
C. :. PRELIMINARY AGC INTERFACE SPECIFICATION 

XOE ·• 34:.s-504A 

. ~ . , . 
f 

. . '.' ..... , ... 
;: :·· ~ NIIIII IIPOIIMTIGN · 

.:··<•-:•. ··; IINIIIT · 
• Y,• ~-----------~------. .... 

: ;-.r. Kernan . 

. •'. ~ 

(Input bit assignments and functions, cont' d) 
t•.; .. ., 

l • 

Register 

IN 2 
(V2) 

IN 3 
(V3) 

r 

Bit Assignment 

-· -·-Bit l or CDU ZERO 
2 or OPT ZERO 
3 or TRKR ZERO 
4 -Photocell 
5 Phot ocell+ 
6 Spare 
7 Spare 
8 T~ Fail 
9 OPT Fail 

10 CDU Fail 
ll ACCEL Fail 
;I.2 IMU Fail 

·13 ABORT 
l4 BAD BOOST 
15 AGC POWER Fail 

Bit 1 Kl Zero CDU 
2 K2 Coarse'Align 
3 K3 Manual CDU 
4 K4 Fine Align 
5 ATTSW . 
6 TRNSW 
7 ZERO· OP!' 
8 OPT MODE SW 
9 OPT MOD~ pW 

10 OPT MODE SW 
ll Spa~e 
12 Spare 
l3 s/c MODE SW 
14 s/c MODE SW 
l5 Lift-off 

I ' 

ERRUPI' 

. ' 

Fun 
't· '-i: ;': 

. C, lOll·; ·. • · . 
.,., •;.,,., 

·-·:.· ., 
' ~ . ' .. ~ !: '. ' . 

·, .. 
.~ . ,, . ~ ~ . 

•• u 
,t •• ·' ,; ~ •'·. 

· ... 
J, I• 

; . ;; ' ,•. 
'. '• 

• >, I •·~,; -~ 

I :,1 

', \I ,,~ 

• I 
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PRELIMJNARY AGC INTERFACE SPECIFICATION . . ;' 
,:P~--1 

.. ; 
,, .. ':i 

6. Counter Assignments 
OCTAL 
ADDRESS NAME INPUT$ 

0034 OVCTR +, 

• ·l 35 TI ME 1 +, 100 pps 
! . i 36 TIME 2 +, TIME 1 

37 TIME 3 +, 100 pps 
: i 40 TIME 4 +, 100 pps 
, •, 

41 UPRUPT Shift +, 
42 OUTCR I + 

' 43 OUTCR II • . :+ 
/. 

44 6 V X PIPA +, -
'. i 

45 Y PIPA +, 
<, 46 Z. PIPA +, 
:, I 

47 I CDU .· +, 
. f 50 M CDU +, 

51 0 CDU +, -
' I 52 OPT T +, 

53 OPTS +, 
54 TRKR X +, -
55 TRKR Y +, -

56 TRKR R +, Shift 

. .. 
i'.-\. ,, 
I,••• 

' . 

1ft .. 
?.'' -~-:' 
·WI¥. :·A 

'---~ ~ 

OUTPW 

,. ... 

Block Rate I · 
Block Rate II 

No sign correction upon 
overflow or underflow. 
Overflows ~ot used. 

··.' 

. '· ... 
: r , ' ' ',-1..; 

., l 
, . !J. 

·. '\: ' 
~:> ' 

• 1 , • 

··/ 

; 

'i ' 

j • I 
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. ·-AC IPAII-PLUG DIVISION a, • .,., ...... c.;,..t&. .................. 
INARY AGC INTERFACE SPECIFICATION 

NOTES ON COUNTERS 
.-

' ; ~.. '. INOIN!EIING 
; ·_. ~-· _ , DIIIIN IIPC>RMATIQN · 
. .-·. -~ ·:· · · IIHIIIT · .... 

. J'. -Kernan .: 

The Overflow Counter ( OVC'J;'R) stores the ove·r:flows a:na -underflows re·sul ting 
f'rom additions . When an overflow occurs, · the coUhter is .i'ncremented, for. an 
underflow, i t is decremented. ·· I nterrupting programs .'. whi.c:h .'do APD's must :take 
care to leave this register in its original state, efth~f. QY pre~erving its 
co ents or by guaranteeing no overflows .. . - -., · 

-t :· -: ~ 

' 
The Time 1 and Time 2 counters count time for some arbi trarjr · starting 

:point . Time 2 accumulates the overflows of' Time l ; units, of which are 10 msec. 

Time 3 is used as a general purpose timer, its units . are 10 msec. Overflows 
cause i nterrupt to the WAITLIST program. 

Time 4 has essentially the same function as Time 3 except it is concerned 
· only with the d:ispiay programs . ·un i ts of Time 4 are worth ·lo msec. 

The UPLINK counter is used as a serial to parallel converter of informatio~ 
coming from the outside world. The counter is shifted. and incremented until 

' a word has been accumulated (15 bi ts). The first bit is always a 1 so the 
counter will overflow when 16 bi ts have been sent . in .. This overflow is used to 
detect the end of a loading operati on. It is poss_ible '.thl:l-t UPLINK may be used 
in the LEM for accepting a serial transmission of r~e ·data from a trac~ing 
device (radar or laser) . 

. . 

The OUTCR I counts the OR of all the set pulses whiqh go to the CDU's and 
the IRIG ' s . .An overflow of. OlJ!I'CR ' knocks down all the output latches of:. 
RATE I and thus, a prespecified: numpe±:•ot pUJJ.ses can be, ,sent;; ·td~.each . device. 

OUTCR ·II counts the OR 'of all. set pulses which go to OPT and THRUST control . 
An overflow· knocks down RA'rE II. .. 

'1 I••/, 
~ •t I• , ... 
!' '}, ,: 
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PRELIMINARY AGC INTERFACE SPECIFICATION 

7. ·output Bit Ass ignments and Functions 

Regis t er 

OUT 0 
(wo) 

OUT 1 
(Wl) 

OUT 2 
(W2) 

1: • ,. 
~i-\:~ t 

·: . 
, .. 

,.;. 

. 
Bit Ass ignment .'. 

Bit 1 Rlybit 1 
2 Rlybit 2 
3 Rlybit 3 
4 Rlybit 4 
5 Rlybit 5 
6 Rlybit 6 
T!P-Ybit 7 
8 IU.y'bit 8 
9 Rlypit 9 

. ;. 

10 Rlybit 10 
11 Rlybi t 11 . 
;I.2 Rly'bi t 12 

· , ·.13 Rly<.rd 1 
. ·14 Rlywd 2 

15 Rlywd 3 

. Bit 1 Rlysys 1 
2 Rlysys 2 
3 Rlysys 3 
4 Spare 
5 Spare 
6 Block UPLINK 
7 Spare . 
8 Slow Speed, STANDBY 
9 Word :Orde:E' +/M 

10 Bloc,k End, Pulse 
11 Scale. PIPA Fine 
12 Seal~ l'!P.A Em.erg. 
13 Engine Start: 
14 Engine Sequence Start 
15 Engine · Cutoff 

Bit 1 OPT T 

} 2 OPT s 
3 THRUST 
4 + 
5 
6 Spare . 

", . i 

,. ,. ' : • '• I ,• 

. ' ' . ' 

~9t;Qn·.•l.:}\?i:.: ... 
, . 1 /;')- :' 1'_::.1., . 

Opera tee · -µie :f'bllow-ing 
1. · Two • d;igfta+ . display 

pane.ls _i'n ·:·para,.1.1.el 
2. IMU, -CDU, OPT &, TRKR 

swi t elling · · · · 
~ . : AlarI!l lights 

., 

'·. 

Rate II 

.. ' .. ~~--. 
• •• • J~ =~., :- f 

,··t· 

-iT 
' 

; ~- i-

• I ., · 

i . 

/.· .. ,, 
'. ) 
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PRELIMINARY AGC INTERFACE SPECIFICATION 

(Outp t bit ass ignments and functions, 
Register Bit Assignment 

OUT 3 
(W3) 

OUT 4 
(w4) . 
I 

Bit 7 Spare 
8 X GYRO 
9 Y GYRO 

10 Z GYRO 
11 I CDU 
12 M CDU 
13 0 CDU 
14 + 
15 •· .. 

',; 

15 Spare Bits 

cont ' d) 
Tuncti0n 

' '!.' 

.R~ t.e t , ,:_ 
.: -; . 

Word to be sent via 
DOWNLINK,. including . . 
parity . . , 

... 

. '·" .... ;. 
~- -: ~,, 
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AC SPARK PLUG DIVISION 
General Motors Corporot lon 

Milwaulree, Wisconsin 

XDE 34-S-504A 

-ENGINEERING 

EXHiBIT 

PRELIMINARY AGC INTERFACE SPECIFICATION 7 DESIGW INFORMA TSON · 

~--------.----i 

8. Input Signal 

ORIGIN 

CDU J BOX 

PSA 

D & C 
or 

Test 

LINK 

s/c 

CDU J BOX 

Summary 

N WIRES 

6 Pair 
7 

6 Pair 
l Pair 
1 Pair 
l Pair 
l Pair 
5 

4 Pair 
6 Pair 
2 Pair 

2 Pair 
2 Pair 

6 
3 
l 

3 Pai r 
2 Pair 

3 Pair 
3 
2 
2 

DEVICE 

Encoders 
Controls 

PIPA 
PIPA 
IMU 
Encoder 
CDU 
OPT CONTROLS 

OPT 
TRKR 
Error 
Detectors 

/· t.,. . 
J. Kernan 

COMMENTS 

3 ~ 6 A Counters 
Kl, K2 K3 K4 Relays, ATTSW, 
TRN SW, Relay Common 

3 + 6 V Counters 
OR-of PIPA FAILURE BITS 
OR of IMU FAILURE BITS 
OR of CDU Not Zeros 
OR of CDU FAILURE BITS 
Zero Encoder Ind ., 3 Mode Select, 
Mark 
2 Counters, + 
3 Counters, + 
OR of ZEROS,-OPI', TRKR 

Servos Failure Bits, OPT, TRKR 
Photo Detector Controls 

Key or Tape 
Controls 
Controls 

5 Code, l Activity 
3 OR of C Relays 
Standby Allowed SW 

T/M Programmer START, END and BITSYNC 
Receiver UPSYNC, DATA TO UPLINK CNTR . 

XFMR 
CONTROLS 
AGC "ON" SW 
PWR GND 

LIFTOFF, ABORT, BAD BOOST 
2 Mode Select, Common 
+28 VDC Prime Power 
0 VDC 

AGC DSKY ' S INTERFACE WITH OTHER SUBSYSTEMS 

2 PSA 6 v 400 cps Lamp Power 
6 v 400 cps Press to Tes t 

'l'icn INl'ORN.\'t., ... l'Olt COlf1'1Da11T1AL aNOn.aSRIWO -· o"&.Yt l'OR .,.. '" PROOUCTIOlf, THB COIITBlfTI ■MOULD •• R&Ll&AHD 

ON 1i3"PLl..::A9Lll DRAWING■ Alfll/OR IPltC:ll'ICATIONl1 FOR UIIS BY DSIIC»rJ ■UIICOMTRACTOIII , CONTClffS ■HOULD ■a RSL■Al'JltO BY 

xc• (Im!. IUOl)t Alff OTlnt■ SXTSRltAL VIC IHOVLD •• 1'91AldllOTTBD THROUGH TH& C01'TRACT9 D&PARTIIIUtT. 
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PRELIMINARY AGC INTERFACE SPECIFICATION 

9. Output Signal Summary 

DESTINATION NO. WIRES DEVICE 

CDU J BOX 

PSA 

7 Pair 

1 Pair 

3 Pair 
7 Pair 

7 Pair 

D/A Converters 

Clock 

PIPA 
IRIG 

Power Supplies 

::: ~► 

5 Pair OPT or TRKR in LEM 

D & C 

LNK 

s/c 

2 

18 

3 

2 
2 

10 

1 Pair 

3 Pair 

3 Pair 

Thermistor 

Relay Sys tem 

Timing Signals 

AGC Power 
POWER 

Alarm Lights 

PCM 

Engine Controls 

Thrust (LEM) 

EXHIBIT 
l ;;; ID.Ve J. Kernan 
I 

COMMENTS 

3 + Set Rates, 1 .6 K½ Time 
Modulated . 1 Reset, 1.6 KC 
512 KC Master Clock 

Set, Reset, Clock 
3 2: Set, 1.6 KC 
Time Modulated. 
1 Reset, 1.6 KC 
0.8 KC, 3.2 KC, 25 . 6 KC 
Set, Reset. 
12.8 KC 
2 2: Set Rates, 1.6 KC 
Time Modulated 
1 Reset, 1.6 KC 
AGC Temp. Hi & Low 

12 for Rlybit 
3 for Rlywd 
3 :for Rlysys 
Timing :for Relay 
Selection System 
+ 13 V rx:::, GND 
250v, 800 cps :for Electro
luminescent Lights, GND 
Non-Program Controlled Alarms 

Output Bits for DOWN T/M 

Pulse Rates :for Engine Sequence 
Start, Enzine Start, Cutoff 

1 + Set Rate, 1.6 KC 
Time Modulated 
1 Reset Rate, 1.6 KC 

'l'Hfl lNPORNATIOM ■ POil COlfPID.WTIAL Sfl011'fSICIUWO uaa ONt.Y1 PO■ """ IN PRODUCTION, TH• COIITSNTI ■MOULD •• RSLl&AHD 
ON #illl'PLl,-::AlillLII DRAWIN08 AIID/OR 8P&CIPICATIONll1 POR VIIS ■Y DSSIOeJ ■UIICOlfTRACTOIIIII , CONTIENTI SHOULD ■S RSL8A91l0 IIY 
xcw (1\11!. IUIJl)t Alff OTHS■ &llTS■lfAL vaa ■MOULD a• 1'111Alf81f1TTIID THROUGH TH& COWT■Acn D■: l'ARTIHlNT. 
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j
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ENGINEERING -- ------------------~-a DESIGN INFORM4TEON . I 
. ! EXHIBIT . 
t PRELIMINARY AGC INTERFACE SPECIFICATION t·------...:-----------t ! .. r O.ve 

J. Kernan 

(Output Signal Summary, Cont'd.) 

AGC OOKY INTERFACE WITH OTHER SUBSYSTEMS 

DESTINATION NO. WIRES 

PSA 3 
2 

Flight PCM 7 

CDU J BOX 

Map & Data 
Viewer 

5 
1 

6 

2 

DEVICE 

Optics Mode Relays 
"OR" Circuit 

Word Assembler in Flight PCM 

Relays in CDU 
IMU Control Panel 

Caution Lights 
on M & D.V. Panel 
+13v or +3v Loss . Indicator 

COMMENTS 

Cll, Cl2, GND 
+13v or +3v Loss 
Signal GND 

6 one-bit , non-program 
controlled failures, 
GND 

Cl-C4, GND 
Attitude Control 
Light Command 

C5-C9, GND 

Contact B of Pl, GND 

1'k11 INPORNATIO ... POii COlftlD .. fTIAII. IS1"11N&llRfflO UH O"I.YI l'OR UIIS IN P•OOVCTIOW, THa C'Oiff'SIITII ■MOULD 811 R&LKAHD 
ON A~PLf;':I AIH.111 DRAWING■ AND/OR 8P&CIPICATION9J POR UII& BY oaaacm IUBCOWl'RACTORS. CONTC:lffS INOULD •• RISLIS~ iUt O • ., 
JtCW (l:'1,# IQ!tl )t Alff OTNS■ SXTS■lfAL VIII: IHOUU, aa 1.'l!ANIIOTT!IID THltOUOH THIS COlfTRACT9 D11:PA■TllllllfT. 



AC SPARK PLUG DIVISION 
General Motors Corporation 

Milwauliee, Wisconsin 
X DE" 34-S- 504A 

. -ENGINEERING 
DESIGN INFORMATION · 

EXHlBIT 
PRELIMINARY AGC INTERFACE SPECIFICATION ., 

10. AGC INPUT CIRCUIT 

2:1 
I !SIG • • 

REF 
TXl 

INPUT SPECIFICATION 

INPUT 

Amplitude 
Impedance 

Pulse Width 

Duty Cycle 
Rise and Fall Time 

Noise 

Ref. Txl - NASA# 1006762 
Tl NASA# 1006771 

·. J. Kernan 

+3V 

' . 
. } 

220 0 T1 µ LOGIC 

220 0 

ov 

SPECIFICATIONS 

10 + 4 .volts pp with respect ' to ref. 
Approx . 1600 ohms at 3 volts in 

1400 ohms at 6 volts in 
. · 1100 ohms at 14 vol ts in 

0 . 5 to 8 µsec measured at 
9oa/o amplitude · 

Max.' of .3 at 6 volts 
Less than 20% of pulse 
width, · 10-90% of amplitude 
Less th.an +2 volt s pp 

Figure VI-2 
" ; . 

,. ... INPO.IIATION. POii CORf lD.NTML SNOndil•rwo •• OWi.Ya POii UH IN l'WODUCTION, .... CONT■lff9 .IIOVt,D •• ■■UAHD 
ON A ltlt-..C,A■UI DWAWIN08 AIID,C,W llt■C"'11CATIOM1 PO• ., ... ., OIIIOll lvaeon■ACTOIII. ecnnawn ''"""'° ·•• ..... Al■D ■Y 
xc■ (MIL .... ,. Alff OTNS■ ■JIT■■lfAL UIS 8NOVLO •• T■AN81ffl'TSD T•ouoN TNS COIIT■ACTI D■PA■Taff, 
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AC SP,Ar{IC PLUG DIVISION 
Gene,a,I Motors Corpon,tlon 

Milwaulr••• Wisconsin 

PRELIMINARY AGC INTERFACE SPECIFICATION 

11. PULSE OUTPUT CIRCUIT 

., 
-ENGINEERING 

DESIGN INFORMATION · 
EXHIBIT 

· J .. Kernan .. 

C -------.-----------. •., . 

B. 

Output Signal Characteristics 

Pulse Width: 
Rise Time: 
V t' no load: 

OU 
V t' 500 0 load: 

OU Source Impedance: 
Sync 

Exceptions: 

3 µs + 0.3 µs · · 
~ ·0.2-µs into 500 0 
:.::: 20 V pp. 
~ 5 V PP 
1.6 K 
with SBII . 

1. Master Clock to s/c: Square wave ou~put. 

l: ·2 

A 

2. Data to LINK: Pulse width determined by width of BITSY1JC pulse. 

Figure VI-3 

Yliil INPOl .. tATIOM • POii OOWPIDaniAa. l&NOIN'lll•INO Ula Olt&.Ya POii UH IN toRODUCTIOlt, TNII CON'l'■lffil INOVI.D •• ••uAHD 
... """1-JCA■U DaAWIN08· AIIPIO• ••■aJPICATIOll91 POW .,. •• ,. DHIOII IUIICOlf'HACTOIII. 'COlfT■lffa ......... •■L■AHD ■Y 
xca (lltL .... ,. Alff OTHSR ■XT■a11AL UH IHOULD •• TWA .. lffl'TSD T•OUON TN■ COlff■ACfl DSPA ...... ltT .. 

'REV, 
' : . -

A VI-i5 , ... · . ., 

I ;. • 
. ' 

' ;it.·.: 
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AC SPARlC ,u,c btYISIOM 
Generol Motors Cor,onrtlon 

Milweulr", Wi1con1l11 

PRELIMINARY AGC INTERFACE SPECIFICATION ., 
. . -ENGIN!ERI~. 

DES.ION INPORMA TION · , 
· · . EXHlBIT · 

· .,:[:. Ke rna.n 
D ... 

VIL A. AGC INTERFACE WITH CDU JUNCTION BOX 

. ;- J 

AGC C:00 J. BOX 
CDU ·SE!J.' PULSE OUTPUTS (+ 3) ' 

RESET PULSES (1) j 

MASTER CLOCK -SYNC (1) . . ' 

.. 
M ENCODER OUTPUTS(+ 3) 

. . 
RELAY AND SWITCH VERIFICATION (6} 

Figure VII-1 
, .. ·-AGC-CDU J. BOX INTERFACE BLOCK -DIAGRAM 

. , ., 
,, ' 
·,.'-- ' 

1 ,., 

TN1i INPOIIIMTIOlf • PN OOWflDIM'iAL a.-ndl•IWO .... Oi'tC.Yt POii UH IN ... ODUC1'ION, TN8 COR'l'■Wft ... OVl,D ■■ •aUAHD 
09f ., .. &,la ............. ·-~ .... C.,ICATIO"'• POii VIII • ., DHIOII IU9COfl■ACTOltl, ecnrr■wn ,..,.,. .•••• ~ ... ■Y. 
XCI (1111. ll")f Alff OTNI■ ■JlT■lilfAL UIS IMOULD 81 TWA .. IIITTSD ,._OUON TNS COIIT■ACTI HPAIITM■ltT, 

'R!V. 
. A ·:, ·· . VII-1 . ·· .. · ' 

: 'FY. , ... . .. _, . :·: 
' t 

t. 

' , t • 

1 ·.: 

I ' ' . 

. ' 
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AGC- CPU J, BOX l~TSRF~C.E. ~C.\-\EM~T\<:;. 

- !.~?UT$ 

A(;_C J~c.K r .---·- --·- _____ 
7

A~C. J~CK 

p \ N No. I A-~ C. h-:>\ l'\ No . 

· t ti A l CDLJ 

F"ROM ~G.C 
. INPu·f C.\RC.Ul 
SE.E p ·p.,~E 

V\:..14-

... 

I· 
1. 

I . o--~K\ 
----Cf~.,__K~ 

I 
------i-Oi-a---K 3 

-----4D-K4 
-----~o---tl\ Ti, c.o~ . 

-----ih~ TI~~R 
~ sw. -~----4-o , , ,. A.G. C 

·. · - GND· L _____ · _____ · __ . _ _J 
I 

XDE 34·$-504/)\ 

. - - . - - .... -~ ·--- .,__ - --- -- ' - -.. ~ ·-·- -·- --~ 
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AG.C - CDU J. Box INTERFAC.'c.. . SCHEM1'T\C, 

OUTPUTS 

1 __ A~~ JAC.Kr---- __ - .- . - .-- 7 _AG.C .JP\CK 

?\NNOI . A.G.,C . PIN NO. 

2..' I I 2. 
1--- -----1 

I.CD_U-+ [ J O CDU -

. J..cou -

1\/\.CbU +-

M CD\J -

[ J 
FROM A1>.C 

[ 
OUTPUT J 
C\RCU\l"RY 
SEE PAG.E. 
Xl ~ 15 . 

[ 
[ 

I . s/c Mti..5"\"E.R 
CLOCK SY~C. 

I 
I 
I 
I 
I 
I 
I 

I .--. I 
.L . · I 

---- - ·- -- . _.,___ ---

XDE.-34-S-504~ 
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AGC INTERFACE WITH c. p u .l. eo,c. A.GC IN TERFACE WITH C.O U J . BO '/.. 

su:.NAL DE~G NAT10N 
INPUT 111 IN ITlATEO MOW. A VAIL.AB LE 

OUA l'ITITV REPRESENTED PM YS ICA L OUANTl?ATION SIGN AL CI-IAAACTER1STIC S 
U •,.t;II! 1.•N( ffO JII ffU, .. I M •r:"tNG lNO 

O R ORIGIN O R USAGE O F INPUT OR E FFECT OF F AILU RE TO ACC EPT PH YS ICA L NO 
1.~WIJI llNI ' 0" • t;C [ !VIN(i; EJ,10 1 

LINE 

! N A ME a A88REVlATION ) O UTPUT OESTINATION 
WHEN. ANO i U P 1 RESPONSE C A U SED INPUT OR SUPPLY OUTPUT o, TYPE AM PU. PULSE RISE 

,o, MOW O FTEN MOW LON G BY O UTPUT AT "EOU IAEO RAT!. 
A CCU RACY ~ESOLUTIQ,- RANG E FOR ... ACCUR ACY ~ESOLUflO RANG E z ' 

FALL j. DELAY 
LJNES ELEMENT TUOE WIDTH TI ME Tl""'£ 

t::,. ,.._ E.Nc..oo'e.R I. :, c, OIJ 81 ,...eat Q..t \o'°' Ot.t ~r"""'°"-e,. c. ov 3 ~ -56~ po lse. ......... 
o,rn•uTS thc.o.le.r 01' c..olJsll.~ ""~'<.!, Pu lsei, ,.._.,,,.._ 

C.IT'C:.Vlt.5, (.o"-ne~rs to 'o~ 

i,c.r~e.,,teJ 
XFt.\R. 1,lto \OU,. • S to <. ?0'%, < 1oo/. 

Ol' ' j.G,K V PP e sec.. 
de.c.~<. me.,-t.eJ C<>~A, 

0 19P.c.J o+ P,ul. 

:, c.ou €,"'' 0 I D/,._ "'" en to"~"'"'~ O ""l 'f O \.\ e. C OV '1'!>56<,U. 0 O T' P""'~• o or fo pcur )C.;:N\~ \ . 0, \( 2::s"',f> 3...._5eG, So?,.c 1.1, 

PUL<;,E. oVTl>IJT5 C.OYl >J f..'1-t t-'r 0~ (.OU ,;\,e1.Tt "'"~ l,e. -eo.-~eJ p1r p,ulse. 11.<. d,~ tl'-0.\'f\ IC.OOff> !:o-~....,, ll<l. 

'"' t.O.C.. .... \,~ l>l(,.C I ~ ' 
a.t o... tw"e... I._ 

i 5F"" t~a.s pe.Y- '»CC.. 

C.OIJ d•sw-~l \\1 tloi:«l , f= h e.J \o\v ~\ae:r <; \ e.i.J 

b-j CLO"'" ' " 
~t pu l-.e.s \"' <!o.<\, p~r f'e.il ro.t e. 
b oNt t \~e 'rn.4.., ... 500 

our'- , 0 it.S' o.,. l•tt.<;, t , e p ol,e. 
4, 

°CT'tA.\ 'f\. 

CDU RESl,.T !>UL~ 0 ~ 0/1-,. C 0\"lt.\Y\UOU.S I"' COT'\J U.'\'\C. t. l O Y\ ,,,.. .. ~Flo\~ \.I# \( ~5•,.,. 3..._~ ~0-2_.ys , .. 
i<i-.TE CO"~er-t't.'r'~ UJ \"t;',,. 1: ~ e. Set ~o.~-'tS Ki; 

p v\'a!.5a , t, '"'c mo.1'-A-

\o.'t.e,; tl-e D/ 1-,. 500 
C.O'l'\\te 't-'t.!. f' 01..lt.pU.tS 

REL._Y -"IID 5W•TC.H I K.,K~ 1 '<: ; \I'll.eh Cohto.tt~ Info r-Y'fl'i 1'.G; C :,f de O · ?. &Y l 
I/ERi •IC-"TI ON IC.4 

close. rela.y s t«t<.,; l c.»e.l d t. 

TRN'::iW 
ATT"''.>W 
/1-(,C.G,NO 

~' 1"5Tt.R C.LOCK 0 Nlo.s.te.r- C. o\\t\\'\U.O I.IS ' 
S.'(>, C.~rO <'ll <E5 t\.oe. '""'"'""''- I pqir ~FWc.~ "~ ~s"' ~at.,, Sli 

c.\oc'( oh sca...c. e. c..'f"o.1' t WCl\.le, xc 
$ YNC. "rn o..s te..,. c\oc.'( 

IMll t o\'\• 

tTo\ I,." ,\ u.>1t..',, tl. e. i-.,c;.c . 
500 

C. H l'.RT I 

l'IG,C, ih't:C.T" f O..C. C.. '-"-' l"C ~ AC SPARK PLUG DIVISION 
GENERAL ,_.OTORS CORPORATION 

C. DU J . 80-1- M ILWAUl(EE. W ISCONSIN 

l 0E ~4 - S-504,1,, ,,..., .. 0, I 

KAc< t,/oN ~ I T. W, O · -rr vu- ♦ 
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. -~IMn~PLUG IIYISDI ............. c-,..,a.. 
••s•"•••• .... • 
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',~ . . .... +-------------------~.A .. --~-....._- -,r_,. _ .•- OIIMTIGN . . . ·j/\ -· t~rt~·:·>·· · ·' ' I T . · 
·.,,.). PRELIMINARY AGC INTERFACE SPECIFICATION hfi ,.,· -., C 

.. .' ,, 
·~ ,,,'{ ~ ·. 

.. 
AGC OUTPUTS TO CDU J BOX 

1. CDU SET PULSE OUTPUTS 

Ref : AGC 4 Memo #5, NASA pwg • . 1010134 ., 
• ':. w ,\ ~· / 

.. : . 

The AGC 4 torques the CDU shafts by means of. bw;-~t~:. 6.;f' .. ;\ilse~ ; at a fixed 
;i:-ate of 1600 pps. To generate a rate-lilsle outpu:t-, : it ·ie-.: J,ie.\ii¥ssiu-y_ to re~eat 
these bursts a t fixed intervals. Typically, burs~lastt~ up to ...• e8 sec6nds 
:can be r epeated every . 24 s econds. The three CDU ' s must be puls~d seque,ritia],_ly 
with such a schedule . 

Out bits 8 -15 of Regfster OUT 2 (=W2) are reserved ·for generating Rate 1 
and Outbi ts 1-5 of OUT 2 .' are used to generate Rate II. Tpe outbi t assignments 
for Rate I are as follows: 

W2 Bit 15 .:. Rate I OUT -
") :, ,~~, 

14 ·. +Rate I OUT 
13 1600 pps to 0 CDU 
12 1600 pps to M CDU 
11 1600 pps to I CDU 
10 1600 pps to Z GYRO 

9 ·1600 pps to Y GYRO I ~ 4 ~ r . 

8 1600 pps to X GYRO ·, t. 

. i,_ , . .. 
To send a positive rate to the Inner ·cnu, a · one is :required in both ·. 

Outbi ts 14 and 11. The reason for requiring two outb:i,. t s ·to be set is to .' 
minimize the risk of accidenta.1.ly sending , unintended pulses due to progrek 
malfunction . 

Prior t o s ending pulses to CDU .Inner, a nurnbe~ l~K is placed in Counter OUTCR 
I.' :l .._, . is such that OUTC.R I . will overflow after K-,:pulses have been seht. 
When OUTCR I overflows, all -outbits associated with Bate I are knocked down to 
zero, preventing further puises from being sent out. 

· ·j '. , The three _ CDU' s may be controlled in sequence by· u sing ~he "~ ~splay r~)Utine, 
, ·f which is entered every 80 msec ~ 'This process :· .resul~s ,in send~~ ~bµ,rsts of 

':, ·. pulses to all three CDU ' s twelve times each second, or f'our till/,es:,' 'e 'ach second 
· for each CDU. · ·-:<'': . 

. • 

., 
'} ' 

.• 

-~-)\ 
I I ;.-,.. 

i 1 ' 1· 
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:: \j 
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.·POIIIEIINO 

DIIIIII IIPOMIATION · 
.t · IIIOIT · 

PRELIMINARY AGC INTERFACE SPECIFICATION ...., 
Kernan · 

Rate II is controlled by OUtbits 1-5 of OUT 2. Bit assigmnents are -

W2 B 5 - Rater II OUt 
4 + Rate II Out 
3 Thrust. Reset is at lpOO pps · 
2 Optics Y (1600 pps) Reset is at 'l900 pps 
1 Optics X (1600 pps) 

Rates I and II may be used simultaneously and independently. 

2 . CDU Reset Pulse Rate 

Ref : AGC 4 Memo #5, NASA 1010134 

The CDU reset pulse rate goes to the D/A converters in the inner, middle 
and outer CDU's . The 1600 pps rate i s continuous and leads the set pulse rate 
by~ microseconds. The following figure shows the phase relationship . 

..... ~ µs 

Set Pulse 1 · 

Reset Pulse 

------- ~3 µs___j 

When the set pulse rate is on, the flip-flop of the D/A Converter is . turned · 
on for 623 µsand off for? µs of the 925 µs period. · The CDU shafts are torqued 
at a rate of 17.6 degrees per second. 

AGC Inputs from the CDU J Box 

1. 6 A, CDU Encoder Out puts 

Ref: AGC Memo #5, NASA 1010134 

These are pulse waveforms from t he CDU encoders to the AGC 4 input pri ori ty 
circuits . The priority circuits generate the address of the counter to be 
updated .aµd .also•cause the interrupt to~the program which will perform the 
updating_. · The scale f actor equals .40 sac p~r pulse (approxi mately) . ' 

I, IC ftA 11-ffS 

' ' . :I-:6· 

! .. . 
•• r 

: , t . 

; 1. J 

'' ; ' .~ 
,:· .. ::\ 

,;., 

' ·• '~ ' 
' . . "; ,• . ' 



AC SPARIC PLUG DIVISION 
General Motors Corpo,otion 

Milwauhe, Wisconsin 

PRELIMINARY AGC INTERFACE SPECIFICATION 

VIII. AGC INTERFACE WITH PSA 

XDE 34-S-504A 

., 
ENGINEERING 

DESIGN INFORMATION 
EXHIBIT 

J. Kernan 

AGC PSA 
t:,.v PIPA PULSES ( + 3) 

PIPA FAIL 

IMU FAIL 

CDU FAIL 

CDU' s NOT ZERO 

M OPT ( + 2) 

- M, TRKR (+ 2) 

TRKR Rami:e 

Photo Detector (+ 1) 

OPT FAIL (1) 

TRKR FAIL (1) 

OPT I s NOT ZERO (1) 

TRKR NOT ZERO (1) 

OPT MODE INDICATION & MARK (5) 

PIPA SET,, RF.SET. CLOCK (~) 

IRIG SET PULSES (+3) RESET PULSES (1) 

800 cps, 3.2 KC, 25. 6KC Set, Reset 

12.8 KC (1) 
Pulses (6) 

TRKR COMMON 

OPT SET PULSES (+ 2) 
, 

OPT RESET PULSES (1) 

AGC TEMP (1) 

102.4 KC (1) 

FIGURE VIII-1 AGC-PSA INTERFACE BLOCK DIAGRAM 
THUi rNPOIIWATIOlt. POii c•rlD■fflAL ■MHNllllRfNO .... ONLY• POR .,.. "' PltODUCTIOM. TN• COlff■ll'n •MOVLD •• R&L• A•&D 
Olf ,\PPl,fCAaa.■ DaAWIMOa AIID/0. •P■CIPICATION91 •o• .,. •• ., D,awo1t 8U9CON'TltACTOtl8, COltT&WTS INOULD .......... D IIY 
xc• (IIR, .... ,. AIIY OTNS■ ••T■■ltAL UH •MOULD.,. TltA"8llflTTSD TMOUON TH& cowraAcT• DSPAaTM&ltT, 

. VIII-1 
•• 



' 
+ 6 V X PIPA 

-1!.V )( PIPA 

A G.C 

AC,( 
INPUT C.'(T 

PA<. E. V l-1 4-

7l ~,______+ Li _A op T _ s 

=H Q ,____-A A-OPT_ $ 

-~~ p +AA O PT T Bt--- --=3 ~.-----11 -AA OPT T 

~ B 
I +Af'. TR KR ;t. ---g---

~J L_ ----~'---AA _TR.-KR x_ 

+ AA T RK R Y 

+ PH OTO D£ Tf. C TO R 

- Pf-\ 0 , 0 D ET c( T OR 

Z ERO OPT E NCODER G .. 
MARK G---...... ~ 

OPT rv100 E 1 p 
4 

OPT M CJ U l-~ 2.. u ♦ 

O P T MOUE 3 ·L ~ 

1 R i< 1< C O M1v1C. t- l u -------~ 
j 

A. ½(, - P \ I\ 1 N I L K t: A CE ·, < H \ rv1 A ·1 I C 

Ac, C J- N l ' lf l ' , 

.<UE 3 4 · S - 5 0 4- A 

P A C, E V II I · 2. 



' i 
A G. C --7 /\ C,,C. JACK AC.( JACK 

I P lt,.I NO. 
2'1 1. ,2. b NO, 

~ ~c =3L_ P I PA SET + SET 5 O PT 

~ [- 7 PIPA RESET 

d 
- SET 5 OP, 

PIPA CLOCK C =i + SC:T 1' OPT 

+ SET X IR IC. C ~ - s E.7' 1' OPT 

------
- SE1' )( IR IC, C _J OPT RESET 

A<;C 
PULSE 

JC OViPuT C.l<T 

~ + Se:T Y IR IC. 
PAC.E VI- 15 

3200 CP S S F.T 

C ~ 
- SET y I RIC. -\ 3200 CPS RE'.,ET 

_ j 

+ SET z I Rl(i 

8 C =3 25. , KC. SET 

~c ~F-P - SET 2 \RIC, d 25,6 1« ; RE~F. T 

IR IC, RESET d ~c 12..8 KC _) (_ __ -p 

~ 
~c 800 CPS S ET ~p ___ b AG.C TEMP 

~c 800 CPS S E, f-) 102. 4-

-) 

-) 
\ KC 

L _ _F J - ----- -

AC.C - PSA 1N, ERf'AC..E sc,-H,MA TI C. 

A C,C. OUT PU TS 

fl<,VRE Vlll -2 PA<.E 2. or 2 

XDE 34- -5 - 504 A 
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AGC INTERFACE WI T H __ ...;P_;:Se...;_A.;_ ___ _ AGC INTERFACE WITH ---'-P-'S"-'-A-'-------

QUANTITY ~EPRESENTEO PH YSIC AL OUANT!?ATION S IGNAL C l-4.-.RACTER ISTICS U '""ll:IOI LJN( 1'0111 Tl'IANS M l fT ING (NO 
INPUT I l l 1.owu, I.IN[ f'OIOI IOl l[C llY!NO (NO , 

SIGNAL DESIGNATION OR ORIGIN OR INITIATED HOW, AVAIi-ABLE USAGE OF INPUT O R EFFECT OF FAILURE TO ACCEPT PI-I Y S ICAL NO UNE 
(NAM E a A 88REVIATIONI OUTPUT OESTINATION 

WHEN. ANO I UP 1 RESPONSE CAUSED INPUT OR SUPPLY OUTPUT 
flESO LUT IO r FORM flESOLUTIOr RANGE 

OF TYPE z AMPLJ , 

' 
PULSE FUSE FALL -,. OELAY ,o, HOW OFTEN HOW LONG av OUTPUT AT REQUIRED RATE 

ACCURACY RANGE ACCURACY 
LINES ELE,.,.ENT T U DE W IDTH TIME T IME 

± b. y PIPA l'IPA f...-,l ..... <0,'-<erc~-i:. :I...,c.re,.._~,.;jc (ct c. r-c:,~ ... "h AG<. ),,oo .(\ \'( .. !° \(V\O\V s/c. p,..,.\.s;e,... ~ C...pc,,,.<.. ,'T<> f' \O v 5-"'' t1-1.~ :r c ......... ,. , "'t o\ f' IP A x, Y 1 i! P 1PA ve fo, ,f J ) !, ~ .:1.._lc. t • , .. ,,.. C.o ...... i'j<,4, f P ,,,.. 
PUI..S E ':. UT p ~'1c whe, Gv 0,5' < zo?, ~ .. ; t..h c::.01,.,,,.\cter.t. o:...,. l, b.-....,k P t P;... '.s , o r +o Xf" MR. /. 4 K to 

(C"4~'-i ,ve PIPA ( .. ,. ~ 1.~" +i... :! t,'\U. r'F 'is,,..., o ( f'.W. 

l,;, f ocf- "-~d.. 
--· ---- - -

PIPA F AI L I 
OR ;~ OR .< ~ f"•'- 1.h-..c;l. +o c..\...o..".:'ae, A.()C wo.,., \ ~ '!'\o"t c.~"'"")e P~lsc.. l. 
PS A dcTccf<..l S '!),".l +o"li" '] s,.,J., ~-hr sc..o..\~ {g,,.o:.-T•t ~,,~ ,.,(\oc... : ty f-.. ir X F IV\R \0! 4 o.s h , < 2.0_:l C.• " t'..r ... tor- \A't- """ " <i. -.,a Pl PA if\i'~p, .... 1- , ,~ \ rv'l"'-'f be. i " 

\.I 'To 

p~~ o."4 ,2.0 , oc ,:. ;\-rt. , 1>17~RRVPT e. < ru , 
1.4,,\o(.. v rr )' / ·\~ •• P.V( 

0li i1, OR •• t, , MC, ••a L, i \.To J: rv\ V <' AIL p...._~e. ·-I MU F AIL I .:, .... (" P S A 0C., £ r nr 1 3l0Oc.('S ~" C c.o rr11,,o.."'d.s 
10 -e:4 <207' W ',, t!.1
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AGC INTERFACE WITH __ .....JPc:.....5"-<A,_ ___ _ 

SIGNAL DESIGNATION 

(NAME & A.8BREVlATION I 

TRAC..q,R. 
OPTIC.$ W\OOE. 

TR,ACKE R 
COMMON 

OP, tC. S 
SE.T P VLSE.5 
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INPUT QR SUPPLY OUTPUT 

AT REOUIREO RATE 

__ ..... -- -- -
C..r11s~ .Co.i\-<(.. or ~fro,.+ c.. 
kl-~ v,Jr o-t P t PA loofS -

1 .... t~, f'"O O""-tu r~~-c,.. 
o.....A \""°'~" ' t-.1(.. o.f 
t ,~....I C)e.,, «1" ..... i'or 

., ..... ~- i - -- -----+-------
ANOE 0 w, TI.... C. \ . "k; Ab i\O(tf\~\ bch.,,,1.,.) <" o .f 
p......_bt- to fl!H.T plw P i PA ll)of.S.· 
o,. .,..,l l"T\ • l\..U. j:"(,f . f lti fS• 
T\- ,s t-<"-'> -t,,,\•" ·1 
C.1,....tl'"t'..\'\+ o-'-', 
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S IGNAL DESIGNATION 

/ NAME & A8B<::!EV1AT10N I 

PPS 

INPUT , 11 

OR 
OUTPUT 

,o , 

0 

:, 

AGC INTERFACE WITH -~P~ S,,__,_A~-----

OR IGIN OR 

DEST INA 't lON 

IN ITIATED HOW 

WHEN AND 

HOW OFTEN 

PSA ac.,'oc Co " i , .,, ,.,.o ,.• !. 

C.on , C.r"Te,(.s, 

HOW LONG 

--- --1----
Co .... "1", ,-........ ,:),.·...:;. 

C::. ..... 

USAG E OF INPUT OR 

RESPONSE CAUSED 

S Y OUTPUT 
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EFF"ECT OF FAILURE TO ACCEPT 

INPUT OR SUPPL V OUTPUT 
..,T qEQUIRED RATE 

fJ C. / OC.... .:_,J\"',Ve.1""\Cr.C •w,\\ 
ir~e. -'f"'-\'\ ,:,..,"t" b.o to 
e.. 2. '<.C . 

AGC INTERFACE W ITH 

OU..,NTIT V REPRESENTED 
!---~---~---,PHYSICAL>----~---~----< 

A CCURACY~ESOLU T IO j RANGE FORM ACCURACY QESOLUT101 qANGE 

NO 
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MIL 1111 11-l-'I 

XOE 
.. · . I NOINIE .. NG 

DIUIN IIPORMATION · 

: PRELIMINARY AGC INTERFACE SPECIFICATION 

AGC I nputs from PSA 

1. ~ 6 V (Xsm' Ysm' Zsm) 

Ref : Project Memo 194 

· ·, IINIIIT 

Kernan.· 

·.:' 

' ' 
' ' 

.... 

These pulses originat e in the PIPA current switch as a result .. of an AND 
or the appropriate torquing flip-flop, which must be ·set, . and the di fferentiated 
i nverted PIPA Set Pulse . Therefore, the 6V pulse is dependent on the traili ng 
edge of the Set Pulse. 

The velocity scale factors for these pulses can be determined-by referri ng 
t o Page 312 of ~GANI. 

2. PIPA Fail 

Ref: AGANI p. 465 

The PIPA Fail signal is generated by comparing the signal generator 
outputs t o a reference. If the S. G. output exceeds the. reference, the PIPA 
Fail s ignal is issued. A loss of +120 VDC also resul·ts in PIPA Fail. The 
AGC responds to PIPA Fail by switching to a higher torquing mode. · If this 
signal occurs during the Emergency mode, the AGC will iight the Accelerorrreter 
fail i ndicator and stop integrating the PIPA !:,V outputs-. . · 

. . · . 
This is an automatic interrupt (RUPT 2) to bit 11_ -of IN 2. 

3. IMU FAIL, CDU FAIL, OPTICS .FAIL, AND TRACKER FAIL 
.. 

. ' '•. 

These are all i nterrupts. (Rupt 2) to Bits 12, 10,' 9 and 8 respectively 
of IN 2. 

QUESTIONS 

: . 
What are the electrical charact eristics of 'these signals? · Wha~ cri teria 

is used t o initiate these signals and how are they generated? 

4. CDU' s NOT ZERO, OPTICS NOT ZERO, AND TRACKER NOT ZERO 

These signals are .inputs to Bi ts 1, 2, · and 3 of IN 2 respecti vely . . ' 

., 
1 

i..-:r...=m•l"&,...,=•=rtr..ffl'~: IIMll'.vlD'II\WT 
IIC8 H• •• 9'1a■ 1,- ....... N 'l■AMCI ID 1•1•■11 '1W CNHMft ............ 

V:Ir:i;.:9. · 
' . .,,-_ .; 
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' .. ·. 
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·Kernan 
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What are the electrical cha!,'acteristics of these ,':signj],it._. .. _,: .. :_:. 
.. : ' :· ;-~'(;:~ ·. }, .. 

5, + M OPTICS ; . 
I• ) ' 

; ,- ! 

These . i nputs to AGC counters enable the AGC t'o: r~ad:· the-·-: sh~ft and trunnion 
angles of the OPTICS. 

• I f' I• f, • ~ : 

It appears that there will be no SXT in the L:EM, but a radar· or Laser 
tracker i nstead. 

1· I · ·, 

6. TRACKER RANGE 

Ref: AGC-4 MEMO #6 

It appears that this information will be received i n bit bursts of one word . 
length . This foll ows from t he fact that tpe counter inputs are+ and shift 
only. 

7. + PHOTO DETECTOR 

This s ignal will presumably be generated by ·a photosensitive devi ce att ached 
to the OPTICS eyepiece. Its purpose is evidently· star or· hor i zon seeki ng·· 
and tracking. The torquing loop would be . clo_sed, through the computer . 

8. OPTICS MODE SWITCH 

Ref : · -~A Dwgs . 1015100 and 1006060 
t , I I ' • ~ 

Shee:t 7 ·.of 1006060, AGC Inte;face, shows three irlp'\.ltS from the Optics 
Mode Switch_. The Optical Syst~m ·Functional Diagr!3lll, ·1015100, shows only, two 
inputs from thi~ switch. For the purpose· of this do~;umen~, the l atter i s 
assumed t o be c.orrect . ;•· 

9 , MARK 

Ref: · NASA Dwgs. l006o60 and 1015100 

.. . 
"!". 1,· 

,•l ,·• 
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AC SPAii PLUG DIVISION 
, ............ c.,..ea... ................... 

PRELIMINAEY AGC INTERFACE SPECIFICATION ... 
AGC outputs to PSA .- . 

'; y;?j· 

l. TRACRER Connnon • • : , , : ; ;Jt<t f ;'.,, ', 
This line is connect ed to the . wiper arm o:f t ~e ~ : l>'lrtfd.n; :, ,Optics Mode 

Switch anq. the Opti cs Functi on Select or. I t is ''. switch~_(;l.~~~~-- :tp' .. : -the AGC/ by 
these switches to i ndicat e the wiper ann 'posit i on. : ~--.--~.}-",;; · \; , :(· 

t,1, ,, ·• 

QUESTION: What value o:f vol t age i s maintained on this line ? 

2. OPTICS Set Pulses · 
· .. · .. . 

Ref': AGC In- Out Book ·. 

These ar e plus -or minus set pulses , controlled through ,OUT 3 and sent to 
the Opt ics D/ A ~onve,rt er . The pulse rate is 1600 pps, time modulated to, ·control 
the average torquing r ate. Only one output can be active at any one tim~·. 
The scaling of' these pulses has not been detennined as •yet. 

The s et pulses will be delayed f'rom the reset ~ ~~ses by Iµ seconds. :~· . ' 

3. PIPA Set Pulses 

Ref': Project Memo 194 
NASA Dwg . 1006501 

' . 
i·. ; '. 

This i s a conti nuous 1600 ~ps signal used t o 'interrogate the phase an.ft 
magni t de o:f the s i gnal generator , output. In addi tion,

1 
this pulse is inyerted 

and di :fferentiat ed; the resulttng wave:fonn i s sunnned ,with the torquing f'lip-:flop 
to generat e·. the . 6 V pulse . . 

INVERTED SET PULSE 

Dif'f'e rentiat ed'Set Pulse 

. ·' 't'· .. 
f ,• 

::i. 

I 

,.1 
I I 

', I 

'. ·: 
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. ' . : I, 
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I ',, • 

l .. t.~'-' I ... ~ '\., 
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INTERFACE SPECI FICATION 

Since i t i s the pos i t i ve po~ti on of the dif:f~r~nti~j;~~ :pul,se:, tlµl. t i s . . used 
... o trigger ' he 6 V s e, the,. _6 v° p:uJ.se will be ·· -d_ep,endent.:'up9n ,;.t l;le ~[fall ,-~ime of i.-

he ori gi nal set p s e . ·,-.. _'_" , :·:' ~: ·; •;:_:J/\\tf:<~ ·. ~ 

fol 

The PI PA Set Pulse leads every . eighth . clock ; puls; :. :l)y►:i ~ii ,:seb;r·. : 
. , :' ;~ ,._· .·+ .. ;~;-\ -~j-~; __ .:,s\:: ,. . 

The s~aJ.i ng of he Set Puls es for the' three · PIP.A 1md,d~s '\~ :ei operat ion 1s as 
~ ./ _.,. '! 'l -~. }-" . l ·= ows: 

Se itive: 
Normal: 
Emergency: 

1.68 c:rp./sec/ p s e 
5.22 cm/~~~/pulse 
9 .34 cm/s e~/ pulse 

I . 

, ', ... 

4 . PIPA Reset Puls e s 
.. 

Ref: NASA ,Dwg •. _ il.006501 
I '•• ,- ( 

i •, 

The PIPA ReEie t Puls e is a 1600 pps waveform which ~s ·used t o control the 
or q ing mode of the PIPA loop . The length of t ime· that t he torque current is 

a plied i s det ermined by t he time bet ween · a PIPA Set . .Pul.se and the following 
PI PA Res e · Pulse . During the Seus i t ive mode the Re1;1e1;; ··faj._se i s delayed bf 

µ. s f rom the s e t pulse ; during Normal it is · del.aye4,:1,y 312. 5 µ.sec. il)uring 
Emergency mode , there is no Reset Puls e. . · · ·. · ~ l • ·" · · .. , • · 

•• ·• •.:', ',' I 

. ' . . ) .. ~.. . 
The AGC c ntr ol s the Reset Puls e si~ through .Bi~ ll (Scale PIPA fihe) 

and Bit 12 (Scale PIPA Emerg) of OUT 4. ., . , ·. :· '. . . . -~ 
' t • • ; I 

5. GYRO Set Puls es 
' l ' . -' ... 

' ~ 

The Gyro Se_ Pulse s i gnal i~. -'a -~ime mpdulated.: 1600 l>PS waveform. Thr 
ime modulat i on , allows th~ ~GC t o vary the average ~9,:tqui:qg rate_. pnJ.y ¢ne Gyro 

Set Pulse _- OUtp~t will be ON at one t ime - .. the gyros .,"7ill be scanned. The set 
' ) . ' ' \ 

p s e l ags the r eset by 2 µ.sec~mq.s. \.t, .·;. 
f" "'~ : 

I ii ) i? ··,•. ~· 

I , 

, . ' 
. ' ~· ' 

. ·.,. -~ , :. ·~ ~-

·- -~· .. . . 
~ •~ •••• I 

1f' • • 
. ' . 

. ~ 'i', :., 
,t', 
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PIPA CLOCK PULSE l2.8KC 

312.5 µs 

I 

--~ . , .· PIPA SET PULSE 

I I 

1600 PPS 

, ,8.lµs .I 

• : I S~ITIVE SCALE 

~L 2 ~. 

____________ . ...!...J! m PIPA RESET: 

l I . 

No11s: 
l i ' No reset pulse for emergency ~caling 
2. All pulse widths: 3 ~ 0 . 3 ·µs 

i 

1600 PPS 

NORMAL SCALE. 

PIPA PULSE TIMING 

FIGURE VIII-3 
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AC SPARK PLUG DIVISION 
General Motors Corporation 

Milwaulree, Wisconsin 

PRELIMINARY AGC I NTERFACE SPECIFICATION .. 

XDE 34-S- 5O4A 

., 
ENGINEERING 

DESIGN INFORMATION · 
EXHIBIT 

IX. AGC INTERFACE WITH DISPLAYS AND CONTROLS 

AGC D & C 
Keyboard or Tape Data (6) 

·--

OR of C Relays (3) 

Stby Allowed l · 

Relay Bits (12) 

Relay Word Bi ts (3) 

Relay System Bits (3) 

Relay Timing ( 3). 

AGC Alarms (7) 

Display Power (4) 
.~-. 

FIGURE IX-1 AGC- D & C INTERFACE BLOCK DIAGRAM 

. . 
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AGc INTERFACE w,TH --"'A"c .. ,_.,,c,.~_,_o.,_,&...,.c~-

SIGNAL OESIGNATION 

( NAME a ABBREVIATIONI 

KEYBOARD 
OR 

TAPE. R.EADER 
IN P V TS 

INPUT 111 

O R 
OUTPUT ,o, 

r 

ORIGIN O R 

OESTINATION 

INITIATEO MOW, 

WHEN, ANO 

HOW OFTEN 

2 5/C. By ~•y d•f<«sion 
k-t 1 ho•<~~ 

or 

AVAILABLE 

IUP J 

HOW LONG 

USAGE OF INPUT OR 

RESPONSE CAUSEO 

B Y OUTPUT 

To e.,.~-te.( !lo.+- O.Y\~ 

C.On'\l"'\O..""<l..s. -5 L..c..s. 

V...&l k, c,o,,.rd Ac:. t 11rC. 
(1<.lsyRul°T)- 1 I,,<,, 

.____ ·----- ___ -JL---1--- ----"----- - - -1-- -

GR. 0 ~ C.IIC2 JC.3,C.'4 ,C\O 

oR a .:' cs,c,,c1,c.. i ,c.9 

CR 0 F C \\, C \ l 
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- ----•·-I...-- -
D t S P ·_Ay ;.OC,i C 0 

~o -N E R 
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lJ H. ♦ f o ! , ~...,;, 
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d, , s. ~ \o-.y S • 
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0 
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.,_.,.). ,. .~i ~-:'+> 1, 2.,3 1, Two SIC A4(_ 

E. LWO'A.0 ot Ch, T 1 , O, ~f •1- y P-.. .... e \ -; 

Ct~ =- ~.i. ·" ~ .!. IM v ·C.0 " . OPf, 
;Y\ .,..,.r... & TRKR SW IT".:.K

rN (, . 
3. A l~'"' ,~J 

Co.-.<! , "T , .)"' \1~\...-b 

EFFECT OF FAILURE TO A CCEPT 

INPUT OR SUPPLY O UTPUT 
AT REQUIRED RATE 

AGC INTERFACE WITH 

PI-I YS ICAI.. QUANTIZATIO N 

A CCURACY QESOLUTIOI RANGE 

3 

~. nC. 2 
wc,,..-..e,.. 

DC 2. 
H, ... 
L,v< 

0 C. 
l\l 1~ ..- c. \ 

Ac.< O &cc. 

R. c. 1--y 
Co".,.,._..,-rs 

<50 
RMS 

+1 3V' 

t\J P .-J 
c.., 11 e-..tor 

CH ,',Ri" 3 

AC1 C. - AGC O!C 

rNTER FAC.E 
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SIGNAL DESIGN A T ION 

/ NA M E & A BBR E VIA TION , 

RE. L AY 
Fl2 

T IM I N C. 

F l2 A 

F 11A 

NO !s -PRO (jR A M 
C.ON TR. 0 1.. L EO 
AL AR MS 

s ~.-1,oe,y 
A L ·-Ow~o 

0 

0 

0 

0 

I 

ORIGIN OR 

0 EST1NATIO N 

o,,rl - y 
L~~--, f .s 

AGC INTERFACE WITH _ .,cAi,.C._, .,,c.~"'0'-'2."'-"'C.~--

IN ITIATED 1-!0W, 

WHEN ANO 

HOW OF'TEN 

Co ,,:t,,, v. ,:, v...,; 

Co"+,1'\v..ov..S 

-
C a"+,~-.v..01...._ ~ 

-· 

USAGE OF INPUT OR 

RESPONSE CAUSED 

BY OUTPUT 

E F FECT OF FAILURE TO ACCEPT 

INPUT OR SUPPLY OUTPUT 
AT "-IEQUIREO RATE 

- -----

ACCURAC Y ESOL. L.J TIO J PANG £ 

-+--- -+-------- -+------------ - - -
w\..e " i \ , Ter r,. .... \ 

A (1 ( i: ... ,~ -...,es 
O C C.. lA.(, 

Lt;~~ Y AI..AR IV1 
INA(1" 1V / 7Y 
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,_. i~,,.~r r . ..._ ,;t i's 
p ,eJ.c-"'--t. 

AGC INTERFACE WITH 

Pl➔ YSlC Al. OUAN rlZ ATION 
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7 

1. 

T Y PE 
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.Mil ICII 10-1-61 

-... ·AC -S,ARK PLUG DIVISION 
Generel Motors Corponttl°" 

MilwoulrN, Wisconsin 

PRELIMINARY AGC INTERFACE SPECIFICATION 

AGC Inputs from D & C 

1. Keyboard Codes and Key Ac,:ti ve 

Ref: AGC 4 Merrn#5 

., 
34-S-504A 

ENGINEERING 
DESIGN INFORMATION · 

EXHIBIT 

.J .• . Kernan 

Each of the keyboard keys when depressed presents a· p.articular 5 bit. code 
t o bits 1-5 of IN 0. At present, there are 16 keys: O:, through 9, :1-, -, ' 
Noun, Verb, Clear and Ent er-Execute. . 

••\I 

• : • I 

I, .I 

. I ! 

: I 

. ) .. • 
. •1 

' 

EverJ key energizes the Keyboard Active line, bit 6 of IN O. This is an 
i nt errupt (KEYRUPT) which transfers control to a program which examines the 
contents of IN 0. 

The Keyboard allows only one key depression during an adjustable hold-in 
t i me. This hold-in time mus t be long enough to allow for contact bounce, 
i nterrupt react ion and IN O examination time. 

These same lines provide tape reader inputs during factory and l ab tests. 

2. STANDBY All owed 

Ref : :lGC 4 Memo #5 

This s ignal, from a two-posi~ion manual switch, allows the AGC t o entt r t he 
St andby mode. In Standby, the high current +3 VDC supply is turned off and the 
AGC i s relegated to keeping time. 

When St andby allowed is a one, a program entered wh~ch sets all output bi ts 
to zero, synchronizes count~r TIME l to the scaler, sets bit 8 of OUT l 
( St andby) to one and turns the high current +3V supply off. 

The AGC will not enter Standby until all interrupts have been processed. 

While in Standby, the AGC turns itself on f or a 10 msec interval every 1.28 
seconds. :;¥on turn on, it initiates the sequence described above, incrementing 
TIME 1 by 2 . It will return to Standby if no other action is reque~ted . 

3. OR of C Relays 

Ref: AGC In-Out Book, NASA Dwg. 10o6060 

These are ·three signals t o INPUT Register 1. The OR of Cl,, C2, C3, c4 and 
ClO, which control the IMU relay drivers, · is the input to .Bit 5. The pR of 
C5, c6, ·.c7/ c8 and,C9, which control the -alarm lights , is . the input t o Bit 6. · 

'I'd INPOIIWATliON .... ci ... ,.llft'IAlo lltandl•tNO U.■ ONI.Yt PCNI UI■ IN ,WODUCTIOli, TN■ GOlff■W'l'I IIIOVt,D 1■ •■I.IAHD 
... ltPPLIOA■IA ......... AIID,'Olt '"H .. ICATIOM1 POii ..... ., ...... ,U11Coft■ACTOU, ccnrr■lffl tllOVL9 -■■ a .. AHD ■Y 
ac■ (11ft. .... ,. Alff OTn■ ■XT■■IML UIS 8MOVLD .. T■AMIIITTSD T•oua• T- COIIT■Acn HPAIITM■ IIT, . 

Al!v. I A I I I I .. I - I ;~x~5 ~ · -I 
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MIL 1011 10- 1-61 

AC SPARK 'LUG DIVISION 
General Motors Corpo,otlon 

UilwoulrH, Wisconsin 

PRELIMINARY AGC INTERFACE SPECIFICATION 

(3. OR of C Rel ays Cont ' d .) 

XDE 

' ., 
-ENGINEERING 

DESIGN INFORMATION · 
EXHIBIT 

.J. Kernan 

The OR of Cll and Cl2, whichrcontrol the OPTICS relaJs, i s the input to bit 7. 

It appears that these are feedback signals which . inform the AGC .. ';,' which 
'.r, , C relays are being switched , 1 

. ' 

QUESTIONS : 

Is the purpose of these signals as described above, correct? 

I s the meaningful signal a pulse or a steady DC value? 

,., . 

tiHI INl'Ofl•TIOII. PN OOltP.llfflAI. IMIIN'liUtlNO UII■ OIH,YI Pott UI■ t11 .. ODUCTIOlf, TNII ctOlff■lffl IIIOVI.D I■ •■UAHD 
O" APIIWOA■UI D■AW"'°' A .. IOII lll■GWICATIO"'I POii UH ■Y HIION IUIM:ONT■ACTOIII, 'COlf'r■lffl IIIOVl,9 •■ ■■l,■AHD ■Y 
llC■ (1111. .... ,. Alff OTa■ ••T■■IML UIS IMOVLD .. T■A .. aTTSD T•ouaN TM COWl'■ACTI NPAIITMSff. . 
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AC SPARK PLUG DIVISION 
Generel Motors Co;,o,..tl°" 

t.lilwnlin, Wisconah, 

PRELIMINARY AGC INTERFACE SPECIFICATION 

AGC Outputs to D & C 

1. Non-Program Controlled Alarms 

Ref: AGC 4 Memo #5, NASA Dwg. lOo6o60 

XOE 34-S-504A 

ENGINEERING 
, ' , DESIGN INFORMATION · 
· · EIHlBIT ., 
.J. Kernan 

.• l 

The alarms which indicate an AGC faiiure are Parity, Inactivity, Crosspoint 
Fail, TC Trap, Ruptlock, Scaler Fail, and AGC Power Fail. 

. . -·--· 

The Pari ty Alarm is i ssued if a word with an even number of ones is detected . 
This check i s performed on all data transfers to and from fixed and erasable 
memory , 

' The Inactivity alarm indicates a fault in the crystal O$cillator or 512 KC 
reference fre quency. 

Crosspoi nt Fail indicates a malfunction of the Sequence Generator. 

The TC Trap will be issued if the instruction in location Lis TCL. · This 
occurrence would prevent the program from advancing, __ however, the alarm 
tri ggers the GO sequence . This alarm will als9 be issued if the counter 
priority circuit fails so as to cause endless counting. 

The Ruptlock alarm is tssued .and the GO sequence triggered if an inte~rllpt 
stat e persists for 20 m s ec . 

The Scaler is checked by verifying that one -of its low £requencies has 
occurred within the last second. 

The AGC Power Fail alarm if one of the three power supplies fails . 
•'·• ·three _are the + 13V, the +3V (A) _·and the switchable +3V (B) supplies. 

These 

' •- '> I 

.. 
· .. 



. , 
, ', . 

• I 

I 

. ! 
. 'I. 

' I 
'' 

'1 

AC SPARK PLUG DIVISION 
General Motors Coipon,tlon 

Mi.lwoulr .. , Wisconsin 

PRELIMINARY AGC INTERFACE SPECIFICATION 

X. AGC INTERFACE WITH LINK 

AGC 
DATA OUT 

START PULSE 

~ PULSE 
f 

BIT SYNC 

UPSYNC 

DATA IN 

I 

X DE 34-S-5O4A 
. ' 

. -ENGINEERING 
OESIGN ·tlFORMA TION · 

EXHlBJT ., 

-

· ·- .:r~ Kernan t' 

, • > 

i 

.. , 

.. 

.. 
' 

. '' .. 
I • 

I~-FLIGHT 
PCM , (DOWNLINK) 

DOWNLINK 
PROGRAMMER 

. . 
f , 

I 

I 
I 

-~·-

NAA G & N 
UPLINK DECODER 

.. 
•: : ~ ' . 
'., ) .. 

FIGURE X-1 AGC-LINK INTERFACE BLOCK DIAGRAM 
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, 
Uplink Inputs to AGC : , "' ;~~-

Ref: AGC 4 Memo #5, A.P.M. #230 _ . . ·: ;:y(:\;:,, 
There are two lines which transmit information . ·fo '.-.the ··Aqc :from 

' carry- on t ransceiver. These are the ·upsync and · the ' dat~f¼.'n ~i-ities : : 

,l. Upsync Line 

The upsync line tr8Asmits "zeros" to the AGC. When· a "zero" is being 
sent, a pulse appears on ·.the upsync line. This input dauses the Uplink C 

counter t o be shifted left . one bit (called SH:fNG) . ., 
> I 

2. Data-in Line 

The data-itl l ine transmits "ones" to the AGC. When a "one" is being: sent, 
. a pulse appears on the data-in l ine . This input causes the Uplink Counte'r to 
, ·, be shifted left one b it and then incremented (SHINC, PINC). · .. 

Sixteen bit transmiss i ons to the AGC constitute ·:one word of data. The 
first bit s ent is always a one. ·Because the UPLINK . ~6untifr i s fifteen b;i.ts 
long, the sixteenth transmission forces the counter ·to (6v~rflow. -This ac·t .ion 
initiates the interrupt UPRUPT '°'.hich processes the cdntents of UPLINK an~--
clears it for the next transmission. , '. 

The inputs to uplink m~y ~e .asynchronous -wi th a ,tepetition rate of ~t least 
12 msec between pulses. This allows a maximum of- 5 wo~ds per se·~d to be 
accepted by _the AGC. 
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AGC Int erface with Downlink ~ ~. ~ ' 

Ref: AGC 4 Memo #5 . . . . . ' :; ;:)/'.};/ : · , : ! 

For t r ansmission of data t o the SPACE. Che~out Sy~t ~, '.a: . ipgle PC~< 
channel with a bit frequency of ' 64 KC will be used. ·· ·:The ·.f:olloiv.ing ·defi~~ 
he form.a for the t elemetry system. · '. · · · \ 1:")~; ·.,\, .. ',i.;• • : 

• •. ,i. 

I .. ; Gro ;r;>: One second's worth of pulses (=64 X 203 b~ts) 

20 ms worth of pulses ( = 1::60 bi ts) 

I• 

Frame : 

Word: 

Bi 

One group ·-:= 50 frames 
. ' 

125 ms worth of pulses{= 8 bits) 
· One frame = 160 words 

l pulse 
1 word = 8 bits 

The t r ansmission period allott ed to the AGC .ts f.ive consecutive telemetry 
, · • words per al e rnat e frame (every . frame as an option).-, ';E;a~h five words con-

1 situ ea t ransmission and corresponds to a single· 16 qii· AGC word sent twi•~ 
. ~- :' for error detection and correction) and an 8 bit·. i4e.ntifying code-. This . 

identifying code tells if the tr.ooismitted AGC word id-· a data word or an ~ress. 
.. . ' ·~ ' ' ~· ~: 

The interface consists. of,. three tra.nsforiner coup~ed ·lines from the p.-9wn- · 
:.· elemetry .:prograrmner to the AGC and one transformer' Qoupled output from tpe 

AGC to the PCM. The t hree i nput.s · to the AGC are start ipulses , bit sync and 
end pulse 8lid he output .is ·called .data out. 

The . ,downtelemetry progrann:ne~ s ends a start ·puls~ to the AGC every other 
frame (or every frame as a s econd choice). The AGC word which is stored. in 
o tput Regis.t er 4 ( OUT 4) is t hen s ·canned: by the bit . t,ync ,pulses_. ,This ;:' 
co tinues for 3.2 bit sync pulses aft er which an 8- bit code i s s~nt 

I 
as explained 

. . above. Af'ter ·the 40th bit sync pulse, the .t:t:"a.nsmiss'.i'on is terrifi'i,.ated . The 
·t ,:· start and end pulses precede the bit sync pulses by a . slight -~~'itdt: ~o· insure 
,· . that the first pulse sent to the PCM is not deleyed relative . t~i t:P,e· leading 

edge of the bit sync pulse. The format is shown in the- diagram ,:below. · 

.: { 
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INTERFACE SPECIFICATION 

AGC Inputs from s/c • 

1 . 28 VDC Hi and Low 

Ref: NASA Dwg . 10o6060, AGC 4 Memo #5 
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This power supplies prime AGC operating power. ·Each level is brought 
i n on t wo lines for either reliability or loading reasons., .or both. 

QUESTIONS : 

What is the allowable variation of voltage ·level of the supply? 
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AC lPARIC PLUG DIVISION 
Generol Motors Coiponitlon 
. MilwauliN, Wisconsin 

PRELIMINARY AGC INTERFACE SPECIFICATION 

XOE 34.:.s-504A 

. .ENGIN~ERING 
DESIGN IN'.ORMA TION · 
· EXH,BIT · ., 

· ·. J. Keman 

XII. AGC IBKY INTERFACE WITH OTHER SUBSYSTEMS 
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PRELIMINARY AGC INTERFACE SPECIFICATION 

XOE .· 34-S-504A ; 

. -ENGINEERING 
DESIGN INFORMATION · 

., EXHIBIT 

J. Kernan 

XII . (AGC :OOKY INTERFACE W;ITH OTHER SUBSYSTEMS, CONT'D.) 
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AC ·SPARK PLUG DIVISION 
Gen~I Motou CorJH)fGtlon 

Milwaulree, Wisconsin 

PRELIMINARY AGC SPECI FICATI ON 

1 . ) AGC D3KY I NTERFACE WI TH THE CDU J-BOX 

Ref: AGC4 In-Out Appendix 

., 
. ENGINEERING 

DESIGN INFORMATION · 
EXHIBIT 

J .. . Kernan 

The AGC DSKY i nterface with the· CDU J -Box- consis~s of the IMU mdde commands 
Kl , K2, K3, K4 and t he atti t ude control light command. The Kl through K4:~ 
relays are contr olled by Cl through c4 contacts in the DSKY. The attitude -
control l ight command is controlled by the ClO contact. When the .attitude 
control mode is commanded, the ClO output is connected to the 6v 400 cps 
lamp power input . When the attitude control mode is not commanded, the 6v 400 cps 
press to test input ( clO ) i s connected to the attitude c·ontrol light command. 

2.) AGC DSKY INTERFACE WITH FLIGHT PCM 

Ref: AGC4 Memo #5 

The AGC DSKY displays the s i x failure i ndications shown on the interface 
diagram and als o sends them to the flight PCM where they are sampled once 
per second . 

A descri ption of the fai lure modes i s gi ven in SEiction IX which covers 
he Display and Control i nterface: 

3 , ) AGC DSKY INTERFACE WITH THE Jv1,AP .AND DATA VIEWER PANEL 

The C5 through C9 contacts in the AGC DSKY transmit the -program generated . 
failure indications as shown· i n· the i nterface di agram. These failure indications 
are displ ayed as caution lights i n the map and data view;er.panel. 

The B contact of the power failure relay i n the....,AGC DSKY (Pl), send an 
. AGC +3V or +13V fa j_lure indicati on at the map and data v:iewer panel and t};le 

computer power supply fai lure at the main panel . 

4. ) AGC DSKY INTERFACE WITH PSA 

Ref: AGC 4 Memo #5 

The AGC DSKY i nterface with the PSA consists of the Cll and Cl2 mode relays 
for t he optics or LEM control and contact A of Pl. The mode cont~cts are 
sufficiently explained by the i nterface chart. 

Cont act A of Pl indicates to the •· or" circuitry: in the PSA that a failure 
is present . This

0

i nput is used to generate an "error detect" at the ·map and 
data viewer panel and at the main panel. . 
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