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FROM Guidanc e Officers 

SUBJECT Apollo 12 Postflight Report 

I. Problems /Resol ution . 
I 

1969 

A. [ Pre l ounch - At approximately T-l: 30, the crew reported observing 
"all 8 's" appear on the IBKY for one update then return to normal P¢2 
configura b _on . The data was not observed in Houston. The mission timer 
also exper ience d a shift to its internal configuration at that time. 
At some time later another similar sequence occurred . No one could f'ind 
any f urthe r problems nor an exact explanation . MIT was asked t o invest i gate . 
Si nce no f' ,1rtr1e r effects could be found, a GO from all concerned was 
given. MI'r provided the likely explanation which i s included a s enc losure 1. 
The GNC Controllers state that a similar problem had been observed during 
system tes t ing at North American . 

B. La tmch through Evasive . 

1. Launch . 

a . Data recorded during this phase is as follows : 

The GMT guidance reference release times observed were: 

IU 16 :21:43.02 

CMC 16:22:00.68 

'I'his resulted in a comput,~d launch az imuth of 72 .029° . 

IU timebase times passed to HOSC after BSE confirmntion were : 

TBl :17 

TB4 9 :29 

TB5 11: 51 
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b. Loss of the CSM inertial platform - At approximately GET 
= 36 secs, all data from the CMC was lost as indicated on display and 
stripcharts . A power "glitch" was r eported by EECOM . The data returned 
a t ~ 48 secs at which t ime two reasonable CMC state vectors we r e obtained 
which reflec t ed on the stripcbarts. Th e CMC data was aga in lost until 
appr oxima t e ly 61 s ecs at which t ime an event indicating a G and N platform · 

• fa ilure wa s recorded on the stripcbarts . Severa l f a ilure events wer e obs e rved , 
five rest&rts and the 1105 (downlink too fast) and 3777 ( cDU failure caused 
Uie 1S3 warning) Bl a rms were noted. The CDU ' s indicate d t he platfor m was 
s t ill spinning out of control . No further valid ac cept able state vec tors I 

,were obtainF:d , verifying the CMC had lost a ll knowledge of its navir;at i on 
state . An effort was made to s ecure the platform to minimi ze dmnar;e to 
the inertia l components . We considered using the "IMU cage " switch but 
decided that might be too bard on the components. It shoulu 1w.ve "conrse 
a ligned " when tbe CMC dete rmined that the platform liad apparently rotateu 
into gimbal l oc k. Due to the large att itude errors in the error counte r , 
the platform never stabilized unt i l the IMU power was t urned off via th e 
circ uit breakers at approx imately 10 : 30. A detailed MIT invest i gation 
,was conducted and is included as enc losure 2 . 

Crew reports were sufficient confirmation that the platform was lost and 
that the G and N was "NO-GO. Discussions with FOO resulted in the 
following reports to Flight : 

•There would be no "SIVB to COI" ca 11 . 

• The onl y Mode IV capability was "one - impulse - line - on - t he -hor i zon ", 
i . e . , the de l ayed Mude IV call . 

c . IU s tate vector errors at EOI - At EOI , noticeable d i ffer e nces 
ezisted be t wee n t be IU state vector and th e high speed C-band radar vec t or. 
Only very sli ght differences were detectable during source shifts l ate in 
l a unch pha s e . There was no positive indication of problems in the I U 
navi gat ion. No stripchart failure discretes from the IU were r ecorde d during 
the anomaly at 36 secs nor throughout the launch phase. BSE3 reported a 
possible platform anomaly which was l ater determined inconclusive and 
was dropped by a ll as possible bad data. 

FOO, having no confirmation of IU problems, elected to go to orbit wi th 
that s ource since all sources confirmed a GO orbit . The problem was not 
aga i n considered discussion worthy until post -CRO tracking was in, confirmi ng 
differences observed at EOI. All other IU guidance r eports during launch 
phase were nomina l. 

2 . Earth Orbit - All normal activities for ea r t h orbit were completed 
with the following additions : 

D . G a nd N evalua t i on - The G and N needed to be returned 
to a norma l configurat ion to verify that it was satisfactory for continui ng 
the mission . The following sequence was r e commended and executed to verify 
the G and N: 



• Had "AGC" verify all possible CMC da ta availabl e on 
high speed telemetry displays . Verified no problems. 

• Gene rated and loaded the R'It:C l aunch REFSMMAT at CYI 
shortly after i nsertion . ,The P52 preferred option l 

3 

was required since a P51 alignment was nece ssary to 
de termine the platform ori entat i on . P51 destroys the 
onboard REFSMMAT which was vali d. RTC reconfigured CYI 
from IU to CSM for commanding . Th e crew completed t:he 
81ie;nment short l y afte r CRO AOS, torquing at 52 :29 . 

• 'rh e followi ng sequence established CRO/HSK first pass : 

•V96E - To stop CMC integration prior to a NAV update. 
He got a 204 30 a l arm indicating a sub-surface vector 
prior to execut ing the V96E, which was valid . 

• EMOD dumps - Over CRO since their command computer 
was down . TIC was br~efed and a good r ecording was 
obta i ned at GET= 55 kins. It was played back at 
CRO LOS and verified as "all GO" by AGC at GET 1:46 . 

•Navigation updates - First update was to get CMC 
back on line at HSK using EOI insert ion vector. Did 
v66 a nd V45 to get conf i gurat ion back to nominal 
prlor to HSK LOS . 

•CMC self-check - Done as backup to EMOD. Comple t ed 
satisfactory at GET l: 37 prlor to r ece ipt of EMOD. 

•IMO vs IU g imbal angl e comparisons - Ber,:rn at CRO 
and continued through TLI. Showed no driftine; tre nds. 

• Second P52 - Recommend second P52 option 3 as drift 
check during second darkness prior T'LI. This was 
completed at GET 2 :20: 20 with the following GO 
torque angl es : 

0 
X -00.014 

y -00.028° 

z +00.018° 

•Gross PI PA checks - They wer e conducted by GNC . The se 
were give n a GO over the sta t e s . 

• 3tates pass : Updated CMC sta te vector with TEXS17 for TLI. 



•CRO second pass : Gave final "GO" on G and N based on 
P52 torque angles (GET= 2 :28 ). 

• Pc,:~ 1, - 'I'LI - ARIA telemcitry dntn recorded durin/f, TLI wn:_; 
r,l:Jy':::d back t:hrougb tric JIAW groun<.l stat i on . 'fhc dat& 
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w&s , run trJT"ougri a vector compa rison scr1e me s imila r Lo 
l&unch phase . Th e differences between IU a nd CMC aft er 
correcting for initial state vectors errors showed 
excell ent performance of the G and N under powered flight 
conditions . 

b . IU state vector err ors - We used the normal procedure 
of checking IU orbi ta l e lements in the ca s e when stripc:hart data is l o:,t 
at EOI . The orbital elements were checked at CRO/HSK a nd over the st:J Les . 
Both radar vectors reflec ted similar differences from the IU vector as 
follows : 

Stat ion GET 6R &3 (1:45 ) 6W (1:45) max 

HSK512 1:01 48719 -1.01 n .m. neglig ible 

TEXS17 1:45 N.A. -1. 30 negligible 

Miss i on rul e 105100 3. 28 32 f ps 
l imits 

Th r, errors were cons i dered l arge but not nea r the limi t value . 

Discussion wit:b F'DO post -HSK update showed that using an IU vector for 
TLI pred i c:t, i on and i ntegrating the r a da r vector over the TLI :profile 
reflected a s light l y small e r than nominal MCCL Decided tbere was no 
justification for updating ID due to greater concern f or CSM at this point 
in the mission , and the fact that no criteria exis ts for updating witl1 no 
observed discrete IU gui dance failures . Flight was advised of noteworthy 
I U errors, but that they were not near limits . The trajectory support 
area at HOSC, Huntsville , Alabama , was sent the IU telemetry vectors , 
U1e HSKS12 andTEXSl 7 track vectors and appris ed of the vector differences 
i nc l uding comments that the error , a ssuming no further degradation , would 
not cost us any MCC penalty. 

IvlSFC data pred i cted on the IU vector r eflected 22 fps total inertial 
veloc i ty dif ference a TLI cutoff whe n compared to the RTCC double i ntegrated 
output . The difference was such that TLI cutoff would be effectively 
underspeed . The MCCl prediction indicated that it would be in such a direction 
as to cost l ess 6V but rotate t he trajectory coni c back to the desired 
conditions . The TLI pad was based on the expected cutoff cond i t i ons. 
At :_jctual cutoff , the vector comparisons reflected approximately 24 fps 
dJSfer ence :Ln U1 e underspeed direction . FOO and GOO were satisfied 
wj th the r<!s11J.tant comparisons which showed good agreement between high 
speed radnr :;ources and the CMC cutoff vector. The IU showed the expected 
e rror. 
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'I'h c IU telemetry vector was sent to HOSC ( ICHU 15 ) per premiss ion pla n . 
/1.n uttempt to contact HOSC to determine if they desired a higr, speed radar 
c1,;i,off vector was futile . The problem was unknown loss of the HOSC Network 
loop. Si nce HOSC was not nominally expecting any further vectors . there 
W8G no f iJrther at t empt to communicate until at the agreed on later time . 
Houston voice later was contacted and the line reestablished. There was 
no particular concern at MCC about not sending the high speed radar vector 
s i nc:e U1c pre -TLI radar vector and IU telemetry vectors were there and 
MY~FC bad previously stated U1eir plan to use the IU vector for the 507 
sl:i ne;slrnt mane uver predictions . 

3. Evas ive - The timeline from TLI cutoff tlirough tl1e evasive 
was nominal. 

C. Trans lunar Coast . 

1 . Due to the problems encountered during the launch with the 
s/c G and N, the decision was made to checkout the LM. Upon entering the 
LM, the crew powered up the LGC and preformed a computer self- test , which 
was successful, and an erasable memory dump . The erasable memory was 
cl1ecked by AGC and g i ven a "GO". The Guidance Officer was in agreement 
and gave Flight a "GO" on the LM PGNS. 

2 . A procedural p roblem was encountered the first time the CSM 
dumped U 1e erasable memory, which required a second dump. While the 
data was coming into the remote site on LBR, the INCO com:rnande,1 HBR 
causine; tl1, ~ RSDP to lose telemetry lock. During the second dump, tbe 
site had n0 problems , and all the data was recorded . 

3 . Tvto problems were encountered performing star searches in the 
GOST (MSK 229) . The first was an intermittent problem whicb displayed a 
star LOS time wrd.cb was prior to the start of search time. The second 
anoma ly was tbe displayed star number for certain boresight stars bad 
a leading plus sign rather than a leading zero. Both problems remain 
ope n at this time and are being investigated. 

4. The first two sets of P23's, which are used to determine the 
horizon altitude bias , revealed a discrepancy. The data from the first 
s et of P2 3 ' s yielded an alt itude bias of 49.2 km and the second set an 
a ltitude bias of 24 . 8 km. In an attempt to resolve t he discrepancy, tl1e 
c r ew was asked several quest ions. Based on their answers , it was determined 
th8L a differe nt part of tbe horizon had been used on the two sets . On 
set No. l, th e top of the haze line was used, and on set No. 2, the blue 
horizon wns rn;ccl . Then by some sort of black magic, M9.th Physics and 
MI'l1 rec:omm(:rnkd un horizon bias update of 19 km . The horizon bi.'.ls update 
oJ' 19 km wos pnssed to tbe crew . 

1. Tl1 e maneuver pads and command loads were voiced and uplinked 
to the spacecraft as per the time line . Also, an addition to the LOI abort 
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yir·or~r~rlurc wo:..; pFJssc-:d to t hf: ~r ew which would r e s e L Uw C Moon ( flat_,;wor<'i Fl 
!,ii. :t ~ ) :i ncl J. MorJri (flneworu fj hi t 11 ) f l ur~s Lu l1m:1r r e f c r r~nr-c : . 'l'h r. 
1q,du l.c : w:1: ; I., J currc.: c: t an error in t}i e p r e .luunc: h ini t j_uJ i zu l,j on of Lh 1_: 
l'lugword, wrdch wa s se t t o earth refer e nce . If l ef t uncrwnged, U1 e LGC 
woul d a ssume i t was i n earth orbit r a ther t ha n luna r orbit. 

An additj_ona l error that was made during the pre l aunch loading of the 
erasable memory was point ed out by AGC. The transpose of the lunar 
landing REFSMMAT, whj_ch would be used in the LM LOI abort procedures, was 
loa ded rather than the matrix itself. Due to the transpose being an 
ortogonB l matrix, no problem would be encountered had it bee n used . The s e 
two errors i n erasabl e memory initia liza tion point ou t tha t a more c·are ful. 
check of the initialization and the crew proce dures should be undertaken 
by MIT. 

E. Prede s ce nt Lunar 0ribt - No problems were e ncountered prior to 
the start of LM ac tivat ion. 

F. LM Act i vat i on through T
3

. 

1. LGC Program Alarms - Two alarms of significance were experienced 
in this peri od wit h no impact on the activity . Thes e are discussed in detail 
below: 

a . Ala rm 212 - PIPA fail but PIPA not be ing used. This 
alarm occu.""r e d during the DSKY light test and was expected as A normal 
event . Howeve r, there was some concern genera te d in that the alarm never 
occurred during simulations. The alarm is a side effect of cond i tions 
ge nerated t o ca use the warning lights of illuminate, in particular, the 
LGC warning light. With the computer fail indication, the LGC inhibits 
or turns off the gyro torque power supply for the IMU. This power supply 
a lso provides the current to bias or compensate the accelerometer . When 
t he floa t cea sed the null activity, the PIPA fail indication was triggered . 
The a larm never oc curred in simulations because the LMS does not exactly 
duplicate the flight s oft ware/ hardware inte rfaces. 

b . Ala rm 1106 - Uplink too fast. This a larm occurred shortly 
a f te r the command uplink of PIPA compensation values . The occttrrence was 
notice d after t he c rew was told of the uplink completion. It is believed 
by t h is posit ion t hat the alarm triggered by the crew changing the DUA 
switch setting . The LGC carefully checks every signal received from the 
command ha r dware. A group of bits in each signal must be of a particular 
configurat i on or the LGC disregards the signal as bad data . When the LGC 
receives a r a ndom stray signal, the 1106 alarm is set. To be completely 
satisfied t hat the last command •uplink was succe ssful, the Guidance position 
r e quested the c r ew to readout the address locations that had been updated . 
The r esultant values rea dout were a s uplinked and eve ryone was happy. 
Tr1i s t ype of a l a rm has been experienced on a previous mission, Apollo 7, 
wr1 e r e a FDAI switch was de termined to create noise spike s which gave CMC 
1106 a l a rms t hroughout the mission. 
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2. Command Uplink Difficulty - During LM act ivation , a remote 

site command computer problem was discovered which explained a command 

uplink difficul ty . On the first two command loads uplinked to the LGC, 

not all of the data was received. The uplink had to be retransmitted by 
the line-by-line mode. On investigation to insure all the data was 

being transmitted by the remote site, i t was discovered that the site 

(GDS) had experienced ground loop failures during the uplink of the above 

mentioned command loads . The ground loop failures were further explained 

a s a timing sync problem between the 642B command computer and the updata 
link buffer hardwa re. The timing problem caus ed the updata buffer to re4uest 

keycode data from the computer at a r ate f aster than it could transmit. 

As a reult, a keycode was transferred but never transmitted. The timing 
problem wa s a random type thing and proved to be only an inconvenience 

whenever i t occurred . 

G. Lunar Stay - The same r emote site command probl em tl1at occurred 
duri ng the act i vat ion occurred aga i n . 

H. As cent/ Rendezvous - During ascent, the LGC/AGS ve locity differ e nce s 

grew to approximately 5 fps i n all axis at cutoff . During powe red fl ight, 

these differences were too small to definitely identify e ither system as 

the correct one . In f act , the cutoff vectors indicate that although the 

PNGS was in error in downrange veloc ity , at least part of the radial 
velocity difference was due to slight AGS errors. In any case, all errors 

were well be low any switchover limits. 

After insertion, Control ~dvised Guidance
2
that the PIPA bias

2
va lues had 

changed by X = - .0049 fps , Y = - .005 fps , and Z = + .01 fps . These 
numbers ac count for all the downrange error and part of the radial error 

see n during ascent . The Guidance Officer was later informed that the 

change in the PGNS PIPA bias on the surface may have been caused by the V35 

(DSKY test) , which also caused the 212 alarm a s described in the descent 
section. 

I. Postdocking Lunar Orbit - The LM impact burn was executed as 

planned, but there was an apparent overburn of approximately 5.4 f t /sec , 
wriich resulte d i n the LM impacting short of the targe t point . Exact 
cause of U1is mis s , though within preflight predictions , is still under 
investigation . 

J. TEI - No problems wer e encounte r ed during th is phase. 

K. Transearth Coast/Entry - The only problem that occ urred during 
the transearth phase was an OCDU fail during P23 . The f a il ind ication 

occurred because the cr ew did a "Verb 37 Enter " too soon after selecting 

zero optics. The computer did not have sufficient time to complete optics 

zeroing process , conse~uently, it remained in this mode and was unable 

to drive the optics i n CMC when asked. For a more detailed explanation, 

s ee enclosure 3 . 
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II . Recommendat i ons . 

A. The errors in the IU vector did not caus e any concern at MCC when 
considering MCCl. However , they apparent ly cost MSFC a good slingshot 
maneuver. MCC, for Apollo 12, did not have an acceptable way to simulate 
the slingshot in the RTCC and was, therefore, not aware of the effect 
t he vectors bad on the slingshot. Had a navigation update been the 
acceptable route in earth orbit, the problems would have been nonexistent . 
It is recommended that for all future missions , navigation update s be 
procedurally planned for the IU whenever the vectors r efl ect confirmed 
di ffe r ences outside the accepted MBFN accuracies . Current limits on the 
IU vectors are unacceptably larger than the MBFN capabili ty . 

B. We strongly recommend that Guidance and Control Division investigate 
Uie PIPA bi&s that occurred on the surface, e s pec i all y a ny connect i on 
with the V35 test . If there is the remotest cha nce ;that V35 execution c:rn 
influence PIPA biases under the right circUIJlStance , then a careful r eview 
of both LM and CSM checklist use of V35 should be made . 

C. We strongly recommend that MIT verify all cr ew procedures and 
th&t the prelaunch e rasable memory initia lization be compatible witb the 
procedures. 

D. Th e procedures for formati ng ARIA playback of TLI information 
should be reviewed with the RTCC/ GPB personnel, quite a bit of confusion 
resulted wben a playback was attempted during translunar coast. Any 
i nfluence on these procedures by the new RTCC offline vector analysis 
program sbould also be clarified . 
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DSKY DISPLAY ANOMALY 

Approxi ma t e ly 1. 5 hours before liftoff, the crew reported the intermittent 

appearance of all 81 s on the main DSKY numeric display. The reported condition 

wa s not observed on teleme try. 

The cau f;e of t he anomaly i s not kno'l-m at this t ime , however, one mechanism 

which cou]i'l cam;c t he r eported s ymptoms has been enc ountered previously in 

the block I I D,SKY. The electrolumine scent segments which make up the displayed 

characters are controlled by a relay matrix a s illustrated in the attached 

figure . 'I'he relays have a small ( approximately O .003 inch)· clearance between 

the contac b ;, and de spite extens ive screening, have a hj_ s tory of contrunina-

tion caus inc-; shorts in this area. Because the segments are c~pacitive , they 

mus t be di scharged positively to avoid residual glow when turned off. As 

indicated on the figure the discharge path for all segments is through a com

mon resistor. If, with the relays in the off position as shown, a short 

occurs acros s the contacts of any one of the relays, the operating voltage 

will be applied to all segments through the common ·discharge path and 8 1 s will 

appear in al~ locations. 

A failure of this type will affect only the display function of the DSKY involved. 

All data entry and control functions and the display function of the redundant 

DS'KY (in the r,M ) will remain operational. 
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