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Item 1: MIT Sch dule , 

MIT started the m e et ing out by presenting a sche dt le whe n approved 
software is a vailabl e prior to a flight: ·. 

a . Preliminary G and Operation Plan availa ble 14 
· • and 1/2 months before flight. 

b. Sign-off on the preliminary G and Operat ion P la n 
13 a nd 1 /2 m<?nt hs before flight. 

Ite m 2: MIT eeti ng A genda 

MIT prop os d t o discuss the G and N system in terms of 

a. Opt ics 

b. IMU 

c. Sof twar e 

Item 3: Hardwa re Information 

. ' 

The third, fourth and f ifth item consisted of a discussion of t he pr-oposed 
NASA agenda of the AMS G and data meeting, at tachment C, entitled 
"G and N Data Status". 

3. 1. G and N hardware top level drawings are of the "Block I "50" series 
1, 015, 000. 

3. 2. MIT and AA agreed that all hardware drawings w e re released and 
the following items contained hardware transfer function s 

Drawing No. 1015561 

~ 1015562 • 
1010191 

101·0192 

1010193 

1010194 

1010'H35 

dicated that these drawings were released through CCB on 
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.TAA i ·icated f a,.t r w g · 1010191 , 1010 192 and ~01 _0195- were not 
av ilab e at T A . !.. -AA was to m k copies of th se dra \' . ngs . NHT 

TP 1 s sho 1-d be sed to obtain s osyst m hara ter 
istics such as reso utio1 , esponses , accu acies an etc . 

Ic m 4 : Opt ic m (.i lex Koso) 
(Agen 2. 1. ,3) 

4. 1. M T n ed o 1 t ·c·opies o 5 sheets of Opt · cs Transfer Functions ( 

4 . G . L ·nk req _ ested CDU inert·a and coast rate a · a in o~der o define 
ex-c r~;' ons aft r power off. R f. AT 0i5100 

4 . 3. T e 3 degrees e band in the optics hand con roll , r w s ver· fi d 
by MIT. Th· s i, a mechanical d a ban . 

4 . 4. Q : Does the compu er co trol the optics? yes 

4 . 5; Q: What are the rates the compute updat es the command ang es. 
to th opC cs? 

4. G. IT note th unknowr:i landmar ;Sightings are not o on 
AFRM 012 . 

4 . 7 . Q: Nhat is the i terface w· ht e caution warning system? 

A: MIT sta ed that no automatic -malft.mctio 
optics system. 

4 . 8 . Is there data re ecting system er ors? 

Yes , see 1015100 ATP Apolo G 0 T 

4 . 9 . Q: What is th~ runn·on granula rit y? 

- 10 arcsec/bit LOS, 5· arcsec/bit mechanic 

4. 10 . Q : Doe s he insert A or 2X At for manual backup? . t 

A: The ials a re the tru angle of LOS. 

4 . 11 . Q: A re there any inflight auto col · mations mad ? 

A~ Yes 

4 . 12 . Q : Are there -se tant sightings made for 204? . 

Yes , IMU a li~n , s tar - rpoon sightings . 
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4. 13. Q: What is tolerance on autocollimation? 

A: 1 bit or 10 arc sec.-

Item 5; IMU Subsystem (John Miller} 
(Agenda ·Items· 2. 1. 1 and 2. 1. 2} ,. 

5. 1. The optics and ~nertial CDU' s have the same transfer functions. 

5:2. I1 U data is given in the two-line m echanization drawing 1015562 
for AFRM012. ,,. 

5. 3. PIPA transfer functions are in 1015561 excep t that the damping · 
should be changed from 80,000 to 120,000 dyne-cm/rad/sec on the 
referenced <:!rawing. 

5. 4. PIPA mechanization has been presented by MIT. 

5. 5. IMU error analysis is in R -47'.'l. 

5. 6. A: In maintaining inertial reference, the open-l oop s tabilization 
rate is adequate for any expected vehicle attitude rate. 

5,-7. Q: ~Are there physical limit stops on the IMU? 

A : · There are no physical limit stops. 

5. 8 . Data on gimbal lock is required. 
lock condition is available. 

5. 9. PIPA, CDU, IMU error signal numbers (in milliradians) are 
required. 

5. 10. The effects of cross coupling between the s table member axes. due to 
torquing during IMU alignment are negligible. 

5. 11. Q: MIT test da ta on IMU temperature contro~ is required. 

A: Test data document E-1573, quarterly technical progress 
report will be giv_en. 

5. 12. Q: Link woulc,i like systems status reports fo r weight and power 
requirements. 

5. 13. Map. and data viewer panel caution warn~ng lights are on a 
temporary panel; the rest of the M & DV panel space is empty. 
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5 . . 14. Q: IMU/CDU difference meter:- scaling is required. 

A: An ATP to be supplied on this subject. 

5. 15. DSKY hardware changes from Series 50 t o S r i es 
are minor (i.e. ,' moistureproofing) and not noticable. 

Item 6: Software (J olm Dahlen, Tom Lawton) 
(Agenda Items 2. 1. 6 through 2. 1. 13 and 1. 2) 

The software on AFRM 012 is -still undefined as per MIT; p r eliminary 
draft of a document like R-477 ·is availabl'e 'August 1 on AFRM dr2 and 
a final document on Sept ember 1. 

Link stated that it_s needs for software data for: sim,ula iQn included: 

1. Logic Flow diagrams 

2. Equations and Scalin~ 

3. AGC t iming of programs 

"ff.AA wanted to discuss the data contained in a topical outline of CORO A '92 
(G and N computer flight program of AF 011; summary of program 

' content, dated May 7, 1965). This document becomes a part_ of the 
minutes of thi? meeting. It represents preliminary AFRM 011 data and the 
comments refer to a first guess at changes from AFRM 011 .to l'.\.FRM ·012 
by para.graphs in that document . .. ;, , 

Item 7: · MIT Comments on AA document (Attachment C) 

Reference 1: Major Mode Document, . ..:ssion 204. 

Reference 2: Minutes of 204 Meeting 

Paragraphs (la), ·Hb), (le), (ld), (le) of Corona Outline (A ttachme.nt C ) 
have no changes, only extensions. 

' 
(lf) M ssion 204 logic diagrams are available and en route from AA 
Link (Reference 1). 

Paragraph lfl: i.n Corona Outline will be the same as in 202 do.cument 
. . 

Paragraph ·lf2: will change as directed by Refer~nce 2 (A Li.achment E) 
· · The attitude indicator shows a different .display; the coordinate 

system is different; X-Axis is down :range along the launch azimuth and 
the Z-Axis is along the· local vertical. · · 
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Paragraph lf3: in Corona, Outline is deleted. 

Paragraphs lf 4a , lf 4b, lf4c : w·n be different . There will be ocal 
, vertical controls with o SIV B . 

Paragraph lf5 : Orbital plane change pretbrusting are functionally the 
same, but t' e major ,mode -document describe·s it. Aim points are 
ifferent (i.e., they ma:y ·be orbital p r meters · a , e , or ra ii of perig.ee 

or apog e in the Hohmann Transfer). The actual aim points will be 
defined September 1 , maybe even in terms of nµmerical values . 
(This includes Retro ~ Hohmann transfer , plane change, aoort rom 
orbit) . 

Paragraph 1 6: There will be different t 1rusting: Displays on DSKY' s 
and actual guidance equations are different, cross-prod ct steering will 
be the same, procedures are in major m ode document . 

P~ragraph lf7 : Report R - 467 has equations, major mode document 
gives logic. MIT will . provid'e Viewgrap slides. Alignment and star . 
selection routine s are in these Viewgraph s lides . . 

MIT Comment on· Nav .. Integration 

Drag is not in the equations at present. They may include it if th -y go 
fo :r sev_eral -revolutions without ground station contact. Integrations is 
expected to have a time stop. 

Paragraph lf8: in Corona Outline: Entry 

(8.a), (8b} will be similar to 202 

(8c) - steering equations will 
be different, measurement of lift and 
drag seems to be a requirement,. 

(8d) - display to indicate termination 
of reentry guidance? Probably to same f.or 204. 

(9a) No tumbling abort is done 
abort mode selection is different than on 
202 R II ' d d t" . e erence: maJor mo e ocumen . 

"{9b) is deleted 

(9c) is the same as on 202 

{9d} similar to 292 

(9e) similar 

{9f) abort to orbit - see 1'l"tajor 
mode document 
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Paragraph 2: in Corona Summary: Erasable Memory _.1\s s i.gnment 

This varies fro·m d y to d y . ouns will no t change an will be defined 
in genera ity later on. Link s ould be ke t up to date on th -ir noun~ 
(M T comment) . 

As s· gnment of ata codes for data retrieval is o . lc ·as l ong as we do. 
, t h ve: no uns fl ed . 

IC' s ( n · ia Condit ions) are loaded by tape in the actual spacecraft . 

~eybo~rd display program is the biggest program in the AGC . 

P aragrap s 3, 4, 5, 6 and 7: in Corona Summary will not chang 
202 .to 20 4. · · 

Paragraph 8 : is called :restart control, not mast r cont rol . MIT 
will cont ·nue to change it. 

a . same 

b . action item on MIT - define chai:iges 

C. s ame . . 
d. MIT will check ~ ' ~ 

, . 
e . same , 

f . changes from 202 depending on what the· routines are. This 
is a compilat ion of the various starts of the routines. 

Paragraph 9: This item remains the same in general, addit ions will be 
required as they are developed. 

Paragraph 10: 
a. Substantial changes have been proposed .for the fo rmat 
cha.nge, ASA decision is pending. 

b. Changes in telemetry lists: analog telemetry is defined, 
digit al telemetry has not been defined for 204, but is similar 
to 202. R-477, Rev 1, list is .applicable to 204 per MIT. 

t· . 

Paragr~ph 11: T4 1:upt Output Control Programs will remain the same 
for 204, 

Paragraph 12: Mode switchin and Mark Routines will stay the same 
· except item (l 2n)'Keyboar:_d lead in and Mark Mark Reject Routine 
(before it was Mark accept} 

Paragraph 13: of Corona: 1 PIPA compensation rou tine will probably 
have changes in scale factor. 

-· ' 
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Paragraph 15: Seyeral functions will be adde but will basely stay the 
same x<;ept as listed. R - 477 , Rev . 1. 

Paragraph 16: will rema·n the same exc pt that some AGC c eeks will 
be s tore dif er ;tly (this is documented in a N rnemo 

Paragr s 7 an 18 : w· 1 e t e satne . STG- t! I '10 
Paragrap · 9 : s ~a_ys the same· for all-earth orbital mission (s(:al d up 
to 16, 000 m) . Sun nd moon gravitational cff ts are s et to zero for 
earth orbital programs . MIT will g·ve Li~ their ewton itera ioi:i s ,heme 
equa ions writ e - up . Some constants are available . Time step . 075 hours 
i ar n o bit . The integration has a six or seven d" git accuracy. It 
takes 3 and 1/2 sec time for 1 step of the -Encl e ·· ntegration, 4 sec for the 

- m trix, tot 1 t ·m is 7 and 1/2 sec . 

P a ragrap 20 : This is being written now. 
Jo document escribes it at pr~sent; it is totally a·fferent from"Corona 92. 

Paragraph 21: for Lab testing only, no bearing or mission 

aragrap 22: is not 012 data 

aragraph 23: will be the same, subject t o scaling restriction for earth 
orbit ' same as 19) 

Paragraph 24 : B-vector routine will be the same for 20 4. 

Par gr ph 25: will be the s me except for orientation of axes described 
in Pa agraph 1 of Corona S mmary. This is in skeletal form . 

Paragrap 26 : will be compl te change for 204 and ava·lable A g . 1. 

Paragraph 27: will be the same plus additions . 

Paragraph 28: 29 : AA ought not be concerned with them but th y remain 
th same. They will be post-installation checko ts, not required for 
flight simulation . 

Paragraphs 30 and 31 : will be the same 

Parag~ap 32 : wi 1 be the same functionally, but many verbs and nouns 
will be added . 

Paragraph 33: is not required 

Paragraph 34: This will und rgo substantial revision. 

Paragraph 35: is deleted for 204.. 

Par graph 36: Reentry discussion tomorrow 

Paragraph 37: will be the same 

Paragraphs 38 and 3~: are deleted for 204. 
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I 
4 3 

YSTEM I ST AL LED 
I S/C 

.• 



• 

• 

16 Ju e 1965 

G&i\ DISCUSS 0. 'SAT MIT 

,ITE. I 10 Genera l Dis c us sion 

. . (: · t i lg 13 0 b 
~ Ji.., ,.; ;_\JG5 

. :IT, C:·tmb idge 
Pag ~ 

D'scussio1 took place bout tie schedule resolut ion o <.:twcen IT .\CC n·g1t 
rt"c , n the . poJlo ?v1is sion Sin u,ato r . 

1. Dicect trans ation of AGC lang gc co DDP by an interpretive 
program . 

2. Use o actual AGC in G , iss : on si1 ulation 

3 . Stretched ou t G&?\ schcd l ·· which provi es a systc:n to start with 
a1 13.tc. • o ification::; · s they co□ c along . 

4 . Use as::;ump·· on s to 1hc best kn owle dge on ti1c ::;oftwar<.: a s AA has 
bc~n oi g ror sin; 1..1. .u ,.~on i the pas t . 

Continuation of;-;: :.\ Docum nt or; Corona 02 Discussions 

Paragr p h ::; 6 o. :\ ttacnme1 t C 

R - 44 7, Rev· sion 1 is I Qt expected to change for 204, but MIT h s bee n ask d 
to look at lternat·ves . This is et ·1e enough for programming. 

36a Functio ally the same 

36b s ame 

3 6c ::viore c omp,rchensive to incl de all roll angle, more initialization 
points (for :abort conditions) 

d, e , f, g, h, i are pretty much the same 

j );av . base orientation is com puted un er (p) the X-. av b se axis 
is not define , some disc ssio about the orienta Vi.on of the X - Nav . 
base axis . There are small c anges . 

will chan 

· s t he sam e 

m , n, o are constants only 

- 447, Revision 1 inc lu es reentry constants (page 5 - 15 ) (4 -2 9, 4 -2 6) . ·Ter-
mination of steering is in. The sa e entry steering (paragraph lf8 c and lf8 ) 
p og ams will be used with some m od .fications . 

Paragraph 34 

Items a to k arc th s me for 20 "± 
1 will be c 1 nged c ompletely for 204 
m to o a e luna r mission program s, they do not app y t o mission 204 
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LIS'!' OF H .. RD:lARE :JR.;.~,!n:Gs PPLICABLE TO AFRM 012 

rir.tou of al dru.wings a ' ? · c nle t o FfuV. 012 will be supplied 
to r'.i' by '1I'i' . 

Tr..: 3 APPLI C 'BI LIT: OF APR.1 012 ;JOCU:1E •. TS 

r ist o f doc mcnts s been giv en to YIT for a verification 
o f app l ' c bi:!.ic to A L· ~'-1 012 . T' e ist o~ oc r.1e1ts , witi1 MIT 
cora.'11 nts , w· 11 form attac ' ent B to c; c minutes o the mee ting . 

I'i' " 4 REQUI R:E~TS FOR T ' E APOLLO MIS S IO SIMULATOR 

"'he following d ata is uscf 
simul a tion of the G· idarce 

and m dato r y f o r a r ealistic 
d ,avigation System s o ftwa r e . 

1 . Exp~ct d syste , ma l f unctions and t, eir effects on the 
syste . . 

2 . t✓. axi, um , ·.u 
eac· v a_· ia 

mm v alues nd l e-s t significant bit of 
e i, the AGC . 

3 , Erusab e and fixed memory s tored data . 

4 . 

5 . 

~at~ mo el eq tions -nd 
symno is 1 (i . e . not co p 

Co.put t ion tic for c 

flow diagrams in 
ter 1 nguage) . 

AGC su program 

st n ard engineering 

6 . Calling s eq cnce ad time line f or enti r e mission in 
a dition to the c al ling seque c e end timeline for 
each sub - mode . 

7. Co, ,p lete AGC - a stro ut inte r f ce for t he e tire mi s sion . 

8 . Interfac e be tween th AGC an the u p and o wn telemetry . 

Dis c ssion o f Item 1-:l: 

I 1is t is not part of mi s sion - depe e . t da ta , 
-~---- · e-d . There is a failure an a l ys is document a vailabl e 
on Block I and estimate i s tat it is abo u t 80 ~ c orrect . Link 
woul req uire a doc e nt " Fa ilure Effects Analysis" w, ich helps 
i the i ? lementation of siJulate rnalfu c tion s . Tis should 
g o in o e IT ata package . MIT wi ll sit down wit t e lab 
man respo nsible fo r malfunc tions an AMS nd dis c uss these i 
detail. 

Par graph 2 T. is data is avaiiable in fin al form at a late r 
ate ut ~snot a sepa r a te do c ument at MIT . Data is a v ailable 
from the designe r . 

ph 3 Some data is in R- 47 7 , no t all is av ilable at 
~ -~,_,_~e.___R_--4~7~7 will be iss ed . 

Para raoh 4 Chapte r f or i - 4 77 contai1s all mission -
depe ations , logic f ow f or s ub - progra ms of the 

GC c; apte r III fo r sup- programs in t he AGC . The AG C 
exe c tive r o tine is described in R- 46 7 . All programs that fly 
b tare no n - mission de?en e nt programs are in emos , report s . 
Link r que s ted t· at this no n - mission dependent data e referenc e d 
1. - 4 7 7 . 
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."' _. r -t 1 r ;:w·1 5 & 6 AGC timeli es wil 
:--Y:--uture issions. 

be av ilab e in R- 477 

Paraqraph 7 Info~, tio co. tied in~ jar ~o es Docum~nt f or 
~O z wil be 1 R- 4 77 with a dit i6na l values of time give • . 

8 or tie dow~ - link al data and i~s listing are 
i R- 477, w: ile for the up - ink gener l co es 

and a war ' des c ription exist i tis doc ument . 

R- 77 o~s not docume:t st nd rd programs , t~ese are revised 
and v i ~blo in dct ·1 i. t e Coron AGC lang ge printouts . 

Fir Jed - up oc mcnts: ve as · art ead time of days or at most 
week . Preli.inary d ta is availa~le on y by p.one call to 
t e ind i v id 1 directly i vo ve . 

Item 15 Si ' e :1eeting 

Confirm ti o n of L·nk desig as mptions and respons toques 
tion cone rning tie AGC G i. 1 Exe c ut · ve and :<2ybo- rd/:::>ispl y 
sim l tion . 

5. 1 Q. Define expected se of m~chine ad ress to b e socc 'fied 
nous , requiring knowle ge of o c tal ta addresses . 

15. 2 

A. T!cse are presentl_ us 
out . All AGC data to 
ev ntually be a resse 
nouns . (See. - 77 - 1) . 

d for case o f progr m c eck 
e loaded or dis o layed will 

by appropriate verbs Gnd/or 

Autonatic displays . -
displays are describe 
Spacecr ft Guidance and 

ot presently defined but expected 
. "Oper tional Re irements for 
a vigation ," SA204 1ASA , 17 rv y 1964 . 

1~ 3 Telemetry Downlist - {- 4 77 described t~e most up to da\e 
list presently svail be . 

15 . 4 Star d ata stor ge - Star coordinates are to be stored in 
fixed memory and addressed by use of tie appropriate 
verb/noun and a two d"gi t (decimal) ID . 

15 . 5 Lo.ndmar data storage - limited number 6 - 8 of L/ M 
coordiantes may be stored i fixed memory . If L/ M 
dat i · input (most probable solutio) th is will be 
done as two~- ree - component o ctal loctds , yielding 
L ·ree double pre c . numbers - Latitude , longitude , Altitude ASL . 

15. 6 GC ~ jor Moe assig nments 
meeting . " 

defined in "t-inutes o f 204 

15. 7 Automati c mis sion t i e li e - 1· 0 auto time line is to be 
used for 204 . aj or progr ms are to be initiated byte 
as~ronaut or UDL , owever relate ·moding sequencing will 
proc ee · semi - auto ati c ally · with astronaut participatio n . 
See , - 4 77 
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It ·m 1G - · ions 

lG . 1 Q : s I r: · c:.ned 1.0 astronauL? 

A : . ~o . L IJ.U pressure sensor does not L--:terface with ca tion warn · ng sys1.ern . 
The re .is o L U p es s re fa . l L d . c t . n C / ~ . 

o. 2 A · ; T f rn·s ed a og·c diag ram fo tl e ,ai ure. on· tor ·or B'ock I, Series 50 
or S 204 . 

. 3 MI pro. ised to f , rnish 

.!. . Slides esc rib 'ng star selection o tine for ·n- flight ali;;nm nt program. 

2 . A doc· ment esc ·b·ng AGC sel - chec < ro tines . 

3 . Doc r:1c ta tion es rib· ng the new co 1 · iteration scl eme fo r th 
n viga ion p ogr m . 

16 . 4 ig t Ope rat· ons I 1anual (preliminary} s been transmitted to ASA for 
revi ✓ • A copy is d sirablc for the ::'vT."" . 

16 . 5 N' as ·ed wh '"' ·1 r t'1cre s a sc ed e ~ t :\TI'~ for the r lease of a vari~ty of 
t <;!e:hnical ocume ts sue , as R . E . SG e·c . 
i IT · ndicate that tr.e re is no such sched e an t 1at t 1ese doc men t s re 
ge erated on a ran om basis . 

Item 7 Comments on Agenda Items 

2 . 1. 6 (A genda terns ) 

2 . 1. 7 

2 . . 7 

2 . 1. 8 

2 . 1. 9 

2 . 1. 10 

2 . 1.11 

2 . 1. 12 

2 . 1. 13 

a . 7 7 , Rev . 1 con ins it 'ormation for g . oun ci pdate o nly. 

b . Sig ti g ace ptabi ·ty test for both g ound update and a ignment. 
Alignment accept bility test is not presently a 20 4 req i ement. 
G o un update wil be ava ·lable l August 1965 . 

3 . a . (1) an (2) - Flow ch r ts available 
w·1 be ava·lab by A g st 1, 9G5 . 

(3) Not a 204 r qui ement . 

SA 204 minutes . Equ tions 

C: . (4) Pages 3 - 54 a d 3- 55 o l477 , Rev . 1 inc uded flo w charts . 
:S at·ons w·n be avail ble approx . Aug 1, l9G5 . 

~- b . (1) Part o t is info mation w·n be available b y Aug . 1 19G5 . 

(2) Will be available by Aug 1 , 1965 

(3) Star oo di ates w· 1 be provided in tl e equator·a1 i ertial 
coordin~ te sys em in che AGC . Landmarks will be p1·ov· ed by 

A irnst 1965 . 

w·11 be avai able by Aug 1 

Will be availab e by Aug 1 

Wi 1 be ava ·-a e by Aug 1 
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• 

• 

It mW 

1 . 1 

18 . 2 

I.e:m. 1D 

1 T inc· '-- te thc:it 
cont ·ne in . C S 

s 

• I ct·ng l::iOB 
15 J e 1965 
1 T, C mb idge 
P ge 15 

U i crt · a nd c oast time is 
529 Rev· s ion C dated 11 -6-6 4 . 

T~,d·c~uc · t tcF:::ilurci on:to r cl·t· v ·to 
1.7, DU :i. P ho c.!s (in n il i ad ·um s) is dclh ate 
ti e 11 F· i ' · o r 204" rawing. 

' . Com:nl:nt on Schcdu e Incorn pz..tibilities 

rcgar 1 to !:>C: cc uk ·:ncor p:ni ::ity bl!iw er.. _ MS & :.VIIT softw re , 1
_ A 

·ndicatc 1. :::.. t .h d;it:i cut - of eve. t sc 1c ulc fo. J nc 18 . 1£,Gt r' )res nts 
a 1 il ·sto · v .. ,· c c · 1 design d;..tta , S/C & G~:\:", is cut-off. S me clo.ta wi 1 
st ·1 b 1. Link a le that d te , but ma ·nly it is d .. t b~ - · on L ·nk 
::;pee "fie rcq...icsts. ;nk will the:n p, .. xfor · prclin inary - csign of the ANS 
basc:d n t is · n p -esent at PDR (7- 9- 65) a EI spec , A DD: a nd a 

Co;:; Propos for the E -012. t PD 1 ~A- an j TAS '\ will then inc icat 
t i::; w . t c: ·n S · -0 2. 'n the c c.1s c o the G&-.1 ·, bu.sect upon the avail bl -
as of now, i is possible t at · n pd· te of ti e G&X m y be required. -low 
, this will be dctc ·mined at h t time . Costs and s c hc :lc: s will lso 
be d · scusse base d upon the amount of cw d t v i" ~ ili ty , dat a format, 
fi mness, an train · g , u · r men ts . 

-:.-JAA i rt er stated that no o c 
t c A;. I S or t.hc 1 '"" G&i T sche 

::i.t h · s meeting is n a pos1l1on w c 1a g 1,;; dtl e r 

best ·nown . IT c · <:du cs for i o · 
N. A WILL THe.X A~ALYZE i.hese 
on AMS in support o t cse 'ates . 

It · s ther for dcsL · e: t::> obta · n ti 
a l sof vr re ava ·iabil ity f r iss o 

v2i.ilability ates an sec w at c a 1 be 
204 . 

• IT re t th t this ::; no t a e .sirab e appfo c h a d as .s ch thc:y have sugg s ted 
the followi .g : 

_ n actual AGC be procurred and incorporated in AMS . (These 
co. p t ·s arc now av· i abl ) 

b . An int 0 rpret iv e o tine be gener ted by Link t o obtain ata from 
Corona 

. ~IT further stat e t a t d c to t' e tig' t sche dules imposed by X-ASA they c annot 
. aintain docume tp.tion prior to the av ilability o tl c actu 1 AGC programs . 
T is wi '1e n m a <:e it ifficult for A ' S t o obtain addition a cJ3.ta prior to A gust 1, 
1 65 . 

T in c t d that approximately June 30, Ju ly , one M IT/ ' SA (SA- 204) 
rnecti g w ·11 be held . Approximately one wee· after this m e t ·ng preliminary 
guidance cqu t · ons should be avail le . 

AA in i c ate 
m et·ng. 

·t would b e de sirable o have A. S rep esentation at s ch a 
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1. 1 

1. 2 

2. 

2.1 

2 . 1. 1 

2. 1. 2 

2 . 1. 3 

2 . i. 4 

2. 1. 5 

ATTACHMENT A 

PROPOSED AGENDA 

AMS - G& IEETING 

MIT, CAMBRIDGE, MASS . 

1 eting 130B 
15 J ne 965 
MIT, Cambridge 

MIT comments on Lin<: document "A?v1S G&N System Design Data Review 11 

MIT verification of Link assumptions used in G&N design for AMS and 
listed in Link document 11 AMS G&.1. System Design Data Review" 

Availability and/ or statu s of :\1IT missinR data as required by Link and 
listed in the following paragraphs of the AMS G& System Design 
Data Review" 

2 . 4 
3 . 6. 3 . 1 
4. 3 . 4 
4 . 9 . 2 

3.1. 4 
3. 6.3. 2 
4 .4. 3 

3.2 . 4 
3. 6. 3. 3 
4.5.4 

S/ C 012 (Mission SA 204) G&. Data 

3.3 . J 
3. 6. 3. 4 
4. 6.3 

.. 

3. 4. 3.1 
3. 7 . 3 
4 . 7 . 3 

3.5.3 
4 . 1. 3 
-1. 8. 2 

Outstanding G&N Data for S/ C 012 (SA 204) as Currently Understood by 
IAA 

C DU closed loop transfer function (all 5 CDU 1 s for both the Optics & IMU 
use ) 

Transfer functions of PSA and associate d electronics 

a . Optical hand co troller electronics 
b . CDU - AGC stability loop 
c . LVIU - CDU encoder 
d. Optical CDU encoder and converter 
e. PSA electronics between optical CDU and Sextant 
f . PSA electronics with telescope damping loop 
g . PSA electronics between optical CDU and telesc ope 
h. PIPA electronics 
i. Gyro torquing e ectronics 

Sextant electromechanical transfer function (dynamic s of shaft and gear 
train) 

Telescope electromechanical transfer function (dynamic s of shaft and 
gear train) 

~ 

C /M controls and displays (mechanic 1 and elec trical) transfer functions 

-1 -
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Meet·ng 130B 
15 June 1965 
MIT, Cambridge 

Attachment A (Continue d) 

2. 1. 6 

2. 1. 7 

2. 1. 8 

2 . 1. 9 

2. 1. 10 

2 . 1. 11 

2. 1. 12 

2. 1. 13 

2. 2 

2. 3 

2. 4 

2.5 

2. 6 

Mission Software Execution Routines 

a . Position and velocity update from sigh'cings and ground base date 
routine 

b . Signting data acceptability test routine 

Mission Software Task Initializat·on Routines 

a . Plane change initialization routine 
b . Hohmann transfer initialization routine 
c. Incorporation of sighting data for position and velocity determination 

initialization routine 
d. Maneuver angle based upon desired signting coordinate s initialization 

routine 

Mission software var ·ables and constants 

Mission SA 204 spec 'fied trajectory in time (position and velocity) 

Stars and landmarks in stable member coordinates 

SA 204 exe cutive for chronologic al order of mission events 

Nominal attitude coordinates for maneuvers 

-ominal conic par meters and time- of arrival for all thrusting modes 

MIT validation of 2.1 

Current data approval status 

M IT data release schedule 

Availability of preliminary (pre - approved) S/ C 012 G&N data 

Method of obtaining G6:.~ data 

- 2-
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Attachment A (Continued) 

Meeting 130B 
15 June 1965 
MIT, Cambridge 

Summary of G& ~ L i:-ik Assumptions fo r Agenda Item 1. 1 

In Suoport of AMS G&N Meeting 

Link Paragraph in 
Design Da ta Review 

2.0 

2 . 1 

2.2 

2. 3 

2.4 .l 

2 . 5. 1 

2. 6.1 

2 . 9.1 

3. 4 .2 

3 . 4. 2.1 

3. 5.2 

3 . 5 . 2 . 1 

3.5 . 2 . 2 

3. 1. 3 

3 . 3. 2 

3. 3 . 2 . 1 

3. 3 . 2.2 

3. 6.2 

3 . 6 . 2. 1 

3. 6 . 2.2 

3. 6. 2. 3 

H rd va r e system des ·gn 

11\1 U 

L\IU m ode control pane l 

CDU 

G&.:'J cont rol pan 1 

AGC DSh.-Y 

Sext · nt & telescope 

F SA 

L l l.J-CDU design 

AGC p l sing 

IMU- CDU differe nce signa l design 

MetC::r m oveme nt 

P oLlr·ty of error s ' gnal 

I '.\11. U des ign as umpt ion s 

I. 'l U mo de contr ol 

B attery l oading c u r rent s 

011 an 012 com p· tib il ity 

Optic s CDU cont rol s b- system desi&n 

Exc it a tion for optics CDU 

:.Vla r k routine 

Hand control deadzone 



• 

Attachm e nt A (Contin ued) 

L 'n k Paragraph in 
Design Data Review 

3. 6. 2 . 4 

3. 7. 2 

3. 7. 2. 1 

3. 7. 2. 2 

3 . 7. 2 . 3 

3 . 7. 2 . 4 

3 . 7 . 2.5 

4 . 1. 2 

4 . 1.2 . 1 

4 . 1.2 . 1 

4 . 1.2.2 

4 . 1.2 . 3 

4 . 1.2. 4 

4 . 1.2.5 

4 . 1.2.2 

4 .1.2.2 . 1 

4 . 1.2.2 . 2 

4 . 1.2 . 2 . 3 

4 . 1.2.3 

4.1. 2 .3 . 1 

4 .1. 2.3 . 2 

4 . 1.2.4 

4 .2 . 2 

4 . 3. 3 

4 . 4.2-

C DU fail signal 

Error detection indicator design 

De tec tion of loss of a ny exc i tation 

CDU failure activation 

PIP.-"~ erro r signal 

C DV error sig a l 

Ivl lJ error signal 

.t GC 1/0 design 

DS 'Y di splay operation 

Verb-).'oun flash rate 

DSKY display response 

Dat a monitor rate 

Displayed date loc ations 

Display pe r sistency 

AGC 7e rb-1 To n operation s 

Verb function implementatio n 

~oun data implementation 

Double p ecision d ta entr ie s 

_ ,1 eting 130B 
15 J u ne 1965 
MIT, Camb ridge 

Data storage accessible to d · s play a nd loa d routines 

Eras;.-,.b e memory data 

F·xe d r:i.emory 

Tele~1etry outputs 

G&~ executive c ontra des ·gn 

P relaunch a l· gnment desig 1 

L aunch boost m onitor c:!esign 

. 1 
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. . 
Attachment A (Conti ued) 

Link Paragraph in 
Design Data Review 

4 . 5.3 

4 . 6 . 2 

4. 6. 2.1 

4 . 6 . 2 . 2 

4 . 6. 2 . 3 

4 . 6.2 . 4 

4 . 6. 2 . 5 

4 . 6. 2. 6 

4 . 6.2. 7 

4 . 7. 2 

4 . 8 . 2 

-L 9 . 4 

I 

Meeting 130B 
15 June 1965 

.. MIT, Cambridge 

In - Flight alinement de sign 

::,.;;1vigation program design 

Ime g-rat ·on of navigat·o subroutines 

_ -avigation integration capability 

.Reference traj ctory integration 

V l\ atrix integ ation 

O::i::;;<.:r ,at ion Geometry 

Ob se r ·atio update 

Thrust update 

Guic.ia ce program de sign 

Po ._-c:e red flight esign 

Re - Entry design 

-5-
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AttachJnent A (Continued) 

"leeting 130B 
15 June 1965 
MIT, C bridge 

Summary of Link Data Request as Agen da Item 1. 2 

L ink 's Design Data 
Review P aragraph 

2.4 

3 . 1. ·4 

3 . 2.4 

3. 3 . 3 

3. 4 . 3 . 1 

3 . 5. 3 

3 . 6 . 3 . 1 

3. 6. 3.2 

3 . 6. 3. 3 

3 . 6 . 3 . 4 

3. 7. 3 . 

4 . 1. 3 

4 .3 . 4 

4 . 4 . 3 

4. 5.4 

4 . 6.3 

4 . 7. 3 

4 . 8 . 2 

4 . 9.2 

Torq e optical hand controlle r 

1- 11u 

Temperarnre control 

I:.\IU mode 

l:\IlI / CDU control system 

I:\1 r; / CDU difference signals 

Telemetry signal 

Additional mal nctions 

Direct dri e of sextant (delete ) 

_-\uto collimation (dele te ) 

En·or warning indic3.tur 

AGC -I / O 

Prel:rnnch 

Launch boost 

I n - ;·light alincm ent 

:\'av . Program 

Guida.nee program 

Powdered flight 

Emry 

- 6-



1\i eting 130 
15 J une 19 65 

Att.:.~,...L e nt A (Cont inued ) I T , Cambridge 

A GENDA ITEM 

2 . 1. 1 

2 . 1. 1 

2 . 1. 2 . a 

2 . 1. 2 . c 
2 . 1. 2 . d 

2 . 1.2 . e 

G&.~ D·1t:1 Starns jn Support of 'Agenda 
Items 3. CJ &: 2 . 1 of X\,1S G&1 T Data Meeting 

A . G&N Hardware C onfiguration for 012 

1. C/M Control & Display Hardware Defin itions & 
Functional Schematic s - 100 % ava ilable and in 012 
data packages . 

2 . C /M System Hardware Definitions and Functional 
Schematics - 100% availabl e and ·n 0i2 data packages . 

B . G&_T Hardwa!"'e Function::.ii :.Iath J\tlodels 

1. I. I U Gyro to Platform Gimbal Transfer Function -
100% available and in 012 data packages . 

2 CDU Hardware Transfe r Func tions 

a. CDU - Electro - i\lechanical Assembly : Open loop 
tr nsfer function independent of PSA - 100% 
ava·lablc: and in 012 data packages . 

b . CDU Hard vare - C l o sed l oop tram;fer of CDU 
with PSA electronic - 0 % o.vailable . 

3 PSA hard , ·are transfer functi o ns assoc iated w ·th 
G&_J subsy.stem.s 

a. Electronic s as;:;ociated with EVIU clo;:;ed loop 
(gy1·0 - platform) servo s - 100 % ava ilable and in 
012 data pac.·ages 

b . Ele c tronics associated with the 5 CDU motor 
drive - 0% a· 3.ilable 

c . Electronics assoc iated w ith optical hand controller 
Charac teristic deadbands and delays - 0 % available 

d. Elcctron ·cs a::;sociated w ith CDU dynamic drive 
unp ts 

(1) 
(2 ) 

I 1U-CDU encoder and converter 
Optic - CDU encoder and c onverter 

e . Associated l ectronics b e tween optical C DU and 
Sextant - 0% available 

- 7-



Attac hment A (Cont inued) 

2.1.2.g 

2.1. 2 . f 

2 . 1.2 . h 

2.1.2 . i 

2.1.2 . b 

2.1.2.b 

2. 1. 3 

S ould be 
agenda ·tern 

2. 1. 4 

Should be 
agenda item 

Mee ing 130B 
5 J 965 

MIT, Ca b ridge 

f . Associated electronics between optical C DU 
and Telescope - 0% available 

g. Electronic s Associate d w ith telescope electro 
me hanical assembly - 0% available 

h . Ele ctronics associa ted with PIP.A. - 0 % ava ilab e 

i Electronics associated wi th gyro torquing 
0% avai lable 

j . Ele c tronics associat ed wit sextant electro 
mechan ·c 1 A. ssembly - 0% available 

4 . _ GC Hardware Tr n~fer Funct·ons 

a. Output and s tab ility transfer funct· ons for 
AGC/CDU d1· i e to IMU platform 

b . Stabiliz ing transfe r function for spacecraft 
st bility during R CS & SPS thrust ·ng mo e s 
0% avail::lble 

c . Operational transfe r function s - 100 % available 
in ope ration s ight program for AF - 011, Series 50 
G&N c onfiguration 

o. Se;xcant Transfer Func tions 

a Op n loop se::-_tant ele ctro -mechanic al assy . 
transfe r func: ions (Dynamic s of LOS, shaft 
and gear trains ) - 100% available 

b . Cl osed loop sE.:xta1 t transfe r functions of LOS 
with assoc ·ated P SA s ervo ele ctron·cs (LOS, 
shaft, gear trains and servo electronic s) -
0% ava::.lablc 

6. Telescope Transfer F unctions 

a. Open loop tdescope electro -mechanic a l assy . 
transfer functions (dynamics of LOS, shaft and 
ge r tra ·ns ) - 0'% avail able 

b . Closed loop telescope transfer functions (dynamics 
of LOS, shaft , gear trains and servo electronics) 
-0 % available 



.. 

Attachment A (C ontinued) 

2 . 1. 5 

2 . 1. 5 

2 . 1. 5 

7 . 

Mec1,· 130B 
rs J e 1965 
MIT, Carob idge 

C/'J/1 Controls & D ·splays Transfer Functions 

a . Electro-mech:.rnical transfer functions of 
Visual Readouts (meter, dials, and etc . ) -
0% available 

u. ~ 1ec anical transfe r function s - 0% available 

c. DSh.'Y tr nsfer functions - 0% avail able 

C . Functional Inputs To G &.1 r Systems 

E. 

F . 

G . 

1. Line::tr acceleratio!1 math model - 100% available 
in i.he AGC Flig·llt Program for Mis ·ion #2 02 and in 
012 data ackagc 

2. Rotational acceleration math model - 100% a ailable 
in the . GC Flight Progr am for Mission #202 
(AF 01 ) and in 012 data pa ckage 

3. Functional keyboard data inputs - 100 ~~ available in 
the AGC Flight Program for Mission /1 202 and in 
012 d3.ta package 

4 . Functional uplink data. inputs - 100 % available in the 
..--\GC Flight Progr am for . Iission #202 and in 012 
data package 

o . F nc.tional LOS images for sextant and telesc ope 
0% a va·1 ble 

1. . Soft\va re to Lriitialize sub - system col)figuration - lOO 'fo 
u ailable in :'.\Iission #202 Flight Program and in the 
012 data package 

2. S01tware lo exec-i:te G&. sub - system tasks - 100 % 
available in 1\liss ·on #202 Flight P rogram and in 
012 data package 

Ft:nctio:1al Performance of G&N Hardwa re - based on 
func tional acceptance tests criteria - 100 % available in 
012 data package 

G&. · Series 50 C ew Ta k Procedure - based on functional 
procedures but ·not o 012 chronological tasks - 100% available 
in 012 data package 

G&::\" Instrum ntation Requirements - 100 % available in 012 
data p&.ckage 

tJ 
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Attac hment A (Continued) 

M e eting 130B 
15 J ui e 965 

1 

MIT, Cambridge 

H . M is s ion Definition & Software 

2. 1. 6 

2 . 1. 6 

2 . 1. 7 

2 . 1. 7. a 

2.1.7. b 

2 . 1. 7. c 

2 .1.7 .d 

2. 1. 8 

2. 1. 9 

2. 1. 10 

2 . 1.11 

1. :\,I ission softwa re tas k de fini t ions 100 % available 
based upon progr am Apollo Initial Mission Dire ctive 
for !\i1ission 204 (AFRM 012 ) and has been transmitted 
to Link 

2 . Mission software to exectue mission task - approxi 
mately 80 % available based upon AGC Flight Program 
fo r ·Mission # 202 a nd in 012 data package . Software 
execution routine out standing are : 

a . Position and v e l ocit y update software from 
signting data a nd uplink data from the ground -
0% available 

b . Software for s ighting da ta acceptability t est 

3. Mission soft ware t a sk initialization routines - 90% 
av ailable based upon _ GC Flight Program for Mission 
#202 a nd in 012 data package 

a. Initialization soft ware outstanding: 

(1) 

( 2) 

( 3) 

(4) 

Softwa r e init ia lization routine for plane 
change - 0 % available 

Software init ialization routine for Hohmann 
transfe r - 0% available 

Softwa r e init i a lization routine for incorpora -
tion of s ight data into the spacecraft position 
and velocity determination - 0% available 

Software in itialization routine for maneuver 
angle b ased upon desired signting coordinates 
0% available 

b. Mission data need in the mission initialization rou tine 

(1) 

(2 ) 

(3 ) 

(4 ) 

Mission software variables and c onstants, 
c onsidered to be 0% avail able 

012 specified trajectory in time, position 
and velocity - 0% available 

Star a n d landmark in stable member coordinates 
0% ava ilable 

012 exe cutive for chronological order of 
mission e v ents - 0% available 
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(5) Nomin:il attitude coordinates for maneuvers 
0% available 

(6 ) Nomina conic parameters and time of arrival 
for all th. usting modes - 0% available 

- 1 -
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A PPLI CABLITY OF THE FOLLO v1NG MIT DOCUME ~ -Ts 
CONT . .\I:\1L G SOFTW. RE F OR 204 

CO::\1PATIBLE Vi'ITH CORONA 

1. Major Modes (20-l: Flow C harts) 

2. 65-FM -65 

3 . SG #5 -64 

(Ope rational Req irements fo r 
G&N, SA204 ) 

W . atri.x Augmentation 

4 . DG Memo 330 Navigator 's C heck List 

5. 

6. 

7. 

8 . 

9. 

10 . 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

R-491 

SGA #8 -65 

R-477 

R-467 

SGA #34 -64 

SGA #37- 63 

SGA #40-6 3 

SGA #8 -62 

SGA #26 -62 

SGA #11-64 

SGA # 52-63 

SGA #26-64 

SGA #13 -64 

SGA #4 -64 

Optimum Steering to Achie ve Veloc ity 

Luna r De· Boost Equations 

Operational Plan for Mission 202 

(Sunr ·se 33 ) 

Orbital Xavigation Using unknown 
L andma r k 

P owered Flight Guidance 

I ew Stat·s tical Formula 

AGC P rogramming Comparison 

Midcourse Attitude Maneuv rs 

Transition Matr ix For a Circular Orbit 

M idcour sc Guidance 

Mechanization Without B Vector 

Powered Flight Steering 

For Hohmann Transfer 

Degre e of 
Sou r ce Applic_?.bility 

M IT 

MSC 

M IT 

MIT 

M IT 

MIT 

MIT 

MIT 

MIT 

MIT 

HT 

M IT 

MIT 

:'.'vl IT 

MIT 

M IT 

M IT 

MIT 
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Attachment B (Continued) 

19. SGA #4 6-64 

20. SGA #29-64 

21. SGA #5-65 

22. R-479 

23. R-382 

24 . R - 482 

25. To umber 

26. No Number 

Sourc e 

Apollo Return to Ear th Traje c tory M I T 

E x plicit Ca lculat ·on of P r tu rbation MIT 
1 atr ix C 

Abort s Wit h SPS Po e r Durin g B oost MIT 
Phase of Mission 202, 

A Unified Me thod of Gener ting Conic MIT 
Section 

Universal F ormulae for Con ic Trajec- MIT 
to ry Calcd tion 

A Ietho of Orbitac l\'av . Using Opt ical MIT 
Signting To Unknown L andmarks 

Midcourse V locity C or rection :VIIT 
Determination 

Coast Phase posit ion a nd Velocity MIT 
De te r mination 

- 2-

Degree of 
Appl ic ability 
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G& COMPUTER F'LlGH'I' PhOGRA T OF AF 011 
(S ID.1M R OF PROGRA: 1 CONTENT) 

1. Assembly & Operation Information 

a . 
b. 
c. 
d. 
e . 
f. 

Error Co es Definitions 
Regular Verb Definitions 
Extended Verbs Definitions 
Normal Nouns (Scaling & Decimal Point) 
::vrixed Nouns (Scaling · Dec imal Point) 
Major Modes Descriptions 
1) Idling 
2) Prelauncl 

a ) Initialization 
b ) Gyro Compassing 
c ) Optical Verification 
d ) Inert ial Reference 

3) B ooster :.\/J.onitor 
a ) F. r.st Stage 
b ) SIVB :.\1onitor 
c) SI B Monitor with Tumbling 

4 ) Coasting Phase 
a ) ::vlaneuver to Local Vertical 
b) Local Vertical Control 
c ) Coast - 1o Act.tude Control 
d) R, V, T , updating 

5) Pre- Ti1rusting P hases 
a ) Pre PS 1 
b ) Pre 'PS 2 
c ) Pre SPS 3 
d ) Pre SPS 4 

6) Thru sting Phases 
a ) SPS 1 
b ) SPS 2 
c ) SPS 3 
d ) SPS 4 

7 ) Alignn ent 
8 ) Entry 

a ) C.\'l / S~1 Separation . faneuver 
b ) Pre-Entry 1aneuver 
c ) I:ntry Steering 
d) Entry Steering T erminate 

9 ) Abort Phases 
a) Tu....1.bl ·ng Abort 
b ) Post - Tumbling Attitude Recovery 
c) Free - Fall Entry Abort 
d) Abort Thrust to Rec ove ry Area 
e ) G&N Flushed 

-1-

NOTE : Equations for 
these programs will be 
provided in the next 
data package that are 
c urrently vailable. 

The program descr·p
tions for the major 
portion of the e AGC 
routines are contained 
in MIT document #R- 467 
dated September 1964 . 
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2 . Erasable Memory Assignment 

a . Counter and Special Register Tags 
1) Int rpret r Registers 
2) Waitlist Registers 
3) Temporary torage Register s (Interrupt & Exe c . ) 
4) Long - Term Storage Registers (Interrupt only) 

b . Specific to Pinball 
1) Miscellaneous Reservations 
2) Interpreter Switch Assignme nt 
3) Storage for Phase Control 
4 ) Downrupt Program 
5) T4 Ruput 
6) Mode Switching and la tch Programs 

c . _ larm Ind·cations 
1) L 1 U Compensation Parameters 
2) Interlock (Keyboard Sub - routing) Registers for Gyro Rout ·ng 

d. IMU Compensation Parameter 
1) Pipa Bais & S . F . 
2) Gyro Bais Drifts 
3) Acce l. Sensitive Drift along Input Axis 
4) Accel. Sensitive Drift along Spin Axis 
5) Delta Time or 1 P ipa 
6) Compens ting Gyro Torques 

~'e Mission Reference Variable (Position, Velocity , associated Time 
a nd I'.\1 U Stable Member _ ligament) 
1) Refe rence Rectification Vectors 
2) Reference Deviation Vectors 
3) Reference Conic Position Vector 
4) Reference Time Since Rectification 
5) Time Corresponding to Position & Velocity 
6) Refere:1ce Conic Variable X 
7) Pipa Data During Accele ated Phases 
8) Reference to Stable :.vlember Matrix 

'~f Storage, Time Shared by N.I ission Programs 
1) Storage during Standby 
2) 11 A 11 ::\1emory Locat·on for ;\lid Course Nav· gation 
3) 11 A 11 Memory Location for Averoge G Integrat ion 
4 ) " A" l\Iemory System Tes t Usage 
5 ) 11 B 11 i\lemory for Powered Flight & At titude Maneuver 
6) 11 B 11 Memory for Aim Point Criteria 
7) Re - Entry & Pre -Entry Assignments 
8 ) 11 B" .1emory Ass ·gnment for Pre - Launc h Align 
9) Inflight Alignment 

10) Attitude Control 
11) Mid -Course 6 x 6 E ror Transition MatrLx ( W) 
12 ) "C" :\'lemory Assignment for Re - Entry 
13) Contingencies 

,:< g Storage Reserved Exclusively for Se f Che c k 

3 . Interrupt Transfer Routines 

,:, 011 Variables will be changed t o 012 Variable s 

- 2-
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4 . F"xed- Fixed Interpreter Section 

a . Programming Symbol Def"nit ·ons 
b. Process :VIiscellaneo s or Code s 
c. Proce dure fo Index .:\ddresscs 

_ 1 eting 130B 
15 J C 1965 
M IT Cambr ·dge 

d. Double - PrE:cis'on Polynom·nal Evaluat ·on Routine 

5. Bank 03 In terpre:ter ection (Program Symbol Definition) 

a . Double Prec ision Si.11.e-Cosine Routines 
1) (Evaluate H stings Polynomial) 
2) unit Vector Routine 
3) Closed Cosine Routine 
4 ) Closed Sine Rout ·ne 
5 ) Square Root Rout·ne 
6) Unit Divide Routin3 

6. Executive Programs (Program Symbol Definition) 

a . Find Job Routine 
b . Job Awoke Routine 
c. Job Pr iority Routine 
d . Scan Job Priority Routine 
e. Change Priority Rout ·ne 

7. Waitlist ( 1~ t should not exc eed 2 minutes ) 

a . 120 seconds > Routine 
b . T3 Rupt 
c. Time 3 o erflow 

8. Ma s te r Control 

a. Common Entry a nd Exit Routine for Phasing Functions 
(Phase Control Routine ) 

b . Update the . fajo r l\Iode Lights 
c . Sub Rou tine to Sample The R eq es ted Major Routines P hase 
d . P artic ular Routines 
e . Common SulJ Routines use d by Phase Control 
f. Major Routines 

1) Free Fall Integrat·on 
2) Syste m Test 
3 ) irn Game 
4 ) Program Stall Routines 

9. Fresh Start and Re - Start (Keyboar Request to Initialize System) 

a . Ini t ·aliz atio Sub Ro tin 

- 3 -
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10. 

11 . 

Down-Telemetry Program 

a. Format Definition 
b . Down Link Data Lis ts (32 'v':ords ) 

1) Time 1 
2) Time 2 
3) In 0 
4 ) In 2 
5) In 3 
6) Out 1 
7) 6 Rect ifica tion Positions 
8) 6 Delta Ve ocities 
9) 6 Re ct ·fication Velocitie s 

10) 6 Gravity 
11) 2 Additional Words 

A Rupt Output Control Programs 

a . Timin g 
b . Re lay Word Code 
c . Rout·ne to Z e ro the Optics Counte r 
d. II\lU CDU Drive r Serviced every 60 ms . 
e . Sys tern Failure Input Bit l\'1on:.tor - Every 480 ms . 
f. Process Fa'lu~ e Error Signal Routine 
g. Night - Watc:1man Alarm Routin(; - every 480 ms. 
h . S4B Separate Scanner - Entered eve ry 120 ms . 
i. Optics CDU Driving Program - eve ry 480 ms . 
j. Bank of C Rel ~y Routine 
k. Out 2 Sub Ro utine for Gy ro Drive and Optic CDU Throug Out 2 
1. Alternate i20 ms . Leg of T4 R'..lpt 
m . Optic s l\loce Sampling Routine 

1) Mode C:1eck: Routine 
2) M nus.I Zero CDU Sub Rout ine 

n. IMU i\/lo cic; Switche s S mpling - 120 ms. 
o. Manua CDC' - Zero Progr :ims fo r L\IU and Optics DCU 
p . Waitlis t Task to Complete :'..v1,:nual Zero (Turns .off Light) 
q. Manual Optics Z e ro Procedure 
r. Differenc e Actual CDU and Des ired CDU Routine 
s . Output Counter Setting for Out 2 & C- Relay Setting Constants 

for IM U Modes 

12. Mode Switching and Mark Rout ·nes 

a . Special T in: e C ounter Reading Routine 
b . Sub routine to Zero IMU CDU Counters 
c. Set Zero Encode Lamp 
d. IMU Zeroing Routine 
e. IMU Coarse Align Program 
f . IM U Fine Align Program 
g. CDU Lock P rogram 
h . IMU Re-Entry & Attitude Control Program 
i. Sub- Routi e to Se t K&C Relay Setting to Des ·red 
j. Increment Routine (CDU' s ) 
k Mark Reque sting Routines 

-4 -



ttachment C ( Con tinL..ed) 

1. Mark Sys cm Releasing Routines 

:\-feeti 1g 130B 
15 June 1965 
M IT C a br. dge 

m. Keyboar·d Lead - In And l\11.ark/!\lark Reject Routine 
n . Call Spec ial Display Routine 
o. Toun Verb :or ).!la r k Display 

13. IM U CompensaEon Pack ge Routine (every 2. 56 sec.) 

a . Gyro Torque Compensation Computation 
b. Routine Accumulates Gyro Torq e Com pensation Commands 
c . Gyro Bais Drift Compensation Routine 
d . 1/Pipa for /-;:.. V :> 12G - s e con 

14 . Irig Pulse Tocquing Rou fne 

a. Singe Precision with Twitch 
b. Double Precision no twitch on Zero 
c. Gyro St&ll·ng ,outine 
d. Initial ·zatio!1 Sub Routine 

15 . Extended Verbs for :\1oding Routines 

a . Sub Routine fo C hee ing Given _Toun 
b. Keyboard Request to Zero I~1U Encoder s 
c . Keyboard Request to Coarst _ lign IMU 
d . Coarse Align to Incremental _..\ngle s 
e . Keyboard eque st to Fine Align and Gyro Torque Ii\lIU 
f . Etc . (Too i\'umerous to L ist ) 

16. AGC Self Check Routit es 

17 . Inter - Bank Com~un · cations Routines 

18 . Alarm and Display Procedures & Sub Routine s 

19 . Orbit· 1 In t gration Program 

a. Orbital Kepler Sub Routine 
b. Interation Equ&tions 
c. Constan s 
d. Computing Universal Coni c Function s(X) and c(X) 
e . Curve Fit Prog1·am 
f. R& V Sub Routine s from _ Funci · on 
g. Postrue n.outine (J3 i.t V ctor & Initial Condition~) 
h . Houtine to Compute Acceleration Components 
i. G Mode 12 Rout ine - Secondary Body Disturb ing Acceleration 
J. Routine for Sun Disturbing Acceleration 
k . Earth Oblate Routine 
1. Integr ation tep w ·th Rectification Te st 
m. Re c tify Sub Ro tine to Establish a New Conic 
n . Difference Equat ·on Rou ines 
o . Orbit Rout ·ne for E xtrapolating t he W Matice 

(pg . 286 ) - ~ystrom Integration 

. -;1-
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20. ::viidcourse _ 'avigation Game 
(Routine P rocedure to Accomplish Signtings ) 

21. Midcourse Init'alization and ngle Inpu t 

* 22 . Orbital Integration Rout·nes for Mission 202 

23. Measurement Inco rporat·on 

a . Incorporate Routines (update us· ng Nav igation Measurements) 

24 . B Vector Routine 

25 . Prelaunc h Alignment Progran 

a . Calculate Earth Rate Rout ·nes 
b . Computation of Gyrocompass Command 
c . Vertical Erection Sub Routine 
d . Sub Routine to Comp1.1te Sc I Axes in RE C (Coordinate - Earth (Ent red)) 
e . Routine - Convert Target Azimuth and Elevation to Vectors 
f. Routine to Rotate Coordinate Syt,tems by Earth Rate Multiplied by Time 
g . etup Star ~umber Display Routine 
h. Half _-\ ne-le }latrix Calculation Hourine 
i. Routine ~to Display Data (Prclaunch) 

26 . In - Flight Alignment 

a. Init ial Condition Routine 
b . Sway Routine 
c. Memory As:;ignments 

27 . PTB Op Codes 

a. Routine to Form Double Precision Numbe r Corresponding 
to CDU _-\nglc 

b . Routine to Convert Optics Trunion Angle from Counter R asing 
to DP R(:volutions 

c. Log Fu:1ction Sub Routines 
d. Sub Routire to Compute The .Arc Tan of the Ratio of Two Functions 
e . Routine to 'ree DSKY 

28. IMU Alignment Te::.;ts 

a . SXT--·B-L\1U Find _ 1·gnmcnt Test 
1) Calculate :.\Iisaligcrrnent .-\ngles 
2) Calculate Transformation :Vlatrix 

b. Calculate Horizontal Misalig ment _-\ngles 

29. IMU Perforrr: ancc Tests 

a . Roui:;h Check Program for I:\1U Gyro & Accelerometers 
1 Pipa Pulse Catch 

b. Gyro Dr.ft Tests 
c. PIP Scale Factor Test Entry 
d. Vertical E ection Routine by Xulling PIPAS 

~'These rout ·nes will be changed to reflect O 2 traj ectory <?Onstants 

tJ 
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e . Horizontal Drift Rate Test 
f. Initializes Vert·cal Drift 1est 
g . _ z·muth in :'.\B Coordinates 
h . Azimuth in CER Coordinates 
i. Vertical in , -B Coor lina res 
j . Vertical i CER Coordinc:.tes 
k Computation of Ace erometer Scale Factor 

30. Inflight Alignment Sub Routi es 

a . Calcu ate Gyro Torque Angl s 
1) Routine for Desire SM _.\xis from Present S. 1 Axes 
2) Ho tine ior Single Axis Ro L::..tions 
3 ) Routine Compute Compo:-.cnts of Slar Half Unit Vectors 

(Star . 1I) given :vI.easured s_·T Angles PA:\1 and S l\lI 

b . Axis Gen -2:auon 
1) Rout ·ne for T·.•:o Star Vectors in Tvrn Coard ·nate Frame -

Compu' cs Half Unit _ ."es 
2) CoDputcs SXT Angle S_.\C &. PAC Given Star Vecotr ·n S. Axes 
3) Computes Star Projection in XY Plane 
-L Computes P ecision Angle3 

31. Keyrupt, lJprupt , Fre ::;h Start 

32 . Pinba 1 Game Duttons a1 d Lights 

a . Keybo rd c1.nd o:splay Program 
1) Erasc able l\ scmory Assignment for Keyboard 

a ) Buffor Storage for Dis;)lay and Lead Routines 
b) Rcse1°ved for Exectu ive Act· on 
c ) !·kscrved for Interrupt Action 
d) T . porary Storage Executive Action (has Scale 

elect Routin ) 
e) Temporary Storage for Interrupt Action 
Input Code Definitions 
Scale r actors 
J. 'oun Table Definition 
SF Code Routine 
Scale F:1ctor Cons ta t Code :'.\umber 

Factor 

2) 
3) 
4) 
5) 
6) 
7) 
8) 

Rou tine:; to Re d 1 oun T2bles and Scale Factor Table:; 
Miscellaneous Service Rout·nes 

,:,33 _ 202 :/Iission Control Program 

a . Symbol Definition 
b . Chron . Events 
c . Compute Dt:si .'ed Spacccra t Attit de Matrix for Desired Thrust 

Attitude . latrix 
d. Compute rehicle Rate Computa:ion 
e . Pitch/Yaw Plane Component of DSC 
f. Abort VR Computation 

* The Chronological Order Events w · 1 be cha 1ged to fit 012 Mission Direct ·ve 
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g . Servicer Progra ns pdates ~om inal Position, Velncity and 
Gravity Evc:ry .2\ t, ·pd tes a , ct Chc::ck Tpp, :'.Vlonitars Dv. 
Comput s UR, VG and B and Stee ring Computation 
1) CG Rotation ivlatrix in PD 

h. Large Att~tudc l\1aneuve r Control Routine for Computation and 
Timing 

i. Roll Rate :Crror Routine 
1) Con pi.:tc:::; T v Base Coordin i.ttes 
2) Resolve 1B C into Spacecraft Coordinates 
3) Resolves into Gimbal C oordinates 
4 ) Routine Commands Sp.::.cecro.f t through Maneuvers by Half 

Angle Vector Normal to :11aneuver P lane ·n Gimbal Coordinates 
5) Loc2.l ertical Routine 
6) Control Routine to Set Relay Bit and Flagwords 

34 . Powered Flight Sub Routine 

a . 

b . 

c . 

d . 

e . 
f. 

g. 

h . 

i. 

j. 

k. 

1. 

m. 

n. 

o. 

p. 

Routine to Read CDU and Compute Sin & Cos Functions for Pre sent 
and De:s · red CDU Ano-les 
Routine Computes CDU (Gimbal) Angles given Nav Base A. ·e s as 
3 Half Cnit Vectors in Stable :\Iembcr Coordinates 
Houtinc Computes the ~VIatrix to Transform SM Coordino.Le to . ·av 
Base Coordinate 
Routine Tran::, orms a ?-.btrix of Half Un it Vectors along S/C 
A.·es intv a ! fatrix of Half Unit Vectors along Nav Base A. ·e s 
The reverse of (d) 0.'B -·) S/ C 
Routine Com putes __ . ngular Changes in CDU (Gimba ) A gles 
for b. Angu}.a Changes about Sl\I Axe s 
Routine Computes,:. ngul· r Chang<::s a bout Jav Base __ ·es from 
L CDU AnJlc Changes 
Routine He: solves the Sn all An61e Vector St or ct as SM Components 
into Commanded CDU Angle Chs.nges 
Routine Defi ,e s Sequence of :\lancuver Spacecraft to Orient from 
the Pre sent to the Desired Attitude without Exceeding Gimbal 
Loc k - :\laneuver is a long Roll _.\xis o r in the Pitch/Yaw Plat c 
~outine Computes ·n CDU Girnb::i.l Angle a nd Resolv s Them into 
L-.. Change about Spacecraft Axes 
Routine Comp tes the Free - Fall time fr ~m Present Position and 
Velocity to the Interface Altitude 
Se r ies of Closed Sub Routines Compute required Velocity, Velocity 
to - be Gained, ?vlodificd B Vect0r for Different P hase of. iss ion. 
Rout ine to Compute VR to Achieve a Circular Earth or ")/ oon 
Centered Orbit 
Routine Computes VR to Achieve Hyperbolic Velo.city for Trans 
Earth Injec ·ion 
Routine Co:nputes VR a Trans Lunar Ellipse defined by Target 
Vector and Semi Major Axis 
Routine Con putes the Desired Thrus t Dire c tion as a Half Unit 
Vector X SC 
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a. PIPA Update: ,outine and Average G Routine and Update Position 
and Veloc ity every 2 s e conds 

b . Control for Phases of Ent . y 
c . Routine w l\.Iaintain Initial Roll 
d. Huntest Routine - Che ck Pre dic ted Range w·th Desired 
e. Routine to Predict Ranges for :Cach Phase of Traj e c tory 
f. Routine for Up Cor.trol for SupE:rcircul ar P hase 
g . Routine t o 2\.laintain Constant Drag 
h. Rout ine for S b - Orbital Control 
i . Final Rou t ine to Compute R o~l Command, Check Lateral Error 

and Steer 
j. Routine to Predict and Set Pitch Angle for 2nd Entry Condition 
k . Routine ·when Terminal Altit ude is Reached 
1. Sub - Orbital Reference Traj ~ctory 
m . Convers ion Constants for Freo2 Fall Integration Program 
n. Powered Flight Veh·cle Const2.ms 
o. Tempo ·ary Values for Prcl- unc h Constants 
p . Close Sub Routine to Compu te Desired 1 av Base Oriemation 

Neede d Du.cing Entry Phase 

37 . _ verage G Integrato r 

'~ 38 . Dummy Re - Entry Initial·zation 

39 . Verification Assis tance Program (Page 669 ) 
P agt:s 669 - 82-! arc Program Dictio1 ry nd Memory Ut ilization 

.. 

- 9 -
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The following documents were transmitted to AA : 

1 · Schematics of Optics Transfer Functions (5 sheets) 

2. Drawing o . 1015100 Rev. F - Functional Diagram Optical 
System Block I (one copy only) 

3 . Dr awing -o. 1010191 - Functional Diagram Optica l System 
G&N 012 & 017 (one copy only of this updated vers · on of 
Item 2 was received) 

4 . IMU Coupl ing and Dbplay Units by John Deist 8/ 1/63 
MIT Document 

5. Failure Monitor for Block I, Series 50 for SA204 (one copy only ) 

6. PWG No . 1010 804 Meter, Electrical Indicating - Yaw, Pitch, 
Roll Special Specification Control Drawing ( two pages per 
drawing, one copy only) 

7 . Drawing No. 1015533 Dial, 1800 Spe ed (one copy only) 

8 . Drawing No . 1012512 Counter Rotating (one copy only 

9 . R - 477 Rev . 1 Operational Flight Plan for Mission 20 2 
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TO 

J,R M 

SUBJECT : 

o~r,ONAL FOAM NO 10 
MAY Ul.il E:OI T ,ON 
01. A GC,., . fU.Q . NO. 11 

JOI0-101 

emorandum 
Distr ibution DATE : 

MAY ·,: '. 1965 

In r eply r e er to : 
PS6/Chief, System Integration Br anch PSG/Ml60 

. Minutes of Meeti 1(1: on Spacecraft Guidance and avigatio:'l 0perntionol 
Requirements for ~ission SA- 204 

The foJ lowine; action items and agreements resultcr! :'rem t}e meetinn; on 
ay 20- 21, 1965 , at MSC , Buildinc 2, for the p·urpose of defin:ine AGC 

proer arnminc requirements f or /1pollo mission SA- 201, . The r;cna d 
li~t of attendees are attached as enclosures land 2 respectively . 

Reference is mu e to } SC Interno.l ote No . 65 - FM- 65 , "01)erational 
Requir ements for Spacecraft Guidance and 'Iavigation - 20 , " dated 
May 17, 1965 , and encl osur e 3, MIT Memo "Maj or Modes for l'ltB..nned Flic;::t 
dated May 18, 1965 . 

~tion Item~; 

1- 1 T c o.p ::.·m•, ~, 1 ·r1 ance and Kavii:;c..t. ion oper atioi ,·. 
is due Sep;,1.., .... ,er 1 , 1965 . A first draft of tL 
1, 1965, and a draft of the Guidance Equationr. 
error analysis is due June 15 , 1 5 . 

Jr Sf - 204 
, iG due August 

, 1 Preliminary 

1- 2 ' Paragraph 2 . 1 . 1 . 3 (.!aneuver Vector) of MSC Inter nal 1ot e 65 - FM- 65 
required 1::, V up- date instead of (a ) and (e) up-date. J . ?unk i s 
to a ssess AGC impact on this requirement . M. Jenki ns and J. Funk 
a.re to resolve the requirement f or this type of up- date by June 
20, 1965 . 

" 

1-3 MIT should investigate th techniques of evaluating the ch .ge in 
aerodynamic character istic s of the CM ue to center of gravit y shifts 
~ d shape changes during reentry f or the purpose of providing more 
accurate r eentry guidance . Results a.re due by June 25, 1965. 

1- ¥1T . P . C. Shaffer of MSC/ FCD will define the porameters t o be 
displayed on the DSKY by the AGC f or each phase o the mission and 
the sequence of displaying the parameters. This should be available 
by July 1, 1965. 

·,· 

' 1-5 MIT (J. Dahlen) will provide attitudes required for n,wigational 
sightings during earth or bit by June 15, 1965, i c.u. _. 1g a sequence 
of roll attitude maneuver requirements f or the S- IVB dur ing the 2 
orbits that the spacecraft is attached. 

" 

Buy U.S. Sa11inRS Bonds ReRzdarly on the Pa yroll SavinJ!S Plan 
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1- G , SC (R. Wo.r d ) vri. l l proviue M FC with the maneuvers t o he :r r 
orrn~d by the S- I V13 i order t o have this i rr.p l emcnted y th e 

MSFC computer and. co trol system . Due by July 1 , 19ti5 . 

1- 7 

1-8 

.fi'r should review 1SC I t crno.l ote 65- FM- 65 cl l cf'ine tile 
· ficu t i es fulfilling t he requiremert s spec ifiec 1y June 

25 , 1a ,..5. 

}18C (J . F ru<) w· 11 defLe t he f r ee fal l entry ait ·t uce 
c· t er l;00, 000 .1. cct or 300 000 feet . Due by J 1c 25 , 
See agr eeme t 1-6. 

- 9 Mr . C. luss shoul' def ine t he f ollowine f or 204 by June 25, 1965: 

r e cover y o.rca 
b . acce t a.ble or,> i.t s 
c. i n · um .i.ree fal l t i me (T.1.f ) 
d . t,.-.round verif i cation time ~or cont i ngency in er tion . 

1- 0 C (l\. . Cone ) wi l l defi e if ther e is a r equire:-r.e t to c}teck the 
M.SFC an i1SC platform s aligmnent t hrrueh ACE . Due by J w e 25 , 1965 . 

1 - 1 Mr . M. J en ,;ins will r,r ovi e t he trackini:; networ k U..'1cer tainties to 
· e used i n t he prel i minary error analysis by a:y 30 , 1965. 

1- 12 MI'l' shall prov· de a time sequence t o the l ogi c sequence of encl osur e 
3 y June 30, 1965. 

Agreements 

1- 1 The refer ence f or the right handed, eart h center ed, orthogonal 
Cartesian set of axes stated in paragraphs 2.1.1 .1 of MSC Inter nal 
Not e 65 -FM-65 shall be t he fi r st point of ar ies on October 15 , 1966. 

1- 2 The guidance system can pr ovide de- orbit steering using the RCS; 
however, automat ic engine on- of f is not available . his f unct i on 
must be provide ~ manual ly altt oug it ca be based on s t art ana 
st op tim~s pr ovi ed by tl e G&N . It is very dif icult t o sec how 
t he f unct ion can be prov ided f or SA- 204 without a scl edule slip . 
I t is reco ll'Tlended by ASPO t hat this not be i mplemente' 'or t he 
Block I f ligJ ts. Block II configurations have t his capab i l ity 
( ;,207 ) . 

l 

1- 3 The AGC shall have t he capability of st or i ng t arget i ng data ,for at 
least t wo consecutive maneuvers. 
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1 - 4 \:7l' chot:"!..d. provi e ti e sof1:,warc capability for rou0l. com' u::;7,ion 
r l'..: - ~~ur t. . 

1 - 5 ':i.1!.c er :w onci ,,:,e AGC mu·st hav e the capab · 1ity o~~ co troJ 1 inc any 

, r 
.L - l i 

1- 8 

1- 9 

1 - 10 

1- 11 

'-'.I':' shou ~~ use !,CJ0 , 000 i'oot a s the r ee fr l ent ry &..,tiH~d l:! w Lil. 
furti er Cjrcct.i.o is civcn . See action item .L- H. 

r:•,:o r;.v r.·" 1.1 r,h) ] . e Ct ~o S/\- 201, GUCil ti1at t]J1_; 1•0AI ]1:1::; 90° 
i. pitch (- r X 1 o-wn rr..nc;c ) d 180° in r oll, (-1 Z do,m) :::i. d o0 

in yuw at. c;ui a. ce refer ence r elease . This will u.1 · gn t1 ie hor izon 
on the :i1JAI wit,h the or izon as seen by thE:: astronaut out the 
window . 

'.I.1:.c time cti •·::"J:ay 01 the D~ for free fall snou::. be r,;inutec 
(': rcc:;.<•ter ~) - blun..~ (1 r eci stcr) - Secon s (2 rec ·cterc) . T1e 
ca;)ab . 1 . -';,y ~ or c.n:/ call roo t he AGC thr ouc;h the DSKY should 
prov ide ~~or ifours - l'1inutes - conds . 

01 e to two minute:, G110ul - be use ~ as the time r equired for MSFT 
irser tion confi1,ation . 

Below approx in ately 61,?; thrust level · s used as G- IVB ~tut clown 
for the eneine on/ off liGhts . The Apollo Guidance System shal l 
monitor accel er ation f or S- I VB shut down . 

The next meeting wi ll be held the last week of June . 

lccn v11/c/f,t . 
Aaron Coh en l.. 

En clos ures 
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