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SYSTEM STATUS REPORT

ABSTRACT )

i

The System Status Report is normally distributed bimonthly. The areas of

activity reported on in this month's revision include, but are not limited to, the
following for the Block 1 100 Series and Block II Command Modules and Lunar
Excursion Module equipment: configuration weight, weight trend information,
reliability failure rates, electrical power requirements, computer programming
status, and G&N Status. - -
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ACCURACY

The accuracy of numerical values reported in this revision should not be
- considered to be within the tolerances implied by the significant figures quoted. The
reported values, although based 'upon the most current information, are subject to
Slight variations from system to system.

PP




~ INTRODUCTION .

The areas of activity_ repofted on in this month's revision include, in
general, the following for the Block I 100 Semes and Block II Command Modules and

Lunar Module equipment;

Section 1 - - Configuration Weights
Section 2 - Glossary and System Definition
Section 3 - Reliability - Failure Rates
Section 4 - Electrical Power Requirements
| Section 5 - Guidance and Navigation Systems Status

Section 6 - G&N System Test
Section 7 - G&N Cornputer Status

 Section 8 - Guidance Computer Programming )
~ Section 9 - List of "E" and "R'" Notes Published During Repor“tmg Period

Additional material, not suited to this format, will be presented from time

to time as an appendix when it is partmularly mgnificant




SECTION 1

CONFIGURATION WEIGHTS

Weights are reported to the nearest tenth of a pound on a component level,
Each component weight is identified as estimated, calculated, or measured in order
of increasing accuracy. These terms are defined as follows: estimated weights (£)
are based on rough calculations; calculated weights (C) are based on detailed
calculations made from final production drawings that will be used to build flyable
equipment; measured weights (M) are actual we1ghts of equipment built to the
productlon drawings.

Tables 1, 2, and 3, respectively, present the weight of all CM Block I 100
Series, CM Block II, and LM Guidance and Navigation equipment based upon the
most current mforrnatmn These tables offer a comparison of present component
- weight values with those listed in last month's revision of the System Status Report.
The weights tabulated for Block II CM and LM conf1gurat1on represent operational
flight hardware. ‘

]

Also included are the respectwe control and design load weights as assigned by
NASA. The Control Weight is the maximum allowable total weight of the Apollo
| Guidance and Navigatmn equipment for which MIT/IL is responsible. Design Load
Weights are restricted to individual components and should be considered as "not to
exceed" weights. Thesevalues represent a maximum within which design variations
may cause changes without need for renegotiation, |

The row labeled "Bare Guidance Systern" isinserted to provide for comparisons .

with similarly specified systems

When applicable, the tables will be followed by a discussion of reported weight
 changes and weight trend information, Each weight increase or decrease is ac-
companied with an explanation for the change and the effectivity by system number,
Weight trend information describes future component changes presently being studied
with an emphasis on weight reduction proposalé.
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o North American Aviation and Grumman Aircraft Engineering Corporation
will provide and be responsible for weights of cold plates that are not mtegral with
guidance and control equipment, |

Reported Weight Changes and
Weight Trend Information

Block IT | | .
1. A decrease of 2.2 lbs for the operational signal conditioner is due to
- the measured weights of the SCA.

2. A decrease of 1,0 lbs for the F, Q s1gna1 conditioner is due to
measured weights of the F. Q. SCA -

12



L961 aung -HILVA
0¥ | (W) 8°1 _ 0°0 | (W)8°T A K86y SOTU0JI}D9TH ﬁmrnunoo
0°S (N) 9°2 0°0 (N) 9°2 Assy sotuox3deTd D¥A
[ 903wdaky jar1ey SuoT LOS
) mowﬂmwmm JoTIay TewaoN LDOS
. : . . 9031d9A{ JOT[aY TeWwJaoN LXS
0°G1 () L2t 070 (N) L'zT SJI0}eIoUNuUUY UOT}IPUO))
| l | | | £s8y adeua03g 9091daky TeondO
| 0'001 | (W) 8-06 A o (saTpows adox 9 WM) DOV
. - 00 (A) 8°06 - 1 h.mﬂw @0eII3W] D /S 03 NBD
ol (W) 178 .00 (W) 1°¢ | ~ pnoays re21dO
“ o A (W) 1792 . .00 | () 1°92 A88Y UOT102UU0dIU] N§D
; B 0a] | _ (W) ¥°59 - 070 (W) ¥°S9 AsSY OAIag J9MOd
| oy |- 00| e ' (9PIYL) 5950H JURT00D |
| (W) 2°19 00 | (W) 219 | NI
(W) L “ot 0°0 () 4701 Lssy maoﬂmm
40 TS () L°S2 0°0 (W) L°S2 3502 eTIsaYy pue GAN
| | c Surzesd pue aseqg Teondo
(IN) 9°0¢ | 0°0+| () 9°¥S dutrxeasd pue I,0S
| » ‘ Surread pue LXS
. o | | - waysdsqng 1eo1dO
40 "8T () 6 °9T 0°0 () 6°9T - £ssy nAD
| AVE INTWJINOT HIMOT |
+- -1 T _ - - _—
uStom hwm.w L9/%. . :
o mvmod SN S adueyn an3elg uawdmbi N39O S[NPON puBwIUIO))
- udrsaqg . _ . : | _
L . 1 1 r - ,

O

(DT LV SH1) N®D T'TNAON ANVININOD
SHIHYAS 00T I AD00TH 40 SNLVLS LHDIIM ILNIHHND

‘T TTAVL

13

b o e asdniie dh S



LI6T {ung :JILVA

‘9961 AeN 6 pajep

99-L0% DV J93397 utl LI £q pajjtwans ‘419¢ NYI wouay uaye; 3ySrom peor udisap syl y

‘ATquiassy mwm.ﬁo“rm adatdaLy reonydO
943} JO uorjru80daa IpNIoUT jou sa0p jusdwudisse yFrom STUL, °696T1 Axenaqga g oI

P33P €C-G9-FF-T1GT-DF I19333] YSYN UI paygroads st ydtam 1043u0) (3oL, oyl +
‘Alquiassy smorreg ay} Jo ySrom oy z /1 A1uo sapnyourt JySram peor uSisap SIUL,

.. '69-8L¥% DY J91191 ur LIN £q
PORIWANS “G96T dunp ¢ pauds 91p-96Z10-TOHIN Al WOJJ Udye; ade syydrop peo] USisaq "

, - SOTuUOJ30972 roddng NI pPU® s,NAD
| --- ¥ °902 oU3 jo suonizod NI ‘ODV ‘NINI ~ Swaiskg aduepms) axeq
} WySom Hwbcoo
[e30} punod ( *0¢¥ 2yl uey} axow spunad 8 "€ 181 Yjuow s1ip 103 Jy3rom 1e30} pajrodaa ayl,
e . [ o |
- 8 "E¥¥ 00 | . 8ery
T *
0°T (W)eo |  o0°0 (W) €0 | (oML) SPIOH pueH [EIUOZLIOH =
C g 1z [ 00 mwreg | 1240) 5o13dO
' SWALI AFYOLS SO0T
092 - (W) e'sg 0°0 | (W)g°cg " e, o zxusa |
| VAUV TANVd NIV
092 Wswve | o0 [ mswe | - - g |
0°8 (N) 8°% 0°0 (N) 8°% - | £ssy asuoryrpuo) Teudig
0)°C (W) 6z 0°0 . | (W)6°z [9UBq [OIIUOD) NINT
0°cr (W) 6 °0T 0°0 - | (W) 6 0T [dued [OIJU0D JI03BITPUL N §D
S LY/S. . L9/%
: WS snyeIs aduey) snyeg t juswdrnbyg N 9O 3:@02. pueswwo)

| ?7.08 (DT LV S97) N9D ATnNgOn ANVINNOD -
SARVAS 00T I ¥D0719 40 SNLVLS LHOIF v LNIHHND I CHEARE

O




L861 sung ‘F ILVA

. o -..I..
o8 | LO008's | z-z- |. (@) o-s ﬂ e (s3uBTLI
| | | | TeuonyexadQ) £ssy aauorjrpuo) reudrs
0°5g (WYS™2T | 0%0 | @we Lt | o ~ X3sa
| 0Lt | ONSIT | 00 | (N)S'IT [  [oued 10I3U0D J0380TPUT NFD
: - E | | (  2991dady jarrey 3uo 1OS
0 ST - (D 0PI | 0°0 (A) 091 - 9datdady Jor[ey TewwIoN LIS
< _ . N . . A . 2091dafy JaTr9y TewIoON LXS
o , . . - | £ssBY mm.mhoum 3d9at1dadyg reorydO
1 4 BN 040 2 e~ 0 N 17 | (gfeny - . pnoayg reondO
0°08 - (J) s"6e9 - 0°0 | (&) S‘'sg ..me+ sampow adoJ (9)x18 YIIA) OOV
o0 | (W)o°'pz o 00 _ ~{N)o°vZz | - .&zo.uc SS3UIEBH }109UUOIIIWT NBD
0°2gt | .(W)o°'6 - 00 (W) o6 _ - - £ssy somop9d vdId
0°8¢ | ()¥'ev | 00 | (Wwey | - £ssy oaxag Jamod .
| et | 00 (W) et h S (omL) sosOH jue[00)d
. (W) sev | 00 .| (W)s'ey | | ORI
| _ 0°0CT - @) LoT 0°0 | () L°ot1 _ r | Assy smorrod
: ' . . ._ b # .. : . - _ &
- a.c.v LT -0’0 () ¥°LT § et pmqﬁuﬂ.ﬁwﬁ%aaﬁz
- | \ - | . ' durreas pue ageg Hmoum.mo ”
(IL) L'SS |~ 070 . (IN) 4°SS . duwread pue LDS -
T | . ' Burread pue XS

| \ ._ e S . o - waysdsqng 1eo1dO
| o0%0s | (M) g9 070 (A) S "9€ | - » ~ 4ssynao
| . - | , AVE LNFNGINOI HIMOT
, FUBToM L9/9 R B XV ;ﬂ | o |
% mvmow_ SIS .mw.nmdo . snjelg juswdmbyg DOBND S[NPOIA pUBWIWO))

ugisa(g | | ._ 7 . .

L ] 1
(DT LV S97T) D3ND ITNAON ANVININOD - .
IT 100149 4C SNLVLS LHOIAM INIHHND 'z AT19dV.L

. ¥
® e -
L .
[
= [
r
H -~
3 .
. a .
.
-
3 . . : .
- ER——— & am -= TR T T = ¥ o i I ~ & ] - o = - . -



L96T dUnf FILVa

¢ ‘Alquiassy mwmnou_m momawhm Teonido
Y3} JO uOor3TUs0933I Iapnoul J0U mwov juawrudisse ysom SIYyJ, ‘G961 Axenaqsad 01

P31epP GG-G9-HF-TST-DH 1913 VSYN UT payroads st jydram [oxjuo) rejol, 2yl 4
*spunod f{JA1)9 ‘g ST Lsse nmﬁ,oﬁ%ﬁou Teusdts jyS1ry uorjedrjrenb e jo Ewﬁ? mﬁ.H.

"V2z# SunRaN
e 6981 AInpe 91 cmcma 91¥-95€T0-TOHI ooH wody udxye} a1e syyIram peoT udrsaq,

. . §0Tu0JI3}0372 J1oddns NINT pue sNAD
--- 2 *ZLT - 8y jo suonpxod NI ‘DDV ‘NINI - sSwaysAg aouepmy) aaed

} ySrom [oxjuocd

12103 punod g *00% 2U: ueyl mmwa mvgoa ¥ I ST puowr STy} JOJ JYystom [ejo} pajtrodax ayl, =
— .9 dwm . N...w.. | —  8Y4ssg |- cL - B .AQ.H.O,H.
- : . _ ._r . .... i ¢ 8 | o . -
0°'T (N) € ‘0 00 () €°0 . Aoﬁt_.mzom PUeH Teu0ZLION
| o L . SWELI AFHOLS ESO0T
o.mm_ (W) m_..Z 0°0 () m.__.Z o e - AMSa _,
| - VYV TANVd NIVIN
. — -4 . — — J
,Jusrom L9/9 . L9/% |
.cwmmmm snyelS aduey) SMYEIS p,cmE&scm_ ORIND S[NPOIN vcmEEoO_

(LNOD) (D1 1LV S971) D3ND TTNAONW ANVININOD
II 3100749 J0 SNLVLS LHDIIM INHYHND - ‘g2 ATLVL

o Y




LM

-
¢

- Reported Weight Changes and
Weight Trend Information

'-1. A decreése of 1.7 1lbs for thé operational signal conditioner assembly

is due to the measured weight on the SCA. "

2. A décrease of 1,4 1bs for the Flight Qtial Signal conditioner assembly
* is due to the measured weight of the F. Q. SCA. |

.
-
.. & E
17 © -
F
, & - "

‘.
g ~ B A

= -
o M B - et S plattli

y

R ———

B

ot amg T S, ST



LI961 aung

o

ELYA

¥
i

- ¥
L
‘

T

*

nl

LA

P

®

&

&
= 1
4
.‘ 5
" %
] e

9961 ISN3Ny 81 Pajep 695-99-£€2-9z DA 1911971 YSYN 49 papuswse - 0000009 Sd

uorjedlyidoadg [ed1uyda ], }0eIU0) Ul patyidads st 31apm [0a3U0) [BIO0], aYy, |

.m_u.ﬂsoa (IN) 8 °4 sT Lsse amcowﬁvcoo reusdrs jydiyy uorjeoyyirendb e jo jysram ayg,
: | : e

. 9961 YOIBI §Z UO (DSIN /VSVN)

JI9UPIBD Y'Y I £q pausts se 10007-06%-SI'T ADI WOJj uaye; axe syySiapm peo] udisa( "

€191 : s . S0TU0I30379 jxoddns QAT pue E.._.mo
_ | Y3 jo suoruiod NNI ‘DT ‘NINI - swajisdg souepms) axeq
| uB1om 1oa3U00 TR0} spunod g °g | . _ o b
I #2 93 spa2dxd Yuouwr S1Y} I0J JYS1am Te3o3 palrodar ayg,
| 1°'€G62 L 1~ 8 "#G¢ TVIOL
| A @) g L71- (@) 202 (ST [euoreaad) VOS|
e e 0°0 | (W) gru - vsd
0°LE (W) S°Le 070" (N) G LE - naos
0°2 (W) 9°1 0’0 | (W91 (QYDD) A [0I3U0D IOV
0°02 (W) § LT 0°0 " (W) S'LL | (skexy X3sa
0°69 (W) S°69 | 0°0 (W) S°*69 | SJew + samnpow adox (9)X1s YIIM) DY
| o0°2e (N) 93T 0°0 () 9°%1 - .V, SSANYVH
—{W)-§31. 0°0 () € %1 | | Vid
0°12 () 1°¢ 0°0 (d) 1°¢ aanjonays ayy £q pajroddng |, g, m_mmzm¢:
() 8°0 0°0 () 80 | VId ay £q peyroddng , g, SSANYVH
_. (d) 9°0 0°0 (@) 9°0 | ©AN a2y £q pajroddng | g, SSANUVH
(N) ©°C 0°0 (N) T°g . . ~ °gAN
0°08 () T €3 0°0 () I "¢z (smorraq pue adsrdalka ms%zocc, IOV
| o) vy 0°0 (W) 2% | - AN
i - | — T 3

s wwﬂﬁa e a8uey) -3 _nE.mEQme SONOd T

— uSisaqg _ snjeis | r mzﬂm«mu S _

o (DT LV Sd71) SONDJ Ed 10 wD.Hﬁ.Hm Pmomd LNHHYND °¢€ ITHVL

Wt Tl g

AT BT 8

18




; SECTION 2
GLOSSARY AND SYSTEM DEFINITION
The description at what constltutes the MIT Guidance and Navigation equipment
in Block I (100 series), Block II Command Modules and Lunar Modules has been

defined in previous System Status reports. ThlS Section will be updated when any
significant changes are made in the systems, - | . |

19



. SECTION 3
RELIABILITY FAILURE RATES

_ The current status of reliability analysis is réported in summary form as a
chart. | ' | | |

~ This chart contains tabulations of the failure rates associated with each'major
configuration of G&N systems, These have beenderived from the parts count of each
assembly using generictype part failure rates, modified only by the stress applied to
each part and its singular appllcation in the system. From these data, estimations of
mission success probabilities may be calculated. Continual updating 1s accomphshed
and wﬂl be reported monthly in this report |
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'SECTION 4

ELECTRICAL POWER REQUIREMENTS

Electrical power and energy reporting is based upon the inflight spacecraft
sequence of events for the Design Reference Mission as developed by the Apollo
Mission Planning Task Force (AMPTF). (Reference GAEC Report Volume III -
LED-540-12, dated 30 October 1964.) | | |

- The accompanying tables present the magnitude and distribution of power
dissipated on a subsystem level, It is assumed that power is drawn from the
spacecrafts'primary+28VDC supplyand a 400 cps - 115 VAC single phase inverter.

Intermittent power peaks can exist, particularly during operati'on of displays

and controls at random tlrnes The energy content in these peaks is considered
negligible,

All values (excépt those mentioned above) areactual expected levels of power.

No margin factor has been applied to protect against possible differences between |
| actual loads which will be experienced and the calculated levels quoted Thus, these

values should not be taken as '"'not to exceed" extremes,

Interface Control Documents serve as the guldelmes for reportmq power
flgures

CM Block I 100 Series ~ MHO01-01227-216 "G & N Electrical Input Power" signed
11 June 1965 -

- CM Block II - MHO01-01327-216 "G & N Electrlcal Input Power signed

| 15 July 1965 .
LEM v . . . LIS-390-10002 "PGNCS Prime Power Requ1rements and
Characteristics" ‘signed 30 July 1965

i
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NAA "\ MODE LICHTS (1M CONT PANEL atw
CONTROLLED CONTROL A
] ap (LLYAC mmmucs-’-}%,s ntml " N\ QUA MOM READQUT ILLUMINATION LEwg
POWER ASSEMBLY 7 QUA RETICUE WLUMINATION | 24wy
oo "\ 1M exacouT Sim
Liw
7\ COCLANT INSPECTION LAMPS v
10TALS: LEGEND: NOTES+ SPACECRAST COOLANT
33157 W HOURS TOTAL MISSION € * CALCULATID POWER (1) REQUIRES NO THERMAL LOAD ON
$96.5 W. ALL SYSTEMS OPERATING, £ * ESTIMATED POWR T @ 10 SIGHAL CONDITIONING limﬂ:
M * NEASURLD POWER O) 22.0w~"0'C [NV IRONMENT, 33,00 ="1"G ENVIRONMENT
W TO STABILIZATION AND CONTROL
61 TOCACH OUA EYIPITCE IN USE OR STORAGE, THE DUTY CYCLE 15 HIGHLY DEPENOENT
* UPOM O TEMPERATURE €NV IRONMENT AND EVEP 1(CT LOCATION,
. 16 MIT ASSUMES 100 PERCENT EFFICIENCY FOR ALL NAA POWER SUPPLIES.
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8LOCK II GUIDANCE AND NAVIGATION LOAD ON PRIMARY ¢ 28 VDC COMMAND MODULE

BASED UPON 1985 HOUR (.22 DAY] LUNAR ORBIT MISSION

PEFERENCE GALC REPORT - LED 540-12, 30 OCTORER 1944

DESIGN REFERENCE MISSION APOLLO MISSION PLANNING TASK FORCE
COLD PLATES W) ——
COMPUTTR OPERATE SW 20878 PSA | wBA | COU | AGC [ D&C | PIPA
,ZQMSR_[_* N\ 100.0 W APOLLO GUIDANCE COMPUTER
1O0W OP{RA e T — p—p— Q0w [100w,
100w STAND A 1
o COMPUTER STANDBY SW 100.00% e
4 JSaw A AY St
\ | 20w OPTICS SERVO AMPLIFIERS Taone | 160w
rL’ﬂ B0 AAC 15¥c
RON] apy sa, s
P SUPPLY e
) _MINUS DC SUPPLIES Qdwe
| COU (VA DEMODIATOR & OPTICS RSYR DXCITATION, 22w | aewy!
OPTICS OPCRATE Sw &.00n 200 CPS
[ SIGNAL CONDITIONING CUECTRONICS (1) 0,1
12.44¢
AN ey | LECTRONICS COu @) T
L 52y
3w (UECTRONIC COU @) 3wy, |
\ jow 30w, {
R 4 : G 1w | - - - - - =
I DUTY CYCLL IS RIGHLY OFPLNDENT .
U;%ch TEMPLRATURE ENVIRONWINT - - - - - -
Pl T CONDITIONING ELECTRONICS
21w 18 AUXILIARY MODULE 2w
4
IMU HEATER SW 100.00% 230 TEMPERATURE CONTROILER 25w
: s —] 200w 1w O - ¢ ] e e ) s g oe
LL1W (W0 ON | 220w IMU w> IMU HEATERS 2 mgs:”
I . i)
Rl L Lsw A0 _AAC 1.5 Wy
y A i
Loow| 32m0ces el
P SUPPLY . % - = - "
L Taviy
\ 20w 20w
= 41w SIGNAL CONDITIONING ELECTRONICS e vy = — - = - -
] >GIMBAY SERVO AND ADA PREAMPLIFIER POVER 0%l 70w
e -2 VDC
1aw! psuepLy ____PIPA PULSE TORQUE (LECTRONICS 08wy
l , ,“H !
A (RIG ELECTRONICS 2 3vc
21332 W HOUR PA YIS
2N 7% OPERATI IND ALIGN OFF . =
2819 W FING ALIGN FISE ALIGN ON [Se1m i %’: ok 17w
©.1 W STANDBY T T
ELCTRONIC COU__ O = -
v, (¥ ]
L 11%y
l""' ELECTRONIC CDU __ O 188wy
2.8 PIPA AND GYROQ PREAMPLIFIIRS 2 6W
IMU OPERATL SW 78 55% _COU /A DEMODULATOR & IMU PSYR EXCITATION 20me | 08w
BLOCK ING 1w n::ﬁc;: .OfMODULATOR REFERTNCE 1 0Ww
EXLE w INL ON | DIODES P SUPPLY FDAI & AUTGPILOT REFERINGE i
JOA8 WFINE ALIGH 0 g - il - - - P
SIGNAL CONDITIONING ELECTRONICS 4 Tane
3w H0 AAC L5 W
. _CYRO WHILS rew
AW o sy oa SLOVERS - 100w
P SuPPLY | PIPA FIXED HEAT 5 0w
58w
80 CPS s — o
B2 v se g8 |l ELOMERS 100¥%,
P SUPPLY = 5 g = = .
2 awc
L 20w 20mc
” /7 N1 MASTER ALARM LANP =
DSy iz
’ POM R TSOVAL D RICS LAMPS
C_SurRY
i
6% STAR ACQUIRED LAMP Towe
RET DIMMER 1
LISVAC 400 €PS 100" ooy 6% QUA MECH READOUT ILLUMINATION ™
AR IN PSA QTOSVOC 7™\ &¢% OUA RETICLE ILLUMINATION LAMPS YT
COTROLED { HEAY DISSIPATION o
~ MR 1S vAC amcps | MM /N TL_INTEGRAL DISPLAYS
SOURCE DIMMIR 15 rp 113V 0SKY KEY BOARD “TL" LAMPS
CONTROL VAL NOM
(™)
&0 CPS :
Oluade  [SYACHAX 7 \10% DSKY STATUS/CAUTIONLIGHTS | o
CONTROL
TOTALS LEGEND NOTES: '
5348w ALL SYSTEMS OPLPATING € CALCULATED POWER M 70 SIGNAL CONDITIONING ASSTMBLY (OPLR FLIGHTS)
JOrZh W HOURS TOTAL MISSION € [STIMATID POMR @ 22.0W <0G ENVIRONMENT  3).0W = 10 ENV IRONMENT
M MEASUPLD POWER 08 1O STABIL I ZATION AND CONTROL
W REQUIRES NO THERMAL LOAD ON SPACICRAFT COOLANT
©) TO [ACH OUA EYEPIECE IN UST OR STORAGE
1 MIT ASSUME S 100 PERCENT EFFECIENCY FOR ALL NAA
POWER SUPPLIES
\ M « 2BVOC PRIMARY CM BUS
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LUNAR EXCURSION MODULE GUIDANCE AND NAVIGATION LOAD ON +28 VDC PRIMARY

BASED UPON 104.02 HOURS (L.42 DAY LUNAR LANDING MIS5I10N
DESIGN REFERINGE MISSION

REFEPINCE CAZC PEPORT - LED 340-12, 30 OCTOB(R 1664
APOLLO MISSION PLARNING TASK FORCE

1747 wATT HOURS TOTAL MISSION CW BUS
266 LMU HEATER OW PRIMARY CM BUS

STANORY LIN

M POWER SHOWNM AT 119V ENERGY ASSUMED TO BE

COLD PLATES (6)
MBS e !
m: mmuuw PSA | WMy | 16C | D&C] PTA |CDU
Wi
1182 WATT HOUR'S TIMPERATYPY CONTROLLER 25w,
M
200W IMU ON
MU HEATER SW > (4} el
208W IMU OF) QLW IWY ON) Lid MY HIATERS o,
26,6 W 1MU STANDBY MOOE W S1GNAL CONOITIONIMG CLECTRONICS ity 20wy [ - -] - - - -
913 WATT HOURS
COMPUTER OPERATE SW 15 243 S e - - | - | -
COMPUTER STANDSY SW W LEM GUIDANCT COMPUTER 0.0 | 5.0w,
31.5% jaow LGC STANDEY 100w,
[ 117 4w OPERATE MODL @ ty = = = = = =
22.4W STANDBY MODE
VT WATT HOUPS = - . = = .
15w 3700 AAC L5Wy
‘ MIATION @BV SIN WAVE! TS
- 291 y0ces ~ i = _ -
P SUPPLY
’ . L Tawy
r?._ﬂw S1GNAL CONDITIONING EVICTPONICS e 02,00
1
2AW 1Ny AUXILIARY MODULE 2twg| - e = -
| r'L " }:rsmm SEPV0 POWER TR T
| L 13w,
23w IRIG [ECTRONICS 23w,
0.0 oy PIPARUCTIONIES 3 W
Rl
Pr!%;:a'w 0] __1RIG ELECTRONICS 12w
| - 180w,
1 ELECTRONIC COU 1
P WFL? - - - - - -
S 8% niw LLUCTROMICS COY G) HETR
2475 W 1ML ON
2721 W OPERATE MODE W1 TH 1My SSYROXCITATION 2.0V Ty
HEATERS} OEMODURATOR REFERENCE 10w,
162 AT HOCRS s P I e A - o e o e
Psuppy | | pADAR @SR EXCHTATION G (RPQRRFREENGL o0 T T (- [ - | - | -
| HAND CONTROLLER o« LOWe
| WHCELS ™y
G IR A A B T
v 5% A 100w
P SUPPLY [_PAPA FIXE0 HEAT $DW¢
2 tWe
GYRO WILS 15y
: Jngel 80 CPS as
v 2 N 48 100w
JLéwe
2.6W PIPA & CYRO PREAMPLIFIERS R 26w,
L3N §0 AN LSw,,
A \J9% ADI EYEPIECE MIATIR 515,00
& 0w HEATTR ON
i : roats | 20VAC DSXY "fL' MUNERICS LAMPS
SUPPLY
RETICE . I
__LISYAC S0CP3 )  ojmnge MMMM%IW
AS SLMBLY .
CALC 070 LISV
CONTROLLED T L
1 AC POWR ISVAC 400CPS | o acurn  [LBVAC NOW DSXY KEYBOAPD L~ LAMPS oy
SOURCE "
CONTROL R ¢ iy
ao
nge  |3YOCMAX AN 108 DSKY STATUS! CAUTIONLAMDS
cowrg | 40 CPS 3
TOTALS GEnD. ' NOTCS:
AL RCSTENS SRCH B M UGN earcoam powee 119 TO SIGNAL CONDITIONING ASSEMBLY IOPER FLIGHTS)
4197 WATT HOURS TOTAL MISSION LEM BUS € TSTIMATED POWSE @ 22.0%~0G ENVIGONMENT, 13,0 W=1G ENVI RONW( NI
' & MIASURID POWER 01 TO STABILZATION AND CONTROL
) & g:&m&mm POWER)
. }
¢ TEVOC PROMASY UM JuS ” 16 PEQUIRES NO THERMAL LOAD ON SPACECRAFT COOLANT
: (I TO CAEC HAND CONTROLLER'S AND THROTTLE
\ — s 28 VOC PRIMARY CM 8US @) ASSUME 3200 CPS ELECTRONICS POWERED BY LGC

CONSUMED ONLY OURENG 1MU OPERATE AND AT AL
BRIGHTNS §
100 MiT ASSUMES 100 PERCEND EFFICIENCY FOR AL GAEC
POWER SUPRLIES .
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SECTION 5

GUIDANCE AND NAVIGATION SYSTEMS STATUS

= 4

The status of delivered G&N Systems ax:e shown in tabular form., Table I
shows the status of G&N Systems progressing from installation to final test at KSC,

Table II shows the configuration for major umts comprismg the G&N Systems |
assigned to LTA-8 and subsequent LM Veh1cles at GAEC,

ey ST

Table III shows the conﬁguratmn for maJOI’ units comprising the G&N Systems
assigned to CSM-20 and subsequent Cornrnand Modules at NAA. |

:w-:p:g-ﬁ?uu - :-m [ L

— — o "y
ol o

b o e e

| Table vV shows the conﬁguratmn for major umts cornpr1smg the G&N Systems |
at KSC |
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TABLE 1
LOCATION
GAEC NAA KSC
-~ e
>
E.;
OPERATIONS N e |
o o o o o -

O N (o)) — i — 4

202 | EulEalElEalEe | Ea |2

E"‘N ECO Efﬂ o oy wmmmm UJN EO

3|38 (a8 QOO0 KGS | v |Ae

- b gih

INSTALLATION X X (X)) (X) X X X
SUBSYSTEM " o _' (X)' <
CHECKOUT S/C - x =,
INTEGRATED - - "
TEST S/C R
COMPLETE
TESTING AT KSC | |

v ——" S

/X) Indicates System previously installed and tested but removed
from the Spacecraft at this reporting.
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TABLE II

LM G&N SYSTEM CONFIGURATION

S/C | LTA-8
COMPONENT - | System 602
NOMENCLATURE " Part No. S/N
LGC | 2003100-041 14
DSKY B 2003985-051 13
IMU _. 2018699-021 2
'ECDU - 2007222-041 5
AOT | . 6011000-012 - 8

DATE: August 1967

NOTE: Listing will be revised if major units are changed.

Explanatory notes will describe reason for changes.

The following changes affect the prévious listing:

1,

G&N System 608. ’

“

LTA-8, G&N System 602

Replaced ECDU 2010744-021, S/N 9, with 2007222-041, S/N 5,
ECDU would not go to commanded middle gimbal angle.

LM-1, G&N System 603

. Vehicle shipped to KSC.

LM-2, G&N System 608 .
G&N System 605 removed from vehicle, will be replaced by

29 -
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CSM G&N SYSTEM CONFIGURATION AT NAA

TABLE III

S/C CSM-20 - CSM-98 CSM-101 CSM-102
COMPONENT System 123 System 202 System 204 System 205
NOMEN - _

CLATURE Part No. S/N | Part No. S/N|Part No. S/N|Part No. S/N
AGC 1003700-071 7 2003200-041| 19
DSKY (Main) | 1003563-051 9 2003994-011 35
DSKY (Nav.) | 1003706-051 | 7 2003994-011f 49
IMU 1001500-111 8 2018601-081f 14
CDU 1021304-031 - 2007222-091 16
OPTICS 2011000-023 9 2001100-034 16

NOTE: Listing will be revised if maJor units are changed Explanatory notes will
describe reason for change.

The following changes affect the previous listing:

1. . Blank spaces in Table above indicate Systems removed from Spacecraft.
Upon reinstallation, configuration will be updated.

30
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TABLE IV

G&N SYSTEM CONFIGURATION AT KSC

s/c - - 17 e - LM-1
COMPONENT NOMENCLATURE | . .  System 122 ~ System 603

| ) Part No. - S/N| Part No, S/N
AGC | 1003700-051 14 | 2003993-011 30
DSKY (Main) . | | 1003563-051 . 21 2003994-011 37
DSKY (Navigation) 1003706-051 | 10| ====n-=nn-- N
IMU 1001500-111 2| 2018601-111 6
CDU 1021304-031 4| 2007222-131 - | 25
OPTICS 2011000-024° | - 7| 6011000-021 . 9

O

DATE: August 1967

d

NOTES: Listing will be revised if major units are changed, Explanatory notes .

will describe reason for change.

The following changes affect the previous listing: '

1. CM-17, G&N System 122

A,

B.

Replaced capacitors in PIP Preamps; Part Number 1010317-001,
IMU 1001500-091, S/N 11 becomes 1001500-111, S/N 13,

Replaced IMU 1001500-111, S/N 13 with IMU 1001500-111, S/N 4,
Replacement caused by erratic Z Gyro. |

2

2. LM-1, G&N System 603 W LS

A,

Replaced Computer 2003200-021, S/N 22 with 2003993-011, S/N 30.

Computer replacement caused by RESTART's traced to Clear Rope
Driver, gu O

'Replaced DSKY 2003994-011, S/N 38 with 2003994-011, S/N 37.

%SKY replaced to meet CARR commitment of additional Vibration
ests. S

Replaced IMU 2018601-051, S/N 18 with 2018601-111, S/N 6, IMU
problem was with ¥ Gyro NBD term. - .

31

L s ikl e,



= owT

Ty TR it T, S peET T YT

S ECTION 6
G&N SYSTEM TEST

A. System Test Laboratory | -

1. G&N 5

 System has been operating in the Space Navigator Fe.eility for approximately

16. 7 hours during June and July.

2. G&N 104

a. Program Tests »
(1) Ran 501 S1mﬂ1ght to evaluate program for updating R&V. vectors

(2)

(3)

Ran tests to evaluate erasable programs for measurement of IRIG ADOA
terms. .

Retested the 501 compensation prograrn during pre-launch and free-fall.
Verified correct polarity and scaling for various compensation terms.

b. Hardware Tests

(1)

(2)
(3)

Conducted a special low level torquing test on a ternery current switch
trying to induce it to fail by (1) increasing module temperature to

70 degrees C., and (2) unbalancing switching transients. Were un-
successful in trying to duplicate condition reported at KSC on IMU 11

Ran monthly IMU performance tests.

Evaluated prototype regulated Pulse Torque Power Supply. Observed .
excessive cross- couphng between loops. ,

¢. Failures

The IG CDU S/N 10 failed in system, Cause was traced to excessive wear
~ in the motor gear train. The unit was repaired and re-installed in the system.

3. G&N 200

a. Program Tests

(1)
(2)

(3)

Continued checkout of J DC'S against revisions of SUNDISK

Found problem with V55. (Data loaded into DSKY was not causing the
clock to be incremented), Corrected and incorporated into revision
#188 of Sundisk, |

Found problem with OCDU fail. (Tracker light was being turned on for
failure but not extinguished when failure was removed). Program was

corrected and incorporated in revision #188 of Sundisk.
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- (4) Found problem with P52, (Major mode check interpreted as being
o in P54). Program was corrected and incorporated in revision #188
of Sundisk.

(5) Verified operation of P01, P02, P03 and P05 in revision #188 of
Sundisk.

(6) Started checkout of P20 in revison #188 of Sundisk.

(7) Attempted to use P06 to switch CMC to Standby. Found that after pro-
gram turned on standby enable bit,it did a TC to SLAP1 which turned
the bit back off. So Standby button was inoperative.,

(8) There exists a problem with the optics drive program in that the optics
can be driven into both the shaft and trunnion stops without generating
an alarm. This is an undesireable condition.

(9) The major portion of July was spent in verifying SUNDISK #209 programs
required for mission 205-CSM. This program verification was com- ;
pleted and a formal and comprehensive report will be generated.

(10) Verified problem with Gyro Compass program in Sundial E, In this

version of the program, Gyro compassing is not continued during optical
- verification, therefore, if a long time is spent in the optical verification

routine, a step input of platform level error at the end of the optical
verification causes the gyrocompass to drive the azimuth off. This pro-
blem occurs because only earth rate compensation is applied to the
gyros during optical verification., This problem does not exist in
SUN DISK. ‘ - :

b. Failures

(1) System sustained a failure in the CDU., The inner gimbal loop wduld go
into oscillations and generate g CDU failure, The inner loop modules
were removed from the CDU for investigation. '

o | (2) The optics Resolved mode isinoperative. It is believed that a relay
| failure has occurred, but the problem has not yet been duly investigated.

4. G&N 600 -
a. Program Tests -

(1)  Exercised 206 Simflight to confirm erasable load, proof listing and
observed several operational features. _ - -

(2) Processed 4 AC K-START tapes, !
b. Special Tests ' ; |

(1) Determined the acduracy of measuring a 3 minute error in the PGNCS
to be within 5.8% (STG Memo No, 1024), | |

(2) Continued Landing Radar data processing from the new series of White
Sands flights, '

(3) Investigated the CDU coarse align error problem encountered at GAEC,
The problem could only be generated during the first coarse aligning of
the gimbals after turn on and appears to be associated with the 90° sine
switches. This was proven by maintaining charges across capacitors.
To prove the converse of the CDU coarse align problem the capacitors on
the suspect switches were drained by adding 100k resistors to ground,
Repeated runs showed continued malfunctions, |

c. Hardware Tests

(1) Conducted EMI investigations of action items from June EMI Data Review
Meeting, Results of testing showed

(a) setting of gyro torque enable to relay eliminates EMI interference
- levels noted in testing, « . .

o ~+(b) %50 transients on the +28V lines show no noise effect on the +120V pulse
| : torque power supply lines (gyro torque relay set) or on PIPA
. performance tests, . . -
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(c) conducted interference tests on the DC DAC signal (Forward
Velocity) showed noise less than 1 db from 14 ke to 25 mc when
measured at GAEC interface. Confirmed noise levels of 25 db

when measured at the PSA-TPA, thus proving the noise source
to be in the GSE,

(d) CDU susceptability was proven to be above 100V open circuit

transients between OV and ground. 50 volt transients were measured

between CDU 0V and case.

(2) Made several runs in fine align, pulse torquing across 45 degrees on
each gimbal. Recorded transients in the coarse and fine errors as well

as erroneous counts of + ABg pulses. The transients were present after |

turn-on and disappeared with repeated use of the IMU.

d. Failures

(1) A blower in the IMU was replaced for bad bearings at 2, 325 hours.

(2) Replaced the OG Quadrant Select Module in CDU. It was shown to have
faulty operation during EMI testing. -

Test Programming

205 C/M SUNDISK | _
a. IMU Performance Tests were further digitally verified by comparing a trace
of AGC computations with a trace of the MAC Development Program with the same

inputs. The Development Program is used to test the response of the statistical .
filter to various inputs. ‘ |

b. Test decks being prepared for final digital verification of all system tests in
205, B | ‘ ‘

€. Automatic optics positioningwas included during [}:relaunch gyrocompass
verification. = ' |

d. Variable launch azimuth (by Astronaut) capability added to prelaunch gyro-
compass, T

e. Crew checklists for P01, P02, P03 updated to reflect Block II and changes
~ above, o CE :

504 C/M COLOSSUS S | | |

a. IMU Performance Tests programming and procedures were completed.

Digital simulations were successful.

b. Automatic optics ﬁositioning was included during prelaunch gyrocompass
verification. L |

Ce .Variable launch azimuth (by Astronaut) capability added to prelaunch
gyrocompass. | | | |

d. Crew checklists for P01, PO2, P03 updated to reflect Block II and changes
“above, g ‘ . F e o

€. A total of 1170 words is required for the Performance Tests and gyro compass.
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o 3. 504 L/M SUNDANCE |
a. IMU Performance Tests programming and procedures were completed,

Digital simulations were successful. Approximately 680 LGC words are used,

b. Lunar surface system tests programming completed. Digital verifizaiion
was successful. Crew checklists and Guidance System Operation Plan (GSOP)
were written for this program. Approximately 182 LGC words are required.

C. Field Operations

1. GAEC |
a. LTA-8 (Thermo-Vacuum) G&N 602

(1) Completed CARR on 29 June 1967.

(2) Due to removal of panels, and other fire-proofing modifications, GAEC
will be re-running the FEAT again on thls vehicle. FEAT re-run
schedule for 10 August 1967.

b. LM-2 (Mission AS 208) G&N 608
Vehicle shut down for modification cycle., Completed laboratory checkout

lof G&N System.

2. KSC ; _
a, CM-17 (Mission AS 501) G&N 122
Completed OCP K-0005, Pre-electrical Mate, currently running OCP K- 0006

Overall Test (Plugs In). | , .

Review of OCP'S K~-0028, K-0033 and K- 0043A has been completed
b. LM-1 (Mission AS 208) G&N 603

Computer locked up with restarts. Problem appeared to be in clear rope
driver circuit, modules B-5 and B-6. Raytheon is currently verifying this
diagnosis. Computer S/N 22 (C-2) replaced Wlth S/N 30 (C-11) Started OCP K- 0011

Combined System Test,

3. MsC ;
a., LM-CM optics reflected flight simulator is being constructed by MSC. The

AOT is suspected of being unacceptable at this time for lunar observations or
navigations sightings. - Assisting MSC in investigation to cletermme what sextant

restrictions will occur.

b. Running 206 Simflight Program in NASA Laboratory. Started Simflight
simulation of 501, but discontinued because PAC is being moved,

4, NAA |
a. CM-20 (Mission AS 502) G&N 123

Completed Individual System Test, OCP 6504,

#
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b. CM-98 (2 TV-1 Thermo Vacuum) G&N 202

System awaiting installation.

c. CM-101 (Mission AS 207) G&N 204

G&N System shipped to ACED for modification.

d. CM-102 (Mission AS 503) G&N 205 |

Completed OCP 6504, Individual Systems Test. Retest required to investigate
1/2 degree shift in azimuth during gyrocompassing.

102 is to be recycled to manufacturing for modification and redesignated
S/C 105.

Completed OCP 126, Combined System Test.

e, CM-103 (Mission AS 504) G&N 206

All G&N equipment has been removed from the Spacecraft.
f. CM-104 (Mission AS 505) G&N 207

All G&N equipment has been removed from the Spacecraft.

System Engineering

Analysis and Tests

a. Tests of various programs in the Mission 205 SUNDISK ropes were developed

and maﬁy were performed in the Systems Test Lab., The results are tabulated

below: |
- No. of Tested & Informal Program shown to

Program Type Test Report Available be good
IMU Operational S 5 5
Optics Operational 8 8 |
System Operations -9 9 7

Extended Verbs |
Systems Test Programs 9 9 8
IMU Compensation 4 1 1
RCS & TVC Polarity 2% 0 0
Alarm Test | 2% 0 0
0 0

Back up IMU o 2%
Align and realign -

. *These tests are being developed, and if successful will be used

in the formal sell-off,

b. The current work on the hybrid aimulation has been completed with the
publication of Hybrid Memo No. 24 describing the simulation of the AOT. The

binary deck has been turned over to the hybrid simulation group.
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c. The data sheets which define expected flight parameters for quick com-
parison with actual flight data for AS 501 are being reproduced for preliminary

distribution for comment.
d. Work has begun to define radar tests based on the experience with

optics test., A review of GRUMMAN and other radar tests has begun as
an aid in determining what additional tests can profitably be performed by this

group.
e. A TVC polarity test for use in‘ the laboratory is also being developed.
f. Work on the alarms has continued, and a survey of what alarms are tested

in which test phase was initiated so that the exact requirements for test in the
STG Laboratory can be determined., A memo (STG 1018) describing the proper

operation of the tracker light was published,

| g. Inputs to the overall verification plaﬁ were provided for the following

programs: -

P20

- P22
P31
P52

- IMU Operations (mcludmg extended verbs)
System Tests
RCS Polarity
Spacecraft Integrated Test

Spacecraft Operatlons Support o
a. K-Start tape for the gyro-scale factor test is being manufactured. This

- tape is compatible with Sundial and will be updated for 504.

b. A program change to turn off displays of uplink words bjr the DSKY during
K-Start tape loading was verified. The purpose of this change is to save opera-
tions of the DSKY relays. Any verb 36 Enter will terminate the updatmg of
displays until a DSKY key is pressed which then causes displays to be updated

c. An E-Memory Program to torque the Block I IRIG's with an arbitrarily
specifiable number of pulses per burst and time between bursts was developed,

- d. " Plans for checkout of the LM radar were reviewed with GAEC and a

memo (STG #1033) issued answering several questions. More work defining |

radar tests and required programs is in progress,
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KSC Checkout Support -
a. SUNDISK program assembly checkout and verification.

b. Defined new Earth Rate compensation terms for MIT/KSC (R. O'Donnell)
to be used with K-Start tape FO4C017-K00014, (G&N SCS Interface Test) during
FRT on launch pad 39A. |

(F04C017-K00014 was originally designed for VAB testmg, Azimuth = 3480;
LC 39A Azimuth = 270°,)

c. Investigating pbssible interface signal interference problem during
Block II CSM parallel testing of SCS and G&N systems at KSC.

d. SPS thrusting polarity test verification (P30 & P40).
€. Block II CSM Process Specification (for KSC) verification using SUNDISK

- program assembly,

Spe cial Test Equipment

Work on G&N Inertial Subsystem Test Station proceeding.
16 PM PIPA Test Console work is continuing.
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SECTION 7

'G&N COMPUTER STATUS

Analysis Facility

Design Analysis

a. AGC C200 was received from the manufacture unchecked. Voltage, fre-
quency, temperature margins were checked, These checks showed that the
temperature sensitivity had been cured, The four (4) volt margin has also
improved, but this may be due to a different A2 (timing) module.,

b.. A four volt noise test was run (injection of square waves onto the 4 volt
power supply lines) by AC Electronics. Failure points were almost identical
to the DC failure levels.

c. An erasable memory preservative test was run to determine if the erasable
memory is altered during power turn on/turn off. The program used "'sum
checks' approximately 5/8ths of the memory, then starts option 4 of AGC Self
Check (erascheck), after completing one iteration of erascheck another program
is started which accesses every eraéable memory location. It is during this
time that power is interrupted. Channel 77 is interrogated prior to power.
interruption to see if a parity failure has occurred. Approximately 10, 000 cycles
were preformed with no failures occurring,

Miscellaneous AGC Related Activities
a. Channel 77 Alarm Box IR

The breadboard Channel 77 Alarm box was checked out with C200 for
voltage and timing margins. Results looked good.

b. Fabrication of New Monitors . | |

The logic plates are at the vendors for wirewrapping. The first set of
memories has been received and checked out, All other fabrication is complete
for the first system. |
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c. Routine Maintenance
Routine maintenance and updating of AGC's and support equipment in use in
the STG Laboratory and Hybrid Simulation Facility was performed. All AGC's

now have a pseudo STANDBY capability, which software wise is identical to

flight computers,

Components
a. ' Waivers .

Waivers have been reviewed by MIT/IL; in particular, the waivers for
particles in the 1006321 nor gate flat pack and the particles and contact
resistance for 2005001 and 2005003 relay. In the cases of the 1006321 nor gate,
a team from MIT viewed about 2000 x-ray photographs before rejecting the
waiver and returning it with instruction that further x-ray screening for the lot
was required. This was accomplished and the waiver was resubmitted and
signed. Many meetings were held to review the conflicting data obtained from
the Apollo DSKY relays. Vibration which was initially introduced to detect parti-
cle failures in the relays seem to be an even greater aggrivant to a contact
resistance problem. Particles, after the vibrationscreen, are found not to be
a problem even though the screen is not perfect, The next problem was contact
resistance. This was solved by writing a specification which stated that when- .
ever any relays of a lot exhibited opens, the lot was resubmitted to an additional
vibration cycle. For some lots this was repeated as many as 16 times to get
26 supposedly good relays; The question still remains as to what the failure
mechanism is and what the repeated vibration is actually doing to the relays.
Even though the high voltage of the Electroluminescent panel and the high
currents of the Alarm panel would not be affected by the contact resistance
problem, contact resistance is still a very real problem in many critical
applications such as the SIVB injection and the SIVB cutoff. MIT's position
is that the best way to solve the relay problem is to get rid of the relays. The
waivers that have been signed indicate that everything possible has been done

~to test the relays; not that the relays are reliable,

b. Flight Précessing Speéifications (FPS)

(1) A new FPS has been written by Raytheon and submitted to MIT for
review, The FPS incorporates all the tests that Raytheon has been
. doing by the waiver route, It can not be considered adequate to
guarantee the reliability required by the Apollo Program.

(2) A new nor gate FPS revision, incorporating 100% x-ray testing,
has been written by MIT and submitted to Raytheon. This new FPS
also tightens the visual requirements for particles., This is in com-
pliance with a request from NASA/MSC to rewrite the FPS,
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c. Erasable Memory ,

- Failures have occurred in the erasable memory modules of computers in the
field. In all cases the modules which failed were in computers which received
extensive vibration during sell off, If during sell off the computer fails due to
an intermittent contact in some module, the computer vibration is continued till
the faulty module is found and replaced. | | |

Testing was conducted to see if vibration could cause the erasable memory

module to fail. By the end of a week of vibration, six (6) failures (wire breakage)
were detected in one module, |

d. Pin-light Numeric Display -
. The single digit Pin-light Numeric Displays have been subjected to vibration

and shock testing at MIT/IL.

e. Transistors 1006323 |

A life test using four differentconstructionsofthe 1006323 transistors is
being conducted at MIT/IL. This test is similar to the test runs at NASA/MSC
and Raytheon/Sudbury. The test results do not agree. This can partially be
due to the fact that the tests were all conducted slightly different. MIT has to
date, after 6 X 10'3 cycles at 300 milliamps, detected no failures, while NASA
and Raytheon have both experienced extensive failures.

In order to further understand the failure mechanism, the transistors are
being examined by a thermal plotter, |
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g ' GUIDANCE COMPUTER PROGRAMMING
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Apollo Guidance Computer Programming Sumrna-ry
for the Month of June and July

Mission AS-501 (Solarium)

Continued analysis of the released and manufactured program for Mission AS-501
has been performed. From this analy.é.is ground procedure have been revised and pro-
gram limitations defined. Generation of erasable load coefficients and verification of
the erasable load have continued.

Mission AS-206 (Sunburst)

Continued analysis and testing of the released and manufactured program for
Mission AS-206 has been performed. From this analysis and testmg ground pro-
cedures have been revised and program limitations defined.

Mission AS-205 (Sundisk)

During the reporting period the computer'prograrn for Mission AS5-205 con-
tinued to be tested to the Level III and IV portion of the Verification Plan. It is
anticipated that the AS-205 program will be ready for ""A'" Release in late Sept&mber

Program Conﬁguratmn Control is scheduled for late August.

M1ssion AS-504 (Colossus/Sundance)

During the reporting permd the Guidance System Operatlons Plan (GSOP) for
Mission 504 was under preparation with preliminary copies of Section 5 ""Guidance
Equations" delivered in June and preliminary copies of Section 4 "Operations Mode"

_ delivered in late July. a GSOP review meeting with NASA/MSC is scheduled for
mid-August., Following the review a joint MIT/NASA meeting is scheduled to define -

the program content considering Computer Storage, Schedule and Mission Require-
ments. | '
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COLOSSUS CMC PROGRAM (AS-504)

FIXED MEMORY ALLOCATION CHART (ESTIMATED)

I. Utility and Service Programs
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Interpreter, Single Precision Subroutines, 2227
Fixed-Fixed Constant Pool |
Executive 328
Waitlist, Longcall 240
Interrupt Lead Ins 92
Interbank Communication 88
T4RUPT 800
SXT Angle Monitor 75
Keyrupt-Uprupt 70
Downlink Program and 5 Lists 600
Fresh Start and Restart 420
Alarmaad Abort 63
- Delayjob 30
Restart Routine and Tables 400
- Phase Table Maintenance , 183
Pinball Program and Noun Tables 3000
Displays, Priolarm - 700
Program Select (V37, P00, R00) 300
Self Check 990
Extended Verbs 550
RTBOPCodes 200
SXTMARK 350
IMU Mode Switching 580
IMU Compensation 250
LGC Startup (P05) 57
" LGC Power Down (P06) 63
IMU Status Check 30
‘Systems Test (P07) 410
Interpretive Constants 29
Flagup, Flagdown 31
DAP Data Load (R03) 29
End Bank Markers 3 36
TOTAL UTILITY AND SERVICE PROGRAMS 13181




]

g regS iya -

-

II. Autopilot and Maneuver Programs Digital Autopilot

o . Entry DAP - - 850
o CSM DAP o - . 3500
Inertia Calc | - 100
'KALCMANU - - T . T

Attitude Maneuver (R60) - o a 60

Crew Defined Maneuver (R62) | . ' 16

Vecpoint | | 130
'Rendezvous Final Attitude (R63) - | | 30

Middle Gimbal Display o | 75

CM Body Attitude | | | | 200

TOTAL AUTOPILOT AND MANEUVER PROGRAMS - - 5671

- III. Basic Math Routines - | |
Inflight Alignment Routines o 2817

2
F’ Powered Flight Subroutines ﬁ ; | 156
] CSM Geometry . . L e . 210
] Time of Free Fall . - I 300
! Conic Subroutines - 1000
E Orbital Integration - | ) & - 1400
] | PERIAPO - . | | - 100
‘f o | Lattitude, Longitude, Altitude | 170
Ef; | | Initial Velocity - . 175
.  Lunar and Solar Ephemeris S 75
| Planetary Inertial Orientation | ) 280

TOTAL BASIC MATH ROUTINES . B 4153

IV. Targeting Routines | . . S
Predicted Landing Time - ; , 230

- Transfer Phase Initiation ’ | 300
Return to Earth I | 1200
TOTAL TARGETING ROUTINES - | 1730

w—pt_: -r

V. Navigation Routines

Measurement Incorporation y | S 350

Preferred Tracking Attitude (R61) . 310

: Rendezvous Parameters e Ty o 100
4 Lunar Orbit Navigation - C 750
Lunar Landmark Selection (R35) . | | . 340

Rendezvous Tracking Sighting Mark and Backup (R21, R23) - 420

| - . Rendezvous Tracking Data Processing and Backup (R22, R24) - 330

o . . TOTAL NAVIGATION ROUTINES . 2600
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VI. Powered Guidance Routines
o Servicer
, Desired Thrust Direction (S40.1, S40.2, 3)
‘ Cross Product Steering (S40, 8) |
| VG Calculation (S40. 9)
Time of Burn Calculation (S40. 13)
Initial VG (S41.1) |
Entry Guidance |
TOTAL POWERED GUIDANCE ROUTINES

¥ _ VII. Alignment Routines
) - Coarse Align (R50)
A - Fine Align (R51)
9 - Auto Optics (R52)
Sighting Mark (R53)
Star Data Test (R54)
" Gyro Torquing (R55)
Pick-A-Pair
Star Catalog
Alternate LOS Sighting Mark (R56)
Optics Calibration (R57)
o ‘ TOTAL ALIGNMENT ROUTINES

VII. Miscellaneous Programs and Routines
P27 - Update Program
P30 - External Delta V Prethrust
P31 -~ General Lambert Maneuver
R05 - S Band Antenna Display
R30 -~ Orbit Parameter Display
R31-R34 Rendezvous Parameter Display Routine 1 & 2
R32 - Target Delta V
R33 - CMC/LGC Clock Synchronization
TOTAL MISCELLANEOUS PROGRAMS AND ROUTINES

_‘;.-;—‘;g,.s—*;?m--w;—._v}--.;fgww- ﬂ,f?d%‘%}#;gﬁ:_f;?.ﬁt.ﬂﬁhw' R Wupﬂ- e B i Rt
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IX. Mission Control Programs ‘ |
P01 Prelaunch or Service Initialization

P02 Prelaunch or Service Gyrocompassing
P03 Optical Verification of Gyrocompassing
P11 Earth Orbit Insertion Monitor

' P15 Translunar Injection

50

200
350
140
100
80
20
1200
2390

75
90
155
20
65
- 40
125
223
o4
o0
0217

320

250
120

89
115

100

100
24
1114

25
650
130
380
250

mbar-
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P17

P20

P21

P22

P23

P25

P32

P33
P34, P74
P35, P75
P37
P38, P78
P39, P79
P40 |
P41

P47
P51, P53

P52, P54

P61
P62
P63
P64
P65

P66

P67
P70
P

TPI Search

Rendezvous Navigation

Ground Track Determination
Orbital Navigation .
Cislunar Midcourse Navigation
Predicted Lunar Landing Time
Lunar Orbit Insertion

Lunar Orbit Plane Change

TPI Prethrust |

TPM Prethrust

Return to Earth

SOR Prethrust

SOM Prethrust

SPS Thrusting

RCS Thrusting

Thrust Monitor

IMU Orientation Determination & Backup

IMU Realign and Backup _
Maneuver to CM/SM Sep Attitude

CM/SM Sep and Pre-Entry Maneuver

Entry Initialization

Post 0.05G
Upc-ontrol . ;
Ballistic ,

Final Phase

Safe Perilune

LM TPI Search

TOTAL MISSION CONTROL PROGRAMS

GRAND TOTAL

REMAINING FIXED MEMORY
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150
150

50

75

80
100
200
370
450
100
250
100

100

560
150
100
265
260
320
90
25
20
20
20
40
150
25
5655

37421

-557
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SUNDANCE LGC PROGRAM (AS-504)

FIXED MEMORY ALLOCATION CHART (ESTIMATED)

I. Utility and Service Programs

Interpreter, Single Precision Subroutines, 2227
Fixed-Fixed Constant Pool |
Executive “ 7 - | 328
Waitlist, Longcall | L 240
Interrupt Lead Ins = - | | 52
Interbank Communication : | 88
' T4rupt (R10,R25) - o 850
Keyrupt-Uprupt - | . 70
Downlink Program and 5 Lists 600
Fresh Start and Restart | o | 420
| ~Alarm and Abort S - | 63
O  Delayjob T . | 30
Restart Routine and Tables - 350
Phase Table Maintenance =~ 183
Pinball Program and Noun Tables o ‘ 3000
Displays, Priolarm | | o . 700
 Program Select Check (V37, P00, R00) = _ 300
Self Check - | | | ag0
Extended Verbs o | 600
RTB OP Cbdes : : S | 200
Radar Rﬁpts | | J | s ' 230 E
AOTMARK (R53, R59) ‘ | . f 381
Backup Marking I . '- o : 50
IMU Mode Switching e S 580
IMU Compensation | DR B 270
LGC Startup (P05) o I | 57
LGC Power Down (P06) | f | | 63
* IMU Status Check . - i 30
Lunar Surface Checkout | g © | 870
Interpretive Constants | o . . 29
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Flagup, Flagdown

- DAP Data Load (R03)
Radar Subroutines
End Bank Markers

TOTAL UTILITY AND SERVICE PROGRAMS

II. Autopilot and Maneuver Programs
Digital Autopilot

KALCMANU | -

Attitude Maneuver (R60)

Crew Defined Maneuver (R62)
~ Vecpoint - |

Rendezvous Final Attitude (R63)

Middle Gimbal Display

TOTAL AUTOPILOT AND MANEUVER PROGRAMS

III. Basic Math Routines -‘
Inflight Alignment Routines
Powered Flight Subroutines
LM Geometry |
Time of Free Fall
Conic Subroutines
Orbital Integration
PERIAPO
Latitude, Longitude, Altitude
Initial Velocity
Lunar and Solar Ephemeris
Planetary Inertial Orientation -

. TOTAL BASIC MATH ROUTINES

IV, Targeting Routines

Predicted Landing Time
Predicted Launch Time
Coelliptic Sequence Initiation
Constant Delta Altitude
Transfer Phase Initiation

Descent Orbit Injection (S61.1, S61.2)
- TOTAL TARGETING ROUTINES *

- 31
160
710
36

14788

3700
680

60
18

130

82
75
4745

250
156
96

300

1000
1400
100
170
175

75

280

4002

250
650
440
300

320

115
2075
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o V. Navigation Routines
Measurement Incorporation

Preferred Tracking Attitude (R61)

Rendezvous Navigation (LSR22. 3, RADARANG)
Lunar Surface Navigation (LSR22, 4) L
RR Search, Designate and Read

(R21, R22, R23, R24, R29, LPS20.1, LPS20,2

LRS22.1, LLRS22,.2, LRS24,1, CALCXY)
Rendezvous Parameters _
TOTAL NAVIGATION ROUTINES .

VI. Powered Guidance Routines -
Servicer (R12) .
‘ | | Desired Thrust Direction (540, 1, S40.2, 3)
; Cross Product Steering (S40. 8)
VG Calculation (S40. 9) |
Time of Burn Calculation (S40.13)
| | Descent Guidance (R11, R13)
; | : © . Ascent Guidance |
. TRIMGIMB (S41.1, S40.6) - |
\ o | .~ TOTAL POWERED GUIDANCE ROUTINES

: | | VII. Alignment Routines

| ~ Coarse Align (R50) -
Fine Align (R51) °
Auto Optics (R52)
Star Data Test (R54)
Gyro Torquing (R55)
Pick-A-Pair (R56)

© Star Catalog |
TOTAL ALIGNMENT ROUTINES

o4

350

50
450
100
650

100
1700

850
230
75
100
105
923
700
65
3048

75
80
55
o6
40
142
223
671
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VIII. Miscellaneous Programs and Routines

P02 - AGS Initialization . 100
P27 - Update Program S 320
P30 - External Delta V Prethrust _ | 150
P31 - General Lambert Maneuver 120
R04 - RR/LR Self Test L 102
RO5 - S Band Antenna Display | 105
R30 - Orbit Parameter Display - 120
R31 - Rendezvous Parameter Display 90
R32 - Target Delta V | 100
R33 - CMC/LGC Clock Synchronization 24

TOTAL MISCELLANEOUS PROGRAMS AND ROUTINES 1231

IX. Mission Control Programs

P10-P11 Predicted Launch Time | L 200
P12 Ascent Guidance | 200
P17 TPI Search w9 150
P20 Rendezvous Navigation | | | - 200
P21 Ground Track Determination 50
P22 Lunar Surface Navigation . | o 20
P25 - Preferred Tracking Attitude 70
P32-P72 CSI Prethrust - 70
P33-P73 CDH Prethrust : 100
P34-P74 TPI Prethrust " . 460
P35-P75 TPM Prethrust o | 95
P38-P78 SOR Prethrust 100
P39-P79 SOM Prethrust ; § . 100
P40  DPS Thrust ' 900
P41 RCS Thrust i 150
P42 APS Thrust | 30
. P46 Separation Monitor | | | 100
P47 Thrust Monitor P . 70
P50 Docked IMU Align S 100
* P51-P53 IMU Orientation Determination and Backup 210
P52-P54 IMU Realign and Backup | | 164
P57 Lunar Surface Align - o 400
P60 Predicted Lunar Landing Time 100
P61 DOI Maneuver | , 300 |

55
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P63
P64
P65
P66
P67
P70

S o 8
TOTAL MISSION CONTROL PROGRAMS |

L.anding Braking
Landing Approach
Landing (AUTO)
Landing (ROD) .
Landing (Manual)
DPS Abort

APS Abort

GRAND TOTAL

REMAINING FIXED MEMORY

o6

150
150
100
100
100
100
100

5139

37399

-9395
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I.

SUNDISK CMC PROGRAM (AS-205)

FIXED MEMORY ALLOCATION CHART (ACTUAL)

Control Programs

A,

- Flagup, Flagdown
" Other |

DSKY

Pinball

Extended Verbs

Keyi‘upt and Uprupt

Display and Priolarm .
Down Telemetry List & Program

Program Select Check (V37, P00, RO00)

Interpreter and Executivé
Interpreter |
Waitlist

Delayjob

Executive |

Restart Tables & Routines
Fresh Start and Restart
Phase Change and New Phage
T4 Rupt '

Alarm and Abort

Self Check

Interrupt Lead In

" RTB OP Codes

End Bank Marks
Interbank Communication

Digital Auto-Pilot
Saturn and CM Tests
Transformations
Gyro Torquing (R-55)

TOTAL - DSKY and Interpreter an‘d Executive

and Other

o7

2876
. 470
70
695
628
271

2256
240
30
328
386
394
183
782
63
990
52
158
36
88
31

- 3210

- 542
651
35

15465



O

II. CMC Routines

A,

Conic Subroutines = - T 850
Orbital Integration I T 1085
Latitude, Longitude & Altitude . - 216
LOCSAM T E o 127
Initial Velocity o 189
Maneuver Specification (R60, R62) 200
Maneuver Calculation ' - . 923
Attitude Drive < a0 o . 149
- Mid Gimbal Display | | 33
Targetting o S |
TPI - R | - 275
PERIAPO. e | 34
Midcourse Maneuver (S35,1) | 55
Navigation-'-_ |
Rendezvous (R21,R22) . - - | 380
Lunar Orbit | o | o 77
Measurement Iﬁcorporation R . 408
~ Preferred Tracking Attitude (R61) © 280
~ Sight Mark (R-53) | . 49
SXT Mark | S 296
Entry = | - |
 Entry Calculations - 1354
~ Preentry Computations (S61.2) | 141
' Gimbal Angles for Separation (S61.3) = 34 E
~ IMU Entry Status (S61. 1) ' 88
" Trim Gimbal Angles (S62.3) = 23
DAP Entry L S 938
- Apogee, Perigee and TF.‘F- I - 272
~ Powered Guidance . |
' Cross Product Steering (S40.8) = " 135
Vg Calculation (S40.9) - =~ . - 96
Time of Burn Calculation (8§40, 13) . 86
Servicer , e 433
- Desgired Thrust Direction (5S40, 1) ‘ . 147
Wings Level (S40,2, 3) B 188

Basic Routines

NEWSC, | - 17
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F. IMU and Optics

IMU Compensation
IMU Status Check (R02)
Coarse Align Cal 53A
Fine Align (R51) |
Auto-Optics Positioning (R52)
Target Determination (SR52.1) .
Compute Gimbal Angles (Present)(S52, 2)
Compute Gimbal Angles (Desired)(S53.1)
Pick-A-Pair
Star Data Test (R54)
IMU Mode Switching

- Star Catalog
Alt LOS Sighting Mark (R56)

G. Boost , :
Boost Routine (Part of P11)
. Saturn Takeover

TOTAL - CMC Routines

I, CMC Programs

P-01-P03 Prelaunch Align Calib.
- P05 CMC Startup |
P-06 CMC Power Down
P-07 System Test
P-11 EOI Monitor
P-20 Rendezvous Navigation
P-21 Ground Track Det.
P-22 Lunar Orbit Navigation
- P-23 Cislunar Midcourse Navigation -
P-27 CMC Update S
P-30 External Delta V -
P-34 Transfer Phase Initiation (TPI)
P-35 Transfer Phase Midcourse (TPM)
P-40 SPS |
P-41 RCS
P-47 Thrust Monitor

P-51-P53IMU Orientation Determination and
Backup ; : .

P-52-P54 IMU Realign and Backup

09

246
26
75
90

151
97
44

131
60
573
260
. 54

47
12119

885
55
62

2492

372
85
35

- 68

71
. 311
235

. 263
75
788
134
73

155
106
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P-61 Maneuver to CM/SM Sep. Att. a4

Bl ante T Tl B

P-62 CM/SM SEP. and Preentry Maneuver 55

P-63 Entry Initialization
P-64 Post 0.05 G

P-67 Entry Final Phase
P-74 LM TPI Targeting
P-75 LM TPM Targeting
R-03 Load DAP Data

R-30 Orbital Parameter Display

R-31-R-34 Rendezvous Parameter Display

"No, 1 &2 "
R-32 Target Delta V

TOTAL
GRAND TOTAL

-Remaining Fixed Memory

60

18

31

27
114

102
94

6763
34347
2517
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SECTION 9

"E'" AND "R" NOTES PUBLISHED DURING THE REPORTING PERIOD

E-1944

E-2129

E-2141

E-2148

The Impact of the Flight Specification on Semiconductor Failure Rates,

- Jayne Partridge and L. David Hanley, Jr. ,» June 1967, (U),

Klboard and Display Program and Operatzon, Alan (. Green and
Robert J. Filene, June 1967, (U) |

| Apollo Guidance, Navigation and Control System Gyro Reliability,
- John E. Miller and Julius Feldman, June 1967, (U).

~ The Digital Simulation for the Verification of Progfam Sunburst

" (Unmanned LM, AS-206), W.S. Widnall, F.K. Glick, J. Henize and

L.W. Drane, July 1967, (C).
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D. Hoag
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L. B. Johnson
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NASA/RASPO

AC Electronics

Kollsman

Raytheon

Capt. Mark Jensen (AFSC/MIT)
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ACSP RASPO:
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AC Electronics Division of General Motors
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Mr. H. Peterson _
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