Spacecraft Research Division
FASA - Mamned Spacecraft Center

September 28, 1962

MEMORANIXM for Chief, Spececraft Research Division
Subject: August 16 to 31, 1962 trip to MIT Instrumentation laboratory

1 A visit to MIT/IL was mede for the purpose of achieving detailed
femiliarizetion with all aspects of the Apollo Guidance Computer. The

persans contacted were:
J. Barmard ¥sC
E. Hall MIT
A. Hopkins uIT
R. Alonso T
D. Schensky MI7T
D. Hsnley MIT
J. Deyst MIT
H. A. Koso MIT
L. Bazxone M

2. The trip activities primarily involved the collection of informa-
tion concerning the design of the Apallo Guidence Computer from Albert
Hopkins, Remonn Alonso, Dave Schansky and their sssociates. All portions
of the computer were covered by discussion, study of prints and written
material, end observance of the testing and operation of the computer.
Brief periods were also spent with various other persommel concerning the
AGC software, proposed lsboratory use of VERDAN computers, and certain spe-
cific questions sbout the sextant.

3. During the firagt doy, Albert Hopkins spent seversl hours discuss-
ing the overall computer desizn and design philosophy. This provided the
beckground om wvhich to build. From that time a pettern wes set of: intro-
duction to a circuit, study of the circuit, followed by a detailed explan-
ation. The emtirs computer was covered in this mammer including the erees
of input-cutput and imterface. Although this routine constituted the
majority of the time, it was interrupted regularly in order to obtain other
informetion es described in the following peregraphs.

4. At this time, the ferrite memory selection circuit was being debugged.
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6. Compater programing was discussed. This includss two avess:
MH 800 progreming vhich supports end aids the AGC programing, and that
of the AGC itself. The first ares is very nearly camplste. It imcludes
such peogrems as the assembler, simulation pxrogrzm, etc. In the seccnd
ares, only certain subroutines, the interpretive routines, and a pre-
laumch pletform alinement routine have been completed. The navigetion
equstions are not yet being coded, therefore, only the plamned navigation
was discussed. The rincipal gosl wes to leern the function of
the programs snd subroutines, and to become more familisr with the pro-
graming development plans. To go further would bave involved going into
the coding of the computer or imto the derivation of equations; the
writer felt that this would have been of little velue at this time,

7. Informetion wes obtained concerning the proposed usage of VERDAN
computers. The digital development group will use g VEHDAN to simulate
inputs and outputs in order to test the AGC interface. Also, a VERDAN
will be utilized to similste the resolution electronics between the sex-

tant hand comntroller and the sextant drive.

8. #r. J. Dehlen and Mr. D. A. Koso outlined the sextznt errors snd
sighting difficulties due to spacecraft motion. This informetion has been
pussed on, as requested to Mr. Fred Pearce of the Spacecraft Research
Division.

9. In gemeral, an attempt was made %o cover every aspect of the AGC
with meximm concentrztion on camputer circuit design and interface. Some
partinent notes on AGC festures are listed in an enclosure. From the
viewpoint of knowledge and dste callected it is felt that the trip was

vary successful.

10. The two-week period weos anple time for the collection of most of
the fundemental data; however, a futwre trip would be advantagsous after
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AST, Control and Guidance Section




Major Features of the AGC
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Priority circuit: Inxntlimaremtocamed',vhenmmm
bmnmiu,thocmerintermptsitsmsemmkto

teuﬂtothstimt,mtmmgtoitammactiﬂtyaﬁerth
inpat has been dealt with, This is done on a priority basis;

ifmthanmcinnumacuwatome, the one of highest
riority is tended to first. This technique greatly assists
efficlent computer wtilizetion.

Variable speed: Dwring periods of relative inasctivity, the com-
Mrmmmumamw,mﬁdecmasmgmcm-
swaption.

Low Power conmmption: It is thought that the computer will
mhssﬂ:aubvattsatitsmdmmspaedandlusthan
10 watts at the minimm speed.

Reliability: A MEBF of 4200 hours has been predicted. However,
thismhavuhambuedananorigimlcmponentcmmt‘hich
included 1350 trausistors. More recent information seems to
indicate a count of over 2000 transistors. If thiz i= correct,
mmitymbeﬁninishsdaccordmgly; 5 will be pursued
farther.,

Size: Although not severly pushing the "state-of-the-art,” the
m&mmﬂwmd@odmmgmchmwm;
cauputing system of ressanshly small size.

Rugged construction: Mcalleutmkagimgtecmques, including
Wimm"intmﬁmsbetmm&zles, create a computer
of sturdy constructiom.

Taput /Out put

Ge

Input
(1)} Incremental: Amumm(m)m

receipt of en input pulse indicating en increase (dscrease)
of the input varishle by s discreet smount. There are 26

erassble registers serving as counters.



b.

(2)

(3)

-2 .

Fi o Astageofaninputmgisterisseﬁbysommsm,
e. 3. , & togzle switch. This stage cculd represent an
Indicator ey, e.2., an Engine “oN" xey, or several stages
couldmmamcmin}xxbword,e.g.,amrmmhey-
board. There gre at present six, fifteen bit input registers.
Up link from GSE: chaisshiftedserial.lyfrmtbessainto
the computer. ihemmctmechanizationaf'thiahasmtbeen
determined, Themvﬂlbemtel&mrvuplinktothem-
puater.

Cutput

(1)

(2)

Pulse rate: Certaln sutput Mmpctions are revnresented by
pulse rates. These rates are used to driz2 2uch things as
the CIU's, sextant, and IXIG's.

DC:  Qutputs of bi-stabla latches, 2ach remresenting a stage
of an output register, are used to mrovide X0 levels to
various equimment (including the ulse rmia ovnput cireudt
within the AGC). Zwamples of the Ametions of these lavels
are: transmit a word in merallel to the Lgisal readout penel
for display (several stages fepresenting 2 word), start and
cut-off engine, determine the magnitude and -ecipient of the
ulse rates, ete. Six, fifteen~-bit sutpul ragisters are

plannad,

Down line to GSE, down telemetry: Data is shited serially from the
camputer to either the GSE or to a down telemetrv transmitter. An
mrorﬁnmchanimionofthishasbeenadvenced, Sut the subject
is 3t111 being discussed.



