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FROM FS ·5/Head, Program Support Group 

SUBJECT Ap,illo .13 Postflight Report - .P.GC 

1. Apollo 13 .AGC ) ersonnel on console 37 were as follows: 

a) John R. Garman 
b) John W. Jurgensen 
c) Jame,3 A, Martin 
d) C, David Sykes 
e) Robei:1; Covelli (MIT) 
f) Tony Cook (MIT) 

anct continuous corn•ole support was supplied fr<'m T-10 hrs. until :-iplash
do1m. 

2. Included as enclosures to this report are the following: 

a) Encl. 
b ) Encl , 
c) Encl. 
d) Encl. 
e) Encl. 
f) Encl. 
g) Encl. 
h) Encl. 
i) Encl. 

1 - Apollo 13 EMOD's (1 page) 
2 - Apollo 13 uplinks (2 pages) 
3 - MCC-2 CMC Burn Data (1 page) 
4 - MCC-FR LGC Burn Data (1 page) 
5 - PC 2 LGC Burn Data (1 pa~e) 
6 - MCC7(.AGS) LGC Burn Data ll page) 
7 - 6:00 GET P23 Data (2 pages) 
8 - 31:00 GET P23 Data (2 p~ges) 
9 - P52 Data, CMC & LGC (1 page) 

3. The CMC was flown with Flight Program Manche 72, Rev. 3; and an erasable 
load as previously published but altered as f ol:lows. There were no l ate 
changes to the K-ST.00 tape necessary. At liftoff , the CMG a.utomatically 
updated TEPHEM to r ,iflect time of liftoff, 19:lJ :00.65 GM.r. It then had 
value 2,460,678,065 cs, with corresponding octal 00011,05253,33661 in addresses 
1706, 1707, and 1710. at GET 6:10, the crew rebaded the P23 W-mat rix 
initialization parru1eters as per Flight Plan page 3-7. 

WMID POS 80 ,000 ft. 
WMIDVEL 7 ft./sec. 

addr 3000 
addr 3001 

octal 01372 
octal 00535 

At UET 31:10, the crew reloaded the P23 W-matrix initialization parameter 
as per Flight Plan page 3-25. 
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WMIDPOS 
WMIDVEL 

45000 ft. 
0,6 ft,/sec, 

- - - - - he eceS 
I-=----' 

a.ddr 3000 
addr 3001 

octal 00659 
octal 00035 

At GET 32:03, the following IMU compensation parameters were updated. 

NBDX 
NBDY 
NBDZ 

0,6 meru 
-1.2 meru 
-3.0 meru 

addr 1460 
addr 1461 
addr 1462 

octal 00114 
octal 77456 
octal 77201 

At GET 140:40 the splash point target was updated. 
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LAT (SPL) 
LOO (SPL) 

21.66 deg South 
165,37 deg West 

addr 3400,01 
addr 3402,3 

octal 76046, 47254 
octal 61231, 72366 

At GET 142:46, the following IMU compensation parameter was updated. 

PBIASZ -0,0547 ft./sec. addr 145<- , octal 72123 

4, The LGC was flown with Flight Program l.Ml31A, Rev. l; and an erasable 
lo~d as previously published with alterations as follows. There was one 
lat.e change to the K-STARI' tape that was hand l <mded prelaunch: 

DELQFIX 200 ft. addr 2520 octal 00000 
2521 01717 

(this was a change to the least significant portion only) 

It was then decided that DEL(,iFIX should be 400 ft., with corresponding 
octal 00000, 03637, Because this parameter concerns the landing radar, 
this change was never incorporated. At GET 59:25, TEPHEM was updated to 
reflect time of actual liftoff. 

TEPHEM 2,460,678,065 cs 
(GET 19:13:00. 65) 

addr 1706 
1707 
1710 

octal 00011 
05253 
33661 

DKDB, address 3011, was changed from its padload of 1/1.4° (200 octal) 
to 1/5° (44 octal) ut 74:30 GET. It was returned to its padload value 
at 78:25, 

5, The following ni..rrative is intended to list only those major problems 
associated with CMG or WC software and hardware as well as console opera
ting and interfacing problems. 

a. Prelaunch 
(1.) CMG grasable Memory Dump (EMOD) when first run in the Rl'CC 
did not coi1tain compare data. This had happened previously . during 
simulationG. 
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(2) CMG Erasable loading sequence was performed twice due to repeat
ing Saturn Dap tests • 

Launch and TLI 
(1) No sof~e CMG problems during launch or TLI. 
(2) ' Liftoff was detected (i.e. clock zeroed) at a GMO clock time 
of 43:13:00.65 (which, with TEPHEM, corresponds to April 11, 1970 
at 19:13:00~65 GMI'). The insertion orbit calculated by the GMO 
was 102.8 :ii: 100.0. 
(3) See enclosure 9 for all P52 data. The TLI cutoff OMC VI 
was 35,560 fps. 
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c. CIS - Lunar 
(1) During the P23 sightings that began at 6:00 GET, a (what has 
been termed) "very low probability" flagbit problem that appeared 
on Apollo 12, also appeared on Apollo lJ. It is being fixed for 
Apollo 14, and the following is a write-up made by R. Covelli in 
real-time: 

· GET 9:00 

Another manifestation of the optics problem described 
by Jack Garman during Apoljo 12 occurred today. 

The crew .did a V37 during the final 0.2 seconds of 
an optics zero delay which destroyed the waitlist 
call that would reset bits 1-3 of OPI'MODES . 

Due to the fact that the V37 hit in the interval from 
16.0 to 16.2 seconds after the optics zero, the CMG 
initiated optics zero · command (bit 1 of channel 12) 
had been removed, so that the optics fail indication 
that occurred in Apollo 12 did not occur. The optics 
were still usable, and the only problem is that an 
OODU fail would not light the TRACKER light, and 
consequently could go undetected by the crew. 

Thia problem is the subject of Program Note A 1.2.1-b, 
where the recovery procedure is to reset bit l i f 
OPfMODES and to cycle the optics zero switch. After 
stu.dying the program, it was decided that this procedure 
would result in a program alarm (code 116), and the 
following procedure was recommended to the Guidance 
Officer: reset bits 1-3 of OPI'MODES. This procedure 
completes all of the work that the aborted waitlist task 
would have done. The procedure is as follows: 

V25N7E 1331E7EE 
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The procedure was read to the crew and performed, 
and all is now well. 
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(2) P52 moasurements indicated a sign 0hanged (polarity reversal) 
on the X-gyro free drift compensation (NBD~). At GET 17: 00 MIT 
recommended a minimum update (because the value of the shift term 
had to be assumed as 1 meru for lack of data on the gyro). At 
21:00 MIT obtained some data on the actual GYRO and found that 
the X-gyro shift term ( 6D ) had been measured as zero. This led 
to their changing their recommendation to+ .9 meru. The next 
P52 after the NBD had been updated showed a return to the 
original s~_gn of NBDX, suggesting that MIT I s original recommen
dation might have been correct. The SM problem prevented further 
analysis. z 
(3) Beginning at about 15:00 the optics long-term trunnion. 
oscillation appeared on Apollo 13 as it had on previous flights. 
(4) The only CMG manifestation of the SM electrical problem 
(02 tanks) was a hardware restart (the first not due to software 
in Apollo •- along with many other firsts in Apollo) at 55: 55. 
An erasabl1~ memory Dump at 57: 22 was never received, but the 
EMOD at 140:24 verified no E-memory destruction. The IMU was 
J,)Owered do,✓0 at 58:16, CHG at 58:17. 
(5) The LJ ,C was powered up at about 5'.' :50 with initializ'ltions 
and docked coarse align complete by 58:l4. An 1105 alarm 
residual wes present when WC data was first received. Included 
in later I..GC initializations were: 

(a) Torquing the IMU (usual docked align procedure) at 
58:46 with+ .33, + 2.48, -1.51. 
(b) V~,5 clock delta of -88:59:32.74 at 59:13. 
(c) EMOD at 59:14, verified at 60:00. 
(d) Ncrmal uplinks 

(6) There was quite a bit of debate on whether or not the 
first docked DPS burn (at 61:30 ) was to be done P40-PGNCS, 
P4?-PGNC 1s, or AGS. The concern wns that of Guidance Officers 
over the inaccuracies of' Cis-Luna.r LGC integrution (and, of course, 
giving the PCNCS full control via an (untried) procedure). Our 
(AGC) advice was to time-tag the LGC vector at average-G time to 
bypass integr ,:1.tion, and to use P40 in the normnl (designed for 
this case) do ,~ked autopilot mode. As poii.ted out by J. L. Norton , 
the P47-PGNC 1 s mode wouldn't really work o..nyway since only P40 
enables the a1.ttopilot to drive the DPS girnbal (not driving would, 
among other p:,:-oblems, cause a heavy use of RCS fuel)• Despite 

our advice, th,3 Flight Director was given a recommendation of 
burning P40-PGNC I s only if MIT got a hybrid run completed. We 
received no hyhrid results prior to the burn, but were able t o 
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convince all that the burn should be P40-PGNC's, regardless of 
simulation/testing status. 
(7) At 6;:53 an LGC alarm 1106 was noted by AGC personnel (due 
to opening D.U.A. breaker, common occurence in LM). The problem, 
however, was that the crew did not see it and much discussion 
finally led to the conclusion that systems people had for~otten 
that that CB configuration left DSKY l i ghts (not numerics) 
unpowered. Our concern was that the crew couldn't see the Gimbal 
Lock Warning light but hadn't known that. The decision was to 
make sure the crew understood the situation and to power-up the 
DSKY lights during any extended period of time the ground wouldn't 
be able to monitor telemetry (such was the case soon after, and the 
lights were enabled). 
(8) At 73:50 a short procedure for widening the autopilot dead
band was read to the crew, This excellent idea had been initiated 
by MIT via SPAN in order to save fuel during Pl'C. There seemed 
to be no lv'.OCR ( Guidance and Control) impetus to implement it, how
ever, until we finally wrote it up ourselves and personally talked 
with both positions, 
(9) We also had some coordination difficulties with the star 
check procedures to be used for verifying that the IMU alignment 
was still 100d enough for the PC + 2 ma.neuver. The initial procedure 
called for a V49 maneuver to ground ca::.culated gimbal angles which 
would put the star on the AOT cross-hairs, We pointed out :that 
simply selecting P52 and inputting the desired starcode would not 
only be procedurally simpler (that's the normal 3rd star ;check 
method after a P52) but would also save fuel by not constraining 
attitude about the star LOS (i.e. VECPOINT versus 3-axis maneuver). 
After this was read to the crew and despite our explanations, the 
F AO gave C APCOM the gimbal angles he thought the LGC should come 
up with. This was done off the loops and so we suddenly heard 
the angles being read up. We engaged :ln a few more minutes lively 
debate leading to the CAPCOM having to tell the crew to ignore 
the angles he had read up ( since VECPOINT output angles a.re a 
function of the starting atti tuda., the chances of even similar 
comparison would be slim), 
(10) The LGC was finally powered down at 82:20 following the 
PC+ 2 maneuver and sleep preps. The LGC was not powered up for 
the subsequent MCC (at 105:10) and, in fact, was not powered up 
again until 133:37 for MCC7 ; and entry procedures. 

d, Transearth through Re-entry 
(1) Most significant AGC work during the period of flight 
following .PC + 2 until entry prep I s was concerned with genera ting 
special pr,:,cedures and advising at the numerous meetings that 
led to the final entry procedures, Significant contributions 
were made to the formulation of the following procedures: 
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(a) CMG alignment technique (for no stars and one set of 
marks constraints). This was the backwards docked-align 
technique used for re-entry but not in its entirety since 
it turned out that the coarse alignment portion gave him 
just enough auto optics capability to barely see, but mark, 
on st;1rs. 
(b) At about 124:00 GEI' we f i nally straightened out exactly 
which E-load constants were necess9.ry for re-entry and the 
corre.3ponding uplink loads that might have been sent. The 
initi.u. list of constants received from Cambridge matched 
our i1itial l i st, both of which were proved~ after a 
(Nort,m and Garman) review of the subject (MIT concurrence 
obtabed at 130:00). 
(c) l GC control procedure of establishing a CM roll rate if 
CM RCS were failed . MIT also provided an automatic procedure . 
(d) We generated a procedure for bringing up the LGC and 
alignj_ng the IMU with minimum capability and work for MCC7 . 
This was incorporated into the LM checklist and the LGC 
was br ought . up. 
(e) ~-h.unerous other minor procedures relating to both 
fl nomi.Y1al fl and contingency situations. 

(2) LGC d.-.ta was first received at 13? :37 and the IMU came on at 
l.'.33:41. /u .. 1106 alarm occurred when the crew enabled the D. U. A. 
at about 134:27. 
(3) There were no major problems with the IMU alipent except 
for the very large N05 which is still unexplained ( sun-moon gave . 
~1.12°). The alignment was performed by coarse aligning, then 
releasing the IMU at an earth reference attitude, then doing a 
P52 option 1 to the M:tC7 alignment using the sun and moon to 
mark on. 
(4) There i s an (as yet) unexplained attitude error needles 
problem that lead to some confusion about what burn attitude was 
for MCC7. In addition, Control was requesting AGS control for 
the burn and some M0CR personnel were ccnfused over telemetry 
CDU angles ·:ersus the desired FDAI angles read up on the burn pad. 
Also, the crew inadvertently called P40 (vice P41) for the MCC 
which we aU quickly caught. 
(5) SM sep was performed following MCC7 with the LGC in P47 with 
a final N83 of -.9, -.1, -.5. 
(6) At 138.17 the CMP was to power up the CMG then put it into 
standby. We had made the procedure as carefully worded as 
possible, but it didn't get . to the CMP that way. First, he 
ended up in t he post-restart portion of P06. Then, he couldn't 
get the CMC into standby, so we suggested holding the PRO button 
for 10-15 seconds - it worked. 
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(7) The C:MC was powered up at 140. 21 (receipt of data) and the 
IMU at 140:J0. Uplinking, ali gnment , etc., went nominally, 
except for a 220 alarm (first and l ast alarm in mission) because 
he forgot to set the flags, and he used stars for the P52 option l; 
although those chosen by the CMG weren't bright enough, so he 
used grow:d supplied numbers. The CMG clock had to be updated 
twice because we all com~uted off of low bit rate the first time 
(thinking we were in HER), 

·I 

(8) Gimbal lock warning occurred a couple times · during LM Jettison • ! 
which was done at 141:30 with the CMC i n P47, 
(9 ) We lost LGC data with a final LGC clock value of 142:38:04,97, 
We lost CM•j data in P63 with its clock at 142:39:25;65, 

6. Any questions concerning this report should be directed to John R. Garman 
at ext, 2111. Further data and information are available at that extension 
in the AGC log, harJcopy file, checklists, etc. 

Enclosures 9 

cc: 
TRW/ J. Norton 

R, Harwood 
MIT/P .. Felleman 
m/J. Hanaway (2) 

T. Lawton (MIT) 
CFK/F. Hughes 
CF /r. Kaiser 

J. Monroe 
FC/W. Fenner 

E. Kranz 
FS/L. Dunseith 

J. Stokes 
J. Williams 
T. Price 
G. Sabionski 
T. Keeton 
J. Martin 
J, Jurgensen 
C. Sykes 
T. Cook (MIT ) 
R. Covelli (MIT) 

FS55:JID:csc 
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Apollo 13 Erasable Memory Du.mps (EM0D 1s) 

I. CMC 

A. T-24 hr, countdown (4/10/70, 4:49 am CST) 
B. T-17 hr, · repeat of "A" (4/10/70, 10:05 am CST) 
C. 12:20 GET (1st night) 
D. 36:48 GET (2nd night) 
E. 57:22 GET - never received (SM problem) 
F. 140:24 GET (re-entry) 

II • .LGC 

A. During CDDT prior to final LGC power-down. 
B. 60:00 GET (LH activation after SM problom) 
C. 135:17 GET (re-entry and MCC7) 

ENCL . 1 
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