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Massachusetts Institute of Technology 
C. S. Draper Laboratory 

Cambridge, Massachusetts 

LUMINARY Memo #148 

To: Distribution 

From: B. McCoy 

Date: 11 May 1970 

Subject: Call It LUMINARY 1 D 

Revision 163 of Luminary was released on 5/5/70 for manufacture. It 

contained a total of 39 PCRs, 6 PCNs, 15 ACBs and 6 Anomalies. On the 

following pages is a detailed description of each implementation or a 

reference made where appropriate. 

• 
The following is a list of the Fixed Memory changes showing the total 

number left of words in each bank. 

Bank No. lC lD Bank No . lC lD -
0 2 2 22 4 5 
1 0 2 23 6 3 
2 10 1 24 0 17 
3 14 14 25 16 3 
4 24 2 26 2 0 
5 3 0 27 4 0 
6 5 5 30 9 15 
7 12 1 31 5 6 
10 1 1 32 0 94 
11 3 3 33 6 174 
12 4 4 34 57 131 
13 15 15 35 33 33 
14 2 2 36 6 10 
15 15 21 37 6 4 
16 1 2 40 17 3 
17 0 0 41 23 18 
20 0 0 42 7 7 
21 0 13 43 1 5 

total 1 C remaining 313 

total 1 D remaining 616 
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PCR/PCN 

28 6 

287/1038 

294 

296 

298 

306 

30 7 

IMPLEMENTATION/ COMMENTS 

RLS and TLAND were placed in sequence for V71 uplink 

format. RLS begins at E4, 1420 and TLAND begins at 

E4, 1426. AGSK moved to E6, 1 771 and VELBIAS is now 

at E5, 1400. 

The 526 alarm (Range to CSM > 400 N . M.) was deleted 

from P22. Instead Vl 6N54 is displayed (range, range 

rate, 0) if the range rate is negative. If the range is 

greater than 400 N. M . and the range rate is positive in 

P22, a flashing Verb 37 results. In P20, if the range is 

greater than 400 N. M. the alarm light is turned on with 

code 526 stored. The range and range rate values for 

Noun 54 are computed and stored for possible monitoring 

by a V16N54 request from the crew. See memos #133, 

133 rev 1, "Implementation of PCR 287" by P. Volante, 

V. Dunbar . 

The quantity HIDESCENT was increased to 16, 700 kg 

for the heavier LMs. 

In P68, GSA VE (the 'G' vector saved for gravity measurements 

in P57) is the unit vector of RN (post landing navigated state 

ve ctor) in Nav Base coordinates. 

LR position change will now give a 523 alarm after 10 seconds 

if antenna did not reach position #2. Instruction change was 

simply CAF FOURTEEN to CAF FOUR. Also see 

Luminary Memo #146 "The New R12" by R. Covelli. (also 
PCR 1022) 

DVTOTAL, the accumulated Delta Velocity during Average-G, 

was placed in word 78 of the Descent/ Ascent Downlist. 

TSIGHT, the AOT Marktime, was placed in word 99 of the 

Lunar Surface Align Downlist; CURSOR was placed in lOOA 

and SPIRAL in 100B. 



310 

314 

315.2 

821. 2 

872.4 

874.2 

Coding was introduced to inhibit the 511 alarm until the 

antenna has been out of the desired position 5 consecutive 

passes through SERVICER (10 seconds). A counter 

(511CTR) is set to four when the antenna is first detected 

out of either position (or in both positions simultaneously) 

and it is decremented every succeeding pass the antenna 

remains out of position. Its location is E7, 1622. (See PCR 1022) 

The Guidance Thrust Command is time associated with a 

particular PIPTIME. GTC and GTCTIME are in the same 

"snapshot" on the Descent/ Ascent downlist and located in 

words 5a and 6a/ 6b respectively. GTCTIME is E7, 1 752. 

A new channel (77) was created to serve as a Hardware 

Restart indicator . It replaced CADRFLASH +1 in all 

Downlists. The first half of the word (channel 76) is a 

spare . 

AZO is the angle between the x-axis of the Basic Reference 

Coordinate System and the x-axis of the Earth-Fixed 

Coordinate System at July 1, 1969 . It was placed into fixed 

memory since it remains essentially the same for a given 

year. 

A TIG countdown is started prior to the attitude maneuver 

in P41. It continues until TIG -35. A job, DYNMDISP, is 

scheduled immediately after P41 is called; it computes TFI 

and then calls itself every second. P41 proceeds on with 

DYNMDISP in the background, like CLOCKTASK in P40, 42. 

If Vl 6N40E is used to monitor TFI, then Vl 6N85E must be 

keyed if the VG display is desired again. 

As in Colossus the astronaut does not have to key leading 

zeroes to a decimal load. For example a decimal load of 

+50 will reappear as +00050; +E will reappear as +0O00OE. 



892 

896 

897 

898 

899 

942 

R29, the Ascent RR Designate Routine, was deleted 

from Luminary. 

In an effort to sav e valuable time during the Powered 

Descent, the LR velocity readings are centered around 

PIPTIME. For details see Luminary Memo #146 "The 

New Rl 2" by R. Covelli. The Radar Read routine used 

by the LR & RR was rewritten. 

LH(P&C: 
capability to compensate for a 

Hardwa e failure ·n the Doppler Ranging Unit of the Landing 

Radar , a precautionary measure. This coding was removed . 

In Luminary lB the LR velocity readings were not taken ----­until the S/ C Inertial Velocity was 2000 fps. In Luminary 

lC this limit was changed to 6000 fps, effectively removed. ---In Luminary 1 D it was removed entirely, so that now LR 

velocity readings will start as soon as the velocity data 

good appears after R12 begins. Also see Luminary memo 

#146 "The New R12" by R. Covelli. 

Erasable "TET" (N38) which is the time to which state 

vector is being integrated in each time step was put on the 

following downlists: Coast and Align, Lunar Surface Align 

and Rendezvous/Prethrust . It could aid the ground 

controllers to detect integration loops. 

A value of !.2Jl (scaled meters B-10) was placed into~ 

memory; LR updates are inhibited below this altitude. This 

number (HLROFFF - Single Precision) is loaded into the 

least significant half of a Double Precision word (HLROFF) 

at the start of P63 (FLAGORGY); therefore, HLROFF can 

be externally changed to a different value after P63 is 

called. In routine MUNRETURN,HCALC (most significant 

half) is check to see if it is< 3000 ft (bit 1 = 0). If so, 



944 

945 

970. 2 

979 

982 

HCA LC +1 (least significant half) is subtracted from 

HLROFF. A plus result will reset LRINHFLG 

(flagword 11 bit 8). Later in the position update 

(NOREASON) and also in the velocity update (VUPDAT) 

this bit is checked. If it is reset, SERVICER continues 

without any LR updates (effectively a V58). HLROFF is E7, 1451. 

LATVEL and FORVEL, the cross pointer lateral & forward 

velocity, are now on the Descent/ ascent downlist in word 12, 

in that order. 

In Flagword 11, bits 13 and 14 will now be set to indicate 

when at least one failure of the Altitude and Velocity 

Reasonability tests respectively have occurred. They are 

reset whenever their respective reasonability tests are 

passed. 

Recently built gyros have a large bias shift that is 

dependent upon the polarity of the last torquing on the gyro. 

Coding was added to the IM U Pulse torquing routine to 

eliminate this bias shift. For details call R . Lones at MIT 

864-6900 X821-529. 

Program alarm 521 was a redundant indication of RR 

data good loss,so it was removed . 

For Lunar Surface Alignments, Cursor/ Spiral angles are 

now available for all celestial bodies, not just catalogued 

stars. Thus any body specified by N88 will be accompanied 

by a N79 display . The setting up of BESTI and the check 

for a catalog star were removed. Routine PLANET now 

interrogates N70 (Rl) . 



983 

986.2 

.Y--

N88 will now accept unit vectors instead of the half unit 

vector . Prior to unitizing, N88 (location STARAD) is 

divided by (3) -l / 2 to insure the unit operation will not 

overflow . 

Fixed Memory Ephemeris constants were updated to 

1970-1971 year. 

988/1037/1035 P66 is essentially the same as it was in Luminary lC 

(LM131 rev 1) which was done so as to keep changes only 

in one rope module for the re-release of Luminary lC. 

Differences: a PRO to the V06N60 sets P66PROFL 

(Flagwrd 0 , bit 1). This inhibits FINDCDU from sending 

/ 

991. 2 

J RCS commands if the ENGARM switch is off. 

< 1.., PCN 1037 removes a "Stoprate" and the resetting of 

REDFLAG (Flagwrd 6 bit 6) from P66 initialization. It 

also adds a "Stoprate" when a 01466 alarm occurs. There­

fore should the situation arise via high TLOSS etc, that 

P66 is having difficulty in emitting sufficient throttle 

commands, a 1466 alarm will occur preceded by RCS jet 

activity to stop any vehicle rates. 

PCN 1035. The Terrain Model will be terminated when P66 

is started; NOTERFLG (Flagwrd 1, bit 11) is set which 

causes Servicer to bypass Terrain Model computations. 

Fixes Anomaly L-lC-04. A one second cycle was set up 

in V44 logic to wait for a Remade to be completed (checks 

bit 14 of RADMODES) before terminating a continuous 

designation of the RR. 

The UPRUPT routine interrogates NODOP07BIT (Flag 3 

bit 11) which is set by any V37EXXE after earth launch. If 

it is 11 0 11 the Uplink telemetry code (KEYTEMPl) is added to 

the previous summation of codes and forms a new sum 

(UPSUM). Next a counter (located at UPSUM +1) is 



incremented to show the total number of uplink codes 

received. If NODOP07BIT is "1" no summing takes 

place. 

UPSUM, UPSUM +1 share with ABDELV, location 1245. 
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y 

New P66 13 

R 13 ( every 2 seconds) 
GUILDENSTERN 

y 
( Servicer enters Descent Guidance here 

at Priority 2 0) 

GUILDRET 

Continue P63, P64 

y 

y N 
STARTP66 

SP 
P66PROFL = 1 

CNTTHROT = - TOOFEW maintain 
alt. rate. 
reset Astra 
Pro flag. 

compu e 
P63, P64 
guidance 
commands 

YHZC = WM X li 

Compute ROD scaling initialize 
throttle 
counter and 

END OF JOB 

FCOLD. FWEIGHT = O 
WCHPHOLD, WCHPHASE = 

vel cmd 
2 ,------------

' 

Set RODFLAG 
Clear XOVINFLG 
·set NOTERFLG 

I -- - - - ...... - - - - - - - - - - - - - - - - - - - - - I 

: Initialize for ROD commands : 
: Set Vertical Phase flags : 
'----------------------------' 

,_ - - - -
Is It Too Late in the Servicer C cle to do P66 ? I 

I 
I 
I 

CRIT r 2LATE466 - (t - PIPTIME) 

I r - - - - - - - - - - - - - - - - - - - - - - - - - - - -, 
1 RODFLAG set indicates no : 
:restarts and no P66 omissions 1 

I 

: Allow X axis ave rrid e 
I 

I I 
I : I 
I_ - - - - - - - - - - - - - - - - - - - - - - - - - - -
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14 

N 

P66 HZ 

Priority = 21 

Commanded Acceleration Vector for Horizontal Velocity Nulling,:, 

AHZCX = GHZ 

AHZCY = ( limit AHZLIM) (-QHZ UNFC/2y
1

_1 - (VY - VHZCY)/TAUHZ) 

AHZCZ = (limit AHZLIM) ( -QHZ UNFC/2z
1

_1 - (VZ - VHZCZ)/TAUHZ) 

y 

ALARM 01410 
Call STOPRA TE 
Reset OVERFLOWind 

cause one 
DAP 
initialization 
so jets turn 
off on 
surface 

N 

P66 A 

FINDCDUW INPUTS 

~NFC/2 = AHZC 

Call FINDCDUW 

I 

Clear = RODFLAG 

CRIT = CNTTHROT 

CNTTHROT = -TOOFEW 

N 

Call STOP RA TE 

ALARM 01466 

L--Has Proceed been keyed in response to 
Flashing V06 N60 ? 

* GHZ is lunar gravity; QHZ and 
1/TAUHZ are gain constants; VY and 
VZ are the Y and Z components of 
velocity, platform coordinates 
VHZCY and VHZCZ are the Y and Z 
components of commanded velocity, 
platform coordinates; I-1 indicates 
the previous pass, andonthefirstP66 
pass this indicates the final P64 pass. 
( LIMIT AHZLIM) indicates the content 
of the subsequent parentheses is magnitude 
limited to AHZLIM. 



RODTASK 

--------~/ 
Establish job 
RODCOMP 
at Priority 22 

P66VERT 

Call RODT ASK in one second 

RODCOMP 

15 

Causes one RODCOMP 
per second 

Priority = 2 3 Prevents Priority 22 RODCOMP 
starting if RODCOMP is in 
progress 

VDGVERT = VDGVERT 
+ RODCOUNT x RODSCALE 

RODCOUNT = 0 

y 

VDGVERT = HDOTDISP 

Throttle Inputs 

Compute IAFCI 
Compute IAFI 

Call THROTTLE 

CNTTHROT = CNTTHROT + 1 

VERTDISP 

DISPLAY 
V06 N60 

Compute new desired 
Altitude Rate 

Set desired altitude rate 
equal to the present altitude 
rate 

Commanded thrust accelera­
tion 

Measured thrust acceleration 

Key 
_F,...L_A_S_H_ PROCEED 

Set the Astronaut PRO 
flag 

Set flagwrd O bit 1 

END OF JOB 



996/ 103 6 

1013 

101 5 

10 2 1 

The selection of P07 (V92) is now contingent on 

NODOP07BIT (Flag 3 bit 11) being 11 0 11
• If it is 11 1 11 

the Operator Error light is illuminated. A Fresh 

Start will not disturb this bit so that V36 can be used 

to terminate P07; therefore, P07 can be called again 

without manually resetting NODOP07BIT. However, 

if V37 is used, e.g. Sim Flights before launch, the 

bit must be reset before P07 can be called . 

was implemented into LUMINARY 1 D essentially the same 

as for LUMINARY lC. It assures against stacking of jobs 

when TLOSS is present by omitting one horizontal and two 

vertical P66 commands. If there are too few vertical commands 

for proper ROD control, alarm 01466 is given. See 

Luminary Memo #1 4.! "Automatic P66" by Allan Klumpp. 

Immediately on keying V90~ V37FLBIT bit is checked -to see if Average G is on. If so, the Operator Error 

light is illuminated. 

now has precomputed LR position transformation matrices 

in Fixed Memory (VZBEAMNB) eliminating the computation 

time and to facilitate coding of PCR 1022. Routine 

POSINDEX sets the Interpreter Index Register Xl in 

accordance with the LR Position (location LRPOS): 

Position 1 - LRPOS = 2 

Position 2 - LRPOS = 1 

Xl = -24D 

Xl = O 

X2 = 0 

X2 = 0 

Thus, when POSUPDAT and VELUPDAT routines use the 

LR measurement data, it is transformed in accordance 

with Xl from NB to SM coordinates. Four padloads were ..,, ... 
rleJ9+eci,; LRALPHA, LRALPHA2, LRBETAl, LRBETA2 

Also see Luminary Memo #146 "The New R12" by R. Covelli. 



102 2 

1025 

. 

The handling of the LR position alarm has been made 

very simple . In R12 channel 33 bits 6 and 7 are checked 

to see if there had been a change in position from the 

previous Servicer pass. If both or neither position dis­

cretes are present Servicer continues without any LR 

updates (Terrain model also bypassed~ If tais s:H:ttalivn 

exists for fi>,,~,g.os-( l Q .; s 1tt tJ11ds'o/ 511 ala rip is given and 

will be given once. eve Py 10 s.ecg:9d,9 ttn:H~fthe situation is 

cor r e c ted L.~ \.\..~~~ w-l.U ~~ ~ \oc.. ~v-o~ 
/ . 

If either position 1 or 2 discretes are present it is checked 

against the present position (indicated by LRPOS) . If they 

are different, Servicer continues with no updates. If they 

are the same, updates may be performed . Routine 

HIGA T JOB is called to reposition the LR to position #2 at 

the beginning of the approach phase (P64). After the 

antenna has reached position #2 or after 10 seconds, 11 LRPOS11 

is set equal to 1 to indicate (reverse logic) that the new 

position is to be 2 . If the antenna did not reach position #2~~ IO)l< 

the 511 alarm will be given as described abov e. If the 

position is #2 , normal updating continues. Note: the 523 

alarm has been eliminated from R12 although it still 

exists for V59. 

, Jhe ll.Mf1;vigated state vector was updated for any gravity 

(;t,(~•7eA'tcts on altitude after the LR updates . This was deemed 

0 \ 7 t o be insignificant and was removed . A call to M UNG RAV 

was removed from routine RVBOTH. 

1027/10 35 ,. An a priori Terrain Model was implemented into Luminary 

to smooth the trajectory over rugged lunar terrain and to 

reduce the LPD errors and fuel consumption. It uses 5 

s egments,a slope and a range-to-landing site (abscissae), 

for each. The terrain not falling into the segmented region 



1028/1039 

1029 

(the model covers a region from some specified 

abscissae (range) to the landing site) will be modelled 

by a constant altitude, equal to the altitude at the 

last abscissae. The slopes and abscissae are specified 

in E me2,-ory by SLOP.E0, 1, 2, 3, 4 and ABSC0, 1, 2, 3, 4. 

SLOPE1'fand ABSc!'torrespond to the segment nearest 

the landing site (loc E5 , 1527 and E5, 1522 respectively, 

scaled B-6 and B-18 respectively). For more details 

see Luminary Memo # ~ y Allan Klumpp, Don Eyles, 

and Bruce McCoy. ' 

'" 7 
A new padload (LRWHl, E7 , 1756) was created to allow 

for a two-segmented altitude weighting function. The 

present scheme is as shown below . 

LRWHl..,. 
- ,Jj 

P63 , . .--., ---- :r ~ = ~: ' , -. - '·· __:___ ~ . 

LRWH- ,/ 

7K 
4- ·----. ·--------- ..... -

altitude (HCA LC) 

given by equation WH = LRWH (1 - HCALC/LRHMAX). 

LRWH is set equal to LRWHl in P64. 

WH is altitude weighting function . 

LRWH, LRWHl , and LRHMAX are erasable to set the slope. 

HCA LC estimated altitude . 

Due to the extensive analysis done prior to Apollo 13 on 

TLOSS it was found that the ground controllers could 

possibly determire what percentage of the computer duty 

cycle was not being used or what percentage was not available 



due to TLOSS. It was also thought possible that the 

post flight data could be used to calibrate LMS configuration 

time (presently it runs faster than the actual AGC). Two 

erasables were defined and are on all downlists (specified 

on PCR). SERVDURN (loc 1355) is loaded with the present 

LGC time (least significant half) just prior to the Average G 

Exit point (after navigation, prior to guidance). DUMLOOPS -Tloc 1356) is a counter which is incremented each time 

DUMM)~,iJQ13,finds no job to be serviced -idle time. It will -quit counting when a job is called, starting again when it 

is finished. Data will be published at a later date 

specifying the time between DUMLOOP increments . 
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Anomaly 

L-lC-01 

L-lC-03 

L-lC-04 

Implementation/ Comments 

It was found that a Restart during an EXTERNAL b. V burn 

by P40 or P42 could cause a .6. V increment to be subtracted 

from VG again after the Restart recalled the steering routine 

S40. 8. A Restart point was placed after the subtraction had 

been made . 

A coding error in V59 leadin caused t he DAP estimated 

attitude errors to be placed on the FDAI needles as well as 

moving the LR antenna to position #2. It was rewritten as 

shown below: 

Flag 7 bit 5 

Flag 11 b it 15 

exit 
V59GP63 ( RP0S2Kl l 

.I 

Now, V59 can be used in P64 if desirable . 

See PCR 990. 



L-lC-05 

L-lC-06 

L-lC-08 

ACB's 

L-11 

The computation of HCALC (a Double Precision word), the 

estimated altitude in a Descent or Ascent, did not assure 

sign agreement to both halves of the word. It caused the 

x-axis-override inhibit to occur at an altitude somewhat less 

(rv 26 kft) than the desired altitude (30 kft). A call to the 

SIGNAGREE was added in routine RVBOTH where HCALC is 

calculated for the altitude check . 

It was possible to not navigate some t::.. V in P40, 42 or P63 

if a V37 was used to terminate ullage or a DPS/ APS guided 

burn because average G was turned off prior to allowing V37 

to turn off ullage/the engine. In Luminary lD a V37 turns 

off ullage/the engine immediately on finding Average-G on. 

A Restart while the DAP was in the manual rate command 

mode may cause 1) Temporary nulling of a Q or R axis 

manually commanded rate while the rotational hand controller 

is out of the detent position, or 2) Yaw to another attitude if 

the Restart occurs during rate command initialization. 

To correct this, the desired CDU' s are set equal to the 

actual CDU' s each pass through Q/ R axis in manual rate 

command mode and OURRCFLG is set after initialization 

of manual rate command mode is completed. 

When PCR 882 was implemented into Luminary lC the 

Forward Velocity displayed in NOUN 60 was not computed -when the MODE SELECT SW was in a position other than 

PGNCS. The check for the switch position was moved to a 

place in SPEEDRUN after Lateral and Forward Velocity are 

computed, thus, if the switch is in AGS or LDR,LATVEL 

and FORVEL will be computed for display and return is 

made to ALT/ALT RATE computations without sending 

LATVEL/FORVEL to the cross pointers. 



L-12 

L-13 

L-14 

L-15 

L-16 

The capability of a service routine (LONGCALL) was 

expanded to allow a call for a task located in a high super­

bank (40-43). This was first implemented into COLOSSUS. 

In the Ascent and Descent Programs, an interrupted display 

(such as V06N63) would cause an extra VAC area to be tied 

up when it is not really needed. If it was interrupted by an 

Extended Verb with display it would use 4 VAC areas. A 

routine (VACRLEAS) was written to change the next display 

job from one requiring a VAC area to one needing only a 

Core Set (12 registers instead of 42). The displays involved 

were the V06N63 displays in P12 and P63, the V06N64 

displays in P64 and the N60 display in P66. This reduces 

the chance of receiving Executive storage overflow 

(31201, 31202) alarms . 

----
Three fixed words were needed in bank 1 to implement 

PCR 872. 2. It involved equating GENADR tags to fixed­

fixed memory location equivalents. 

Three fixed words were needed in bank 43 to implement 

PCR 990. Routine CLRADMOD was used to reset bits 14 

and 10 of RADMODES which was done previously by 4 

instructions. Redundant coding of resetting these bits in 

RRDESEND was deleted (same 4 instructions above to reset 

bits 14 and 10 had been followed by a TC CLRADMOD). 

It was found in Luminary lC a possible indeterminate 

transfer could occur if the TLOSS was high enough in P64 --to cause a 1201 or 1202 alarm immediately prior to P66 

entrance,occurring during the throttle routine. The problem 

had been caused by two programs using BANKCALL, the 

former destroying the return of the latter. A POST JUMP 

and associated return interface replaced P66' s BANKCALL 

to the throttle routine. 



L-17 

L-18 

L-19 

A Re start during a DPS throttle recovery caused the 

throttle commands to the DECA to be terminated because 

the Restart logic in STARTSUB2 "zeroed" bit 4 of channel 

14 (Thrust Drive Enable) . STARTSUB2 was changed to 

prevent the zeroing of this bit. Also, if a Restart occurred 

after the throttle pulses had been started but before the 

next phase change (after FINDCDUW) these pulses could be 

sent twice. A phase change (TC FASTCHNG) was added 

just after the return from throttle and just prior to 

FINDCDUW. A PCN 1043 was written to supercede this 

ACB since it was found after release that GSOP Section 2 

was affected in a minute way. A statement was made that 

a Restart zeros all but bit 6 of channel 14. 

Late changes were made to the Luminary 1 C rope which 

were implemented at the same time A UTOP66 was crowned. 

One involved improving the logic on overflow checks in 

Lunar Landing in the Guidance Equations . It was found to 

be better to skip guidance commands if overflow occurred, 

regardless of the STEERSW. Another was a logic change 

in the same area (STEER?): remove the Attitude Hold 

Check for a decision to do a STOPRATE (tell the DAP to 

stop all attitude rates). There could be a situation of just 

switching PGNCS control mode from AUTO to Att Hold 

between FINDCDUW and the next pass through STEER?. The 

__tl:;i.~~rt,~assed unintentionally . 

... .... ~_.....n ingenious way of reducing duty 

cycle time (by us) in the very busy P66. By adding a few 

instructions prior to QUICKTRIG (CDUSPOT = CDU), he 

used QUICKTRIG and ~'NBSM,:, in the P66 VERTICAL 

computations instead of the cnu,:,NBSM routine . Both 

methods are the same, transforming UNITX vector from 

NB to SM coordinates. 



L-20 

L-22 

L-23 

L-24 

L-25 

Spelling of NEGTORKP (an unreferenced erasable) and 

an insignificant card punch error for NOUN 60 were 

corrected. 

The setting and resetting of the · R04 flag in R65 was 

deleted; it had prevented the 521 alarm which was 

eliminated by PCR 979. 

EBANKS 2 and 4 contained some erasable assignments 

that were not being used . Their tags were removed so 

that the locations may be available for assignment. They 

were W. INDl (loc 1257), VACX, Y, Z (locs E4, 1537, 41, 43). 

EBANK 7 also contained some erasable assignments that 

shared unnecessarily with RTARG. ZERLINA, ELVIRA, 

AZINCRl and ELINCRl were moved from E7, 1443-46 to 

E7 , 1644-47 replacing their dummy erasables. Other 

erasables VDGVERT, NIGNLOOP, and NGUIDSUB 

(E7 , 1644-47) used to share with the above dummies, now 

share with ZERLINA, ELVIRA, AZINCRl and ELINCRl. 

R. Covelli found that the Master Ignition Routine (BURN 
-......., .... 
BABY, BURN) could be used by an erasable program (e . g . 

LM DEORBIT Erasable Program) if some instructions 

addressing fixed memory were changed to be able to 

address erasable memory also. For example 

INDEX 

TCF 

WIDCH 

12 

is used to transfer control to a location specified by the 12th 

location of a table (each program has its own table specified 

by WHICH). If the TCF (Transfer Control to Fixed memory) 

were to be changed to TC (Transfer Control to either Fixed 

or erasable) a table such as that used for P40, 41 or 42 could 

be placed into erasable memory and program flow could 



transfer between an erasable memory program and the 

Master Ignition Routine. 
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Massachusetts Institute of Technology 
Charles Stark Draper Laboratory 

Cambridge, Massachusetts 

LUMINARY MEMO# 155 

TO: Distribution 

FROM: B . J. McCoy 

1 June 1970 DATE: 

SUBJECT: Luminary lD re-release 

Due to the bugs that came out of the woodwork after the May 5 release of 
L uminary lD, the program was judged to be non-flight worthy . The following 
bugs were fixed and are listed below. The rope release date for these changes 
is 16 June 1970. 

1. 

2. 

Implementation of ACB L 20-
An error was made in reading assembly card numbers: 2234 vs 
2334 . By coincidence, they are concerned with the same noun 
(60) in the NOUN Tables (output and input scaling), The fix makes 
the output scaling 0. 5571 fps/bit and the input scaling the way it was 
originally, though it is not intended for use. 

Implementation of PCR 988-
The Restart point in P66 was moved down four places to (1) pre-
vent the AstrPro flag from being set by a Restart if it had been reset 
to turn off RCS jets (2) prevent a possible 1466 alarm if a P66 omission 
occured with a Restart. - -

3 . Implementation of PCR 896-
(LMS/KSC). The landing Radar Velocity Reasonableness test could 

Al fail erroneously due to .]eryice being_too fast. It starts to process 
' J-,,... LR velocity data before the complete set of radar readings are 

taken for a particular velocity beam. The fix is flowed below. 

R1'2.RE..ta..o 

r,;-\(.~ s- "y;--ux,~ 
i DPrif\ RE/:\t> IN 6-S I 
I P\:R. VSELEC.T I 
I I 

L - - - - - _j 

VME.ASC..\-\1<. 

'f'RoCES.5 
w,-.,r,r-1i;. 

.ToB 

t-J 



4. 

5. 

6. 

Rl2R BIT is flagword 11 bit 3. This was concurrently discovered 
by Robert Force, NASA (LMS/MSC) but has not to this date been 
seen on the FMES at GAEC. A special case, i.e. no alt data good 
and a V68 terminating the a priori terrain model computations, 
produced 9 failures at MIT/ CSDL. 

Elevation angle fake out- Pc~ /(J lf{ 
the shortened Rendezvous being used on the LMS's 

for crew training showed that the elevation angle iQ P34 (ELEV) 
shares an erasable cell that could cause a problem. At the time 
it ~~ith YDOT _, the cross axis velocity to which Ascent 
Gmoance is-Steering.-- It usually is a very small number; thus, 
when P34 displays its DP number in NOUN 55, it could appear to 
the astronaut ::i@ +QQOOQ. If he wants to compute an Elevation Angle 
based on a TPI TIG, he probably would not load zeros himself (it 
looks zero to him, even thou~h it could be a very small non-zero 
number). This results in a 611 alarm, no Elevation angle for given 
TIG. The fix put in was to 1) initialize ELEV to zero in P34 before 
it is displayed and 2) don't share it with YOOT, but where it used 
to be (in Luminary lC). (Subsequently reported by R. Force) 

Implementation of L-lC-01-
A restart point was inserted in a subroutine (S40 . 8) which returned 
to the caller via QPRET, which is in the VAC area. Since a par­
ticular VAC will not necessarily correspond to the same job after a 
restart has occurred, the expected return (QPRET) could be anything 
and, thus, a r,gndom transfer is probable following a restart during 
subroutine S40."8 of P4X. This was corrected by making a direct 
transfer back from S40. 8 to the calling routine UPDATEVG (X 
product steering). 

Implementation of PCR 1013-
TOO FEW, the erasable governing the occurrence of a 1466 
alarm if P66 issues "too few" throttle commands for everyone 
omitted (by TLOSS) shares with a P30 erasable and also with a 
Descent thrust/ guidance erasable. It could result in an erroneous 
1466 alarm should TLOSS be high enough to cause a P66 omission 
(now )-10%). It was moved to an unshared, unswitched erasable 
location (1354). 

Attached are additional Level III and IV tests to be performed as 
a result of these changes. 

The known problems existing in Luminary that will not be fixed 
until Luminary lE are as follows: 

1. Luminary anomalies L-lC-01 and L-lC - 02 

2. "LRPOS" initializationin P63 is reversed 

3. a DOOUBL instead of a DOUBLE in Throttle Control logic -
effect is 2. 7 lbs thrust 

4. a V37 following within 10 sec of a V40N20 (CDU zero) turns 
off DAP 
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5. Altitude Rate on tape meter glitches periodically: unresolved 

6. Cross Pointer - P66 Auto inconsistency: unresolved 

7. "LRWID" overlays "RM" of P20 

8. DXCH instead of XCH in Throttle Control Logic - affects 
only Throttle recovery 

9. Display conflict in P20's with extended verbs 

10. Predesignate flag in P22 incorrectly used 

11. "LRWH" is not updated for P63 - P66 interface: unresolved 

Corrections to Memo #148 

1. Landing Radar beam on Terrain Model Graphs should have 
opposite polarity 

2. for PCR 1029 SERVDURN is loaded with the difference be­
tween TIME 1 and PIPTIME +l (least significant halves) just 
prior to Average G exit. 

3. for PCR 315. 2, channel 76 is not really a spare as such. The 
channel is available for hardware assignment. 

4. for PCR 897 should read " ... to compensate for a hardware 
change in the Doppler Ranging Unit. . . " 



PCR 1052 was implemented into the re-release to account for 
\- a -the IM U sensing vertical acceleration in P66 when the PIPA' s are 

read while Spacecraft attitude rate is present. The result before 

the PCR implementation was throttle oscillation commonly referred 

to as "throttle castellation. " Now, when the present acceleration 

due to thrust is computed (i . e . the PIPA's are read in P66) the 

pitch rate as determined by the DAP (OMEGAQ) is multiplied by the 

offset distance the IM TJ is from the X axis in the Z direction. This 

quantity is a measure of the Delta Velocity sensed by the PIPA' s 

due to the IMU rotating ("bobbing") around the center of gravity and 

is subtracted from the total Delta V measured by the PIPA' s for 

that P66 one-second pass. 

bobbing or the correction. 

X 

Navigation is in no way affected by the 

.:,... 

2. 
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Level III Addendum 

Test Plan for Lummary lD (rev 163+) 

Prepared by: McCoy 

Date: 5 /28 /70 

1. Test scaling of NOUN 60 Hl-ACBL20 

a. Dump FORVEL (during Descent, for edit) at VERTDISP 

b. Edit will print out value scaled at 0. 5571 

c. Compare to DSKY at corresponding time 

2. Test Restart point in P66 - PCR 988 

a. cause a Restart in P66 (with 10%) TLOSS) after P66 omission having 
"PRO"ed on NOUN 60 

b. show that "P66 PROFL" remains reset and no 1466 alarm occurs 

3. Test Rl2 velocity radar readings PCR 866 

a. w /o alt data good, w /v68 - show that Rl2 waits; note time margin 
and compare duty cycle to run before this fix 

b. w / alt data good, w /o v68 - show that Rl2 doesn't wait; compare 
duty cycle to run before this fix 

c. do (a) above with 10% TLOSS 

d. do (b) above with lOo/o TLOSS 

4. Test that ELEV (DP) is initialized to zero in P34-PCN 1048 

a. pad load posmax into ELEV - trace coding to show· proper load 
and note R2 of NOUN 55 equals zero. 

b. use old level 4 test NEWROT (rollback) to show that Lambert 
computes good ELEV for TIG loaded. 

5. Test P40 restart fix: L-lC-01 

a. Trace S40. 8 to show direct transfer back to UPDATEVG which had 
called it. 

b. Cause a Restart during S40. 8 and trace as in (a). 

6. Test TOO FEW doesn't share, period: PCR 1013 

a. show that TOO FEW does not change during an entire landing 



Level IV Addendum 

Test Plan for Luminary (rev 163+) 

Prepared by: McCoy 

5/28/70 Date: 

Rerun previous Level IV with following additions: 

4 . 1. 1 Nominal Automatic Landing 

a. call P20 in no-update mode (V95E) 

b. call P30 to load any,6.V into NOUN 81 at TIG of PDI +l minute 

c. Trace loading of LRWHl into LRWH 

d. Rollback ANEWROT and load the proper value via V21N01E, 
XXXXXE in P64 prior to data good after antenna reposition 

4 . 1. 2 Nominal Landing w / Redesignations 

a. Trace 1st Pass through Rl2 to show proper re - initialization. 

4 . 4. 0 Surface Operations 

a . call P22 when Range to CSM),400 n. mi. 

b. when Vl6N54 appears, call R47 via V47E 

c. note any discrepancy 



Massachusetts Institute of Technology 
· C. S. Draper Laboratory 
Cambridge, Massachusetts 

LUMINARY Memo #167 

To: Distribution 

From: B. McCoy, P. Rye 

Date: 17 August 1970 

Subject: Luminary 1 D: Which One , What Kind, How Many? 

RECEIVED 

SEP 1 5 1970 

R. A LARSON 

Luminary 1 D will be released for the third time on 19 September 1970; its 

revision # is 178. The new changes incorporated are PCRs 322, 1056 and 

1058. Herewith are the descriptions. 

PCR 322: One of the major causes of the predatory "throttle castellations" 

was the response time of the DPS throttle (THROTLAG). The previous value 

was 0. 2 seconds; the new value is 0. 08 seconds. 

PCR 1056: The required ullage time for a very light Ascent Stage burn using 

2 jets is 14 seconds before ignition . The previous Luminary 1 D had assumed 

3 . 5 seconds of ullage before ignition causing 2-3 fps over burn . The Apollo 

14 crew will be using 4 jet ullage and this would contribute another 2-3 fps 

to the overburn . Luminary 178 will turn on ullage at 6 seconds prior to 

ignition. For 4 jet ullage, the required ullage time is 30 seconds. Since, 

the LGC turns it on at TIG -6 seconds, the astronaut can release the ACA 

when V99 appears (at TIG -5 seconds). Specifically, "P42TABLE +6" was 

changed to 2390 ( -29. 9 +6 seconds) and S40. 13 uses "FRCS4" instead of 

"FRCS2" to assume 4 jet ullage, and also it uses "6 . 5 SECS" to assume 6. 5 

seconds of ullage (ullage is turned off at TIG +0 . 5 seconds). The value 

of Kl VAL (total APS impulse in one second ·) was 2800 lbf · sec which is 

based on a "dry" (not yet fired) APS engine . The TPI impulsive burn and 

most conceivable burns on the APS (except lunar ascent) will be done on a 

"wet" engine. The value of 2800 lb/ sec caused an overburn of roughly 2 

fps. This value was changed to 3150 lbf · sec (extrapolation of data from 

LM Data Book) . 



PCR 1058: When it was found that the Landing Analog Displays Routine 

(Rl0) gave results with errors up to 3. 5 fps in the cross pointer display, 

a new Rl0 was suggested to effectively eliminate these errors. In the 

process the altitude-rate glitch was eliminated. The word saving was 119 

words; the new Rl0 takes 1 % longer. The main cause of the errors was the 

single precision dot products; these were changed to double precision. Also, 

some computational simplifications were made to the dot products, knowing 

that the IM U is aligned to the landing site. A PIPA bias correction term 

is added to increase accuracy; computation of VBIAS formerly done in P66 

is now done in SERVICER. Altitude is based on a simpler extrapolation 

than before. Rl0 now computes altitude and Alt- Rate every pass (every 1 / 4 

second) outputting Alt-Rate before a 12 cs pause, Altitude immediately 

after the pause. Flag· bit SWANDISP is now set immediately after 

SERVICER computes the parameters necessary for Rl0 so that Rl0 may 

start near TIG - 30 rather than at ignition. The DIDFLAG definition remains 

the same; just DID the initialization. IMODES33 bit 7 is no longer used. 

ACB L-11 and Anomaly L-lB-04 were not incorporated into the new R10 as 

originally conceived, but they are in Luminary 178: The forward velocity 

for NOUN 60 will be computed if the MODE SELECT switch is not in PGNCS 

(and incidentally accurate to 0. 1 fps); Rl0 will be initialized if the RR CDU 

ENABLE bit is removed bye. g. moving the RR MODE switch into and out 

of LGC. 

The Rl0FLAG has been redefined. When it's set by P12 , P70, P71, the 

inertial Y velocity will be displayed on the lateral velocity cross pointer 

while the forward velocity crosspointer is set to be zero . The e 

v;J,oci:tv· -i':-s-JV.:V..E<;;!+--l--2-..m-,iffi:l,.S....::v:81E:ffiW.t&.IH~-im~ta1-{1:',-7- SU RF A CE (Y) 

v~ities) 

Flow Charts for RlO and its interface parameter computation are attached. 

For more details see Luminary Memo #162 by Don Eyles . This memo 

superceeds Memo #162 where differences occur. 



Changes to other areas due to Rl0 design: 
·- "ml 

1 . downlist nsmonic changes 

LA TVEL to LATVMETR 

FORVEL to FORVMETR 

2. VBIAS calculation moved from STRTP66A into NORMLZE; 

par EA.ffetei" GH2i r~fil~ 

3. For erasable overlay purposes ZAXIS computation moved to Ascent 

Guidance from Pl 2 init ialization . 

• 
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MIT/IL SOFT ARE ANOMALY REPORT w i1LHlPUHI ~ - LM"/3\ 

I.I ORIGINATOR: 
11· 2 

ORGA'IIZATION: 11,3 DAT£: r•• ORIGINATOR IPROGRMI -

IvIIT/IL l / 2 Q / 69 CONTROi t-.0 •• 
LTJIHNARY 

J. KERNAN ?ROGRMI R[VISION69 
- ·· u DES CR I PTI O'I Of ANOMN. Y: 

Request Executive (V30) and Request Waitlist (V31), which require loading Noun 
26, should not be used with programs which share the N26 erasables\DSPTEM 1, 
+ 1, and +2. · . . · _o 

The other nouns which use there erasables are 4, 5, 2~. 34, 41, and 97. 

I CONTINUED ON PAGE 2 
L 6 DESCRIPTION OF RUN1 

Use V30 or .V3 l while running a program or routine which uses one of the 
above nouns; e.g.• P21. 

CONTINUED ON PAGE 

• MIT ANALYSIS· 
2. I CAUSE: 

Erasable conflict. 
CONTINUED ON PAGE 

2. 2 RECOG NIT ION: 

Abnormal program behavior. 
CONT INU[O ON PAGE 

2. 3 MISSION HHCT: 

Indeterminate. 
CONTI NU[O ON PAGE 

, . 4 AVOION,CE PROCEDURE: 

Don't use V30 or V31 (or load N26) during any of the programs or routines 
mentioned in 1. 5. CONTINUED ON PAGE 

2. 5 RECOVER Y PROCEDURE: 

Terminate the program or ro.utine and reselect it. 
CONTINUED ON PAGE 

, . 6 PROGR ,1,,11 CORRECTION: 

Use unshared erasables for Noun 26. 
CONTI NUEO ON PAGE 

2. 7 RECOM~'.E'i'ED DISPOSITION Hix, Work·around, etcl: 

Program nc;,te. 
. CONTINUED ON PAGE 

t 8 RECOM/,1( ', DED RE·TESTING: 

None. 
2.~MIT/IL SIG~.UURE: Vl4 j).f'rV. (, 12.10 DATE:. C) 

CO'ITINUED ON PAGE .. ,,.., .• _,_. I <L ;22._.,,,_,,.A.,,.A....,/ ' !::.J. / .. ( 
3.1 NASA DIR[CTION1 lt CLOSING ACTION TAKEN: 

/ 

r, .. ,.,. ~..,.. "I>; E' ' ..... t..VM INliit'<l..A 
" I s • ;-:L~ ,w:ac7 

I 

CO'ITINUED ON PAGE CONTINUED ON PAGE 

u NASNMSC SIGNATURE: 13.3 ORGANIZATIO"I 13·4 DATE: 4, 2 SIGNATURE: 1,1,3 ORGANIZAflUN: r·4 DATE: 

vs c Form 1, ag (Rev M3y 68) 

' . PAGE I OF _ 
)1 l.i: 
(-.i~ . , 
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MIT/ IL SOFTWARE ANOMALY REPORT ff, J :REPORT NO. 

I.I ORIGINATOR: 11.2 ORGANIZATION: 11.3 OAIT: 11.4 ORIGINATOR PROGRb'LMINARY 

J. KERNAN MIT /IL 1/20/69 COflTRot "°· - LU 

1-------·------'----------..L---........J""'----___,.j PROGRN~REYISIO~ 69 

1. 5 Description of Anomaly, cont'd. 

The programs and routines which use the nouns in question are: 

MSC Form 1409A (May 68) 

RO4 (N25) 
PO7 (N41, N97) ground test 
P2O (NO5, N25) 
P22 (NO5, N25) 
P4O (N25) 
P51 (NO5, N25) 
P57 (NO4, NO5, N25, N34) 
P7O (N25) 
P78 (N34) 

•. ·• ·l, ~· 

PO6 (N25) 
P 12 (N25) 
P21 (N34) 
P38 (N34) 
P42 (N25) 
P52 (NO5, N25, N34) 
P63 (N25) 
P71 (N25) 

PAGE _ OF _ 

r 
. o . 



.. ' ' 
., ,..., ' , 

I .. ~-- I 
,,-

·. u _ 

MIT/IL SOFTWARE ANOMALY REPORT vt-J; REPORT NU, 

LNY-51 
I.I ORIGINATOR: II. 2 ORGANIZATION: 1~~;;;~9 11·4 ORIGINATOR PROGRm 

CONTROL 11?· L MINARY 
~_/:,.__, Pettit GAEC LM-illM-1 PROG RMI REVISION 
1.5 DESCRIPTION OF ANOMAI.V: _g9-
When P20 is exited by means of V56, and no other program is running concurrently, 
the major .mode display on the DSKY goP.s blank. V37 flashes requesting a new program. The major mode on the DSKY remains blank until a new program is selected vta the 
DSKY . The integration in P20 is completed before exiting P20, but while in program blank there is no integration performed, i.e., the downlink state vectors will remair. 
static until a new major mode is selected. 

CONTINUED ON PAGE 
l.6 DESCRIPTION or RUN• 

FMES/FCI 

CONTINUED ON PAGE 

• MIT ANALYSIS· 
2.1 CAUSE: 

The program is designed to operate as described. 
CONTINUED ON PAGE 

2. 2 RECOGNITION: 

N/A 
CONTINUED ON PAGE . 

2. 3 MISSION trFECT1 . . 

J None 
CONTINUED ON PAGE 

2. 4 AVOIDANCE PROCEDURE: 

Answer the Flashing V37 as soon as practical. C 

CONTINUED ON PAGE z. 5 RECOVERY PROCEDURE: 

N/A -
CONTINUED ON PAGE 

2. 6 PROGRMI CORRECTION: 

None. This is ·not an anomaly. 
' CONTINUED ON PAGE 

2, 7 RECOMMENDED DISPOSITION I Fix, _Work~•rouhd, itch 

None 

' ' CONTINUED ON PAGE 
2. 8 RECOMMENDED RE-TESTING, 

None 
CONTINUED ON PAGE 

2.9 ?tlGNATURE: 
.Y' -/.'..l'.....,v 1-11 (~vJ/ 12.~o_, ~AT£~ • •• 

-3.1 NASA DIRECTION: 4. I CLOS I NG ACTION TAKEN: / 

I] l • - t"} / •1 I , . 

'---" 

CONTINUED ON PAGE CONTINUED ON PAGE 
3. 2 NASA/MSC SIGNATURE: T' 3 ORGANIZATIO~ 13·4 DATE: 4, 2 SIGNATURE: 14.3 ORGANIZATIO~: 14'4· OAl'E: 

·-·· -



M I T/ I L S o·F TWA RE A ~JOMA LY REPO RT U ; If> ff NO. ·-
L- l D-01 

' ORIGI IU1TOR : r 2 ORGANIZAT ION: .-121:~ 70 11 · 

4 ORIGI NATOR PROGRAM 

FSD/ FS5 
CONTROi. NO. LUMINARY lD 

_ _ Garma n , J . R . . PROG(SM\ REV ISION 

1.5 DESCR IPT ION OF ANOMAI.. Y: 
1_3 -= ·· . 

,, :NEE'.DLER 11 initia lizat ion never t a kes plac~ f'ollowfo g DAP turn-on if IMU error 

L 
counters· ( CH 12_ B 06 ) are enabl e d . 'l'h is causes cells EDRIVE to be i mproper l y 

l oaded and ca use a bias ( constant except \-rhere chariged due to DAC overflow) j_ n 

the ATTITUDE ERROR NEEDIES . . . 

CONTI NUED ON PAGE 

1.6 DESCRIPTI ON OF RUN : 

Apollo 13: Crew turned on LGC with DAP OFF . They did a P52 option l which 

included a coars e a li gn . ':I'h i s left CH 12 B 06 set so tha t ''NEEDLER'' di d not 
i. 

properly initialize when DAP was subsequent l y t urne d on . 
CONTI NUED ON PAGE 

• M IT AN ALY SIS· 

2. 1 CAUSE: 

Proper in itia liz a tion of the FDA I ne e dle display only occu rs whe n 

1. The LGC i s on, , c.. 2. The PGNCS mode se lec t switch i s not " Off ', o C· c, O 
CONTINUED ON PAGE 

2. 2 RECOG NITION: 

Cons 'c a nt bias in the n eedles ; n e edles not nulle d at the att itud e reached 

by t he DAP. CONT INUED ON PAGE 

' 3 
I 

MISS ION ffFECT: 

C rev,r h as an inc orrect ind icat ion of the a tt itude erro r . 
CO NTI NUED ON PAGE 

2. 4 AVOt3 ANCE P\OCEDURE: • • 
_ l. o no · coa r se a li gn w ith the PG NCS mode s e l ec t switc h " Off '. 

2. After LGC p ower up- (o r a verb 43) do coa.rs~ a lign or CDU zero w ith PGNCS 

n ot II Off" . CONTI NUED ON PAGE 
--

2. 5 . RECOVERY PROCEDURE: 

D o a CDU zero (V4 0 N20) w ith th e PG NCS attitude mode select switch not turn e d 
t o " Off". , CONTI NUED ON PAGE 

2. 6 PROGRA'v\ CORR ECTION: 

Set RCSFLAGS/b it3 to c a ll for NEEDLER i nitial i zati on wh e neve r the rn oclv s e l e ct 

switch i s found "Off" (in a ddition to th e p res '='1t l ogic ). CONTI NUED JrJ PAGE 

2. 7 RECOMMENDED DIS POSITIO I Fix, Work-arou nd, etc!: 

Ensure that Apc,llo 14 checklists follow " avoi..:-lance procedure". 

Fix in LUMINA .J. Y l E . CONTI NUED ON PAGE 

2.8 RECOMMENDED RE -TESTI NG: 

Limited t es ting on hybrid to show. t hat vari.ovs ... segue nce.s a ll g ive valid n eedles . __ 
. r2, 9 M¥~Jl.1 

S l~NATUP:J:~/ ) 12._}_Q D~TE: _ 

CONT INUED ON PAGE _ -r-... , /r,- ,_/ .,(_.,.,' ? ,,;1__-:-c--- . ( · · ';-,J·-"Jo 
3.1 NASA DI RECTI ON: 4. 1 CLOSI NG ACTIO N TAXW: 

(; 
__. ( 

CONTI NUED ON PAGE CONTI NUEO J I PAGE 

3.2 NAS NMSC SIGNATURE: 13.3 ORG ANIZATION r- 4 DATE: 4. 2 SI GNATU RE: . ,4.3 ORGANIZATI ON: 
r- 4 

DATE: 

... 
L . 

MSC Fo rm 1409 ( Rev May G8) 
PAGE I OFL 



7 MIT/ IL SUf-lVVAl-<l: AI\J UN\AL Y l<l:.r'U K I ,, JLE.'.'£B£iJ 1 

_:'f ~O fl : r- 2 
ORGANIZATION: I. 3 OAIT: 1.4 ORIGll~r\:Ofl PROGRMI 

CON'/ROl h'O. LUMINARY lD 
r,. !21 rn-, :::in .T. R FSD/FS5 5/1?./70 PflOGR/IJ.~ REV(S ION 16 3 

-

2. 1 continu e d 

3. Either IMODES .33/bit 6 is s e t (DAP di. sabled by IMU routines ) 
or channel 12/bit 6 is reset (IMU error counters dis a bled). 

This initialization should b e done whenev e-P--the NEEDLER routine may n ot have 
proper knowledge of the voltages to th e FDAI needles ; thus, it should b e done 
after -any IMU coarse align (which uses those sam e voltages to drive the IMU), 
a V43 (test of the FDAI needl es ), or a powe r -dow n of the needles' digital­
to-analog converter. 

As noted in block 1. 6, in Apollo 13, P52 was done while th e DAP wa s still "Off" . 
Consequently, the setting and ~esetting of th e t Vi'-O .bits mentioned above did 
not serve to trigge r the n eeded initialization . 

MSC Form 1409A (M ay 68 J 

--

PAGE£ __ OF_£_ 
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p 7uMINARY lD 
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D LUMINA RY lF 

□ LUMINARY_~ ---

0 MIT Approved PG1'-J 

[]MIT Approved ADR 

D NASA Approv2d PCR 

0 NASA Approved PCN 

. 

A. Codir 

. in codin g immediately 

PCH/PCN # -----
ANOl\il.ALY II L - /{) - Oc 

ADH ff 

0 NASA Approved 
Soft:ware Anomaly 

[CJ~T · Approve d 
Software Anomaly e,~ ~ k~L_ 

. ACT ION : 

. Program: Supervisor 's Approval: -1---J-. -1 /2 -A~-,~-c~-d · 1~ 
Do not cod e u ntil nevi GSO P material has been. J;i:vtd by the MIT 0 Mission D es i gn Review BoarcJ. (MDRB) and distributed. 

0 Pre pa re GSOP revisions for MD RB 
consideration 

ACTION: 

□ 
□ 

Technical Committee Meeting not re,1uired . 

Technical Committee Meetint(s ) hek on 
Attendees: 

C. KSC Testing and c :1eckout 

0 Review for possible impact on KSC · 
testing and che ckout · ACTION: 

D. Other Programs Affected 

. . Q Reviev,i ibr corrns1xmd:ing ch2nges in , 

ACTION: 

-----------

Special Ins tructions 
Proj c·c:t Ivinnager~-.__,...,_-ff---.;-.L~ -
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SOFTWARE ANOMALY REPORT Mt~[!):)('(½ a 
A11GIN/•,TOR: 11.~ ORGANIZATION: l: _1.5_._3/. ·1-D9A1:/E:_70 . 11.4 ORIGINATOR ' FLCBM'i:NARY 

. . ... M. r·T•· ·; c·· SD. L . CONTROL NO • • 
~1-~_. _B_a_r_n_e_r_t'-/_P_._R_y_e ___ _,__ ________ __. ____ ~ ·--·· _--------1

1
PROGRNJ..t"r.; ION , 

1.5 DESCRIPTION OF ANOM/ILY: 

.. It is possible that a cor·e set overflow (31202 Abort) will result from a "bad" 
return from puls.e. torquing due to IMU cage or coarse align. . :·. ' . ·-

: 1.6 DESCRIPTION OF RUN: 
·satanche Lev.el 3 test 

-- -- - . 
. CONTINUED ON PAGE 

-MIT ANALYSIS-

2.1 CAUSE: 
1'LGYRO" not zeroed if pulse torquing ends due to cage or coarse align; subsequent 
jobs attempting torquing will stack up via: JOBSLEEP. ·coNTi.NUED ON. PAGE 

2,2 RECOGNITION: 

31202 Abort 
CONT I NUED ON PAGE 

, 2.3 MISSION EFFECT:' 
·- so•ftware-restart caused by 31202 abort deans up the problem, but further calls 

I 

(by gyro compensation during average G) will refill the core sets, causing repeated _ . . 
overTlow s. CONTINUED ON PAGE 

2.4 AVOIDANCE PROCEDURE: 

Do not coarse align during Average G; or else E:et GCOMPSW negative. 
Zero LGYRO whenever cage is pushed. 

,.,. - .- - ~ 

• CONTINUED ON PAGE 

t5 RECOVERY PROCEDURE: 
~ .- ' J 

Set GCOMPSW negative (terminates compensati-:m). 

2. 6 PR0f.P <Vil CORRECTION· .-

. Clear LGYRO and wake possible _sleeping jobs befo.re exiting pulse torquing routine. 

-1· 1 RtC0fi\MENDED DiSPOSiTI0r; ( Fix, Work-around, etcJ: : 

( Fix for Lumi~cl.ry lE - -- -·· ·· 

, :com i Nurn-oN -P:AGE". 

. CONTINUED ON PAGE ------~-------------------------------------------1 
2,8 RECOMMENDED rtHUTING: 

Level 2 test. 

-
3.) NASA 0IRECTI0,l: . 

3. 2 NAS NI.\SC SIGNATURE: 

MSC Form 1409 (Rev May 68) 
L ._ . . - - -· -- . - -- • - -- ---

• 

r"" • - - - - - - • • - • • 

. _ . .. . CONTINUED ON PAGE ' 

~-3 ORG AN~ZATIO:J _ l~· 4 DATE: 

i 

) 
4.} . CLOSING ACTION TI-XEN: 

. h . 
. VJ _ I .. ·. 

·cor/iurn ON PAGE _ 

14. 2 S l·GNATURE: 

1r · - ; 

~ 
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[] MIT Appr~ved ADH 

I__] NASA Approv2cFPCH, 

f=] NASA App:coved PCI'-J 

A. Codi1~/ . 

· (__0 · B egin coding irnmcdiately 

Cl NASA Approved 
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[-··· MIT Ap 1)roved 
- - J. 

Software Anomaly 

p ~-l Ct_;-k~ L 
-~'--4_..:l 

. ACTION: i 
.Program. Supcwv i. so,· 's J\ppmva!: 27 I cv"'!s~-si~JJ_J!lut_,_ 

0 Do not code until n e w· GSOP JT1at erial has b een appi.'O\!e d by the Iv1IT 

Mission D esign R eview Boa r·d (JViD ilJ3 ) and distribut e d . 

B . GSO :F> Prep2rc1.hon 

0 Prepare GSOP revis ions for l\1DEB 

consideration 
ACTION·: 

Cl 

□ 

T echnica l Committee Meeti ng not required . 

T echnical Com mittee Meeting(s ) h e ld o n 

1 Attendees : 

C. KSC Testing and Checkout_ 

0 Revie·w for possible impact on KSC 

te sting ?,ncl che c kout . ACTION : --

D. Other Programs Af~~cte d 

Q Reviev,,, fur cor:rcspon:l:ing c hiu1ges in ,. 

Special Ins tructions . 

--------------------
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, ()RIGINAH1R: 1.2 ORGANllAT l (' 'I 

P . Volante r,s DESC RI PT10 NOf _A_NO_M_AL_Y: · 

1\/IIT/DL 
!1,

3 
DAH U ~~~~~~~

1
~-~REu'tvr rNARY __ _ _ --~L~~_70 

__ i__ __ PR ocRM, l1-'7'310 

- - - -=-=--= ·-=:-;-:-;.--=-. 7 

\ P25 will not control spacecraft attitude if .range to CSM i s greater than 566 N . M . 
I 

CONTll, UI D ON 1-' AGI 
------- --•· ·· ·-- . -- - ·-·· 

1.6 DESCR I PTIO N OF RUN: 

N/ A 

CONTI NUED ON PACI 

- MIT ANALYSIS -

2. 1 CAUSE: 

Coding error - P20/P22 logic is a l so being applie d t o P2 5. 
CONTINUEfl ON PA.G r 

2. 2 RECOGN ITION: 

After selection of P25, no a ttitude change s occur ; pos sible alarm 
526) 

CONTI NUED ON PAGE 

2.3 M IS SION EFFECT: 

--1-/-
CO NTI NUED ON PAGf 

2. 4 /,VO i DAN CE PROCEDU RE: 
H63 can be u se d to position Z- axis a long line-of-sight 

CONTI NUED ON PAGE 

2. 5 RECOVERY PROCEDURE: 

None 
CONTI NIIED ON PAGE 

2. 6 PROGRAM CORRE CTI ON: 
Restor e RNDVZ F LG check to L PS20 . 1 s ubroutine. 

t----------- --------------- --------1ol.---l-----CO_N_TI_N: lt D m; _PA_C_,f _ ___..; 
2. 7 RECOMMENDED DISPOSITION I Fix, Work-~round, elc ): 

Fix for lE; work-a round for lD 
CONTI NUED ON PAGE 

2.8 RECOMMENDED RE- TESTI N(;: 

P25 with range ) · 400 N. M. 
2. 9 Mlt~ S !~NAT 2 .. 10 DATE: . 

:=--==-=== = -=-=-=- -~-======C=O=NT=I N=U=ED=ON= PA==G=E ='ii==="':,S-,..__:,''=± . . c;=f;=; ==· =f=~~-~-d.~- -S=:~,;,-·;;:;,~J ====,h·b.7=-,,,;C~P;,,·= ·f.,7~/)~: 

3.1 NASI, DI RE CTI ON: 4. 1 CLOSING ACTIO N TN< EN: l 
' 

CONTI NUED ON PAGE CONTl ~WED ON PAGE 

3.2 NASP.JM SC SIG r-iATU fl E: 3.3 ORGANIZATION 3.~ DATE: 4. 2 S IGNATUflE : 4. 3 ORGAN IZA : 4. 4 DA1 : 

I 
USC Form 1409 ( Rev ~ay 68 ) 
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Do not code until nevi GSOP rn;- tcd.2.l ha s b een apprJd by th _ Ml'T 

Mis s ion D esign Review Bo8.rd (rvIDRB) ancl distributed . 

Prepare GSOP revisions fo r- 1\-'IDRB 
cons ideration 

ACTION : 

[J T e chnicP.l Committee lVIeeU.ng not re :.1uircd . 

□ Tephnic8l Comm ittee J\1eeting(G ) h e ld on 
Att endeeG : 

C. KSC Testin g 2.nd Cl icckout 

0 Revie\v for po sf_; iblc i m pact o n KSC 
· t esting and checkout · ACTION : 

D. Othe r Pr(2grc1~1~s Af:f~cte~1_ 

Q R eview :fbr corrosp·)11elt:-1g cha nge s i n 

------------------ -·~-



, 

----- -- - .--

MIT / IL SOFTW ARE 

1.2 ORGAN llM l<'N· !l. 3 DATT· 1.4 CJ RIGINAIOR -ER()C RN-,1 

r
P. Vola nte MIT/DL iG/2 2/ 70 cuNrn n1 'JO. LC--CU~M~ IN_JA~ R_Y _ 

___J_ 
PROGP.Nvl Rf VISION . 

~:~,:~:::,::~:'·e:tended verb routines shou~d not :: reque-sted if P20 or;;;~~-- -7 

running and the range to the CSM is greater· than 400 ·N. M. 

, OR IGINATOR: 

R04 (V63) LR/RR self-test V67 W-matrix monitor 

R05 (V6 4) S-band antenna V85 Mode II RR pos ition display 

R30 (V82) Apogee / Perigee dis play 

R31 (V83) Rang e /R ange r ate display 

1,.....LI'--'-'-....,__,,__ 4..7 )_ __ A_GS_j 11.i ti a li z a ti on 
CONT I NUE D ON P AG[ 

1. 6 DE SCRI PT ION OF- RUN: 

N/A 

?3:-:::--

CONTINUl D ()N PACf 

- MIT ANALYSIS-

conflict CONTI NUEll ON r ,1,cr 

2. lli.C.O..G.N.I.I.J-ON-:---- .,. 

In -s.;......._~-"-'"'0'1:ripu tation s by these routines a l s o noun 
) 

--1 
54 di splay in P20/P22 incorrect . 1 

2.3 MISSI ON EFFECT: 

Bad AGS updat e if V47 requested. 

2. 4 AVO IDANCE PROCEOUR[: 

Do not select ext e nde d verbs while in P20 /P2~ with range > 400 N . M. 

2. 5 RECO VERY PROCEDUR E: 
I . 

Terminate extende d verb 

2. 6 PROGR N,\ CORRECTION: 

Change erasablE: assignments to avoid conflict. , 

CONTI NUED ON PAGE 

CO NTI NUED ON PAGE 

CONT I NUED ON PAGE 

CONTI NLl'D ON PAGE 

CONTI N' li'D 01; P >.r,f 

; 

I 
I 

1-------------------------- - -----4---------- ---

(, 7 RECOMMENDrn DISPOSITI ON ( Fix, Work-around, e1c l: 
~ 

Work-around fo r lD fix in lE CONTINUED ON PAGE 

2. 8 RECOMMEN DED RE-rrsrn-1,;, 

Select above ext ended verbs in P22 while Jf-Hfrnf's'iG~ RE:. ;P1-a--y__.e__d'----~-~-j-c-----,-------1~ 

// . _, . 12. IO ~ATT :_ 

CONTI NUED ON PAGE :::t::, .. '/·7 - /.,,././1 /J_ _ _,:-j?,_______ .7--(,-, ·- 7 t::-: 

3.1 ~IASA DI RE CTION: 
4. I CLOS I NG AC TI ON TAKEN: 

CONTI NUED ON PAGE 
CONT I NUED ON PAGE 

3. 2 NASNMSC S IGt!ATURE: 3. 3 ORGAN IZAT IO~I 3. ll DAT£: , 2 SI GNATURE: 4.3 ORGANIZA'f t ~ ~ D ·rr-

USC Form 1409 (R ev Miy 68) 
PAGE I or -



O, CO Ll)SSUS 2E 

□ CO LOSSUS 3 c·i 'JLOSSUS 3/\ 

Cl COLO SSUS 

[ -] L l JJ\!J J1'; A l fY 1 D 

[~JLUMIN/~RY 1 E 

f"'] LUl\/iIN1~ .. RY l F 

Cl LUMIN A H:( .. _,-·--

[ l Nll'f Approved PCN 

1=11\!JIT App roye d ADH 

[] N'f',.SA Approved PCR 

[] NASA P,pprovecl PCN 

A. Co~~~F. / 

. ® · B egin . _coding. jmmcdiate ly 

0 

ACTION : - -----~---• 

Pro gram Su pc rvi s or 's P, pp:xNal: ] • l __ ~Lf ·-.;'1.i U:z1,._J;j;_~L 
Do not coclo ten-Lil n eYc GSOP rnak:1'."ial h 2.s b ee n a pprJ•c cl by the M:J'r 
Miss}on D esign HE,view Boa1·d (l\'LDPB ) and di s td.bnted . 

B . GSOP Pre1x1ration . 

C . 

0 
D 

□ 

Pre pare GE'.OP r ev i s i ons fo r "~DrU3 
c onsid8:i'8.tioi1 

Tcclmic.sl Comrnittec l\1eeting not required. 

Te~hnka l Con.nnitt ee Mee tin t (s ) he ld on 
Attendees : 

KSC Testing and __ <_;;__:,~c ckout 

- ----------~---·--- -

0 Rev5ew for po s sible jrnpcct 0 ,1 KSC 
te s ting and che clwut ACTION : ______ . _ _ _ 

D. OthGr Pro gr·an1s A..ffedecl o R ev i ew for corrcisp::i:,,±ing chang8s jn 

Sp e c.i a l Jnstructior.!!:!_ 

' ; 

' ' .. 



r 
I 

Kt M5J:. !H l'U t< I I\V. 

!\J ORIGIIJAH1 R: 1.2 ORGANllAT IC' "i 

L -iD - O G 

I __ Mc~~)_' _ __ _ 
r-5 D[SCR IPTI ONOf ANOlt\ AlY: 

MIT / DL 
1.4 ORI GINA1()R-fROr. RM1 

CONTfl OI NO. L . M 11-.J A P-. '/ 
PROG RN,\ Rf VISION -

I 

-· 7 
- - - - -~-----·- 7 

" DVTOTAL' 1
, the accumul a t e d mea9ured Delta Veloc ity from SERVICER , 

incremented t wice in one SERVICER cycle aft e r Restart occurre d. 

CO NT I NUl D ON i ' AG[ 
----- --- ----- --- ---- -- --

1.6 OC SCR IPT ION OF RUN: 

Fl\/IES P40 s im ulat ion at .GAC 

CO NT INUED ON PACI 

i 
' 

=-~ ===== ===== = ======= ======== === = -- •-c= 

- MIT ANALYSIS -

2. l CAUSE: 

DAS i ns truct ion to DVTOTAL p erforrn.e d tv.r ice - no Pha s e change 
I imme diat ely follo viring. 

2. 2 RECOG I./ ITI O.N : d 
R j of N40 a t en of burn f- R2 of N40 at start of burn 

2.3 MISSIO N EFFECT: 

None - downlist quantity m a y show ext ra i~ V •(;::::: 10 fps ) 

dur ing Powere d Flight 

2. 4 AVOID ANCE PROCEDURE: 

None 

2. 5 RE COVERY PROCEDU RE: 

None, 

CO NTf NUEO ON P 1,,r,r 

--7 
I 

CO NTINUED ON PAG~ 

if R es tart occurred 

CO NTI NUED ON PAGE 

CO NT INUED ON PAGE 

CONT INl'ED ON PAGt 
--- ------ -------

2. 6 PROG R>M CORR ECTI ON: 

Add TC Q UIKFAZ5 afte r DAS instruc ti on 
CONTI Nl h D Qt; r A(,f 

---------- -------------- - --------------- ·------< 

2.7 RECO.',IMENDED DI SPOS ITI O (Fix, Work- arou nd, eic): 

None for 1~) ; fix for l E 

2.8 RECO,,\MEN DED RE-TE STI NG: 
Trac e DA:, instruc tion after R estart 

CO NTI NUED ON PAGE 

3.1 NASA DI RE CTIO N: 

CONT INUED ON PAGE 

3. 2 NAS NMS C S fGNATURE: 3. 3 ORGAN IZMION 3. 4 DATE : 

CO NTI NU ED ON PAGE 

r-:-------,-----,!'---------',----,--------, 

2. 9 MITII L/S !~!'AW RE_:_,./ 2 .. 10 DATE: 

_ _ <f:: -/--t / 1._~&-_,. A £< 

CONTIIJU[D ON PAGE· 

~ 2 SIG NATU 
I 

4. 3 ORGANIZA U D lE: 

' j 

,_______ __ -~---=- ---'-------"---- --------''--------'-------' 

US C For m 1409 ! Rev Ua y 68 ) 
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□ CO LOSSUS 2.E 

[] CO LOS SUS ~1 

[i ~O LOSSUS 3/\ 

· 1. .\ COI.DSSUS _,,,..~. 

f--, L VJVIIN/\HY JD 
-- / 
Q2j LUMINhRY l E 

[--1 LTJ I\r )· i,.·1 A n ,r · 
·-- • 1. l ·l. . J. , ,.· .... l l · _ 11•' 

,--, LUl\lIT NA R Y ,.- . 

[l JVIJT /\ppr ovcd PCi:: 

[] MIT Approved ADH 

- ·1 NASA Approv2d PCH. 

[ ]NASA Approved P Cl\l 

A. Cn d1·n~· · - b 

. \ - B e gin coding irnmecliate ly 

ADH If 

[1 NASA Approve d 
__ J So.r:,.,,,a r -:, "11or1 •1l v 

l L , . .• <::: 1:'.>.. ..[ c:._.; 

[C}rTvIIT .Approved 
Softwa.rc A norna1y 

Ci ½(~/) '<}cL-Co✓'=--
Ac T roN : _ _ _ _ ---: 

l=>ro ura1"1· c,J D"'I0 \ri' s0'·' 1c /'1)1 ·,,r~1 ".) l•\-'1~ /; /, ( :J, ../ .. J'\'(,, . J -1:-;r•L 

0 
. . . 0 .. c r. , .), • .,_ ~ . , e. ,.:, -~ . l .. U·. n_ . 4-\.v..,,,,.LY.~ ~ y ~ "--'v {\. ✓\.::.1 "-... 

Do not code u ntiJ new GSQP m a.t e r·:i P.J. has been· appj ve d by the MIT 

1\/l is s ion D cs:i.gn R.c viev-1 Bo a. i.' d (l'!LDH.B) and ch stri.bnt ccl . 

B. _QSqP Pre r2_8. :cc1.Uon 

0 Prepare GSOP r evisions fo l' JV(DJ.1B 
considerahon 

ACTIO _--J : 

[] Technica l Com mittee M eetin z not r equi red . 

□ Ter;lrnica l Committee JVTc eting( s ) he k 1 on 
Attendees : 

C. KSC T es'.:ing anc1 C heckout 

0 Review for pos sible impact on KSC · 
testing and che ckout · ACTION : 

D. Othe r· P_r~)'8.rns_Affectcd . o Review for corresponcfog cl rn.nges in 

AC'I'ION : 

------------

Speci~J Jn_s frucEon s 
Proj e ct r.t.,,r,ogcr=i?J/;z;;;;;- J 

D8.t e ~7 ·-- 9 - ·7 t_) ___ . : __ )__ _ ______ ------------·-·. --·-

---- ------- . --------- -- -------



M I TI I L S O F T W A R E A ~J O M A L Y R E P O R T 1!TR11'U11TWj-:--

.--------------------------,------r--:-c--'.:-C-=:---,.,.,:i<:':,!:,__.1D.=...O,_._ __ ---j 

I. I ORIGINATOR: 1. 2 ORGANIZAT ION: 1.4 ORIGI NATOR VGll / .\1 • 
CONTROi N'.) , Lum 1nary 

GR Kal an MIT /Dr_a __ [)_er _J_...,a PROGRAf.l REv Is I0N 

1. 5 DESCR;PTION oT At/~,',\fJ.Y : - 17 3 
If ·the mode control switc 11 i s moved fI'Om th 1,T. I-IOLD to ~=-===== 

the A_DTO. po~n_before t_h e manu_a,l r _at~ c~~mand mode h as been properly 
termmate d a~JJ e X -ax i s ove rr: 1 . d : · 

J.) A short RCS j e t fir ing (. 15 sec .. max i. mum ) m ay occur about the yaw ax is 
if tb e mode contr ol s-wHch is l a ter returne d to th e ATT. HOLD posit ion 
or if the X-ax is overr ide inhib ition is r e moved . 

CONT I ~urn O p AGE 2 

1.6 DESCR IPTI ON or RUN: 

Examination of coding 

· M IT AN ALYSIS · 

2.1 CAUSE, l) Whe n the m anual r ate command mode is impr operly t e rminated by 
switching to the AU TO mode contr ol s-,vitch position while 

CONT I NllfO ON PAGE 2 
- - ------------ --------------- ------- --
2.2 RECO GN ITION : 

l) A short yaw RCS firing at SYvitch to ATT. HO L D or automatic re moval 
of X-ax is over r ide inh ibition. 

CONT INUED ON PAGE 2 
2. 3 MISS ION EFF CT: 

Possible u nexpected RCS fi r ing or y aw m a neuver at switc h to ATT. HOLD 
o r automatic removal of X- ax i. s overr ide inhibit ion. 

U AVOID ANCE PROCEDURE: 
Wait -it l eas t 5 s e c b efore s w itching m od e control switch to AUTO position 
af ter returnin a· AC A to de tent foll owing manual rate comman9: m9-J1,~_uy~rs. 

2. 5 HECOVERY PROCEDUR E: 

1) No rec overy procedure n e cessary 
2) Move /;<;:,A rapidly out of detent and back in yaw axis ( a I}atu r al 

11---- -----~~~]..!Jl..L/ _______ _ ___ ___ · ------ -------

2' 6 PRoGRm co[l]Ecnm, o ·or=>RCBIT 1 d t 1 ·t h · · AUTO · t · h'l .ttese·1· _., w 1enever 1no e :~ on ro_ sw1 c 1s 111 pos 1 ·1on w 1 e 
X- ax ;.s override i s inh ib ited . 

CONT INUED ON PAGE2 ---------------
2. 7 RECOMMENDEO .J).lSPOS !ilON I Fix, \'~ r~· arot,tnd. etcl; J.D 

worh arouna 111 Lu m inary 
Fix in L uminary J. E 

2: 8 RECOMMENDED RE- TESTI NG: 
Verify tha t anomaly h as been pr o pe r ly f ixe d in Lum inary l E 

before r e lease . 2. 9 M_.!JII} sI G~:Y:~ , ✓ "") -.------i 

.== =--- --== CONTI. UEO ON PAGE 1, . -~/ --L / ,: A-::J-::=:2::..-:::.=: ··1 ,:. ?.f;_ 
3.1 NASA DIRECTION: 4. l CLOS I NG ACT ION TAK EN: 

CONTINUED ON PAGE CONT INUED ON PAGE 

3.2 NASAl!.\SC SIGNATURE: 3. 3 ORGAN IZATI 0'-1 3. 4 DATE: 4. 2 SIGNATURE: 4. ORGAN IZA'r 1i: 4. 4 DAit: 

PAGE l or_ 



~ - IV\ I I I I L .) U r I VV ti r\ C. l ~ Vl ' l f"\ L I I L I VI I M'::A. till 'U;l I 1,J . 
7 

---- - - - - - ----,---------~----~----~ L - I [) ·- o 
c}.'l lGI ATOf! : 1.2 ORGAN IZl,T ION: L3 D TE: 1.4 OP. IGII JAT0:-1 PROGfl/Jtl 

G. R. Kalan MIT / Drape r Lab 6 / 18/70 co;motr{O. L UM JiJ Ar, -( 
PROGflN.\ l:EVISI ,i 

r-------------- -'-.....L- ----------'-- --- --'---------< f7"2 
1. 5 Cont. 

2) The L l\/I m ay y a,v to a different attih;tde (1 80° 1n ax ) whe n fh e X-ax is ove rride 
inhi.biti.on i_s r e move d if the direct rate d a mping phase of the manual rate 
command mode i.s active fo r the C~ or R ax is at the time of the s vvitch to AUTO. 
During P 6 4, for example , if: 

1. The Mode Control Switch is moved to the ATT. HOLD position. 

2. A 10° / sec pitch rate is commanded with the ACA . 

- 3. T he ACA is snappe d b ack into de tent position. 

4. The Mode Contr ol Switch is moved b ack to the AUTO position 
within 1 sec of the retur n to detent . 

5. T he y aw attitude i s changed due to l ate ral redesign ations . 

When P66 i s subsequ ently entered, the X-ax is override inhibit ion is auto­
matically r e mov ed. The v e hicle w ill then y aw to th_e yaw r eference attitude 
that e x isted when the Mode Con trol Switch was in the ATT. HOLD position. 

2.1 Cont . 
X-ax is ove r ride i s inh ibited, OURRCBI 'I' remains s e t. Cons eque ntly if the 
X-ax is override inh ibition is removed or if the ·mode control switch is mov ed 
b ack to the ATT. HOLD pos ition, the P- ax is manual rate command mode 
coding is e n te red imme dia t e ly without the pr ope r initi alization. Thus, the 
manual P- ax is attitude err or , DXERROR, rema ins equal to the change in P­
ax is attitude since the impr oper termina tion of the manual rate command 
mode . If L XERROR is greater than the deadb and, RCS jets may f ir e fo r up 
to 0. 150 s ec to reduce DXERROR . On ti1e nex t DAP pass th e manual rate 
command r :1.ode w ill be te rmina te d pr operly , an d the attitude hold mode wi.11 
be ent e red. 

2) It the direct rate da mp ing phase of the rr.anual rate comm and mode is active 
fo r the Q or R ax is at the time of the s w i.tch from the ATT. HOLD to 1he 
AUTO mod e control switch position whi.1 ·~ X- ax is override is inhibite d , QRBIT J 
as well as OURRCBIT remains set and J USTIN bit remains rese t. Wl en the X 
ax is O\'err 'ide inhibition is r~rrioved, the P- axis manual rate command coding 
i s immediate ly entered without initializ ing DXERROR. As in case 1, the RCS 
jets will fire to r educe DXERROR. Bec aus e JUSTIN is reset and QRBIT is 
set, however , the manual rate command mode c annot be terminated unless the 
mode control switch is moved back to the ATT. HOLD position (so that the 
QR axis manual coding will be exercis e d and QRBIT will be reset ). 
Cons equently, the DAP will yaw the vehicle until DXERROR is reduced to 
zero, then hold the new yaw attitude in the pseudo auto manual rate command 
mode. 

2. 2 Cont. 
2) Yaw to new attitude at automatic removal of X-axis override inhibit ion. 

2. 6 Cont . 

Reset QR.BIT during rate damping in X-ax is overrid e mode . 

USC Form 1li09A (I.lay 68) 



flT / D L p 1·•')G-'"•/']'li C' l·)·/1 T'.T('':.' T' O1 T'I')·~,1 G- ('J 11..::: . 1,\.. , J l ., . \ J , . . •. , T .l..1 \, l . J., 1 1.J ..• • 

:::.::::- __ -:=-.;:=...:.. _ - .:,: _ _ ;:-_ _______ ____ ·---- --------·-·-· ··---·------- - - ------ - -

- · 
[] COLD C' C'lTS 2E_; ' ~.) , _) •-

[] CO LOS SUS 3 

[_~~ 'OJ..D SSUS 3A 

D co IDs SUS __ - · __ 

[] I T F rr 1··N; ,, 1~,-.. r . 
__ ..JJ,rJ\ 1 . n . \. J . l D 

[l_~UMIN AH Y J. C 

[l LU1\1JNAH.Y LF 

□ LUMINARY ____ _ 

□ MIT Approved PCN 

[.lMIT Appro:7cd ADH 

D N°J\ SA Approved P CR. 

[ -j NASA Approved PCN 

A. Coding/ 

(B Begin coding_ immediate ly 

B. GSOP Prepcn'ation 

0 Prepare GSOP r evision s for j\'IDHB 
conside ratio'n 

ACTION: 

Pel·.• I i~),,...,-~,1 J_'· 
l, . 1.JJ., f, - ------------

A. P01·•tr A I , T ✓ i 0 ·-0 c.) .. \! II.· .. .. , .L 1( L- / U ---
ADR If 

□ 
□ 

Tcchnic:a l Comrnittee l\'Ie eting not required . 

Technica l Committee ].\'.::eeting(s ) held on 
1 Attendees : 

C. KSC Te sting and C heckout 

0 Review for possibJ.e impact on KSC 
t esting nnd checkout · ACTION· : 

D. Other_ P:cograms_ Affected 

1~ev1ew nr con'CSfD,-icting cnangcs 111 0
.::) . r , . , . 

Special Jnstru_ct_tons 

, 
' ---- - -- ----~------ ' 

-----------

--------



I f I I I I I L. ...JV I I \.'Y ' •I\ L I I I VIV I t I L I I\ LI V I\ I M:,t.. :'\ t run 1 ,,u. 
L- I D - 0 £? 

0RIGI NATC1R: 

F B. Mc.GQY-_ ___ _ 

1

u DEscR1n10, o, ANOMNY 

Padload "LRWHl" share s eras·able memory l oca, tion with RM of P20. 

U OR GANIL AT lf'N 

MIT/DL 

:t. 3 DAH: 1.4 OR IGINAlOR PIWGRM\ 
I , CONTll()\ M). :ni.nc'U'..y 

-~~ f!:_'}: 12 0 ~PR,,..,.O=GR""7"M~~ ~Rf VIS I ON . . 
~ --------1 17 3 

-----=----·--7 

CONT I NUl [J ON f> AG[ 

1.6 0£ SCR I PTION OF RUN : 

Eyeba ll 

CONTINUL D ON PACI 
,~==== == ==~-====================I==========--==·-= 

- MIT ANALYSIS-

2. I CAU SE: 

s ee 1. 5 above 
CONTI NUED ON PA.Gr 

2.2 RECOGNIT ION: 

eyeb a ll 
CONT INUED ON PAGE 

2.3 MIS SI ON EFFECT: 

If P20 is select ed before PDI to trac k CSM, the LR we i 

P64 and P66 may affect navigation. CONT INUED ON PAGE 

2. 4 AVOIDANCE PROCEDURE: 

Load L RWHl pr ior -to PDI: V21NOIE3756EXXXXXE 
CONTI NUED ON PAGE 

2. 5. RECOVERY PROCEDURE: 

Load LRWHl: V21 NOIE 3756EXXXXXE 
I CONTINUED ON PAGE 

t----- ---------- ---------------------"',--'---~~----
2. 6 PROGRAM CORRECTI ON: 

Move LR WHl to uns h a red memory. 
CONTI NULD oi; rAC,i 

2.7 RECOMMEN DED DIS POSITI ON !Fix, l'\'orh,rou nd, !.'le): 

Program not e fo r lD; fi x for l E . 
CONTI NUED ON PAGE 

2.8 RE COMMENDED RE-TES TI NG: 
Simulate landing sequ ence and show no cha nge in LR W 1 ~ 

2. 9 JAIJ} IL S_!~A~: _ / 
CONTI NUED ON PAGE -~ , .. 'tJ,- r • /'1 /i.../-, .-----_/ 

3.1 NASA DI RECTION: 4. I CLOS I NG ACT ION TAK EN: 

CONTI 'UED ON PAGE CONTI NUED ON PAGE 

3. 2 NASNM SC SI GNATURE: 3. 3 0 GAN IZ ATION 3. ii Di',IT : IJ. 2 S IGNATU RF. : 4.3 ORGANIU , 0 ; - 11. 4DA1""',- - --+ 

~S C Form 1409 ( Rev May 68 ) 
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MIT/IL SOFTWARE ANOMALY REPCRT 

~

I. I ORIGINATOR· U ORGANI/ATl <'N :L 3 DATT 1.4 ORI C. INATOR I PROCRMI 

P. S . . We~ssm~n . _ __ MIT/DL l 8/24/70 C:U NTR o i "1 'IPRit"Rfi5Wfoi¥ - -
s DESCRIPTION or ANOMAI v, - - . • - • ! ibraugb J 75 __ .. __ 

A. There are a number of windows during which a change - - ·---.., 

I in major mode would wipe out a waiting 1/ ACCS job , leaving the DAP with 

improper data. 
In this context, a "change in major mode" means a V37, V96, V56 or a 

V34 response to various displays in P20, P22 and P25. Each of these wipes 

out all waiting jobs. 
1/ ACCS is a routine which computes the control authorities of the RCS 

_____ jets and the trim gimbals on the basis of vehicle mass and corit"J,IDM;E~t\01,'lt;E 2 
---- -- - - - -- · - ----------

1.6 IJ[SCRIPTION or RUN: 

Inspection of coding. 
; 

CONTI NUl D ON PACI 
====-===-·--:=: 

-MIT ANALYSIS-

2. 1 CAUSE: 
I 
I 

See Description of Anomaly. I 
CONTINUED ON P~r.r I -

2.2 RECOGNITION : I 
I 

See page 3 I CONTINUED ON PAGE I 

2.3 MISSION EFFECT: ! 
See Recognition. 

I 
I 

The only case that might be serious is case A3. CONTINUED ON PAGE 

2. 4 AVOIDANCE PROCEDURE: 

See page 3 
CONTINUED ON PAGE 

2.5 RECOVERY PROCEDURE: 
! 

Any procedure that causes 1/ ACCS to be done . The simplest is V48E, Pro, ! 

V34E. 
; 

CONTINUED ON PAGE l 
2. 6 PROGRAM CORRECTION: ' 

Have the subroutine that wipes out the queue of waiting jobs set up a job I 

to do 1/ ACCS. Any change in major mode will thus cause a 1/ ~~§ ~ff.b t9 
he, rlf"lne> t ·• r • 

2. 7 RECOMMENO£D DISPOSITION l Fix, Work-around, etcl: ! 
Fix in LUMINARY IE ; work around in Apollo 14. (See PCN 1059) 

CONTINUED ON PAGE 

2. 8 RECOMMENDED RE-TESTING: 
/ - , I 

2. 9 MIT/ll .SIGJ'7r ./ 17 IO 
DATE : I 

CONTINUED ON PAGE )./ ~ - ;_ r_.-1 _,,. ~ .:::J i . . ,, , -

3.1 NASA DIRECTION: 4.1 CLOSING ACTION TAKEN: / \ I 

I 

I~~ ;/m,~ED ON P~E 

I 
I 

I 

CONTINUED ON PAGE 

3. 2 NAS A/MSC SIGNATURE: . 3 ORGANIZATION 13· 4 DATE : 4.2 SIGNATURE: 4. 3 ORGANl l Al 1urt: r. DATE : 

i I ~ 
~SC Fo rm 1409 (Rev May 66) 
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SOFTWARE ANOMALY 
l.2 ORGANIZATION: 

MIT/DL 
l3 DATE: 

8/24/70 

REPORT 
1.4 ORIGINATOR 

CONTRCX. P«>. 

2 

L- ID..:.10 
PROGR/IM 
Luminar 

It also computes various quantities which effectively determine the placement and 
curvature of the switch curves in the RCS phase plane on the basis of jet control 
authorities, the current attitude deadband, the vehicle configuration, whether it is 

' powered or coasting flight, and jet failures. 1/ ACCS should be executed whenever 
any of its inputs change. Hence, it is done in SERVICER after the mass is decre­
mented and a job to do it is set up by the routines which change the deadband and 
the various discrete inputs . 

If one of these jobs is wiped out by a change in major mode, some change in data 
may not have been effectively as s imilated into the autopilot . Specifically , 

1) abnormal exits fr om a pow er ed flight program (including a V34 response to 
a flashing V97 or V9~ could leave an improper deadband and/ or the powered 
flight configuration of the RC S c ontrol law; 

2) termination of P 20 or P 25 could leave a 0 . 3 degree deadband if R23 or R60 
were in progress ; 

3) termination of r utine 03 at th e s ec ond display (N47) by change in major mode 
would pr event any desired changes to t he deadband or the vehicle configuration 
from being incorporated into the phase plane and the rate estimator ; 

4) a change in major mode immediately after an RCS isolation valve was opened 
or closed would prevent the proper modification to the RCS phase plane logic . 
(The window for this is extr emely small. ) 

B. Another problem could arise if a restart occured in a certain part of the Lunar 
Surface Navigation Program, P 22, with the range greater than 400 nautical miles 
and a positive range rate. Immediately following such a restart, coding would be 
entered via the phase table which would terminate P22 and, in the process , wipe out 
waiting jobs. Since a restart c alls for a 1/ ACCS job and clears the ACCSOKAY 
bit (DAPBOOLS/bit 3,) the DAP will idle until the 1/ ACCS is done. If the P22 exit 
comes in while that 1/ ACCS is in the queue of waiting jobs, it will wipe it out 
(together with the rest of the queu e) . Thus, the DAP will be left idling, waiting for 
a job which has gotten 11 lost 11

• It will idle until 1/ ACCS is done by some other routine 

- e.g. RO3 or the initiat ion of AVERAGEG Since P22 is only done on the lunar 
surface, when the DAP is not needed, it seems quite certain that the occurance of 
this case would hav e no effect at all on the mission . 

·-
I .. 
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2. 2 Recognition 

The various cases given in the Description will be treated separately. 

Al) The crew or the ground might notice the discrepancy in the deadband 
because either the DAP was allowing the attitude error to grow larger 
than expected or the DAP was firing to correct attitude errors that were 
smaller than the expected deadband. 

A2) Same as Al except that the expected deadband would always be l arger 
or equal to the deadband in effect. 

A3) Same as Al for deadband changes. Errors in configuration could result 
in extremely sloppy control or even instability. · 

A4) Some extra chattering of the RCS jets. 

B) Console light(s) in the Mission Control Center would be lit . Also , if 
such a lock- out were accomplished and some activity which required the 
DAP were then carried out without first doing Routine 3 or in s ome other 
way causing 1/ ACCS to be done, then it would be found that t he DAP was 
not performing its function. One possible lunar surface activity that uses 
the DAP is an RCS test. 

2 . 4 Avoidance Procedures 

The crew can avoid the particular procedures that lead to the difficulties of 
case A. Specifically, the following should be avoided: 

1) exits from powered flight programs after the pre- burn attitude is 
calculated that do not go through the final displays of that program; 

2) termination of P20 or P25 during the execution of R23 or R60 ; 

3) termination of R03 by a change in major mode; 
I 
I 

4) change in major mode within a second of operating an RCS isolation valve .· 

There is no avoidance procedure for case B. 

MS C Fo rm 14 09A ( May 68) 
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1 

5

1 0RIGINATO-R,_ ______ __ u ORGANI/A11 r "l :u DATT , u 0R 1r. 1"JATOR~t-:,P=R0=~=.p,_M--:cw:-;---__ _ A_ R_Y--l -D-----.1 

R. Larson MIT/DI. I 9/11 /70 (()NTROI ~ 1- LU MIN 
~ ___i_: PROGRMI RIV l~ION -

D[SCRIPTION OIANOMN Y: ·• - - - - --· -· -- ·--- - R E V. 17 8 

1. The _valu e of WB is mis-scale d ln Luminary lD by a factor of 2 (S ee Lum'fnar.f~ ----~ 

MEMO # 169) 

CONTI NUl D UN f' AGl 

1.6 D£SCRIPTION or RUN : 
----·- - --- - ·- - --------

Eyeball (Reporte d in comments to MIT from MSC) 

CONTINULD ON PACI 

- MIT ANALYSIS -

2. l CAUSE: 

Error in preparation of PCR to change the LOSSEM Eph Number. 

CONT I NUEfl ON PA.Gr 

2. 2 RECOGNlTIO N: 

Error when an approximate 
LSP OS 

position vector of the moon is computed in 

2.3 MISSION £FF£CT: ~ 
Bad ali gnment if the sun and moon are used. 

2. 4 AVOIDANCE PROCEDURE: 

See 2, 5 

2. 5 RECOVERY PROCEDURE: 

The ground can transmit a very accurate Moon position 
should be desired for alignment. 

2.6 PROGRMI CORRECTION: 

Correct scaling of WB 

2. 7 RECOMMENDED DISPOSITION ( Fix, work-around, etc!: 

Fix for Luminary lE. These numbers have to be 
___ A~ ! :10 15. 
2. 8 RECOM/-'. WED RE-TESTING: 

CONTI NUEO ON PAGE 

3.1 NASA DIRECTION: t l CLOSING ACTION TAKEN: 

COIKI NUED ON PAGE 

3. 2 NASA/MSC S IGr-lATURE: 3.3 ORGANIZATION • 3. 4 DATE: t2 SIGNATURE: ··• 

MSC Form 1409 !Rev May 68) 

co~:TI NUfO ON PAGE 

CONTINUED ON PAGE 

CONT I NUEO ON PAGE 

CONTINUED ON PAGE 

CONTINUi D Qt, f'Af,i 

r a new year for 
CONTI NUfD ON PAGE 

/:, l _,., 

4. 3 

2. 10 DATE : · 
. -·1 .. , I 

PAGE I 



\~lT /DL PHOGIV\M CHANGE 110UTING SLIP 

[l CO LOS SUS 2E 

~..:::!OLOSSUS 3 

□ COLOSSUS 3A 

□ COLOSSUS_-

D LUMINARY lD 

Ba{uMINARY 18 

D LUMINARY lF 

□ LUMINARY_ 

0 MIT A pp roved PCN 

D MIT Approved ADH 

D NASA Approved PCR 

0 NASA Approve d PCN 

A. Coding 

@Begin coding immediately 

,ju iE 1tJ -f 
0 ~ 

PCR/PCN # I !) 1 1 

ANOMALY II L- ID - / '2 

ADR II 

O NASA Approved 
.__, ~ftware Anomaly 

- ~IT Approved 
Software Anomaly 

~~ \Jo~· 

0 

ACTION: 

. Program: Supervisor's Approval: _)_l_J_\_{,e,--,- u.__..--.--.--'\,-1"-,~~~ 

Do not code until new GS0P materia l has been approv -d by the MIT 
1\/Iission Design neview Board (MDRB ) and distributed. 

B. GS0P Preparation 

0 Prepare GS0P revisions for MDRB 
consideration 

ACTION: 

□ 
□ 

Technical _Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout · ACTION: 

D. Oth e r Programs Affected o Review for corrc;spond:bg changes in 

ACTION: 
Special Instru c tions 

------------

~// / / 
Projcr:t M ar rJ. ger ---~ ':r-/,.:::2:, ,- . 

Dntc 'c/ ·- { ·:j - ?'(_, 
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c MIT/IL SOFTWARE ANOMALY REPCRT M<J:. ~mmroo~ - - - --
L-1D-12 

P. VOLANTE. __ 
l.S D£SCRIPTION Of ANOMAI Y: 

U OllGANI/ AT 1rr-1-

___ MITJDL . 

:LJ DATT : 

--~ _/17. / 7Jl 

I 4 OR i f.lNAlOR~R()f,RMI 
. f.ONTROI NO. LUMINARY 1D 

PRO_GIIM-1 ll l Vl '> ION -
178 

~- -=-=-~~=-=--·- - -, 

1rl. I ()RIGl"IATOR : 

Selec.tion of V41N72 (RR Coarse align) while an RR reposition or remade is 

in progress results in incorrect operation of V41N72. Also keying in V44 

while a reposition is in progress will cause erroneous operation of a 

subsequent V41N72. 

1.6 D£SCRIPTION OF RUN: 

- 7 NA. J-

lvJ 
- - --~-- ­

\ 
~ 

CONT I NUI D UN I' AGl 

============~~-;;!=~c=======C=ON=T=IN=U=ED=O=N~' P~= 

- MIT ANALYSIS -

2.1 CAUSE: 

V41N72 disables the RR error counter enable outbit, 

drive, but the remode(or reposition) flags are not c 

2.2 RECOGNITION : 

the antenna 
CONTINUE[) ON p.1,r,r 

Following the loading of desired angles in N73, N72 will show actual angles 

not converging to desired angles. 

2.3 MISSION EFFECT: 

None . 

2. 4 . AVOIDANCE PROCEDURE: 

Do not key in V41N72 while a reposition or remade is 1 

while ~~ reposition is in progress. 

2. 5 RECOVERY PROCfDURE: 
Cycle RR MODE SELECT switch from LGCto SLEWan 

(Wait at least one second before returning to LGC). 

2. 6 PROGRAM CORRECTION: 

Add checks to V41 and V44 . 

2. 7 RECOMMENDED DISPOSITION I Fix, WOrk-~round, etcl: 

Fix for Luminary lE, workaround for Luminary lD. 

2. 8 RECOMMENDED RE-TT ST I NG: 

CONTINUED ON PAGE 

CONTINUED ON PAG£ 

ogress, or V44 
CONTINUED ON PAGE 

en back to LGC. 

CONTINUED ON PAGE 

CONTINULD oi, f'Ar,i 

CONTINUED ON PAGE 

V 41N7 2 and V 44 tested during RR repos .L,J-LU..U..LJ...Y4----+--------,:-------,,::_;:,,.---,-----1 
7 .. 0 DATT : 

!=--==--=======...:,=====C=ON=T=IN==U=ED=O=N==PA~G=[ =~==~,;;J==J=~~='=====~8:2ef===:====:d:=6·=-/=· ~=-- 7 0 

3.1 NASA DIRECTION: ti CLOSING ACTION TAK[N: l 

CONTINU£D ON PAGE 

3, 2 NASA/MSC SIGNATURE: 3. 3 ORGANIZATION 3. 4 DATE: 

MSC Form 1409 (Rev May 68) 

t2 SIGNATURE: 4. 3 

I 
I 
! 

PAGE I __ Of -
1 
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M I T / I L S O F T WA R E A N O M A L Y R E P C R T M-q: ~mn-m:- - --· - -.,, .__ . ,M~ L - ; o - I 3 

~

I I ()RIGINAT0R : I.? ORGANI/AIII ''; , I, 3 [)ATI 1.4 (1Rlf,INATOR jPlx\~'- , , 1 D 

L~rso~------ ··· • _ ~-~?!_~SD~-'__ _ ___ j_!?(_B_/70 WNTROI NO._rRO~\~;~i~ToN -- . 

~ D£SCRtPTtON Of ANOMAIY : PCR 1028 provided a separate erasable load "-=-- . . ____ _ _ __ . _..., 

1
1 

I for LRWH in the programs following P63. PG3 uses LRWH, post P63 uses 

. LRWH,_. IF P66 is entered directly from P63, the P63 value of LRWH will 1· 

be usea. 

• I 

CONTINlHO ON l'AGI 

1.6 0£S CR I PTION Of RUN: 

- . . eye ball (TRW A 201 dated 23 May 1970) 

' . 
CONTINULO ON PACI 

- -· -===-==-- ~ 
- MIT ANALYSI S -

2.1 CAUSE: .. i 
I 

LRWHl is initiated in the transition to P64 only. I 
I 

CONT I NU[[) ON P 4,r,r ' -
2. 2 RECOGNITION : I 

I 

none I CONTINUED ON PAGE 

2. 3 MISSION mrcT, For Apollo 14 LRWHl = LRWH 
I 
I 

For subsequent missions - negligible effect I 

I 
CONTINUED ON P AG£ I 

2. 4 AVOIDANCE PROCEDURE: 

none 
,· 

CONTINUED ON PAGE 

2. 5 RECOVERY PROCEDURE: . ' 
For Apollo 14, none ; load LRWH _with LRWHl after P66 I 

I 
CONTINUED ON PAGF I 

2. 6 PROGRMI CORRECTION: ' 

set LRWH = LRWHl at manual entrance point to P66 I 

~~ 
: 

..:: r , I /5 CONTINlJi D 01; rAr,i 

2. 7 RECOMMENDfD DISPOSITION I Fix, Work-around, etcl: f l /<- l 
I 

do not fix - ground note j 
I 

CONTINUED ON PAC[ 

2. 8 RECOMMENDED RE-TEST! NG: 

none / j 
2. 9 MIT/~~,,.~.t~? ~~ ~•·1/~--r"~--J 17 10 DATT: 

CONTINUED ON PAGE >? - 7l '. l{J 

3.1 NASA DIRECTION: ti CLOS I NG ACTION TN<[ N: l 

I 
I 
' : 

I 
I 

CONTINUED ON PAGE CONTI NU[ D ON PAGE 

3. 2 NASA'MSC S IGNAIURE: 13· 3 ORGANIZATION 

13·' 
DATE : u SIGNATURE: 14.3 . ORGANIZATION: 1t• DAil: 

i 
MSC Form 1409 (Rev May 68) 
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MIT/IL SOFTWARE ANOMALY REPORT Uvt.L.; Ktl'UKj)N() . . /. . 
i - 11 - LJ.. 

' . I ORIGINATOR, I" 2 ORGANIZATION: 
l':0;;~70 

11.4 ORIGINATOR 
... 

C. D. Svkes FS5 
CONTROi. NO. ! ;~ /w/ / N ,.)t' Y I/"') 

PROGRAM -~t~ION 

1.5 DESCRIPTION OF ANOMALY: 
, .~,,::_ 

At TIG-5 in P40, TGO is computed. If TGO is computed to be less than 6 seconds, NO 
THRarTLE FLG (FW5 B12) should be set as shown on P. 398, line 680 of GSOP Section 4 

(Lum Rev 131) to inhibit throttle command to max at TIG+ZOOMJ'IME. However, this bit 

is not set in LUMINARY Rev 178 causing the LGC to command max hrottle at TIG+ 

ZOOMI'IME (although the engine would of course be off). 

) CONTINUED ON PAGE 

1.6 D(SCRIPTION OF RUN1 I 
Eyeball of FSB Programmed Guidance Equations Document. 

CONTINUED ON PAGE 

· MIT ANALYSIS· 

2.1 CAUSE: 

-
' 

CONTINUED ON PAGE 

2. 2 RECOGNITION , 

CONTINUED ON PAGE 
, 

2.3 MISSION EFFECT: 

CONTINUED ON PAGE 

2.4 AVOIDANCE PROCEDURE: 

CONTINUED ON PAGE 

2. 5 RECOVERY PROCEDURE, 

CONTINUED ON PAGE 

2.6 PROGRAM CORRECTION, 

CONTINUED ON PAGE 

2. 1 RECOMMENDED DISPOSITION ( Fl•, Work·around, lie~ 

CONTINUCD ON PAO£ 

2. 8 RECOMMENDED RE-TtsTING1 

2. 9 MIT/IL SIGNATURE: 12.10 DATE, 
CONTINUED ON PAGE 

3.1 NASA DIRECTION, 4.1 CLOS ING ACTION TAKEN: 

// 
~ 

' 

CONTINUED ON PAGE CONTINUED ON PAGE 

3.2 NASA/MSC ~IGNATURE: r 3 ORGANIZATION r-4 DATE: U SIGNATURE: 14, 3 ORIIIINIZIII IUN: r•· 111\lt: ' 

. I 
MSC Form 140S, ~~ev Mny 88) ' I 

.. . · ... 
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M I T / IL S O FT WA R E A NOMA L Y R E PC R T 

/

,,~1.1 0111GtNA1n11, u oR?.fllAll<'N !U oArr , 1.• 01w: 1NA10R EIT&-'1'nary 1 o. 
. N. Barnert MI'I)LSDL ~1/12/70 CUNTRot "°· ~ROC,RAM R v ~ION · 

. ,:s 01~c111i>noN 01 At«lMAIY, ··--'----- - ·•- · · ·- ___ _. ______ _. ev. -~78 ~~•~., 
I POODOO Abort while P20 (P25) is running in the background will kill P20 (P25) i 

l and prevent its re-establishment unless RNDVZFLG (P25FLAG) is subsequently I 
cleared. · ' · · 

1.6 lllSCRIPllON OF RUN, 

Eyeball 

l. I CAUSE: 

--------··--·---

- MIT ANALYSIS· 

CONTINUE O ON l'AGl 

CONTI NUlO ON P AG! 

P20 (P25) restart groups are cleared, but RNDVZFLG (P25FLAG) is not reset. 

CONTINUED ON P ~r,r 

I 

I 
2; 2 RECOGNITIONSelection of P20 (P25) will put P20 (P25) in MODE lights but will not cause! 

any computation, tracking, or mark processing to be performed. P20(P25) 1 

will not automatically be re-established in the background of targeJdiMl-MHP<lN~CEam~. 

2,3 MISSIONEHECT: ! 
No PJO(P25) i 

1. 4 AVOIDANCE PROCEDURE: 

None 

2. S RECOVERY PROC£0UR£: 
Select POO at POODOO V37 reques~ 

2
'
6 

PROG\fe~o:rt{~DVZFLG {P25 FLAG) in POODOO sequence. 

2.1 RECOMMENDfD DISPOSITION I Fix, Work-,round, elct: " 

Fix for Luminary lE. (.A;i.Ji.. PcN JIZ~) ., 

2. 8 RECOMMENDED RE-TESTING: 

CONTINU£D ON PAGE 
3.1 NASA DIRECTION: 4.1 CtOSING ACTION TMEN: 

CONTINUED ON PAGE 

3.2 NASNMSC SIGNATURE: r-) ORGANIZATIO~ U SIGNATURE: 

CONTINUED ON PAG£ 

CONTINUED ON PAGE 

CONTI NU£D ON PAGE 

CONTI NUt: D ON r A(,! 

CONTINUED ON PAGE 

CONTINUED ON PAGE 

I 

I 
i 
I 
I 

; 

i 

PAGE I _Of_J 
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f7 COLOSSUS 21~ 

\:_I COLOSSUS :i 

· [_ c oLossus 3/\ 

D C0J..OSSUS.:..,_ 

□ LUMINARY 1D 

[S?LuMINARY 11~ 

□ LUMINARY lF 

OLUMINAHY_ 

: • ...... 

□ MIT Approved PCN 

D MIT Approve~ ADH 

0 NASA Approved PCR 

0 NASA Approved PCN 

U PCR/PCN # __ _ 

ANOMALY# L-ID -/6 · o 

' , ADH II -----

□ NASA Approved 
Software Anomaly 

. . @ MIT Approv.ed 

A. Coding f ~· Software Anoma_ly 

r./ ') 0 ~· c:d~--··· 
~ Begin coding immedia~ely . \ ~-v.'--..__A.,(_ . \-, 

. ACTION: I . • "1 
. : Progra~· Supervisor's Approval~ o'""'-- ,(l:.,A.Aj- /) r.JJ.,.,N~~\ 
: •. . . ·, (\ \ 

0 Do not code until new GSOP material has been approved by the MIT · 
. Mission Design Review Board (MDR~) and distributed. 

B. GSOP Preparation 

Prepare GS0P revisions for MDRB 
consiclorntiou 0 

□ 
D 

ACTION: 

T~chnical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

. Q Rev~ew for possible impact on KSC 
.. · . testing and checkout ACTION: 

D, · Other Programs Affected 

Q. Review i:>r corresponding changes in , .. 

ACTION: 

-----------

-------·---
Special Instructions 

Projo<:t Manager JZ,._,,µ£,( J=(;i__,,_..?,__J 
. Date { :.J - ID - r o 

I I 

· . . 

/.: I .. • ' 

• l 
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MIT/IL SOFTWARE ANOMALY REPCRT 

f
l I ORIGINATOR: 1.2 ORGANI/ATll''4 . •l.) DAil : 1,4 ORlf.11-lAIOR 

. P. yol~~-~ -- _ _!d• 1. T. --·-· _ -~=-~-7~ r.oNTRnt'NO. 

5 DESCRIPTION or ANOMAlY: 
• 

Fixed Memory constant VINJNOM (Nominal Inj.ection Velocity) 

is 5509. 3 fps instead of 5509. 5 fps as specified in GSOP. 

1.6 ll(SCRIPTION OF RUN: 

None - found by examining listing . 

' 

- .MIT ANALYSIS -

2.1 CAUSE: 
.. Loss of accuracy in converting from FPS to M. /C. S. 

2.2 RECOGNITION : 

None 

2. 3 MISSION [FHCT: 

None 

2.4 AVOIDANCE PROCEDURE: 

None 

2.5 RECOVERY PROClOURE: 

None 

2.6 PROGRAM CORRECTION: 

Correct Constant -
2, 7 RECOMM[NDf.D DISPOSITION I Fix, Work-around, etcl: 

Fix for Apollo 15 (LUM lE) 
No action necessary for Apollo 14 (LUM 1D) 

2.8 RECOMMENDED RHISTING: 

Nominal 12 ascent run 
,,. 

_2. 9 'P s_~uRE, .A 
CONTINUED ON PAGE - • , ./ - - A ~ 

3.1' NASA DIRECTION: 
t I CLOSING ACTION TAKEN: 

. . 
. . 

CONTINUED ON PAGE 

PROGRAM , 
Lum1nar 

PROGRAM RIVISION 
178 & Subs ·= 

r.--=.-~ 

: t 
· I 

CONTINUED ON PAGl 

I 
! 

CONTI NUtD ON PACI 
,, . . 

~ -= 
I 

I 

CONTINUED. ON P~r.r ·1 

I 
I 

CONTINUED ON PAGE · I 
I 

.I 
I 

CONTINUED ON PAGf 

CONTINUED ON PAGE 

I 

I 
CONTINUED ON PAGE 

: 
I 
I 

CONTINlli:D 011 ,w.r 
I 

I 
CONTINUED ON PAGE 

I , 

- I 

- J 12. 10 DATI: ! 
. t ·') -(il-7/Y 

. ( . 

I 
I 

CONTINUED ON PAG[ 

3.2 NASNMSC SIGNATURE: r- 3 ORGANIZATION 

-r-· 
DATI: ti SIGNATURE: r• 3 ORGANILAIIUN: t4 DATE : 

j: . 
-.. . . 

MSC For m 1409 .!R ev Mny 68) 
.... ~--

1.' t \ . 

PAGE I Of ~ 
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MIT /IL PROGRAM CH(-\N~~~ ROU'fI~Q SL~_!:' 

~co i.ossus 2c 
L COLOSSUS 2D 

□ COLOSSUS 2E 

0 COLOSSUS 2F 

0 LUMINARY 1 B 

□ LUMINARY lC 

. [j LUMINARY lD 

~UMINAHY ll~ 

.,_, Ill 
. !...,..J" . 

PCR/PCN # ____ _ 
.-:· .. .. 

ANOMALY II L-- {D -17 

□ MIT Approved PCN □ NASA Approved PCH. 

[] NASA Approved PCN 
□ NASA Approved 

Software Anomaly 

~IT · Approved 
Software Anomaly 

A. Coding 

~gin coding immediately ?~V~~ 
ACTION: 

/" 
. 0 -

--------,----
Pro gr a ni Supervisor's Approval: ~_,__~~ ±:\~ 

0. Do not code until new GSOP material has been approved by the MIT . 
. Mission Design Review Board (MDRB) and distributed. 

B. GSOP Preparation 

0 Prepare GSOP revisions for.MDRB 
consideration 

ACTION: -----------
□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Mecting(s) held on 
Attendees: · 

C, KSC Tcstinf.,_ and Checkout 

0 ncv~ew for possible hnpact on KSC 
· testing and checkout . . ACTION: __________ _ 

D. Other Programs Affected 

Q Review br corrcsponcling ch_n.nges -·in , 

·Special Instructions ACTION: . ,,7. '.d~· ~-n. 
Projad Manage~x..--c;..<_f -¥n- , ~ 

~-;...._i-<-'-1~=-~-~-'---

. Date /.) -fl) --7 l) 

I • 
•I , I 

J 
I 
t . 

. : 
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M I T / I L S O F T WA R E · A N O M A L Y R E P C R T M-q: ~rnmr-11r - - - -
-1 -17 

, i112 ,, 110 17 0 . f.ONTROf "'1. t=,:. ~'r.:'-":!=~~ 

P. Volante -·-· ·- _MIT_ . -··- . -~-'L _J __ __.=~-..--- PROGRMI V'1lt 'o,-. 

1.5 DESCRIPTION or ANOMAIYThe flashing verb 37 which terminates P22 wfren t "" . -~.,_ .. ~ ~-.., 

range is greater ·than 400 n. m. and the 1;ange-rate is positive may not l . 
f
l. I ORIGINATOR: . U ORGANI/Allf''i· . !I.) DATT : 1. 4 ORIC.l~AIORJ PROf,R~ , · 

occur 

• • 

i. 
CONTINUI DON l'AGI 

I. 6 D£SCRIPTION or RUN1 
Examination of coding. 

-------------·--

I 
! 

CONTI NUl D ON P AGI 

-MIT ANALYSIS-
! 

2. 1 CAUSE: Flagword bit is shared between RR predesignate routing of R2 l and Vl 6 · N 54 : 

display computations or P22. . I 
CONTINUEO ON p4r,r 

2.2 RECOGNITION ,After RR tracks CSM into mode limits and no track light goes on, the I 

V37 flash does not appear, but N54 is computed. 
I 

CONTINUED ON PAGC ! 

2. 3 MISSION EFHCT: N 

! 

one 

i 

CONTINUED ON PAG£ 

2. • AVOIDANCE PROCEDURE: None 
CONTINUED ON PAGE 

2. 5 RECOVERY PROCEDURE: Select desired program when 530 alarm appears in P22. i 

I CONTINUED ON PAGC 

2.6 PROGRAM CORRECTION: Unshare flagword bits in P22. 

i 
I 

.,, 
I 

CONllNU1 0 ml P/lf,( i 

2. 7 RECOMMEND£D DISPOSITION t Fix, Work-around, etcl: I 
Fix for lE. CONTINUED ON PAGE 

2. 8 RECOMMENDED RC-TESTING, P2~ nominal run 

I 

I 
.. ~ .. 

CONTINUED ON PAGC 
2. 9 .pi)?~~ ;) 

. . .,7 _.., A-•>-, 

12. 10 OAT£ : ! 
f :.2 - I tJ ·· 7 D : 

3.1 NASA DIRECTION: 
4. I Cl OS I NG ~CTION TAK£ N: ( 

' 

I 
.. 

t 

CONTINUEO ON PAGC 
CONTINUED ON PAGE 

),2 NASNMSC SIGNATURE: r· J ORG~NIZATIO~ r-• DATE: u SIGNATURE: r-3 ORGANIZA11u11: 14.• 
OAIT: 

- -· .. 
MSC Form 1io9 ( Rev May 68) P,t,Gf I "' --

.I 
I 
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j !VJlT/IL PR9G_!1/\M CHANGE ROUTING -~_!-,IP PCR/P9N II ___ _ 

I 
ANOM~LY II L-10-j~ 

. ~COLDSSUS 2C 

l L_i COLOSSUS 2D 

0 LUMINARY 1 B 

□ LUMINARY lC : 

[ -!LUMINARY 1D 

~MINJ\RY lE _. 
0 COLOSSUS 2E 

0 CO J...OSSUS 2F 

0 MIT Approve~ PCN 

A. Codi~ 

r-·1 NASA Approved PCR 

· [] NASA Approved PCN 

~ Begin coding immediately 

ACTION: 

0 
. . I 

Do not code until new GSOP material has been a pro ed by the MIT 
Mission Design Review Board (MDRB) and distributed. 

· B. GSOP Preparation 

0 Prepare GSOP revisions for MDH.B 
consideration 

ACTION: -----------
□ 
□ 

Technical Committee Meeting not required. 

Technical C9mmittee Meeting(s) held on 
Attendees: · 

C. KSC Tc s ti_ng and Checkout 

0 Review fol' pos:':l iblc impact' nn KSC 
. testing and checkout ACTION: -----------

D. Other Programs Affected .. 

,,.. 
. a __ 

o Review br corresponclmg changes in , 

· · AC'I'IO~ :J 
Special Instructions · 

Projnd Ma.nag ~~:e ·. 

·. ?ate ---L::;L - / 0 · 7 b 
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MIT/ I l S OFT WA R E .A NO MALY R E P C R T M-SCAmirr-llJ. - -:- ; ..:._ 

A 
I 

r.-:--=7::'7::-:-:-::::::--------r.-,---=~--=,,..----------.,.,--,---,,-,-,...,.,.,~----, -..,a;l,---.....,1"-"'-__ _ 

r
l I 0RIGINATClR- . U 0RGANI/AIIIW . d. 3 DATT : 1.4 0Rl(,INAIOR ~:MiINARY 

P Volant MIT -- 112/10/70 f.ON1Rfll, lt1. I 
• . ·- e __ · ·-··- ·· __ __J_ _____ ~___. ______ --IPROGl?fi~IVISl!)N 

s DESCRIPTION or ANOMAI.Y , In P22, if the R21 routine (RR designate) drives __ _ - :~ ~ -.., 

the antenna close to the RR Mode II limits .as the CSM is moving away 

from the landing site, the RR antenna may oscillate between the mode 

limits and the mode center several times. 

CONII NU( D ON I' AGl 
1•6 (l(SCRIPTION or RUN: System test lab run of P22 without allowing RR lockon. 

' ! 
CONTINlJLD ON PACI 

==· 

-. MIT ANALYSIS - ! 

2.1 CAUSE: R21 and R24 do not clear designate flag when it finds the LOS outside l 
I 

Mode II limits in P22, so R25 calls for a designate after a reposition. 
I 

CONTI NUfD ON P 4r,r I 

2.2 R£COGNITION,Qscillation of antenna trunnion . and shaft angles varying between mode I 
limits and mode center. ! 

CONTINUED ON P AG[ I 
2.3 MIssI0N cmcT,None- if this situation occurs, no tracking of the CSM could be obtained. 

' I 
' 

CONTINUED ON PAG[ 

2.• AVOIDANCE PRocrnuRcSelect P22 while CSM is approaching landing site and not yet 

with_in RH mode limits. 
CONTINUED ON P AG£ 

2.5 RECOVERY PROCEDURE: N i 
· one I 

CONTINUED ON PAC£ · I 
2.6 PROGR Ml-CORRECTION: Fix coding to clear designate flag. 

I 
I 

I 
.. I 

I 
'. 

CONTI Nth O 01, rAr,f 

I 1.7 RCC0MM[NOfD DISl'OSITION Hix, Work-around, lllcl1 Fix for Apollo lo (l.Jum l].!..),worl{-around 

I for Apollo 14 :- (Lum 1D) . . 

CONTINUED ON PAGE 

2. 8 RlC0MMCND£D RE·TtSTING: ' 
P22 with designate (R21) attempted as CSM is lea__ying mode limits. 

1 

CONTINU£0 ON PAC£ 
2.9 _:r,~ru~ 

r ~A,, '_) 12- 10 DATE: · ! 
/ ·"l - Ir., . );rj 

3,l NASA DIRECTION: 4.l CLOSING ACTION TNCEN: l 
I 

I . 
I .. 

I 

.. ! 
- · 1 

l 
-1 

CONTINU£0 ON PAGE C0NTINU£0 ON PAC[ 

~.2 NASNMSC SIGNATURE: r 3 ORGANIZATIO~ r • OATt: 4.Z SIGNATURE: . . r• 3 ORGANIZATION: r- 4 _ DAil: : 

I 
--

.. ; MSC Fo rm 1409 {Rev May 68) PAGE 1· or _ 



l\l IT /1)1, PR0GflAM CHANGE ROUTING SLI P PCR/PCN # ___ _ 

\__ 
' Lr\C0LOSSUS 2E D LUMINARY ID 

(3?LUMINARY 18 

□ LUMINARY l F 

□ LUMINARY_ 

ANOMALY# L-ID-/<3 
ADR II ------

l_ 
I 

l._J COLOSSUS 3 

0 COLOSSUS 3A 

QCOLOSSUS_ 

□ MIT Approved PCN 

OMIT Approved ADR 

A. Coding 

D NASA Approved PCR 

0 NASA Approved PCN 

0 Begin coding immediately 

ACTION: 

Program Supervisor's Approval';-(~ 

□ NASA Approved 
Software Anomaly 

(2'.(MIT Approved 
Software Anomaly 

0 Do not code until new GSOP material has been appro ' ed by the MIT 
Mission Design Review Board (MDRB) and distributed. 

B. GSOP Preparation 

0 

□ 
□ 

Prepare GSOP revisions for MDRB 
consideration 

ACTION: -----------
Technical Committee Meeting not required. 

Technical Committee Meeting{s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout ACTION: ____________ _ 

D. Other Programs Affected 

Q Review br corresponding changes in , 

ACTION: D. 
Project Manage~£41/d✓ ,,CJ 

Date C2 - 36 - :ZO 

Special Instructions 

h 
0 

. , 

0 
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MIT/IL SOFTWARE ANOMALY REP 

I. I ORIGINATOR: 1.2 ORGANIZATION: 1.3 DATE: 

B. McCoy MIT/CSDL 12/30/70 
1.5 1ic"scli1PT1_o_N_O_f_A_NO_M_A1._v_, R""'_e_s..,.t_a_r-+-s-1~n--.,'Cn";o;-r-;25 may erroneously displa 

V50Nl8 on DSKY. 

1.6 DESCRIPTION or RUN, Simulation at GAC - Restart testing for PCR324 

• MIT ANALYSIS· 

CONT I NU£D ON PAGE 

CONTINUED ON PAGE 

2•1 CAUSE, w 1c compu es 
RRTARGET. This shares erasable cells with radar read data. A Restart 
occurring after the radar read but before LPS20. 1 restarts R65 wj+ ·"l bad data · · 

· then faiJs aod R60 is subsequently called . . 
U RECOGNITION: · 

Restart followed by V50Nl 8 display 
CONTINUED ON PAGE 

2.3 MISSION HHCT: 

None / . 
CONTI NUEO ON PAG( 

2. 4 AVOIDANCE PROC[DURE: 

None 
CONTINUED ON PAGE 

2.S RECOVERY PROCEDURE: 
Depress ENTER pushbutton on DSKY; ignore request to 

perform maneuver. 
CONTINUED ON PAGE 

2. 6 PROGR .AM CORRECTION: 
Place .Restart Point 
• ' I 

before LPS20. 1 

CONTINUED ON PAGE 

2. 7 RECOMMENDED DISPOSITION t Fix, Work·•round, etcl: 

Fix for 1 E; prog note for 1 D 
CONTINUfD ON PAGE 

t8 RECOMMENDED RE-TISTING: 1mu at1on wit 

CONTINUED ON PAGE 

3.1 NASA DIRECTION: 

CONT I NUE D ON PAGE CONTI NU£0 ON PAGE 

}.2 NASAIMSC SIGNATURE: J. 3 ORGANIZATION 3. 4 OATI: 4.2 SIGNATURE: : 4. 4 OAIT : 

~• For m iCOa ( Rev May 68) 

C· 

0 
PAGE I Of _ _ 



PROGilAM CHANGE ROUTING SLIP PCR/PCN # -----
ANOMALY# 1..-/1' ·20 

ri CO LOS SUS 2 E \:J COLDSSUS 3 

□ COLOSSUS 3A 

ocowssus_ 

□ LUMINARY 10 
@LUMINARY lE 

D LUMINARY l [<' 

□ LUMINARY_ 

. ADR II --- - -

[ 

□ MIT Approved PCN 

0 MIT Approved ADH 

A. Coding 

D NASA Approved PCR 
0 NASA Approved PCN 

□ NASA Approved 
Software Anomaly 

~ MIT Approved 
· Software Anomaly 

t-X Be gin coding immediately _\?_,,_------~_,.-.._.-..... , .... .1t-"-'C:O:s:a-..:==-=----V \ 
ACTION: 

~=======:::::_; A 1',, 
Program Supervisor's Approval:....... lt -, 

0 Do not code until new GSOP material has been a pro ed by the MIT 
Mission Design Review Board (MDRB) and distributed. 

B. GSOP Preparation 

0 Prepare GSOP revisions for MDRB 
consideration 

· ACTION: ------------
□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout ACTION: 

D. Other Programs Affected o Review br corresp:xrling changes in , 

ACTION: 

------------

Special Instructions 
Proj•d Manag~---.d,.,(_- p-q~--rrc--- -~~-~ 

Date {-L - ?o-f:t 
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MIT/IL SOFTWARE ANOMALY REPORT re:..'11)"..!:fc, 

I. I ORIGINATOR: 11· 2 ORGANIZATION: lu oArr , du 0R1G1NATOR 
1nun, • O Al1 

1 2 / 31 / 7 CO~TROI t,O, 

LDNl lD 

~-V • . Eve MIT/DL IPROGRt"7 ~EV 15 ION 

l.S DESCRIPTION OF ANOMALY : 1. If a BAILOUT occurs during permanent 
integration in POO, R22, or R21 and is followed by any other restart before 
another restart point has been establishe9 in the program, and if a second in -
tegration process has begun, it is possible that normal program flow will b e 

interrupted or that state vector will be invalidated. 
2. If a BAILOUT occurs during permanent integration in P001 · followe d by 
selection of V82, V89, or V90 before the integration is completed, the sam e 
effect as 1 can take place. CONTI NUED ON PAGE 

1.6 DESCRIPTION or RUN: 

Eyeball 

CONTI NUED ON PAGE 

· MIT ANALYSIS· 

2.1 CAf.lSE: 
Erroneous clearing of R EINTFLG by BAILOUT logic . .. 

CONTINUED ON PAGE 

2. 2 RECOGNITION : BAILOUT followed by another restart during times specified in 1. 5 
followed by anomalous program behavior. 

CONTINUED ON PAGE 

2. 3 MISS ION EFFECT: May need uplink of state vector and reselection of program. 

CONTI NUEO ON PAGE 

2. 4 AVOIDANCE PROCEDURE: l • Do not se1ect v.;;, aner .J:::S1uu . .:nrr in P20 until integra.L1vu 1::, 

completed. 
2. Do not select VB 2, V89, or V90 until POO integration is finished if a BAILOUT 

occurred CONTI NUED ON PAGE 

2. 5 RECOVERY PROCEDURE: 
Correct state vector and reselect program if necessary. ·· 

CONTINUED ON PAGE 

2. 6 PROGR ,W CORRECTION: Do not clear REINTFLG in BAILOUT 

CONTINUED ON PAGE 

2. 7 RECOMMENDED DISPOSITION ( Fix, WOrk·around, etcl: 

, Fix for LUM lE 
· • CONTINUED ON PAGE 

t8 RECOMMENDED RE·ITSTING: 

Restart and BAILOUT tests P20 and POO 2.9;/JJ;L s1GNA/?~ -/ -

CONTINUEOONPAGE /_,, ,1 / ., • A 

) 12- 10 DAIT: 
I -/_ TC-t-

3.1 NASA DIRECTION: 4.1 CLOSING ACTION TAKEN: 

CONTINUED ON PAGE CONTINUED ON PAGE 

3. 2 NASNMSC SIGNATURE: 13. 3 ORGANIZATION 13· 4 OAT£: 4. 2 SIGNATURE: r•3 ORGANIZATION: r-4 DATT : 

MSC Form 1409 ( Rev a M y 68) 

PAGE 1 or _ 



J\ 1JT/-t;11, · PH0GI1AM CHANGE 110UTING SLIP 

[l COLOSSUS 2E 

[l_ ~OL0SSUS 3 

□ COLOSSUS 3A 

OC01DSSUS_ 

□ LUMINAI1Y lD 

~UMINARY 18 

D LUMINARY lF 

□ LUMINARY_ 

□ MIT Approved PCN 

D MIT Approved ADR 

D NASA Approved PCR 

0 NASA Approved PCN 

A. Coding 

~in coding immediately 

ACTION: 

PCR/PCN # -----
ANOMALY# b- ,"\) - L\ 

ADH II ------

□ NASA Approved 
Software Anomaly 

ffMIT Approved . 
Software Anomaly 

(? u~5\ 
. . ------------ 1 

· Program Supervisor's Approval: 01 C~,9:~ -f/, f:-l~../(""--
\ 6' 

0 Do not code until new GSOP material has been approved by the MIT 
Mission Design Review Board (MDRB} and distributed. 

B. GSOP Preparation 

0 Prepare GSOP revisions for MDRB 
consideration 

ACTION: 

□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s} held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout ACTION: 

D. Other Pro grams Affected o Review .br corresponding changes in 

ACTION: 

------------

Special Instructions 
Projed Manager~--..-#-f-✓-- · ...-----.-<·-✓-:-·_./t-,.--~-/..J7 _ _/ 

Date / - "2 ':a 5 - 7 ( 
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MIT / IL SOFTWARE ANO MALY REPCRT 

~

I I 0 RI GIN AT0R : U ORGANI/AT tf' t-.i · :J. 3 DATT : 1.4 ORI C,INA TOR -tr'.,'ffi\){INARY 

L I ,L I f.UNTRO! NO. . -
P _. _ _y~)-9-nt ~ --- .Ml'I pL __ - . . . ·--~. l~ _!!_ . PR Oi Rfs Riv1S,~bs. 

s D£SCR IPTION OF ANOM/IJY , An RR antenna reposition initiated by R25 JUSt _ _ -- - -~~-0~~...., 

j a f ter starting P20 or P22 can cause P2 0/P22 to l oop and thus never get RR lock­

on. 

CONT I NU( D UN I' AG( ------ - - · - - - -- - - -- --- - - ----
1. 6 D£SCR1 PT1 0N or RUN: P22 with RR antenna reposition initiated just after P22 begins .- program 

c ontinued to run without b c king on or issuing a n alarm 

: 

CONTI NUL D ON P AGI 
-= ---= 

- MIT ANALYSIS-

2. 1 CAU SE: P20/P22 initialization removes RR error counter enabl e (BI T 2 Chan 12 ). ' 

I 
CONTINUEn ON PA.Gr I 

2. 2 RECOGNITION : P2 0/P22 cont i nu es torun a f ter sel ection without issuing a larm 503 or I 
I 

V50N72 display within approximately 1 minute of sel ection . I CONTI NUED ON PAGE . 
2. 3 MISS ION EFHCT: I 

P ossible loss of marks in P2 0 a nd los s of entire P 22 for that Rev. I 
I 

CONTI NUED ON PAGf I 
2. 4 AVOI DANCE PROCEDURE: 

None CONTI NUED ON PAGE 

2. 5 RECOVER Y PROC£DURE, Select another program via verb 37, then resel ect P 20 / 22 . : 

i 
CONTI NUED ON PAGE I 

2. 6 PROGR~ COR RE CTI ON, Do not remove R R error counter enable i n P20 /22 initiali za t i on . ' 
! 

f : 

CONT I NU1 D o~; r, Af, f 
' · 

2. 7 RE COMME NDfD DISPOS ITION ! Fix, W0rk-i1round, etcl: 
l 
i 

F ix for l E 
CONTI NUED ON PAGE 

2. 8 RECOMMENDED RE-TESTI NG: 
/ 

\ 

2. 9~ ',[ -uTU% ,(__.
7 

I 1210 DATT : ! Sy stem Test I'.,ab 
CONTI NUED ON PAGE /J.-1 -, - / ·• :._, ·- i - / I : -

3.1 NASA DIRECTION: 4.1 CLOSING ACT ION TN<EN: l 
r I ~ 

,?. ../ i ·- ·- I -7 / ' . .:; ... I I 

I 
! 

I 

CONTINUED ON PAGE CONTINUED ON PAGE 

3. 2 NAS .t.'MSC SI GNATURE: 13. J 
ORGANI ZAT ION . ,3.4 DATT: 4.2 SIGNATUR E: lo 0RG AN1 ZATI ON, ju DATT : 

, 
.'\: 

MSC For m 140 9 ~Re v M~y 68) 
P Ar.F I OF 
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MIT/IL SOFTWARE ANOMALY REPCRT 

~

I. I ()RIGINAWR: 1.Z 0RGANllATlf'"I· :L 3 DATT : I 4 OR IGINATOR~ PR()CRM1 

P. Volante MIT/DL ~ /18/71 · CON TR Oi ',()_ ~~~I~~s1;\J 

5 DESCRIPTioN 0f ANOMN.Y ,A. h d ·-- ----ft-· -· - t - t--d·- - . RR 178 & Subs. 
ar ware or so ware res ar ur1ng a "-=- - - -~-.-c-- --, 

j TUR NON3equence may r esult in an incorrect setting of the mode flag ( A NTENFLG) · 

in the RR status word, RADM ODES (flagword 12). 

CONT I NUf D ON I' AG[ 
- ----· --- ·- -- --- ·-· 

1.6 D£SCR! PTION or RUN: P22 'Vith RR turned on just prior to V37 selection of P22; software 

t t k' ll 'ct 'TURNON task and l eft RADMODES indicating Mode I when antenna res ar l e , 
was really in Mode II. 

; 
' 

CONTINULD ON PACI 
-- -= ·--= 

-MIT ANALYSIS-

2.1 CAUSETURNON task killed by restart h efore setting mode flag (ANTENFLG) in 
! 
: 

RADMODES. · I 
CONTI NUEll ON P 4.r,r I 

2. 2 RECOGNITION, RADMODES mode flag setting not agreeing with actual RR position; erratic I 
' 

behavior of RR since a reposition w ill be requested erroneously. 
I CONTINUED ON PAGE ' 

2.3 MIS S ION EFFECT: l 
I 

CONTINUED ON PACE I 
2. 4 AVOID ANC[ PROC[DUR[: Do not key in a V37 request within 10 seconds of RR TUR NON; if a 

hardwar e restart or BAILOUT / POOD c1 0 occurs during this time, repeat TUR NON ' 
i 

CONTINUED ON PAGE ! 
2. 5 RECOVERY PROCEDURE, Cycle RR mode switch from LGC to SLEW and back_, to force a 

TURNO N sequence . (Hold in slew position for at least one second). I 
CONTINUED ON PAGE I 

2. 6 PROGRMI CORRECTION, Have restarts set RR not-in-auto bit in RADMODES if RR TURNON ' 
bit is set; this will cause a n ew TUR NON ~equence to be 'initiate d after restart. 

I 

CONTINUt D o i; r>Af, i 

2. 7 RECOMMEND£D DISPOSITION I Fix, Work-around, etc): ! 
l 

Do not fix, write program note. i 
CONTI NUED ON PACE 

2. 8 RECOMMENDED RE-TESTING: Level 3 with restart during RR TUR NON-
/ I 

2.9 Mp s1 qi.ruR:;_/ / ' y . 10 DATE: I 
CONTINUED ON PAGE ' :/- , . - - /-. / L,./ 7'?-,, 1 ·-2 _:_, -/I ' 

3.1 NASA DIRECTION: t I CLOSING ACTION TAKEN: r 
0,-. n C• I, [?, . i ·- - I - 7 I -J!.:J. •-· 

I ' Y.. I 
! 

I 

CONTINUED ON PAGE CONTINUED ON PACE 

3. 2 NASA/MSC SIGNATURE: 13.3 ORGANIZATION r~ DATE: t2 SIGNATURE: ,~3 ORGANl7A1TON: r~ DAIT : 

MSC Form 1409 (Rev May 68) 
P.lr.F I (U 



[l ,COLDSSUS 2E 

~COLOSSUS :{ 

□ COLOSSUS JI\ 

OC0LDSSUS_ 

CITJ\NGE ROUTING SLIP 

□ I_:;YMINARY 1D 

~LUMINARY 18 

D LUMINARY lF 

□ LUMINARY_ 

□ MIT Approved PCN 

0 MIT Approved ADH 

D NASA Approved PCR 

0 NASA Approved PCN 

A. Coding 

~egin coding immediately 

Program Supervisor's Approval: 

PCR/PCN # -----
ANOMALY # L-\ b - Z) 

ADH ti · 

□ NASA Approved 
Software Anomaly 

-~ Approved 
Software Anomaly 

0 Do not code until new GSOP material has been ppro ed by the MIT 
Mission Design Review Board (MDRB) and distributed. 

B. GSOP Preparation 

0 

□ 
□ 

Prepare GSOP revisions for MDRB 
consideration 

ACTION: ------------
Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout ACTION: ------------

D. Other Programs Affected o Review br co~rcsp::>ndmg changes in 

Special Instructions 
ACTION: • , 

Project Manager-JI j:-/ Z ~-<-.,,,,,-,, __ -. -~-
Date / ·- . ..:2, j ,-·· ·- / / 



MIT/IL SOFTWARE ANOMALY REPORT M'::J:. Rll'Ul<l NU. 

L-1O-23 
,R IGINATOR: l. 2 ORGAIIIZATION: IL3 DAT£: IL4 ORIGINATOR PROGRMI 

KLUMPP MIT/DL 710119 CONTROL 1-(), Luminary 
PROGRMI RCVISION 

u O[SCRIPTION OF AKJMN.Y: REV.178 

- In the erection of the guidance coordinate frame (CGCALC) 

1. WCHPHASE instead of WCHPHOLD is used to seiect the index for 
selecting the criteria (TCGFBRA Kor TCG FAPPR ) for whether the frame 
is erected. · On the final pass of P63 and P64, WCHPHASE is incremented 
before this use, therefore points to the succeeding phase. Cons.equently, 

CONTINUtO ON PAGE 2 
I. 6 DESCRIPTION OF RUN: 

Apollo 14 shakedown tests. (The problem also existed on Apollos 11 and 12) 

CONTINUED ON PAGE 
. 

- MIT ANALYSIS -

2.1 CAUSE: 

see 1. 5 
CONTINUED ON PAGE 

2.2 RECOGNITION : 

Tracked down a peculiarity in the orientation of the guidance coordinate frame. 

CONTINUED ON PAGE 
. 2.3 MISSION EFFECT: 

, ,, 

A yaw transient_ of about 5 degrees at the end of P64 can occur) particularly if JAPFG'•' 
+1 has a large magnitude and if azimuth redesignations have been made.CONTI NU ED Of! PAGE 

2.4 AVOID ANCE PROCEDURE: 
Switch to P6 6 manually. Do not'let P64 finish. In Apollo 14 JAPFG >:, +l contains 07700 
small enough so yaw transient is insufficient to require avoidance. . 

1 

CONTI NUED ON PAGE 
2. 5 RECOVERY PROCEDURE: 

Use X axis override in P66 to reorient the window 
CONTINUED ON PAGE 

. 2.6 PROGRMI CORRECTION: 

Use WCHPHOLD instead of WCHPHASE to select index registers in CGCALC. 

CONT INUED ON PAGE 
~.7 RECOMMENDED DISPOSITION (fix, Work-around, etcl: 

Fix program(LUMINARY 1 ·-,~) 
·'--' 

CONTl lfJED ON PAGE 
2. 8 RECOMMENDED RE-TESTING: 

See sheet 
.. /" 

2. 9 M'(!:J/S (GNATU~;,;- ) 2. 10 DATE: 
CONTINUED ON PAGE . y I ,,., t I ... ~, .... . . -,,__ -- I. -, . -- - // 

3.1 NASA DIRECTION: 4. l. CLOS I NG ACT ION TAKEN: •-· 

(~- j t - i ·-~ I · 7 f 1) -1 
' ......( 

CONTINUED ON PAGE CONTINUtD ON PACE 
3.2 NASNMSC SIGNATURE: 13.3 ORGAN!ZATIO•N J. 4 DAil: 4.2 S IGNATUR[: {3 ORGANI ZAT llHt. .(.4 DAlE:. . . 

M m SC For 1409 (Rev May GB) 
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MIT/IL SOFTWARE ANOMALY REPORT 
,. -1 -OR-I-GI-NA-~-, -- ·- - ·- - --~1.-2 _0_R_GA_N_IZ-AT-IO_N_: - --~-3-0-AT[-,---l.-4_0_R-IG-I-HA_TO_R_~ i~-----'-----

KL UMPP MIT/DL 71 01 19 CONTROi.. I«>. · Luminary 
PROGR 

8 

1. 5 continued. 

on the final pass of the braking phase, the approach phase index is selected 

with the result that TCGIAPPR and TCGFAPPR are used as criteria instead 

of TCGIBRAK and TCGFBRAK. On the final pass of the approach phase an 

index is selected one location beyond the index table (the constant happens 

to be 77776, equivalent to -1) with the result that criteria are picked up one 

location before TCGFBRAK. This location happens to contain the lower half 

of GA INA PPR; conseqhently on the last pass of the approach phase the lower 

half of GAINAPPR is used for TCGFAPPR, and TCGFBRAK is used for 

TCGIAPPR. 

2. Similarly, on the last pass of the braking phase INTPRETX loads - 2 

instead of O into the index register Xl causing CGCALC to use GAINAPPR 

instead of GAINBRAK, arid on the last pass of the approach phase 

INTPRETX loads + 1 instead of - 2 into the index register Xl causing 

CGCALC to use the lower half of JAPFG* and the upper half of GAINBRAK 

instead of the upper and lower halves of GAINAPPR respectively. 

2. 8 1. Select criteria providing time windows for guidance frame 
erection in the braking and approach phases. Run a complete 

landing observing that the frame is erected only "during the 
windows. 

2. Select criteria providing for guidance frame erection always . 

Observe that the correct index is always selected and that the 

frame is always correctly erected using the correct gain. 

3. Introduce restarts causing VAC areas to be switched after 
the indi·ces have been selected and observe that correct indices 

are re-selected and the frame is correctly erected using the 

correct gain. 

MSC Form 1409A (May 68i . 



MIT/IL SOFTWARE ANOM A LY REP ORT MSC R(POf!T 00. 

T -1 n-2 4 
1.1 ORIGINATOR: IL2 ORGANIZATION: L3 OAT£: IL4 ORIGINATOR PROGRAM 

Flight Software Br. 1/14/71 
CONTRCX. t-(). .TT l\/TTl\TA RV. 

J. R. Garman PROCR..IM RCVISION 

LS DESCRIPTION OF AI-IJMN.Y: P70 or P71 selection prior to Pl2 leaves Pl2 with 178 
~ 

at l east 3 flags abnormally set: FW9Bl 3 (P707 l FLG) set 1, FW9B08 (FLAP) set 1, 
FW9B06 (ROT FLAG) set 1. The first causes abort-type va.riable targeting during Pl 2. 
The second causes some abnormal logic paths during Pl D initialization. The third 
seems to cause no problems. Total effect has not been investigated by author. 

. 
CONTINUED ON PAGL 

1.6 D£SCRIPTION OF RUN: LMS descent abort simul ation, 1/1 4/7 1, Apollo 14 back ··up crew, noted 
at MCC. An abort out of P66 was attempted (P71) without engine ignition. Subse-
quently P68, P00, and Pl2 were sele cted to do a T2 abort. Noted Flags are on AG C 
console event lites. 

CONTINUED 01-1 P /,Gr 

-MIT ANALYSIS- ~~=·_:=] 
2.1 CAUSE: 

See 1. 5 

COHTH,'1.IEf1 (JI~ PAGE 
-- · 

2.2 RECOGNITION : 

See 1. 6 
CONTINt.JtD ON PAGE 

. 
. 2.3 MISSION EFFECT: The first woul · cause abort type targetting during Pl2 ithe second is set 

by P70 only so that Pl2 call would not occur afterwards; the third would cause 
no effect on mission. , 

CONTl h'UED ( '.; PAGE . ·-
2.4 AVOIDANCE PROCEDURE: 

Set flags prior to Pl 2 

CONTI t-lUE D (JI( I' AG[ 

2.5 RECOVERY PROCEDURE: 

None 
CONTI NUED ON PAGE 

··-
2.6 PROGR~ CORRECTION: 

Initialize flags at beginning of Pl 2 to reset configuration. 
CONTl llt.lfD ON PAGE 

i-1 RECOMMENDED DISPOSITION t Fix, WorHround, etcl: Program note for 1 D and 1 E; fix for subsequent ropes. 

CONTl t.a.JtD ON PAGE 

2. 8 RECOMMENDED RE-ITS Tl NG: 
Preset these flags and call Pl __ 2. 

-

2. 9 pm s / A JYRV _J 2. l.O DATE: 
- 'I::- ._ / _ ,_ . I . .,, ..... 

CONTINU ED ON PAGE ;,,, .. -, .. -_: ; / I 
-- - -

3.1 NASA DI RECTION: Do not fix for lE 1-21-71 ~l Cl.OSING ACTION TMEN: 
•·· 

\ 

CONTINUED ON P.l.G[ CONTIMJfD ON PAGE 

13.2 NASNMSC SIGNATURE: 3. 3 ORGANIZATION u DATl: 4.2- SIGNATUH[: 14,3 ORGANiIIDUN: ~· DAit:. . 
MSC Form 140Q (Rev Mny 68) 



i\ TI1 r rn, -·pnocnAM CHANGE ROUTING SLIP 

G7 COLOSSUS 2E 

t:Jcowssus :3 
□ COLOSSUS 3/\ 

ocowssus_ 

□ LU1\1INAHY ID 

~UMINARY 18 

D LUMINARY lfi' 

□ LUMINARY_ 

□ MIT Approved PCN 

D MIT Approved ADR 

D NASA Approved PCR 

0 NASA Approved PCN 

A. Coding 

~Begin coding immediately 

PCR/PCN # ___ _ 

ANOMALY # l - I D - 2 S 

ADR fl 

O NASA Approved 
Software Anomaly 

/ (J21 MIT Approved 
· Software Anomaly 

ACTION: , 

Program Supervisor's Approval: ilJCL,..._ ~] f~._,__,___Q__~ 
-'6 

0 Do not code until new GSOP material has been approved by the MIT 
Mission Design Review Board (MDRB) and distributed. 

B. GSOP Preparation 

0 Prepare GSOP revisions for MDRB 
consideration 

ACTION: ------------
□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Re view for possible impact on KSC 
testing and checkout ACTION: 

D. Other Programs Affected o Review br corrcspor.dmg changes in 

Special Ins tructions 
ACTION: 

Projed Manager-­

Date 

------------
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MIT/IL SOFTWARE ANOM L'f I 

MY:, RH'ClRl W. 
,: ' L-1n.:.25 

A Rt.PORT 

1.1 ORIGINATOR: L2 ORGANIZATION: IL3 DAT£: t4 ORIGINATOR PROGR~ 

J. R. Garman Flight Software Br. 1 / 14 / 71 , CONTROL 00. T .1irninc,rv . 
PROGR.AM R(Vl~qON I 

1.5 DESCRIPTION or mJMN..Y: E ·t· P63 
178 

P40, or P42 with a V37 between 
"""" . 

Xl 1ng , 

average-G on and time of auto-ullage initiate may not kill the waitlist call to initiate 

ullage. The result is a continuous LGC ullage command with no way to terminate 

it except (1) V36, (2) ACS, (3) entering average-G and exiting. The problem is that 

V37 doesn't kill wai tlist tasks until after AVETOMID integration ( even though ullage is 

terminated at the start of V37). t . 
CONTINUU; u tl l' /.G( ------ -

I. 6 D£SCRIPTIO, Of RU., . i · 
LMS descent abort s1mulatlo , 1/14/71, Apollo 14 back-up crew, noted 

at MCC. A wave-off of PDI occurred and th crew did not exit P63 until after AVG-G 

on. He selected P00 via V37, during MIDT A VE ullage came on, P00 then appeared 

and ullage continued. He selected P47 to see if he was ullaging, saw he was, went 

back to P00 which killed the ullage. CONTI l,'Ulll C; I: I" AG[ 
._ .. ·· •·.--r..-~· ----- ,:--r~-! 

' 
-MIT ANALYSIS- --------. ____ j 

2.1 CAUSE: 

See 1. 5 
CONTlr,'U([I ()f-1 p AG( 

2. 2 RECOGNITION : 

See 1. 6 
CONTl h'tJED ON f"l.,GE 

·---~--- - -
. 2.3 MISSION EFFECT: 

Orbit perturbed by ullage . 
CONTI NlJ [i) 0') P /,Sf 

··----- - ·-
2.4 AVOIDANCE PROCEDURE: If V37 is desired to terminate P63, 

do it before TIG-25 seconds. 
P40, or P42 prior to ullage, 

CONTI NUErl Of, r·A':,;f_ -- ---
2.5 RECOVERY PROCEDURE: 

See 1. 5 

CONTIN\J[[J ON P/,GE 

. 2. 6 PROGR~ CORRECTION: Put cl KILLTASK for ULLGTASK in V37 logic before A VETOMID 

integration. 
CONTINUtD ON P/,GE 

l. 1 RECOMM£NotD DIS POSITIO, lfi, . ..,,, . .,~,d. ""' . ~ 

Fix for 1 E; program note for 1 D. 
• V 

CONTH&JfD ON Pf.J;E 

2. 8 RECOMMENDED RE-TESTING: 
P40: 

,I/ 
V37 at TIG-8 seconds / 

I 

2.9 Ml:vJ'5lr. ~~-7 :J,,, ,n.-J 2.10 DAiE: 

CONTINUfD ON PAGE .L- :;. ~--:7 1 

3.1 NASA DIRECTION: 
I 

4.1 ctOSING ACTICl•TAKEN: •·· 

Fix 1 - 21- 71 . 

' 

CONTINUED ON PAGE CONTIMJED ON PAGE 

13. 2 NASNMSC ~ IGNATURE: ' :, J.3 ORGANIZATION r4 DATE: u · SIGNAlUR[: 4.3 ORGANIZATION: u OAIT:. 
\•. . . . 

MSr. Form 140Q (Rev Mfty 68) 
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The LUMINARY lD LGC Program 

is being prepared to support a 

manned Lunar or Earth Orbital LM 

Flight of a Block II G&N system. 
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P OGRAM DEVELOPMENT SUMMARY FOR LUMINARY lD Date 7 /27 /70 
;---,-, --· --- -~--'" • 

I --; 

k Item Required Predicted Actual 
i 

No . DESCRIPTIO Date Date Date COMMENTS I . 
I ; . 

1 Establishment of Luminary lD Assy. 11/6/69 11/6/69 11 /6/69 t 

ii 2 Change Design and Coding 
Start 11/6/69 11/6/69 11/6/69 

'l 

Rev. 163 Completion 12/23/69 3/27/70 5/1/70 
Rev. 173 Completion 6/2/70 .l 
Re-release Completion 7/31/70 7/31/70 i 

I 

t 
3 Level 2/ 3 Test Plan 1 /1, 6/70 1/16/70 

: 

Prel. - update d for each new I 

PCR . 
I 

t 4 Level 2/ 3 Testing . 
I Start 12/11 / 69 12/22/69 Rev: 163 

Completion 1/22/70 4 /20/70 5/18/70 

Start 6/4/70 6/4/70 6/4/70 
l 

I! Rev. 17 3 
,, 

Completion 6/12/70 6/12/70 6 I 12/10 
! :, 

t: I 
Start 7/27/70 7/27/70 7/27/70 

I 

Re- release I 
I 

Completion 8/17/70 8/17/70 i 

Level 4/5 Test Plan 
. 

5 
} l 

Rev. 163 1/15/70 2/,1..8/70 3/23/70 ! 

1 Rev. 173 6/2/70 ! 
~ 

1 
Re- release Digital 7/31/70 7/31/70 Prel. t o be available on 7 /29 /70 

Hybrid 7/31/70 7/31/70 I 
. 
h 

~ 6 Level 4 Testing j 
I 

ev. 16 3 Start 4/13/70 4/13/70 4 /13/70 
◄ Completion 4/24/70 5/24(10 5/24/70 Luminary Rev . 163 released 

5/6/70 for ope Manufac uring 
: 

l1 
I: Start 6/9/70 6/6/70 6/6/70 ' I Rev. 17 3 Luminary Rev. 173 released 

Completion 6/15/70 6/15/70 6/15/70 
:.1 

6/16/70 ! 

p, 

Re-release Start 8/18/70 8/18/70 
I , 

rJ Completion 9/19/70 9/18/70 l 'j 

Page - \ 



PROGRAM DEVEWPME T SUMMARY FOR LUMINARY lD Date ' 7/ 27/70 
_ _.,..__ ""' 

i ~ ..... ~ 
I 

I Item Required · Predicted Act ua l i i I 

No. DESCRIPTION Date · D~te Date COMMENTS i 

( l 
I I 

~· 7 Level 5 Testing Level 5 te sting of R ev . 163 a nd I 

Sta rt 7/1/70 6/15/70 6/15/70 . 173 was not c omple ~ct d to 
f 

Completion . 9/ 19/70 9/18/70 the re- lease ~f Luminary : 

~. See ote B e low 
8 GSOP Publicat ion (A 11 PCR /PC s approved 

r~ 
I 

at SCB Meetings #32 and 33) . 
1 /1 .4 /70 I 

Section 2 1/5/70 1/13/70 l 'I 

Sec t ion 3 1 /5/70 1/1 4/ 70 1/ 13 /70 
Section 4 1 /5 /70 1/l4/70 1/13/70 

I• 

Section 5 1/5/70 1/14/70 1/13/70 
... · 

9 GSOP Publication (All PCR/PCNs approved 
I : 

I: 
up until program delivery) . 

7 /9/'!0 Section 2 4 /5/70 . 6/25/70 
Section 3 4/5/70 7/20/70 7/17/70 '·~ 
Section 4 4/5/70 7/30/70 ,, 

Section 5 4/5/70 9/ 18/70 : -~ 

GSOP change pages for Re-release 9/18/70 9/18/70 l'~-

NOTE: No Level 5 Testing is presently pl. ;1.nned , as L 3vel 4· testir g is to be 1 ~ onducted on the planned rel ease l 

revision. .. . 
: 

r ·", 
I I 

i !1 

I 

; I 

- l 

, ·., 

f, 

f1 

:} 

, Page \-2. 



SECTION II 

PROGRAM CHANGE REQUEST/NOTICE STATUS 

PCR 8 /PC s 



PCR STATUS REPORT FOR LUMINARY lD Date 7/27/70 

PCR Originator/ MIT IMPACT NASA/SCB GSOP 
Section 

No . DESCRIPTION Date Schedule Storage DIRECTIO Affected COMMENTS 

12 86 
I 

Format Change to MSC r o Slip . 0 Implement & provide 2 
Landing Site Update . 10/1 / 69 detailed evaluation . 

287 Removal of 526 Alarm MSC o Slip. 0 Impler:nent & provide 4,5 
i in P22 . 9/25 / 69 detailed evaluation . 

291.2 Fourth Order Poten - MSC No Slip . 0 Disc3:ppr-oved: 
tial Model. 10/15/69 

1293 .~ Update Fixed Con - MSC No Slip . 0 7 Withdrawn . 
s ants for 1970- 19 71 
E phemeris Year . 

294 Update Fixed Memory MSC o Slip . 0 Implement provi e 5 
ass Properties . 11 / 12/ 69 detailed evaluation . 

' 296 Se t ''G" Vector Paral- MSC No Slip . 0 Implement & provide 4,5 
lel to Landing Site for 2/10/ 69 detailed evaluation . 

adius Vector . 

P66 Change . MSC o Slip . 0 Withdrawn . 

298 Decrease Time to Call G&C No Slip 0 Implement & provi e 4 
Alarm Code 52 3 . 1/16/70 detailed eva uatio n . 

I 

299 Change Setting of G C p Slip 0 ) 
Withp awn 

1TOLRREAD Flag . 1/16/ 7 0 
I-~ 

i
1 

300 C heck LR Posit ion GAC No Slip --- Disapproved 0 
# 1 Discrete before 1/19/70 
523 Alarm in 
HIGATJO B (Rl2) . 

301 Eliminate Taking G& C No Slip 0 Disapproved Rewrite fo ... Apollo 15 
Marks in Pairs. 1/ Il /70 

---
-;fpc- T Page 2- 1 



PCR STATUS REPORT FOR LUMI ARY lD I. I Date . _:!.__/27 /70 
i I 

I 

GSOP PCR Originator/ MIT IMPACT NASA/S~B 11 Sectio 
I o. DESCRIPTION Date Schedule Storage DIRECTIO Affe cte COMMENTS 

1302. 2 Channel 77 FSB No Slip Less than Implement & provide 2,i4 
1/21/70 25 words. detailed ev luation . 

·1 ---J3 03 DAP Change EG7 No Slip 0 Dis 
1/28/70 

Implement apriori MPAD No Slip o : Disapproved 
Terra in Prof ile . 2/12/70 

dd 6 VM to Descent/ FM2 No Slip () Implement & provide 2 
Ascent Downlist . 1/30/70 detailed evaluation. 

307 Lunar Surface Align MPB o Slip 0 Implement & prbvide 2 
Downlist C hange . 2/25/70 detailed evaluatt~n. 

314 Downlist C hanges for MSC No Slip 0 Ii-nplement & provide .2 
Powered Descent. 2/26/70 detailed evaluation. 

C hannel 77 Modifica- MSC No Slip : 0 Implement & provide 2 
tion . 3/5/70 detailed evaluation. 

PIP Time in P5-7 .- G&CD 1 ·week +1 -- - .Qisapproved --- 3/13/70 

Time to call 511 G&CD 3 Days +4F Imp;I.ement & provide 4 
Alarms 3 3/17/70 +lE detailed evaluation 

I I 

Disapprove PCR 3 FSB r o Slip 0 Implement & provide 
4/9/70 detailed evaluation 

Disapprove PCR 10 i 2 FSB No Slip . 0 Implement & Provide 
detailed evaluation Ii 1·, 

l 

t 

'-
C 

] 
Page 2-2 



I' 

PCR STATUS REPORT FOR LUM.INARY lD Date 7/27/70 

j 
GSO PCR Originator/ MIT IMPACT NASA/SCB 
Sec ior: 

o . DESCR-PTION Date Schedule - Storage DIR CTIO A fecte COMM TS 

I 
ove AZO to Fixed Stowelman No Slip . +2 fixed Implement & provide 5 

Ephemeris Constants . 6 / 5/6 9 -2 erasable detailed evaluation . 

8 72 . 2 Initiate TFI in P40s . Copps o Slip . 0 Implement & provide 4 
8/8/69 detailed evaluation . 

8 74 . 2 Change Decimal L o'ad Copps To Slip.· +20 words Implement provide 4 
Technique . 8/8/69 detailed evaluation . 

892 - Delete R 2 9 . Garman o Slip. -30 words Imp ement & provide 2, 4, 5 
8 / 18 /69 detailed evaluat~on . 

! 394 Delete FLV 50 25 , Cherry o Slip. 0 Disapproved . I ' 
Rl = 00500 from P63 . 8/20/69 

896 LR Velocit y Read Covelli No Slip . - 50 words Implement & pro\,fide 2,4 , 5 
Centered at PIPTIME . 8 /1 9/69 detailed evaluation . 

I 

89 7 Delete PCR 775 . Covelli No Slip~ - 15 words Implement & provi<;Je 5 
8/19/69 detailed evaluation . 

898 LR Velocity Read . Covelli o Slip. - 10 words Implement & provide 2, 4, 5 
8/19/69 detailed evaluation . 

I 
899 IN38 in C/A , LS , and Garman N o Slip . 0 Implement & prov:ide 2 

R/P Lists . 8/18/69 detaped evaluation . 

P ge 2-3 



PCR STATUS REPORT FO LUMI ARY lD 

Originator/ MIT IMPA
1
CT AS /SCB · 

DIRECTIO DESC PTIO 

--906 .2 R00 Initialization . 

• 
l 942 LR Update Cutoff . 

944 ead X -pointer Input 
from CDUs . 

Des cent Downlist 
Change . 

970 . 2 Modify Gyro Torquing 
Routine . 

Date 

Garman 
8/18/69 

Hackler 
8/18 /69 

Hackler 
8/21/69 

Hackler 
8/18/69 

Lones 
10/14/69 

Schedule 

.o Slip . 

o Slip . 

No Slip. , 

No Slip: 

r o Slip . 

1 975.2 M odification of R36 . Crocker/ No Slip . 
Goode 
11/6/69 

976 Erasable Program for McCoy 
LM De orbit . 11 / 2 5 / 6 9 

Delete 521 larm . Covelli 
12/1/69 

9 81. 2 Lunar Gra vita - Robertson 
12 / 9 / 69 

982 

tional Potential Model 

Extend Capability of · 
Lunar Surface Star 
Acquisition Routine 
R59 . 

Millard 
12/9/69 

Unit Vector Capabilit Millard 
for 88 . 12/9/69 

rJo Slip . 

No Slip . 

o Slip. 

No Slip . 

No Slip . 

Storage 

' +30 w0tds 

+6 words Implement provide 

0 

0 

+16 

detailed evaluation . 

Implement provi e 
detailed evaluation . 

Implement & provide 
detailed evaluation. 

Implement & provide 
detailed evaluation . 

-11 word .Dis_approved . l , 

0 

- 10 words 
fixed 

+34 fixed 
+l e·ras . 

Implement & provide 
detailed evaluation. 

.• I . 
·Implement & provide 
detailed evaluation. 

' I 
, I -. 

LDis~Bro-ve . 1 

o..t-'f- I I 1 

+ 10 words Implement & provide 
detailed evaluation . 

+5 words Implement & provide 
· detailed evaluation . 

GSOP 
Sectio 
A ected 

4,5 

2 

2 

1 

4 , 5 

--, 

4 , 5 

4 

Date 7 /27 /70 
- --

CO MENTS 

Acco plisl ed in 
.Luminary lC.-

Page 2-4 



PCR STATUS REPORT FOR LUMI ARY lD Date 7 / 27/70 

PCR Originator/ l M IT IMPACT NAS /SCB GSO 
Section 

o . DESCRIPTION Date Schedule S orage DIRECTIO A feet co TS 

'986.2 Upda te Fixed Con - Reber No Slip . 0 Implement & provide 5 
stants for 1970-1971 12/12/69 detailed evaluation . 
E phemeris Year . 

;99 o~:, V44 RR Remode Check. Volante Jo Slip . +6 fixed I 1 plement & provide 4,5 
12/19/69 detai l ed evaluation. 

,991. 2 Sum Uplink Data . Edmonds No Slip . +6 fixed I p lem ent . provide 2 , 4 
12/17/69 deta.iled eval a tio 1 . 

1996 Liftoff Check in P0 7 . Rye No Slip . +8 fixed Implement provide 4 
1/26 / 70 memory . detailed evaluation . 

I 
l. 

. ~ 998 [Jon-repeating 511 Covelli o Slip . +8 fixed -
Dis-ap roved 

A larm . 1/23/70 + 1 flagbit 

Reset POSTORK, McCoy o Slip . +5 fixed DisaI?.proved 
1. GTORK in P12 1/28/70 
Initialization . 

1012 M ultiple Servicers Klum pp 0 Disapproved 
Avoidance . 1/30/70 

I ~ -
1014 V32E Check Larson +4 Disapproved 

2/2/70 

1015 Check for AVEGO Larson No Slip . +3 fixed Implement & provide 4 
at Start o f R 36 . 2/2/ 70 detailed evaluation . 

) 

i 
{ . 

Page 2 - 5 



PC STATUS REPORT FO LUMI ARY lD Date 7/27/70 

PCR Originator / MIT IMPACT ASA/SCB GSOP 
, I Section 

o . DESC IPTIO Date Schedule St o rage D RECTION Affected co E TS 

'1 016 Prevent DAP from Larson o Slip . +4 fixed Withdrawn . 
Maneuvering the Vehi - 2/2/70 
cle to Follow Platform 
during Gyro Torquing . 

101 7 To Preclude P3X Com Ln,son No Slip . +7 fixed -- Withdrawn . 
putations being Over - 2 2/70 

ritten by P4 7 . 

1021 Fixed Memory Landin Covelli No Slip . Implement & provide 5 
adar ransformation 2/10/70 +10 fixed Detailed evaluation . 

Mat ices . 

Landing Radar Posi - Covelli - 2 5 words Implement , provide 2, 4 , 5 
tfon Alarms . 2/10/70 detailed evaluation . 

emove Gravi ' y Com - Cov lli - 1 F ixed Implement provide 5 
putation a fter Landing 2/27/70 detailed evaluation . 
I adar Attitude Update 

1 1027 A priori Terrain Kriegsma o Slip . .+ 10 unshar. . Implement & provide 4 , 5 • Models . 3/3/70 Eras . detai' ed evaluation . 
+2 shared 

Eras . 
+ 30 wds . 

f ixed 
I 

! 
~ 

1028 Two - segment Altitude. Kriegsma N o Slip . +l unshared Implement & p rovide 5 
Weighting F unctions 3/ 3/ 70 eras . detailed evaluation . 
for Landing Mane ver. +2 fixed 

words . 

iming- indicators . Larson N o Slip 0 Implement & provide 
3/18 / 70 detailed evaluation 2 

Page 2-6 



I 

PC~ STATUS EPORT FOR LUMII A Y lD 

' 
I PCR Originato / MI IMPACT ASA/SCB 

DI ECTIO DESC IPTIO Date Schedule Storage 

V68 & P66 terminate 
the terrain model 

McCoy 
4/14/70 

PCR 996 (Li toff che McCoy 
in PO?) Improvementl 4 /2 1/70 

P66 corrections 

Keep 526 Alarm in 
P20 (PCR 287) 

1039~:, Terrain Model 
Improvements ( PCR 

1027) 

1040~:< -Only P40 has Early 
TFI Countdown (PC 

872 . 2 

.1042~:, Sec . ", Rev. 4 GSOP 
Fix or L-·lC-08 

emove Zeroing of 
Bit 4 of Channel 14 
oi: restart or V3 7 

GSOP Sec. 2 Rev . 9 
Editorial Changes 

GSOP Sec . 3 Rev . 5 
Editorial Changes 

Initialize Elev . angl 
in P34 

P66 /IMU Offset 
Compensation 

Klumpp 
4/22/70 

McCoy 
4/27/70 

Klumpp 
4/28/7 0 

McCoy 
4/29/70 

Klawsnik 
5 / 8 t1u 

M cC.ny 
5 /1 '2 /70 

H. Maher 
5/ll/70 

Klawsnik 
5/15/70 

McCoy 
5/28/70 

McCoy 
5/28 / 70 

No Slip 

o Slip 

+ 10 Fix - Implement & provide 
ed detailed eval ation 

Im.pl ment & provide 
-1 2t :-;,iled evaluation 

Implem 0 nt & provi 
No Slip 

No Slip 

+ 2 Fixed d~tailed evaluatior. 

o Slip 

o Slip 

No Slip 

o Slip 

0 

0 

No Slip 0 

No Slip 0 

No Slip +2 Fixed 

o Slip +11 Fixed 

Impl ment & provide 
detailed evaluation 

Implement & provide 
detailed evalua tioh 

Implement & p ovide 
etailed ev luation 

Implement & provide 
detailed ev lua tion 

Impl ment & p ovide 
detatled ev luation 

Implement & provide 
detailed evaluation 

Implement & provide 
detailed evaluation 

Implement & prov· de 
detailed evaluation 

Implement & provide 
detailed evaluation 

GSOP 
Sect · on 
Affecte 

4 

4 

3, 4 

4 , 5 

4, 5 

4 

3 

2 

2 

3 

4 

5 

bat 7 /27/70 

CO ME TS 
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' PCR 

No. 

,:.!c1Q56 

. ~noss 

~ 

' !<XXX 

PCR STATUS REPORT FOR LUMI ARY lD 

Originator/ ~ __ M_ IT_ I_M--.,.-P_A_C_T __ -i 

DESCRIPT ON Date Schedule Storage 

P4 2 Improvements MIT/DL 1 Fixed 
or Impuls e and 7/20/70 

Ullage Logic 

_ ew Landing Analog IVIIT/DL 
Displ y ( 1 O) 7 /6 /70 

Throttle Constant 

NASA/SCB 

DIRECT 0 

• I 

GSO P 
Sectio 
A feet 

Date 7 /27 /70 

COMlV ENTS 

To b acc omplished 
·n 9/18/70 e - r leas 
o Lum · a .:.:·y lD. 

To be c ornplishe 
in 9/18/70 r - lease 
of Lumina y lD. 
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SECTIO_ III 

PRE - LEVEL 4 TESTING 

AND 

LEVEL 3 SYSTEM TEST LAB TESTS 

3 -0 



PROGRAM DEVELOPME T STATUS FOR LUMINARY 1D Dat~ 7 / 27 / 0 
~ .. r :;.:.-.~.:;::-~ 

I 
P C R / 

A ?: 0 VI / Responsible STA HT ED 
AC B DE SCRIPTIO 

Engineer i Pred I Act 
E T 

Re Act 

PCR 2 ~6 Format Change to Landing Site Update . McCoy 12/22 12/22 4/ 16 /27 4 /27 149 
! 

1 PCR 287 Removal o 526 Alarm in P22 . (PCR 1038) Dunbar /Volant 1/ 7 1/ 12 - /12 4/ 16 4 / 10 4 / 10 149 
'1 
1; PCR 294 Update Fixed Memory Mass Properties . Kirven 1/7 1/12 !1) 16 3/27 2/ 2 1 3 

P C R 296 Set 11 G 11 Vector Parallel to Landing Site Millard /Moore 2/23 3/27 3/27 3/2 4/20 5/ 4 14° 

rl 
for Radius Vector . 

P C R 298 Decrease Time to Call Alarm Code 523 . Moore 2/23 3/27 3/27 ') /2 4/20 5/ 4 149 

PC R 302 . 2 C hannel 77 . Albert 2/23 3/27 3/27 3/2 4/20 5 /8 149 

3 03 DAP Change . Kalan 3/27 3/27 /27 4/ 20 5/ 5 5 /8 1 (l 
v 

PCR 306 Add 6 VM to Descent / Ascent Downlist Albert 3/27 3/27 3/27 1/ 2 0 5/5 5/ 4 0 

1PC R 307 Lunar Surface Align Downlist Change . Millard 3/27 3/27 3/27 / 20 5/5 5 /8 149 

PCR 31 4 Downlist Changes for owered Descent . Albert 3/27 3/27 3/27 4/20 4 /20 : / 20 160 

1 PC R 315 . 2 Channel 77 Modification . Densmore TE TED ITH C 3p 2 . 2 . 49 

PC 3 0 Time to call 511 alarms 

Page 3 - 1 



PROGRAM DEVELOPME T STATUS FOR LUMINARY lD 

P C R / 
ATO M / 

ACB 

·: PCR 821. 2 

l 
1

; PCR 872 0 2 

DESCRIPTION 

Move Ar-O to Fixed Memory Constants . 

Initiate TFI in P40s . ( PCN 1040) 
I 

;i PCR 874 . 2 Change Decimal Load Technique . 

• PC 892 Delete R29 . 

PC 8 9 6 L Velocity Read Centered at PIPTIME . 

, 1 PCR 897 Delete PCR 775 . 

. PC 898 LR Velocity ead . 

,PC 899 38 in C/A, LS, and R/P Lists. 

PC 942 LR Update Cutoff. 

: PCR 944 Read X - pointer Input from CDUs . 
11 

i P CR 945 Descent Downlist Change . 

'iPCR 970 . 2 
I 
lpcR 979 

PCR 982 

Modify Gyro Torquing Routine . 

Delete 521 Alarm . 

Extend Capability of Lunar Surface Star 
Acquisition Routine R59 . 

Respons~ble 
Engin~er 

Millard 

Rosenberg 

Berman/ 
Volante 

Covelli 

Covelli 

Covelli 

inkelstein 

Moore 

Albert 

Albert 

Megna 

Covelli 

Millard 

) 

Dat 7 /27 /70 

START I COMPL 

R ed r A c t I 'e I P r ed I Act 

12/2 

1/7 

12/22 ~/ 1614 / 2 0 
I 

1/12 1/12 4 /1 11/16 

'12/22 4 / 6 1/16 /16 

12/22 /1 2/23 5/ 

1/7 3/27 3/12 / 16'4 /20 4/20 
I 

I 

12/2 3/27 . /16 4/20 4 /20 

1/7 3/27 3/12 A/16 4 /20 /20 
I . • 

12/22 3/~7 12/22 /16 4/20 5/' 

12/22 ~/27 12/22 4 / 1 /20 /20 
I 

12/22 3/27 12/22 4 /16 4/20 5/4 

12/22 3/27 12/22 4/16 4/20 5/ 

_2 / ~ 3 3 / 2 1 3 / 2 1 3 ; 2 4 / 2 o 

1/7
1 

3/27 3/27 4/'22 4/20 

1/7 3/27 3/27 4/22 4/20 

4 /20 

4/24 

5/8 

EV 

14 3 

143 

143 

143 

149 

14 3 

9 

14 

43 

143 

1 3 

49 

3 

149 

--... PCR 983 Unit Vector Capability for N88 . Millard 1/7 3/27 3/27 4/22 4/20 
I 

pdate Fixed Constants for 1970-1971 Dunbar 1/7 3/27 3/27 4/22 4/20 
Ephemeris Year . , 
Auto P66 . (PC 1037) Moore 3/27 3/27 3/27 4/20 4/20 

1.::...,.::..::..:..~~__,_l._,_...---,..~--.....---......--.-- -----~- --;--...---- -..>-..------:-~-- ~--'-....-----.-,..___..--.-. 

: ' 
: I 

~age 3-2 



PROGRAM DEVELOP IE T STATUS FOR LUMI ARY 1D a te 7/27/70 

PCR/ I 

A 0 I Responsible START 
I T 

ACB DESCRIPTIO 
Engineer EV 

Re Fred Act Fred · Act 

, PC T 990,:< V 44 RR Remod e C heck Volante 1/ 7 3/27 3/2 t:) 22 2/23 4/20 143 

PCR 991. 2 Sum Uplink Data . Rosenberg 
1/7 3/27 2/16 4/22 2/23 2/23 149 

PCR 996 Liftoff check in P07 . (PC 1036 ) Rosenberg 2/23 3/1 3/1 3/2 4/2 0 4 /20 154 
~ 

·· PCR 1015 Check for A VEGO at Start of R36. Vola te 2/23 3/27 3/2 3/2 4/20 4 /2 0 154 

PC 1021 Fixed emory Landing Radar Transforma - MoorJ 3/27 3/27 3/2 4/20 4/20 4 /20 154 
tion Matrices . 

PC 1022 Landing Radar Position Alarms . Moo;re 3/27 3/27 3/2 /20 4/20 4 /20 54 

PC 1025 Remove Gravity Computation after Landing M oore 3/27 3/27 4/20 4/2 0 1 4 
Rad r Attitude Update . 

PCR 1027 Apriori Terrain Models . (PC s 1035 & 1039) Klumpp 3/27 3/27 3/2 4/20 4/2 0 154 

PCR 1028 Two-segment Altitude Weighting Functions Moore 3/27 3/27 3/2 4/2 0 4/20 154 
for Landing Maneuver . 

PCR 1029 Timing Indicators Albert 4/5 4/5 4 /5 5/2 5/2 5/3 160 

PCT 103 5,:, V68 & P66 terminate the terrain model Klumpp Teste wit PCR 102 

r PC 103 6'1 PCR 996 (Liftoff check i n PO?) Improvemen s Ros,enberg Teste 
I 

996 

PC 103 7,, P66 corrections Moore Teste witi. 9 8 · 

PCR 1038 Keep 526 Alarm in P2 0 (PCR 28 7) Volante Teste wit 287 

PCN1039 Terrain model improvements ( PCR 102 7) K~umpp Teste wit 02 

PC 104 0 Only P4 l has E . rly TFI Countdown 

J (PRC 872 . 2) Kirren 72 2 

,:<PC Page 3 - 3 



PROGRAM DEVELOPME T STATUS FOR LUMINARY lD Oat 7/27/70 
---

p:=:.=:::~:::=:;:;;:::;::::::=:::=::;::;:==::J;::==~========= ===~..ill=-====== ~ ===---~·-~ r;:-,,,:,:;-r.._=-=-::;:;:;;;;:= .. t .. - ... ,,....,._..,........; ~:~.,,-- ---:;:.-.. ---:---- --·--~· . I 1 P C R / 1 ; PR_, - Ll 1 VE L 4T •STI G .F'Lr .:. D 

ALJO M / Responsible STA rr·_,_ I, COMPLETED j IN 
ACB DESCRIPTION Engine r l I E r , 

:i. Req P r ed I A ct . Req Pre Act 1 

r,:·'" _ P_C_R_ l_0_4_3_i-_R_e_m_ov_e_ Z_e_r_o_i_n_g_o_f_B_i_t -4-of_C_h_a_n_n_e_l_l_4 ___ ~_D_e_n_s_m_o_re---1-;;..;;F_ix..;;,1,e_
1 

c-i--,;;;;..b_y_1--:I--C-B_L_t~l...,;.7----1:.-(_ __ +-__ ~ ---

r on restart or V37 ; 

·1 1 
1 

f I 
r. 

r 
! 
'1 f: 
t r 
I· 
I 
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1 
L - lB - 11 

l 

l 
·I 
'1 
1 L - lC -0 1 

t. L - lC - 03 

L - lC - 04 

l L - lC - 05 

[ L- 1c ~oe 

I 
· L - 11 

r 
1

! L-12 

I L-13 

i 
L-14 

t 

! L - 15 
·l 

PROGRAM DEVELOPMENT STATUS FO LUMI ARY lD 

Terminal Mass Error in Descent and 
Ascent due to Inaccurate Mass Computation 
in SERVICER. 

Delta-V Increment may be Subtracted rom 
VG Twice following a estart . 

Inspection o Coding V59 in P00. 

Two Remade Tasks Operating Simultaneously . 

Correct for Sign Agreement when HCALC 
is Calculated in RVBOTH . 

P40 , P42 or P63 Commanding Ullage with 
Average-Goff. 

Change Coding in SPEEDRU to Compute 
L _ATVEL and FORVEL. 

Change Exit from LONGCALL. 

Create Subroutine RLEASVAC to Release 
V AC Area and Change a FI DVAC to a 
NOVAC Job . 

Save 3 Words in Bank 1 to Add Restart 
Table Entry . 

Set Bit by 11 TC CLRADMOD 11
• 

Kirven 

Kirven 

Moore 

Volante 

Moore 

Albert 

Bernikowich 

Densmore 

Moore/ 
Volante 

No Test 

Volante 

Date 7/27/70 

Disposition,Change : Program note , clpse out . 

12/22 12;2J12/22 1/16 1/16 1/16 143 

12 / 2 2 3/21 12 / 2 2 1 / 16 4 {10 · 4 / 2 o 14 3 

1/ 7 3/27 3/27 1/22 4/20 4/20 143 

1/12 3/27 3/27 1/16 4/27 4 /27 

3/27 3/27 3/27 4/20 4/20 4/20 

12/22 12/2212/22 1/16 5/24 5/18 

12 / 2 2 12 / 2 ~ 12 / 2 2 1 / 16 2 / 23 2 / 2 5 

3/27 ·3/27 1/22 4 /20 5/4 

2/16 3/27 3/27 2/23 4/20 4/20 

Page 

154 

156 

143 

143 

143 

143 

143 

3 - 5 
----



PC R / 
ANOM/ 

ACB 

I 
l L-16 

" L - 18 

L -20 

L - 21 

!' L - 22 
l 
. L - lC -07 
f 

l 
I 

L-24 

PROGRAM DEVELOPMENT STATUS FOR LUMINARY lD 

DESCRIPTIO 

Present Coding can produce random 
branching if a restart in P64 leaves a job 
request for the restart point in the throttle 
routine unsatisfie at the time P66 is 
entered . 

Remove the zeroing of bit 4 of channel 14 
1rom STARTSUB2. 

Change order of coding from STEERSW 
check then overflow check to overflow check 
then STEERSW check change from attitude ­
hold to Ratestop . 

Save time in P66 . 

Correct downlist quantity . 

Addition of ECADRs to listing . 

Delete setting and resetting R04 flag . 

Erroneous state vector and W - matrix 
in POO 

Delete definitions ofW . I Dl, VACX, VACY 
and VAC Z from the erasable assignment log 
section 

Move ZERLI A, ELVIRA, AZIMCRl and 
ELI CRl froin E7 1443 - 1446 to E7 1644 -
1647 

Responsible 
Engineer 

Moore 

Albert 

Mqore 

Moqre 

Albert 

Densmore 

Volante 

o Test 

Moore 

L - lB - XX = Anomalies reported on Lµminary B; Fixed in lD . 
L - lC -XX = Anomalies reported on Luminary C ; Fixed in lD . 
L-XX = ACBs . 

Date 7/27/70 

PRE - LF VEL 11 TE TING 

STA8T .. COMPLETED 

Re Pred Act He P i ed A t 

3/27 3/27 3/2? 4 /20 4 /20 4/20 

3/27 3/27 3/27 4 /20 4/20 

3/27 3/27 3/27 4/20 4/20 

I ' 

3/27 3/27 3/27 4/20 4/20 

3/27 3/27 4/20 4/20 

5/ 4 

4/20 

/20 

5/ 

3 / 2 1 3 / 2 1 3 /2 1 4 / 2 o 4 / 2 o 4 / 2 o 

ot an A omall 

I 

EV 

154 

154 

154 

154 

154 

154 

4 /12 4/12 4/12 4/20 4/20 4/20 158 
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PROGRAM DEVELOPMENT STATUS FOR LUMI ARY lD Dat e 7 /27 /70 - ~ . 
- ,-

....:-... ~- .... ·--- _............, ··--:--·-=--·-=-·---~,. ~- --- ·- -:.. --- ~·-1 
PRE - LE VEL 4 TESTI -G I rED j PCR / 

A i. O M / Responsible START COMDLET D 
L_T 

'1 
Engineer ,, 

ACB DESCRIPTION Pred i Act 
REV 

' 
Req Req Fred Act 

il I 

t, 
L - lC - 08 DAP performance after a restart in Manual Kalan 4/ 1 4/1 4/1 4/20 4/20 4/16 156 

Rate Control Mode. 

!f -25 Modify BURNBABY BUR White 4/20 4 /20 4 /2 0 5/4 5/4 5/7 160 

'I t 
f: 

I 

11 ! 
f 

I I 

r 

' 

! 
I 
t ,. 

I. 

, 1 

", 

I 

I. .. ~ 

I 

r 
I ~ ;S. 

J. j 

_ .. . - "· , .· .. ·c .. , - ,. - 1 

Page 3-7 



PROGRAM DEVELOPME -T STATUS FOR LUMINARY lD RE-RELEASE ( E V. 17 3) Date __ 7,,__/_2-r-
7_/ 7_o _ _ 

~ - ~ - - --- -- ·---..:---lo i 

PCR / P RE - LE VEL 4 r--ESTING FIXED 1 
,1 

ANOM/ Responsible START COMPLETED I rj 

ACB DE SCRI P T ION 
Engineer· I 

Fred f A ct 
EV 

Req Req Fred Act 

i I 
t L-20 Test Scaling of oun 60 R.l Albert 6/4 6/4 I 6/4 6/12 6/12 6/9 167 r 
I 

I 

PCR 988 Test Restart Point in P66 Moore 6/4 6/4 . 6/4 6/12 6/9 16/9 165 

. 
PCR 96 [Test Rl2 Velocity Radar , Readings Moore 6 / 4 6/ 4 6/4 6/ 12 6 /9 -6 /9 165 I 

I L-lD- 03 Test R04 Rend . Radar Reading White . 6 /9 6/9 6/9 6/12 6 /12 , 6/12 165 

' 
PC 1042 Test that ELEV is Initialized to Zero in White 6/4 6/4 6/4 6 /12 6/9 6/8 16 5 

P34 . 
t: t Test P 40 Restart Fix 6 / 4 L - lC - 01 Kirven 6/4 6/4 6/12 6/9 /5 16 5 

PCR. 1013 Test TOOD'EW Does ot Share Erasable Moore G/ 4 G/ 4 6 / 4 / 12 6/9 6/9 1 ·5 
j 

PC 105L Test IMU / CG Offset Acceleration Comp. Klumpp 6/6 6/6 6 / 6 6/12 6/12 6/15 167 
'1 

L27 Save 3 words in B nk 5 to make room for Densmore 6/6 6/9 6/9 6/15 6/13 6/13 16-5 ~ 
r· 

clearing o Rl2RDFLG in F resh Start t· 
r 

fix to PCR 896. i 
·1 

.. 
1 

NOTE : For a complete description of tests 3ee Luminary Mei mo #1~ 15. 
I I 

~ r 
I t 

I - i 

ii 
! . . I 

'~ ~ l " . ~ ., . .. o·.• • ·, 
Page 3-8 



PROGRAM DEVELOPME T STATUS FOR LUMINA Y lD Re- release (Rev .. __ 'Date 7/27/70 

PCR/ PRF - LEVEL G iIX D 
ANO I Responsible START COMPL TED 

I r 

ACB 
Engi eer 

.1. EV 
Re Act Re Pred Act 

PC 1056 P42 Improvements for Impulse and Adler/ Albert 
Ullage Logic 7 /27 7/27 8/1'7 8/17 174 

PCN 1058 New Landing Analog Display ( 10) Eyles ' 7/27 7/27 8/17 8/17 174 

PCI x:xx Throttle Constant Eyles /17 8/17 



LEVELJI[SYSTEM TEST LAB TESTS FOR LUMINARY lD D te 7 /27 /70 
- --- - ---

Responsible I ' 
I TEST CO PLETE DOCUMEt:r. pp-qovED l 

TEST TITLE Engin er . I 

I 

. l Req Pr__, Act Rcq Pr d Act 
f. 

' p Radar Change s Reedy 3/31 3/31 3/20 4/i4 /23 ! 

C77 Channel 77 Restart M onitor . Sheridan 3/31 3/31 3/25 / 30 5/7 
I 

PT IRIG Torque Sheridan 3/3 3 / 31 3/25 / 30 5/4 
r 

I 

I 

SU Sum Uplink Sheridan 3 / 31' 3 / 31 3/25 4/ 30 5/7 I 

: : 

' 
I 

r) I t 
I I 

I 

; 
" 

I 

I 

i 

I 
i 

: I 
r 

I• ., 

,. 

l 
I f 

' 1, , 

' 
t , 

I 

! ,. 
: 

I I 

f 1 

~ 
:.,_ 

! 
i 

j ·- - . C .) 

TP#2258 7- 16 age 3 -



SECTIO IV 

LEVEL 4 AND 5 TESTING 

A D 

LEVEL 5 SYSTEM TEST LAB TESTS 

4 - 0 



T ST 

o. 

t 4 . 1. 0 
'. l 

4. 1. 2 

. 4 . 2 . 0 

4 . 2 . 1 

4 . 3 . 0 

LEVEL 4 A D 5 TESTING FOR LUMI ARY lD 

DESCRIPTIO 

LANDI GS 

Assumptions : 

(a) o Instrument/8 . V . Errors 

(b) Latest Terrain Model 

( c) Res ta ts/ extended Verbs/monitors 

(d) Apollo 13 Datafile 

ominal Automatic Landing . P63, P64, P66 , P68 

V57, Vl6N92) . 

Redesignations . P63 ( 69), ·P64 (ACA), P66 (ATT HOLD), P68, 

10% T - LOSS . 

RE DEZVOUS 

Assumptions : 

(a) o Instrument/8 . V. Errors 

(b) Restart (P20, P40), Extended Verbs (V90) 

(c) Apollo 13 Datafile 

Nominal Rendezvous., P52 Planet Option (10% T - LOSS during Average - G) . 

ABORTS 

Assumptions : Same as Landing Tests . 

Da te _ _ 7 /27 /_7_0 __ _ 

--------- ------

• S O TSI LE 

• JGI I ,E R 

Albert/Moore 

. White 

W . Bernikovich 

Page 4 - 1 



T E ST 

- o. 

4 . 3 . 1 

t 4 . 3 . 2 

4 . 4 . 0 

4 . 4 . 1 

, I 

LEVEL 4 A D 5 TESTI G FO LUMI ARY lD 

DESCRIPTIO 

Abort/ Abort - Stage w /J lKl Targets, 10% T-LOSS; "MODE SELECT SW" -

AGS, V16N85, 77 , 76 . 

Abort/Abort-Stage w/J2K2 Targets, 10% T - LOSS , V16 85, N77 , N76 . 

LU A SURFACE 

Assumptions : 

(a) o Instrument/ u . V . Erro s 

(b) Restarts/ extended Verbs /monitor 

(c) A ollo 13 Datafile 

P68, P00, P12 - P5 7 (Star/planet), P06, P57 (Gravity/star), 

P57 (Gravity/REFSMMAT), - P~2 (R>500 mi.) Pl2, P20 , P32 . 

D te 7 / 27/70 

SPOr S BLE 

E GI ~ ➔ R 

D . Milla d 



½' 
~I 
~ I 

½', 
~, 

~I 
K 

TEST 
I 

No . 
1 

l ; 4 . 1. 0 

l 4 . 1. 1 

: 4 . 1. 2 

4 . 2. 0 
I 
l 4 . 2 . 1 

I 

4 . 3 . 0 

4 . 3 . 1 

i 4 . 3 . 2 

, 4 . 4 .0 

4 . 4 . 1 

I 

J 

l 

i 

I----

REV 

No . 

-

LEVEL 4 AND 5 TESTING FOR LUMI ARY lD 

- - - --~- -- - -
. LEVEL 4. TESTING 

START 
, . 

COMPLET 

R e q P· ed Act I Req Pred Act 

LANDI ~GS 

4/13 5/4 5/4 4 /24 5/6 
l 

5/6 , 

4/13 5/5 5/4 4/2'4 5/6 5 /5 

RE DI czvous 
4 /13 4/13 4/13 4 /2 '4 4 /24 4/24 

ABORr l' s 
4 /13 4 / 13 4 /13 4 /24 4 /24 4 /24 

4 /13 4/13 4 / 13 4/24 5/4 5 /6 

LUNAJ ~ SURFA 8E 

4 /13 4/27 4 /27 ,4 /2 4 5/2 4 5/24 

NOTE Level ~ testing pf Rev. 1 53 was nc ~t conduc 
the re- v-elease c f Lumina ry. 

I 

I 

-

Date 7/27 / 70 

l 
- - - ~. . _ ... - - ·-

I 

LEVEL 5 TESTI -G 

I START 1 COMPLET I 

1 
I 

Re q P:ired Act I Req Pred I A ct 
I 

I . 
t 

5/6 5/6 5/6 ~/30 6/30 See ! 

i 
5/6 5/6 5/6 6j'!JO 6/30 

no te 
b elow 1 

I ! 
I 

5/6 5/6 5/6 6/3 0 /30 

' 

I l 
' 

5/6 5/6 5/ 6 6 /30 6/30 

5/6 5/6 5/6 6 /30 6/30 
I 
I. 
' 1 

1 

5/6 5/2 4 )30 6/30 
A 

,.. I I l 
'' 

I 

f 1 

I 

ted due 1 t) 

'• 

. 

~ 

I 

''l 

I 

4 - 3 



ST 

0 . 

4 . 1. 0 

4 . 1. 1 

4 . 1. 

LEVEL 4 A D 5 TESTir G FO LUMI ARY ID RE - ELEASE ( 

DESC IPTIO 

LA TDI GS 

Ass mptions : 

(a) o instrument/S . V . errors 

(b) Latest terrain model 

(c) Restarts/extended ve·rbs/monitors 

( d) Apollo 13 datafile 

ominal Automatic La ding . P63 , P64, P66 , P68 , 100/qT- l o ss 

(a) Call P20 in no-update mode (V95E) 

V 1-;3 

(b) Call P30 o load any 6:.V into noun 81 at TIG o PDI + 1 m·n te . 

(c) Trace loading o LRWHl into LRWH I 

(d) Rollback A[ EWR.OT and load the proper value vi V21 C 

XXXXXE in P64 prior to data good after antenna re osition. 

Redesignations . P63(N69), P64(ACA) , P66(ATT . HOLD) , P68 , 10% T - loss 

(a) Trace 1st pass through Rl2 to show propeT reinitialization. 

Date 7/27/70 

SPO ~IBL 

~ · TGI TI E 

ALBERT/MOO E 
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TEST 

0. 

4 . 2 . 0 

4 . 2 . 1 

4 . 2.2 

4 . 2 . 3 

4 . 3 . 0 

4 . 3 . 1 

4 . 3 . 2 

LEVEL 4 AND 5 TESTI G FOR LUMI ARY ID RE - ELEASE (REV . 17 3 ·) 

DESCR PTIO 

RE DEZVOUS 

Assumpt· ons : 

(a) o instrument/S. V. errors 

(b) estart (P20, P40), exten ed verbs (V90) 

(c) Apolol3 atafile 

Nominal rendezvous, P52 planet option (10% T-loss during ave - G ) 

Do short rendezvous profile (P20 , P34 , P42, P35 , P41, P35, P41) 

Do CSM - active rendezvous 

ABORTS 

Assumptions: same as landing tests 

Abort/abort - stage W/JlKl targets , 10% T - loss; "MODE SELECT SW" -

AGS, Vl6 85, N77, J76 
., 

Abort/abort - stage W/J2K2 targets, 10% T - loss , Vl6 85 , T77, 176 

Date 7 /27 /70 
---

E O SIBLE 

ENGI JEE 

P . HITE 

W . BE . JI OVICH 

Pae-e 4 - ~ 

11 
I 

I 
! . 

, I 



LEVEL 4 A D 5 TESTI G FO LUMINARY ID RE - RELEASE ( ~ V . 173 ) D e 7 /27 / 70· 

r'~-.,......---__,..........,,...,._~--,--------------,----,-_------=------~-----~---.....----~--
1 ! 

TEST 

NO . 

4 . 4 . 0 

·. 4 . 1 

DESCRIPTIO 

LU AR SU .FACE 

Assumptions: 

(a) o instrument/S . V . errors 

(b) estarts/ ext ended verbs/monitors 

(c) Apollo 13 datafile 

P68, P00, Pl2-P57 (star/planet), P06 , P57 (gravity/star), 

P57 (gravity/REFSMMAT), - P22, Pl2, P20, P32 

( ) Call P22 when range to CSM >400 . Mi. 

(b) When Vl6 54 appears , call R47 via V47E 

( c) ote any discrepancies 

... SPO SI B L E 

L GI -r,E R 

D . I LARD 
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LEVEL 4 AND 5 TESTI G FO LUMINARY l D RE - ELEAS , (REV. 173 ) Date 7 /2 7 /70 
- - - · r.----------------_..,.... .. ______________________ _ 

-------~ - --· . . - ·-·- .. -l LEVEL 4 T E STING LEVEL 5 E TI I 
TEST REV I 

COlVPLE rr 1 
I 

' STA T COMPLETE STAR j 
o . No. Req F red Act Req Fred Act Req Pred Act i \Cq I c d A c t 

f, 

4 . 1. 0 - L A ])l GS-
' l 
I 

6/ 9 6/6 6/6 6/ 15 6 /9 6/9 6/17 6 / 17 6 /17 7 / 19 7 / 9 ; ' 4 . 1. 7/ 1 t 
I : '' 

4 . . 2 6/9 6 / 6 6 / 6 6/15 6/ 9 6 /9 6/17 I 6 / 17 6 / 17 7 / 19 7 / 19 7/6 t 
' 

I 

· 4 . 2 . 0 - R"'NI )E ZVO U~ ,-
I 

6/9 6 / 6 4 . 2 . 1 6 / 6 6/ 15 6/11 6 / 10 6 / 17 6 / 17 6 / 17 7 / 19 7 / 19 7/ 1 

4 . 2 . 2 6 / 9 6 / 9 6 /9 6 / 1 5 6 / 1-5 6 /13 6 /17 6/17 6 /17 7/19 7 / 19 t 

I 4 . 2 . 3 6/9 6 / 9 6 / 9 6 /15 6 / 1 5 6 / 13 6 / 17 6/17 6 / 17 7 /19 7(9 

l 4 . 3 . o - ABO J ·l T S -

I 4 . 3 . 1 6 / 9 6/ 6 6 / 6 6 / 15 6/ 11 6 /10 6 / 17 6 / 17 6 / 17 7 / 19 7 / 19 7/ 1 
,, 

I I 
I 

I 

l 4 . 3 . 2 6 / 9 6 / 6 6 / 6 6/15 6/11 6 / 10 6/17 6/17 6/17 7 /19 7 / 19 7/1 
•' 

I 

4 . 4 . 0 - L U ~-\ R SU R F lA C E -
~ 

.. 
4. 173 6/ 6/ 6 6/6' 6/15 6/11 6/15 7 /1 6/15 6 /15 8 / 15 6 / 15 6 /15 i . 1 

r, I " 
~ \ 

I I ... 
" 

.. 

l, ' - ' 

I, 
' '•; 

l . l 
j 

I 

' 
j : 

I 
,. 

~-
' : 
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LEVEL V SYSTEM TEST LAB TESTS FOR LUMINARY lD 

ST TITLE 

SEV Extended Verbs 

I0P I u Operational Programs 

STP 2 I~U Performance test 

STP3 IRIG Scale Factor 

A P.6 Test P57-PCR982 Change 

. RP Radar C -nges 

1 
;PT _ j IRIG Torque 

SU Su Uplink 
1 C77 Channel 77 Restart Monitor 

_ iscellaneous Changes -

included in Radar Change 

TP#22587 - 16 

Responsible 
Engineer 

Grace 

Grace 

Grace 

Grace 

St.Amand 

Goodwin 

Sheridan 

Sheridan 

Sheridan 

Sheridan 

Rev 173) te 7 '27/70 
-T•-~---- .. -- ----·-· --- "" -- --.. --

TEST CO PL DOCUME· T pp 

Re Pr2d Act Rcq 
f 
I Pre Act 

7 /1 6/ 18 7 / 31 

7 /1 6/22 7 j -:1 

/ 21 7;21 7 / 31 

9 / 21 7/21 7/ 31 

7 /B. 7/10 7 / 31 

7 /11 7/10 7 / 25 7 /13 

7/8 6/17 7 / 31 

~/8 6/18 7 / 31 

7/8 6/18 7 / 3 

Page 



MIT /IL PROGRAM CHANGE ROUTING SLI P 

/ I 0 COLOSSUS 2C 

DLOSSUS 2D 

□ COLOSSUS 2E 

.□ COLOSSUS _2F 

□ LUMINARY 1 B 

~:u,)JMINARY 1 C 

0LUMINARY lD 

D LUMINARY lE 

□ MIT Approved PCN ~ASA Approved PCR 

[] NASA Approved PCN 

.A. Coding . 

. 0 · Begin coding immediately 

PCR/-P-GJ.~ti 2 f 7 
ANOMA LY># -----

□ NASA Approved 
Software Anomaly 

C MIT · Approved 
Software Anomaly 

/ ~-- ~ -L-<--~~ ._/Lu~?~ 
.-0 . IJ-; 

ACTION: L?----.____~ 1/4--~<-e_ 

0 
. . . . Prngraffi Supervisor's ~pprcwa1: 72// tJ tz,.J' cJ/4 
Do not code until new GSOP material has been approved by the MIT 
Mission Design Review Board (MDRB) and distributed. 

13. GSOP Preparation 

J P.1:epare GSOP revisions for MDRB 
U consideration 

ACTION: 

□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees : 

C. KSC Testing and Checkout 

0. Review for possible impact on KSC 
testing and checkout · ACTION: 

. D. Other Programs Affected 

Q Review fJr corresp:mding changes· in , 

ACTION: 

------------

-------Special Instructions 

.-cL cir ~_,,}Jo.Le 
---~'--=-J~ ~ fa · f 2,0 

Proj ed Manager --~f<-"--. -~"'""' -=-.c..-.c--'----"---'i-lc::,,... w=--<;.___ 

Date ___ .._._1 r~f.__.1 7'--,<-/4 ...... 1 -'--L --­
. 7 ~ 

(Rev 10/69) 



. 
'.1 ·t 

~ 

--------

=~-:~~:.~-_, ......... H~•,~·.""""'~~,,.. .. .., _• ......,_'!::,.""""· ,,.,.,..,"""'j!: ....... 'J .......... _~f~'"t..-:"":""-""'·.,··- .·:,r,r.,"",~,.,,,,:, ..... ,-.. ....... _.,.,, .. --:-_,.,...,.,.,. .. ,...,,_, ... , ~,.,."""'.~"'·· ,,.. ;·; - ~""".·: "",r-:.~-~, ....... '~~"'-,~..:.~-.-.-. _ir.·.,., ..... _· .•:;-'"-,'!,= .. • .~,. . .... ""''.i"!.; '.!1~::;r,--:;_~""::".~:j.i:-<l:~-= ,_•y~,·-- :,..... ; L--

No. ;2 8 7 i, j - APOCLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD 

- PROGRAM CHANGE REQUEST -

;-~~~::ii;•--~~::!!-~· ~23:·~~,~~i.!::~iEi~iT~E~~-R~~E:;y:;·~ "·c"J'.;K•.,ar:~'JD.''~~-~-;:{~i!E:~-s.:;~~~!:~~~,-A3;;~~9=R_:.:~E, ~&is~~-~~:r::~S=-E:::G::,7~-•~:".- .:;:r;r_:, ~~--.-;-'-;R;;~i~iifr·: 
(Comoleted bv FSBJ 

.,_ ... ::· ;r.,_~_, .. ,-,...... :· ·-t· .. •" ·,.• ..... . 

EG/Gni dance & ControJJ 
/~- DATE: 7/,;! ~- I 

H - ,l 
· l 

1. 3 EFFECTIVITY: 

LUM 1£) 

1.4 TITLE OF CHANGE: 

Removal of 5.26 Alar m in P22 g PZ~ 
g, f' "L '-' 

REASON(S) FOR CHANGE: Current P22 calls priority alarm 526 if range to CSM~400 nm. 

This alarm only confirms what the crew already knows . 
o:;f: 

f~J~-------=------------------------- ----------- -----1 ;-
1. 6 DESCRIPTION OF CHANGE: 

J 

'i 
1, 0 -

Replace t he alarm code with contents of N54 (R,R) until range(400 nm and then 

1,7 ~-:- · .. ,,, : .. l ~'Q_!:~~---'9,_J;;.q.~~E',B,..,.g..Q?~-.,~-, "·'' '<'!'> . ·-s·~ -., ..,,.;., '"'i. "'n• \ ,. _,,,,~ . . , , '!' Mi',!1!• -A.~ •,n• ,~. ..: _.,,.~ ~ ,• 
r~ 2. o so; TWARE coNTROL BoARo,,oR · ·n -I ciir soFTWARE,· BRA'i2}i-- · 2 .1 · t . 
~ DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT ( □ APPROVED □ DISAPPROVED l 

. .._.~, 'd<'. •,~ ~j; "' 1-h•• -.0 ·r.~ 

REMARKS : 2.3 SOFTWARE CONTROL BOARD OR FLIGHT 

SOFTWARE BRANCH SIGN OFF: ____ _ 

DATE: -----

-l :1 
i,; 3.2 I ~;~T ; F ;:VID ~~G DETAI{ ED EVALU~;ION: "'-"O'-~,- . ~., 3.3 STORAGE IMPACT: l·- 1 

J--------------------------1~------------------'.i.' 
H 
tJ 

r 
,.-..,.r ·• "..c~-~-. r . . ,· :;-... ;,"_ .... ,·~~.:.~ _ --,--

c •=~s, 
~-. ;,:,:;.--·ia,;•;i.;.•':,::.,.· ""'-:::.......w.;·.::.····-=~'-~~·,.,•.',C.t::0'; ,.!:.;t-=·,,,._.. ;;;~,.,;i:;., .. .,..· .. ..,._:_,'t'.· :1.-: _.,,_; .. ~= l.,-

:_,~, 4. 0 SOFTWARE CONTROL ~ 4 .1 IMPLEMENT AND PROVIDE PROVIDE DETAILED l . 

:~ BOARD ACTION t 0DETAILED CHANGE EVAL. 0 CHANGE EVALUATION O DISAPPROVED i 1 

--~~~!':;J:.3]·--~5,~- ~~:3-__::._ _____________________ ., 
I 

4 • 3 SOFTWARE CONTROL ; 

BOARD SIGN OFF: S C J3 

3.1 SCHEDULE IMPACT: 

3.5 MIT COORDINATOR: 

DATE: ________ _ 

f 

;, 4.2 ,; 

·' 
REMARKS: 

DATE: / J/;3 /€? 
- I / . 

.. ,,, t . -..-_;....yt;..,_o:,,,,:,:~. -~ 3 :-'.'°3'.'!.o..-4; ·l"-·f'.~ - ' ~+='-....,,il:.l::c-:,,..~•' .... ~.;;,.r;•"'-'·t.:..·" _::.:; . .Z..,:.*, .::, ~;"-,.:!i.d;!_"'· ..._• _:<•J..:.__.~.,.::•,..1'~~ , ,:.:;.<-..,· ..,·•""• ;t.;1,'°',;.""'-.:,,>~'~1.t:..:::~="t:~,""•...:'..-.~.:.;,':.E"",;_.",>'.➔,..;'•'"'.c,iili,c."",·,i;.il. e,;,:{.:..,, ...... ""·,:;.,~..,·~·•'""••;l;li'•·~.-... ,-:_,.._--. . ..:.•""':• ;._ i•.,.-• .;_.: '?l!!,.,;.:••"'"-•,: • ......... "C.,:'·""'.~:-x •~;-~~J.'t.!11'':<"..z'--..,· -"'~ ~r,_,~.,,j.TT"'.:._•~··~ ...:.·"'-~,.• 

Cj 5. 0 MIT DETAILED PROGRAM ~ 5 .1 MIT COORDINATOR: f 

~-•.~ ~s§.2~,~~,~~-"~-~NGJ~.~~.~~~~~N~µL~~~IO~!N~~~-k~'.·~·· ~s- ~, .~ .. -~.:J...-----....:D:A~TE:::..;;;:=======----__;,--, .. I 
, MIT EVALUATION: 

, , 
"$i, • • • ®Bmr:trJw;@ic;;rut: * .. ;',1'. -;, Zwlwt;•~ .•~mt.;,;:;;:1t,;t.,:;:a;5"4i'cf ~t&ttt· t\;,r.c, i;..:,.. ,if&<J<: S::lt{t::-5:t •. &:t-w,mxz:~·m:'t ~; ·:. "'~ ,., ¢.f'w,.'P.~-:-

6. 0 SOFTWARE CONTROL BOARD DECISION ON MIT l 6 .1 START OR C0NTINUE DISAPPROVED OR STOP t 

~f~Ui~W~=~;';~w;!.~~ ~::S!:r~1~!:::N. - ·;, ,r~,,<.,, . .•.. . , 0 IMPLEMENTATION D IMPLEMENTATIOK j 

,, 6. 2 REMARKS: 
6. 3 SOFTWARE CONTROL \. 

~· 
BOARD SIGN OFF:________ ( 

·, 
DATE: ---~--- H 

~ =~=,,..,,,,..,,.,,==•=~=,.,,.,._.-,,,..,~ •----= •---- I 



11~L PHOGl"lAM CHANGT~ ROUTrNG SLIP 

CJ COLOSSUS 2C 

~OLOSSUS 2D 

□ COLOSSUS 2E 
1·-0 COLDSSUS 2F 

D LUMINARY 1 B _ 

□ LUMINARY lC 

[_i::3'£U1VIINARY lD 

Cl LUMINARY J.E 

□ MIT Approved P CN l~SA Approve d PCR 

[__] NASA Approve d PCN 

A. Coding e Be_gin codin g immediate ly 

' ACTION: 

PCR/ ~ { # __ 09!!_:: 
ANOMALY fl -----

[] NASA Approved 
Software Anoma ly 

[J MIT . Approved 
Software Anoma ly 

---1 I L . ,.Z,\,V VC'./2\,2 

. --,--.-,.\ :=--~~ ---,,/),---. -
Prograrn Supervisor 's Approval: ~~~~-::(j (\,,,,09 , __ 

C) Do not cod e until new GSOP material has been a r; ~)rov,ed ~; the MIT a 
Mission D e s ign R eview Board (MDRB ) and distributed. ·· 

B. GSO P Preparation 

!'T)./2re pa re GSOP r evi sions for MDRB J. C Lc 1J Dc /JIJ JI- <;' 
V consideration 

ACTION : 

□ 
□ 

Technica l C ommittee Meet i ng not required. 

Technical Committe e Meeting(s ) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impa ct on KSC 
t esting and checkout . ACTION: 

D. Other Programs Affected o Review :br corresp::incling changes in 

ACTION: 
Special Ins tructions 

------------



' f 
I: 
l 
l 

! 
i 
! 

I ,/ f\f OLLO SPACECR AFT SOFT\'/ARE CO NF IGURATION CO iHRO L BOARD 
I ,• omp cc )' ·. l 

I PROGRAI'~ CH /\i·lGE r<F.QIJ EST 294 
' 

_ __ ,,.. .....,,... ... .,,..,'-'UI.Ur=-·\~.,.~ •. a: .• ,..~ ... -.=,, : i .i.;.;:~.r&:.1.;uJi.~~.--,-,,-a .. ~ =.,, = "'"'"'•"'""""""· =:c• r -
' 

I . IJ f: 0 Ir\ I' l. I. r l lJ !JY 0 II I G I ti ATOP. 

:j I , I ')R : 1_; I r1 /\: OH OAT E I , 2 Ot\ GAN I ZAT ION APPf<O V AL DAT E 

I 
I -
1 .T . H . .T11r ue; n sen 11/12/ 69 FSB 
:j 1. ·, f I f I r. TI ·,, I T Y 1 , 4 TITLE or CH ANGE 

·I 
·1 Apollo ]_}1 LUMIN/\HY I 0 Update Fixed Memory Ma s s Proper ties 

11 .•, I· f ,\ .:. (J' ; f ~. ) r ,, ,, '11/,• 1, ; 1 

j '110 reflcet chunf~Cr-; j_n U1 we ieht s) etc: ) for exarn1)lc , HI DESCENT, t he maximum value in 

i the r casonablt:nc;ss- t est for LEM.MASS i s a l most 200 J.:bs . l ess tha n t he actua l we ight of 

I the Apollo 12 lunar module , 

.i 1. r, 
! , I :- C :. I I' l I r,·, ,,r f . I I :. ~-; ( ; f 

·1 1:}:,.,i-?.1.~;! •.r.~_:):;} -; ,:- ., ~-.,~ '.r• •·~-··uo:...-..·~ -11--..-/~ •-~ t, ... ~r-••!-""#~'{3- ClfA Pt:£ !JJ. £Jc "/c E /./ T T '.) 
! JJ-~.;-.J--.t• ~ .,,-,...-\'l 't ~-.'J , 'J ~ -- :i'"'i. J!.....,.,..., , 

/t;7 () {) Ir 6--. 1 
! ~ 

=.,.-.:\=c:=..~.::.u.•;r -c· - -,+ ;;,..;.;..:...;~ :; ·.i.......: .::.1. - ----.-:.~--. ..::::.:i...:.....:-:=-~:-:.:;;:..J:::::.:'!. ~::c..1~--·'·1.....: ..::.:::::.:..---:::.:-..:..--:--;::~· .. ~"'i:.:::..:....._-r:%~.:~--- ,..- -r;;;=:;;n 

l 2. 0 SOFTWARE COMTROL BOARD OR FL I GHT SO F TW A.RE BRAN CH l 
I DEC I SION FO R VISIB I L I TY I MPAC T EST I MA TE BY MI T 
·;?. I ' ' l z. z R - ~-AR~s , l 

j 
, .I 
I l . C-

! :-~- ·-,=--·· -ac-·rr.- / /- .L~;:_f::..L=.........,-........,__.,,.._,=,:;..=,..=.,=="'-=·c~=-.:--=~=·-.,- ,r:--,r;·-~-a»-===~-,c;---~ . -.....-r- · 

;l 3.0 MIT VISI BI LITY I MPACT EV ALU ATI ON: i,. 

•~ -;-;:~::-:-;-;'"7"""-;-:-:7-:-;-::------------------..,-------------- ------------ ' 
I :j ·' ',CH [ I> II L i II.I" ,, ' · T I 3 , 2 I M ~ ,\CT Or PR OV I D I NG D £ TA I LED EI' ALU AT I ON 1,1 

•l :, . ·! ·-. ·r 0ru11·.1 I '-\l''•r: 1 

I 

l' . J 

! 
r l 
Ii 

l)A H 

cn~T RQL BOARD SI GN o r• 

S C f3 ( fy,._ /7--U B /:/: 
I I 

3.4 R[M ARK S 1 

I ·-·- -···----
' ! ·==-·==·=-·;-~To ..... :i ~--~ I~ E ~ P; 0 r,-R~ A t~:<G E E ;~ LU ~~= m>=.:--=--=~=i-

[::,_-,~~~·~=---~------~-~-~~-··::.O~~O~------~ , n WJ 
I 6 . 0 S O FT WA R E C O :J l R O L B O AR O D EC I S I ON ON I,\ I T 

DETAIL ED PRO GR AM CH AN GE EVALUAT IO N 

• __ J_S_l _A_R_r _o_,_' _c_o_N_r_, _NU_E __ Q __ D_I _s A_r_P_R_o_v_E_o_o_R_s_r_o_r __ j·1

5

• 

2 

R£M Ail Ks I i L I MPLE,.l[N TA1 I ON I MP L EMENTA T I ON 

f -l ~ orTWA R( CONTRO L OOA RO S I GN orr 

I 
•·. I 



' 
l\-1IT /IL PI10GRAM CHAN GE HOUTING SLIP . 7~ _----- ... :=--:::==:-:==-- -- _""_·,:===c--·== 

D cowssus 2C D LUMINARY 1 B . 

~ COLOSSUS 2D □ LuMiNARY 1C 

□ COLOSSUS 2E [lfi,u1vIINARY 1D 

0 COLDSSUS 2F [J LUl\'IINJ\ HY lE 

D MI'T Appro\red PCN [~"\l"ASA Approved PCR 

[] NASA Approved PCN 

A. Cocli12._g / . 

~ 0 Begin coding in~r.necliate ly 

ACTION: 

P,....P/ ~...,,_.u. " o, ~ 1, -~T, ll _4, _ _ , __ · _ 

ANOMA LY tJ 

l-] NASA Approved 
· Software Anomaly 
,---
L __ ; MIT Approve d 

Software Anomaly 

0 
. . Program Supe rvisor's Approval: '11!f ~ f(<i?-Y~ 
Do not code un til new GSOP m aterial ha s been appf.oved by the MIT 
Mis s ion Design Rev iew Board (MDRB ) and distributed. 

B. GSOP Pre pa ration 

')I! ~repare GSOP revisions for MDRB ~:;;fl,,; 4 ~ 1~ 
"l ~ ~on s icleration 

ACTION: 

Technical Committe e ?·,1eeting not required. 

□ Technical Comm ittee Meeting(s) held on 
Attendees: 

C. KSC ~esting ancl Checkout 

0 Review for possible impact on KSC 
_ testing and checkout · ACTION: 

D. Other Programs Affected o Re~iew :!or correspondhg changes in 

ACTION: ------------
Special Instructions ____ ___. __ 

..._ - ,'] ,,?J f ~ fJ lJJluJ' ~ v 
Projed M2.n s.ger_✓,J_0.:..if t( ,£./[__,.,::.~"'-___:) 

Oct te . ) ·- I ,,.. - ·-'-7--'u=.)'-----~ 
d. 

(Rev 10/69) 



APOLt.O SPAf.ECRAFT SOFTWARE CONFIGURATION CONTROL BOARD 
- PROr.RAM CHANGE REQUEST.-

REASON(S) FOR CHANGE: P-68 sets the gravity vector paro.llel to the 1M X body axis. 
Thus, the first gravity measurement in P-57 (options 1 or 3) sives a gravity 
error anele equo.l to the displacement of the 1M X body axis from the local vertical. 

1 r r on is..Q..~iJitle j nt CJ-:Q a .:I ~ · ..t.i 00.. ;Ls.,,,LcsmtLLL... 
DESCRIPTION OF CHANGE: ... 
In P-68, · set "G" vector parallel to the LGC landing site radius vector instead of 
parallel· to .the 1M X body axis. 

.. ~:-....... i,. . "+:"iP.."tJC n":'';\' ➔.·"i j · , _¥fr,' ' 't'~ •r 1:__, -N.:,~•';. ''~-.: t,\t.,~~2.: .~T 
SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH 2.1 
DECISION FOR VISIBILITY DIPACT ESTiMATE BY MIT 

•;,u.:..==~..,_,.,.,...._...-,..,.•....c--lc=!• ;.;:;•c........ 1~. r? ~ c:;:: - :{i :j"'°{ !;•' a ► - >;- .W.."""-·· .•--. • 

0 ArPRO~:D :c• 0 DISAPPR= --,.: 
: ·'· 2. 2 REMARKS: 2,3 SOFTWARE CONTROL BOARD OR ~ j l 

SOFTWA_RE BRANCH SIG~ OFF: ~ l · 
DATE: t}J:-"/5 ~fu) 

; . M~/~ts~~f ;;T"~~,,..~~~~""U"",A_...-~.,.,~,...6'""~,.,...: ...-,,µ~•~""'w,....· -,,,·.,..,;;;..,,~'""'•.i.....,, ,...,➔,.,.,., ';',.~- "'C •• "O",,,,... __ -'t '?!'_ 3,e, --;, • . l.....,,...,,S~~ii"';M~; , . . =11 
I'J ': ~ ' ,;;;;;~~,' ~~~~ ;~~ 'iii~-::U'";'ii:;;~;l: ,'" .;;,, ·= 3. 3 . STORAGE lMP ACT : -I 

REMARKS: 

4,2 RlliARKS: 

4, l ~~LEMENT AND PROVIDE 
. ~ETAILED CHANGE EVAL, 

3,5 MIT COORDINATOR: __..________ t 

DATE: ··-----~-.... -...,-_-.,.,,-_:J 
-----"·~---~---~~ ...... ~- ~-~ PROVIDE DETAILED 1 0 CHANG~ EVALUATION □ DISAPPROVED 

BOARD SIGN OFF: .:5 C f2 O--. \ 'y ?o , 
. . . DATE: ______ ~ 

. ' 

4,3 SOFTWARE CONTROL / /j 
:t2:~ · -~~~;~~~~;•;~ • .. ,, 'L-... ~,.,A- .. ~-·-_.-:i-'. ·---........,M- I_T_ c..,.o_o_R_D..,.,INA~

1

0

".· I-~~~; . · ,.·cz- - ' '"'' · · ,,;;7:"'~l: 
~ . ~~- . ~ :· " " . . --~ ~- t 

C· 5, 2 MIT EVALUATION: 
~ 
, • . 

-~l ,. . 
• I p 
; ! 
~ ' 'fl, • 

; 6. 2 

. •· . .. .,.. 
' . . ,. 

I. • 

__ . - ~ ·-~---····· : .. ___ - . 

• I 

:, .. . ;1.: '!=•.:,. ::· . il :;:'.• . J .. ~'. :~-:~~··-<::~ ,_.,v,· ft · .. . :··. 
: •• ' ;_ (/ •·1. •• -'" ., 

• • ,' ,i ,t,"'1" •I .·•"• ,,. 

" 
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APOLLO SPACECRAFT SOFrnARE CONFIGURATION COMTR OL BOARD 

-DATA AMPLIFICATION SIIEET -

PAGE_2_0F 2 

PROGRAM CHANGE er ( 
REQUEST NO, 6 J} 

PREPARED BY: _c.B .PH.rkcr ORGANIZATION: 
DATE: Dec, 10, 1969 Flight Control Div. =-.:~--L-_.;_ __ _.,.,._ .. .,,.__ 

CONTINUA'f!ON SECTION (REFER TO BLOCK NUMBER AND TITLE 
ON PROGRAM CHANGE REQUEST FORM) 

1.,$(cont.) 

REMARKS 

0 

well defined· £y attitudes at landing. A more pertinent quantity to display 
at this t .ime \-/ould be the angle between the :WC· na vigated lariding 
site radius vector and the measured gravity vector, since this is an 
immediate indication of how much the landing site coordinates may be 
expected to change if a subsequent P-57 option 2 is exercised. 

Also, it is possible, although very unlikely, that a procedural error 
could result in destroying the :WC estimate· of the landing site 

-coordinates.(If a P-57 option 2 were performed prior to a gravity 
Il1$asurement, and the resultant landing site coordinates were accepted.) 

. · ', 

. i . 
1. ,: ·,. 

• 4 

,' 

1 . . · , 

.·_, • · ' . • ' 

,; 

i ,· • 
,\ I~ . ' 
:· · ~ . . ""'PW}'~,---,,..,_,,.., ,,__..,,.,..,_,..,.,,...,,r.-.......,...,,.,-,.,.,...,.......,.,......""""',..,.,......,..,.,,., 
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(_::J · Begm coding immediate ly 
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ANOMALY If -----

0 Do not cocie until new GSOP m ateria l has been approv ·· d by the MIT 
Mission Design Review Board (MDRB ) 8.nd distributed. 

(_ 

B. GSOP Preparation 

~1:--e pa re GSOP revisions for MDRB 
~ conside ration -

ACTIOi:·~: 

D 

□ 

Technical Committee Meeting not required. 

Technical Comrnittee I':1eeting(s) held on 
Attendees : 

C. KSC Testing and Checkout 

0 Review for possible impa ct on KSC 
testing and checkout · ACTION: 

D. Other Programs Affected 

Q Review nr corresp:inlmg cha~ges in , 

ACTION: 
Special Instructions 

I , 

------------



1. 1 

t l . 5 

APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD 
- PROGRAM CHANGE REQUEST -

EFFECTIVITY: 1.4 TITLE OF CHANGE: 
Lill1 10 Decrease time to call alarm code 2 

REASO~ (S) FOR CHANGE: I 
Landing rada r antenna in Apollo 11 and 12 switched positions in less than 7 secondsl

1

· 
If the antenna has not changed in 10 seconds, there is no reason to believe it 

·i-f--__ __;W:,:i:;,;l:;,;l:;__;c:::;h:.:.:an=:;J;;i;e;:_,:;:.;'l:::.· t.:::.h~-_a::::;d:::::d~i=-· .:::.ti::.· o:::,n;.!..:;:;a=.l~t .;.im:.:;,:;;.e.:.•------ ----~~------- ------ -j 
DESCRIPTION OF CHANGE: 

Change constant C=l4 in LR antenna reposition routine to C=4. 

K.f'~ ... ¾~~~., . 1- uA. -,--~r--,~-~.,,....-,,,-,:,£;, .. ;,::.e::C, "" ...... ,.:.-:. •=• -,,..:;· -::=.:-::::.,::· '"""-...,.~~-'_.:..·ail .... {:.._• ...,.J_.,_i'4;"'-'. •s~•'-"i!.._,- ~;•..._~;:..,.Af..._1..:.~,..._, ,_'"",...0,....1..·i .-.•- - -"-""-, 

· 1 2. 0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH '1• , 
.'; DECISION FOR VISIBILITY IMPACT ESTIMATE -BY MIT · . 
. ~~¾ %,".;w,!:,,i._J:>.JiriJt'J~,.£-c:: :7" '4 · + • ➔t ,;,· ,' , • · 1 'c ;&'.f'~--:".~ , .. '' 

2.2 REMARKS: 

2.1 
0 APPROVED 0 DISAPPROVED 

2 •. 3 SOFTWARE CONTROL BOARD OR FLIGHT 
SOFTWARE BRANCH SIGN OFF: -----

DATE: -----

3.5 MIT COORDINATOR: 

DATE: 

4.1 IMPLEMENT AND PROVIDE PROVIDE DETAILED 
BOARD ACTION ~ETAILED CHANGE EVAL. 0 CHANGE EVALUATION 

REMARKS: ~I ~ 4.3 

lA..-Q l .C \j -v-t,.o 

SOFTWARE CONTR 
BOARD SIGN OFF: 

DATE .: 

,.. r' -~·-·· : ~'~ !.} ct 1- , 

. t ~¥~b#,\S """'==· •~\;2;:,;_;;,,.·,ii\'J-..\f,,~,;~2:;·J. ________ ;D:.:,A.:.:,T.:,E:_: .::=;;:::=::::=;;;;:;;;;;:=:;;::;:;;::;:;.,_ ______ r, 

~J 
~~·)7/i,.~· ~=C.'~/';;j:•7;]-J[1j•~!i£:-:r3~· .;v-e':f:-~.,1,.,i;-,,"i'.~-~~--iE'.'~~•~).~:!i►~#f::1~• ~~~i>:~-,.:3 ... :::-3f!f . . •~T;::.'.'.'*·; .. r:,.J.:;;:[-[,.,~.,r[!;~~~~~,......::...=-'-"''-=-"'""-=....:·· .-«:)~t~j~~·~~~;:,;~:;;!,,,:N;w~ .. A w-~· 

. 6.0 SOFTWARE CONTROL BOARD DECISION ON MIT 
DETAILED PROGRAM CHANGE EVALUATION 

6.2 REMARKS: 

START OF. C0NTINUE DISAPPROVED ()R sr0r I 
0 IMPLEMENTATION O IMPLEMENTATION 

6.3 SOFTWARE CONTROL 
BOARD SIGN OFF: 

DATE: 



IvHTjn., PROGf'J\M CHANGE ROUTING SJjp 
- -=------------------------- ' ---·-- -- -------··-----------

□ COLDSSUS 2C 

[J_'OLOSSUS 2D 

0 COLOSSUS 2E 

LJ COLOSSUS 2F 

D LUMINARY 1 B , □LUM_r°NARY 1 C 

B,...LUlVUNARY lD 

· [J LUMlNi~'.RY l E 

0 MIT Approved PCN ~NASA .. Approved PCR 

[] NASA Appr·oved PCN 

. ,,--
A. Codi~g / 

G:2) Begin coding hnmedi8- tely 

ACTION: 

PCR/l~ lf J c::; . Z. 
ANOMALY if 

1--, NASA Approved 
· Software Anomaly 
r--
L _; MIT Approved 

Software Anomaly 

.~D~'--A•~ ---------~~-_y____y -, 

0 
. Progranl Supervisor 's Appro-cal: -/-_ -r;i--~-~~--, -{i-t,u_.J __ -,-. ------~-"/4-~----. -.'f -....__ 

Do not code until new GSOP material has be en apprMred by the MIT 
Mission Design Review Board C\IDRB) and distributed. · 

B. GSOP Preparation 
/ 

0 Prepare GSOP revisions for MDRB 
consideration 

ACTION: -------------
0 Technical Committee Meeting not required. 

□ Technica.l Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout · o Review for possible impact on KSC 
testing and checkout · ACTION: 

D. Other Pro_grams Affected o Reviev1 i::Jr corrcsp:'lnd:ing cha1~ges in 

ACTION: 
Special Instructions -v . //,✓ / -

Proj e c~t M anager--";----.,.:' , _,-~,/,;, / ./7--( ,::(,_. _,,.1 

Date :::_7 - l - 7r) ____ _ 

(Rev 10/GCJ) 



r~~l'~~·~~~;;~~~w.;~~R~~7ro71'··~~;~7~"s~~~:~,f;~-;;1 
· ·~ .. "._. . .. iN-a•s.1.~'°' . 2Q5.Jl.llf't~~:t.:i o,::w;.~J'~ ...-zr'..C:.~~~~~Y.:t;.r,;.,~:\-:C-.Q ... ~~~·r.:v;n;:-c.:z.~.:,:~~'t• n;zr:TY7=?:~i~:a.~-~"?Oi~:;,!_\..~:t j 
I 1.0 COMPLETED BY ORIGINATOR . q 

::,1.1 O?.: G :·. H o , _ DATE 1.2 ORG AN IZATION APPROVAL DATE u 
l .J. R. Garma:i 1/21/70 FSB t:1 , 

l,li~1-.-~-~-:0:-,::-;-:-~--~-r-~_D_(_A_p_o_l_l_o-1-l-4..:.)_~ __ _._ _____ -r1:-.-4:-. r:-~-:-~-L~=--'":-=-Fe-::-H-:-A7-N~-:E:----------'-------,j ! 

, 
1 
-~ ~~~;~~.:~r~0 ,m~~~~ is being added to both the CMC and LGC starting with Apollo i4 f ! 
that enables the sofb·rare, and hence crew or groW1c, to determine the exact cause t 
of a."ly hardware re start. · (Continued) r, 

. ·:; l. 6 D, 3: , 1 , r 1 0 ·, .:; ' c ,; ~ ·. ;; ;: J:' . I 
t 'l The following softwa:re changes should be made to make channel 77 a.11. effective Ii I 
r r.'1 device: (Continued) . =~=- t . 

. ,, 2.1 R._7l 2.2 RE',1A RKS : 

p --~?il:·,;:J □ D1S -' 0 P 0 Q\' ED 

. ,., ,,,. ' ' ?~--"""·''"' f i 

, _ ,. ,. · , :,L-, . . ~ I 

M ~71~7~,~~~~~~~-"'_,=~~-=~-===m=,.==~=,,=~==,,,==='·==~,,1 

ti : ; 
.;-----------------------r----...... --------------------------q ·: . I! J. 3 5 To, A::::: I •.,? a : T 3 • 4 R EM AR K s : , ,_,jl ~ 

··;------------------------------------------1 t l . ll.5 ~I T ~~0~: 1,•! 0 , ij 

F~-~~-;;;;;;;7o~~~~-~ .:. 
'!·,., PRov1DE 4.2 RE,1AR_·/2 L/ /'~i-;g:. /4 / J'/·1 • _f-n•I ·. ~••-'?L ::ve ··,T ~\ O D □ DI s- !_} ,/ - "l ' / ,, .c,·1 ~:: DETAIL::D DETAlLED O~ y~f'.;."'l;e; .~;/,-, ·-~-.....-.· --tJ.-<.,,i 1._,.n:v.J,.,_ . C.--_,;...(.7.,, ' ,M.,,. ~ '-1/ f_; fl-.--.. ,~= "'"L c ;i •~GE APPROVE u / // -L ._/ ;£ 2/, l f • , :::;::,:·:.,"" ,,,,'.':'.::';'.'. °;;(::':JC~,_; -~ I ;:t.;~ pcp,,-,w . c,uu~ 

J '"'Sc $ ~ 2./J-/?• J,) _Q;:o;;.~ 8 -j U ,,,__jJ},,.,,..-:f ,t_ _;.;,~il..:iz:f ,11
1 
.. 

(-~~~~~--!, 
15 • 1 vi• CJJ ~Jl~liJ,l s.2 MIT EVALUAiiDN ~ 

,~6~1 T RO~EC~~= ~ 1
· 

[ DETAILED PROGRAM CHANGE EVALUATION r 
fo·: 5.~~": .. ~ \: : '•T,l~ UE □ D ISA ??ROVED QR STOP 6 ,2 RE\l'<RKS, { 

l 
I • · ~ , , 1 .... , I t) • I \~PL :: ',l ~ \i T <\ T I O '4 "t 

i ,! SJ•~.:~~ CJ,TRJL ao•R o SIG~ OFF l 
-~~--------~ . t ti .,, ;c: - . f .. 

ll.7 :~.;m-::::1:::::£'.,;::=;::c:;.~i.5 '73::~1:u:1-:c,'!,;7,";;r::~~"-·a·:;:,;,Zr."7f-:3...e.7.~.:-~~~gre:a.i:'.;rrx{.;;a.~:..".;;Y"£:c;,,S:Ui.:::~~;;lliJEEr:'!.w,L;,::;~~;;:..T:;,,-r-:::r;,::s;;:z:h .. 
. !.1 SC r o r ,n 2 3 8 ( J u I 6 8 )' 

. 3. : 3,2 IMPACT OF PROVIDING DETAILED EVALUATIO ~ 



~APorCo"':.~€PAcYtR1F~r~st;rr\~iAREcottFfGURKrtmtz.coNYRoL,·sOArro~~~G~.J~~,,,,~ .. •':-~~H 
DATA AMPLIFICATIO N SHEET PAGE 2 OF 3 !I 

? ROGRAM CHA NG ~ REQUEST ~O . PRE PARE D BY DATE 

ll . l 
lt)~--o- N_T_I N-' U_A_T _I 

0
-~,-SE_C_T_I 

0
-,.-,-( R_c_f_e.l.r _t_o_B=-1:-o-c.,....k ...,.;V,_u-r.10:-. e-r-an-d;-:;:-T-:-:i t-;l_e_o_n-;:;-P-,o:-:~c-:-, -:-am:-;,:C"cha':"'.n~g-::-e'R"-e:-::q":":"ue':"'.s:-:-t-r.l o::-;r::;:m-. )-;-'-------------,-M 

1. 

5 
:::

0

:: :::n:h::: ~:

0

::~ d~ddition of another r/o channel ( channel 77) that is ~ 
read only with the except i on of a WRITE with all zeroes which will clear the channel. 

Should a hardware restart occur, one of the bits in the channel would be set (to 

binary 1) i ndicating the source. The bit definitions are: 

_) 

BIT 

15-10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

RESTART (and/or AGC warning ) CAUSE 

Spare 
Scalar double freq. 
Scalar fail 
Counter fail 
Voltage fail 
Nightwatchman 
Ruptlock 
TC Trap 
E-memory parity fail 
E £!:_ F-memory parity fail 

If multiple restarts occur , mo r e than one bit could possibly be left set afterwa!'ds 

· (i.e., if they were diffe rent types). Many restarts of the sa.rne type would leave 

just one bit set with the software REDOCNTR indicating the numbe r. 

l 
~ 
~ 
~i 

Th]_. s should be V3,,.oE ("<:::y· ~Pl"'; ij; A. Fresh Start should initialize the channel to O. ..., =-
only, not the 1107 alarm type of fresh start. tl j 
1.6 Description of Change (Cont'd) 

/4'J 'T'Mcharufel/ sho1:11d.1be add'etl. to a..---N9m:. IT. 7 fo,-,.,,-ep-se jn/4rew _r.e-adout s13»u1i5,,A·"b,t,a{i3,.!:y 
0¢u;:~3-Ji1(os-~ggeJ~ V L/ ~ c.~ V t . }I 

C. The channel should be added to the telemetry in place of the parameter i1 ' 
J CADRFLASH+O in all dovmlists. CADRFLASH+l may become spare if necessary. tl 
j D. The firial V33E on a P27 state vector uplink should zero the channel. ~ . 

· t Note that the only place the channel will be zeroed is in case of V36E t done 110:a.tins.ll ·.;'' ,·, 

·1~'.. pre launch) or state vector uplink. The ground or crew could input a v2iNlOE77EE which ~:i 
will also zero the channel. It should be noted that N07 will not work with channel 1

11· 
• 77 (although NlO will, as previously i mplied). The purpose of the state vector uplbk ~ 

zeroing the channel is to provide a sir.-rp le means for i nitializing the cha.11.nel after ~
1

'J 
(Continued ) i 

ti 
11 
ti 

~ ... ,1 

~ 
~1 t t 

[:'.:;;;;:;,.-~:::.-:::;-,::::::._~~7-:~::;~-:zz:,·.:;;;,~ 7.I;T.::;-,~;;r,:-:::;;-s.:;';,r:_;::-:.-,--:;;_.., ;. .:::.-::.1.,;v::,;;:7;.-;:;_: z.; ~::ZCX-J..r~v·~-;:;:::,..:;:.:. ;&--:::.--:..::o·.:LlS= - ::;.:;:;;:;:,~.!.~'. ;,;;;~~-=--=~ 
MSC Furm 288A (J u l 68) 



It should be noted that there is emphasis to zero the channel as little as ~os­
sible under software control to preserve as much information as possible. That is, 
should multiple restarts of different ·types occur, it would be most desirable to 

:: not have the second. type erase all record of the first having occurred. This is 
true no matter what type of scheme is considered (such as buffering or pi;.sh-down. 
into two or more erasable memory cells), given that enough festarts occur (e.g. a 
single parity fail followed by a TC trap restart loop). 

In summary, simply putting the channel on the telemetry along with . the already 
·] present counter gives the ma.'<imum information for all the most probable restart 
, conditions (single or loop of one type, etc.); and only very specialized cases would 
}- not be covered as completely as vr.i th other mo.re complex and expensive soft,,.rare 

changes. 
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COLOSSUS 3 □ LUMINA RY lE 

_ O ·cowssus □ LUMINARY 

~□ MIT Approved PCN 
/ 

[0 NASA 

[] NASA 

coding imm ediately · 

Approved PCR 

Approved PCN 

J?C R / g·e~d' If 

ANOMAL:( II ____ _ 

0 NASA Approved 
Software Anoma ly 

□ · MIT Approved 
Software Anomaly 

. . 

A. Coding / " 

0 Begin 
' 

0 

Program Super visor's A:C::::~: .,...;~..c..- __ ....... J~, =--,__.'---~.-~n_ 

Do not code until new GSOP material has been appi oved by 
the . Mission Design Review Board (MDRB) and __ distributed, 

B. GSOP Preparation 

0 ~repare GSOP revisions for 
MDRB consideration 

Technical Committee Meeting not required 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on 
. KSC testing and checkout ACTION: _________ _ 

. D. Other Pr·ograms Affected 

l 

0 Review for corresponding changes in 

Special Instructions 
ACTION: . . ··~ 

Project Manager2u £ ~__,,____,) 
'J ·-t: - 7 v Date ~~;-~-------

. ; . 



1, ,,1, I . ... <Ji<r: AN I /.A I I !JI\ 

J. ll. Al phin 1 / 30/ro YM2 ·..:.;·, ,,,/ - , 1. ) 
(. ' ·/ I' , · 

I , ., T I TL E 0 ,· l' 11 AN (. f 

Apol l::l 14 Add t,VM to descent/ ascent downlis t 

f ·5
ARi\t°t~

5
~~; tfli ,; ht ·analysi s for trajectory 6V/propellant usage . This is not a , 

;~ mandatory cha nge and sh:ml d only be considered if (a ) 1:WM is presently comput e d ,, 

~ onboard and (b ) spa ce i s uresentJ y a va ilable on t he downlink . ½ 

:~ 

1.a~;;c~i;r 10

;o oFd;~~-; ~t / as ce nt downlist. VJ -~··te) 78 /J 1-,_JJ.L ~ ·) 1~ 
i M ~ ~ 
~=,.,,,,.,.,,=.,..'"',,,.====n~r .. ,:;,;;mrr:= -:-,:,c,,,=.,1.mllt'~ .. ~,.~-··IX'~ ~ . ""''f.~S f-. . ~ . :3.,J,;l:,, .. ""'7'iiN'Tl,.,,.,G'.'-;•M"""11!1~ ;J r 2.0 SOFTWARE . CONTROL BOARD OR FLIGHT SOFTW AR E BRANCH t,J 
~ __________ DECISION FOR VISIBILITY IMPACT ESTIMATE BY l:IIT (' 
\f?. ! □ - ~ 2 "' KEr,•ill\K S : . 
ij . '• PPRQVE·D □ D I s .~PPR ,) '. cD ___ , • •. 

:' 2 , 3 SO FTNAR:: CO ~T R i) L SC AKO O rl FL I GH T 5CFT ,'o'..\~E 
BRANCH S I G~ O FF 

m"="""""""'""""""--·m·'-""'"""'==~:!!l' ===·-os·=·-.. --.,.-·,,--= ,,.,,.r,..,.,""""""'·.r.:;; -~~~~~~ ~.;,;m:a.,n&fS!'i:i&.l?fi"V't:'N-"l5'!ail!'i:V:'r3!?"+~~~. 

3.0 MIT VISIBILITY IMPACT EVALUATION: 11 
ri.;;1--"-·_· - 5 c_._· c_D_l '_i.._E _' .. _p _;._c_~ ___ ________________ __.__3 _· 2_1_M_?_, _c -_, _C,_"_ P_R_o,_· _' o_,_~_G_ D E_ T_A_I_L_E_D _f._._· A_L_U_A_T _I O_N_' --------~:1·.· 

2 • 3 :, '7 C· ~ ~: ~ I '.i:, 4 :: T 3 • .: RE i.1 ARKS : 

sc8 

]- t -7o 
,:-~%9TL7":Clnr, F•.~ut.1£21:.:0tYJ':9PWl._e:e.,.~~-,~ --m wv:1rftf«s~1Mttn1i'n:.i!:.'P:l'?:rantt:mn r,nr:r~D$':r&7it:":IIG'tc:&Tt5iZ'f.:ITf•~="'·"""'""-"'~ 'l 

I 4.0 SOFTWARE CONTROL BnARD ACTION ~ 
• • I '• r.:71 I MP L EMC:NT ANO 

; ~ PR OV\ nE C E T A IL ED 
~ CHA NGE EVAL. □ 

PR Q 1
. ' l C, £ 

DE T ,\l L i D 
Cr!J.NGE 
E\' ALL' ATI O:S 

•.l SO FT WARE C0 N T RO L l Q:>R D 

"3///76 
DATE 

□ D I S · 
APPR O VE u 

4. 2 RE:MAR KS 

r, 
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A. Coding 

Approve_d PCR 

Approved PCN 
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□ 
-□ 

NASA Approved 
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MIT Approved 
Software Anomaly 

ti) / . d. \.::::,J Begm co mg immediately 
ACTION: £)<,PU?_ ~ 

Program Supervisor's Approva l : ~~ 

0 Do not code until new GSOP material has be e n approved by 
the . Mission Design Review Board (MDHB ) and distributed. 
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C. KSC Testing and Checkout 
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D. Other Programs Affected 

ACTION: ___________ _ 

0. Review for corresponding changes in 

Special Instructions 

.. 
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f.9"~ "' .. ~~· -~~~~ . . - ~~ Y....!;j{ y,, .;-,.":!~ t:·•C:--<f4P••:;_::-;'~.,, 

l APOLLO SPACECR AFT SO FTV./A RE CQ NF I GLJR AT I ON CON TROL BO ARD NUMBER ; "'~-:,e:7' b y FSB) j: 
: PROGRAM CHANGE REQU EST ' _,,. 
· 1""-~:;;;zr,:~ .:m ~~::::=t=c,:=~===,..,,,.======-c:-~'-"'·====~===,:;.:-== ""· ::.,-:r..-::,:===~ - 1. 0 COMPLETE D BY ORIGINATOR 

I • 2 0 RG A>, I Z -< T I O ~ APP ;:: O\ ' AL DA TE 

1 . J . 3lu:=ker MPAD/MPB 
1.4 T I TL t. OF" CH ANG E 

f.JJC..,l~_r.., }l..; 8.nd 0ub v or.J.u<::nt Lunar Surface Al i gn Dmml ist Change 
1 - '. '· '· 0 •• ·. · .' ·. , r ,, ,. '·"'·•,r,, Th ro: A0T mark data in P- 57 is neede d f or the A0T + G RTCC proc e ssor toll' 
dr!trcrrnin ('; the LM lunar position . Thi s data • will p e rmit a more accurate est ima t e of th t' , 

' LM posi Lion by the~ proc e ssor tha n the measur e d s t a r unit vectors which ::ire '-'urrc' n i.ly 011 
the down l is t dur : t o not havin[:'; to rota t 0. the s i ghtin rr du.ta throup;}1 t he ,~itnl'al :1,11 ,':l , · ( ,'C' ~-' ,· 

1 · 0 '., r s ':r- 1r r 1c,,, ,, , r. " "'· ', E Change word no . 90 which i s current ly POST0RK P and Nfa~TORK P t,1 
~ t he A0T de t ent code us ed for the star sighting . Plac:0 the A0'l' cursor and sp i r ~1.l ani·: l ,,:.; 

in wo r d no . 100 and p lace the A0T mark time in i;rord no . 99 . ·· 
C 

2.0 SOFTWA RE CON TROL BOA RD OR FLIG HT SOFT WA RE BRAN CH f 
DECISIO N FOR VISIBILITY IMPACT ESTI MA TE BY MIT l ,.1-------- -----~----- ----yo---------- -------------- - - ----i 2 . 1 

□ APP RO VED □ D I S APP ROVED 

2,2 REMA RKS , 

: 7 . J S OFT~A RE CO ~TROL · s o ARD OR F LI GH T SOFTWARE 
BR~.'I C H S I G N OFF 

,.:}>. ""3"", Osu::M""1""1"'v= 1 S==l,.,8
5
1 L"'l""T""Y= I M""P""A""c""'T,,...,EV""A""L""U""A""T ""'1 o""'N"":=""""""'"""""'""""~= ==== """""""'m,;,;"""""""""""a:c"""',= '""·=,.,...=="""'=""==""""•""-,.-o-.,,,.,,,,.,a~ ~ 

·, ' $(~C: ~:. ;_F t,P AC T 3, 2 IMPAC T OF PR OV I D I NG DETA I LE D E ll AL U AT I ON l' 

.,: .1 
{ · I MP LEMF~ T AND · □ I' n C' V I r, l D E T A I L E 0 

. C II ANf, I [ VAL. □ 
PROV I DE 
DE T AI L ED 
CHANGE 
EVALUA TI ON 

3.4 RE~::.R KS : 

~ i-ft i-1½.:....:J.dX.'.c:a.&.# g +mu:a,.:Jl.C,2JL\i2.a&> 4 i TP'i5'i?l7Pr 

4.0 SOFTWARE CONTROL BOARD ACTIO N 

□ DIS · 
AP PROVE iJ 

4 . 2 R ( \1A RK S 

• • . 1 ~O FTaAN l ~Q~ T ROL BOARD S I GN O FF 

5.0 MIT DETAILED PRORR AM CHA NGE EVALUATION 
~ =-• • 1 '11 I T r: <.J r1 RO I N AT O R ~ . 2 MI T EVA LUA TI ON 

~ATE 

$ l':'.>c"""""""""'""'""""===-=-= r==mn==-~ ·-1.-~u:~~:m:t£;':'~a..;a::ews t s tf"""E1'!:e:::rzzu~s-<'-'·===.::• 6. 0 SOFT WA RE CO NTROL BOARD DECIS ION ON MIT 
DETAILED PROGRA M CHA NGE EVALU ATION 

':"o•' START QR ( Q,-. T I NU E □ D I SAPPR OV E D OR ST O P 
l - l ~P L E~E •1T AT J QN I MPLE~~NTAT I ON ' p6, 3 '.,QF TWARE CONTRO L BOARD S I GN OFF t-

L.'.:~i:::l•::"l:r~, A::!T~E;::3:~~- :;:;--~.:"JET:~~~• i::,:· · ::iJ·i\!:;:' •;J;:·•,l':.iZ~.1:'i'.?'i:£½>=~· [>,!-;3, ~;";,,,G:,.Jla::::1.,_-J:.l:,j, :,.•-;;:;•-:;:'.=~~-::3j•s;:.:•?2 •:.;:,~-~ ~•lJ:••~2::z~::Z::~=~J:m~~• ~::::Jmt.:.::• •~-~:r;;:::J:1.;!::I:~~;;.::;;::~• l:1Jw[,z:.::i:J MSC Form 288 (Jul 68 ) 



J1.-ro{fo .SPACECRAFT ·s·oFTWARECO.N F-1 GUR.AT i.TO~l···coNT ROL 
DATA AMP LIFICATIO N SHEET 

~ ~ R 8 :-; ~ AM CH .\ :'-.. G ~ R E C L' t S..,T ' , 0 . PR ~ P AR ED BY 

BOARD 

'i' . J . BJ.ucker 2/2 5/70 

:-iRG.\,t :.\T 11..l \ , 

j:,,JPAD/i'v1Pn 

ma t rj x . 'L'h~: c,lJ:::crvat :i.on s w:ilJ. be: computr·d I rorn Lill, ~;Jli r: 1. I :1.11d ,·u 1·: :,, 1.· :1. 11 ;·: I, •:: i 1: LM b0cly coordinates and proc:c•:.:;s< ·u l:i kc !1v :i :.:;i, . 

~ 

1.:z-.u· .. -:;;,, -=l.-:, ,~ ~-~ ., .- :w::il!tm:us.;:~:=i~C-~-,~-,~~:;;;-r:-ffi,~ra:z;~--'1:' 3-~·:.:1·,n'!'Z, ~~ ......... 1:::;.:.-:;:i:,.._.:--n:.-,.::P"-~-.:i..,~l:!'!"zr,......::I:· ~~~=:r.::;:~:mi'i.:::~J MSC Form 288A (Jul 68) 
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--~-"I_'JJ D-~~~1(:_GRAM Cl:IANGE ROUTING SLIJ.::> __ 

[]. COLOSSUS 2D [] LUMINl\.RY lC 
ANOMALY fl 

D .:OLOSSUS 2E ITj( iuMINARY ].D 

0 COLOSSUS .... c·1 LUMINARY lE .) 

D COLOSSUS [] 

:□ MIT Approved PCN 

A. Coding · . 

LUMINARY 

~~ASA 

[] NASA 

Approved PCH 

Approved . PCN 

. (?!"Begin coding immedia tely 

ACTION: 

Program Supervisor ' s 

[] 

c~1 

NASA Appro\red 
Software Anomaly. 

MIT Approved 
Software Anomaly 

0 · Do not code until nev,1 GSOP materia l has been appr oved by 

the Mission Des ign Revie\.v Board (lVIDRB) and distributed, 

B. GSOP Preparation 

f:°)~repare GSOP r ev i sions for 
\.:::J IVIDRB consideration 

ACTION : 

Technica l Committee Meeting not required 

Technica l Committee M eeting(s ) held on 
Attendee s : 

C. KSC Testing and Checkout 

0 Revi ew for possibl e impa ct on 
KSC t esting and checkout ACTION: _ _ ________ _ 

D. O~her Programs Affect~d 

0 Review for corresponding change s in 

ACTION: 
Specia l In structions 

Project Manager ---····-- ·/?..__ 
Date _ · -~.!, ___ _ 

I , 

----- - -------------- - ---- ·-



V 

• LUM lD Time to call 511 alarms 'J ... .::.;~_:;~-- -------------- ------.!----- - ------ ---- - --- ~---··---
Crew request. 

Change time to call 511 alarms from two to ten seconds. 

i==== 2 : OS00FTWARtcotr ii' OL~ B ()ARO 5 0 RFLIGITso t T vwft'BRANCH-~===-=--<~="''"''"~-,~_,, 
DECISION FOR VISIBILITY I MPACT ESTI MATE BY MIT 

□ c r :•. APPP()\ ED 
? .2 rtE: MAR l':S : 

-- ---------- '--------- ----- -, '='. .! :· , :-- ,•, .:.;.. :_ . r:. __ .. ;. ~:J r;k 1: ll ', i !T S QF T 't/ AR E 
'.· ." : . •• · : •• C I -, •• '; = = 

fel------------------------

~ 3.0 MIT VISIBILITY IMPACT EVALUATI ON : 
Fl---------------------------------------------- ----- ·--· ~ 3. 2 l .1.1PA C T O F P RQ \' 1 8 1N G O E T A IL E :i E\,\'.... t.. "- 1" 1 0N 

) ·' 7 E 

4.0 SOFT WARE COHTROL BOARD ACT I ON ,! f:.,l-------------------------------------- - - -------- ---·-·-·------
f\ ;,L L ATl •1:~ 

,t. 3 

□ !:' I S · 
APPROVE J 

:: o Fl,'r O.PS: r,r_, •, T MO !_ □ •, :.r. :, S / r. · , (, i=" ► 

l ---D_A -H __ IJ...!l..,~~/;-,..'2-0---- 1 

J. 2 R t'.. ~!ARK S 

I . 

I-
i t'-;a===-===""""='-"="'--="""""'""""""'""""'="""='-"""=e,z,b= ..,.,=====-====="""'i:,z,=i=""'!=-"'.,._-.::s-"~;g.,.~~~""f.:i.!\~,...:•;;-_ t:.~_ i 

5.0 MIT DETAILED PROGRAM CHANGE EVA LU ATIO N I 
5 , I MI T CO ORD I NAT OR 

5. 2 MIT EV AL UATI ON ---..,..------•i . 
I 
' DATE 

[: .. ,--=~~~=~= .,,- "' ~ 
w!ilUiLi&.!?~~EE:!~•n_...~ ... fz.. 6 . 0 S O F TW A R E C O ti T R O L B O A R O O E C I S I O ff O N f,I I T 

·l":""-:-----:-----------D_E_T_A_I _L E_D--.-P..,..R ...,,or,..,,~ R:--A_M_C_H A_N_G_E_ E _v A_L_tJ_l _T_I _O t_l - - ------·-- _ __ }t 'so·' S TART OR co i: T IN UE □ D I S APPR OVED OR STOP 6 • 2 REM • RK S, 
I . IMP L EMENTAT I ON I MP L EMENTAT I ON I 

'' I 

, 6 ,3 SOF TWARE CON TR OL BOARD S I GN OF F 

i 



MIT/DL PROGRAM CHANGE ROUTING SLIP 

D COLOSSUS 2D tJ LUMINARY lC 

[' COLOSSUS 2E (·v (iuMINARY lD 

t::r COLOSSUS 3 □ LUMINARY lE 

D COLOSSUS □ LUMINARY 

. ~□ MIT Approved PCN . a /4As~ 
D NASA 

. / 
A. Coding / 

Approved PCR 

Approved PCN 

.J?CR/j?~ fl ,5 i 1---
ANOMALY fl ___ ___ 

NASA Approved 
Software Anomaly 

MIT Approved 
Software Anomaly 

· (9 Begin /1 CJ --
ACTION: 6:/Mt61 ~~~ 

Program Supervisor's Approval : .!!!17a,._J ,~ 
coding immediately 

0 Do not code until new GSOP material has been approved by 
the . Mission Design Review Board (MDRB) and distributed. 

B. GSOP Prepa1;:ation 
/ 

~ / Prepare GSOP revisions 
\.:::J MORB consideration 

for 

Technical Committee Meeting not required 

Technical · Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on 
KSC testing and checkout 

D. Other Programs Affected 

ACTION: -----------

O· Review for corresponding changes in 

Special Instructions 

I 
Project 

ACTION:_ 
. . i/ ·__/ ) 

Manager~~/caL'-~=~.a..--­
Date J -0 - 7a 

. . I 
' 

. l 

' . 



.... NU MB E R ( C om p , I c ~•;f',:;-'JG:f/; · . 

OLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD 
PROGRAtvl CHANGE REQUEST ~ 

3 \l~ 
Ahi~::r..GW .... 11:uz=z ·~~sattmt 

g v orli! 1 H {rriR H~?1~0 _ 
~ 1. 0 CO MPLETED 
, I . t ORI G I NAlOR c>>T E 1. 2 OR GA.~ I ZA 1! .) ~ 

~Av"'Y~ 
DA TE , 

>5r1t!l ()at!-- J :/7c) ·, 

·, s. G. B3les 2/26/70 Flight Control 
I • 3 £FFE CT I \ I TY 1. 4 T I TLE J F CH ~NG E I 

I > 

LilliITNARY ID (Apollo 14) Dmmlist changes for powered descent 
a 

I • 5 REA So~;(S J FOR CHANGE 

The change will provide the ground with an accurate l y timetagged value of 
.. 

Guidance Thrust Command . . This data is necessa r y if the ground bec omes i nvol ved 

in a throttle modulation ~rocedure. 
I -6 DES CR! PT I O~ OF CH ANGE < 

(currentl y word 78a) Move Guida nce Thrus t Command to word 5a, place piptime into 

words 6a and 6b, and place a downlink "s napshot " buffer on words 5 thr&ugJci~·. ,.,.,.) ~- . 

- ~ - --
2.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRA HCH 

DECISIOH FOR VISIBILITY IMPACT ESTIMATE BY MIT 
• 2. I 

□ APPRO VED □ D ISAP PROVED . 
2.2 REMAR KS , 

2, 3 SOFTWARE co~ TRO L BOARD OR FLIGHT SOFTWARE 
BRA NC H SIG N OFF 

DATE 

3.0 MIT VISIBILITY · IMPACT EVALUATION: 

3.: SCHE DUL E IMPACT 3 . 2 I MPACT OF PR OV I DING DETAILED EVALUATIO N 

3.3 STORAGE IMPACT 3. 4 REMARKS, 

:5 CB ~o,:f k - Ore 

3.5 
MIT~w,OR~~~ 

DATE 

-J-l - 7ti 
4.0 SOFTWARE CONTROL BOARD ACTION 

·, 
4. I PROVIDE 4,2 RE MARKS 0 IMPLEMENT ANO □ DIS• 

' PR OV IOE DETAILED □ DETAILED 

, CHANGE EVAL. CHANGE AP'PROVEu 

EV ALU AT I ON 

. 4. 3 SOFTWARE CO NTROL BOARD SIGN OFF 

] / 1-if7 0-
DATE 

'-

. 5. 0 MIT DETAILED PROGRAM CHANGE EVALUATION 
5, I MIT COORDINATOR 5.2 MIT EVALUATION 

DATE 

. QJM 

6.0 SOFT WA RE - - •f;"" 
, CO NTROL BOARD DECISIOH OH MIT 

DETAILED PROGRAM CHANGE EVALUATION ·:so START OR CONTINUE □ DISAPPROVED OR STOP 6,2 REMARKS, 

IMPLEMENTATION IMPLEMENTATION 

~5.3 SOFTWARE CONTROL BOARD SIGN. OFF 

DATE 

. '. , . . , C , • l .. ., ; .. 
MSC Form 288 (Jul 68) 



MIT /~ROG RAM CHANGE ROUTING SLIP 

-□.cowssus 2D . D LUMINARY lC 

G.__,;oi,qssus 2E [~J,,,. LUMINARY lD 

0 COI..PSSUS 3 □ LUMINARY lE 

D COLOSSUS □ LUMINARY 

~0 MIT Approved PCN ~ASA 

D NASA 

A. Coding 

Approved PCR 

Approved PCN 

PCR/f!:-~lf_ 3 I -5'~ Z.. 

ANOMALY ff ___ ____ 

D 

□ 

NASA . Approved 
Software Anomaly 

MIT Approved 
Software . Anomaly 

/ 0 Begin coding immediately 

ACTION: JI~ MJ 
Approval : J11tu<zr-=1= ~":J!J?( 

I 

0 
Program Supervisor's 

Do not code until new GSOP material has been approved by 
the . Mission Design Review Board (MDRB) and_ distributed, 

B. GSOP Prepar,ation 

r2\4'repare GSOP revisions for 
\.._} MDRB consideration 

Technical Committee Meeting not required 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on 
KSC testing and checkout 

D. Other Programs Affected 

ACTION: __________ _ 

0 . Review for corresponding changes in 

Special Instructions 

Project 

... 

' 



--
: , I OR lt;l i'jA lvR DA T E I. 2 ORGAN I ZAT _I ON APPROVAL OAT f. 

P. RYE 3/2/70 MIT /CSD L ab. ,, 

f"·' EfFlCll\'ITY ·1 •• TITLE OF CHAN GE 

LUMINARY JD Channd 77. t I, s 
. • REASO N ( S I F OR CHANG E 

. , See initial issue of PCR 302. 2 . 

I • ~ ('lf> CR I PT I O'I '" CHANGE . 
Revised )-aragraph 1. G, item "C" on page 2 of the origina l PCR to read as follows: 
C. The c 1annel should be added to the telemetry in place of the parameter 
CADRFLASH+ 1 in all down lists. CADRF LASH+O will become a spare. 

~~ .. ~IL!~ . 

{·~ .: •I 

2.0 SOFTWARE CO NTROL BOARD OR FLIGHT SOFTWARE BRANCH 
DECISION FOR VISIBILITY IMPACT ESTIMiTE BY MIT 

□ APP ROV ED □ DIS APPROVED 
2. 2 REMARKS, 

i. 
' .' . J ~O~!WARE CO '<TROL OQARD QR FLIGHT SOFTWARE 

OR A',CH s I Glli. orF 

OAT~ 

'; \ 

J 3.0 MIT VISIBILITY IMPACT EVALUATION: 

J '· '. S CH[DULE I MP A.CT r. 2 
I MP ACT or PRO\' I DlliG DETAILED E\' ALUAT I ON 

'--1} ,J STQOAG[ l~P ACT J •• REMARKS, [ . / 
.---..... 

r~TF•~r -~ / , , /_ / If _A 

DAT C: 

" J -,,2 - 76 
4. 0 SOFTWARE CONTROL BOARD ACTION .. 

~ !. I PRO V IDE •• 2 REMARKS ]rfil I '.'P L (\1£ ,iT ANO □ DIS• '. / ' PROV I OE O ( T_A I LED □ DETAILED 
CHANGE APPRDVEv CHA'<G( (VAL, 

J· . 3 

(\'ALU AT I ON 

SDFT,.ARE co,iTROL BOARD SIGN o•• 
-:l/4-/]D 

~ ATE I 

:i 5.0 MIT DETAILED PBO~RAH CHANGE EVALUATION 
,: , . ' MIT COORDl>jATOR 5, 2 Ml T [VALUATION 

. 
::i 

OA TE 

'"" s 7 o7oTT1iXrif'trfo Y ifoL -- . . --,1 

BOARD OECISIOl-l Oil ::l IT 1 
·i DETAILED PROGRA 1~ CHAf~GE EVHUATIO rl ,1~7 SURT OR CONT INUE □ DISAPPRO VE D OR STOP •• 2 REMARK51 

:\- 1'4PL(., ENT ATI O~ l"'PL[ .. (NTATION :-r, l 50'T"AII[ CONTIIOL BOARD 51 GN or, 

QA TE 

.. 

: 

~ 

'. 

I 

' 

.-=<, 

' t 

' 
i 
' ~ 
' 

t 
~ 
i 
; 

( 
• I 

' 

! 
t 
\ 

t 
r 

j, 

l. •' 
t 

. _ _. ... , .... 

,, ~ . ' -~ ...1. ........ ~----,1;....-.. . --~~ • e- *¥ €4- ·~ ......... ~,#~ ,., MSC Form 288 (Jul 68) 
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J •HT / DL PROGRAM CHANGE ROUTING SLIP 

' 

'-o COLOSSUS 2.E 

[ - COLOSSUS 3 

LJ COLOSSUS 3A 

□ COLOSSUS_ 

~INARYlD 

□ LUMINARY lE 

D LUMINARY lF 

□ LUMINARY_ 

□ MIT Approved PCN 

□MIT Approved ADR 

~ Approv,3d PCR 

0 NASA Approved PCN 

A . Coding 

~egin coding immediately 

ACTION: 

@)PCN# 5~'"L, 
ANOMALY II -----

ADR fl -----

□ NASA Approved 
Software Anomaly 

D MIT · Approved 
Software Anomaly 

" 

_ . Program Supervisor's Approval: ')~~~ 1l~ 
0 Do not code until new GSOP material has been ;pproved by the MIT 

Mission Design Review Board (MDRB) and distributed. 

' 

B. GSOP Preparation 

~epar~ GSOP revisions for MDRB 
\!1 ~~nsideration 

.,/ ACTION: ------------

□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testin~ nd Checkout 

· Q ncview for pOFJ s ible itr1pnct on KSC 
testing and checkout · ACTION: 

D. Other Progrnms Affected 

Q Review i>r corresponding changes in i. 

ACTION: 

------------

§Ee cia l Instructions 

Projor.\ Managerk tf Z -?.~ 

Date f? - /ff - 7() 

. ' 

., 

I 



... - ... .. ..... 
a• - • f 

·r SO FT\! if;E U J:;F IG Uf·A TlO N CO;JTROL BOARD 
P W) GR/ '·-1 C ! ! J\ l GE RE Q tJ EST 

---.. ----~~• IT.._., ~ ..- ,-,,,_-,.,,._,...,,.,,,_.,,,..,,,..,_.._,.,.,,.,. ____ o:a,,_..,_,,_,__,...all._ ___ """2== 
:,i > ACLCI ~/. 

• • L.. r t ••· ,,I,. · · , ,. ,\ , .. , ; 

·_·3 ;? ;!__ 
1. 0 CO!lP LE TEO ~y ORI Gl tlA TOR ' I 

I. I o:.. : ,; 1·. :.· ._ . {) ,\ r f ' . \., :-t,:; :.,-., I Z ~ T I 0 1\i ·y:v,,\\ ~ tktC D ,\T E I 
' • L 

c/4 I I J. H. ;' l Li l 7/27/70 MPAD/LAB l---· 7{ 
' 

I I • 3 1. r. r 1 ,~ • I '. I : .,, I • 4 T I TL L OF CH A, , G;: 

~ 
Change Fixed Constant "Throtlag" 

Apollo J i1. Lt/fv\ I D fr om 0.2 to O. Oe, 

i I • 5 ~ f AS 0 :\ I · ) f c ;1 CH /, ,-; C L 

I The onl> ou ·d computer uses a constant t o simul ate the DPS engine response . The 
i 
I a ct un l n::0 p:)nse i s smaller than pred i cted. 
., 
( 

I l ,,; P ! :~ · :. l , ... ; I ,: ' , ,'"'f: :i, .\ ·,:; E 

l fixe d constant "Throtl ag" from 0. 2 to o.oB ' Ch,ll l~C tile memory 
! 

! 

1 ,.c,,,nm====i-"":a=:a::~- ..... ,WSit.ll5k2.S.l!.J.tJ:Z;...~mr~-,;::r___~~;m::;:::m,=:c:mAWm>iW21>.-El!l=""-..::x.~=,..,.,~1m1taac"""'m.ulim!=>S111121Zllll!D;~:: 

, · 2 . 0 S O F T WA R E C O rlT R O L B O A R D O R F L I G fl T S O F T WA R E B R A N C H 

1] DEC I SION FDR VI SI BIL I TY I MPACT ESTI MATE BY l'ilT 
·---------------------....---,~~""'."""~--------- -------- -----

: • :. ; :: \':..~I\ s : 

1 ·• . . J -.. ,; · : , .\-• : ::L · , ; ~·J L B (' ;. ~ :;, ~~ F L l .3"""T ~C, F ;': • .:.?. ~ 

i tl r, . ·. f, ~ I .._; ·-. r :. ;· 

I 
r' 

~ I ,", 1 i 

. ' 
I --==""""'<--~ ""'"".__.....,...,,.r.,........,.,.....,__,...,.......,.....,...,._aa::am:!a=•-=o=i""E.,__,.'"""'ii *"'"'""'' a.-;n,:.a:m,.....,...,.:m,m,ee.-a,:crm,..,.,,,..,..ama-"""'""""""".""'"'_""_...,.....,.,.,m;=:.._,.._ 

11 3. 0 
I • 

MIT VISIBILI TY ' iMP~ CT EVA LUA TI ON : 

I ! 

t ; 1 • 3 s r o ,, ., ~: :. 1 ·.• , ,. -: r 

,, . ' 
I 1,-.,.--:--:-.",----- B- /,~,3-/_7_0_ 1 

1---= ,,_.,.,.,......, _ _ :=a ____ ..,..,.,~- --n,,\,,------...... -..-----------------
l il ___ ___ _ _ ___, ___________ _ ! _ 5. 0 MIT DETA IL ED PROGRA~ CHANGE EVAL UATI ON 

tl':,.. _· _' ~•·..,• '-;-' __ ,._, .,_n_, _·, _., -_, r_• R-------------~I " . : '" T '- ' ,, L tJ ~ r ' o,; 

[ l ' ·" C 

I t ----=·== .... ,_...., . o riiVi'''.~ fl E tci~rr RO c"" s o A R o □ rcnw o N M I r 
i~ DETA IL ED PROGRAM CHANGE EVHUA TI ON 

- _-;,- ------ ------- ---__:__:_ .,.........::.....:.. __ _::_ ____ ..::__,:_ __ :..:.. __ ..:...::..:..:_ _ _ _____ _ ___ __ _.1, 

[
1 · ' ,\ i; f .. ' l< '". T l t-; l ' f □ a J SAPPRQ\(i) VR S T O P ,_ • • . --. •if •.,,lM.t-:S i 

I 1 __ _ J 1'·' ·1 L ' '·1 :· ~.- r .,r 1 0 ~ 1 1-.1 r L [ ',tL'l TATI U"J 

-- .. 

1 1 iA :11, , 1 ,~ ·. 1 ,.,,, L 11o,\ r<o ~, c, N orr 

l 
, .... ,, 



. - I . 
l\ IT /IL PROG RAM OFtANGE ROU TIN G SLIP PCR(P~ffi.\-rc,.lf gz /. 2 

ANOMALY If 
/ - I I 

·/ / . I , 

, O COLOSSUS 2c,! r 
[ 7 ~OLOSSUS 2D I 

Q-cows~us _2E I . □ COLOSSU-S _2;F' 

D LUM INARY 1 B 

□ LUMINARY lC 

MLUMINARY lD 

□ LUMINARY lE 

-----

I 

. I 
□ MIT Approved PCN 

I 
!~ASA Approved PCR 

[_] NASA Approved PCN 

A. Coding ) 

0 I Begin coding immediately 

ACTION: 

□ NASA Approved 
Software Anomaly 

C MIT · Approved 
Software Anomaly ....,_ 

V~ GA~~'-
7 ~ 

1 Prog~am S-qpervisor's Approval: -'fJ;--~-d-.-~-_-d,uJ-. --. -~-{j/J-, ~~ 
Do not code until new GSOP material has been approvcil by the MIT 0 Mission Design Review Board (MDRB) and distributed. 

B. GSOP Preparation 

~ Prepare GSOP revisions for l\'IDRB J. (;' L tFN C'E/J/J I ;.J <; 
~ consideration 

□ 
□ 

ACTION: 

Technical Committee l\Jeeting not required. 

Technical Committee Ivleeting(s) held on 
Attendees: 

C. KSC _Testing and Checkout ·. o Review for possible impact on KSC 
· testing and checkout ACTION: ------------

. D. Other Programs Affected 

Q R~view nr corrcsfX)n:ling changes in , 

Special Instructions 
ACTION: ------------

Projcd Manager-_;_:-_?f / J--£1 .l./ ff _/ ·~-. ··. -) 
Date / 1: - J ( ··· (~)9 

(Rev 10/ 69) 
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.... ,_.: .. _____ _ 

-=---- 0 !!Z~ :..:itt' I ' P+j ::nz~. :<.,_ ' . Gt;:?}l} ::~--~~:.:.:s:..t.:t::~:t.:ZA .t , 1.• • .-. -L-

f1 APOLLO SPACECRAFT SOFTWARE CO N FI GLJ RAT I ON CONTROL BO AR D NUM92Coi li b y fSlJ) t 
' PROGR AM CHANGE REQUEST ,_ • . . 

i'CT"Tlit $ ' e--5 ::s:rrm:r 
I 1. 0 CO MPLETED BY ORIGI NATO R 

' I , I ORI GI NATOR 
I 

DA TE I • Z ORGAN IZA T I ON AP PROV AL DATE 

J . STOPPELMAN 6/5/69 MIT/IL 
I 

·: 1, 3 EFFE CTJV I TY I '. 4 Tl TLE OF CH ANr. E 

' 
LUMINARY lD Move AZO to Fixed Memory. 

,, I. 5 RE AS ON ( S ) FOR CHANGE 

[ AZO is for all effective purposes , cpnsta nt for a given year and this change would 
I yield two unshared erasables. 

1 ,6 DESCR I PT I ON OF C~A NG E 
: 

Delete AZO in era s able. 
Define AZO in fixed . 

2. 0 SOF T\'/ ARE CO NTROL BO AR D OR FLIGHT SO FT\'/ ARE BRAU CH 
F DECISIO N FDR VISIBILITY IMPACT EST I MATE BY MIT 

Z. I 
□ APP ROV ED □ DI S APP ROVEC 

Z,Z REMARK S , 
·. 

;-: • 3 S0FTWA RE C0'1TROL BOARD OR FLI GH T SOF TWARE 
BRA~ CH S I G'1 OF F 

·. ) ATi:: 

3.0 MIT VISIBILITY IMPACT EV ALUATION : 
~ '. 

J . : SCHE CLLE I MPAC T 3 . 2 I MP ACT or PROV ID ING DETAILE D EVA LU ATI ON 

f 
- 3 . 3 ST ORAGE I '1PAC T 3.4 REMA RKS: 

-1-2 r11E D -.2 £ ,ep S II /JL. £ 
' 

: 3,S~COORD l ~A TOR / . ) 

,f ~ ,.u d. -· - .A-._.-,. 

DATE 

I ltJ -, -c C, 
' 

' 4.0 SOFT WARE CO NTROL BOARD ACTIOtl ' .. 
4 , I PRO VIDE 4, 2 REMA RKS · ~ l~•PLE ME .'1 T ANO 0 D·1s -PROV I DE DE TAIL ED □ DET AILED 

. CH ANG E EV AL , CHA NGE APPROVE cl 
EV AL U AT I ON 

; 4, 3 SOFTHARE CONTR OL BOARD SI GN o r r 

' 
fJ -; -:;7;7 ,; - -) r, . o . L:: . _c; C /3 

DATE ,. 

l o / 9 /t, 9 
-

5. 0 MfT DETA ILEO PROGRA M CHA HGE EVALUATIO II t 
':, 5 , I MIT COO RDI NAT OR 5, 2 MIT EVAL UAT I ON 

' ,. -' DAT E 

' 
" . i! • ~S?Z!;•'Z'ifflv -a, Flf i1i 

6.0 SOF TWAR E CO NTRO L BO AR D DECISIO II OH HIT r DETAILED PROGRA ,l CHAH GE EVALUATIO N 
60 START OR CON TI NUE □ DI SAP PROVED OR STOP 6 , 2 REMA RKS, 

t 
· IMPLE MEN TATIO N I MP LE MENTATI ON 

' 
~- 3 

I 
SOFTW ARE CON TR OL BOARD SI GN OFF ' 

l ! 

I 0 ATE 

I; 

I 

' i · 

' I 
I . 

l 
I 
I 
I 
I 
i 
I. 

I 
i 
I 
! . 
! 

I 
~ 
t,' 
1· 

[ 
I 
I 
I r · 
i 

i 

; 
I 
I 
f. · . r- · . . 

~ 

'· 

: 11 •: ,. 

C 

t: 
C 

.) 

·c1 

! 
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M 1 -f L PROGRAM CHANGE ROUTING SLIP 

~ - 2 0LOSSUS 2C 

i ._, COLOSSUS 2D 
i 

[j COLOSSUS 2E 

. 0 COLOSSUS _2F 

0 LUMINARY 1 B 

□ LUMINARY 1 C 

[gf:uMINARY lD 

D LUMINARY lE 

□ MIT Approyed PCN ~ASA Approved PCR 

[] NASA Approved .PCN 

A. Coding · 6 Begin coding immediately 

PCR/~lf 

ANOMALY II 
872,2-

-----

0 NASA Approved . 
Software Anomaly 

C MIT · Approved 
Software Anomaly 

~ ~ 

J 

ACTION:-------~ <: A , 

Program Supervisor's Approval: M tJ..--.:--_~ ~ 
. , \ 6 

0 Do not code until new GSOP material has been approved by the MIT 
Mission Design Review Board (MDRB) and distributed. 

B. GSOP Preparation 

~ ~ epare GSOP revisions for MDRB 
~ ~~risideration 

ACTION: 

·F. /?ECtlJ/4/ 

-----------
□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: · 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
_ testing and checkout · ACTION: __________ _ 

. D. Other Programs Affected 

Q Review hr corresponding '!hanges in , 

Special Instructions 

. ' 
; ' ' ,',' 

ACTION: ----------
_Pro j e ~ t Manager-d21 ~.q{~-

Date IO ·- 3 I ·-01 

I· 

,. 
I 



.. 

~---- .,.,--·ww f#i _ _:;. _________ _,.._~ 1 ___ . 
l_ . .---. ., 

APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD 
NUM BER ((;omplet•d by r":SB) 

PROGRAM CHANGE REQUEST tP7Z.z 
1. 0 COMPLETED BY ORIGINATOR 

I , I OR I G I NATOR OATE I, 2 ORGAN I 2AT ION APPR OV AL DATE 

s. CO:i;:>PS 8/8/69 MIT/IL 

1, 3 EF F ECT l \' ITY I, 4 TITLE OF CHANG E 

LUMINARY 1i) Initiate TFI in P30s. 

I , 5 RE AS ON I 5 I F OR CHANGE 

To provide astronaut with useful display. 

I , 6 DES CRI PT I ON OF CH ANGE 

Initiate TFI clockjob in P30s so that N35 and N40 are available anytime after N45. 

2. 0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH 
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT 

2 . I 

□ AP PROVED □ O I S APPRO V EO 

2 . 2 REMARKS1 

2, 3 SO FTWARE CON TR OL OO ARO QR FLIGHT SO FTWARE 
BRA r~C H S I GN OFF 

• DA T E 

3.0 MIT VISIBILITY IMPACT EVALUATION: 

3 . : SCHEDU LE I MPACT 3,2 IMPA CT OF PROVIDING DETAILED EVALUATION 

3 . 3 S TO R AGE I MP ACT 3, 4 REMARKS , 

0 
3 . 5 M I T COO RD I NATOR 

DATE 

j 4.0 SOFTWARE CONTROL BOARD ACTION 
,., , I 

PR OV I DE 4, 2 R EMARK S 
~ I MP L EM EN T AND □ DE T A IL ED □ D I S • lft1/J j PRO V I DE DE T A I L ED 

CHAN GE APPROVEa 11 CH ANG[ CVA L, 
C\' AL U ATI ON 

4 ,3 ~ T~~RD 
S I GN OF F 

DJ< TE I 

IP-1-t1 
5. 0 MIT OETA I LED PROGRA!:4 CHANGE EVALUATION 

5 . I M IT COORDINATOR 5. 2 M IT EVALUATION 

D ATE 

6 . 0 SOFT\1/ARE CONTROL BOARD DECISION ON MIT 
DETAILED PROGRAM CHANGE EVALUATION 

f 60 START QR CON TI NUE □ DISAPPROVED OR ST OP 
6,2 REMARKS, 

IMPLEMENTATION IMPLEMENTATION 

. 6 . J SOFTWARE CONTROL BOARD S IGN OFF 

DATE 

- - -HS C Fo rm 288 (Jul 68) 

I I 
'• ' 
(/~·-:·r I • 



I 
I 

• I 

1 T /IL PROGRAM CHANGE ROUTING SL~P 

) .. 

PCR/-ff-N-·# 8 7 l,2 J 

ANOMALY # ___ _ 

. O "coLOssus 2c D LUMINARY 1 B 

□ LUMINARY 1 C 

filLUMINARY 1D 

□ LUMINARY lE 

'r ~ , COLOSSUS 2D 
' LJ COLOSSUS 2E 

. 0 COLOSSUS .2F 

0 MIT Approyed PCN 

.A. Codi~ / 

~ASA Approved PCR 

[] NASA Approved .PCN 

(;/' .Begin coding immediately 

I 

□ NASA Approved 
Software Anomaly 

C MIT Approved 
Software Anomaly 

~~ 

0 

ACTION: $ p.J;;_ 
Program Supervisor's Approval: /t ~ 1J 

. f l 
Do not code until new GSOP material has been approved by the MIT 
Mission Design Review Board (MDRB} and distributed. 

B. GSOP Preparation 

r\/Prepare GSOP revisions for MDRB F. OECr//N 
\.::::J consideration 

□ 
□ 

ACTION: _ ___._lf.:.-• ....... b-'-'1.......:-;...H_E_;e.. __ (.~? ) __ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s} held on 
Attendees: · 

C. KSC Testing and Checkout 

0 Review for poss ible impact on KSC 
testing and checkout ACTION: __________ _ 

. D. Other Programs Affected 

Q Review hr corresponding ~hanges in ;, 

ACTION: 
Special Instructions -------·---

'!'rojer,t Manager <-:?::<--d~IKL~ 
Date {Q -3 ( ·- bJ 

. (: 



.... 
J 

APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD 
NUMBER (CompJeted by FSB) 

PROGRAM CHANGE REQUEST 17//.2 
1. 0 COMPLETED BY ORIGINATOR 

I , I OR I G IN A TOR DATE I, 2 ORGANIZATION APPROVAL DATE 

~ s. COPPS 8/8/69 MIT/IL 
I , 3 EFFECT IVITY I , 4 TITLE OF CHANGE 

LUMINARY 11) Change Decimal Load Technique. 

1. 5 REASQN ( S ) FOR CHANGE 

Saves keystrokes. 

1, 6 DESCR IPTIO N OF CHANGE 

Change decimal load logic to not require 5 digits. For example, if all zeros are 
desired simply load sign and enter, or if +50 is desired, simply load +50 ENTR. 

2. 0 SOFTWARE CONTROL BOA RO OR FLIGHT SOFTWARE BRANCH 
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT 

2 , I 

□ A PPR OVE D □ DI S APPRO V ED 
2,2 REMARKS, 

2 . 3 SO F TWA RE CO~ TROL BOARD QR F LI GHT SO FTWARE 
BRANCH S I GN OFF 

DATE 

3.0 MIT VISIBILITY IMPACT EVALUATION: 

3 • ~ SCHEDULE I MP ACT 3,2 I MPAC T OF PRO V IDING DETAILED EVALUATION 

3 , 3 ST OR AGE I MP ACT 3, 4 REMARKS, 

20 Words. 
3 , S M I T CO ORDINATOR 

D A TE 

4.0 SOFTWARE CONTROL BOARD ACTION 
a , I PROV I DE 4, 2 REMA RK S 
~ M PLEMEN T ANO □ D I S • "1~~ If ' PROV I DE OrA IL ED □ O~ T A IL ED 

CHAN G E E V L , CHANGE APPR OVED 

. E\'A L UA TI ON 

4 ,J S/A~IGN OFF 

' 
DA l"E ,, 

/J -c, -t4 
, 
5.0 MIT DETAILED PROGRAM CHANGE EVALUATION 

5 . I MIT COORD I NATOR 5, 2 MIT E V ALUATION 

DA TE 

6. 0 SOFTWARE CONTROL BO ARD DECISION ON MIT 
DETAILED PROGRAM CHANGE EVALUATION 

60 STAR T OR CONTINUE □ DISAPPROVED OR STOP 
6,2. REMARKS, 

I MP LEMENTATION IMPLEMENTATION 

16 . 3 SOFTWARE CONTROL BOARD SIGN OFF 

DATE 

... - - - - - . __ .. . 
!!!SC Form 288 (J 11 I 68) 

·1. ,. 

~ 

' 

' 

J 
I 



I 
MIT /r L PROGRAM CHANGE ROUTING SLIP 

~ .I • . / , 

, l_J cowssus 2c) 
COLOSSUS 2D 

C. D cowssus 2E · □ cowssus 2:F 

D LUMINARY lB 

□ LUMINARY 1 C 

@LUMINARY lD 

□ LUMINARY lE 

□ MIT Approved PCN ~SA Approved PCR 

[J NASA Approved PCN 

.A. Codi1211 / ,, 

a· Begin coding immediately 

ACTION: 

PCR/~ 8 92-
ANOMALY II -----

□ NASA Approved 
Software Anomaly 

C MIT · Approved 
Software Anomaly 

&~ 

0 Do not cocie until new GSOP material has been approved by the MIT 
Mission Design Review Board (MDRB) and distributed. 

B. GSOP Preparation 

~~repare GSOP revisions for MDRB 
V ~orisideration 

. fl . 1-1 A H cf<. ( 2.) 
~ . foPE (_~) ? 
F· 0 E ( d 1N (:j) 

ACTION: -----------
□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: · 

C. KSC Testing and Checkout 

. Q Review for possible impact on KSC 
testing and checkout ACTION: -----------

. D. Other Programs Affected 

Q R~view or corrcspondmg changes in , · 

ACTION: 
Special Instructions 



.,,........_ 
I 

__ __.,_ ...... _________ __ 
I .... .... . -----1 

APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD 
NUMB ER (<.;ompleted by r->a) 

PROGRAM CHANGE REQUEST 6' r ;c.. 
I . O COMPLETED BY ORIGINATOR 

I . I OR I G I NATOR DATE I, 2 ORGANIZATION APPROVAL DATE 

~ 6A-'" • ,j.2t1/., 
R/i R/f..o li'~'R 

...... 
/ .T H r,.o..-m<in 

1,3 EF F E C T l \' IT Y I ,4 Tl TLE OF CH ANGE 

, TITh1TNA HY 1 f) n,,1 <>+,, H:::>Q 
I • 5 REASON I S ) F OR CHANGE 

It is believed that the 390+- word cost is not worth the output of the routine. 

\ . 6 DESC RI PT I ON OF CHAN GE 

Remove R29 from the LUMINARY program. 

2. 0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH 
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT 

: .1 
□ APPROVED □ D I SAPPROV ED 

2,2 REMARKS1 

-. 
2 . 3 SO FTWAR-E CON TR OL BOARD OR FLIGHT SOFTWARE 

BRANC H SIG N OFF 

DATE 

3.0 MIT VISIBILITY IMPACT EVALUATION: 

3 . : SC HEDUL E I MPA CT 3,2 IMPACT OF PROVIDING DETAILED EVALUATION 

L V l"11 /VA~ Y .i C t, .,. .rt' I,,:, " 
3 . 3 S TOR AGE IM PAC T 3, 4 REMARKS , 

s ""vt- ~ '70 ,,,.,,~ ,/.r 
. J. S ,\ II T CO ORD INA TOR 

/~ - -- -'?r - -~••A• 

DA TE .Pfao/4.9 / 

4.0 SOFTWARE CONTROL BOARD ACTION 

~ ~ 1PL EMEN T AND 
PRO VIDE 4, 2 REMARK S 

□ D ETAIL ED □ DI S • #f~J PR OV I DE DE TAIL ED 

If II ANG[ [ VAL , CH ANf.,: APPR OV F.i'> 

E l ' ALU AT I ON 

•• 3 
s o~~NTJ? s;_~:;I GN 

OFF 

OAH I 
IIJ -9-U 

5. 0 MIT DETAILED PROGRAM CHANGE EVALUATION 
5 , I MIT COORDINATOR 5, 2 MIT EVALUATION 

DATE 

6. 0 SOFTWARE CONTROL BOARD DECISION ON MIT 

l 

DETAILED 
60 START OR CONTINUE □ DISAPPROVED OR STOP 

IMPLEMENTATION IMPLEMENTATION 

6 , 3 SOFTW ARE CONTROL BOARD SIGN OFF 

DATE , 

. 
MSC Form 288 (Ju l 88 ) 

; I 

I 
!.·'.·· . 
( . ·.i;; 

-- -

PROGRAM CHANGE EVALUATION 
6,2 REMARKS, 

-

-: \.· ~ 
I . 1' 'I ' ~ 

' • •· I 

7 



MIT /IL_PROGRAM CHAli.JGE: ROUTIN9 S_LIP 
/ I 

0 COLOSSUS 2C 

Q'?LOSSUS 2D 

□ COLOSSUS 2E 

0 COLOSSUS _2F 

[ I LUMINARY 1 B 

□ LUMINP.RY 1 C 

@uMINARY lD 

D LUlVIINARY lE 

/ 
□ MIT Approved PCN 1V'J NASA Approved PCR 

[] NASA Approved PCN 

.A. Coding _,,/ 

e~.egin coding immediately 

Program Supervisor's Approval: 

PC H / PGN-·f,1 8 <J {tJ 
ANOMA LY fl 

1---j NASA Approved 
Software Anomaly 

.--; 
L_; MIT Approved 

Software Anomaly 

0 Do n~t code until new GSOP material has be en appr6ved by the MIT 
Mission Design Review Board (MDRB) and distributed. 

13. GSOP Preparation 

r-/ Prepare GSOP revisions for IVIDRB 
~ cons id era tion 

ACTION: 

r- . () E C ,-9 i •·J 
v. C!. C-/Jf?E / J j,) (l,..] Cj 

------------

□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
_ testing and checkout ACTION: ___________ _ 

. D. Other Programs Affected 

0 Review i>r corresponding r:hanges in 

Special Instructions 

(Rev 10/G 9) 
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I 
r:a:-,-.::-.:.:::;:, :::=:::;:;::::::;:::;:::;:;:;:;::;:::=::1::r~~---__.____ • • 0 • ---..--•- ,.: .... ..:- ~- R -~•::-::==..~-.:::.:.. ... _ - ___ .__. ~---r:::::::=~.,. ..... ,- , ! • 

! l APOLLO SPACEC'RAFT SOFHIARE CO NF IGU RA TIO N COi<TRO L BOARD 1-~~''3 c " 8 ( L o-;,l<t«; Of , ~;,) ;1·1 

PROGRA~ CH ANGE REQUE ST 9~ 
l ';a=...,.....,.,=.,.."""""""""""'='!", '""~=='"""~c~~mrto ... s"fo.q I rnr~?c ·~·c.,.:..-==·=oc•PI ·--=:m ··msc , ;,r;ncm-=;,:,.,; ... , 

; .. I . 1 •) ~!,:: I••:. ':' ,:. -' 

I: R. COVELLI 8/19/6 9 MIT/IL r I. 3 E ~ F'i: : ": I '• I ":{, _____ _.__ _ _ ____ _.__ _ _ ____ r .-,-. -, --~-,-'--,- ,-• . - -•• ·-,-.--------'-- ---- ---; 

f \ LJ 
~ .,. LR Velocity R ead Cente red at PIP Til\IE . 

(!--------L_m_1_•1_I_N_A_R_, Y_2._-._ .. _.1_-c_· -------'-------------- ----'--------1 I 
t,] 

1

~y• ~:~~:~-~~~ c;~·:·'LR Veloc1t:y Read s a bout PIPTBIE, the velocity extra polat10n rn R12 I jl 

f' can be r _emoved. Save_s about 150 ms e xe cution tirn c: . . 

c, ' I :} • ,: :) ~ '.! !, :; .; S : 

[:I -50 words. 

stB 

i '=""""""=:,,:u;cE'==';:;.;j a::;!~:,z<J:oo&,.,.L._:::::a,o-.,,.,..a::=,=~===.,.,.,.,· ======:.!===-====1. .. ,_ - ·· ·,--,=--=====-=;,a:;a=======-------'= 

fl 5.0 li!IT DETAILED P~Or. Rrn CH.l. :lG E E'h ~U AT!O il j 

r :::, """"'~ s'. 670FT , is"t CL~~~:~~~-~-,-"~" 011 lJll = " 11,. 

I I o E TA I L E o P R o G R A l.! c H A :1 G E E ·n L u ,: T I o Ii • 

f ;-- ~ Si.ID T 0~ :,j,jf",1 1_ ( D :>1s•o:,:, :, •. t: :: : q SiO ;I 5.2 ~~'-4A/1,C,S1 ·------------------; 

}l LJ 1v.;,L£vt-.. T ATf ~ 'i 1'-'="Ltvf,':".t.'!'I C'-4 
-i 

r 
I 

~r- 3 ::::••
0

E CO~TROL BO••o SIG~ orr i 
i . 

! 
le.. __ -. ----~-~-~~-~-------· ..... - . -·· _____ __ .: ... ----·----~- ----- -·--·-- - -. --_J 

. - . . .. ,. 1 ......... 

.. 



PROGRAM CHANGE ROUTING SLIP 

,D COLDSSUS 2C i 

[] r;o WSSUS . 2D 

[rcowssus 2E 

. [] COLDSSUS .2F 

D LUMINARY 1 B 

□ LUMINARY 1 C 

~UMINARY lD 

D LUMINARY lE 

□ MIT Approved PCN i~1~ASA Approved PCR 

[] NASA Approved PCN 

A. Codi~ / -

PCR/~fi 8 7 7 
ANOMALY// -----

I] NASA Approved 
Software Anom aly 

C MIT Approved 
Software Anomaly 

~ · Begin coding immediately ~~ ( /~ 
ACTION: 10/J.....c,.-e 'j},t,~ 

· Program Supervisor's Approval: 71,J{L,.,_• ,__.__,.:/ ~~ 
0 Do not code until new GSOP material has been approld by the MIT 

Mission Design Reviev✓ Board (MDRB) and distributed. 

B. GSOP Preparation 

~ Prepare GSOP revisions for MDRB 
~ consideration 

□ 
□ 

ACTION: 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
. testing and checkout ACTION: ___________ _ 

. D. Other Programs Affected 

Q Reviev, :fbr corresp::mcling '"!hanges in ,. 

Special Instructions 
ACTION: 

Projed Manager 

Date 

(Rev 10/69) 



I 
c· PROGR A'-1 CHANGE REQUES T - iM:S:lCt:nm:""""J..:~~....-=...;; cv:n,vwv:::::= .. c • .::..L-~. o •• • •• ;J..:.~r+:zs;;a, aer=a::z:rn,......,.tz:XC::lm!i ;;:;w;;;:;:-. . 

-

. · 

1 
1 

r; 
l·: 
!i p 
f 

r-
l' 

f. 

I I. 0 CO M? LETED gy ORIGl ~!. i0 ~ ! 
1.1 o~ : ~ 1•,:. rv~ ..... :. ( . 2 C =1 ~ !. '; I : ;. - I :: ~ !. = = ;; .; • ;. ~ : .l i £ 

R . COVELLI 8/1_9/69 i\ IIT /IL 

I. 3 ~ ;- ;- E:: 7 I ·,; I T · I • J 7 I 7 ~, ~ - .~ · . .:: :: :l 
I 

LUMINARY i.c Delete PCR 77·5_ ·:1 . . I 

I • 5 ~£.l~v ·. r sJ F' c=• C!--o :.~. 4 ::: tJ 
PCR 775 (LGC Doppler cornpensa tion ) is not us ed . It uses storage and execution 

11 times. 

1 ·• C ~=-=-:= 1 q1 10 ·, •) = :~.:.•. :;:: 

J Delete coding. l 
= ~-----··· ---·- 5:Z a 

-~j 
J 2.0 SOFT i ARE CONTROL 30ARO OR FLIG ~i SO FT WARE SRANCH 

DECISION FO R VISIBIL ITY IMPACT ESil ~ATE BY ~IT 

□ "I S'"' ... .... --..., ... ,.. ~ -. .., . ~ -
S·: =:"1t.lt?£ CC '\TCf'.)~ 
a~:.,ci,.. s1::'.'.·-. err 

. j 
"""'3 .... O_ M-.1 T- v·, .. s ... , B __ I_L.,.I T_Y_ I _M_? A.,C_T_ E V_A_L_U_A r'"', .. a""N .. : -=""""=..O:.=:a.=-:m:,,=·:;;;;~;:=i•.....:·--=· ... ..r---....-:.o=·n .,...,.....~sViFPlrG03CIZ= '. ] 

-------------------...------ -------------~·1 ,~, .:. ~=~,:L-., 1,•o•:s , :;.:: 1 -.•:::i:. -,:7 ,: :- :::; ~ .1:1,G :ET"-IL ~ :, £ \ .1. Lt;.l.~ I O, 1· 

~------.----'----------(.' 
J: ;.; "- ~=!,, i ·.-•• :• -15 ,vords. i ., =, •.,!,<=, j r ~~::·;" -fi1/ilt.t{ . - ~

1

1 

t '-'==~~~=,:a(:. 
4.0 SOFTWARE CONT ROL 

- -· ·-;1-•-·- -

BOA RD AC
1
TIO H 

I 



MI'f /IL PROGRAM C I-I~NGE ROUTI~ G SLI P 

7 ~ ·; I 

0 COLOSSUS 2C . 

0 "'OWSSUS 2D 

[Jcowssus 2E 

D cowssus _2F 

D LUMINARY 1 B 

□ LUM INAH.Y l C 

@u1vIINARY lD 

D LUMINA RY l E 

□ MIT Approved PCN IVi~ASA Approv ed PCR 

[] NASA Approved PCN 

A. Coding 

~gin coding immedia t e ly 

. PCH/~ # 

ANOMALY ff 

P9.R (~ , J..L__ . 

- - ---

1-] NASA Approved 
Software Anomaly 

,---, . 

L ; MIT Approved 
Software Anomaly 

£~l~J -~-n-z__-

0 

ACTION : 

Prograffi Supervisor's Approval: _-----_z;_1_tv,_~_t_J_,_'/ _tJ_~--:- ~ ~ 
Do not code untiJ. new GS0P materie.l has b een o.pproved by the MIT 
Mission Design Review Board (MDRB) and d i stributed. 

13. GSOP Preparation p. P c -:- c /1 / J 
/ 

/:)( Prepare GS0P revisions for MDRB 
V consideration 

J , q t: ciV ?!t:- /./)..) //J c; 

ACTION: 

□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: · 

C. KSC Testing and Checkout 

0. Review for possible impact on KSC 
_ testing and checkout ACTION: ------------

_ D. Other Programs Affected 

Q Review nr corrcsp:)ncl.fr1g c~--ianges- in 

Special Instructions 

(Rev 10 /69) 
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:· 

I~\...· _R_. _co_v_E_L_L_r __ ~s_/_. 1_9_/ 6_9_~_1_n_T_/_IL.---__ .... _____ __ _.._ _____ I i r·~ ~' fc::i ·. r1YLuk 1NARY ~g l-~~·~:e~~~-~~)~CRead . 1,· 

&1-,-.. -s-,-. £-~-, .-)•-. 1-; -; -,-c.-,.-c---,-.. -~::--------------'------------------------, 

~ [ __ • Begin LR ve~ocity reading at start of P63 SERVICE R . 

f'--------~,,...-- ----------- ----------- ---- ------------ i 
ti '~e::~~· ;:I •:<'\: P test. , I 

·1 . ! D E C I S I O N F O R V I S I B I L I T Y I 4 P i C i C: ~ 1 I ::l -~ T E B Y lJ I T --- ------------lt=:r~ x=~~--:- 0 s o''F T '(/AR ECD.~r~q C L-a-o A ·R-00?.fu~·h·~- ·s ·6·r·~WARt-s~R AH c"ir 
J · I 2~: ~~Vl.-i'°\51 ,• 

· {;~-• o,,,ao.;::o Qo1s·••.•=~.,: .1 
.1 

:: .. . ~. s .:; :-1o-l=1::. : i: •. r=!:·l 3 c:..~: ~H ' Lt ;;- - 3:~-:-A .:. ::,~ j 
l~~-· 3P..!•,:~ s1v·" err l: ____ _,. _______________ , i 
fl. :, ·, l 
t ·.j·•;_.-....,3 ."'0.-t(ia:1 T....,V..,l ""S 1""'e""1""L '""1 T""Y""""'I M""'?""A""c""T • E,..V"'AacLU""'A""'T""I ""o~cao· :....,=== =ha===.....:.....::....:..:::::,::.· o,,,,._.,,,_:;,c,,~:a:z::,.=rmr:::,,=='-'-======= ===;:=;11 
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MI'f /IL PROGRAM CHANGE ROUTING SLIP 

• I 

, []·'COLOSSUS 2C ' 

[ . CO LOS SUS 2D 

0 COLOSSUS 2E 

0 COLOSSUS _2F 

0 LUMINARY 1 B · 

1=),7UMINARY 1 C 

(]LUMINARY lD 

□ LUMINARY lE 

□ MIT Approved PCN IBNAsA Approved PCR 

[ ] NASA Approved PCN 

A. Codi~~/ 

~ Begin coding immediately 

PCR/PeN-#_8 ___ 9 ___ 9_ 
ANOMALY # ___ _ 

□ NASA Approved 
Software Anomaly 

C MIT · Approved 
Software Anomaly 

0 Do not code until new GSOP material has been approv a by the MIT 

Mission Design Review Board (MDRB) and distributed. 

B. GSOP Preparation 

f.YFrepare GSOP revisions for MDRB 
~ consideration 

ACTION: -----------
□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Te stin g and Checkout 

0. Review for poss ible impact on KSC 
testing and checkout · ACTION: __________ _ 

. D. Other Programs Affected 

Q Review ibr corresponding changes· in , 

Special Instructions 
ACTION: -------·---

Proje~t Manager-tla-«-1/ t<L~ · 
Date / IJ - .3 I -Go/ 

' --

.. 
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r 

.. _-"".._ _____ ....... __ _,.. __ , 
~ 

NUMBER (Completed by FSB) APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD 
PROGRAM CHANGE REQUEST J'q 7 ,, i-i------------------!!'~~ .......... ""'!-'-~-------..... ------------------i·, 1.0 COMPLETED BY ORIGINATOR 

I , I OR I G IN AT OR DAT E 1.2 ORGANIZATION APPRO V AL DATE 

J. Garman 8/18 FSB 
1. 3 EF F EC TI V ITV I .4 Tl TLE OF CHANGE 7 

IDMINARY 1D N38 inc/A. LS, and R/P lists 
1 , 5 RE ASON I S ) FOR CH ANGE 

N38 would allow the ground to follow the progress of integration and detect integration 
loops. 

I , 6 DES CRI PTI ON OF CHANGE 
Remove: LR VELZ and LR RANGE from word 76 in C/A; DELTA THETA from word 28 in LSA; 
OFFSET PT from word 95 in R/P; replace above with TET. 

2.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH 
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT 

2 , I 

□ D I S APP ROVED 

2 . 3 SOFTWARE CONTROL BOARD OR FLI GH T SOF TWA RE 
BR'NCH S IG N OFF 

DATE 

3.0 MIT VISIBILITY IMPACT EVALUATION: 

J , ~ SC HEDU L E I MP AC T 

3 ,3 STORAGE I MPA CT 

0 
J,5 Mi l COORD I NAT OR / 

_/ #. C../'· ·-· 7/ 

DATE 

2 ,2 REMARK S , 

3.2 IMPA CT OF PR OV IDIN G DETAILED EV ALUATION 

3 ,4 RE MA RKS1 

4. 0 SOFTWARE CONTROL BOARD ACTION 
1 4 , 1 

0
1MP L EMEN T AN D PROV I DE 

□ □ D I S • ' PROV I DE DE T A IL ED DE TAIL ED 

~ CHANG E [VAL, ~~: ~ ~~ TI ON APPR OV ED 

4, 2 RE MARK S 

4,J ~~/L B OARD S I GN O F F 

DA TE V I 
1a-t:J-t1 

5.0 MIT DETAILED PROGRAM CHANGE EVALUATION 
, S , t MIT COO RDINAT O R S.2 M IT E VAL U ATION 

C ATE 

6.0 SOFTWARE CONTROL BOARD DECISION ON MIT 
DETAILED PROGRAM CHANGE EVALUATION 

6 ;-1-, START OR CONTINUE □ DISAPPROVED OR STOP 

LJ IMPLEMENTATION IMPLEMENTATION 

6, 2 REMARKS , 

6. J SOFTWARE CONTROL BOARD SIGN OFF 

DATE 

"1 SC Fo rm 28 8 (Jul 68) 

: \ ·) 
I · :i>• 

.. 



0 COLOSSUS 2C 

D owssus 2D 

0 COLOSSUS 2E 

OCOWSSUS 2F 

D LUMINARY 1 B 

□ LUMINARY 1 C 

~UMINAHY ID 

Cl LUMINARY lE 

0 MIT Approvec1 PCN ~ASA App1:oved PCR 

[_] NASA Approved PCN 

A. Coding . .---

~gin coding immediately 

ACTION: 

PCR/~lf 970. 2-
ANOMALY ii -----

□, NASA Apnroved 
Software Anornaly 

C MIT Approved 
Software Anomaly 

/f. ~~'Ld-'--=~ 

Program Supervisor's . Approval.: -_--/}-_ -7-&-~-
7
---, L-u:j---~------,-v-J..-) ~ 

0 Do not code until new GS0P material has been ap1 ro\'..,ed by the MIT 
Mission Design Review Board (MDRB) and distributed. 

B. GS0P Preparation 

r')/ Prepare GS0P revisions for MDRB 
\.:::::J consideration 

ACTION: 

□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Iv1eeting(s) held on 
Attendees: 

C. KSC Testing_~E,d Ch~ckout 

0 Review for possible impact on KSC 
testing and checkout ACTION: 

D. Other Programs Affected 

0 Review nr corres:p:mdfog cha~ges in 

ACTION: 

-------------

--=------Special Instructions 

Pro j c- c:t Manager~ _,;,/...,,: ~i/1-/' L t./fa.:__J 
), 

Date ;)_ -- --~-----~Z-c:~) ____ _ 

IT""'lo ___ ~ ...... tr-.-.\ 

. 
1 
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Page 1 of 2 
~ :t= l ____ _____ _.::!,_._ <£ .- , :t C , I-,,--

'"""'·•rc;;l:?Tf (·' APOLLO SPACECRAFT SO'FTWARE CONFiGURATION CONTROL BOARD I~ . PROGRANJ CHANGE REQUEST - 9- Z. ..==--. ,l :--=:. : ::tt1r.:r:c.,c:ii:~.iz.,i:-... 8'!::::r. r~~-=a,::r.,-=:an.r-::a·· 

I. 0 CO MP LE TEO· BY ORIGIHATOR :- ,., ORIGINATOR OAT[ I , 2 ORGANIZATION APPROVAL OATC 
'. R. LONES 10/14/GfJ MIT /IL 

~ ,,. I, l LHI.CT I VI TY I , 4 Tl ILi: or CIIAN &l: 

' LUMINARY Modify Gyro 'Torquing Routine. 
I•~ Rt ASON IS I ro R c, .. ..,r, c .. ... ; To minimize Gyro Bias Shifts as a result of pulse torquing 
See Data Amplification Sheet~ 

•, • 
1,6 DrSCAIPTION or CHANG E 

Modify Gyro Torquing Routine so that pulse torquing will always finish with the 
same polarity pulses. 

rmm:.:::--~::c:Lrn~ 

i 2. 0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH 
. . DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT 

: • I 
□ APPRO VED □ DISAPPRO VEr. 

2,2 R£MARK•1 

• : • l S0 FT ~ ARE co~TROL OOARO OR rLIGHT sorrwARE 
IR.l'l:CH SIG N ~rr 

; 
:>.l TE 

; 

; J,O MIT VISIBILITY IMPACT EVALUATION : 

' J. ! (C H£0l: .. E IM PACT J. 2 IMPACT OF PRO V I DING DETAILED EVA._UATIO N ;: -~{il STORAGE I\IPACT 

\ \p ?/fw~ 
3,C REMARKS, 

r5 ~IT KOER ~ d 
' 

, ~ r .- - Z./'-a 
·1 OATE . . 

/ .:2 - II -t;C, 
::l 4.0 SOFTWARE CONTROL BOARD ACTION ~:1 

: ~ 
•. 4 • I ,IMrLtME!>jT AND PROV I OE C,2 REMARKS 

~ ,f-,. r~ 1-./n/,1 : ; ~ROVIOE OETAI._ED □ DETAILED . □ DIS• 

~~ : M•NGE EVAL, . CHANGE APPROVE.> 
El'ALUATION 

,••3 SOFT#ARE CONTRO._ BOARD SIGN orr 

\1 
;)ATE 

z/4/76 .Sep er-,.,.:,, 
. ' 

, l 5. 0 MIT DEH I LED PROriRA!:I CHANGE EVALUATION 

C' 
MIT COORDINA TOR 5.Z MIT EVALUATION 

DATE 

ID:~ = · 

-i 
. 6.0 SOFT'IIARE COHTROL BO Afo DECISION OH ,uT 

DETAILED PROGRAM CHANGE EVALUATIOH 
·. · ~□ STAAT OR COl'HINUE 6 • Z REMARKS 1 D DISAPPROVED OR STOP 
: l~PL[M[NTATION IMPLEMENTATION 

:i5,J SOFTWAR[ 
~ . CONTROL BOAAO SIGN OH 

,: ~ ; AT( 
' " 

I 

i 
I 

I 

I 
1· 

~ 

·. .. 

' 

~ 

,: 

' 

~ 
' 

: 

.. ,. 

' 

; 

I 

l 

~ 

- i 
I 

i . 

! 
i 
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. . 

,, 

__ I 



. .. . ' ' --. .:, . ..--

APOLLO SPACECRAFT SOFTWARE CONFIGURATION COMTROL BOARD 

-DATA AMPLIFICATION SHEET -

_________ ., . . . 

PAGE_l_OF_2 __ 

PROGRAM CHANGE 9 · 2 
REQUEST ·No. 70 ---

PREPARED BY: __ R_. _LO __ N_E_.'.. S __ 
DATE: __ 1 0__,./_1_4 ..... /_G_D __ _ 

ORGANIZATION: 

MIT/IL 

CONTINUATION SECTION (REFER TO ~I~CK NUMBER ANO TITLE 
ON PROGRAM CHANGE REQUEST FORM) 

• J • • 

: ·' , •. 

REMARKS 

II 

1. 5 Reason for Change, cont'd. 

Recently built gyros have a large bias shift that is dependent on the polarity 
of the last torquing done on the gyro. (The Apollo 11 c.m _x ~-y gyros had · 
an 'in-flight NBD shift of -2. 1 and -1. 6 meru respectively when drift com-

' pensation "".as changed from minus to plus.) The proposed change will 
. . 

eliminate this type of shift due to any polarity pulse torquing. 

. .. : ~. . 
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MI1)!'L P ROGRAM CHAN GE ROUTING SLIP 
~ . 

0 COWSSUS 2C 
1 cowssus 2D 

□ COWSSUS 2E 

. D cowssus _2F 

□ LUMINARY 1 B 

□J;UMINARY lC 

GZl LUMINARY lD 

□ LUMINARY lE 

□ MIT Approved PCN 1C.i1-i'ASA Approved PCR 

[] NASA Approved. PCN 

A. Coding 

~e-~in coding immedia tely 

ACTION: 

~-« 0 7· 9 PC R / "J;-B~ # ----=---I __ 

ANOMA LY If. --- --

1-7 NASA Approved 
Software Anomaly 

r---; . ' 
L _; MIT Approve d 

Software Anomaly 

. . ~ ;'\ / \ ( \ 
Program Supervi s or's Approval: ',\ 1~ , , , : , / L \ ~ /,,-/ 

0 
. . < .. ......- 7(_.) - r Ju I 

Do not code until new GSOP m a t e rial has been approved by the MIT ( 
Mission D es ign Rev iew Boa rd (1\/IDRB) and di s t r ibute d. j 

B. GSOP Preparation 

11'./Prepare GSOP revisions for MDRB 
\::::; consicl e ratioi1 

ACTION: 

□ 
□ 

Technica l Committee M eeting not required. 

Technica l Committee IVI e e ting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impa ct on KSC 
testing and checkout · ACTION: 

D. Other Programs Affecte d o Review br corr espond.mg change s in 

ACTION: 

------------

~ ___s.p e-ctal Instructions ---------,---

Pro j e d Manager :fl, f{ ,£c4--~ 

Date / __ 7- -;_.:;, __ Cf - 0 9 

I ....... , .... ,.._ ' 



rj. 6 DL SCR I P T 1-o~: OF CHA'.'; G::: ---------·----•----.--.... - -•----- •----

.l Delete tlie coding that issues tho 521 a lar m1 

[ - - we,.~ · . h1. 0-m :me ml: ii Im i:v 0: M ~ i g11Ys ii ri1~t Rf; Bfr~cii--~- ,- ,rn~=:.,_-1 
j2.1 □ 
. APPR OV ED □ D I SAPPRO\'ED 

:
·12. 3 SOFTl'IAR;: CO.~ T ROL B OARD OR FL I GH T sor T W,\RE 

. • 

BRANCH S I GN or, 
. 

. 3.3 STOR AG~ l ~PACT 3 • 4 R E ,'.I ~?. K 5 : 

-10 words fixed 

. 3 • 5 .\I I C j O O RD I N ,\TO;. - / ' ; 

' -4/ . : ,, /r--f-/ ' 7 .. · . / 
··1 D A•~:< ~ - ·-, _.,,, . , . . /< .-,, .: .. ·~~--- --~:, . 

· ; ·, -jl ·-/ 9 . · . ·•· 
· ;;,;•••,:::,:;•·,.c.::r.c ·••r.,:;;-i:,'-•··- ,,,,...,-o:={.,_.- --•·=-"'·-· ··•==---'-.,,., •~·---- ·· ~--- ,~-•::;...--,;;---···-c,:;r--·•·-~~ -~- •- ·c,=-= •·•-;.z==···-=--·-.,=- ·--· ·=..-==ir.-~----·- .,· . 

~. I PR OV I De 
['71 I M PLE ~•cN T AI.O □ 
~ PROV ID E DE T A IL ED DETA ILED 

CHANGE EVAL. CH ANG E 
E\.ALUATI ON' 

4 • 0 S O F TWA R E C O M T R O L B O A R O A C T I O ti 

□ D I S · 
APPR OV~ U 





Is COLOSSUS 2C 

COLOSSUS 2D 

D cowssus 2E 

0 cowssus _2 F 

[] LUMINARY 1 B 

□ LUM.IN J\H.Y 1 C 

~UM.INARY lD 

D LUM.INA HY lE 

□ MIT Approved PCN ~SA Approved PCR 

[] NASA Approved PCN 

A. Codin g 

~ -Be_gin coding immediately 

' 

PCR/Jf-'¥' tf. 
ANOMALY# 

I-] NASA Approved 
Software Anomaly 

C1 MIT · Approved 
Software Anomaly 

D ,;1fcl(r:(A~ 
ACTION: 

\ c\ ·?DJ ·1 (0 
Program Supervisor's Approval: \_l,,,_.,,, 1 Jt. (L-~ Y, ,,,.,, 

0 . Do not cocie until new GSOP material has been----: pp;o~ ed b~JnT 
Mission Design Review Board (M.DRB ) and distributed. 

B. GS0P Preparation 

~repare GS0P revisions for MDRB 
~ ~~nsideration 

ACTION: ------------

□ 
□ 

Technical Committee Meeting not required. 

Technical Committe e Meeting(s ) held on 
Attendees: 

C. KSC Testing and Che ckout 

------
-o -Review for possible impa ct on KSC 

testing and checkout · ACTION: 

D. Other Programs Affected · o R eview ior corrcs_p::)nding changes in 

Special Instructions 

Date 

-------------



. ) 
1. 6 D ESC~ i P TI O~ o• CHA NGE 

Provide N.88 display any time non-catalog stars are selected by V01N70. 

4.0 SOFT WARE COHTROL BOARD ACTION 

<IB].I IS' PLE\lc 'n AND PROVID E □ DIS· 
PROVIDE DE TAILC: 0 □ DETAILED 
CHlN G c EVAL. CHA~GE ~P PROVEcl 

E\'ALUATI ON 

r•3 SQFTnl RE C;~6 8:: 5;;_;~ 41 

4.2 REM ARKS 

i/---::~,-,A-:;T~E---=-.=.-;;.._..-~-,1,, '---,'7 '-"'~----

:r-=..-.:,=c::=:<W,,:!.:,&:,;,~=.._-..:,,=--...::z,-~==•>c:::'!.:=..'-- ~-.=.::,, .. :. · ,:.,;,e=.,:,,-,,e;i:,;:;-c;,.r-;;2;,:"'t=s.:==,,:· • .,,,-_'7:.;;=.-:.;,;...-.,n=,=.===--.c--=."'-=::::.,;""""-'<'-'.!C:_,.=.· 

j 5.0 lilll DETAILED PROG RHI CHArlGE EVALUATION __ J r :::,"""'"'.' r,.~.o;,----· -· r 
' ... ~;zy ... ~-•-;;rc -a: ... 1:w,.,r~:~ .. -~,,=:•-,-.•_..~~.,;..~~-:--"':: !.~ . ._ _;;,.=,~.,,:.~~:-t:;,~:=.;..,""!.::2"~:=:-.. ·~=,,:-:-.,w--=-;:.c;,;.z:-~- -1 " , .. , ,, -=-~-;;~,~~7i:C.n.-::..-:,:· 

6 • 0 S O F Hi AR E CO !lT RO L BO AR D D EC I S I O ll O 11 U I T _ __ l_.' 
DE TA I L ED PRO G R A!.l CH ,rn GE E V HU AT I OH __ . f 

)-6-□--,-S-T-A-RT_O_R_C_O_N_T_1 ____ -u_E -□--O-I_S_A_P_PR_O_V_E_O_O_R_S_T_O_P _r6 • 2 REMARKS 1 --------------· I .:.' 

.. I MPLEMENTAT I O~ IMPLEMENTATI ON 

r . ·-

I~.~:~~~:~.~~.~~.·:·~.,~'.~.~~:~,~ .. ~-~.,~ .,1.~,.~~ .cJ .• ,,o~~.,..~.~ ~--" _.,.c ,._, •.... · .·. _ ~~ •• · .••- ._ IJ 
l!SC For m 2GB (Jul 68) TP/;21812 



MIT /IyPROGHAM CH~NGE ROUTING Sl _ _,I~ 
7 . 

[l COlDSSUS 2C 

~OlDSSUS 2D . □ COlDSSUS 2E 

. .- 0 COlDSSUS _2F 

D LUMINARY lB 

□ LUMINARY lC 

. ~UMINARY lD 

D LUMINARY lE 

D MIT Approyed PCN f9~ASA Approved PCR 

[] NASA Approve d PCN 

A. Coding 
.. 

-~ Be_gin coding immediately 

' ACTION: 

PCR/}%°ef # - ~ ~ _? _ 
ANOMA LY ti 

□ NASA Approved 
Software Anomaly 

C MIT Approved 
Software Anomaly 

t) )J,1('{1ft.v2_[)j 7 . 

-~rs:;--l}__- .-7·· ,1---,1-1 
Program Supe rvisor 's Approval: \t )A,,.., ,...___,._ ,,./}) {v \., &,r 

0 , Do not code until new GSOP material has been approved by ;he MIT c 
Mission D es i gn Review Board (MDRB ) and di s tributed. 

B. GSOP Prepara tion 

~Prepare GSOP revisions for MDRB 
\..J ~onsideration 

ACTION: 

□ 
□ 

Technical Committee Meeting not required. 

T~chnical Committe e Meeting(s) held on 
Attende es: 

C. KSC Testing a nd Che ckout 

0 Review for possible impact on KSC 
t esting and checkout ACTION: 

D. Other Pr·ograms Affected 

Q Review f:>r corresponding cha nges in 

Special Instructions 
ACTION : 

Proje d Manager 

Date 

------------

-<J!, -fVr _£ -c~~/c~~ 
I -~ ~ -2 9 · ?} 9· 

- ! 



V 

1,1 ORIGINATOR 

D. MILLARD 
1 ,3 EFFECT l \' I TY 

Compatibility with CSM N 88 . 

2. I 
□ APPROVED □ D IS AP?RO VEC 

2,3 S0F•WARE 0 CO~TROL BOARD OR F LI GHT SOFTWARE 
SRAo,;CH SIG~ OFF 

PROVIDE 

□ DETAILED 
CHANGE 
E\'AL UA TI ON □ 

D I S· 
APPROVE i:> 

:-------------- - - --------



MI'l/Ji:_ PROQl~A~~ CH(\l~C1~ ~~~~E~~\19,,f}..:'.!.~ 
\ 

0 COLOSSUS 2C □ LUlVIINAH, Y l B 

~OLOSSUS 2D □ LUMINARY lC 

0 COLDSSUS 2E (IJ:GUlVIINARY ID 

Cl COLO SSUS 2F D LUMIN/\ HY lE 

0 MIT Approve d PCN j ~ASA Approved P CR 

[_] NASA Approved PCN 

A. Coding 

0 / Be_gin codin g immedia te ly 

' 
ACTION : 

PCR/)"?k:,t~lf. CJ c1f~ ?: 

ANOMALY ff -----

[] NASA Approve d 
Software Anomaly 

Cl MIT Approved 
Software Anoma ly 

(
. \ ~ ,, 
' . "1 '/ 

;:i ' J k, ,L {(__/L.., 

0 

\ )) // 
Program Supervi sor 's Approval: <0,_: l,.;. A <f.--<-' ~ il'--J--'-+1....L."-c' _~c,."'""·:..__---4-­

J /I 
Do not cod e until new GSOP m a t erial has b een approv'ed by the Iv1' T 
Mis sion D esign R evi ew Boa rd (MDRB ) and di stribute'd . ,J 

B. GSOP Pre paration 

(;""\,, Prepare GSO P r ev j_ s ions fo r MDRB 
\:::J cons ide ration 

ACTION: ---'----------------------- -
□ Technical Committee Meeting not required. 

□ Technical Committe e Meeting(s ) held on 
Attendees : 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout · ACTION: 

D. Other Programs Affected o Review nr correspordfng changes in , 

ACTION: 
Special Instructions 

------ ------

I - · I ~- ,... \ 



1:1 

Thi s progra n1 will b e u se d a ft e r J uly 1, 1970 . 

1 , 6 Df.5CR I PT I O~ QC CH A~G[ 

------ ----- ---- --·-------' Z • 3 S 0 F 7 ,·, ;., .:;: :: C 0 'l T RC L BOARD OR . FLI GH T SO FTW ~Ri 
BR A-..;,:H S I G '.\I GF"F" 



·1 

I 

PIOS EPHEMERIS CONSTA NTS : 

G SOP UNITS -------

. 
.fL l 

F 
0 

F 

4 . 863 15127049 E+ 0 

7. 29211514667 E-5 

4 . 0 9 159633164 E - 1 

-7. 19757979072 E-· 14 

5 .85 9196886 7 1 E+0 

-1. 0 70 4 7015 062 E - 8 

+1. 521674959 75 E+0 

+2 . 672 4 04 25515 E-6 

Ca lculated us i ng L\T (1. 0 J uly 1970 ) = 40. 6 sec . 

and L\T (1 9 71. 0) = 4 1. 1 sec . 

Source : J. Ma r s h a ll Rebe r: MIT 

r a d 

r ad/ U - s ec . 

r ad 

r ad / U-sec . 

r ad 

r a d/ U-sec 

r ad 

r ad/ U-sec 
1 

I 



. ~ P IOS EPIIEl\/IERIS CONSTANTS : 

AGC UNITS 

AZO 7.7 399 4 5637 

WE.i\HTH 1. 160 576 171 

BSUBO 6. 51 ] 977813 

BDO'f - 1. 145530 402 

NODIO 9.32520] 4 71 

NODDOT -1. 70 370 Gl 59 

FSUBO 2. 421 82 0 9 16 

FDOT 4 . 253 2634 71 

Sou rce : J. M :- R eber: MIT 

E-1 B 0 

E - 7 B23 

E-·2 B 0 

E- 16 B28 

F,--1 B 0 

E-11 B2tl 

E- 1 B 0 

E -9 B27 

r evs. 

r ev/c s . 

rev 

rev/ cs. 

r e v 

r ev/ cs. 

rev 

r ev/c s . 

: 

t 
f · 

_________________ __! 

i 



.I 
I 

I 
·1 
I 
i 

'. '. I 

LOSSEM l~Pll EM E HIS NU MB l~IlS 

KONMAT + 8 
+10 
+14 
+16 

RATE SP .:i- 0 
+ 2 
+ 4 
+ 6 
+ 8 
+10 

VA L G7 + 0 
+ 2 
+ 1 

·+ G 
+ 8 
+10 
+12 
+14 

. +16 

' 0, Dl'/1 G 
-0 , 035.r(l 1 

o. 39781 
0,0823 54 

0. 01GG00D0 
o. 002 737fl0 

- 0.0001 1 72 0 
0, l 74G G5 017 
0. 27 4 0 l lfHl3 
0. 9 3252 02 13 

0 • 0 1 r/ G 3 1 1 l 1 
0. 22 1121fl43G 
o. 0% 29 17 13 
0. 0031fM1 112 
0. 05G22G G0O 
o. o~n 2 5 0000 
o. 00 5J2 9930 

-o. 01 0500980 
0.002 73 7925 

Sou rce: H. McOtiat: MIT 

SEE LUMINARY MEMO /,I 11 9 , 

B- 1 
B- 1 
B- 1 
B -· 1 

B+1 
B+4 
B +4 

D+ l 

B + l 
B + l 

B+l. 

B+l. 

Kl COS (O BL) 
K2 SIN (OB L ) SIN (IM ) 
K3 SIN (O B L ) 
K4 COS (O BL) SIN (I M ) 

LO lVI R 
LOSH. 
LONR 
LOMO 
LOSO 
LONO 

II.MO D 
AA RG 
1/ 27 
B MOD 
BARG 
1/ 32 
CMOD . 
CARG 
1/ 365 

J 
J 

. ·1 . ·- .• 

i . .- ., 
f· . · 
' ' 

I 
I . 
' I 
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LIST OF NAVI~A~N STARS {1970 - . 1971) 
. . .. 

: -:-:- ·----:<c------._-~.,-----------------__J°""~• ·. ___________ .,.__ -"~---.-----------
·=-·-· .. • ·,J' ~--:'. z ,•·" V 

:~ ca:ta1o·~;No .. -
~--- _ ( octal ) · 

--.-------
' Coordinate Coordinate Star Name Vis; Mag.- Coordinate -----------------,-. 

! 1 ·' a Andromedae (Alpheratz) 2·. 1 ❖• 8 74 813 3 997 +. 0 262 8l~ 1262 + - 483 7l,, 6l~836 
2 
3 
4 
5 
6 
7 

ro 
( ; .>11 

• I · · 12 
, ; • I • . ' 
' . . 

(3 Ceti ( Diphda} 2-. 2 -❖.9·3-4f5-5-:f5·4,i' +. 1i31·1.·1z4-;;o---.:.:·~-:f1·i-430973·2-·-
'Y Cassiooeiae (Navi) 2.2 +.l~774532337 ❖ -1167072881 ❖ -8708718726 

. a Eridani (Achernar)· 0.6 .. - · ❖ -4918000631 -:-.2205989850 --8l~22997006 
et Urs2.e Minoris (Polaris) 2.1 ~Ol.29982160 -<-.Cf0-73b_g_O_z"{3"7 ,-_9_9_9-33 .. 503,39--
G Eri.dani (Acamar) 3.•f':'·· <·-5449551668 ❖ -5316172323 --6483379837 
a Ceti(Menkar) 2.8 : +.7030586868 +.70774175 1t2 ❖ -0693543253 
o: Persei (Mirfak) -1. 9 . , -:-.410_3_7 __ :r1f9·z-o ❖ .,6,989028_9.83 . -:•.76T3-3-8642°8--
et -Tau:r-i (Aldebaran) 1.1 ❖ -3505042402 +.8927120666 ~'-.2832171316 
[3 Orionis (Rigel) 0.3 -:-.2009372589 +.969078733 1 -- 143 2153163 

13 ·. et Aurigae (Capella) 0.2 ❖ -1369502971 ❖ -6814042·'(9-5 • ❖ -71. 898-040 5·8--. 
; : ~- · l<: •et C2.rinae (Canoous) -0.9 -.0615513667 +.6031426337 --7952549230 
: ; - 1 5 · , et Canis Majoris . (Sirius) _-_1.6 --J.822546265 ❖ -94041t81198 --2869504922 

1 6 et 2 Canis Minoris (Procyon) 0.5. 

1

, -- 11-120-676148 -l-.906458296L.• ❖ -0-9i377690i--
17 'Y Velorum ( Regor} · --L..9 · --3613079259 <-.5746463708 --7343283537 
20· 1:.··ursacMajoris(Dnoces) -- 3.1. . ---4659729684 -c-.,~773764969 <-.7449703 8 3 8 
2 1 a Hydrae (Alphard} --;;:2. 2 - .. '. __ .rJ ·- .- • l.7 4 3822 0 1"4_--- ❖ -6150774 0 cl 6 - - 148 3 643 7i,c 0 
22 a Leonis(Regulus) . 1.3 · i ---860943946_5_~· -·· + .. 4634300302 · -:-.2097311430 
23 f3 Leonis (Denebola) 2.2 ~ --9656970164 +.0523798707 -<· .. Z5 1t33368l6 

;,..J 24-,...:,.: 'Y Corvi (Gienah) · 2.8 ·• --952l;:-789 319 -.0595555999 --29872565 1 3 
:"° . 25 · · a · Crucis (Acru.."-::) 1.0 · --'t522l~63508 -.0494719393 · --S905199l'.,, l0 
< ~: 2 6 . · .·· et Virginis (Spica). 1.2. --9169129501 --3504194263 --1909S918 1 7 

• I 

1 . · · 27 Ti Urs2.e Maioris(Alkaid) 1.9 --5812126603 -.2910.,t65457 -=--7599235169 
l -~-·30 · / Q Centauri ~Menkent) · 2.3 --6896884364 -.l~lS38l►295l~ --5 91 002912 0 . . . ' . 

i · 31 a Bootis (Arcturus) - 0.2 . --7860975319 --5219727016 +.3310516106 
(: .· · .. 32 ~ Coron~e Borealis (Alphecca) 2. 3 -. 5 32 5 711148 -. i'Y6l-8·,~o 2 63 .;.,::-i+5 J. 052 60 oo ·-- · 
~- ·3 i a_Scorpii (Antares) 1.2 --3514226152 --8241537737 -.L~l~4153917 8 
?. _·34 _ a . Trianguii Austr. (Atria) l._9 __ . · -- 11 44569328 --3399947346 --933 1-i- 362275 
~-- : ·35 er Ophiuchi (R a salhague) 2.1_ · --1122343912 --9695188377 ❖ -21°7-7995974 __ _ _ 
f : ; 36 et Lyrae (Vega) . 0.1.. ❖ -1218ltl5406 -.,702450672 +-6260009387 
f:, _;37 c- Sagittarii (Nunki) 2.1 .; +.207 1 906196 --8719L~215l~O --L~L~360S9799 
;' 'T.4 0 et Aq1.1ilae (Altair) 0.9 ❖ -4539032479 -.s11·s,;i999L ❖ --l52822550L~-l-rj .. 
~. 1~- 4 1 /3. Capricorni (Dabih) 3.2 +-5522208574 --79319522 1+3 --2566972144 ~ ~ t . 42 a Pavonis (Peacock) 2.1 +.3203620343 - • ..i:~435303001 -- 8370478121 0 f 
i. 4 3 · et Cygni {Deneb) 1. 3 .:-. 451~ J.602263 -. 53-9C;f53""f24 -:--. 7092 754.074·- · c.,, \ 
): 4 ·~ ·.. <== Pegasi (Enif) 2.5 -<--8140910890 --5555'1-22636 ~-- 16 9 1995627 s,; 

l •, : 45 .. , · , a .Piscis Austr. (Fomalhaut) l _.3 ~-.8343989109 - ·-2390600205 -.£}966173214 c-, ," 
\-- - -~-~ :-:-.~!. • ---·-i ... -: - - - . 41..A. .... ~ : -~:~.::__ _. ,_ . :.. :-: ·.:... :.:...:.:....:· _, - : .- ..... - -. · · - __ : ••. ◄, '_ i• ... · ~ 

;. •--:... - · ,,; ... ~ .... :. .. ,... . .. -- --



(; :- .... . .... . ··-·· · : .. . -· .. _____ .,. ____ . ··-
LIST OF NA VIGA'J'It.... ~~- STARS (1970 - 1971)--,:.,i:.._..:. ~ :~-;-'.~-~-:~;~ .. ~-..,-- r- --.--::__:-._,_ . 

I 

: 

Catclo!!Ue No ···-,-:-:--:-::: ···.- ---- - --- ···--· :=, • • • 
( octc:>J.) Star Name 

1 a Andromedae (Alpheratz) 2 f3 Ceti ( Diphda) 
3 -y C2.ssioneiae ( Navi) . 

a Eridani (Achernar) · 1 4 
5 
6 ,.. 
i 

10 
11 
12 
13 
14 
1q 
16 
17 
20 
21 
22 
2 ,., ,) 

2, . 
"± - ... 

25 
26 -
27 

--

~ 

a "Crsae Minoris (Polaris) 
g Eridani ( Acamar) 
et Ceti ( MerLl{ar) 
a Persei ( Tviirfa.k) 
et Tauri (Aldebaran) 

· f3 Orionis (Rigel} 
a Aurigae (Capella) 

/ · a C2.rinae (Canopus) 

' 

a Canis Majoris· (Sirius} 
et 2 C2.!1is Tviinoris (Procyon) 
-y Velorum (Regor) 
l Ursac Tvfajoris ( Dnoces) 
et Hydr2.e ( Alph2.rd) 
c: Leon is (Regulus) 

' [3 Leonis (Denebola} 
-y Corvi (Gienah) 
a Crucis ( Acr1...1__.,c) 
et Virginis (Spicz..} 
77 Urs2.e Maioris(Alkaid) 
G Centauri (Menkent ) . 

. et 13ootis {Arctt:rus) . 

..: . i 

Vis: Ma~. 

2·.1 
2-. 2 
2.2· 

RIGHT. 
LSCENSI0N 

0 
0 
0 

6 
42 
54 

. 53. 0 
• s.o 
56-5 

·.: .. -••"'•..;-; -~--. - v - .. _. · .! • .~ - ,.· 1.· ·' -: .. 
DECL!- .· · 
NATION _·· .... 

DG MIN SEC-

+28 55 
:-18 8 
+60 33 O. 6 - -··• · _ _;l:;._--.::..~__::_:;_ ___ ...;_ __ .;.__.;::::_::_ __ 2-=....:;.. 36 38-0 -57 23 

2.1. 2 52 3 5 8- 3 -!- 89 7 3. 4": ; 2 13 57 9-5 -40 25 

. . . 

. . - . ~-·· -· .. . ,. . -. 

2. 8 ·: __ 3 ___________________ 3_-_t __ ··----- ·- --------···---··•-··--··---· ·~ 
0 .t~5-5 + ... 58 ::, 

1. 9 .: -~: .. 3 - Jt► -· - · · ·. - ··- ·· · ------- · . .. _ ,_ .. . · ... ··-
22 l '->• 5 
34 15-2 

--❖ 49 - -45 
+16 27 1.1 / 4 B 0.3 

0.2 
-0.9 
-1. 6 

o. 5. 
1. 9 
3. 1 · 

.. r'\ r,, 
,;. • L, 

1. 3 
2. 2_ 
2. 8 ·. 
1. 0 
1. 2 
l. 9 
2.3 
0.2 

5 
5 
6 

' 6 

13 
14 
23 
43 

8 -5 
- " r :)L •::, 

18-5 
52-2 

- 8 
+1,.,5 
-52 
-16 

1. L~ 

58 
,~o 
,~o 

2 
13 
L~$ 

32 
37 /.~ 7. 0 -;. 5 18 

I ----7--=-----,.-------=--:---1---
8 38-2 -[.,, 7 15 8 2 

57 13 -7 - -:-43 9 8 24 
9 

10 
11 
12 
12 
13 
13 

26 
6 

47 
11-, 

24 
23 
46 

4 
14 

9 -6 
49-6 
:?-4- 8 
18 - 6 
58-2 
39-6 
23-8 
53.0 
20.1 

- " 0 

+12 
-:- l'+ 
- 17 
-62 
- 11 
+L.;9 
-36 
+19 

31 
6 

.lt4 

22 
56 

0 
27 
13 
19 

3 
52 
19 - .., ;.J C, 

27 ·30 
31 
32 ~ _ et-::;C_o;-:ono.e Borealis .(Alphecca)-· - 2. 3 - a . ;3corpii (Antares) · · 1. 2 

. ·- ··- 15 _·33 .. • 27.-5. . ______ . ---~----~ :t2.b .. : .. ;;.::f t.B .. ;~•.9~- ,;.;_;.,:._~ -'-· · · : · 
. - . - .. _ 

34 
·35 
36 
37 
40 

l a tfri2.nguli Austr. (Atria) 
· : et Ophiuchi ( Ras2.L½ague) 

... et -Lyrae (Vega) 
a- Sagi:tarii ( Nunki) 
a Aa•.2ilae (Altai:-) 
f3. Capricorni (D2.bih) 
a Pavonis (Peacock) 
et Cy.s-ii (Deneb) . . 

1._9 __ -
2. 1. 
0.1 
2.1 
0.9 
3.2 
2. 1 
l. 3 

16 
16 
17 

27 37-5 
45 

3 5-1 

-26. 22 9 
· -68 58 37 

+12 34 f-tj 'i-1 
l"I '\ 1-.. 1 ,- ,.., 1 8 --3 5 -· •·-5=7' --2 

18 53 28-0 
·-- ❖-3-8~>-5--2-l' :;-----------·•· ·---~-~·· 

(;) ~~ 
C) 

-26 20 
l<J 4 9 2 2 • ◊------------:-❖ 8 4-7 
2 o 19 22-8 
20 23 ZJ.-6 

-14 
-56 

52 
.1_.,9 ---=---. ------------, 2 0 1.,0 2 6- 5 10 

2 • 
}. 1t2 '-> 5. 5 

-:-45 
❖ 9 4'-> 

L~ 

26 
27 
L~ I 
34 
2<) 

o \ ~ ....., 
'"'­Q ·,:.. 
0 ..... (: Pegasi (Enif) . 2. 5 . . 4 5 . , a Piscis At1str. (Fomalhaut) 1. 3 ~ ~ -~ ~ -·: ~--· -·----·--- _ - ··_ - - -

• _ __,:, • •• · 1 • . - •. • -·-~··~· -- --· 

56 3.0 22 -29 46 35 
. ·----- .. .. - -·- - -· ·· ·· 
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Mrd-, PHOGn.AM cHANQlC ROUTING .s1~1P 

0 COLOSSUS 2C 

~OLOSSUS 2D 

D COLOSSUS 2E 

. Cl COLOSSUS 2F 

□ LUMINARY lB 

[ ] LUM.IN ARY 1 C 

UJLUMINARY lD 

D LUMINARY l E 

~IT Approved PCN il NASA Approved PCR 

[J NASA Approved PCN 

A. Coding 
/' ® · Be_gin coding imrnedia tely 

' . 

Program Supe rvisor's Approval: 

yeJ-(/ PCN ff _q_,___q_()_ 
ANOIV1ALY ff ----~ 

I-] NASA Approved 
. Software Anomaly 

L; MIT · Approved 

() - · Software Ano~ aly 

, J)J~/L l/ ~~~c 
I 

0 Do not code until new GSOP material has been a proved by the MIT 
Mission D es ign Review Board (MDRB ) and dis tribute d. 

B. GSOP Preparation 

r.Y Prepare GSOP revisions for MDRB 
~ consideration 

ACTION : ------------

□ 
□ 

Technical Committee Me eting not required. 

Technical Committee Meeting(s) he ld on 
Attende es : 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout ACTION : 

D. Other Programs Affected o Review br correspondmg cha nges in 

ACTION: 

------------

Special Instructions 

P 
. : I) 

.· roJed Manager-:.--:-;<.:. ,,/ .,'(, 
-✓ ~ --

Date /,") - _:)__ -.:.:2. 
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Page 1 of 3. 

Wj .. APOLL-;-S;~CECR AFT ~OFTW ARE CO N FI GU RAT I ON CONTROL BOARD 
PROGR AM CH AN GE REQUErT J - ,) ir:""' ... ... , t: Ii± -?it· ~ ~~- la!!.;"...-._..:..:,'""' ~ .. ~ ......... ~ ·-~--:i37"":! Wl'l&"t r;...,- •v --1. 0 CO MPLETED BY ORIGINATOR . I, I ORIG I NATOR DATE I , 2 0 RG AN I Z AT I ON APPROVA L DATE 

; P. VOLANTE 12/19/69 MIT /IL 
' I • 3 EFFECT I VI TY I • 4 T ITL E OF CH ANGE 

LUMINARY lD V44 RR Remode Check . 

-1 . 5 REASO-.(S l FOR CHA~GE 

' Fix Anomaly L-lC-04 . See Data Amplification Sheet. 

,. 
I . 6 DF.5CR I PT I O\ OF CHAN GE 

Have V44 check for RR antenna R e mod2 in progress and not disable RR error 
counters u ntil remode complete . 

- - ,,._ _ _,.;;:z,...LL!'..!Z'.!!.L. ....---· · t;.-.;.;; ---,---.z.1:::.- --• ~~, ....... __ -·~-------~1!:':!,;'- . ~:..,I.."....-- .. ..,...._,~ 
2. 0 SOFT WAR E CO NTRO L BO ARD OR FLIG HT SOF T\'IARE BRANCH r,. DECISION FO R VISIBILITY IMPACT ESTI MA TE BY MIT 

2 . I 

□ •'PPR O\' EJ □ DI SAPP RO\' EC 
2 . 2 REMAR KJ' ; ; 

2 • 3 sc=•,\~~:: CO\ TRO L SOARD OR FL I GHT SOF T WArt :: I SRA, CH 5 1 G~ (') C F 

6 VIS-IBILITV 
a: sa=: ~a::n t1 z -a:aa:::;::-~.r.: -~~- " -~ 1 MP AC T EV ALUATIO N: 

3,2 I MP ACT OF PR OV I DI NG JE?A I LE D EVA LUAT I O~ None 
3 ,3 STORAGE I MP ACT 3,< RE MARKS: 

6 Fixed 
. 3 , 5 

4.0 SOFTWA RE CO NTROL BOARD ACTIO N 
PRO VI DE 4 , 2 REMAR KS 

□ DE T AILE D □ o r s -
CHANGE APP ROY Eu 
E\' ALUAT I ON 

J,3 SOFT N>RE co,r AO L BOAR u SI GN OFF 

'Al T COO RD I NATOR 

DATE 

5.0 MIT DETAILED PROG RA..1 CH AHG E EVAL UAT IO N 
5 , 2 MIT E~ ALUAT I ON 

=-m.,,., 's4i.,.,,soYTw'A RE - C oiffn O L -o'o'tP.o ... OECI s '1'0H ON l,j IT 
DET AILED PROGR AM CHAHG E EVA LU ATIO N 

f j 

f 
: 

i, 

1 

tl 

t-,--------------------- --------·- ----·----------------·.J6 o· I STA'lT QR CO'i T I NUE □ DI SAr PROV ED OR STOP 6 ,2 REMAR KS, .1 IMPLEMENTAT I ON IMPLEM ENT ATIO N ,f •3 SOFTW ARE CO NTR OL BOARD SI GN OFF 

-t ;)ATE 

11SC Fo rm 28 8 



1 • ;1 ). , l 

f1 \I: ;l " •:t ~ ;- t' • • : 
-'-~-!.:. J I _,.':._ ' ( I ,...,,..,,.,.,~ ........ ....,..._,...,,.._ ..,....,...,,...,_....~=----t-: -. -

·i APOLLO S PACECRAFT SOFT WARE CO NF I GU RAT I ON CONTROL BOARD . _ ::r:;, ~::.::.::~~ 

DATA AMP LIFICATION SHEET PAGE ___.2.___ 0 F --1_ _ _ 

REQUEST NO . PRE PARED BY DATE ORGAN I ZAT I ON 

9 w ___ ,___P_. _v_o_L_ A_ N_
1
T ___ E ____ __,__1..,,...2 /_1_9._/ ..... 69_ ..,....__ __ M_ I'I_~ f_I_L __ _ 

~ONT I NUA T I ON SE CT IO~ , (Rcfcr t o Blo c k Nu mbe r a nd Tit l e on Pr oQ r am Chan ge Requ es t f orm . ) 

1. 5 Reason( s ) for C hange, co nt 1d. 

If V 44 (Terminate RR Continuous Des igna t e ) is keye d in while an antenna r ernod e 

is in progress, the RR error counters are disabled which stops the antenna drive . 

However, th e remode task keeps running and the remode flag (Bit 14 or 

RADMODES ) r emains set, until a hardware or softwa r e restart occurs. A RR [l 
(. 

coars e a li gn request (V4 1N72 ) du ring thi s time can cause erratic ante nna b e hav io r Ii 
because th e p resence of the remode flag causes th e designate routin e to start a 

second remode t ask, which conflicts with the one still in progress. Recovery 

from this situation is effected by any V37 request (to c a use a software restart ) 

and cycling the RR mod e control switch . 

. ~EM ARKS : 

MSC Form 288 A (J u l 68 ) 
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' I 
I 
~ 
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•' ·• . . ~ , 
... -··. ·-··- ... . -· -- - .. 

111. TU Tl::kMl ·~AfL Tht (.•JNTINUCJUS IJES _IGW .. TI:: IJl'TIC.N 

(21 TU OlS Ab LI:: THE kh CUv F.P~Ck CCUt-.TEQS. 

ASSUMFTICII.S: Ill Tl-t: PROCtSS IS CRf::li Sfll:CT[l) BY l'Sl<Y f::11.n<Y. 

V41N72. 

.. _..,..,..,. .. ... " 
_; ... -. .. --

121 V44E is t.FFtC.Tl~E- lt-.LY If- "'" CCHINU~US Ct:S lGNATir1N [V4lN7?, COAi'SE fill(;~! Pf.. cous. OPrrm, ?l IS IN PRQGQESS. 

PROG 
CONT 

(3) TH!: PRCCESS MAY et SELECTtC AT ANY TI Mt:. 

LGC 

S TAR T CRE lo< INIT I AH:D 
YER M IN ATE RR CONT IN­
UOUS C.ESIGNATE 

IS THE CC NTINUOUS 
CES IGII.ATE FL,IG SET? 

RESET CCII.T INUCUS 
Ot: SIGII.ATE ANC 

.N 

EXIT 

CRCUt-.C CkEW 

CllEw 
SELECT ION 

KEY IN V44E 

.. -- ---·----- -------~---------

01 0 

1!20 

V44/l U'1P14PY 

.. 

' -j 

,r 

~ 't1 
OJ n 

\.Q ~ 
(D 

\.0 
WI..O 

0 
0 
rh 

w -;-
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PCRf,_,.-oew ti 

ANOMALY# 

c-1 COIDSSUS 2c· 

f___ 'O LOS SUS 2D 

[] COLOSSUS 2E 

c·1 COLDSSUS 2F 

I ] LUMINARY 1 B 

[]LUMINARY lC 

. [ ~ _,UMINARY lD 

CJ LUMI NARY l E 

I 

□ MIT Appr ov ed PCN r:l ~\.SA Approvec1 PCn 
__ _j 

[] NASA Approv e d 
· Software Anomaly 

,-- . . 

L __ : MIT .Approved 
[] NASA Approved PCN 

A. Coding ·/ 
. Software Anomaly 

J I? -a 

B. 

&Begin codi.ng irnrDeclia teJ.y CvK•--,,.'l (! /.___ v't-0------;ie/[,,_ /LQ..A...o. ___ ,_ ,,,_r- ·-·-- ) 

() 

0 

□ 
□ 

.ACTION: ~-- . 

. . . . (ti\ ,ff- i '/) 
. Program Superv1sor 's Appr0v2J: _ '-{ IU-~ _/40-- jl \"'.-~____,,,,__(1_~ 

Do not code until new GSOP m2.te:cial has been appr0Jec1 by the MIT 
1\/lission Design RevieV✓ Board (IvIDRB ) and di st ributed . 

Prepa.re GSOP revisions for MD HB 
consideration 

ACTION: 

Technica l Committee IVIeeting not require d. 

Technical Committee Meeting(E, ) h P. ld on 
Attendees : 

C. KSC Testing and Che<::to:!!_ 

0 R ev~e-..,v for possible impact o n I<:SC _ _ 
testrng and checkout ACT10N : 

D. Other P1~ograrns Affected o Revie v.r for corresponding cha:•.ges i.n 
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Page 1 of 2 

1,3 lrf"[CllVllY 

LUMINARY lD 

Make UPRUPT Program the san1.e ns COLOSSUS and allow more efficient summing 
of K-start tape loads. 

_,; ---- --·------....c•- ----- ------------------·---------------.. 1,6 OfSCRIJ'Tl(l'I or CHAN G l 

Modify UPRUPT so th0.t during ground te s ting the number of uplink k'ey codes is 
counted and each key code is summed and stored. See atiacbccl GSOP page._ 

~~.;us.::r::-~--r.7!' .. "?.:~m·.:.~.1-., .w:-.t~t••,;:1~1'!"".:t,:,;. ~·-..t.~: .v .":~"..":' .. -::-i".-1~:r;:;~.::r-;,_r:': ""~ .7 .i! ~::.:.,.P ~7:r".:r.1~.:-!: J'\:~;c::!i~:::~~t~·r;::rr.c:..--;..~::--=~.:n:--,:~•-,-;,y-, __ z,, . .1,,,~:; ...... ~,:-~ _,. ,. ._.,._· ,: • ~: : · . 2 • o s o F rn A n E c o ll Tn o L o o A n o o n r L I G H T s o r TV/ A n E. B n A u c II I _ OECISIOH FOR VISIDII..ITY lli\PACT ESTIMATE DY MIT 
2. I 

□ ArrROVED □ 01 SAPPHOVEI: 

S(lfT .V A~ , CC>'ITl!OL BOARD OR fLIGIIT SOFTWARE 
!lR,\',CH SIG'I OFF 

>;:a~ r:1:tt~~::n:,:?-~ll~.S:ru'.7U..~ - :-.tt ... "7"''Z'~-"7A'l':J.'"J:::-.r-..c.1!J~";.."'Q!.'7~'l-;;1Q·;:-r~:s.T-r;rJ:'1:..~.."..)=:-li":t..:Q..:..J:~-.:.:.Jmirc.ms..~·!.l1.ntit:!.,;,:;:::-:r,!7...Z:-A%!;::X'f~.r.;J;tfa..t'tZ?uOQ.,:;:.i'3':'.";"':.'T:.-:::;. 3.0 MIT VISl!JILITY IMPACT EV/\LUATIOI<: I ------------ ---- ----- -----.----- ---- --- -------------1 J, Z IMPACT or - P RQVID!NG DETAILED EVALUATIO N I 
---------------- ------,--- ....... ---- ------ ----- ---------~ 1-3 ___ 3_sT_o_R_A_G_,_1_.,_,P_A_c_, __ G_f_ix_·_e....,d_._,_ ___ ........, ___ _ 

3 ·4JE~.-•· d ~L-f,t/2-t_;,-<~-~/ -r: 
J.5 ~,17 COORt'l',ATOJ!~ •· / . . \ I ,I L -f::.',,, J.-d-".._// E__-✓,<-•A .0,J~ -/~~() ch, ( :?_. -_-z 9 ..,..0 9 

OAH 

-~•I MIT COORDINATOR - - -5,2 MIT EVALUATION 

. 
~,;1GJY.U:Jte1cc,;,.~n::rn:no--r.;;,r ,.•.cr:-u~r.:-1:-,:.;r-.c-:-r. .. "'"'l'J':.~~ ::.·.:.:.~.1,11.:..1.\:t· ~-''.\''.1"~ ... ~-~ ·,.'T'C'e.YJ7:Y13"J.::•.~ -,.-:r.'U~"n\a:.:~~~~-... ~··-, · ·· ir.f so·rrviA°fE COtlTROL OOARO OECISIO!I OH I.Ill I 
r,r'-t s,AR·, oR coNTINuE 
LJ IMPL (MENT AT I OPJ 

DETAILED PROGRAU CHftHGE EVALUATIOH 

D DISArPROV[O OR STOP 
I MPL tMENTAT I ON 

6,2 R[M AR KS1 

-· 
• r 

• 
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2, 1 

. ' .. ' 

Di(!itrtl Uplink to LGC (P27) 

· PCR 991., '2. 
. Page 2 of 2 

By mcnnr; of the LGC UPLINK, r,round control can iiwcrl data or irrnuc instruc­
tio11n to the LGC in the same mnnncl' that these funclio1w nrc 1101·mn1Jy performed by 
the· 1i1lncccrafl c . cw in using the DSKY keyhoa1·d, T;.c LGC fs proerammcd to ncccpt 
the. followina UPLINK inputs; 

1, J.,IFTOFF TIME lNCRJ~f\.1T::NT: P1·ovidc::; 1.;rou1H.l c_npability vln VEHD 70 to . - . 
increment or clcc1·emcnt the LGC clock, LM nnd CSM state vector timq;,and .. '• .. 

. TEPIIEM time with a double precision octal time value, scaled centit:1econds 
/220. 

2, CONTIGUOUS BLOCK UPDATE: _ Provides ground cnpnhirity via VEHJ3 71 •• 
to update from 1 to 18 consecutive E memory 1·egistors in th e same }~BANK. 

3. SCATTER UPDATE: Provides ground capnbility v_ia VERD 72 to update from 
1 to D nonconsecutive E memory registers in the same or different EBANI<'s. 

4, OCTAL CLOCK INCREMENT: P1:ovicles ground capability via VERB '/3 to 
increment or decrement the LGC clock with a double p~ecision octal time value, 

l · / 28 sea ed centiseconds 2 • 

All information received by the LGC from the uplink is in the form of keyboard char­
acters. Each character is assign(?d · an identifying code numb e r called its character 
code, Each character code transmitted to the LGC is sent as a triply redlindant uplink · 
word preceded by a leading 11 1" bit. · Thus, if C is the 5-bit character code, then the 
1_6 bit uplink word has the form: 

1 CCC 

where C denotes the bit-by-bit complement of C. (Table 2-1 defines all the legal input 
keycoclcs.} To these 16 bits of information the ground acids a 3-bit code specifying the 
system nboard the spacecraft which is to be the final recipient of the data and a 3-bit 
code indicating the spacecraft which should receive the information, The 22 total bits 
arc sub-bit encoded (replacinz each bit with a 5-bit code for transmission). If the mes­
sage is received and successfully decoded, the on-board receiver will send back an 
8-bit "message accepted pulse" to the ground and shift the original 16 bits of the up­
link .word to .the LGC (1 CCC). Th<! leading 11 111 bit causes an intcrn1pt within the. 

· LGC after all 16 bits have been shifted from the uplink receiv~ 
..-,~-• - _· ~~,._~;..,. x .,.xw,..c....:z,.'l:l'J'IL.-a:.~ ...... n::-n,rrtn"YJ.~-~,.~~ · 

Any ground command sequence normally transmitted via the uplink may be 
duplicated by the astro_naut via the keyboard. All reference to uplink words used in 

'this section arc in the form transmitted from the uplink receiver to the LGC, There­
. fore, they do not contain the vehicle or subsystem addresses added oy the ground 

• I 

facilities. 

ground testing the count of UPRUPTS and the sum of · the 

' . 

~ . . . CCC codes entering the LGC are accumulated in erasable registers., 
permitting a count an~d surn=-§:heck on da-1:a .transmitted UPLINK to 
the LGc·. ·· .· .. 

2-3 • ' . 
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Q.COLDSSUS 2C 

[l, COLOSSUS 2D 

0 COLOSSUS 2E 

. 0 COLOSSUS 2F 

D LUMINARY 1 B 

□ LulViiNARY lC 

[a{,UMINARY ID 

D LUlVIINl\RY lE 

□ Tv'IIT Approved PCN [~ASA Approved PCR 

[J NASA Approved PCN 

PCR/PeN # 9 f/ b 
ANOMALY II· 

[-] NASA Approved 
· Software Anomaly 

C MIT · Approved 

A. Coding · ~ Sof~twa .e Anomaly 
1 t:7-~- , )c _,,-i,L?--,1,~w1-Q_. 

- - - . , f -:i ___ ./_ _ . 
. .. ,•- -LY,..!..~-;. . ... _.;..~~:;it -

ACTION: !7'411k,' ~ ; <'../ _ 

coding immediately 

0 
Program Supervis or's Approval: /lJ ,f,L--""' !L-~-f /..l.e,y~-11\___ 

.Do not code until new GSOP material ha.s been ~ppro9ed by the MIT 
Mission Design Review Board (MDii,B) and distributed. 

B. GSOP Preparation 

/0\~repare GSOP revisions for MDRB ~e,,/ 
V consideration 

□ 
□ 

ACTION: 

Technical Committee Meeting not required. 

Technical Committee Meetinr;(s) held on 
Attendees: 

C. ,!(SC Testing <:1-nd Checkout 

0 Review for possible impact on KSC 
testing and checkout ACTION: 

f1 

--------------

D. Other Programs Affected o Review br COlTCSfOP..cL.'ng changes in 

Special Instructions 

I 
I 

(Hev l0/G9) 

.1 



?fl&E I or3 

1,3 EFFECTIVITY 1,4 TITLE OF CHANGE 

LUMINAPY lD Liftoff Check in P07. 

1,5 REASON(S) FOR CHANGE 

Prevent selection of P07 during flight in orde1· to avoid overwriting shared 

erasable memory. 

:l's~tbi; 1

bT;o~;].i~kN~~ liftoff called NODO P07 .(this bit is not cleared in FRESH START).,' 

. Check NODO P07 at beginning of P07. If this bit is set, send out 21521 ALARM 

Jff?,,Q..J?QQ).y~qy~st f<2r. V37 ;,vil~ resuttJ3:om=1:'00D90_;. -~~ ...-,_ ~-.-,.-,;--,-=L"~1;~~-~=-z- . 

· 2.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFT\'/ AR E BRAtlCII I 
; DEC I S I O rl FOR V I S _I B I L I TY I I.I P ACT ~~~-TE __ B_Y_~_l l_T_, __________ : 

2,l D □ 2.2 REMAR K S, 

APPROVEO DISAPPROVED 

; Z,3 SOF'WARE CONTROL BOARD OR FLIGHT SOFTWARE 
BRl'\CH SI G'i OF-F 

DAT:: 

3.0 MIT VISIBILITY IMPACT EVALUATION: 

1 3,: SCHEDuLE I M•ICT 

None 
3,2 IMPA CT OF PR OV I D I NG ~[TA IL ED [VALUATION l 

~3-.-3-S_T_O_i'1_1G_E_1 _•_, ,-~-C-T--------------.-3-.-4-R_E_M,._A_RK-S-,----------------------: 

8 Words of :fixed memory_~_ 

,18•.l IVPLE'1ENT AND Pl'IOVIDE □ DIS• 

PROVIDE DETAILED □ DETAILED 
_· CHANGE EVIL, CHANGE APPROVE.> 

E\"ALUATI ON 

4.J · soFT~~RE CONTROL BOARD SIGN OF< 

;)ATE SC 13- (IV- -i,/,+j? 0 . 
;===:tt·-==~~~-.ci;,~-..:34..,_........,sz..,_'fi.,, ~-Y.a c:.-:-~.=:~';..;._... ~,,........~™m,.a..z •~·~~~--z,--~ ~ 

5 • o M I T o E TA I L E o PB~ ;~ A ,;, c H M;·a-.E-"7v A -L u A T I o ~ · -~ · ~~ · ~, . 



...:_.~_ • ..Jlr.:"-"\,,,-';; ____ ~---"''_,_i~~t~ ud ____ .,_·. :L ___ L .. ,-~<ZLdJ~--·---~---·..,.· ';:.._,~ _.;· · 

0 

: I 

Word Number 

39-44 
(Cont'd) 

Flagword 

3 

3 

.3 

• 

,.,., .... , .. ~,-,. '":--;·~:···-~•i/f"""''. - ·- ··:·· ' .. 
I.,.,.'.: °'. 

f> /IC-£ .~ _of-} . . 
?c /2. -9 ?fo 

Contents 

Bit Meaning 

12 LUNAFLAG. Used in lat-long subroutine. A 1 means lunar lat­

long. A O means eart}1 lat-long. Set to O or 1 by routines that 

, - - ~c::_11 lat-long subroutin:e_~ .. · · ·- __ 

11 NOD9 P07 BIT is set to 1 by ground uplink 

at liftoff Tested by ·V92 which performs 

POODOO (alarm 21521) i~ the bit is set. 

Tested in UPRUPT which maintains erasable 

sum of key codes if the bit is 0. (NOTE: 

this bit is not cleared by FRESH START.) 

10 

9 

VFLAG. Used in automatic star selection routine (R56) during 

· 1MU l:l.lignment progra m (P52). Set to 1 to indicate that a pair 

of stars are n·ot in the ")OT field-of-vie w. Set to O if pair of 

stars found. Initially set to 1 at beginning of R56 and is used · 

: temporarily for program control purposes. · 

Bit used for two distinct functions, hence assigned two 

. separate mnemonics. 

· R04FLAG. Set to 1 by Verb 63 entry to indicate R04 is running 

and set to O at the end of R04. Set to Oby Verb 78 entry to indi-

• cate R77 is running, rather th8:n R04, since the two routines use 

much of the same coding. Set to O in ROO (V37). Set to O in the 
! 
i 
:· beginning of P'2J/P'22 in order that alarm 521 be sent if the radar can-

-I . not be read. Set to 1 by RS:, before reading RR and set to Oby 

i : R65 after reading RR. The bit is checked in the RADAREAD routine 

/ : (which is used by R04 and P20/P2 2) if the radar cannot be read; if 

! 

:the bit is 1 (R04 is running), alarm 521 will not be sent. 
!. 
: 
i 
I READRFLG. Bit is set to 1 by R29 when RR lock-on has been 

achieved and the RR read cycle is starting. A 1 indicates that 

R29 is reading RR data. Bit is reset to Oby R29 when exiting 

i . the RR read cycle because of a bad reading or the RR not in ·~·. 
; 

LGC mode. Bit is reset to Oby software restart (V37), FRESH 

, START, and hardware restart. :A O i~dicates that R29 is not 

: reading RR data. Bit is tested by. the RR read cycle of R29 to 

determine if radar read is allowed. 

2-41 
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V36• REQUEST FRESH START REV 03 12/03/69 

PURPOSE: CU TO INITIATE A COMPUTER FRESH START. 

ASSlJI-IPTION: ·CU THIS PRCCESS l'.AY l!E SELECTED AT A'/\V TIME. 

PROG 
CONT 

:., 

C2J · FRESH START CAN ae INITIATED . IN ANY OF THE FOLLOWING lolAYs: 

(A) VIA PROGRAM IF PHASE TABLE CISAGREEMENT IS DETECTED FOLLOHNC A RESTART (ALARM CO0E Oll07J. 

CO) VIA PROGRAM IF saF CHECK IS INTERRUPTED av A RESTART DURING ITS ERASA0LE MEMORY CHECK ANO ERASA&.E 

.. .. .. ...... _ ...... . ··· -- 1-(:CHCRV IS SUSPECT • 

. _ .. . T ._ .. . -·· (CJ BY SIMULTANEOUS DEPRESSING OF THE MARK REJECT ANO ERROR RESET BiJTTONS DURING A :tESTART. 

(OJ. CSKY ENTRY OF V36E. 

NOTE: · A COMMANDED FRESH START (V36J WILL TURN CFF THE ENGINE, AS WILL PRESSING •HARK REJECT• A'l0 •E;tROR 

RESET" CURING A RESTART. 

THUS: "A" ANO "8" 00 NOT Sl-lJT OFF THE OPS OR APS, "C" ANO "0" WI LL SHUT OFF THE DPS OR A?S. 

13J If FRESH START INTERRUPTS STATE VECTOR INTEGRATION, THE STATE VECTOR MAY BE INVALIDATED. 

NOTE: LGC !=RESH START INITIALIZES . ALL FL/;GkCR0S (SEE EXCEPTIONS 81:LOWJ, CLEARS ALL JOB CORE SET AND VAC ,\REAS• SETS 

WAITLIST TASKS TO ENDTASK. INITIALIZES ALL OUTPUT CHANNELS, INITIALIZES OAP IDLING PROGRAM, INITIALIZES 

ocw~LI~K TO COAST-~NC-ALIGN 0CW~LIST, BLANKS THE DSKY, ANO EXITS TO AN IDLING STATE (DUMMY JOBI. 

LGC FRESH .START COES NOT ALTER THE STATE OF T~E FOLLOWING FLAG ·airs: 

(ll APSFLAG, WHICH INDICATES IF iHE DESCENT STAGE IS ATTACHED. 

LGC 

( 2) SL.q FACE FLAG, kHICH INDICATES IF THE LM STATE IS ON THE LUNAR SURFACE. 

(3) Ll-lOONF!.C, WHICH INDICATES IF THE LM STATE IS EARTH OR LUNAR CENTE RED. 

(41 CH0Oll:."LG, lo.!-UCH INDICATES IF THE CSM STATE IS EARTH OR LUNAR CENTERED. 

(51 REFSMKAT FLAG, WHICH INDICATES IF REFSHMAT IS VALID. 

(6) NODOP07 FLAG, which indicates liftoff has occured. 

CROJNC 

. 

CRE~ 
saecTION 

START CRElcJ INIT lATEC ·•••••••••••••••••••• KEY IN V3(;J:. 

FRESH START --------

• . 

,\' · 

010 

e 



MT('1 'n1,· lPROGRAM CHANGE ROUTING SLIP ..-

D , <.~OLOSSUS 2E . 

Li Cl.) LOS SUS 3 

□ COLOSSUS 3A 
. D 'COLOSSUS~ 

□ LUMINARY 1D 

□ LUMINARY 1E 

0 LUMINARY t:F' . 

□ LUMINARY_ 

~IT Approved PCN □ NASA Approved PCR 
LJ NASA Approved PCN 

PCR/@.11 too7 
ANOMALY# ___ _ 

□ NASA Approved 
Software Anomaly 

. A. Coding 

Q · Begin coding immediately 

O · MIT Approved 
Software Anomaly 

( ~ s (J P_- _o_tJ_L_r_) ___ · _ 

. 0 

□ 
□ 

ACTION: -----------
Program Supervisor's Approval: ___ __...,.--_____ _ 

Do not cocie until new GSOP material has been approved by the MIT 
Mission Design Review Board (MDRB) and distributed. 

Prepare GSOP revisions for MDRB 
consideration 

ACTION: -----------
Technical Committee Meeting not required • 

Technical Committee Meeting(s) held on 
Attendees: 

• 

C. KSC Testing and Checkout -~ 

0 Review for possible impact on KSC 
testing and checkout · .-.. ACTION: __________ ._ 

. ·D. Other Programs Affected 

Q Review i:>r oorrespcn:ling changes in 1, • 

ACTION: 

Proj~~t Manager----1--,-::--_j..,._f.-__ /- "-"-~-, ~ __ -_ -,:·-_, .. -___ -_)--=-
Date ( . ~- 5' - [l'· 

Special Instructions 

,f \ 
_) 

. " 

'I ., 

,· . 
I 



I , I O R I G I NA T OR OAT E 

H. Maher 5/11/70 

1, 3 EFfECT I VIT Y 

LUMINARY ID 

· j t. 5 REASO N ( S ) f' OR CHANGE 

To Improve Quality of Document 

1. 6 OF.$ C i l PT IO N OF CHA NGE 

See Data Amplification Sheets 

1.2 ORGA N IZ ATI ON AP PRO VAL 

MIT 

I , 4 T I TL E Cl f' CH ANGE 

GSOP Section 2 Rev 9 
Editorial Changes 

\ 

' 

F~~~~ .1~=".::~%!<.1.r..:-z:;;:....wn,.-;::;...-~~-a.;:;;.: . .:·.:---=-.s--;:t,:-.~w-:~~-~--::..:..7 ~ '":':.~ -:..~,::~~ "mr~~~~ . 

2. 0 SOFTW AR E CO NTROL BOARD on FLIGHT SOFT WARE BRANCH j· 
. DECISION FOR VISIBILITY IMPACT ESTI MATE BY MIT _ . 

: • I 

□ APP RO VE D □ D I S APP ROVED 

, Z, 3 SOFT WA RE CO~T ROL BOARD "QR f'LI GH T SO f' T WARE 

OR> ~ CH S I GN. OFf' 

DAE 

2 , 2 RE MA RKS , 

~~i'l::"~1:r.-.>."2::1'~~~-.;-.,.'Pl.100-1t.~~~~:.~ .. .11,;:;:-.~;;"-"';..~ ~~..:.~·,.~ ~..,-.1i£r~~~~--rs :. 

3 . 0 Mil VISIDI_LIT Y iMPACT EVALUATION : 
1--

, 3 .: S CHEDUL E I MPAC T - 3 , 2 I MPAC T OF P ROV IDI NG DETAILED [ \"ALUATIO~ 

·I 
i 

.1, I 
□ l ',' f' L f\l f >H ANO 

Pfl 0 V l ll£ Of. HI L(O 
- CH A~ G C E VI L, 

rR 0\' 1 0( 

□ (I I , . A I L f 0 
CII ANGC 
El"AL U ATI ON 

-.1===-==-=-= --~-~=;~;"';·~~r7i~~~--~~;;·~-;;"•;;;~;~-=;=t;tl~~:~~"~~-=='3=====~==1.· 
-f -1 MIT COOR Dl~ ATOR 5 , 2 Ml.;--E VA~-;;-;.~-- . 

l, _ _ ""':-:-e-- -------------
1 OATl -

ll s r. F O r 1,1 ' CT n ( J LI I 6 ' ) 

j, 
• I• 
'· , 

) , 

1 
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1. 6 Description ·of change (cont) 

· PCR 8:18 wa~ ·~~mpli~d with in Revision 5 but was inadvertently not so 

indicated in the list above. 

.,., ..... -1 ., ., I 
i 

~=: .~·~--~J ... ... ·· -·-
•' ----·· lX , .. -· -·· ··-- - -- ··- . - ··'·-··..r •··•··· .. --.--1 

.. 
:X.'11\. 

2-18a 

2-19 

- 2. l~ 1. 2. 1. 1 v~~b-70'.;fr~~l")i; ·-p{~ec}'fuo:;:~e:e~::fication···---· -· ·~- -- --- · ---- -: ··· ... --· - . 

Program 27 verifies that ,:he double precision octal time can be subtrar.ted · · '. 

from the LGC clock without cau :::ing overflow. (For this operation two of the 

UPBUFF registers, UPBUF . + 18D and 19D, are used as temporary buffers for 

TIME2 and 'fIMEl.) If the double precision input til~1e can be ·subtra.cted from the t 
. 

~ 

LGC clock without cat~sing overflow, P27 proceeds to increment TEPHEM and ,· ~ · 

decrement the LGC c1ock, the CSM State Vector time, and the LM State Vector :\ 

tirn.o . Prog1·am 27 wHl then 1:\1 rn th e uplink act:i.vity H11ht "OFF", replace the doi,-n.:. ·· 

link list ' code in DNLS'l'COD with the code for the Coast and Ali.gn downlist, releasQ 

the Stat6 Vector data· for other routines, and reinstate the previous program. 

... . - ··•· .. . · .·· 

aclclr c.,,ss (ECADR) for 
' '.! . . 

... 

i· . . "'_ . 2-15 · 

):, n~rc1: io··~J~~~~g~::phg·~· ~~~~·~ ·in -~ ~~~ 
I 

.. ..... _~ - -- - ·-•-··· - ---~-- -- ------~- -. . i 

absolute address (ECADTI.) ; 

for this UPDATE. 

. 2-lG 
L. -.. --~ ·__ . ••· 

1• ·r, For ri 2~ !. (J u l GD) 

' ' 



-- ... •-~·, 
~ 

-•· 

. ------~-= ------~~ 13·~·:H:~~ u:\ :ft. :1 ; 
. • . 

. ,,,,,,-- ~t=-\Jv "11.l 'IJ\ t>;:.8<:,_ 

@A~s-olut~-Adcl;esses.fo;-UP~~-;~-~;:;am 
. .. ----;,-

. ... - - ·- . ··--- -------·- ~----- --·-·····--·-··---·-- ·- ------- ----- - .- - --- -·· ·----. . ...... ..... ~ .. 
\ r s f. ' . .) L /' -, ,· V l ," 1 ,. I . ·, .. .. r· - C p .. . 0 ' • Lu M I . l . . y 

A;;; _ ;;1:1~, ,: .. h... _.., iJ j __ L.:, t;. -· . 1,:.L, ·- 'i{Ul., .. ;;.; , i i l\,,h 

' ------ -'- · . --·· ·--
• . .. l~l\t)vt'-..P..,.it::..\\"1\-'-/ . . ... __ ·_ ., . .. LC .'\ [) / 

. o W\ \Tr~ ~(2.c, 1-\ · · · · · ~ --..:,...---~~----:---... -:.::::.:::.:::.:==-
· .. ~~':.,.~ ~\.,I:... . __ __ : __ _5:-.. ~?.·colfo1 =ECADR: UPSVFLA5[)".· 

. . ·. . . .• 0:,606 ·- ·=-LL J:.. 1; [· • . x.s;,J.i .. ·--·· ----···-·-

t....: _ 

····· L __ . 

=LC Ai.JR. F.l 5 .. -.. ·-·- --------··· 

.. . . •·•·· . . 
2-18a 

' 
I), Till' ll, •,:cl'11t :tttd .. \,:c,•t1t _ .L.i,:t i s tr ,tn s 1uitkd du1·in ,.;: 

l' l'.~ l'P\\',•r,·d .-\: :l ·i ·nt Cui rL 111 1· ,· 

I'(;:; 1:1·: tkitt)'. 11 11:1~ ; , • (iuicl:ti11·,· · 

1•(;.1 ., 1,1it"':ll' h r'h :1:: ,· (~11ld :111t ·,· 
~\~"'-J '°?RoGi ~ t--..N'\ :j 
"TL e 

· ,..i; Form 
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.r~1 ti 1-.. Pc; J\J 

' rAToL LnPAfi'2~~JIF~?ff :1~~~~!~~fom~Bt"fd'fto='0:~=;:7-=[ 
ROGRAM CHANGE REQUEST NO _, 

0

PREPARED0

8Y DATE ORGANIZATION 

1 1007 H. Maher ·-- ,......L-·..,,5_/_ll,_/,,_7_..0_,..1-__ M_IT------: 

• t ONTINUATION SECTION,(Re er ·10 Joc-:Num6cr ~nT'f7ile-;;;;/>rotram t',~nt• ileque,t orm. 

: L 6 Description of c::ha1:1g~ . (cont) . 

_ Word Number Contents 

l 

39-44 
(Cont'd) 

· Flagword , _ ·Bit 

" 
2 8 

"Se.."r 1 ·~t ? ., t 
A..i t:> ? '·~ " 
b~•-~'t> 

Meaning 

XDELVFLG. Set to 1 if an External Delta V burn is to be per-

' formed . . Set to 0 if a Lambert burn is required. Set to 1 in P30 

b efore N42 display.1, For P34, P35, F74, and P75 - set to O in 

~ubroutine S3-4/35. -2. For P32/P72 and P33/P73 set to 1 in _ 

subrm1tine ADVANCE. 

2-39 
- ----_. - ,.,-/" C::...o~~~C..tt:_!'.) ~"?~\....Lll-.l.<:\ 

-:·15 ··--- PO6°I:IJ;°i:~-AG. Set to i-in~l as P00 integrati~n is -started 

·. ___ . __ . ...•. : to bypass backwards integ ration and perform check for 4 time-step 
--· ... . . .. . . -- . 2- 10· - . - -,- - . -- . ------- --- ·-

91a 

i 

R04FLAG. Set to 1 by Verb 63 entry to indicate R.04 is running 
·-· .. 

and set to O at the end of R.04. Set to O by Verb 78 entry to indi­

cate R 77 is running, rather than R.04, since the two routines use 

much of the same coding . Set to O in ROO (V37). · 

. , i-\lca.'E:.~ \--.)~~le -, u.;, 0 

· ~ ,.,.. 9 A..~ i::) ,~c 
0\.1\.../ 01..l l;C 

~ 0 ..i.e. "i \ 0 \.1 ':::. 't=c. i~ I e-\\. ":::,, FL A. <:., Lve, \'?. 't) 

'ivi t-1 (:;.1.t\C:, l,.nc:~ . N..<:. ~ It-\ E:.~F.. \ ~ 
..J 

, 2-41 

These bits are used toget-her to indicate astronaut­
chosen KALCMAru maneuver rates. . . 

C.o·e.-e..B.:-,<:...D 
~ ""?-c...L.L \ '1-l G; 

2-GD 

. , 

CHANNEL 11. Output cha~~ci:'.~, Bits arc used to control engine 

on/ ~ff and for tjisplay parameter quantiti es. Set 20000
8 

by a fr~sh 

start. A restart zeroes all output channels b ha rdware means . 
... • .... ,, . , . ·-·· . ... . •.. . : · . . . . . -·- . .. .. . .. . . 

... .. -- - . 

2-77 -· 
,, , \ 

~.,_, 0 

-------- . - . - - - ---. ..- .. • .. ' • ' • ., - __,_ r- . --· .7.J :: .. ..... ~~- .. ,;. 
IIS C Forn 20 0h (Jul pa ) 
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.. --; ...., ___________ ___,,.__ _ _ ___, 

95 PIPTIMEl. The . ti~1e . at which the accelerb1~eters wei~e. rec\d 
. . . ' 

·(associated with words 96-98, but since the g1~oup ~s ~o~ .a ~nap-: .· 

shot. quantity, their values as transmitted may not be valid ·i. -

simultaneousl the PIPAs are read the time is stored in 

.. A.DD~b _PTPTTMEl (except during gravi~ determination in P57); when 

· · the state vector is updated, t e con ·en ·s o =>JPTTME 1 is stored 

. 28 · · . 

:in PTPTTME; Scaled centiseconds/2 • referenced to computer dock. 

; · 79 

Spar<.:;. Th~ first half of each spare contains 000008
. The 

second half is ARUPT (the contents of the accumulator when 

the telemetry interrupt was recognized). -
... - - ·": . __ _ . -·· -- -- . 

Repeat of word 28(§1 _tbe Hendezv<:_u!/P:~?,thrust Lisy . 

. . --· -·• -·· - ····· --~-·-- ··•- - ····· • _,.. _____ . . . - -·- ... ..; 
·.- .... · · . :- ~~~~·~~~~e'.E>J.C.I:. 

/ 
1/ 30~ GG 

• ' ~\\::.,~ ~~ G 7 . --···- - ····• . . . 

?~-::- . -;, . 
• --;_ 68-75 

76 

·_ ~ 77;94 ; . 

S°7,~,1=... \.-1.c, C.1-\ A..."-l.('\t:_D 

S:im r. ns w nr cl p; :rn ~Gfi on 01°bitn. l l\fa rn10 vcrn Li.st, · 

.. si~are, Sec p.:i.ge 2-87 for definition. 

I 

Same as words 68-75 on Orbital M·aneuvers List. 

Same as word 13 on .Or bital Maneuvers List. 

Same as words 77- 9L1 on Coast and Align List. 

Same as word 7 6 of Cpast and Align List. L ~?~e. U.e 85 
'. . . ------ ----- - ---- --- -- · - -----· -

C::\:.\'A.MC,~u - ~--------------~ . . 

Spare. See ~;g~for·d~fi~itio;, ·· ·. . ;' . 

.. --,·~• ..... ..... . ·. •.-- · •· ·· ···~ .. _",_., . ., ··---··· ··"-· -- . .,~--~{ ~ . 100 

2-100 . t 
I 

• ,• e 

•, 
I 

I. 
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1007 H. Maher 5/11/70 MIT 

ONTINUATION SECTION,(Re er to loc Num er an it.• · on Proir•m anie equ••t orm, 

1. 6 Description of change (cont) · 1. • . 

. : 1s·=·20 ____ -·· ·-·,·r· vd vile ·6()\ z)~--A-~i~i;i~·-;;;rilb~; -'."J;~1:·o~--th~Ci-nc11c·~tes ·curre~T~----· 
. c::oee.8:.iE.D -~ - . . · . 7 

_ · ~"?~_l_M~rror. Scaled _ (meters_/ cenhs~\c_ond) /2 • Calculated e~ery 

,- .'.:>67~72···· . ., . LM STATE VE~T~;; -~:~~I~~~C-E C~O~DINA;~~-: -~~;~:-~;-~~~,~---:on·-

~J)~W:.Tc.o . t · th ·t· ·-,,.. · ·t c·x Y Z) . 1 d . t /2 24 W d 70. 72 .. 

' r~i='c~~ a~n e pos11_c,~tec -~r - , , sea e me ers •. or _s -10 co~~~ <'~ s~ • 5 tam the ve_loc1ty vecto~ -:(X, Y, z+--scaled (meters/cenhsec~~~)/ t _ _- ·c'. __ 

,;.-: ,', . i Calculated once every 2 sec. during P63 (after full throttle) ' · 

: ·and P64. Not good during ascent and aborts. ·····- • 

'. - •.. • ___ __:, . .... - . ...... .. _ ... _ __ ·- - -r:- ·-
. ·---( . , ).-. ... . 

--····-··-··-·- ··- ··· -- ---- -- .------

.-@?sac?± ~~;:a.~;;;~ 9a-;;;; b~bi ;.;:1-M,;:n.;;;.;;.-; Li~t; -j 

._ - --.. ______ ::__ __ ·_· __ --:-- -:.:.~~- -~-":'"- ··~ :-:·-· -·::. _____ , ______ ._ ~ ' ·· - :·' 

2-110···: : .. 
_.,,_ ______ -- _.. 



l 
I . 

' '' ........ · ... -' . 
I ...__,_ 

J\lt~r / rP., PROGRAM CHANGE ROUTING SLIP 
• A,•,..~ , PCR/PCN __ # \008 

ANOMALY# ' (\ ;, 
~ 

,' -----f7 CO LOS SUS 2 E 
Q · 0 LUMINARY 1D /.~ ?~

1 

I COLOSSUS 3 

L) COLOSSUS 3A 
·o cowssus_ 

□ LUMINARY l ·E ~ - / 

0 LUMINARY Lr◄' . -.~ · 

□ LUMINARY_ . 
~ Approved PCN □ NASA Approved PCR 

[] NASA Approved PCN 
□ NASA Approved 

Software Anomaly 

A, Coding 

Q · Begin coding immediately 

0 MIT Approved 
S:(tware A~omaly 

( 4So 9 cY ;..JL 1_j . 
--------------

ACTION: -----------
Program Supervisor's Approval: ___ __,_.---_____ _ 

0 Do not code until new GSOP material has been approved by the MIT · 
Mission Design Review Board (MDRB) and distributed. 

B.,:.• ,GSOP Preparation . 

~repare GSOP revisions fo~ MDRB 
~ ~~nsideration 

ACTION: 

J , L< L fl W s /JI t<. 

-----------0 · Technical Committee Meeting not required. 

□ Technical Committee Meeting(s) held on 
Attendees: 

C, KSC Testing and Checkout 

0 Review for po'ssible impact on KSC 
testing and checkout · ACTION: __________ _ 

D. · Other Programs Affected 

Q .Review hr corrosporrling 9hanges in • 

ACTION: 
. Special Instructions 

Proje~t Manager -- _-// ..,, __ ~-.'-/£- ,·. -_-z-/.-.,,,'7"/_;_J!--,~--1-~ 
Date (", ·- l. - - 7 D 

\. 
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1.1 ORIG I NAlOR DATE I • 2 ORGAN IZATI ON APPROVAL 

J. Klawsnik 5/15/70 MIT 

'. 3 EfFECT I_Vi TY I . 4 Ti TLE or CHANG[ 

LUMINARY ID 
GSOP Section 3 Rev 5 
Editorial Changes 

'. 5 REASON { S) FOR CHANGE 

j · To Improve Quality of Document 

1 . 5 ~ESCR I Pl l ON or CHANGE 

See Data Amplification Sheet 

--· _., ... -r:,~;i:r.&."C~~Q'S.::.'·l'Z;.."':>:~:1.": . .. ~_, .,_ . ...., ,.. ~ ... ..._ .., ._...,;,:,;•:_::.-.r;;-r~-=:::-.c:.·.:t"::a'l";n-'~ ... ~ ~.£.-.i ....... iuo--. .... _._...;:-:;-w.2,~,:"~J..~~.!:'!:'~~~-

2 • 0 S O F T \'/ h R E C O N T R O L B O A R D O R F L I G H T S O F T I'/ A R E B R A tl C II I : 
DECISIO !l FOR VISIBILITY I MPACT ESTl fH TE BY MIT 

,. 1 
□ D I SAPPROVED 

2 ,3 SOFTWARE CO'ITRO L BOARD OR FLI GHT sor TWARE 
ORA~CH S I G'i OFF 

2.2 REMARKS, 

:fil~~t 'Iw':.~,-.,u,:::..a.~0......-:...~&M:'Tl~~;:-"'~a,,,~ 7 ~~...:.an.r.:r-~ .~~l'C'¥."r~'<~"Z.:.Z~~t..~T.,~~·~.:rQ.~2.~~~ I 3.0 UI T VISIBILITY IMPA CT EVALUATIOII: 1· 
3 ,'. SCHEDul,E I M?ACT ,3.2 I MP ACT or P RO\' IOI NG DETAILED E\' ALUAT IO N ··[ 

DATE 

/.. ·--,, - 7{) 
:;;.r..'":"Jr.~~~~r.=.rn~~~~--,!;0,..."""11-"".:aDrn'"~.--....::s:w..""=..~~~~~ 

4.0 SOFTWARE CONTROL BOARD ACTIOtl 

•o• I l ',' PLr\l! 'IT ANO □ r RO\' I OE □ D i 5. 
rnov 1or O[TA IL CO . DFTAILEO APPROV(J 
CII AV,( [VAi., CHAN C.E 

(l' ALUAT I ON 

4 ,3 SOFT •A R[ CO'ITROL BOARD S I GN err 

JATE 

' r-1-, STAR T OR CONTINUE □ DISAPPRO VED OR 

-- 1 u _l '4PL(M(N TA T I D':__-- , ~IP LE MEN T ATION 

f ·3 SOFTWARE CONTROL BOARD SIG N orr 

j --oii,-,c·--------~----··~·--·--
':' --· ,-.. 4 -· . ·~·; ~ ..... . . . "" ,. ,c r , ' i'" (11 : C,) 

I ,(•_ : 

I I --
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..., ______ _ 

1. 6 Description of change cont. 

In addition to changes of a purely editorial or format nature, perform the 

following: Refer to "Attitude mode control Switch" as "PGNCS Attitu.de mode 

control Switch"; combine tables 3. 6-1 and 3. 6-3; indicate on page 3. 2 -17 that 

SNUFFBIT affects bot~ automatic and manual axis control ; on page 3. 3-13 

FLR/I should read FL6/I; clarify assumptions on page 3. 3-17; mention R61 as one 

of the Prefered Axis Tracking Routines on page 3 . 7-10 and 3 . 7-16; speak speci-.. 

, fically of the Attitude maneuver routine on page 3. 2-5; on page 3 . 6 -16 U' , V' 

should replace U, V; in figure on page 3. 7 - 2, 0 should be ..i_. Also make the 

following changes on the pages indicated: 
·-- - -- ·. 

3, 2, 2, 2 Automatic Maneuvers 

Automatic attitude maneuvers are implemented with exactly the same logic . 
. · ... ; 
as that used •in attitude hold, except for the additional inputs shown in Fig. 3. 2-2 , · 

, .Jne important difference is that the reference angles , 0d, will, in general, be · 

functions of time . These angles are generated by the steering r out ines , such : ·, · . ·,g . 
. * . ~ 

. as the attitude-maneuver routine , R60, shown schematically in Fig. 3. 2-2 '. .'. ,. The g 
attitude- maneuver routine also generates the following quantities to pr.~vide 

smooth and efficient-control: · 

1. 

2. 

~Odo' ~edi' A0drn - reference CDU ~ngle increments 

- desired spacecraft rates 

' ' 

. . 3., ·- ~ P.:~. -. (3.9~~-~-~ ... ___ .;~ .... ~. at~i:.~~~-~~-~; .~~.~~~ .. 8. .. .: . . -·. ·-·· ··---- --·--· ·- · --····· ... ·.: __ .. ~·.;:_: -~·.·:. :~ .. 
Y fJ1e . pr.cf.errc·c1 . frack lng rittituclc .. rou tincs 1

, . • R G l ancl .RG.5 .maneuver . the _vehicfo .bY .. ·:'. .. J g 
' sencli.ng the final desired CDU angles directly to the DAP whenever the desireq !, g 
l attitude is less than 15 degrees from the current attitude (for angles greater · ·: l,) 

l 
.. tlrnn.J.5 .degrc.os . thcycall .R60) (-.-· .. . ·:.- !. "-•-·-·- ····· · -··· ····•: ..... .. .. - -·· -·•·· ····~· ., .• j · . ·•··.·:.:.g ... . . ·I : · •P•~-- , · - . :, ' ... \; •. ~:-

, .... , . 

. . ,,, :7.·.:-(. ,. ~::. . r . 1·3r·?~-3. .,. ... . .. .... ·. :.:.· , ·-··-.· .-~;::, ,<, .. 

- ... R • 0 ·•••R--~--,,,.. ... - •- ........... ............... . ... . . 
l'~C Fr•r:~ i.1::, ( Jul 0,) 

... 
I I 

j 
I 

I 
I 

I 
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rrfoWisfA"CEc~Kf1:f ~i~!~r:m=~:~-~CR~~~rc'o~'r\i~1=iii'f{iFT:::-~ 

<OG RAM CHANG( REOU ES T NO . PRE PA RED BY I OATE ORGANliAT~ 

,j 1008 .__ J. 1:_:1w_:nil~ . _ _ 5/15/70 MIT 
CON T.I NUA TIO N SECTION 1 (Ref,r t o 'jjj-,;;r-ffombcr an d f ,tie on fro ~r~11~e1t lorm.J 

1. 6 Description of change (c~nt) 

··-i- . 
·----- -1'3--·-,vol1ld be-of thcf·orde:r-of 250 -deg ·.--- Thisl wcrnld produce unpredi.ctable-results; ·- --' · '. 
'er- I Q 1 · ' 1 l d f · 1t · · ··. ~ : g·' ·t11erefore· -· the J1ig1r ·rate- should not be selec tecl for the CSM- doc rn con 1gura ·10n. 

(J I . , . I • I I : 

·g _- (Even w'ith a' different algorithm, such a .maneuver would be undesirable because 

· __ J~f the e~orbita~t RCS fuel consurn.ption. ) : ti 

I •, I , I I I- I . 

:---t . Note that "1hen steering is completed, , u\:i and Md, as well as 7J, are reset to • 
I I . I I . ·; . ..I · 

~ ,Fero anf ,. in effe_ct, thf L~ DA~ reverts tp attitud_e _hold about t-~~ -~:i~t:e~ gipba~ . 
i=lngle s. , I -1 r ------·----- - ------1··-· ----·--- --+- , , ., · ,.- , .· :: <...--'--... , .. . , .r --· . . ·-- • --- . ·- -~.2.-~--- - . - . . ·- --~-. .. - --- -'-'"' - . 

. . 

-; ;m:oac_s~:o(oi)-e·i;ation . _ _ _ . _ .-.. - - _-_- :~ -- -_- __ --,r --~-:-_ --_-:_ --_:_-_--'. :-.~--- _ . ___ --- ·_ --: -~---··_ ·-. -.-~-: \:~·-•._·_:·::·; '.r_.I 

:-3 • ___ : ___ ~-::~~-~~- ~v~r_ri5le_ __ ~~--ayc1~l <;1:b ~e_ _?n~:y __ "."l?_~n _t_h~ . :i:'(]~C~ __ a~~it_u':1e . J?°.d~ c_?.~tro~ . sw_i\~\- ! 
:~·1 is placpd in thp AUTO position . Its use ·is further restricted by an internal ,Progra1~ 

d. t d ' 'b di . S b t· 3 2 41 . · ' 1 
. '. ~l~ __ i_s_~~/~;.:~5-e~:::meuJ

1:m::n::: ·::de . . :·! · -- ------- - ·------:-· ~- --7 -·--- ----L!"_~_ ... Jl 
·- • • I I I I 

. · • . Figure 3. 2_-4 shows the functional elements associated with the minimum im- . •·, 
I I I : : 

- - )Ulse 111,ode . In this m ode , the LM DAP r (;!sponds only to hand-controller commands·. 

- Each tiJ.he the A.CA i s inoved fro~ the center (detent) p~sition past the pulse /direct ;~ 
I I I . ' ' I 

-~ rvitche f of the iACA, f single 14-millisec ;firing uf the : RCS jets results about the [ 

axes comrnandGd, The ACA must be returned to detent before another firing will be ' 
_j i I : i . . i I 
P:nde . . ,If no Ac;,A com ~.1_1ands arc prc~cnt,_}he spacecr~ft will dr1ft f_reely. : ·. I 

·_gf In '.the CSIVI-dockcd configuration, the; duration of ,the firings is 14 millisec for : . 

·-- --~-;~~~1~~~ls- ~i;d~t-_ th~ f axi-~ and is. GO mill.is-~~ f~r ~-o;rimand~ ab01.;t th~-Q :ancl R axeJ-. · 
I I I ' I ,-

In all othe r rq;pects, ; the minimum impulse mode is ~de ntic al for the CSM-clocked 
1 

I I . I " 

ancl LM- alone. conf.igu~ations . , I . ! I 
I I ! I - · ; ' I I -

g__ Al though ~he DAPi does not utilize the: s~_'.3-te estim~te in this mode, the r iate : _ 

g __ estimate is ma
1 

intainep, C:,c:msequently the V60 rate dis,Play on the 'FDA! needles i~_.,,: l .. 
o . 1 · I . : o va 1d. , · 

1 
_ _ : • • __ _ _ 

. - - ;-.'··. - . 

_'3. 2.-8 I . --

IISC For n 2Clnt, ( Jul Ci3 ) 

·,. 
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1. 6 Description of change {cont) 

-- ---·---

., T ,. : I I ! . ; · ' -.:: . ' j' 
3. J X:QVINHIB .bit imust not be set. xpvrNHIB is ret automatically in: j i .. 

I I ' ' I .•. .. . • . . . ... -·-;· ·, t - ~:~ 

·· : a) The P12 powered ascent program between the time of ignition · I 
I .... 1

• • .. • ! I 

.. :· 1 and 12 sec aiter the radial velocity equals+40 ft/sec. ·. I 
j b) .ThJ P70 nf.)s abort program and the P71 APS abort program {if j 

I • •. I . ti1e l LGC-e:stimated altitude at 
1

initiation ii;; less than 25,000 ft) ·1 
l . f b~t~~·e;-·tl~~ -ti~~-~f ·i~ition and 12 sec af~e-;the -;~di~i~~l~c:iti~·-~- ··:i·· · . g . 

· --··1··-·~~ eqilals -rl-40. ft/sec. i . . i . · . .· . ! . [·-· -··.8 
1· I i · , .. . 11 . . ' : .. ; . ' ·I · .0 · 

' I c) : Th
1
e PG3 braking phase program and P64 approach pha~e progra?1 • .. , _ ·.g 

I when the LGC-estimated altitude is less than 30,000 ft.', · ' · ~ 
I . ' : -· .. ·-·-- ·-· - I ----- ·--·-·--~:::-:--:~=~:·T~·-· . ·: l 

•. •, -· '·---··· ···•" ~.2.-1) ·····" 

11 

in the PGNCS mode of operation is supplie-d -bythe -;esolve;~ mounted 011 th~-IMU:-··· : 1 

gimbals. The .attitude-rate meters are driven from signals generated by the 

rate-gyro assembly via the control electronics section of the stabilization and 
·1 .. - . ' . .. . . . . ! . - ... ·, ... . . . . . . . . . . . • . . . · · • · ; <Y 

.. 9ontrol ~ystem,;. The ~ttitude-error meter.s, (which interface with the LGC via g 

.ihe digital-to analog converte1~s of the IMU CDU's), display one of thefollowi,ng '8 
] three DAP-com.puted p~u-ameters : . .,!g 

I! I i . : .· . . l o 
0 

' ••I. . 1. I Mode ~ attitude errors (autopilot following errors) - selected via th~ g 
' \';) I DSKY. PY VG lE. 8 

I I • I ! () 

-i 2. I Mode i attitud!e errors (total attitude . errors with_ re spec~ to the .ang\es ·i~ 
I i in Noup. 22) - selected by V62E. . .. ,. l ... ....... .. ;8 

. =[ 3:-i~~;h+ed ~e~icl~ ;:~tes -selected by V60E. , . , . . •·. .• . .•. . . .. .. . : .. • J 
·3.z.- \C) 

r 
l ... --· ··-- -----···-··---~-· -· . --·---· --····-•.• . -··:·.--·:·:··:::.:-_ -::-· -::-:-·:::-:-: :-:::::.:--::-.:-:-::- :. 
IISC F~rn 2b c;A (Jul OU ) 

,, 
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,J _ ___ _ 

o · Thesc~tjuantities are displayed :in the pilot axes. They: are avaHable in all opcra.tio'bal 
0 · I • 0 . 
o .. modes oLthe .autopilot and are updated eve~y 200 milliseconds. . .. __ ... ___ . _ .. ..... _____ .

0 
•.• 

. i i : . ' '. 
1 ·.· · 1·---·Moqe· 1-Hrprovided as ·a monitor of the LM DAP and of its ability to track ·steering 

- I . l I '1 '. ! -- comn1ands. , · I · · · , _. i ·-. · . I I . I - . ! ; 

~-] iVIo~e 2 is ~rovide~ to assist the crew ~n ma~ually maneuvering the spac~craft .t{::~: 
g t.he attitude (gilnbal angles) specified 1n N22 and in monitoring automatic maneuvers. : 
Q --· 1 ! I ' i ···' 
o These errors r~present the difference between the N22 angles and the current CDU 
G - -- 1 [ ; -···· - . - '- , , ·,: ·· g 'rngles, resolve_d into pilot axes. The crew may preset an attitude reference '(desired · 
0 -·, ! I ' : i '·· 
o gimbal angles) into N22, but caution is advised since this may interfere with data gen-
0 --- · j I , , , 
8 erated under pro'gram control. It is therefore recommended that N22 be loaded for : 
(J -· -I ! I l • 

g __ t~1_is_ purpose _in _P00 only. Note that N22 represents desired gimbal angles, not ball _' 
~ · ~ngles . : i 

1 
, l , 

1;, - -- , · I - l I 1 · · - ... : · ---j Sin~e the c?nve:rsion from gimbal angles to FDAI ball angles is somewhz..t compl~- , 

- Gated, routine 60 will automatically convert the desired gimbal angles in N22 to the · 
I I . I I ' . . 

_ _r:equireq ball angles inN18 to assist the crew in monitoring and performing large 
I I : . . 

15 _ spacecraft attitude maneuvers. o· i I i .. 

. Q -··1 DA~:'.)..c s tim~tecl vel~icle rates may be s~lected by tl~e crew with the DSKY :by means; 

--dr VGOE J The r:atc-dis'play mod·c provides a much finer scaling ancl better accuracy 1 

i ' I ' I I . . 

· than tlia~ available on the attitude-rut e needle s driven by 1.he rate-Gyro uss cmbly and .. 
i I I · · .ti · 

· can also, be us ed as a ba ckup to the rate-needle drive by the analog autopilot i.f the · 
I I ' • 

70 - 1!ate-gyt·o asseri1bly fails. · 
I I I 

; ' , . 

I Routine 60 automatically selects the Mode 2 attitude-error display (an equivalent 
- . ! I \ r .:,"./ • 

c~ · df VG2E). Con~equently, DAP-estimated rat e s or Mode 1 errors will be displayed g ·- i ' I 
o · during a'nd afte:n automatic maneuvers only if selected by the crew after the initiation 0 __ _j I • 

df R60. ! ! ' . . i ·r .. ::_~J :··. In t~e PGN~S mini:m.um impulse ~node, the LM DAP will zero the Mode 1 error . 
o I . · · 
'~ _ displays·. If AGS ,control i s selected the DAP wHl . continue to generate the displays , 

. ,~ .. Jrovided ~ha( th~ PGNCS attitu,de mode control switch is left in either the AUTO 
0 : , ,,· , 

g }Josition ior the ATT HOLD pos ition. Howev e r, the rate disp~ay is meaninGless. If 
0 I I I 

g; _ tl1e PGNCS attitude mode control .switch is i n the OFF position, the nccdl.Gs are not 
(,, ' 
II n1:0 in a i nNl ,i,t ,-11, 



►11 t rt ,.,, _ _,__ ____ _ 

I --

'where 

I F = the. computed descent-engine thrust 
, , 

L = the distance from the hinge pin of the descent-engine bell to 

the· center of gravity of the LM 

! 
i •. 

. I 

. I = the pitch or roll moment of inertia of the LM 
- ·~--- ...... , ------ ---------· ........ -- . ·-----------· ·--, - ::··'· ::g- · 
1 6 =. th'e component about the pitch or roll axis of the angle between I o 

th·e "desce.ht-engine thrust vector and the vector L from the desc,ent-

e1~gine hil~ge' pin to the LM ce.nter of gravit~ "' -- · 
I •. 

' ; 
' \. 

The proper choice for the rate gain constants N and N and the acceler- . 
WL WC 

~tion gain constants N Cl! and N CJ. is best ·understood by an analysis of the state : . 
. L C 

···estimator·-·as-a· frequency-domain filter. To simplify the analysis , assume that the 

:v ... !unexpldined attitude 0 will exceed the threshold O every control-sample p~riod> 
---, , max . • 

;The computed rate gain K and acceleration gain K take on constant valu_e$ .. 
·--1 , ____________ _ __ w ______ ___ ..... _ . . a . --• ·-·-:--y 

-~-~- 2..~ 

-1 I 1 
. , . . _ . .. . . . . __ . . _____ ....... . 

ations in the autopilot gains would produce unpredictablE!_ performance, If, on 

tile: other ba nd, ihc accekration- cr.:Lim at • tim r. CC>llr:tnnt wn FJ too great, .th ' I' 

·,would b_e a pro~onged transient in p~weretj flight characierfiect'by' {riefffciEfriC}e t--·- g 

'.firings :while tl~e bias-acceleration estimate reached steady-state. ' · 
' I I I 0 

1 . I c, .......... _ -· ·-·--· -·--- . C.1 
The values of filter gains selected appear to satisfy the various requiremonts. -

Figure 3. 3-10 shows that, for a sinusoidal disturbance of 1-deg amplitude, the 

" error in the bias-acceleration estimate for the LM-alone case will not exceed 
. 2 . . ! 

j. 3. 3 deg/ sec, and for the CSl\lI-docked case will not exceed O. 13 deg/ sec~ Pro--

pellant slosh modes, with frequencies usually of the order of O. 5 cycles per 

second, will induce errors well below these maxima. Testing of the ascent , 

powered flight indicates an acceptable start transient with an offset center of . [ 

!gravity: Testing of descent powered flight with initial girnbal mi.strim indicates 8: 

l 
lth~t an '.insignificant amount of RCS fuel is consumed in opposing the torque due to g I· 
;th·e lagging trim gimbal. 

0 

[. 
I • • I • ( 

-·------,------,-- ---------: ____ ·····-· · -··-··-·-. __ ;\_. -=:'-,-_2C) ______ , .-- · ---- .---. .. - - -- .-~ .. -----~- . ~------~-. ·---
•· • •- .,,. .• __ •• • . ..- ~ •., • • "'• • • - • •• ~•• • • :._ •- • -'-'- "'°·'" ,., • ., ,._,._., • •••·• - h,. 
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1. 6 Description of change · (cont ) f
0N TINUATI0 N SECTION1(R-;-T,, lo 'iJJo;rNum~J")it/t on p(;;ar•m Chan,c l/equc,I form,) 

. .. .. : .. ::. · ·r _.,- .·.- ·. ·:·:· .:··. -- · · . - · . ... . ·. . . . ·-•·---·· ·· . ··· -·· ·- ··---c • • • , .•. ...• • • . ---· - ---- ·· ····-., 

g_! ___ is exe_c\1te~ _ evc_ry two seconds during powered flight , and at certain ·other · · , . ·! 
0 I t ! • I 

o l times
1
when one of its inputs is chan ged by another subprogram. The routine 

0 I • 
' .. 
! .J · computes.the functions of pcceleration and deadband required by TJETLAW. 

~ J· Table : 3. 4- 3 shows the quantities computed in the 1/ ACCS routine. These quantities 
I ' ' 

- I _ 3.-re c_~~p~ted_ for __ thE; P l ..1 :U 1
, and V I axes. 

~A - IE> 
For the P axis, all quantities that are . · . -- . . . . ~ . . - - - . n· -

. . . - - - - - - . - . ) . ~ 
the LM-alo11e autopilot ). Rather, jets are turned on or off only ' • 

at-the control-sample instants and are left on or off for the full , 

. sam_pling period. 
~ ..... 

- . ·-- ... . •.. -· - . . • ·-- - - - !:-' l .\ 

l ~~~r Geo~~ge n.lKalal and Edgar l'yl_ ... ?shika. ·~ -- - i. \'.:·. 
"' "'For the CSM-doc

0

lrnd c ase , the U 1 and V' axes are set coincident with the U and V; ; 
· axes·, respectively. Th_is is a consequence of the assumption (see Subsection i :! ~1 

3, 3. 1. 3) that an average moment of inertia can be used for the Q and R axes. : :Q 
When the Q and R inertias are equal, the U 1-V 1 _system _is equivalent to the U-V i. '! 
s:ystem, _ __ . . . .... --- --····· · ... !.: ·---- --·· ._ , ~ - .:; .\· · 

· ~-~· ·7 ... 1 

rate has been reached, th;- DA P returns to th~ l.ogical ~ath t ·h;t i~ -follo-;ed wh~n the ·· 

1 
jets are not firing, to re-evaluate the torquing policy . 

1 In the re-evaluation of the torquing policy, a check is first made to determine iu the error-rntc magnitude , I EDOTj, exccccls the outer rate lirni:_ of J .73 __ cleg/sec_. _____ _ 
If the ·outer rate limi.t is exceeded, the jct firing time is set to n -~onvcni,s11.t large ·,g, 

• •v ·•• • - -~ . _ _ / 0 
number ( ;!:5 . 12 );_sec signed so as to reduce the error rate , and the jct-inhibition logic 8 
is entered . When the outer rate limit is not exceeded , the control policy repre-

sente~ by Fig. 3. 4- 12 is used to determine the je_t fi.ring time. If the state lies 

~ -1·Z1 

rsc Forn ;, ruA (Jul IJ u) 
---- ·-- - -·-·-- ---,--------·---·--··-··~---- - ,----·· I ~-• . - - • ,, ., • - • .. ... i 



1. 6 Description of change (cont) 

further information, see Section 4 of this GSOP. 

,,, 
~ By Richard D. Goss and Lowell Hull , 

. ·; ,:o:,Thc ,two-:-position selecto1~ on the controller must b_e in the _JETS position ,to . _ -·---~tr : 
' · obtain conti~ol of translation by means of the R__CS Jets. With the selector _ tl 

_' 'in the TI-I.HOTTLE position, up-and-down motion of the controller along the X : :2. 
; axis results in varying the thrust magnitude of the descent engine . and the :g 
·-.-... other· motions of the hand cont roller are prevented· mechanically. 8-

....._ , , .. \ , ! I f-- - - -- - ,-, · - · I : 

· -, '. pitch 3;~is and :one for'. the roll axis - are ;alw~ys set at O. 3 sec each time the GTS ' 

. attituclr control law i s executed. Thus, if the use of the trim gimbals is disallowed,. 

g; ·'. and executiori ·of the 
I • - • - • -- • •• - • -

I 

GTS attitude control iaw is bypassed, the drives w ill st~·p 
' ' 

\•tlhin p. 3 sec . . "• 
5 

_ -<\ .. ~- : ~- __ __ --~=1-~ __ -T 

1 • . • • / • - ~ 

'.attitude'. errors or DAP-estimated rates 011 the FDAI needles . This is done whenever 
, I • ' 1 · .. -

/ .tl_:_~ 11:YJ'CJ _qJ?_U_' s: are usal:)1~ and the __ P_GN<;:~ m~de_ _ sele.~t __ s_witchjs n~t jn_ .. il.?-~ . QlfF __ ___ [ . 

: positio
1

n. It sl1ould be noted, however, that the attitude error displays are m ean- t g. 
' inr.{les ~ if the last computed_ "desired attitude" or the outp~ts of the_ nyru ~DU '_s ar~ ; ! ~j 

' ~.~-5 ~ 
' . : 

The following points will aid in reading Figs . 3, G-2 through 3. 6-4: 
I 

1. The tr_apczoidal blocks indicate the LM .DA.P outputs to _the h_ardware,'. 

2. · Thq syrribo~s e, w and O! denote estimated attitu de, angular rate, 
Cl 

· and bias angular accele·ration, i0 espectively. I . 

:.;c 
Most of these functions are described in Subsection 3, 4. 2. 

~.(;.- C) 

r:SC F~rn ZG. I, (Ju l 
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NE XTU( V) 

Rotational 
h;111d conl1o lle1; 
mode select 
s11itch 

___ ..,..., ___ _ 

Aof..BTP-.flrJ 
(+cc I-/ o F- IJ)< 

Translational 
hmd 
controller 

Bits 7, 8/Ch 31 

Detennina ti on of: ·-- ---

l,\ission 

ULL~ ER 
ORIFTBIT 
APSFL/\G 

a) X-axis tr anslational policy, if any. 
b) ±X-axi s preferred sense during rotations. 

Maneuver 
1outines 
(l{/\LCM/\NU, 
FINDCOU W) 

I -

SENSETYP 

ltAI' rnhy 
,,,,,,11 I •,rt, 

· C.111t11l .1t • .- ,~,,. '""' ' · 
l,1 lf\ , .,~J .ti 1rl r1 .1h 1w1 \ 

lil ,1111 t.1,11tl'lt t•"' ll •l 11t, t,\ 
111 , 11,111bn ,.,11h.111h, 
•~•l(lul\ Ir,.., ti\ ,111! 
11 1 Qf:fl,lll\111,•ul kCJU!IVH 
Ocnr 111 r11! 1t11• l110ttl\by 

1/ACCS 

~ • <::l .. n 

a. 

COIHOI IM · 0 
1/ir. l\ 0 
Al tnrr. lS · O 
()l ,llil!IUR 0 
IIGI \IIIMA 0 
~1ru SJ(1 r'i' VI ht 
11.(!0ltU - •P tlt'I ,ics 

""'------·----

State 
estima tor 

I 

Mission 
JrOg[~ms ,J -
(.J£_~--- ..-Q.._./ 

PULSES 

--
C1ew via DSKY: 
Ve1b 65/75 
Ve1b 76177 
Routine 3 

I S/IUF~OIT 

~- . ·each DAP pass; the timerg·s
1

• mabrael dder·ci· 1v~e
8

n
1

_1

8

en
8

tteodppbey- clo . . :rs
11
·e
1

._

8

c.meWcll
1
1ear

1

1
1 
__ 
1

_ 0
8

1m1 __ e a°.l!
8

t
0
~_e

8

_e_-~ri~v, e~s~st:
0 

___ (I f i;---~~~-0-, · 1:11~-- a1;p;~priat~- - r 
. guard 'against · a run- away of the gimbals that: could otherwise occur when trim-

- : gimbal control is suddenly locked out by the USE QRJTS bit being restored to 1 (as J 

· .. : part o~ the eng ine-off routine, for cxamp]e ). The timers arc set up in e ac h pas s -JI 

.g _ of the :GTS ~ttitude control law to a value such that tl1cy will not be counted down 

· ___ , to zer~ befor ~ the next trim- gimbc1l-syst~m pas s ; the drives therefore continue j 
- - - - _ -. -~ • <=.. - 2-0 - - . - [ l 

, , -·· _- " - --- -·,· ' -- -- .· ;···- .- • ___ - -,. ---- ·_. • ... , , ... ." -~-- --, -• ·•-----· _- ., ,. -'"·_-_- ' - -~-- ... ~-.... -• ··-- -,.c:::· .... ..... , _____ .:__ .... : . ."-::': ..... :"':";:;·C.::...,.J 
LI~~ 0,,,1 ~~ ~,, , UI uu) 

I ,. _____ , 
.; 

I 

I 
I 
I 

I 
I! 

: 
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. MIT /D~?ROGRAM CHANGE ROUTING SLIP 
."PCR/J.;BW:. tf / C: 13 ? 

□ 
. / - . . 

COLOSSUS 2D . (iJ LUMINARY lC 
ANOMALY ll ___ _____ 

cc_. =oLqssus 2E [=t LUMINARY lD 

0 COLOSSUS [] 
D 

3 

COLOSSUS □ 

·. --□ lVIIT Approved PCN 

LUMINARY lE 

LUMINARY 

~ASA 

0 NASA 

Approv ed PCR 

Approved PCN 

A. Coding / 

(9 Begin coding immediately 

Program Supervisor's 

D 

□ 

NASA Approved 
Software Anomaly 

MIT Approved 
Software Anorn.aly 

0 Do not code until new GSOP materia l has been approved by 
the . Mission Design Review Board (MDRB) and distribµted, 

B. _Q§QP Preparation 

~/P~epare GSOP revisions for 
\:::J MDRB conside ration 

Technical Committee Meeting not required 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on 
KSC testing and checkout 

D. Other Programs Affected 

ACTION: 

o· Review for corresponding changes in 

-----------

ACTION:----------· 
Special Instructions 

Project Manager ~fat~~ 
Date . J -~-?a 

· I 

., j 
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~ PROGRAl-.1 CHANGE REQUEST . / 0 l,.t fi 

~ ··~·:-·::::~-~ x~~::;;:~-~,::~--·-j 
l Fr! C l l\' ITY 1.4 TITLE Of CHANGE M 

LUMINARY : C -e-a.,.J., Mu~tiple Servicers Avoidance in P66. ~ 
' • j 
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several servicer jobs ca n run simultaneously with the possibility of producing i 
out-of-order and erroneous guidance commands. f: 

j .-. 1-.-f-,, -f _-.;. C_'l_l_P_T -1 C'-~-- ~() -, CHA~GE ~ 

i See Data Amplification Sheet. ·· ~ 
. -·1.0 rrrm1nTFffi]TIT?fJ w tt'fJimPD]TfCH ___ _, 

~0 ,- T,\ ;,.R ~ Ci_, •,1 TR ('L 
GM•'\,::µ S I (, ' I ':,"', J:" F 

□ D I SA PP ROVE !' 

BOARD QR FLI GH T , o rrw>RC: 

I ~ 3.0 MIT VISIBILITY IMPACT - EVALUATION : = - ~~ 
,~----------------..----------------~l - J . ! o C HEC•c L: l\1°A C T r• 2 IM ? AC T O F PR Q';IDI NG .JE T.\ILED •VALUAT I ON · . i ; : : :::·:::.::·::::, , . """"· I 
~~ --D-A_T_E__________________ I 
fi}il:liBllmz:o ____ ...,,,,........,,.,,,.,zu,.,..-.,i=,.=.,_,....,,_.,.,....,.....,a;,,ll=.....,.....,.....,,......==-=.,_....,,,..,,,,"""'=,u;;;;.n""'"""'a:.n"""'....,,"""'""""'' i:;;,-==...,...,...~i 

4.0 SOFTWARE CONTROL BOARD ACTION 

' 5 . 1 VIT CO OR DINATOR 

, . :ii i:; . I c; T - R C l,ij □. A,T O O.~TIN t; E □ D ISAPPR OV ED OR STOP I l ~?LEMENTAT I ON IMPLEMENTATION 

6.2 REM AR KS , 

t J.; .3 SOFT~' ARE CONTROL BOARD SIGN OFF 
( ~ 

f.t·.1--~-:-::-----------------~ Pi ~ATE 

~ZJ&"U~1!:'i:..~-~'o/~-:r-;:-=-~:~.~::.J;li~~~.~~e:i:refrr-w~*SC'l.!1::.:t;EJ~;->~~ 
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1. G Description of Change : 

(1) At the beginning of PGG, check the ela psed time since reading the PIP As for the 
current state vector (TIME 2 - PIPTIME). If the elapsed time is within the 
padloade d era s a ble margin 2LATE466, continue the P66 guidance. Otherwise, 
omit P66 and exit to the vertical displays. 

(2) ' If the number of throttlings b e tw een any omission is not greater tha n the 
padloaded erasable TOOFEW, issue the alarm 01466. This avoids locking 
out P66 completely without notice. 

( 3) 

(4) 

( 5) 

Raise the priority of the servicer job to 21 shortly after the preceding checks . 
This prevents a subsequent servicer job from starting until P66 finishes. 

Request the independent ROD j_ob at priority 22. This allows the independent 
ROD job to bump the servicer job at any point except in the _!{OD equations. 

Raise the priority of the servicer job and the independent ROD job to 23 at the 
start of the ROD equations. This locks all subs 2quent jobs out of the ROD 
equations untilthe current job finishes. --

! - .. 
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CJ C0LDSSUS 2C 

[L_ :::o LOS SUS 2D 

[] COLOSSUS 2E 

. 0 COLDSSUS 2F 

□ LUMINA RY 1 E 

OLUMlNA11Y lC 

· r ··»f u·1, •1JJ'iT t.\ u v 1 D L::'.J _,._, \ .. , .... L~ J. -

D LUMINARY lE 

0 MIT Approve d PCN ~1AS; ~ Approved PCR 

[ J NASA Approv e d PCN 

A. Coding 

~ ~gin · coding immediate ly 

;,, 

PCR/ 'si--.C~ ff _/_O J_..i __ 

ANOMALY If -----

I] NASA Approved 
Software Anomaly ,-, . 

L_; MIT Approved 
Software Anoma ly 

~ Cw-J~J~ 
AC'rT0l\-., .. . L ~ : I 

· Pro gram Supervis or's ApprCJ;,a1:z11 a,L-; Cc,1c_f ·-Jl~ ~ 
0 Do noi code until new GS0P rnate rial has b o e n appro\,ed by t~e MIT 

Mission Design Review Board {MDRB ) ancl distribute d. 

B. GS0P Preparation 

(~_?are GSOP revisions for l:VIDH.B 
\::::; consideration 

ACTION : 

□ 
·□ 

Technica.l Comrn.ittee Meeting not required. 

Technica l Committee Meetin g(s) held on 
Attendees: 

C. KSC Testing and Che ckout - o Review for possible impa ct on KSC 
testing and checkout · ACTION: 

D. Other Programs Affected_ . o Review :br con :cs_rx)r--LUng changes in 

ACTION: 
Special Instructions 

-------
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-r APOLLO SPI\CECfrn FT SO FT\'/i\RE CO NFI GURATIO N CO NTROL BO ARD r NUM~ER ( <.."o mp[:~J by J-':> [J J 

PROGRM~ C~lMlGE HE QUE ST / 0 I..!> . 
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f , 1.0 CO !.l PLEH D DY ORIGl l!H OH I 

'·' ;:"~~~SON ,;,2/70 -.., ~~;'t;~o;--r•~-L-~-=~,e=-,----·.1 
1,3 EF FECTIVJTY 1,4 TITLE OF CH ANGE I 

, LUMINARY lD Check for AVEGON at Start of R3G. I 
1------- ----- ---- ---- --- - - - ---··- -·---··- ------ ---- ---- - . 

'i=tff{ }"J iid ~0~/~{tJEoJlt of p,].an ~ dis play, V9 OE ) u ses the_ pe rma nent sta te (which clurir~g I 
P12 would be the Rand -Y on the -luna r sur.face ) and s ince tha t s tate was not a n o r bnal i 
sta te, a n acce l e ration ov erflow in integration will occur, caus ing a 20430 POODOO t' 

alarm. -----·------ -~--~-·---------------=---~----·--------~--~--~--
' ~:;:~ • ;~•; , ,,: ~;~ ~N" at start of R3 6. Turn on OPP ERR light if on. •·· r 
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2. 2 R~M AR KS , 

I MP AC T OF PRO VI DI NG DETA IL ED EVA LU ATI ON 13 . 2 

>-----------------~----~,----'-~---- -~-----·- ------~---- -3 .3 STORAG E I MPACT 3 .4 REMAR KS: 

3 Fixed. , ..--.... 

·· ct PRO VIDE 

~

4''-,.-LE.\IE'I T AND □ 
PRO VIDE DETAIL ED DETAILE D 

: ~H~'IGE EV AL. CH AN GE 
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DA TE 

) 

4.0 SOFTWARE COIITROL BOARD ACTION 

□ DIS· 
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MIT /D~ PROGRAM CHANGE ROUTING SLIP 

□.COLOSSUS 2D [ f LUMINARY lC g: cowssUs 2E ~ ~ UMIN ARY lD 

COLOSSUS 3 □ LUMINARY lE 

D COLOSSUS □ LUMINARY 

-□ MIT Approved PCN G ~ ASA 

D NASA 

A. Coding / 

Q Begin coding immediately 

Approved PCR 

Approved PCN 

ACTION: 

f>CR/P--GN II _.:__/_0 _2 _f _ 

ANOMALY fl ____ _, 

D 
-□ 

NASA Approved 
Software Anomaly 

MIT Approved 
Software Anomaly 

Program Supervisor's Approval : 2'f?°=i~~ 
0 Do not code until new GSOP material has been approved by 

the . Mission Design Review Board (MDRB) and. distributed, 

B. GSnP Preparation 

0 ,,, Prepare GSOP revisions for 
ML>ti.B consideration 

Technical Committee Meeting not required 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on 
KSC testing and checkout ACTION: _________ _ 

D. Other Pr·ograms Affected 

0 Review for corresponding changes in 

Special Instructions 
ACTION: 

Project Manager 

Date 

I 
. [I 
-! 
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1. 5 Rcason( s ) for Change : 
Changing the landin g radar position alarm logic will simplify the astr0naut procedures if the landing r adar fails to reposition when it should, or if it reposi­tions when it should not. The change also permits landing radar data incorporation any time that the data good signal is present , regardless of antenna position. 

1. 6 Description of Change: 
The key to this change is the removal of the concept of "desired landing radar position." The program will accept landing radar data in either position as long as the data good discrete is present. If neither position discrete is present, . . or if both are present, program alarm 511 is issued. The 511 alarm will not be repeated on subsequent cycles if the same conditions persist, so that the alarm system will not be locked out by the 511 alarm. 

If the landing. radar position changes unexpe ctedly, p-ro-g-rc.am-ala-Fm- 522 ·".v+.H -be- issued. · The data will not be us ed the first time because the antenna may have been moving during the data reading . 

. . The 523 alarm will no longer be issued if the antenna fails to achieve Pos1t10n #2. If the antenna remarns in Position # 1, -a- 5-22 alar-m--w-ill-be-issued -Etttcl· on the following cycles the data will b e used as long as the data crood sio-nal • 
b b 1s present. If the antenna leaves Position # 1 but fails to achieve Position #2, a 511 alarm will be issued. 

·RE~A~;sit is expected that PCR #102 /., :;;ixed ~e=~-L~:~;~~::-;ransf:~mat:~, Matrices," wHl a)so be approved. This would reduce execution time for comput- f ing the matrix each time the position changes. 
(2) The crew can manually reposition the landing radar ant~rina at·any .time. J=>ro­gram alarm$' 511 afld---52:2•-will appear, but the data willd:hen be used . . ·. , .. i :.( ~-&f.:-L {:. / 1.,:c-:-L.,., .,,d c:(,;. ,.,J ~'}>..-:-t;.J:,_;·.,.__( <..~ L c-; C /4-"-·C .• ~ ~~- w :,.(:L j c...~-:6._,,:_ c:Ls~-~,l /J 
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The present powered landing-maneuver n-1vigation system essentially z [:; -

sumes a sn1ooth lunar terrain. As a result, significant errors can occur in · 

the estimates of vehicle altitude w. r. t. the site when the approach terrain to 
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can adverseley effect the required landing-maneuver b... V, LPD operational 

characteTistics, and the terminal-phase altitude vs. range-to-go cl;laracteris­
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•'. ( I • 
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A si,,.nificant improvement in performance is obtained by storing iil the 
0 i 

LGC an a-priori model of the approach terrain to the site of interest. The 

basic idea is to store the deviations in terrain altitude w. r. t. the site altitude 

( TEREST) as a function of the computed range-to-go from the landing site 

("RZG ). It is recommended that this be done by a series of linear segments 

or slopes, as shown in Fig. 1 for Littrow-2. 

Important considerations in implementing the change are the following: 

( 1. ) 

( 2. ) 

( 3. ) 

Based on studies to date ( Refs. 1 - 3) it is felt that a minimum of five 

segments are required to give satisfactory performance for the sites 

of interest. 

In order to obt ~,i n the desired flexibility over a wide range of terrain 

profiles ( Censorinus, Littrow, and Copernicus), the two par2.meters 

defining each linear segment, e.g. the s_lope and starting ran_ge-to-go, 

should be rn erasable memory. 
l ... 

The range-to-go ( ::=:zc) used in the storing of the a-priori ~•~:}· l · · ·; , ; 

should be computed as the difference between t :--,e c:o ,.·..- ::- ,· ._1: ' .. · : 

components of the estimated LM and landing ~;_; :.•;_ · ·•.j: 

SM coordinates, i.e. : 
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, ! 1. 5 Reason( s) for Cha nge: 
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L a nding maneuvers over rough terrains with large hills and craters require rela­

tively low weighting functions in the braking phase. This is desirable to avoid 

followin g the lo cal terrain variations at long ranges, and introducing excessive 

; ! pitch-angl e oscilla tions (Refs . 1-3). In the approach phase, on the other hand, 
higher weighting functions are desired in order to keep the altitude estimation 
errors small close to the site. The present weighting-function scheme has limited 

fle x ibility. 

~ l ; 1. 6 De scr iption of Change: 
11 The present LR weighting fu_nction is given by: 
· l 

' I 

W H = LRWH (1 - h' /LRHlVIAX) 

where h 1 is the es timate d v e hicle altitude, and LRWII and LRI-I::.vIAX are erasabl e 

: l quantities used to set the slope of the weighting function. To provide flexibility 
in the choice of WH , it is desired t hat a sepa rate erasable load be provided for 

LRWH in the programs following P63. 

.1 
I 

': 

I! 

, I 
f I 
! I 

,· 
t 

I 
I I 

Ii 
. 'I 
! 
I 
i 
I 

!, 
! I 
I 
I 

; ( ,:REFERENCES: l 
; \ 1. Kriegsman, B. and Gustafson, D. "Powered Landing-Maneuver Navigation over 1 

· i Rough Terrain," MIT /CSD Laboratory Mission Simulation Memo #2-70, Feb. 

I 18, 1970 . 
. ! ? 

I ~. 

! 
! 
I 

Krie gsman, B. and Gustafson, D. "Additional Landing-Maneuver S1.mulation 

Results Relating to Navigation Systems for Landing in Rough Lunar Terro.in," 

MIT /CSD Laboratory Mission Simulation Memo #4 -70, Feb. 23, 1970. 

Kriegsman, B. and Berberian, H. "Preliminary Simulation Results for 
Pow ered-Landing Maneuver to Lettrow-2 with A-priori Terrain Model in LGC , 

11 

MI'I/ CSS :;:.,:.:.bors.tory Mi.3 sioc. SLii;.,lc.tion :i:✓Ie~no #3 - 80 , Feb . 23, 1970. 

l i 
I· i I 



. ---MIT /-OL PROGRAM CHANGE ROUTIN G SLIP 

CJ ~OLOSSUS 2·n ~UMINA!W lC 

~OLOSSUS 2E [ - - LUMINARY ID 

D COLOSSUS 3 Cl LUlVIINARY lE 

0 COLOSSUS □ LUMINARY 

--□ MIT Approved PCN uJ/4sA 
D NASA 

Approved PCR 

Approved PCN 

PCH/ P v ,d' fl 

ANOM ALY ff -----

0 NASA Approved 
Software Anomaly 

A. Coding . 

. ~egin coding immediate ly 

□ . MIT Approved 
Software Anomaly 

(j; ) OJ'\.\..c, ~ t / i, \....'--'- , .1,........,-..____Q___ • 

AcTioN = }) n"' E: 1~Q--- . -: 

Program Supervisor's Approval : _;_[L_f-·./cc/\1';(.~ (L [_~~ __ 

0 Do not code until n ew GSOP material has been approve d by 

the Mission Des ign Review Board (lVIDRB) and d_istributed, 

B. GSOP Preparation 

~ Prepare GSOP revisions for 
\J MDRB consideration 

-Technical Committee l\!Ieeting not required 

Technical Comm ittee lVIecting(s) h e ld on 
Attendees : 

C. KSC Testing and Che c~out _ 

0 Review for poss ible impact on 
KSC testing a:nd che ckout 

D. Other Progra~s Affected 

ACTION: 

0 Review for corresponding changes in 

ACTION:-
Special Instructions 

Project 
r, 

<..-•( ,.~ t- C c__, 1........ C ::;- 5- <.. --: J 

- ------ -

.... 



1.6 0E3CR I PTIO , Q • CHA :<; GE 

See Data Amplification Sheet. 

:.I □ >P 0 RC\ c J □ DISAPP ROV E~ 
2

•
2 

R;:,uo , s, . I 
---· ·1:-3 SO F! ~> R:: co, TRC L BOARD OR FLI GHT 5 0 F TW AR :: 

_ Bil> ' ; C:H S I_G~ '.) FF 

~SC Form 203 (Jul 68) 



I . 

1. 6 Description of Change 

Put on downlink the following indicators: 

(1) DUMMY JOB CNTR (DUM LOOPS), 

(2) DURATION OF SERVICER 

SURVDURN = TIME 1 - (PIP TIME + 1) 

These indicators are to be put on the following dm-vnlist in the format: 

FIRST REG SECOND REG 

_su_· _R_V_D_u_R_N_r ___ _ [__ DUMLOOPS 

LIST 

COAST and ALIGN 

RENDEZVOUS and PRE THRUST 

DESCENT and ASCENT 

AGS INITIALIZATION and UPDATE 

ORBITAL MANEUVERS 

WORD 

75 

25 

13 

67 

67 
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1. 5 

1. 6 

(a) 

(b) 

An extended verb stall allow the astronaut to by pass the terrain 

model computations if the mo.del causes adverse effects. 

P66 need not use the terrain model because the program is not guiding 

J 
1 

1 
toward a specific altitude. Also, the astronaut should have on his f '. 

displays the true present altitude, rather than that relative to the land-

ing site. . II 
• l 

V68 and entrance to P66 set a flag to by pass the terrain model 
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computations. H 
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where 
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4/28/ 70 

rP, 2 is the downrange position vector of the LM 

rLRP 2 is the altitude beam vector Z component, 
' and 

rSP; 2 is the Landing Site position vector Z component, 
all in platform coordinates. 
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will begin counting dowr·. immediate ly after calling P41 and t erminates at TIG ...:35_ 

=- : = - ,, ~ :, :: . : , T :::- 2 L 
:,:: .: .,, ,, •• i.. :5 I ~ ··~ : -:- -;: 

;:.:::,,;c:arni&~JCl!E:rE':?!'7'3:-'X·P N &&t ~=™1:0 ... :trn.1 

•. 3.0 !All VISIBILITY IMPACT EVALUATl('N: 

) . 2 I MPACT OF ;qo V I DI NG J ETAILE D EVALUAf t ON 

.) SOFTWAFE CONT ~OL e o ~R D S I GN OFF 

~SC Form 288 (Jul BB) TP# 21 8 12 
... 



MIT/DL PROGRAM CHANGE ROUTING SLIP 

er ""'OLOSSUS 2D D LUMINARY lC 
. ·_ -- ~ : 

~~JaG · Ocowssus 2E ~LUMINARY 1D 

D COLOSSUS 3 □ LUMINARY lE 

D COLOSSUS □ LUMINARY 4 

--□ M.IT Approved PCN 0 NASA Approved PCR 

0 NASA Approved PCN; 

A. Coding 

0 Begin coding immediately 

J?CR/PCN If I 0~ .G 

ANOMALY# ___ ___, 

0 . NASA Approved 
Software Anomaly 

:□ MIT Approved 
Software . Anomaly 

ACTIQN: ________ _ 

Program Supervisor's Approval : __________ _ 

0 Do not code until new GSOP material has been approved by 
the Mission Design Review Board (MDRB) and· distributed .. 

B. GSOP Preparation 

· ""- /4epare GSOP revisions for 
· W ivr"".oRB consideration 

ACTION: 

·Technical Committee Meeting not required 

Technical Committee l\!Ieeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 · Review for possible impact on 
.KSC testing and checkout ACTION: _________ _ 

. D. Other Programs Affected 

0 Review for corresponding changes in · 

Special Instructions 

I -
.\ 
• 1 
· 1 

~1 
--i 

I 

' . I 

.I 

' 



MIT-PCf\J Page 1 of 3 \ 
. , . , .. 

APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD 
NUMBER (Completed by FSB) 

PROGRAM CHANGE REQUEST \04~ C 

1. 0 COMPLETED BY ORIGINATOR l . 
. I.' ORIGINATOR 

' 
DATE I • 2 ORGANIZATION APPROVAL DATE 

J. Klawsnik 5/8/70 MIT 
I. 3 EFFECTIVITY 1.4 TITLE oF CHANGE Sect. 3 Rev. 4 GSOP . . 

'. LUMINARY lD Fix for L-1 C-08. 

I • 5 'Rl:'.ASON(S) FOR CHA NG E 

To make coding consistent with GSOP. 

. 1.6 DESCR IPTI ON OF CHANG E 

· Change Sect. 3 GSOP to conform with Otta Amplification Sheet. 

2.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH .. 

DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT 
2. I 
□ APPROVED □ DI SAPPRO VEC 

2.2 REMAP,KS1 

Z. 3 SOFTWARE C0"4 TROL BOARD OR FLIGHT SOFTWARE 
BRA ~CH S I GN QFF 

JA To 

3.0 MIT VISIBILITY IMPACT EVALUATION: 

3. : SCHEDuLE IMPACT 3 • 2 IMPACT OF PROVIDING DETAILED EVALUATION 

3. 3 ST ORAGE I ~1PACT 3.4 REMARKS, 

.. / ------
3.~~~IN~' ~ ~ 

,. . .d..-,,,6-t .~ 
DATE -., -7- 7a 

4.0 SOFTWARE CONTROL BOARD ACTION i. 

i. 4.' P'lOVIDE 4, 2 REMARKS 
□ l ~: PLEMENT AND □ DETAILED □ DIS· PRO VIDE DETAILED 

CHA NGE EVAL. CHANGE APPROVED 
EVALUATION ../ 

4. 3 SOF TN~RE CONTROL BOARD SIGN OFF 

DATE 

5.0 MIT DETAILED PROGRAM CHANGE EVALUATION 
5.' MIT COORDINATOR 5,2 MIT EVALUATION 

DATE 

. 
6. 0 SOFTWARE CONTROL BOARD DECISION ON MIT 

DETAILED PROGRAM CHANGE EVALUATION 
60 START OR CONTINUE STOP 6,2 REMARKS, ' □ DISAPPROVED OR 

IMPLEMENTATION IMPLEMENTATION 

; 
16, 3 SOFTWARE CONTROL BOARD SIGN OFF 

i · 
DATE 

E;l■:&:-.~il ~MUE &•~-~~. · , · 
J llSt: Form 288 (Jul 88) 

{ 

TP#21812 

I 



,a APOLLO SPACECRAFT SOFTWARE CONF·I GURAT .. I ON . CONTROL 
J . DATA AMPLIFICATION SHEET ·. 

BOARD 
PAGE_'Z.-__ or_""::>_· -

.OGRAM CHANGE REQUEST NO . PREPARED BY DATE ORGANIZATION 

l0,4 Z J. K. Klawsnik 5/8/70 
ONTINUATION SECTION,(Re er to Joe Num e~ an it eon roaram an,e eque~ orm. 

1. 6 Continued 

------

INITIALIZATION 

RATE DAMPING 

REMARKS, 

- \,--.'1---: Zero and 
, ,,. .. \ ~ Enable ACA 

- ~ Counters 

\ 

liJ.S~Rr·= 
Sr::Twe",,;, Turn (If 

- P Rotation Jets 
. ~nd Fire Jets for 

Y·Z Translation. 
ii 111 

QR AXIS 

Compute 
Rate Errors and 
Rate-Co,nmand 
Changes 

- · ---i· · Manual · 1 

3, ~-33 

Scale 
Manual 
Commands 

Compute 
Rate Er rors 
Rate Command 
Changes 

Resolve 

~ 

MSC ForM 288A. (Jul 88) 

ATI 
HOLD . 

DIRECT RATE CONTROL 

Zero 
. Automatic 
Steering 
Com mands 

Zero 
Q, R Manual 
Errors 

No 

Yes 

Con trol 

Exit 

,., 

I 
I 
I 

·j 

: 
I 

l 
- i 

, 1 
.:j 
.-'! 
' 

/ 

\ 
\ 
\ 
\ 
i 
\ 



-------- ,,-

t 
[ 
[ 

d APOLLO SPACECRAFT SOFTWARE CONFIGURATION 
p DATA AMPLIFICATION SHEET PAGE ::> OF :3, 

----1'1 

JGRAM CHANGE REQUEST NO. PREPARED BY DATE ORGANIZATION 

{0-42 J. Klawsnik 5/8/70 , 

ONTINUATION SECTION 1 (Re er to loc Num er an it eon roa,ram anie equest orm. 

1. 6 Continued 
· Change Pg. 3. 4 - 3 8 as shown 

-- - -- -- -- - -·- - -· ·--

--ii~ V'-axes, thes-; r;t-e erro;~- a-;; then resolved into U', V' components (weU' , · wev•>· . 

- -~-- . ----- - . . -- - __ : . -- - - - . . -- . -

At ~his point, the automatic steering inputs are zeroed; that is, 

wdP = 0 60 = O 
do 13 = O p 

wdQ = O 60d. = 0 l - · l3Q = 0 

wdR = 0 60dm = 0 13R = 0 

The desired CDU' s are also set equal to the current CDU' s; that is, 

CDUXD = CDUX 

CDUYD = CDUY 

CDUZD = CDUZ 

or 

0 = e 
dm m 

A check i~ then mad2 to determine if either ID.wcQI > "°BL or 1.6.wcRI > WBL" If 

-.. 

so, the Q, R-axes direct rate ~ontrol law is selected. Before entering the direct 

rate control law, however, the Q, R-axes time counter, T cQR' is set to 4 seconds. 

This counter has the same function as T cP" 

At the beginning of the direct rate control law, the Q, R manual errors, 

0 Q and fl R' are zeroed. -
em em 

REMARKS, 

MSC Fo,~ 288A (Jul 88) 
• I 

I 
i 

\ 
I 

! 



. MIT /OL .PROGRAM CHANGE ROUTING SLIP 

□ <"~OLOSSUS .2D □ LUMINARY lC 

L~ __,,OLOSSUS 2E l§tj LUMINARY lD 

0 COLOSSUS 3 Cl LUMINARY lE 

D COLOSSUS □ LUMINARY 

. ~□ ~1'IIT Approved PCN 0 NASA Approved PCR 

~NASA Approved PCN 

A. Coding 

Begin coding immediately 

Program Supervisor's 

/_l~CN If _J_ . .>IZ....0--"--

A NOMA LY II ____ ___ 

Cl 

□ 

NASA Approved 
Software Anoma ly · 

MIT Approved 
Software . Anomaly 

0 Do not code until new GSOP material has been approved by 
the · Mission Design Review Board (IVIDRB ) and dis tributed, 

I 

B. GSOP Preparation 

Prepare GSOP rev1s10ns for 
MDRB consideration ACTION: -If-• Mtf/lt:~ 
·Technical Committee Meeting not required 

Technical Committee M eeting(s ) held on 
Attendees : 

C. KSC Testing and Checkout 

0 Review f<:ff possible impact on 
.KSC testing and checkout 

D. Other Programs Affected 

ACTION: __________ _ 

0 Review for corresponding changes iri 

Special Instructions 
ACTION: . - ._ -~ _A~P -'' 

Project Manager . ·: - •. ti _. __ ~ .,, __,,.., .,.,.•~..-....--.. -
Date 

'• 

I 

' . I 

- . . ·· I 
. -~· 



, /.. . . lVIrr~PCN , . 

· . · · Page 1 of 1 
~-:r••··:--c•s-~---~:r-- ,.:z"'----:-~':"~ ~ ~.z:!''~ \ :::::-.!1"..:r_~:._e,, l ~ - ;'~~~l~.,.~~~~~~~..!,.:._~~::-", <• .;__7r~~ 'i~ 

Y[A~o-~;~~~-~ [J§J:! 
- . 1.0 CO MP LETED BY ORIGIHATOR , 

-. I , 1 ORIGINATOR DATE I , 2 ORGA N I ZAT I O,~ I.,,.,~., :~ I'"' I McCoy 5/12/70 MIT 
. . 

·- '. 3 EFFE CT 1 VI TY R 4 T I TL E OF CH AN G.E of bit 4 of channel 14 I emove zeroing Qn 

LUM lD restart or V37. 

'· 
1. 5 REASON(S) FO R CHANGE I - If a software restart occurs during the throt tle down of the DPS engine, the pulses 

to the DECA are terminate d. 
; . 
. . 

-I' 1 , 6 ()E5CR I PT I 0 -~ OF CHANGE 

t 

. ' 

Remove zeroing of bit 4 of channel 14 from STARTSB2. 

-.. 
< - ~~~-if-14.t~~ ~~~ ~ ~~~~~ ~~~ti::!!E?~~~.:=-

2.0 SOFT WA RE CONTROL BOARD OR FLIGHT SOFT WAR E BRAHtH . r 
DECISION FOR VISIBILITY IMPA CT EST HI ATE BY MIT · 

Z . 1 

□ APPRO VED □ DISAPPR OV ED 
2.2 R.EMAR~S , 

: 2. 3 SOFTWARE CO-<TROL BOA RD OR FLIGHT SOF TWARE 
9RA'>CH SIGN. OFF 

i, 

DAT_E 

. -,.,n~~;!',:':\JM I ' • 5 ¾ -:Z...:· .,;..,.. •. , a l :D:~ "f?#i %\~~~~ 1 • ·U •c~ 5 92: ii: i!.,:5;;:-=-::::a i · !I.! ,i tV <o " O i • ➔ .; .,;n:;,• 

3.0 MIT VISIBILITY IMPA CT EVALUATION: 

SCHEDuLE I M?ACT 3 , 2 I MPACT OF PRO\" I D \ NG DETA ILE D E\"ALUATIO~ 

.1 . ,.___ 

, 3. 3 STO R~G 2 I \!PACT 3, 4 REMAR~S: 

---
' 
J.% CJO~~ l ~A.Ji:JR ~ 

. _'ft: --;;,./.,,=--r__.d--Q -
DA TE -

-

j 
- I --;, . 7/) - . . , 

pg ' ?:~ ~ ...:.r= - -, ,r';!'",:;z=r;nn;-:a~ ,...:• • ~~ 

; f: 4. 0 SOFTWARE CONTROL BOARD ACT I OH 
• ~ • 1 PROVIDE 4, 2 RE\1J.~Pi.S 

~ 1•: PLE\1E~T ANO 

□ □ 
DI s·-

. 

. PROV I DE DETAILED DETAIL ED 

. CH•~GE EV•L . · CHANGE APPROVE~ 

E\. ALUATI ON 

~. 3 SOFT •A RE CO~TROL BOARD SIGN o,, -

:;. A TE 

t;//1'-heJ ' 
·. - -- . - . ~~-

5.0 MIT DEH I LEO PBOriRrn CHA NG E EVALUATIOH ' 1 J 
iS, I MIT COORDl'I/ATOR 5. 2 Ml T EVALUATION ' I 

\ 
. : 

-· CATE ' 
i 
i 

~,,,, · ·'"' r.orort11i1co1ftlioT so tR~ooITis'1o'f1W u\ rn•Pil b fic:: ~t,~ t · <P i-4- G..4.m~ . 

\ l ·· -. · · · D E TA I L E O PR O G R rn CH AH G E EY AL U AT I O H . 

(] ·START OR CONTINUE □ DISAPPRO VED OR ST OP 
6, 2 REMJ. ri KS 1 

~ _IM PLE MEN T AT I ON 
i 

IMPLEME NTATION 

:· !6 . 3 SOFTWARE CONT RDL BOA RD SIGN o,, 
- ' ... . 

OA TE 
:. ! i; : ' • 

. it 
· ·. ~_;, • ~::-.r:,,::.i J,...,'J;&J~.;.;\.~wt~ :.,, ' · 

M~C Form 288 (Jul 68) 
I 
' 

l 

-, 
., . ... 

:!%>,;;;-' 1.LJ· ''V <~_-;"=-~ + ~r-_t.a:._:,:,.,,-;} ,-~'¾,1,J .,~;'.,-' L_ .. _.;~ '"'ci~ ..... ;;,.,·:·i• ~ ~z.4ii,';• &>:r?&•Pfrai;';/$. SG_·':a~!'~ ";7m,.:.z..L..!" ;_7..;"~ 
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vrIT/D L P ROGRAM CHANGE ROUTING SLIP 

0 COlDSSUS 2E 

[:r-<;o lDSSUS 3 

0 COLDSSUS 3A 

i □ cowssus_ 

~INARYlD: ; 

□ LUMINARY. 18.
1 

□LUMINARY ifi' . 

□ LU!\JlNARY_ 

t. 
• I -•.'i3r!l-. □ MIT Approved PCN 

/ . . I, c;:r-
o ~NASA/\Approved PCR 

[J NASA Approved PCN 

, .- :j 

/ A. Coding / . 

(D · Begin coding immediately 

~/PCN II _ looLf8 
~~ALY# . -----

0 NASA Approved 
Software Anomaly 

0 MIT Approved 
Software Anomaly 

1 

/'--
Program S1;1pervisor's Approval: ~L-+t-=-=-+~~--4.L-.f.-..L..:~=:,......,, lt,\. 

r. 

0 Do not code until new GSOP material has been a.ppro ed by the MIT 
Mission Desig_n Review 1?oard (MDRB) and distributed. 

. / · 
B._ .,' GSOP Prep'aration ,• J 

. I 
/\A · Prepare GSOP revisions for MDRB 
~ consideration . 

ACTION: -----------. 
□ 
□ 

Technical Committee Meeting not required, _ 

Technical Committee Meeting(s) held on 
Attendees: 

· C. KSC Testing and Checkout 
• ·o Review for possible impact on KSC 

testing and chec~out · ACTION: _____ _:_ ____ _ 

D. _ Other Programs Affected 

0 Review nr corresponding changes in ~. 
ACTION: 

Special Instructions ------~---, . ' i1/-'• _; ...;V.- -/ <r ,-/ . . Projed Manager - ~-- . -r , · ·_ '..~i,\,:~->c~ . -1 

,. Date /., - · r- ·- -7 r~> 

' I 
! 
i 
t. 
I 
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,. 

s.-..i; I ... ! ., ~-... ,-..-.. -:.-
"-4.::;',,J 

_,_ ...... __ _ _ ,.. __ ,,.. I : ... ~ ___ ..... ___ _ 

--::.-- · 

P age 1 of 2 

.--.. ·, ;y:• ,!,ru U:t. 'J or;..;.i:;:r.,,.t;~~t, •:, .. , . -· ,. ~ j , -S ""'... j .,· .;.,,s:•·;-3,..,;;;t,•::;g.;{~~ · 
NUM ~ £R (Comp/e t edby'Y1BJi 

l APOLLO SPACECR AFT SOFHIA RE CO NFIGU RA TIO N CO NTR OL BO ARD 

t 
I 

PROGRAM CH ANGE REQUEST 1048 1· 

1 • 0 COMP LETED BY ORIGI NAT OR i 

'·' OR I G I NATOR DAT E I , 2 ORGAN IZAT I ON APPROVA L DAT E 

1-
·' McCoy 5/28/70 MIT/DL I 

i 
I • 3 Eff[C Tl l' I T Y 

I • 4 TI .TI.E or CHANGE 

LUMINARY 1D Initia lize Elevation An gl e in P 34 

I, S REASON ( S J FOR CHANG E 

1. The option to compute Elevation Angl e from TPI-TIG is used mo r e often 

., (astronaut loads zero) 

' 
2. Elim inat e s possibility of 611 a la r m : t he e rasable shar ing wit h Elev. (cont'd) 

· I , 6 DESCR I PTI ON or CHANGE l: 
·. Loa d zero i nto Ele v dp prior to fir s t NOUN 55 dis play in P 34 , -

ll 
- ~ r."<1 rf..t. B'liWfiibi:.i 4:WLP'HHfil ~SJ<n'i:•181 '&;.;; * w;..;:;-mm.?.:!:i:..ii1Jin~.ua:rn-mr-™:::».at\..r:=:w::::scn::z 

·1 
jb ¥1 i kl .. uwa,a:: 

2. 0 SOFT WAR E CO NTROL BO AR D OR FLIGHT SO FTWAR E BRA NCH t, 
t~ DECISIO N FOR VISIBILITY IMPACT ESTI MA TE BY MIT 

J2 • I □ AP PROV ED □ D I SAP PROVEO 

2 , 2 REMARKS, 

:~ " 

r -3 
SOrTWARE co~TRO L BOARD OR FLI GHT sor T WARE 

BR ANCH S I GN or r 

' 

·I DATE 

-~1 ..,...JLti&JCUf. WWW , r .. At ' ihhiii M .JS ,-g;z;. 

~ 3, 0 MIT VISIBILITY IMPACT EVALUATION: ~ 
l--r;--;----;;-:~7:':"";"'"7::';:'-;-::-:-------------,----- --- ----------l1 
. 3 . : SCHEDU LE I MPAC T 3 , 2 I MPAC T or PRov 1 0 1NG DE T A IL ED EVA L UA TI ON li 
,r.-N-;-:;o:-;-n::-:e::-:-::-::-:-:-:-::-:-::-:------ ----- - '"T".:- ---.l-:-~-- - ------- ---------1· 
~ 3,3 ST ORAGE I MPACT 3 , 4 REMARKS , I / I 
u-2_w...;;;;or-1-d.....,s~--"""✓-_ _ __ f'"'\__.;., _ _ 1 ___ ' _ I_ ,

3

r7/_'.Jt-J,",t:-~ ¼_,,h.~-v -~ ·./~ ._: 
-_ 3 .s ~ 11_J: o~~A1,..~ J V,::~ I/ C/ 

,l ~ ; b . -~u._,,,,,_,,___.,, I . (~-t,(.,C--" o-r. t: -3 - 7 C! _t_· 

;1 fr, - 1 - 7r"'i r 
_;,-____ .,._._.,_......;,.., --4- -,-0.,,.,..s 0-F-T-WA.,._RJ,:E..,,C_O_,N __ T _R 0-L=-r-oam:,-B n .... A"';=-"=o -A-~--T-, 0-N"""""" ______ .,.,, _ _.... ___ ...._.ti 

4 • ' 
-- □ I MPLE}!EN T ANO 
' PROV IDE DETAILED 

~ CH ANGE [V AL , 

~ 4 , 3 SOFT WAR E CO N T RO L 

DATE 

PRO V I DE 

□ DETAILED 
CHA NGE 
EVA. LU AT IO N 

B OA RD SI GN OFr 

□ D I S• 
APP ROV ED 

4, 2 REMARKS 

5.0 MIT OETAILEO PROGRA M CHA NGE EVALUATIO N l 
',1~.5-. ,, -;-:M~l-;T -:C:-;0:-;:0-;:R-:;O ;-:( N':":A~T':'0 ::-R - -------- --- -,--::-5-, 2~M_I _T .;.E_V_A_LU_A_T_I_ON------------ ----~---'[_,I 

DA TE 
u 

·1 6. s OF TW A RE CO ,n~'E"" c"""1""'f ""'1 o"'"'H= o""'N =u"""1""'T""""''""""'="""""'-'~ 
DETAILED PROG RAM CHAtt GE EVALUATIO N 

-.j" r1-i ST AR T OR CON T I NUE D D I SAPPROVEO OR STOP 

·1 
LJ I MP L EMENT AT I ON I MP L EMEN T ATI ON 

6,2 REMARKS , 

~- 3 SO FT WAR E C ONTRO L B OARD SIGN o rr 

j 
;---::0-:-A"::"TE:------ -------------l 

.· .•. ·. 

.I 
. i 

i .. 
i 
I 
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·-• - - - · -' '1 

t -~ ·:~°'.J 

' J,l'ROGRAM CHAN G E REQUEST NO, PREPARED DY 
DATE 

5/28/70 

ORGANIZATION 

MIT/DL l /0 LJ-8 McCoy 
[CONTINUATION SECTION

1
(Refer ~ on Pro~ram Cho'n, -, -.-R..-,-q-u<-•..,.1-J""o-,-.,,""-)J...----------

1. 5 Cont'd 

is so small.that pinball scaling causes display to appear to Astronaut as zero. 

The astronaut wanting this option would not reload zero, however, the Lambert 

targetting would see a non-zero Elevation Angle (unreasonably small) and . 

attempt, unsuccessfully, to find a solution, hence a 611 alarm. . -

' 
i· 



VrIT/DL PROGRAM CHANGE ROUTING SLIP PCRJ@; \ 0 ') Z..., 
ANOMALY# -----C7 ';OLDSSUS 2E 

[}-cowssus 3 

0 COLDSSUS 3A 

~!NARY 1D 

□ LUMINARY lE 

□LUMINARY 11<' . 

□ LUMINARY_ 'D COLDSSUS _ _ 

0 MIT Approved PCN □ NASA Approved PCR 

[~ASA/\ Appr_oved PCN 

Vt=:.'e-BA.'- . 

0 NASA Approved 
Software Anomaly 

. A. Coding / 

(y/2egin coding immediately 

0 MIT Approved 
Software Anomaly 

Q_p_,(___ )~ 

ACTION: ~~ ~ '~ 

Program Supervisor's Approval: Y'v/~ ;..;;{ !/ ~/2~ 
0 Do not code until new GSOP material has been appro/k d by the MIT 

Mission Design Review Board (MDRB) and distributed. 

B .. . _, GSOP Preparation 

"'/4repare GSOP revisions for MDRB 
~ ~~nsideration ' 

□ 
□ 

AC'I ION: ________ _ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: 

. C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout · ACTION: __________ _ 

D. Other Programs Affected 

0 Review hr corresporrting changes in ~- _ 

ACTION: --..., ___ . 
Special Instructions . . -.J-~-__/ ~~ 

ProJe r.t Manager ----t ..... ·<-- ~L..~ / A - -'~ .4 _ __) _ · 

Date /. - , d ~ - / ('.) 



Page 1 of 2 
, . I .-,(1,~n,"', . 

I· 

.. 
I, I L,A rf. ' . ':' 1) /\11 ··, ( OR 1 1; I r1 At f l fl O lf r, AN I 1. A.T I ON APP HV\· A l ·. , 

'.l 

McC·oy 6/J/70 MIT/SDL 
tJ •' 

or ., I ., [f"f"LCJ l \' I JY l ,,1 T I Tl f CHAtHj l 

~ LUMINARY lD P66 IMU/C.G, Offset compensn tion 
; 

I • 5 R[A $ON ( S ) FOR CHAN(.[ 

] 
: Due to the IMU being located approximately 1 1/2 meters from the center of gravity, 

ll :Xtranslational acceleration is induced by any attitude yehicular rates by a factor of w 
":. R. uhP.T'A \Lia tbe r:a±.e en.d...R :1 s ;the roomell.i:._fi.rm ( cont. -paQe 2) 

~~~Sm:· """"'"-""cu=~= ~ I 

I • 0 :; r. :, c,q I PT I 0:1 ,, r C.H A '-I ' ~ C: 

:~hen computing present acceleration due to thrust (reading the PIPAS) r emove effects of 
,\ his offset acceleration ' 

-,,, . 
2. 0 SOFT WARE CO~lTROL BOA RO OR FLIGHT SOFT VIARF. BRANCH 

DECISION FOR VISIBILITY IMPACT ESTI MATE BY MIT f.. ~: . 
{ .. . .. HI.MAftl'. :, I : 

' D ArPH O",rn D l) f S Af'PP (JVEO 

' -~ 
J • 1 ';,l; r' '! H ,\ C..( (.()'1 I;, D ~. l.l O l,Rt., r, H F L I r .11 T s,, r fN ARC ~ 

1; U ~ Ai'i, ~: H ; I f,:i 1>r r 

:1 
r:, .~ ; ( 

. ;,: 
3.0 MIT VISIBILITY IMPACT EVALUATION: 

, . 
5 , _J.t( l i\.J L I-"'. I MPf" ,;: f ·j.';' I MP.\ CT OF PRO\' I fJ I N <; O!"TAIL [D EVA.LU•\f l lJ N 

J ) • J ST OHAGE I .\.I'-' A\: T 1 • 4 Al:Ml,RK'i I U. / ,..-,/ 1f~~u ~ r , 
J.lr-\:..rords (fixed) 

11 -
: ) , S t'Y(.)OH ,' IN/,'.~ tf--/ ~ {, I~ t, - J - ?cJ ~ ~~ AJ/.£ , ./_./(.A A-1. a->"" . ,·. 

-efAT( - '. 

/,., . =? - ?o 
' 

4. 0 SOFTWARE CONTROL BOARO ACTION ' I 

' ( .. 
' 

t . I 
rR(IVl lll 4 ., k[MDiH',< ~ 

□ IMP L1 M'''T ANO □ (J~ TAll U, □ DI S• : PROVIUC OETA IL (D 
, CHA~0r rvAL. CHAN1'1. AP PR O V L l 

1. vA·tuAt1 0:, 
' 

4 • :, !iO f-' t N/\flt: ~CJ•• f'iOL U OJ\fU) ~ f G,; orr ' " ii 

' CAll. 
' ·, ; 

1 . 
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1. 5 Rea son for change ( cont. ) 

This acceleration sensed by the X PIPA affects the P66 vertical throttle control if 

the PIPA 1 s are read while the vehicle rates are in progress. 

X 
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IT/DL PROGRAM CHANGE ROUTING SLIP 

2E 

owssus 3 . 

:J c~wssus 3A 

:J cowssus __ 

B' LUMINARY lD 

□ LUMINARY lE 

D LUMINARY lF 

□ LUMINARY_ 

I . r 

□ MIT Approved PCN 

□MIT Approved ADR 

D NASA Approved PCR 

0 NASA Approved PCN 

A. Codi~ 

. C'::J · Begin coding immediately 

ACTION: 

_ I .'(101H Jt') 
PC R / P,fJJ:(11 / 0 .s-6 '2vv- .1-
ANOMALY# -----

ADR IJ 

0 NASA Approved 
Software Anomaly 

. 0 MIT Approved 
Software Anomaly 

0 
. . .· . Prograrri Supervisor's Approval: /11<2--'':5!~ i(eu..~ 

Do not code until new GSOP material has been appro)ed by the MIT 
Mission Design Review Board (MDRB) and distributed. 

B . GSOP Preparation 
/ . 

1
,,/ " Prepare GSOP revisions for MDRB 

consideration · 
ACTION: 

\ I 
J . k L AlUS /\fJ I< I J .Sf/ I T/-l 

7 
-----------

□ 

Technical Committee Meeting not required. 

Technical Committee Mecting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout · ACTION: __________ _ 

D. Other Programs Affected o Review br corrcspondmg changes in , · 

Specia l Instructions . ACTION: ~ _/,__ • : :- . 

Project Manager: .../-;~~ 

· ' Date 9 ·- / &z ·- 7 6 



.. 
Page 1 of 14 

C APOLLO_ SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD 
NUMBlR (Com pleted , by r ·sn.) 

PROGRAM CHANGE REQUEST 1056 Rev. 1 

1 . 0 COMPLETED BY ORJGINATOR 
1 , 1 ORIG l "!ATOR DAT[ I , 2 0 RG AN I Z AT I ON AP PR OVAL DA TE 

B. McCoy 7/20/70 MIT/DL 

1 ,3 t<rECT l\'I TY 't• TI TLE or CHAN lE 
for Impulse and Ullage mprovemen s 

LUMINARY lD Logic 

l, SREASO ' ( S J FOR CHA.\,(. [ 

1. Remove overburn possibilities when ullage time is required to be greater 
than 3. 5 seconds in P42. 

2. Correct APS Impulse Constant for "Wet" ~ngine (cont.) 

1, 6 0f:'(:• I PT I O'- OF ChA'IGE 
1. Turn on ullage at TIG-6 sec. in P42; assume 6. 5 sec. in Routine S4O. 13. 
2. Charge Kl VAL from 2800 to 3150 lb. sec. in Routine S4O. 13 
3. Chane-e Thrust Ullae-e (FL) from 200 to 400 lbs. in Routine S4O. 13 

2. 0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH 
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT 

~ . I 

□ APPR0vE:J □ Di SA PP ROVED 
2 , 2 REt,ARr<S , 

7. 3 SOFTWARE CO '<TR C' L BOARD 0~ •LI GHT SO FTWARE 
BRA', CH SIG'< (\FF 

Q .\ l: 

' 
.. 

C 3.0 MIT VISIBILITY IMPACT EVALUATION : 

3 , : SCH f D la. E I \1 ° ~ ~ T 3 . i I \1P ACT or PR O\ !DING DE TAILE D EVAL UAT ION 

\ } , 3 l rw; c;d1s10A ,; T. 3 . 4 R[MARr<S, 

- - / . 
3- ~ :01:r, ,1 ~ 

,/) _ .. ,...., ~ 
DA TE -

9 -//__ --,n 
4 . 0 SOFTWARE CONTROL BOARD ACTION 

• . I PRO\' I r,E .i • 2 Rl\lAR,<, 
□ IMPLFMF riT AN D □ DFTA"i LE D □ DIS · PRrw I nE D[ TAI LED 

fH .,. ,;, EVAL. CH A'; l; E APPROVE ;.) 
(I AL L'ATI 0~ 

J. 3 SOFT • ARE co, rqoL BOA":J Si ,O\ u<r 

C'-' TE 

5.0 MIT DETAILED PROnRA!:I CHANGE EVALUATION 
5 ,1 MIT COORD l 'IATOH 5, 2 MIT EIAL UATI ON 

CATE 

0 
6; 0 SOFTWARE CONTROL BOARD DECISION ON MIT 

DETAILED PROGRAM CHANGE EVALUATION 
6 0 START OR CON TI NUE □ D ISAPPROVED OR ST OP 6 . 2 REMARKS , 

IMP LEMEN TATI ON IMPL tMENTA TI ON 
6, 3 SOrTW ARE CON TR OL BOARD SIGN orr 

DA TE 
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APOLLO s·rACECRAFT SOFTWARE CONFICURATION cmirnor, ROARD 

-DATA AMPLIFICATION SllEET 

PAGE OF __ _ 

PROGRAM CHANGE c~7 PREPARED BY: B. McCoy ORGA!l! ZATIOH: 

REQU EST NO . --1Q5~G__ I DATE: 7/20/70 

CONTINUATION SECTION (REFER TO ' BLOCK NUMBER AND TITLE 
ON PF.OGRAM CHANGE REQUE ST FO.RM) 

1. 5 Cont. 

3 . 

REMARKS 

Prime Flight Crew will be using 1 jet x-translation for 
ullage in case {l) APS doesn 't shutdown or {2) APS doesn't ignite 
at all, the ·1::iv will be easier to nu11 than with 2 j ets. 
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IN Ass·uMPTION Ce) ABO\'E, DISPLAY SELECTIC~ IS .Al)i.AYS e~SEO UPON THE· LAST £NTR'f' MAOE IN THE OS'(.Y. 
HlR,A ~CRE CETAILEO DESCl{IPTION OF TH::Sf DISPLAYS REFER TO SECTIC~ 3 OF R567, PARA. 3.Z.6 

(8 HE X-AXIS OVERRIDE OPTION PROVIDES THE CREW knH THE ABILITY TO EXERCIS~ MA~Al CONTRCl fiBOUT THE LM X AXIS WITH 
TH ATTITUDE CG~TROLLER EVEt-. TP.OJGH THE PG.~CS ATT[Tu:: CONT:'OL MODE IS Aura. w-tEN THE CONTROLLER IS RETURNED TC D!:TE~'T 
TH PGNCS OA~PS THE YA~ R.OTE, STCRES THE Yt,'1'1 Jli"';"ITUCE 111HN Tl-!E YA'r/ RATE 15 0/.~PEO, ANO TH=N MAU,.:TA!NS THAT ATTITUJE. 

T!-,:: x-1~x15 OvERP.lDE UPTlm~ IS ALWAYS AVAll118l!: TC THE CREW, HOX::VER IT St-!OJLO NOT BE EXERCISED !-IHE~ THE LGC 
IS SPEClFYif\t; ti OtSIREC Yt• .OTT :TUCE, I.E.: CL1R ING H•E ATTITUDE MA~EUVER TiJ THE Tl-!RUSTH;:; ATTITl:JE (SEE R~O). 

(9) Ht,E.N TH THRUST/TRANSLATION CONTROLLER IS ~T TC l'l , IF4 \.::W THRUST POSIT[C~ A~C T.nE LGC. THROTTLE cor.~A.'W IS ZEP.0 
THf: OPS kill START .OT 10 PER CENT THRUST .• 

(10) THE LOAD D/\1' DATA ROUTINE (RQ3) HAS BEEN PERFOR~O P~lCR TO SELECTION CF THIS PROGRAM-ANO THE c;,s E~GIN= CIXOAl 
HAS OHN PP.EVlC\JSLY CRIYEf\ TC TI-E CORRECT TRIM POSn1:;~.1F THIS 8Ur\N IS OF SVFF-ICIENT ou~ATION THAT VEHICLE 
TRh~SIENTS AT lG IH TI0N DUE TC CG/THRLS ◄ COES f\OT AFi=.::CT ACCCMPLISl-:MENT OF ~A.\:f:'JVEK /\IM CUNOlilONS, T~EN GIK.3Al 
CRIVE TO TRU-1 POSITICN NE!:O !-OT BE DONE BEFCP.E TIG . GI.'iSAL DRIVE. TG TRIM . PCSITION IN h'ORST .. CASg CC'JLO REQ:.JIRE 
2 :-•r:,uTES. L~JET )(-1RAt-!SLATI0N FOR ULLA~~ OF t;.5 SEC◊~OS /S ASSUMHcD. 

---------...... __._._-... . _______ ..,.,._.,.. r....,__,... .. .... ----- M•-£"••----~•~ .. ---~ .. ... ,.~~--..... ~ 
(11) CURING OPS euRNS O:QY, T HE PITCH-ROLL RCS JET At..TC:>ILOT (U A:'-.:) V JETS) '!-'l.Y ee DISABLED (V~5) O~ ENAB~ED (V75) 8Y 
!:XTE::-.UEJ \!£RD AS SHU.f\. THIS C/IPA0IUTY IS IN':'ENOEC TC eE USED TO PREVE~T L~ t.:'.ID DESCENT STAGE THERMAL CC~STRAINT 
VICLATlU~S OlJRI14G (.SM-COCKED UPS B\..RNS (P40). THE CAP:.3!LITY EXISTS CUi{ING ;,6~ AND P70 ALSO. PERFO R~A~CE OF FRESH 
Si/l PT ( V3 6E) WILL ALWAYS ENAt3Lt THE PITCH-F-Oll JETS. 

(12> FOR EACH oU~N AN IGNITION TOTAL ALLOhAOLE Tl~E CtLAY WILL EE SPECIFIED I~ THE M~SION RULES. THIS DELAY TINE I~ 
THI: T CT AL T H",E w HI Cl-' T t-E T HII.UST ING l~ANEUVER ~A Y B= 0:::LOED ~E YOND THE LGC C!.LCULATEO TI ,,,E OF l GNIT I ON. IF ENGINE 
REST,'.RTS ARt lN'tOLVEO, THE tiCCOUI\TI~G CF THIS TOTAL fl~E CEI.AY IS UP TJ THE CREW. 

Cl.3J LGC. /INC CkEW PHLlCECURES IN CASES OF LGC-ASSU"'.ED THRvST FAILURE ARE Offlr.E:D BY THE OPS/APS THRUST FAIL ROUTINE 
{R 1,C). lHI S RUL11NE IS CALLEO AT OPS 1cr,.n ION BY THlS PROGRA,'1. 

(14) THE LGC WILL NEITHER CESIG-'-IATE NCH{ READ THE REN~EZV.H.S RADAR lRR) OUPI"-G T!-!IS PROGRAM. 

( 15) THIS PkQGkAM SHOlJLO BE: SElECTEO BY THE ASTRO~AUT ~y CSKY Ef\TRY AT 'LEAST 5 '1IN. s ·E:FORE THE ESTt"'-ATED TIME OF 
IG!\ITIC.N. 

( 16) THIS PHOC.~AP'I IS SELECTED M~NUAlLY BY OSKY ENTRY• 

LGC 

PkcY..; l{A1' { p.t,0) 

DISPLAY P 110 

GROI..NO CR.Ek 

.CRBc 
• PR OGSlAP' 
• SE lECTi C~ 

KEY lN DPS 
PRCGr.A~ (P'-tO: 

V37E 1,0E 

C; , 
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P40/ll.Jf'II N'\ RY 
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P42/LUMINARY 

MOOE It ATTITVJE ER~OR OISPLAVS ARE AUTCMATIC~LLY SRECTEC AT THE BEGt:tNING OF ~60• WITH THE EXCEPTIONS If\'!>ICATEO 
IN ASSUMPTIO~ (6) A~OVE, OJSPLAV SELECTION IS AL\ocAYS BASED UPON THE LAST ENTRY MACE IN THE OSKY. FOR A '4JitE DETAILED 

OE S':~l PTl ON GF THESE CIS PL,-WS REFER TO SECT ION 3 OF R 567, PARA. 3. z. 6. 

( 8} THE x-~x IS OV~RRI CE CPT ION PROV 1 DES THE CREM MITH THE AB I LI TY TO EXERCISE MANUAL CONTROL ABOUT THE lH X A:ns 
1,/ 1TH THE A TT ITUD: C Cf\ TRCL!..E ft EVEN TH-C:.JGH THc PGNCS ATT ITU CE CONT P.Ol ~rnoE · ts AUTO. WHEN THE CON TROLLER Is RE Tt.::u.:::o TO 
CETUH Tt1E PG~::s DAMPS THE YA'X RATE, STORES THE ~Ak ATTITUDE H·lE:'i Tl-IE Yt,.W RATE IS O/.~PEC, ANO TnN KAir-.'TAINS TH,U 
A 111 iLOE. 

THE X-AXIS OVl::RRIOE CPTIO~ IS AU,AYS AVAILABLE TC THE CREW, 1--IO'-,'EVER IT St-(jULO NOT BE EXERCISED !,!HEN THE lGC IS 
SP!:CIF't'ING r, CESIREC YAW ATTITUDE, I.e.: OURH:G THE A";TITt:D E t-"ANEUVER TO THE THrtUSTI~G ATTITUDE (SEE r.60). 

(~} FOR EtC~ eURN AN 1G~IT10N TOTAL ALLOWABLE TIME OELAY ~!LL e~ SPECIFIED lN THE MISSION RULES. THrs DELAY Tt~E ts 
. lHE TOTAL Tl~c 1-.HlCH THE TH~~ST ING MANEUVER MAY BE DELAYED BEYOND THE l~C CALCUt.ATED TIKE 0~ IGNITlo:-.;. IF Ef'.GINE RE-

!:lAR TS ARE INVOlV[:O' THE ACCCU~T!NG CF ,'THIS TCTAL T In DELAY IS UP TO THE: · CREw. ~ 
-- X TRANSL~f1'tON t? 

T~I S PRO~RAM. 4 J t I - ij (101 T~E LOAD OAP LlATA FCUTINE (R03) MAY HAVE BEEN PERFORMED P~IOR TO SELECTIGN CF 
T-"(\R C.;.S" :se::coN!J5 ULL.~c;e ts ASSUMM~--

111> L·GC--A:,:'cc.~·{i,,--pi{ffCtutii-(1=T·1i~3'u-p-o;C=-ii55u:-1ED THRt.ST FArtURE ARE DEF I ~ED BY T t-E CPSHPS THRUST FA IL ROUTlf'.E 
(1{40). THIS RGUT INE IS CtLLEC t.T APS IG~ IT ION DY THIS PRO!;RA~. 

(12) THE LCC. loilll NEITHER DESIGNATE NOR READ THE RENDclVOt.S RADAR (kR) DURING THIS PROGRM1. 

l Ul THIS PROGkAM SHCl,llO BE SELECTED BY THE ASTRONAUT BY CS~Y ENTRY AT LEAST 5 ~INUTES OEFORE THE ESTIP<ATEO Tl~ ~ 
IG~ !T lUN. 

( l4J THl S PJlCG R~M IS SHECTEC M~NUALLY BY CS KY ENT R~. 

LGC GRCUI\O CREW 

.CREW 
.PROGRAM 
• SE U:C TICN 

------------STAkT APS PROGRA~ , .......•......•.... 
(P42J CISPLAY 
P42 

KEY lt-; .OPS 
PROGRAM (P42) 

V37E .t•2E -------

P42/ LU~INAPY 

0 
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WILL /ICTIVt STEl:KING 
BE ATTE~rTEO OURl~G 
1111S ~:A .'£:t.',,::R? 
(REFER P' l< A. 5.3.3.-
3.3 c:= s:;c Tl G~ 5 -OF 
R56H 

.Y 

SET I J'PLLSE FLAG 

CALL \ER B S9 DIS­
PLAYS {SEE •A" 
eELCW) 

CALL S(T OF~AGE 
FL~G ~T TIG ·J.5 SEC 
----------· -----

: -G 

kAlT LNllL TIG -0 

------------

-------------SET IGNITION F~AG 
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TRANS LA TI ON. 
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NONI TOR osr.v: 
WAIT FOR INCREASE OF 
CELTA YM INDIOiING 
S~f-FICIENi ULLAGE• 
REOU l~ ED ULLA GE 
CELT A V IS A 
F t;~,C TI ON OF VEHI ClE 
WEIGHT. 

SHALL I AiT EMPT 
TO COT-'PLETE TH!: 
THRUSTING ~1AS EUV­
E R W IT H T H ~ RCS 7 

•. 

KEY IN El\7 ER 

GO TO 
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EX IT P42 
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HOLO 

MON 

.. 
FLAG 

Tf:RM INA TE 
OLL FOR 
SET CF 
LL LAGE 
FL AG __ A.]_~ 
T IG--,3 .5_,, 
StC IF--
CALL NOT 
YET CO,E 

FLASH VERB-NOlN TO 
RE,uEST FRCCEEC• 
HOLD OISPLAY CF TFC 
AT ITS FINAL VALUE: 

Vlb MO 
R 1 - TFC 
R2 VG 
R3 CELTA · VP' 

(NOTE: SEE ASSUMP­
T[ er,, ( 2 ) A e GV E ) • 

kA IT Fe~ KEY eOARC 
ENTRY 
TERM INH E fl ASli UPON • 
RECEIPT CF PROCttC, 

"A" 
FKOM 
A~OVE 

MONITOR OSK Y: 
OBSERVE VERB-NGU~ 
FLA SH TO RE QUE ST 
PRGCEEC AND DISPLAY 
OF TFC, VG, ANO 
DEL TA VM 

RECORU THESE VALUES 
AS DESIRED. 

KEY IN PROCEED 
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, If either the DPS or APS were ,:;elected fo1• the 

maneuver, the Time-to-Go Prediction Subnmtine of Fi[!, 

3. 3-11 io then processed. With reference to Fig. 3, 3-11; 

STH DPS throttle inhibit switch 

{

O Allow DPS throttle up 

STH .. 
1 Inhibit DP3 throttle up 

Impulse Switch 

0 Allow steering at the proper time 
via 6. V Monitor Routine (Section 5. 3,3, G) 

1 Indicates short nrn.neuvcr and· no 
steeri.na is required 

4-
UD.age thrust <X jct thrus t) 

Al'S tmpul!lo voloc:il,Y ucc1uu•u(! in n ~no 

second maneuver for n unit nrnss vohlclo 

K2 APS minimum impuls e constant 

. FA - PS 

APS minimum impulse const::tnt equal to the 

slope of minimum impulse curve. , 

10% DPS engine thrust 

APS Thrust 

The initial computa tio_n in Fig. 3. 3-11 estimates the velocity-
. E, ') 

. to-be-g:i.i.ne: d after ~ seconds of ullaee, Jf tlic: DP3 \'/ere selected 

(P-•10), the m,meuve r time, tgo' in th en computed on the basin 

of 10% thrust, If this time in less than· G neconds no active · 

guidance steering is aHernpted (S 1 ;, 1) and the vehi_cle attitude 

is maintaine d :-it the p re -thrus t di 6nme:r.t throuthout th e mancHvc1·. 

If the D P.3 t · is grcn.tcr th:rn !)5 seconds norm a.l steering will 
go 

5. 3-30 
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Reference Comments 
··.·.·_·/< 

Section No. GSOP Name LGC Name Units Va.1.:ie (Sec. 5. 8. 2) (Sec. 5. 8. 3) 

5. 2. 4. 2. 2 
2 

1. 0 varIMU (mr) 6 

5.2.5.3 WM rad/sec 2. 661699.fS x 10-G 2#3#4 

5.3 . 3.3.1 . FOPS pounds 9817. 5 29# 30 24 

FAPS pounds 3500 5# 17 

FRCS pounds 400 or 200 5#17 

5·_ 3. 3. 3. 3 
~VK(DPS) tM only cm/ sec 36 19 2 

CSM .......... ···,: 
?' doc~ed cm/sec 12 . 19 2 
?> ~VK(APS) cm/ sec 308 19 2 c,., 

m(APS) lb/ sec 11. 32 30 

Kl kg-mies I~ L eS- 1 ◄0. 12. 
,, 

~ N~W it.EfE~£1C&' TO 1'MIS 

K2 kg-mies 31. 138 18 
pc~ 's TO BE' ~oPEP. 

K3 kg-ml cs 2 1. 5569 18 

K4 pounds 1050 5. 17 

V (DPS) 
~ : DPSVEX ml sec 2955.889 29,30 24 

V e(APS) APSVEX fps 9942 30 25 

FL ~◄oo 
ntJ- ·-pounds 17 .,._J) · Cf~: 
--.Ji · 
--:-f' 
0 
~ -~ 
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APS b t.:RH 
>-Yl:-=s----------1 AF'S TG".) 

r- .. ... - . - -· - .. .. 
! . ._, .• 

COt.~PVTE 
TC.0(2 I•) 

PERMIT 

FULL n1~0TTLE 

1.IPA~ 1> 
~ -- - --

FAP5 

C:::, ,1;>JT[ 

T:,) ' -2 ") 

eu~N e1..0Y cu.;:,, 
{M ASTTP IC,t;ITI(Hi R".,'.'Tt11cj 



1 · 
I 

1 · 

1 
I 
I 

I 

• ., • · I } } ·, ;~ 
. ~; 'i..: • ' t I I 

. r . , 1 ·o ·Sb . 

l\.lCOf.!j?.C:C.T Pf!.<>C,1: /,V. 

S.C..l.!,:C.TtO\l 1"<:ll! 

VP.: l·HCL!:. CD\.lf-'l(;.\JR-

ATIOl.,l 

P4 7. lt-,bLr. Vt~ OC.,;'\O 

,CF \'.'1\IIT/1PS 
TCF CO IAFIII L4 
TC.I' G-Cf>O•"'i .. 
TC.I" TA$1:ovc:n 
TC.F- \'ol\t.': ,Fv'l' 

·btc. ?.(, .t',0 

2.CJ~ ~TC.Ll~Ot{, 

..a----~-----, 
GROVP 4 

SET UP RESTW'T5 TO SC!ll:PVLE 
IIEXT LOCA'r!Oll AS A FIIIDVAC 
JOO \'/liH S/,t;I[ rr~IORITY 

WHIC.H 
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LJCOLOSSUS 3A 
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[_~INARY lD 

□ LUMINARY lE 

D LUMINARY lF 

□ LUMINARY_ 

□ MIT Approved PCN 

D MIT Approved ADR 

~A Approved PCR 

0 NASA Approved PCN 

A. Coding 

(9---:segin coding immediately 

GsiiPPcN # \ 0 {'e 
ANOMALY II -----

ADR II -----

0 NASA Approved 
Software Anomaly 

0 MIT ·Approved 

,,. 
• i) 

£ (/hSofz;:_aly 
ACTION: --------r-/1--i/ 

Program Supervisor's Approval: /l,} ~~ cJ ~ 
0 Do not cod·e until new GS0P material has been a~proed by th~ MIT 

Mission Design Review Board (MDRB) and distributed; 

B. GS0P Preparation 

n ~par~ GS0P revisions for MDRB \C.)1',.&,0Sa-u le_ h f'\if.+Lt 
~consideration / 

_.,) ACTION: -----------
□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout · ACTION: __________ _ 

D. Other Programs Affected 

Q Review i:>r corrcspondmg changes ~n ; · 

ACTION: 
Special Instructions -------:--

Pro j er: t Manager~ ti:~:) 
Date 8'. - /'6 -la 

·i 

I 

I 

f 
I ., 
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APOLLO SPACECMFT SOFTWARE CONFICURATinN Cm!TROL BOARD 

-DATA AHPLIFICATION SHEET -

PAGE_2_0F --2._0_ 

PROG RAH CHANGE 
REQUEST NO. 

0 RGANIZATION: 

CONTINUATION SECTION (REFER TO BLOCK NUMBER AND TITLE 
ON PROGRJJ,! CHANGE REQUEST FORM) 

1. 5. Reasons for Ch a n ge : 
(1) Minimize errors in fo rward and latera l veloc ity displaye d on the cross-
pointers. 
(2) Eliminate the p eriodic ''lurch" in the altitude-rate di splayed on the tape 
meter . 
( 3) Correct error and exessive granularity of th e forward velocity di splayed 
in Rl of noun GO (during PG6) . 
(4) Spee d up di splay of altitude and altitude-rate (display each every 1/4 seconc 
i nstead of every 1/2 second as at present) . 
(5) Begin displaying analog data when ave r age- G is turned on instead of 
waiting for ignition . 
( 6) During ascent and aborts , display stable-rn ember Y-axis velocity as 
"lateral veloc ity'' and zero forward velocity . 

1. 6 Description of Change : 

REMARKS 

Incorporate in LUMINARY a new Landing Ana lo g Displays (LAD) . 
New fe atures are (1) the addition of a PIPA bias correction term to the veloc ity 
computation which is the starting point of the LAD computations , and ( 2) a 
simpler altitude extrapolation: 

C 

ALTITUDE =f HDOTLAD: ALTRATE ) DT + HCALCLAD 

where HLOTLi\D and F.-ICALCLAD are alt itude-rate and altitude at PIPTIME, 
DT is time since PIPTIME, and ALTRATE is the current altitude-rate computed 
by LAD. GSOP change pages for this PCR are attached . 



Word Number 

3()-41 
(C ont ' d ) 

Flagword 

0 

0 

0 

1 

Bit 

3 

2 

1 

15 

.. 
, "--------·---- - . 

C ontents 

Meaning 

FREEFLAG. Used a s a temporary flag i.o control Uic internal 

logic of the following subroutines : 

R54 - Used as a counter to control two passes through CHKSJ3 

which computes the star data check error. Set to 1 for first 

pass , set to 0 for second pass . J\lso used to indicate the re ­

sponse of the astronaut to the star data check display V06N05 . 

Set to 1 if t he astronaut pe rformed PROCEED, V 33E. Set to 

0 if the astronaut performed RECYCLE , V 32E , 

R 51 - Bit i nterrogated after TI54 in P52 . If b it i s 1, gyro 

torquing (R55 ) i s accomplished . If bit i s 0, gyro t orquing i s 

bypassed and V50N25 Rl = 00014 is displayed . 

P 57 - GRAVITY VECTOR DETEili\1INATION routine is u s ed 

to indicate astronaut r esponse to error display . Bit i s se t to 

0 i f the astronaut performed PTIOCEED, and i:;ct to 1 if the 

astronaut perform ed R ECYCLE . 

P51 - Bit inte rrogated after TI54. If bit i s 1, the new REFSMM/\.T 

i s computed and stored and ihe TIE FSi\Tivi/\.T fl «g i s set . If bit 

i s 0, P51 is r;tarted again and V50 N?.5 Rl = 00015 is dic;played , 

L SPOS - Used as a counter to control two passes throuth 

~ OSITD, Bit is 0 for first pass , 1 for second pass . 

C', 
,' 

() 

R l0FLAG , Bit set to 1 during ascent (in P12, P70 , and P71 ) to t.-/..l'·OTY 
L/\ "T•tn .. ~L \- .:;tc·,· , ryl\$ I NCf::,iFtL C./CL' ";.S- P,;(1$ .Vt.: · 

indicate that Rl0 <:::--:'..:; outputs .r ~.ta-to-~rl'.1tudc-and -altitudCH:"'"'·t-e AtJ D Zi.:f?.ccs ·,i-1E 

m~~•~".f.3', Bit 1·eset to 0 (initia11y an cl ch1rin g descent ) to ind icate jC·i:.R1•./11r,() \IEl-,:.e.;T'(. 

t hat R l 0 outputs data to the Forward and Late1·al ve locity cross-

pointers , in addition to the altitude and altitude rate meters , Bit 

i s checked in TilO (Landing J\n a log Displays ) in order to deter­

mine th e tn,e of output to d if;play/ (:. j,J (." ,:._c.:, S pc i I J"T i:: RS 0 

·pGGPTI OFL. Set to 1 when PGG i s entered for the first time 

(in n.13) as a directive to continue PG6 hori7.0ntal nulling. It 

is r eset to 0 when the a s tronaut proceeds on a flashin[: V0G 

NGO 2.ftl.:r tou~hdo·.-m, the O 1,p,~ ci fyi ng ::>. s t oj) to PGG l101·i::o::t,,J 

null ing. It is t ested in J>GG aitcr hori zon ',al comm a nds ha ve 

b een calculated, but b efore commands arc issued. 

NJ ETSFLG . Used for thrust dete r mination in P·1 1. Set in R03 

(ent ered via V18) as follows : set t o 1 if bit 11 of D/\.PDNfH l is 0, 

i ndicatinr; tho.t 2 -j et X translation i s specific.d ; set to 0 if bit 11 

of DAPDATH l i s 1, indicating 4- j et X translation , 

2-31 

0 



LJ 
IV DESCENT/ASCENT LJST 

Word Number Contento 

pcR ; a~-e 
~ 4- J 2, () 

ln 

lb 

2-4 

5n 

5b 

6 

7 

8 

9 

I 0, 11 Cl 

llb 

12 

. 13 

14 

G Hc vi ;. cd 

J. D. word for thi s lio t. Will contain 77773
8

. 

Sync bit s . Will conta in 773 40
0

. 

SPAnES. Sec page 2-70 for definitio n. 

GUIDAHCE Tllll.UST COMTIJAND (FC). The magnitude of 

the desired DPS th rust computed by the Lun a r L and ing 

Gui dance Equations . It docs not apply to /\ scents or 

Abort s , Calcula ted once every 2 seconds durin1; Ja nd­

ln1;. Scaled l bs /(2. 017 x 2 14 ). 

Garbage . This erasable l ocation conta ins IIDOTV and 

_ITCTR, neith er of Y1!1ich is calcula ted <lur in g Des c e nt/ 

Ascent. 

GTCTIME . The L M state ve ctor ti me (PJPTlME) as­

sociate d \'/ith guid2nce thru s t comm:rn cl. Scal ed centi ­

seconds / 2 
28

, r e ferenced to thc com1,utcr cl.ock . 

M/IRKTJME. Time of C DUs for LR Veloci ty Re .1 cling wh en 

Rl 2 run ning. Scaled e ent iseeoncls / 228 , refe renced t o compu ter 

clock . 

LR /1ANGE (cl . p . ). L uncling r adai· nlant range . Sca l ed ft /( 1. 079>,i 8). 

Al way_s low scal e . Ca l culated cvc-i·y 2 secondu clul'ing altitude 

updates. 

LR VELOCITY. Velocity a l ong one of the antenna 2xes (as indi ­

ca t ed by \/SELECT). E ach downlin ked sampl e is t he sum of 

fiv e r eadings of one component. A differen t component i s read 

every 2 sccondn <luring Ln velocity updates . Scaled (ft / sec )/ 

[(K/ 5)X2 28J where K = -0. 6410 for X, K = 1. 21 2 for Y, and 

K_., 0, 06G8 for Z. Thie; i s the sca l ing for th e average of the 

fiv e r ea dings , i. e, , if t he t el emete r e d double pi·cci o ion oct al 

fr /\ction is converted t o a de cimal fr acti on and multiplied by 

(K/5) X 228 , th e r esult is one component of t he r ada r mcasui·c d 

L M velocity r el a tive l o t he sul'facc , along t he approjiri a t c a x is 

of th e antenna coordinate fr a me as defined in th e Luna r L and~ng 

Coordinate Syst ems sec tion of Se ction 5 of t he LU J\lINA P.Y GSOP . 

COIIY I Cn!JZ, CO \IX , Tll o y' 1/, nnd X Cl)l) fl for T ,n n nngn n c/\ clin g 

101· Hl 2 nt LH Jl a11ec Tim e . 15- blt fr ac llon!J ucnkd tl ct;rcc:.i / :JG0 , 

VSELECT. Indicates L R veloc i ty (X , Y, or Z ) wh ich has bee n 

read. Cha nges a ft e r a differen t veloc i ty component has Leen r ead·. 
· DGSC.E.JJ T 

An int eger . 2 indicates X, l i ndicates Y, 0 indicates z. i)v~i>JC, 
·/.:. 

LA TVEL(J 2a)I"OIIVEL(l:~b ). L ntci·al ,rncl for wa r d vclac ity _/1 /he 
ortl10gonnl compone nts of the ho ri zon ta l vclocit)'. of the V•..! hi cle with 

re spect to th e moon , which a r c csscnti::tlly pa r alle l and pc rpc ndiculnr 

to Ui c X-Z plane of the ve hicle (for sm all pitch and roll un cle dis-

C 

ij 

placcments ). f . It i o scaled , (ft/scc) /( 0 . 5571 x 2
14

) and is computed _ r,l 
'-------------- · - - ' ' '" A fJ <r.,~ LflTt:iZ1?L II and di opbyed four t imes per second. '- !)L'f-1}...'4 /} !:-C<a N' / ,w, ., - J I 

\J [Loc:;rY 1s T/N, /1,: c:R.Ti/lC cr::.:. s-:,, k< ~~, 11 
Sam e ns word 67 on Orbital Man euv e r ~ List. __ ..,, 11 (J r -r:. i ·-.'Af.P V c l OC i 1'/ · \ 

V[.L OC. I I , . l'i J...' r <.., - ' ·'-,1 ., 

Some no word 14 on Orbital Ma neuvers Li s t. WlLl B E SIT G"QUl\ L T O Z_f:-. f'-0 . lJ 

2-10 '1 

31-1, 802 , BOC , 
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( 7) I f- A THklJST l i'.u M,\ ELVtK I S P!::RFORMEu \.[T H THE GU l DAl\{.E c c TF<CL SW IT (..'-1 (I , PG~ S ANO Tr.E 1"-0UE co~rP.JL $',,/ITCH IN 
Aul ( rt-,E P Gi~CS -' I ll (lJNTRLJL T11E TUTAL VEHICLE- ATTl TWE ANU GfNtRATE E!T~:::.. l"C,F 1 OR t'OO E: II ATT lTuDE E?.ROkS ANO 
VEH!CU: A T Tl1t, CE ;.;.,\TES CSEE ASSU~PT[CI\ t9) J FCR OISPL~V 0:\1 T~E FDA[ . THE ':i-.::- ,. ~~y EXEKCISE (CNTP.UL AROUND THE 
Y/lw ,XIS U'LY 'wlTH Tt-<E: ACA ( X-AXIS CVERRl(J!:) lF TH!:: x-Axrs cvEPi<IOE CAP~::-L!TY' IS PERMITTE:C BY Thf- PRJGRAl'I 
p. i::: C(ES~ . Tl-'!!> 1Y,.\I\UAL CCI\TRGL WILL BE IN Tn RAH: co:~.'-IA:-.O/t.TTITWE HUL..) ~CuE: -

IF A THRLSn .·;_; !",.\ El-'vE~ IS l'ERF.C!<t'ED r.ITH THE (; UIC,\i\CE CCi'.TP OL S,d7°:'-1 tr~ ?GNS ANO THE HOOE CONTROL Si.ITCH 
[N ATT lTUDc rULU r,~E PG, c.s w!LL HULD TH= VEHICLE ATTlivD E ,no "ILL Gf:-1\ E~ .:.""."E EITHEi-t iJ.CCE I OP. "IUOE II AlT ITUDE ERRl'JR S 
FCk LJ!S l'lAY Cl\ fHt° F(;AI . Tt-E CRE'w HAY EXERCl'.:>E ,'1A~UAL ATTIT'J,.lc co:HKOL L ~:,1., 1 uLL VfHICLE AXES 'rilTH THE ~CA 11'; EITHER 
T11f: l< AH: C0:-1 1-\M,LJ uf.'. MINIMt,M l ~l?L.LSE l'OOE OEPf: , Olt~G UPCi\ Th!: STI\TuS OFT~:: ~ULScS FLAG . HCJl.,EVEk IT [S 
SH'O,GlY RtCl'( ·", ~'.,CEC T>-,'JT l'O'rl [kEO FLIGHT NUT SE ArTE:l".PTEO :N THE HINil".U ," .:--PULSE: :--<ODE . THE PULSES FLAG IS SET OR RE­
St:T I y !:XH: 1'UElJ v t:KCS 7o (l'll\ t :1 L,1' Il'FUlSEl !>NC 77 (Rl>TE (C:-'.t-:~.'D ) P..ES?ECr:.·:-lY . THE ?t.,LSES FLA~ Is ALSO RE:SET 8Y 
P l?. , P4O , 1'41, ?42-, l-'63 , 1'7C, P71, AMJ R40 AT t'AIN Ei\G! i\E lG , rTICi\; HiTf-- Tl-:: EJtCEPfIGN OF THcSE CASES, l".Ji)f SELECTION 
IS .'L-,/IYS :3 .lSEC u ?l i\ TI-E L.AST EI\TR Y Mtd:t: IN Tt--E CSKY . Dl;P.!~iG t. TSKLS7i ;·.-; w.'.4~.E \JvER Ii\ THE PG:--;S/ATTITUGE HOLD 1-'CDE T~E 
P C,~i C.'.> :-.I LL NOT ~E KESPCi\Slt:H!: IF ?.EGIST,ER UV!:KFLC WS CCCUR wITI-IN THE LGC. . 

( 8! CCNTRuL CF T!-E LI". RCS t, , D l>PS IS TRANSFERREC FROH THE PGNL S TO TH E :..=-ckT ~UIDAl\"CE SY STE"I (AGS) BY PLACII\G 
T '-':C Gt,IO C(JN T SI-\! CH F RC/' PGl'-.S TC AGS . 

,t-E AGS wILL ll E CAPAtlL E OF 1AK!NG OVER CONTROL CF THE L~ DUR! G A':-.Y ;,CP.TIU~◄ CF Tl·E LUNAR ASCENT, TH !: AG$ wILL 
GL! L)L THE LI-' TL .l '.>/!FE CReiT . 

THE AGS 1',Y el l 11\ITll>LlZCO tv Tt-E LGC AT Mfr Tin eY l'A UAL SELECT IC.-~ JF TYE AGS INITIAL i lA T ION ROUTINE 
CR',7l , 1\i\C SI-UULC 1-.AVE l!EEi, Pr.RFlJkMED PK!OR TO SELECTIOr-. CF- ?12 . 

t:''I THE !:::V H .f Tr-.Af H·E GUIU:--.:CE C.C TRCL SnlTCH IS CHM,GEC FP.CM PGNS t~ l GS OLRI:',;G A THR L.STi f\G MA1'E UYER , THE LGC 
'rl LL CUNT I lJf lJ ''. Pu T.\ I ON UF rnS! TION AL) VELCClTY, THE DES.RE Tt-,RUS1 v::::rr~ A ·c THE DE SI RED ATTITUDE ER?.QR S, HO..tEVER 
TH E ?G 1'.C5 n lll '-IUT eE l<E:SPLJ 'SIB LE IF REGISTER OVERfLU'r.5 OCCU{ ,,I T~l N T·iE. t_:;C . 

(9! TH!: pc_;:-.cs C ,'l ~ =!~[RA TE Tl-0 TYPES OF A1TITUUE ER P. CRS FCR CtS?LtiY G:'-. r:-:: FCAI; 
HLOE l - S[LlC TEG GY EXT t NDED VERB 61 . AUTUPlLUT FOLLO~ING EkRORS L::~ LS A MUNIT C~ CF T H~ OAP•S ABILITY TO 

T A t, C K A U l C t' A T 1 C S T E E R I ~ G C CH 1-1 .A . ' CS • 
.'-WD E I I - S l: L c. C TEO oY E XTE.i~D!:O VERB 62 . TCT/1L ATTI TUCE E~!<C~S USED TC !ISS !ST CREW I MANUALL Y ~l'HUVE~ I G THE 

v::hl(LE . 
PG~~CS-UERlvEL) \,[:;-q,~LE AllllLOE f;.IITES MAY lll5C ~E CISPL.IIYEC VIA SELECT O~, :Y EX TENDED VERB tc. 
"l uc:: II ATTITi.J Ut f:KP.IJR C!St>LAYS A.t..E AUTCJHAT!CALL Y SELECTED AT TH E BE Gii',~.r ·.~ uF ~6C . ',, ITH T HE EXCEPTIO,'S IN~ICATED 
It\ A~!>L.t'?Tl C:\ <71 cCVE, C!SPLAY S[LECT ION IS ~ .. AYS t;AS[[) U?OIJ THE Lt.ST ~ ~r;: Y "A DE IN THE DSK Y. FGR A 1".CRi: 
:.H: T-llll::l) OES(1.qp !UN UF TH E ~c: :.JlS?lAYS Rf:FER TC SECTICt\ 3 Cf- R567 , PAP.t.. 3 . 2 . ~ -

Cl C1 THE RE Cf:Zv(lJ) F<.AUK (RR) WAS ENrnGILEC i\'-1D CHcCKEO our PRIOR TQ s~ ... ~CT!C~. CF TH IS PROGRAM. 

(11) Tl-:E LA1'.CF' G A:--ALC( JISPL/IYS RCUTl'.\iE (RlOl IS ENABLED AT HG HCh!:V(!=" ~n .;SE CF TH E PR CC'JS IS I'IHIBITED SY THIS 
Pk'. 1 · r-./~ ~~ - -~~~~ ,, C. J IC 1-..J-..C...J~~~T~--S-{·+ri~~•g-E..!~-;~_ --:=r-. ~ l O --4-1'~ TE RMI NATE D U PO · TE R-
H!·,.:. T 1u:~ ui: AV K.',v :: G. J) ,._,R11..:c, THlS MOCc /lLTI TV De-P../iT€ /7,t.;O 1tlTI Tu Cc /-i.Ci; Ci~Pf...AYl: o 0 AJ 1$ J-1<: T/t'PE hETcl:S hNO /AJE'R.71 IK 

C/:i:-5-5~.A/..l~f: Vct').C ,-;-y ON ,HG' c..:.cs..!.. PoJIJ"rt::l'--5, . T 

C 2. E:TH!:P. TH[ LUC CH UTA KCUT !NE (K03) OR THE LA NDIN G c o 'FIRl-'ATIC'l P=:~:;:;>~ ... - (p~s, HAS oEEN PERFCR ~ED PRICR TC 
SEL [ C TIUN UI- Tn l S PRCGPAI-' . 

<l3l f--Url. EACI-- tl:Jk l\ A':\ lGi\lTIC N TOTAL /, LL:J\,,/ACl.E TIME DELA Y \o.lLL BE SPECIF-I~.) l~ THE P':ISS ION RULES . THIS DELAY Tl14E IS 
THt ~ TAL T!Mt: \oit!!trl THt THRLSTII\G XANELVEP. ~AV Cf: Ot:LAYEC 2EYGf'..C THE LGC. C :.LC.IJLATE O T IME OF IGNITIO ·• IF FNGlt~E 
l<ESTP•.:T S .ll Rf: l:\iVULVlC , ri--t ACCUL'~TING OF Tt-HS TOTAL TicJE u::L.lY IS l..Jj.J TC 7 °~:: (;.:E • . 

( l'tl Tl1E ASTRLJ ' ,\t;T 1-'AY Hi\I TC R THE FC L L.Cwl1';G ACGlTIOt\AL PA~1H>:ETE RS OURir~G THS PRO GR A!'I BY KE YING l~ Vl6N77E : 

Vlor--77 
h.l-"": G 
~2-V( Y) 

V3-ll/\ f'd< 

( ..... : 
· ... __ ./ 
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♦♦ 

+ 0 3 
+ED IT 
♦ ♦-

♦♦ 
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THE PGNC S COl'\:-'ANDED SE TTl f\G. 

542 
P63 / LUHINARV 

Tr.IS PROGRMl AS SUMES THE THRO TTLE CONTROL TO BE IN " Al:TO " <T HE OPS RECEIVES T HE S UM OF THE MA\IUAL A~D PG-'lC S 
C Ci'.~:: .. ·oEC SETTll\GS) ANO THE t'.ANUAL T I-ROTTLE TO BE SET AT.MI , 'PI U~ · FO R "laJ MTI~ E: " SECo:os Of THRUSTING , ANO THEREAFTER 
A: LEVE L LESS rH,'\N THAT REQUIRED B'l' THE LGC . THE VALUE "ZCCl'IT I~P' I S I N ERASAB L E STORAGE, HAY[ 'G BEEN LOADED PRIOR 
TC L;~.Ch CR EY P27 . 

OLE To TH E: R[r; IC CF fCReICCEN ThROTTU •G, Tl-'RUST (0:-1,"'A,' D LOGI C IN CJN J U~C TION 'i!ITH T➔ E INTERIK TERMINAL CCND t- · 
T!U:,s (SEE ASS :J'-IP W' (8)) ASSUR= THAT THE COl'l'AI\OED TH~CTTLE RE'HII S AT MAXl~J~ U~'TI THE GUIDA'.,CE ECUATID~S 
Fl rlST !'l=i:UIP.E r i BE 'r! TH:, THE ALLOWflBLE THROTTLE ,M(S~ - THERE,FTER IT S··lO'.;LD REMAIN ~IT •nN iHE ALLOWABLE 
i li:-:uTTLE RA,',GE · TH:S PP.INC PL~,rs OESCRieED li' MORE,CETAlL IN SECTION 5- 3 - 4 OF =l567 . THE RESULT IS A SMOOTH 
A,',C [:frr CIENT Tl ..'~U ST ATTlTU:)E ?RCFILE r:r. □ UGP.OUT THE BRA ',iNG ?n ,SE . 

FLR7rERl'C1f THE OPS /'UST e:: STftRT!:D IN THE FOLLC\-ll~G SEQUE~iCE : +X AX I S 2 JEi' UlLAGE OR 7 . 5 SEC; IG 'ITION AT 
MW~ .·:, :.,,~ TH RC!TTLE ; UL LAGE CFF o . s SECo:..os AFTER IG ' !T c:--. : 1-1u; F,.;,1 THRUS T UNT IL TIG(AS DEFINED BY ~41) + "ZOOMT!Kc" ; 
AI\C T~~N 1-'.t,XI/Ju. Tl-!ROTTLE . TH H·ROT LE SEiTlll:G THE,' BECcns cc:--TRCL L ED BY THE GUIOf,t\CE EOUAT!ON.$. 

. . 
( !J aUL:'\G P.!:: PO ~ERED LAI\Ol r\ G fo'At\EI.JVER , THE LGC \-/ILL 1-'CI\IHR THE PRESENCE c ~ ABSE CE OF THE "NO~-ATTITVJE HOLD · 
0 SCf'ETE . rh,S crsu~HE IS iS~UEU TO THE LGC WI-le, THE ATT!Tl.i'.JE ~ODE CONTROL Si,lTCH IS IN THE AUTO PCSITIO~ -

S~C LlD TH!S C!SC~~ TE AFP!::AR C.J~ING T hE PO'ri ER.EO LA~Ol 'G 1-1,'\.'H\JVER . THE LGC. 4SSL;ME S THAT i T NO LO'.GER HAS CC~PLETE 
flU c:·.\ ,rC co,·:-!:CL O!= THE r.ANELVER. .. 

Tl1E 1-'.0Nl; O~ . 0 Ti-:c ASSOCIA,ED LGC LOGIC IS I~CLUDEO IN THE LANJ I N:; AUTO ~ODES l"ONITOR RO.HINE <Rl3} Y.H I CH WIL L 
BE c:_1 !..ED B Y H l S :>P.CGRA~ • 

L..,J THE X-AXI S OVERRICE OPTI C~ PROVIDES THE CREW WI H THE AB[UTY TO EXERC I SE ~ANUAL CC.'TROL ABCJT THE U1 X AXIS 
I-II rn 7HE ATTI iL' CE COt\TRCLLER EVEr-.. TH GJJG H Tr.E PG cs ATT ITU CE CON P.OL MODE IS UT0 . r:HEN THE CO:-H ROLLER IS RETURN£D 
TO C!:: TE:'T 7HE ?G'~CS DAMPS T!-!E YAW RATE , STC RES THEY.~~ ATTITUCE WHE N THE Y AW RATE IS CA:-i'.PED, A.~O THE\! '1A NTAINS -HAT 

All TLCE . 
il-iE X-AX S G !:: .R!OE CPTICN IS AVAlLAOLE TO THE CRE~ (U, TIL ThE ESTI ATED :.LTITUOE I S BELOW 30,COC FEET)• HO'>EVER 

S <n; _o NOT !3 :: [XER CISEO 'rlHCN 7HE LGC IS SPEClFYI 'GA DESI E'.J YAW ATTITUDE , I . E.: OJRI G THE ATTIT~DE 'IA'EUVE~ TO 
il :E 1'-IR USTI N .",T,l uo: CSEE P. 60). THE OPT ION IS INHIBITED BY HHS ?R0GRA'1 FilJ'1 HID:..'AY I tHE PRCGRA {SEE ASSU <FTION 
{13~ QELOW > TO TliE Et,D. 

(.3) THE LGC S ?CC f-lES LK ATT tTUCE D'JR! G THE POWERED LANDI , G , A EUVER BASED t?QN THE REQUIRE ,E,'TS Cr THRUST 
VECH·~ COiH ROL, Lh,"Dl'.NG SITE vrs.BIUTY, A.: LR OR!Et\TATIC - AFTER OPS IGNITIG\I. T HR.UST VECTC:R. cm.:TROL IS RE QUIRED 
T r. :: c 1J CH THE RE,•u::-. CE ~ OF THIS P?.OGRAM . THE LAN~ING STE OE CCMES VI SIDLE /IT THE 8EGI ·r I 'G CF THE AP?rtO :H PhASE . 

iHR:.,OST VEcrc~ C.Gt\TRCL CCES NCT CCNST RAiN THE U-i o·, ::r·TA =~·· ABJUT THE TH~~ST AXIS (Yt.W AT T Tt!D E) . ROH, TION 
AE:Our TKE LM Y :,·;:) L,1 l flXES ! S LScD TO POI T THE l"EASUR=C 1 1-1 -: u ~; VEC,OR ALONG THE □ =SrnED T l-!?UST YECT'.JR. 

T HE FIRST RCS HA ,'T UPON THE LM Y/\'r. A TITl;'.)E TO lJCCLR S ! t-:,'\T Cr LR ORlE: ·T.H CN . THE LGC WILL N')T ATTEM?T 
TO l: S;: LR DATf. l',iil THE LSC ESTil"/\TIGi CF ,'lTITUCE IS 30,000 F • • AUTQ~ATIC x.-t.XIS OVE RRIDE LCC KO UT IDO ,' lE BY R12 ) 
f. '.~C ':'.'.l~ ATT£TU(.'!: Sl''.::LF!CAT!01, 3Y THE LGC 'rllLL NOT OCCtJR 1v, ' itL THE _GC. EST!~A,Ev ALT ITUD:: IS 30,:)00 FT •• BEF:JR E THI S 
Tr ;~= . THE AST :,c, f,:JT i'US , ;~,'lNHJYcR TO A ROUGH..Y-'r/INOO!,-l:? y , :-1 OP.iENTATiO,, TO Pf:'i:1/E .H SUSS !: OL,;ENT LOSS Gr S-BAl".u 
LVC~~- ON . Tr.E LGC ·, :LL THE~ CC i',.VA~D THE VEHICLE TO THE LGC-S PECir iEO YI\:,{ ATTITU:)c . 

SU!JSECUrnT -:ci X-AXIS OV E:: RIOE LOCKOLT, co T~(O rn: "7HE 't!:~lCLE A0 UT THE L'~ X AXIS IS GOVER~EO BY LR CRIENTA T ION 
P.ECU:f '. f:HEN,S ou 1n :--G THIS PRCG . t.:~. THE LA ,OI ·G SITE B ECc:~E s '/IS13!..E TO THE CO"l .... ~·.;o PILOT IF Tl-!E LOOK A~.~:..E (THE A 'GLE 
8 ~7 :,'..< :~ n-;:: L,: -;-: i\XiS AND Ti-:E LOS TO 7HE lA, •or:~(; SITEl IS G~E.I\TER TH/~ 25 DEC?EES ,'\ ,\D THc LOS IS i'I O?. '-.El.R TP.E 

fl : / • p !_ t • 1 = • 
,'.. T AI\Y T: 'E c;;P.t;o.G P63, P6 1t CR P65 , THE HAGNITUCE OF T}-1:; LOOK l, GlE AND T:-1E CRIENTATION Or THE LOOK A 'GLE PLA E 

(,~..!.~ Pl MH: corn I\!~{ I.'G TH:': LOS AND THE LM X AXI 5) ARE DEF IN!:O CY THE , ERT I ~L ~ I H,'T AT I ON Or THE L .1 X AXIS MW THE 
PCS:T CN GF TH c LI'. rtlH· RESP'.::CT TO THE LANDI, G SITE. 

( 1tl THE CREW H,\S HE CAPABILITY TO DISPLAY LGC CALCULATEC VALL:ES CF FORwARO V ELOCIT Y. LATERAL VELOCITY', ALTITt.OE ANO 
:,u_TUOE RflTE ON -CER T/\IN L.1 HC,ERS D~Pn~G THIS PRO~RAM- Tl-IE CALCULATION OF T-icSE PAR.Al'ETEr(S IS UNO!: THE CO , TRGL OF 

TE E u.:<.:DI NG AN,\ LOG U!SPLAYS RCUTli'E !RO> W!-'ICH iS EN~BLEC ,,~;-.,-,'t"':~T-1~ vJi·-iOJ AVEf:AC,G G, /5 TUR.NED ON,. 
~ ~~,..,,...,._.:---r,.--=r~~~'"=--~ - ._t-:::.X 

LS) THE Rti.TE o:: CESCENT IROO, ~0:)E SNOT ENA:3LED DURING TH! $ rWGR.AM (S!:E LA~,aING (ROD} PRCGRA (PSS), ASSU'?TIO~ 12 
F Q,.;, O::: FIN.TIO, cc 'CO l"COE). 

(16, /: • AeORT F~0>-1 h,E LUflAR DESCEN T MAY BE REOurRED AT A~'Y Tl~E DURlN:; T-1E DES::ENT GRB IT I JECTION, THE DESCENT 
CC ,\S!, OR THE PO '-. (f<[:0 D'.::SCl:I\T (F63) , (P64) , (P65) , CR {P66) . 
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+03 
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"A[T u~r i~ TIG - 30 
· s~c. 

RETt.:.1.~ vu,::62 
C I S?L AYS 

ST A RT /.V ~ i: : GE G 
INTEGR ,'\ re:: rnoTE : 
T l-i E R • 0 / !~ ; '../ R 2 
S E RV I U : . ""J T rN E 
( CS) :.~::; :i ·E OE ­
SCE, T ST~.~ 'ECTOR 
u FD Ar E . c1_: .i , · ~ rn 12 , 
WILL BE C~LLE D O~CE 
E'✓ Er.Y 2 ":.cJ:rns BY 
AV~RAGE s uu ~=~G 
P63 , Pf~'· :-, .,,::; A~,~ 
P6o . 1"hc:,L-;.• ;_:~·1 HE 
CPER..\ 1 ":I ◄ c:= -f.'.::_;~ 

"'•-~: J R • r S :, 0 T 
E ;\ ~'< 0 L EC L' ; • , [ L 
JG ITIC~ •• 

-----------

----------
~ONITOR CSKY : 
,\T TFl ~ - 003 29 
OBSERVE RETU?, OF 
V06 ,62 CI SPLAYS T 0 
IND CA TE lr-iA T 
AV ER AGE G !NT EGRA­
H 0,' !-!A S ST A~TEO. 
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---------------
RESET IDLE lAG 
--------------

!S ll"PL SE r= AG SET? 
(NOrc: t.~s::E;~ WILL 
AU,tYS eE 11C FOR 
Pt3) 

RE E T IG:-C !HCllt Fl/lG 

RE SEl AST ~.c .· ,:J T FU,G 

CALL FO R R ::SFr OF 
LLLAGE FLAG 
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PURPOSE: 
+02 
+zes 

631 

OPS ABOK T PROGRAM ( P 7C) REV 02 12/03/69 

( 1) TO CC , TROL A PGf\CS CCNTROLLEO O.PS AB~T FRCJ1 THE POlHREO LANDING MA~EUVER {P63, 64,65, OR 66J W:-!EN REQUIRED. 
(&EE ASSt.:. i?T ION ( 1)). 

ASS:JMPTIQ~: (l} Tl·dS PROGRAM k!LL CCNTROL A DPS ABORT II'; ONE OF Tl\C lilAYS: 

♦♦ 

+02 
+EDIT 
♦♦ 

♦♦ 

+02 
+ 285 
+ EC IT 
+02 
++ 

(A) Ir- ThE t.lTITUCE IS GREATER THAN 25,000 FT, T~IS PROGRA.1'\ WILL COMXAND MAXIMUM OPS THROTTLE, ca T NUE ·OPS 
! r.r' US TING, ;> ERf-OR M A An: TUOE HA;--.;EUVER ( U SI I\G THE RCS> TO THE CO ,?, ECT ATT ITUD1: TO CONTINUE THE -ABQR T 
ASCE!'<T , A.· c CC'-\PLETE THE ASOP..T ASCE 1 T TO INSE?.T THELMON AN A3CRT ORBIT. 

.--t./ 

~e> IF THE LT!TUDE IS LESS HAN 25,0CQ FT, THIS PRCGRA:-1 W LL co~ ,'1AND AXIMUM CPS . THROTTLE AND ENTER A 
'✓ [R TICAL R SE Pt-,ASE HhICH \.t!ll TE Rl'INATE EITl-:E WHEN Tt-'E LM Al T T\JDE EXCEEDS 25,000 FT. OR WHEN 
7HE U\ Vt:KT[Ul VELOCITY rs G~EATER THI. ' 40 FT/SEC. 

CURU,C: i:-E VERTICAL RISE P HASE , THE VEHICLE IS ~ANcUVcRED TO ALIGN THE LM +X: AXIS h'ITH HE 
LOC AL \iERnc:.L (USING THE RCS), ANS TH E LH +Y AXIS NOR~iAL TJ THE ANTICIP~TED PITCH MA~-iEUVER PLANE. THE 
P ~ UGRA.'\ ri l:..i.. TH!:/~ PITCH H'.E lM TO THE COR?.ECT ATTITUDE FOR ASCE ,·T, AND CO MPLETE THE AWRT ASCENT TO 

, S ER T T HE L r- CI\ ft t. e CRT OR e IT • 

(2) ThE /\CORT CRB!T IS CEfINED IN SECT ON 5.4.3 OF R567. 

(3) THE LI-\ IS CN TH:: P[r,ERED LAI\OL G CESCENT soi;.E,H~ERE fET'tlEEN DPS IGNITION F-OR THE HA EUVER (P63) AND DPS SHUTDO~N 
CN ThE LU: ',.;\ SURFACE !P65 0?, P66). 

(4) TH :; C.SM IS IN A ~~ E:.R CIRCULAR CRBIT /\P.CU1'-C THE OW.CON AT A NOMINJ\L ALTITUDE OF 60 NAUTICAL ~llES. r.-fE CSM IS 
MAINTAl,J ::;e, A PREFERRED TRAC.KiNG ATTITUDE FOR O?TICAL TR,\CKING GF AN;J R TRACYING BY THE LM. 

(5) THE :;; LIS a:-. A:,'J AC.Ct,RATElY t,L G ' EC TO THE LA,'CING ORIEl\'TATION. THE .V.OST RECEN T IMU ALIGNl'IEN"T: (Flf\E) TOOK PLACE 
OVRI:--lG Th !: SRAKlNG Pr'~\SE PR.LJ RAM (P 63l PfUOR TO DPS IGNITIO,'. 

(6} THE ,\~i)I G R.\'J:..R (L RJ IS 01\ M~D WAS CHECKED OUT WHN IN POSITION f1!. THE LGC/LR OPERATIO'l IS UNJE THE CO TROL 
OF Tt-:E CE:;CE:NT STATE VECTUQ. UPDATE f'IOUTINE (Rl2). 

(7} THC: ?,E,\DEZ'40t,S R:.JA~ (R R) . kAS ENHGIZED t:-IC CHECKEC OUT PRIOR Tu SELECTION OF THIS PROG~M-1. 

(8) ThE u :-..CING .A~~A LUG CIS!=LAYS RO UTINE (RIO) Is E:--A!3LED IJPON ENTRY TO THIS PROGRA~. HAVI G BEEN ENM~ ED BY P63. 
-i:.-:I -C-4:rSf-. G:--:.:;:-.~v';::-5--~~:-:-:-:-Jfrt-T--E-!}---&Y-""."-~~l-~~-. RlO rs rn:,qNATED u 0 '.JN TE=ll·•IIMT!C~ OF AVERAGE G- Dl.!!2; 1'}~ THIS MOOE -

ALTltO re- A,€ F;1;J:' /:LT! TUPE Af:.C:: DIS ?LAY[:{> C) ,-.J ,He T/JPc /../,E1EP.S RfV';:> //'"-1;::;::. l' J/\L C {!.05-:, P-PN{j €' YELOC ITY Of'I T»c-- cpo::.S PC>IN I cf-.5 · 
(9) T HE D;•s IS NOT ft-'~CTTLABLE OVE R THE WHOLE R:. , •GE FK0:1 ZcKO TO ~AXP:u~ . IT MUST BE O ERATEO EITHER AT HAX ~Li ... 
iHROTTL~ (Ii( OVER A 51=::Cir[C THRCTTU: Rl'\~ GE GF LCAE R S::TTI ' GS - THESE T :-..~ '.JTTU: S::TTI GS ARE SPECIFIE[.) _N. SECnc ; 5 CF 
R567 Ai~:) ;. ··n : TOTAL Tt •-~GTTLt: SE:TTING'.; , I.E.: THE su.~ GF THE MNUAL SETTING ('rlHwE i-HN!1".UM IS 10 PERCE,' i) A'D T HE 
PG~CS c c ~~ P\ O=C SETTl~G-

THIS PRtJ~ R.\~ AS St..H S THE THROTTLE CCNTROL TO dE 11\ AUTC (THE CF'S RECEIVES TH E $1..,.~ uF THE XANUAL ANJ ?:;NCS 
CC/"1-'A , t.:EC S r !:'-;GS) A',C Tt-E .~A UAL Tf-'.'~ OTTLE TO 8E SET AT A LEVEL LESS TH N THA T RE CUIRED BY THE LGC. THE LGC lo;ILL 
CC /' ,":. lJ ,-.A,. ! ... Ut- Trf;ClTlE FCR nL CPS Tl- ~UST ING CO~T~CLLEC BY THiS PRCG~,,•;. 

(10) TI- E X-t,X l'.> U'✓ E:Kr-:lC!: OPTION PRO VIDE S THE CREh hITH THE A'.:IILITY TO EXEPCISE MANUAL CCNTRCL ABOUT THE LM ~ AX IS 
i.I TH TH!: ,,rr1 TUO E CC~,Tr{CLLE~ EVEN Tf· CUGH TrE PG,•~C. s All [TUC£: c o r~TROL ~OD E rs AUT~. nHEN THE CONiR OL LE~ IS RET:..J~'\ED 
TC t.JEH.:JT T'IE PGtJCS Ll-'.' ~'l'S THE YA',, R/\lE , STO RES HIE Yt,w ,HTITUCE 'ri HE N T HE YA'ri RArE IS CJ\:'-l?EO, A"-.;0 THE~ "1AI TAI. ' S THAT 
ATT1TUCt . 

THl X-fJXI S CVEF"" I GE (PT ICN IS /IL1-i.1WS AVfJ LAHE TC Tt-E CR.Ek f:XCEP T i-·H[ ,· THE LGC IS SPEC IFYI t-;':; A DESI RED YA'w. 
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PURPOSE: 
♦♦ 

+ C2 
+285 
ASSUMPT lG~S: 
♦♦ 

♦♦ 

+02 
+EDIT 
♦♦ 

♦♦ . 

+ 02 
+EDIT 
♦♦ 

. ' 

APS ABC RT PRCGR~/1 (F71) REV 02 12/03/6<; 

( l) TO CONTROL A PG:\CS C.C~TRCLLED APS ABGRT FRC.~ TP.E POW ERE D LANO! NG ~ANEUVER { P63,_ 64, 65, m. 66) OK A DPS 
0

AEORT (P7 0 ) \-/~EN RE .JUlRED (SEE ASs u:-: PTION (1)). 

(l) T hE PKO GRA ~ hlll CCNTROL AN APS ABORT IN C~E CF T~C "AYS: 

661 

CA) !F TH E ALTITUDE IS GRE ATER THJN 25,~'JO FT, THS P ROGRA:-1 WILL I GN ITE THE APS, CONTINUE A?S TH Rt.; STI NG, 
PERFO F:.M A,' f,. TI TLD!: .:,\NEt.;VER (liSI~-(; BE RCS) TO THE CORRECT ATTITUDE TO cm1TI NUE THE ABJR T ASCENT, AN!) 
CC~ PLETE ~rE AEO~T ASCENT TO l~SEKT THELMON AN ABORT O~SIT . 

(SI IF TH[ ALTITl.:D!: rs LESS THA r-. 25, 00C FT , THIS PROGRAM W1LL IG , ITE T HE APS, CONTINUE APS THRUSTI NG, 
EI\TER A VE~TICt.L R ISE PHASE WhiCh 1,ILL TEP.1 IN TE EITHER wl-lEN THE LM ALTITU DE: -E XCE ED S 25,:J OO FT. CR 
i,,!-IEIII Tl!E 'f' VERTICAL VELCCITY IS G~ E..!TER Tl-AN t.Q FT/SEC . 
DtJR UI G Th E VE RTICAL. RISE PHASE THE ',:HICLE IS /✓ A 'EUVERED IN ORDER TC ALIG TH E LM +X AXIS 'rl [TH THE 
LCCAL VEkT IUL (U SING ThE RCS) A:~:J Tr.:: LH +Y AXIS QR.\AL TJ TH E <\NTIClPATEO PITC-i MANEUVER PLA . E . T HE 
P~:Oc;~A.'i ',dLL THEN PI iCH THE L:- TC Tr.i: CC RRE CT ATT I UDE FOR ASCENT, A.'.:O THEN C□ l-:? LETE THE ABORT t.SCENT. 
TO l , SERT T!-c LM or· / ,N ABORT ORBIT . 

(2) . TH IS PK.OGRAM OCES !\CT UI ECK TC SEE IF H 'E C?S H.\S BEE, STAGED . T H'JS IF P71 S SELECTED VI~ V37 AND THE DESCE• T 
STAGE r-/,S NCT BEEN ti,!~,U!.!.. LY STI\GED THIS PK.OGRAI", ~.:.Y COf'.i-:A D ENGI EON (ASS Ul-:? TION lA OR 1B ABCVE) . IN SUCH CASES Tl-'E 
CG ~l'A 'D hr :.. L GC TC H ; '.:: CPS . 

(3) TH~ A3GRT CReIT IS C:EFINEO IN SECT IO ' 5."t.3 !JF R567. 

(41 TH C$H IS IN t, r,E.l~ CIRCULAR. ORBIT AROUND T H:: ~OON AT A NOMI 'Al ALT! TUDE OF 60 NAUTICAL MI LES. THE CS M IS 
MA INTArnr:;t, A PREFERRED TR~C~ING ATTITUDE FOR OPTICAL TRACKU-,G CF ANO RR TP.ACK ING BY TH E LX. 

{5) ThE ,ML: IS or-. t, 0 AC CuRtTE:LY ALIGNEC TO The l.l~;DING SIT E ORIENTATION . 7HE KOS T RECENT IMU ALIGNMENT (Fl 1\E) 
TOO K. PLJ\CL Uvk[N:; T:1[ 5'.-'.,\i<. 1!\G PHAS E P~CGn,,1-: {P63J P?.IGR TO c?s l:G:-.i IT rc:-.i . 

(o) T11 E L, 1'C[/\;( RAUR {LR) IS Ci{ AND WA S CH EC)(ED OUT WHEN I N POSITION #1 - THE LGC/LR OPE RATION IS UND ER TrE 
CO' TRUL OF 1HE OESC!:/\T s r,HE VECTG R UPC,HE RW TI~E Ui.12) . 

{7) T HE ,Ut\ CElvCUS RAGAR (RR) WAS ENERGIZED A'lv C-iECKED OUT PRIOR TO SELEC TION Or THIS PROG~AK. 

( S) Tl-:= LA:-.;O l NG A!ll/\'..IJG DISPLAYS RCLTINE (RlOl IS E~ABLEO UPON E TRY TO THIS PR.OG..,AH , HAVING BEEN ENABLED SY P63 . 
~ .r(- C.- ~~:1:--f:-'..:~J.::.-- r::c::!"/~-i:-i:l-•• :::~~y -- ~tiS P~O'; "'-". R.10 IS TERMINATED UPO '~ TERM!· TlO,\I OF AVERAGE G • .i)u~,1-J~ ,H1S MODE 
//LTITUOi::- ,':f. Tc f;;J ? /?Lr/ 11.:c-c /-,'f:€ OISF'LJqtct> Q ,\J ,Hc Trrc MCJEQS //NO /MC:.f-.Tl,~ l Cr~u55 ~:'\ :-.l~(; V'CLCC IT'f ON 11/c C /.:O.S.S ('cu .. neR.5 . 
( ~ ) T H~ X .... xrs ov rn~ I uE CPTION PROVIDES THE CRE 'I.ITH THE AB I LITY TO EXERC ISE HA,lUA L co 1TROL ABOUT THE L'M X AXI S 
WIT H T h!: t,!T!TUCE CU,\TP.CLLER EVE:-.. HDUGH THE PG:--:s ATTITt;DE CONT RO L MOOE I S Ali o . \-:HE THE CO .'TP.OLLER rs RE '....R ~,ED TO 
OE TENT rH E ?G ,'4(.S D,\ f"PS TKE YAw RATE , STCRES T!-,E Y:..A ATT ITUCE h'HEN TH E YAW iS QA:~PED , ANO THEN "iAU-.TAINS THAT 
HTITUC E . , 

Tf-:c X-i!X [S OVE ?RlSE OPTION IS AlldYS AVAILA c: LE TO HE CREW EXCEPT 1-,'·H:N THE LGC rs SPECIFY{ GA DESIRED Y AW 
ATTIT w::: . ,HL S THE CPTIC.\ :s If\HIBifEO BY Tr.IS PF.i:(;!{A:-1 ONLY IN T t-'E CASE OF ASSUMPTiON (1) ( Bl ASOVE, unnL THE 
CO~P L ETiCi'l Of T!-.t P[TCI-' :-;.\.',EUV!:R TU THE AHITU) E F C~ THE ASCEr-T ~/\ EUVER . 

( lC ) lF A h~ LSUt,,G ~A E:..VcR IS PERFCR~EC wni-. Tt- : GUICAICE CONTROL SWITCH IN PGNS A 'D THE MODE CONTROL S',,[ TCH 
AUTO, ft-' E Pt..'<C .:> ;./[LL CC clT~CL TH!: TOT•\ L VErltCLE ATTITLDE AND GENERATE EITHER MODE I OR ~ODE II ATTITUDE EHJ~S 

P71 /L U~I NARY 
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PURPOSE: 

869 

LANClNG A, 'A:..0 G CISPLAYS RCUTI~E CR 10) · REV O 3 12/03/69 

!l> TU ,'i'.J :H10k THE: . "DIS~LAY It-.ERTUl CATA" CISCRETE THE ABSENCE OF wl·HCH INOI:ATES THE CP.EW HAS SELE:iEJ FOR DISPLAY 
ON. THE LM, Efi:R5 o:~E 0 '.{ .~ui<.E OF THE LGC-CALCULATED DISPLAY :>ARA~ETERS. THESE PAR.Ai·~cTERS ARE : 

(A) FCR;.ARD VELCCITY SEE SECTION 5 CF RS67 FOR CEF~NITIJ"• 

!!:) LHEK~L VELOCITY - SEE SECTION S OF R567 FOR DEFlN[TION. 

(C) ALT!Tl:UE - TrlE PRESENT ALTITIJDE OF THE LI'' AeCVE ThE LUNAR Rt\CIUS AT THE OESIG~ATED LA DING SITE; A.S. 
l'-'\COI r=ic:o BY THE T€fU!.A!N /Y.0Ocl. 

cc, tiLTITLCE !U";'E - n-E PR:SHT RATc , OF CH~NGE CF ALTITUDE ((Cl MOVE) . 

(2) TC C/IL CU LATE 1:t--ESE. CISPLAY PARA .~E TERS AND TRANS,.,, IT THU' TO THE LM METERS WHEN Tt--E "DrSPLAY INERTIAL DATA" 
01 SCR!:1E I~ :'-ICT F'RES E:-.:J . 

ASSUJ,IPTIO-S: 
++ 

(ll T~IS :1U'JT li,E 1S A~TC~:H ICALLY C.'\llED EVERY .25 SECU~DS BY THE ABCRT DISCRETE$ MCNrTOR ROUfINE {P..11>, BU T O~LY 
D l,R !\G P: 2 , ', 3 , o4, 6 5, 06 , 70 , CR 7l. HOrt~~'F-1---E-R-C·tH-P.vf--'-r-H..~ ~!I ·SI -r E o-f Ro-:-:---ttS'"' ,,G--·mt--P.-~~R ',f-~ o-A--~e--

+03 
+285 
♦♦ 
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-t--,'r~ • .'rl:-',,;[ ._: LU-:-Y-C;{.('-5 SP~; "rt~•s-i--01::R [ ~G-P-l·2-y-P.1C>-r-{)P.-P7 l-;-T F.JS-CNtY-r,t:i •r,u cE-:. Jv At:T-IT UQ!;: __ ::>_:.. T E.-LIAP .. E - E·TE R S.)-'x! 1:i:--Sc: 
--C+S-~~C-'.:' 'JF'-- I.'~..J....2 ;,~~-7--:-;- P,:t:.,JJC. P1z.., ?70 /lAJ=> P71 PO~\fl.1.f1RV VE:LOCIT'( /.S ;-:.::;:::...:_;:::J ZER.o /,;-./0 L/7TD7AL 

VclOCtT'/ J$ l!\JE"'P..Tlf\L VELOCITY IN TilC C~OSf>f._J)).J~(; AXIS St:T TD 

LGC 

t.GC 
r::C LTit\E 
Sc:...f:CTlO~ 
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CISPLAYS ROUT ~.~:: 
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SET? 

UPO-.qTE VC:LcGIT'f 

v:::c,on. Tv cut:t:C/IT Ttfllf: 

Zi{_cuU?T<= AL r, TLIPc' 
flffv 

ALT/TU 0 c ~ /2.4T~ ~. 

l S 1H= "0 SPLAY 
INERT[/~ DATAN 

• DlSC f: !: ;" ... P~ES ENT? 

• Y N • 

• · IS D IO aA G SET 7 

Y. 

SET O ll) FLAG . 

CO l "[SH THE LGC TC 
COMPUTE THE LANDING 
ANALOG O lS PLAYS? 

.Y 

SET T t-E "MODE 
SEL " $1,lTCH TC 
"PGNS" 

SET THE "MODE 
SEl" S i. ITCH TO 
"AG$" OR "LOG 
RAC .A ~" 

EXIT 
R 10 
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SET PARA ~'.[ TU 
FCIT\TH iC 

• ALTR1~TE . 

PE RF ORK H, IT -
• IAUZAHC:-S FCR 
• FI RS T ::;: sPu.~ 

CF C.H A . 

• ENAB LE ?.R ER~ CR. 
• CO LNTE R 

• SE T IN E R T .\l 
• CH A C IS CR ::r c 

/ 
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h 
? I 
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• 1 S HE !{ 1 C FLAG 
SET? 

. - y-----------
t 'r ~ N. 
Fe ·,_,._,;-~-~~ 0 • 
\/ (;U...C.. • . 'i - • 

~ -------------i ULC L' :...H E FCR-
.L!~\ I\:. rw ., E L CC I l y 

:.· ; C ' AT ER AL 
~! Y E ... _C(:Y . ,, 
i.l ------------

{· 
• C~LC..: L 1J ~t.: 
• ;\S<:.C/J ~ • 
• Cc,: ~,. s ("c.1w-:-A!. . 
• 01sru•-f -~ 

Tl-'.,'. '.· '.'IT F Cf<-
1,; RD VE LOCI Ty 
A,:,: '..:•T ERt l 
'v!: ~CC.. 1Y TC 

-. 

IS THE LM ON T'rlE 
CES CE NT T RAJ ECT ORY? 

.Y 

0 8 SERVi: FORWAR D 
VELGCITY ANO LAT­
ERAL VELOCITY 
CROSS POI.'TERS 
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Analog Display ]'a nunc lc r s 

'' , .,•-·-··· 

The LGC is required Lo d1·ive fo ur analog displays in a ll landing-m ane uver 

phases, if selected to do so by the as t ronaut . The va rio us analoc-dispb.y quanti ties 

a1·e. the following : 

n 

ij 

1. ) h: Alti tude 

The e·slirna ted local altitude of the vehicl e as 

derived from t he difference between t he curi·ent 

' ~ posit ion vector (::_p) and th e l anding- site r ad iu s 

/l S 1100,;:11;o_~gnit ucle (rLSDThe LGC drive s a digital La pe 

B' / TH E 11-rru .:,r-. i meter with a lt itude: scaled at 2 . 31 5 feet/bit ove r 
Tcl!~/\ 11., MoDC;!., 

.vlIL -

a range of 0 - 60 , 000 feet . 

Altitude Rate 

The component of the vehicl e ' s velocity t hat li cs 

along Ll 1e lo cal-vel'l i cal directi.on (~hP ). The 

L GC drive s a dieita l tape mctc1· Vlith Lhis par·a ­

m eler scal ed at 0 . 5 ft/ sec per bit ovc:,· a range 

of ±500 fl/ sec . 

Fonvard and L a te1·a l Velocity 

O rthogonal cornponents of Lh e hori zon ta l velocity 

of the vehicle with respect lo th e moon , whi ch are 

e ssentially para llel and p e rpe ndicular Lo the X -

Z plane of the ve hicle (for small pit c h a nd roll 

angle di spl a cements ). Th e coordinates and di s ­

play requirements for these ve loc ity components 

are defined in !CD LIS -5 40 -10001. The scaling 

of these component s i s for a ~-ange of :l:200 ft/ sec . 

n The altitude (h ) c':1-0. altitude r ate (vv ) ·u-rc-co m 11utul-<'.ncl--<li s plnyecl.--two 
I I J I -f . 

\-J -t-ime-0/ !.lecond-,-altc.r.na t ing- lhcm-c-ve1·y- 0·;2 5- second·.'"'! Vorwa1·d o.nd la tera l ve locity 
1\ / ;··\ (vHF and vllL ) arc computed and di:-;played four times second . 

' ' \, 
C, 
0 
0 
0 
0 
0 
n 
() 
(.) 

5, 3-118 

n 
I 
I 
I 

1i 



' ... I ' -~. -
0 
() 

The di splay s arc kepl up - lo-dale by 1·ead ing Lhc PIP/\-oulpul data at 

certa in r.;pccial inlermcd ialc Li mes (L. ). The vehicle ' s vc loc ily wilh r espect lo 
. l 

-
the moon al these inlcrmedia le Li mes (iMP. ) is compuled from ll1 c 1·elation s : 

l 

-"~~~ 
0 . , n"', . <('~ / 

::'..MP. = · +lf'.p /( t~.,,_:-~~-1 ) + (t::..~P. + 6~p ) 
1 n -1 ~ n-1 1 n-1 

?' ri', e,\f\::;) 
/;,, . = 

V = v +Qr (t . - t ) + ( A ~v · ) -· V SU ~ \ - MP . -MP !2. P l 11 '-' _p_ -
l 11 11 l 

vrS 
✓ s 

,,.,, .,,.,(L ,;;: t. < t.) 
11 l J 

(t .,;;: t. < t ~1 ) J l n · 

(3. 4. 8.1) 

l 
.. 

I 
... 
(l 

0 
0 

where the subscript i refers to the di splay-comp uta tion tirne , t he subscript n rder-s 

to the norm al PII'A -output processing time , a nd the subscl'ipt j r efers lo Llie .lctual 

time tha t th e cycle through the Sta te•· Vector- Update Eouline i s completed . y_suR.F l "::. 
"Tl4 E' V E LOC IT Y er- "TH E L<..'rJA/'l. svr-r1,c1.; CoMPv,t'D I/J Til t: 5TATLo· \/e;C,cR-UrP/111.: {;,OUT/t,..>6 

T wo _diffe r ent relation s 2xe required bcc;i,use t he computa tion s of 

velocity (:::_MP ) and gl'avitational acceleration (g_p ) fo1· ti.me tn arc not compleled 

until a later Lime t . (rrreale1· than t ). The PIPA-oulput r egisters , howevCl· , al'e 
J n 

re ad and th en se t Lo ze1·0 at the norm a l PIPA -output processing li me (t ). Fo r this n 
r eason, it i [; necessary to save ancl use the preceding-cycle PIPA-oulput dala 

t::..v until Lhe cycle through the Sla le -Veclor-Update Houlinc i s comp l eted (t.), as 
-Pn - 1 J 

shown in lh c fir's t of the p rc cedin[;' lwo l'elations . 

The vertical veloc ity displayed at the intermediate time (t i), i. c ., vV. 
l i s gi vcn by lhc r el::t Liom, ,:, : 

= ~ I\'IP. 
1 

:-'..M.P. 
l 

~ hP 
n - 1 

+ V Q (t . - t 1) 
I-1 fl l l 11-

11· 

(t . - t ) 
l 11 (t. ~ t. < t 11) J l n· · 

(3, 1 . 8 . 2) 

~ 

0 
0 
Cl 
0 
C, 
0 
0 
0 
0 
0 
0 
0 
0 
0 

" 0 
0 
0 
0 
0 
0 
0 
(l 

<• 
( : 
() 
(1 
0 
t• 
(J 

0 
0 
0 

where the subsc t'i pts i, j, and n r e fe r to the tim es m e:nl ioncd ea rl.l et' in this section . g 
ll shc,ulcl l.J·] 11ot<:d Jt ,_, rc u~~·. t Lh~ loc-d-\·c1·Lic2.l unit \' ec to r .:: (u , -·, ::>.ml u ,.- , ) 

-nl ll - - 1« n-1 
c on·c ,;poncl to l h.:: nonnal PIPA-pt·occ~;s in~ ti mes (~ and t 

1 
). Fo1· thi s r eason , n n-

a cor rection t c 1·m shov:n above is req uired to account for vehicle rnolion (and 

,;, v lIO R 1s compu lcd1Dffic·-s-tale- Vector- Upda te Ron line 

5 . 3-llD 

0 
,) 

u 
(I 

(.) 

C, 
0 
0 
0 
0 
(I 

0 .. 
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r otation of .:1.JJp) during the interval from the PIP/\-p1·occssin[.( time (l
11 

or t
11

_ 1 ) lo 

the di splay lime (l. ). 
1 

rela tion s : 

(t ~ t. < t . ) 
n l J 

(t .'~ t . < t +1) 
J l n 

(3 . 4.8 .3) 

whe r e the alt itude (h or h 
1

) ancl vertical velocity (v V or vV ) are from lhe 
11 n- n n - 1 

State - Vector-Update· Rouli nc . 

The ro·r ward and la tct·a l velocity components (vlJF and v111) arc cc1nputed 

fro m th e same equu.tions shown in the Stale-Ve c tor-Update Routine , except tha t th e 

inlermedia l e time horizonta l velocity (~JVIp. ) is used in place of I. ha t for the normal 
l 

PIPA -o utput p1·occ,;s ing lime (vMP or vl\lIP ). For convenience , these rel a tions arc 

repeated be low . n 

VHZ. = ~ MP .. ~ HZP 
l l 

VHY. - /-1/P//10/ y_ tv1rYi. l 

= vHZ . cosAOGi - vHY . sinAOGi VHF. 
l l l 

VHL . vHZ . sinAOGi + vIIY. cosAOGi 
l l l 

wli ct·e the s ub sc l'ipt i is u:;cd lo incl ic :tlc q u,1nlilics clelcr!llinc:d for th e di s pl ,1y l ii11cs 

(l/ T he uni t vccto1· .::.JJZP i s fo r t iic PJP/,-prnccssing li rnc . T he ,:nr;le .1\OG is t he 

stab l e member outer r;imual angle , 

Dt5PLAYS 

LflTcl?.ll l vnocny 1$ \!/.!\p i.__ - /IJ OTfi c:I: VJ<'I/Z.0.5 

CR. C>S:'> RJ110c;C 1/El O C ITY. 
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., 1 ;_ / i L PROGRAM CHANGE ROUTING SLIP 

½J ' CO LOSS(TS 2C : 

I,' c:'.OLOSSUS 2D 

lJ COLOSSUS 2E 

0 COLOSSUS 2F 

0 LUMINARY 1 B 

0LUMINARY lC 

D LUMINARY lD 

□ LUMINARY lE 

□ MIT Approved PCN □ NASA Approved . PCR 

[ ] NASA Approved PCN 

Begin coding immediately 

P< : B l PCN::tt 
I -----

ANOMALY # 1-- JC,-0 I · 

.-. ~ 
.::>' 

□ NASA Approved 
Software Anomaly 

~IT Approved 
~ . ~r_e Anomaly 

+. -~ 

'1 

ACTION: ·a, (\I\~¾ c. 

Program Supervisor's Appro,al: )11~ a-,..,;;Jj.(~ iW~ 
Do not code until new GSOP material has been appro~ed by the MIT 0 Mission Design Review Board (MDRB) and distributed·. 

B. GSOP Preparation 

0 Prepare GSOP revisions for MDRB 
cons id era tion 

ACTION: -----------
0 Technical Committee Meeting not required. 

□ Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0. Review for pos sible impact on KSC 
testing and checkout ACTION: 

. D. Other Programs Affected o Review i>r corresponding changes· in , _ 

---

Special Instructions 
· ACTION: / 

Project Manage~4.,, :Z::.:J 
c~- ~ 

-; f~ ~ 

' j, 
• \I 

, I . 

Date // - 2 - '9 <-z r -



MIT/ I l SOFTWARE ANOMALY REPCRT M<I. A~'fiJ." - -
L-1 -01 

,,, I. I ()RIGINAWR 

P . ADLER \.:- ... , . . -- ---
!u DISCRIPTI0N Of ANOMAI Y· 

U ORGAN I/ AT IC'", 
MIT /IL 

il.3 DATT : 1.4 0Rl(.11-,ATOR PRQf.,8N!\_INARY 
111 / 5 / 6 g CONTROi NO. LU !Vl 

_ _i__ _ _ _ _ --1------~IPROGRArr,ioN 

D eHa -V incr<: ment may be subtracted from VG twice following a restart. 

CONT I NUI D ON I' AGI 
1.6 (){ SCR I PTION or RUN: 

DOI Simulation at GAEC. 

CONTINUlD ON PAC.I 

-MIT ANALYSIS-
2.1 CAUS[: 

Due to faulty restart protection , the code that subtracts DELVREF from VG may 
be executed twice. 

CONT I NUEO ON P 4r,r 

) 

2.2 R£COGNITION , Following a restart, VG (R2 of N40) may drop by twice the amount of 6 V -- \: 
ac cumulated in the past 2 seconds. This is not accompanied by a similar gain in DV 
total (R 3, N40) . At end of burn, DV total not equal to targeted VG (71.cJNfiNu~i\N5)AG£ 

,.,. ~ l MISSION UFlCT· 
Causes LGC to command underburn. 
15 nmi perilune instead of 9 nmi. 

State vector unaffected; DOI results in 

CONTINUED ON PAGE 
2. 4 AVOIDANCf PROCEDURE' : 

N o ne 
CONTINUED ON PAGE 

2. S RECOVERY PROCEOUR[: 
Add appropria t e 6V manually at end of burn, normally 8. 7 fps at 40% throttle. 

CONTINUED ON PAGE 
2. 6 PROGR Ml CORRECTION: 

I nsert phase change in S40. 8 . 
CONTI NlJ1 D m, r A(;j 1-----------------------------------------·- ---·-t 7 RECOMMENDfD DISPOSITION I Fix, Work-around, elcl: 

F i x fo r lD. Program note for lB, lC. 
CONTINUED ON PAGE 

2. 8 RECOMMENO[O RE-TESTING: 

Digital DOI with restarts. 
CONTINUED ON PAGE 

3.1 NASA DI RE CTION: 41 CLOSING ACTION TAKEN: 

CONTINUED ON PAGE CONTI NI.JED ON PAGE 
3. 3 ORGA1,i ZATIO 2 SIGNATURE: 4. 3 

/~-c ~ 

.J 

.-----



1\f{ f /IL PROGl CHANGE ROUTING SLIP ~ ;ti ___ . 
L • 

!. . ANOMALY# L -/e-o:} 

[7 COLOSSUS 2C 
\ 

D LUMINARY 1 B 

□ LUMINARY lC 

@LuMINARY lD 

D LUMINARY lE 

L COLOSSUS 2D 

D COLOSSUS 2 E 

. 0 COLOSSUS _2F 

□ MIT Approyed PCN 

A. Coding 

□ NASA Approved PCR 

[] NASA Approved PCN 

e) · Begin coding immediately 

ACTION: 

□ NASA .Approved 
.__, Joftware Anomaly 

GZ MIT Approved 
Software Anomaly 

d(A '-'-- C (]_ (·'"' 
"/ ( 

Program Supervisor's Approval: _{_/_1_r ,1-. - >-i '_'-_ _ -f--,~-J✓--,-,-,\A--""'-~;, 

0 Do not cocie until new GSOP material has been approVed by the MIT 
Mission Design Review Board (MDRB) and distributed. 

B. GSOP Preparation 

0 Prepare GSOP revisions for MDRB 
consideration 

ACTION: -----------
□ 
□ 

Technical Committee Meeting not required. 

Technical Committee Meeting(s) held on 
· Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout ACTION: -----------

D. Other Programs Affected 

Q Review i:>r corresponding changes in , 

ACTION: 

~roje~t Manag~-J,,-dL~,h-«:/4-.. -:G-~V---. z---. --r-41,-J 
' ·Date / ;2 -:{ -(o °( 

Special Instructions 

.... 



' --
MIT/IL SOFTWARE ANOMALY REPCRT 

11.1 ORIGINATOR : U ORGANI / ATl f'N· :1.3 DATT : 1. 4 fiRt r, tNATOR ~ROr.R,w I h f.O NTROI NO. L Y. 
11- s Di 5CRl~;IO~~~~;i~ v _______ __ _l:fIT . . - -~!3~-- -1 -~~9- --- -- -- PR~.:~ Rl{~°.J:~~3 L., 
. If a V59E is used to reposition the Landing Radar antenna to position two at any time i I other than powered descent in P63, the return from the repositioning routine will be '. 
incorrect. As a result, V61 will also be executed, which will cause DAP attitude errors 

·. to be displayed on the FDAI. Futhermore, if the repositioning is not successful, the : 
· 523 alarm will not be given. Also, all subsequent radar operations using the RADSTALL 
routine as a buffer will return with the status of the previous radar operation. This 
will remain in effect until a V37 or a restart occurs. 

CONT I NU! D UN i' AGI --------·· -·- ·- -- ·-·· - ----------1.6 0£SCRIPTION Of RUN, 

Inspection of coding 

CONTI NUl D ON P At:I 

- MIT ANALYSIS -

Coding error. 
via SWRETURN. 

The routine LRPOS2 is called by a TC, but it returns 
CONTINUED ON P ~r,r 

2. 2 RECOGNITION : 

None. 

2.3 MISSION EffECT: 

Probably none, since there are no plans to use V59~ 

2. • AVOIDANCE PROCEDURE: 
Do not use V 59 other than during powered 
descent in P63. 

2. 5 RECOVERY PROCEDURE: 

If in POO, reselect POD, or V69E. 

2. 6 PROGRAM CORRECTION: 

Call routine LRPOS2 via BANKCALL. 

t 7 RECOMMENOfO DISPOSITION I fix, Work·1round, elcl: 

Fix for LUMINARY lD. 

2. 8 RECOMMENDED RE-TESTING: 

Basic trace of V59 logic in a digital 
simulation. 

CONTINUED ON PAGE 

3.1 NASA DIRECTION: 

CONTINUED ON PAGE 

3. 3 ORG ANIZ ATION 3, ,4 DATE: / 4. 2 SIGNATURE: 
-.-~ _. . , / / r I 

,. 
: 1 i 

., I 

('-.i· '; 

4.3 

CONTINUED ON PAGE 

CONTINUED ON PAGE 

CONTINUED ON PAGE 

CONTINUED ON PACI 

CONTINlh O ON f' ,V,I 

CONTINUED ON PAGE 

: ·., .. ·;; 

.~ ': . ~ 
• !, I 

! 

.. 

.; 



- - ..C.:..-------- -

MIT/ IL SOFTWARE ANOMALY REP CRT f."&~r11w1.n:- - - ·- ·· 
L-lC-04 

( 

I. I ()RIGINAT()R , 

1·· P. VOLANTE rs O[SCRIPTION Of ANOM.AJ.Y: 

U ORGANll ATIC'N· 

· MIT/IL __ _,_ _____________ _ 
il.3 OAH: 

112/19/69 , _ __i_:: ____ _ 
'·' '""'"°' I '"f'.'ilrNitrNARY f.ONTROI NO. --~-- ···-

PROGR.V,1 REVISION 
lC & Subseg_ue t. ~---- ~=---- - -7 

\ See Attached Sheet. 
i 
I 

CONTINU£0 UN F'AGl 
--------·· -- ·--- - -1.6 OCSCR I PTION OF RUN: 

System test lab run - V41N72 with V44 during remode - followed by V41N72. 

' i 
CONTINUlD QN PACI - - - - -= ·--:::::::: 

- MIT ANALYSIS-
I 

2.1 CAUSE: I 
i 

Two remode tasks operating simultaneously. 
I 

CONTINUEll ON PA.Gr --
2.2 RECOGNITION: I 

Antenna won't designate properly fo V41N72. I 

I CONT I NUED ON PAGE ' 
2.3 MISSION EFFECT: I 

! 
I 
I 

CONTI NUfD ON PAGE I 
2. 4 AVO IO ANC[ rROCEDURE: 

Do not key in V 44E if RR is known to be remocling. I fll 
CONTIIMO ON PAGE I 

2. 5 RECOVERY PROCEDURE: 

V3 7 select of any program, followed by cycling RR mode switch. I 
CONTINUED ON PAGE I 

2. 6 PROGR.>.\I CORRECTION: ' 
Insert check for remode in progress in V44 coding. ! . 

CONT I NlJi D oi; r AC,[ 

2. 7 RECO/MnENDfO DISPOSITION I Fix, \\'ork-around, Etc): ' ' 
Fix for Luminary lD (PCR 990) work-around for LUMINARY lC. 

! 

CONTINUED ON PAGE 

2, 8 RECOMMHWED RE-TfSTING: 

V41-VLl.4-V·H Sequence as above. ~ : 
2.9 ,,ill SIGNATURJ: I 12. 10 DATE: I 

CONWMO ON PAGE I ·-1--( .// ·'T i ,, - -:_ ......... .. ,,/ I .• ) -.:.:) :: -:, : 
~ ~ -=u.=..~=-=-== .--.!.' . ·- ., . • , ··--.J. .. - ~ 4 
). I NASA OlflECTION: ti CLOS I IIG ACTION T A'<EN: l 

I 
I 
! 
' i 
I . . I 
i 

- I COIITI NU[ 0 ON PAGE CONTINUED ON P>GE -l 
3. 2 H>.SNMSC SIGNATURE: ,3. 3 ORGANIZATION 

13·. 
DATE: 4. 2 SIGNATURE: lo ORGANIZA°/Toi'I: (~ OATt: ! 

' _J 
ti,.,-. ,.. "\ ' ' -, n /.., I •• • \' r ~) 
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--" ----· 
MIT/IL SOFTWARE ANOMALY REPORT ~":°Rf POR T f.0 . 

L-lC-04 

1

1.2 ORGANIZATION: rl.3 0/\11: 11.4 ORIGIIIATOR PROCl: f.M 

MI1'/IL 12/19/ '69 CONTROi. I.O. •·=L,lf)Yl~l~h .. KY __ _ 
PR OCR 11,\\ R,VI S ION 

1-------------'-----------'-----------_1 C &_ subseQu e.n~ 

I. I ORIGINATOR: 

P. VOLANTE 

1. 5 Description of Anomaly: 

If V44 (terminate RR continuous designate) is keyed in while an antenna remode 

is in progress, the RR error counters are disabled which stops ·the antenna drive. 

However, the remode task k~eps running and the rem.ode flag (Bit 14 or 
N.-·: . . • 

RADMODES) remains s et, until a hardware or software restart occurs. A RR 

coarse al_ign request (V41N72) during this time can cause erratic antenna 

behavior because the presence of the rem.ode flag causes the designate routine 

to start a second rem.ode t a sk, which conflicts with the one still in progress. 

Recovery from this situation is effected by any V37 request (to cause a soft­

ware restart)~ cycling the RR mode control switch. 

·O 

,:_".":!S-:-C-:F-or-,,- ,-~~OQ::-:-,,- (-l.-~y- G-:-6-1--- - -~---------------- --- --------1 

P/,r,f __ ('IF ___ _ 

·1: 



i.:~ -~-~ I L PROGRAM CHANGE ~QJJTING SLIP 
,,, ~ - ·.--~-,~- ... 

[ : \ COL.OSSUS 2C 

(_S-COLOSSUS 2D 

□ COLOSSUS 2E 

. 0 COLOSSUS 2F 

0 LUMINARY 1 B 

□ LUMINARY lC 

[fl'L--DMINARY 1D 

D LUMINARY 1:E: 

0 MIT Approved PCN LJ NASA Approved PCR 

[] NASA Approved PCN 

A. Coding 

~egin coding immediately 

ACTION: 

.. _______ __, __ 
PCR/PCN # . -------- --
-ANOMALY II L - IC ·-oJ -

□ NASA Approved 
Software Anomaly 

l.?MIT Approved 
Software Anomaly 

0 
Pro gram Su pe rvis or's Approval: --+J._L.U-6~~~~,8....,L--+~~ 

Do not code until new GSOP material has been a pro d by the MIT . 
Mission Design Review Board (MDRB) and distributed. 

B. GSOP Preparation 

0 Prepare GSOP revisions for MDRB 
consideration 

ACTION: -----------
0 Technical Committee Meeting not required. 

□ Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review.for possible impact on KSC 
testing and checkout ACTION: 

D. Other Programs Affected 

Q Review :br corrcsp:ir.dmg changes in ,, 

-----------

ACTION: · .. 

Project ManagerV.dZ~ 
Special Instructions 

.Date / ·- 7 - 7 {) 

' I 
I 

i 
I 
' ., 
i 
I 
! 

I 

1 · 

I 



.,,._ .....,. _____ ~-- -
MITIIL SOFTWARE ANOMALY REPCRT 

jl. l ORIGIN~TOR : 

B .:· McCOY 
l.2 ORGAN!/ ATIC'N· 

MIT/IL 
\1-:'~ DESCRIPTION Of ANOMAlY : 

;U DATT : l,4 ORIC,111,ATOR~ PR()f,RMI · 
I 1/7/ .. 70 (011,TROl NO , LUMINA Y 

__J_ PROC,R Ml R! VIS ION ·- ____ __.,_____ 116 & sub_, _ __ _ 
- -- ··- - ., 

HCA LC, the altitude estimate during a Descent or an Ascent, does not have 
sign agreement; it is a Double Precision word; When it is added to "1-30 kft" 
overflow could occur from the low order half into the high order half. The test 
on this sum can be incorrect at the 30 thousand foot check to inhibit X-axfa 
override. 

CONTINU!O UN l'AGl 
--------··-·- ·-··---· 

1.6 O{SCIIIPTION OF RUN: 

A Descent at GAEC; also occurred during Apollo 12. 

CONTINUlO ON PAGI 

c MIT ANALYSIS· 

2. l CAUSE: 

See 1. 5 · CONTINUEll ON P~r.r .1 
r:--:-:-:-~:-c-::-:-------------------------------------~--< 
2. 2 IIECOGNITION : I 

See 1. 6. 
CONTI NU£0 ON PAGf 

2. 3 MISSION £FF£CT: 

r_ 'The windows may be brought up at an altitude of 26 kft rather than 30 kft. 

2.' AVOIDANCE PROCEDURE: 

None 

2. 5 RECOVERY PROCEDURE: 

None needed. 

2. 6 PROGRAM CORRECTION: 

Correct for sign agreement when HCALC is calculated in RVBOTH. 

t 7 R[COMMrNDfD 0ISPOSITION I Fix, Work·around, !Itel: 

Fix fo r LUMINARY 1D a nd program note for lC.-

2. 8 RECOMMENDED RE-TESTING: 

Trace HCALC at 30 kftchk to insure 
no overflow. 

CONTINUED ON PAGE 

3.1 NASA DIRECTION: 

I; 

4.l CLOSING ACTION TAKEN: 

4.2 SIGNATURE: 4. 3 ORGAN I 

CONTINUED ON PAG£ 

CONTINUED ON PAGE 

CONTINUED ON PAGf 

CONTI Nlh D ON r Af,f 

CONTINUED ON PAGE 

2, 10 DATE: 
I -1 ·- 7 

I 
! 



MIi/iL ~IJt-lWAKt K I\! U /VI f\ L Y MT lffl'OIIT M1. 
L -- I C - C· (, 

1

:~ ~Ri;~N;~~ ~----- -- ·--_J~ _;~;~z~,~~~---- · ____ 11.~J{~/?O _J
4 

~~~~~~tr~~-
1. ~ D\)1-Z:TION or MXJM />J Y: 

PROGRMI ' 
LUMINARY ,,,__ _________ _ 

PROGRMI RfVl'>ION 

.. L_~lJl~ r__ev] 

J•/~OAur !'(,; <:c,rn:111,.nd:lr1f.'. uUu1-'.<J, wl.l,h 1.1.vrH''ll:'.o - 1;; ,,ff. 

Th.ts can occur if a V J?f,:XX.£ is done af'te1· ull11go ini tiution und prj ur tu lgrLi Llun 

( the point of ulla ';e ter mination). For exrunple , this can occur if, in respon s e t o 

a flashing V99, one goes to .POO via V37 rather than doing a PRO. 
CONT I NUED ON PAGE 

1.6 DESCRIPTION or RUN: 

LMS descent aborts on February 5, 1970. 

CONTI NUED ON PAGE 

• MIT ANALYSIS -

2. I CAUSE: 

See 1. 5 and Amplification Sheet. 
CONTINUED ON PAGE 

2.2 RECOGNITION: 

See 1. 5. 
CONTINUED ON PAGE 

2.3 M1ss10N EFFECT, If in the unlikely event a bur n would be termina ted at this time, in this 
manner, the navigated state vector would not be correct to within 2 - 5 fps. 

depending on whicn program was used. 
CONW,JED ON PAGE 

--------------------------------- -----
2. 4 AVOIDANCE PROCEDURE, In order to terminate a burn program use V34E in response to 

flashing V99; if engine is on, press Engine STOP pushbutton, then V37EXXE. 

CONTI NUED ON PAGE 

2. 5 RECOVERY PROCEDURE: 

Correct state vector. 
CONTINUED ON PAGE 

2. 6 PROGRMI CORRECTION: 
Move engine off call from SEUDOP00 to a point after determining average G is 

on, but before resetting V37 flag. 
CONTINUED ON PAGE 

2. 7 RECOMMENDED DISPOSITION I Fix, Work-~round, etc): 

Fix for LUMINARY 1D. 
CONTINUED ON PAGE 

2.8 RECOMMENDED RE-TESTING: 

Trace V37 logic wit4 engine on; 
ullage on. CONTINUED ON PAGE 

2.9 MITIJL SIG~URE: J 
-V / /.• A ---

3.1 NASA DIRECTION: 

.. ,,-, . ,/""') CONTlrWtu ur, :'!,::;~ CONTINUED ON PAGE 

P NA~f.lsc SIGN ~RJ / IJ. J~G~N.1;;,noN l~':)Jci 14.2 SIGNATURE, 14.3 ORGANIZATloN, 14.4 DATE, 

-~61f&Z'-« . .,°?tz:cE r5 o ~ /a 17( I 
'wst"r'~ rm 1409 (Rev Ma~ 68) ,.._~_..,"--_________ ..._ _____ _._ ____ __, 

PAGE I OF_ 



.. MIi/iL SOFl'WARI::. AI\JUIV\ALY t<tr'UKI 

1~5 Description of Anomaly 

. CT>oliTTo:- -·---~ ( --
PROGR'=;J,.- --:.--1 .C / . --···­

LIJMIN/\.HY' 
PITTiclf Mrrrrvrs t ot:i · 

LUM13l __ rev 1 .____ _ ___________ _ 

The V37 logic stops average-g immediat ely but does not termlnateullage until 

"AVETOMlOtr integr ation is complete. 

A V34E followed by a V37 is a workaround for this problem. 

2. 1 Cause: 

A similar situation exists w ith the A PS/DPS engine on during a burn. If 

a V37EXXE is attempted while one of the se engine s is on, they will r ern.ain on 

until AVGTOMIQ integration is completed . Any 6 V accumulated is not incor­

porated into the navigated state vector because Average G is immediately 

terminated by the V37. 

,. 

MSC Form 1409A (May 68i 

PAGE _OF_ 
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"MIT /DL .PROGRAM CHANGE ROUTING SLIP 

-PCR/PCN II--'--__ _ 

[l cowssus 2D □ LUMINARY lC 

b- cowssus 2E ].D @ LUMINARY 

0 COLDSSUS 3 1=1 LUMINARY 

□ cowssus □-
lE 

ANOMALY If L-IC- c_7 

RF I SSVG- 3/2 8/70 
. ( SE£ /f/01/F 0 £Lo0 

. □-MIT Approved PCN 

A. Coding 

LUi\1INARY 

D 
D 

NASA Approved PCR 

NASA Approved PCN 

D NASA Approved 
Software Anomaly -

ITMIT Approved 
Software Anomaly 

0 Begin coding immediately - • CJ dr-- - tJ 
ACTION: - W✓ lb'--~----''---. .Z----:_ 

Program Supervisor's App;o~a l: 24-7ac;/ ~ti---., 

0 -Do not code until new GSOP m aterial has been approved by 
_ the Mission Design Review Boa rd (MDRB ) and di s tributed, 

B. GSOP P reparation 

0 _ Prepare GSOP rev1s10ns for 
MbRB consideration ACTION: ___________ _ 

·Technical Committee Meeting not required 

Technical Committee Meeting(s) held on 
Attendee s: 

C. KSC Testing and Checkout ·o Review for possible impact on 
_KSC testing and checkout 

D. Other Programs Affected 

ACTION: __________ _ 

0 Review for corresponding changes in 

Special Instructions 

Nor£: Project 

r v,c 'Tr/ £~ /9NliL'Y_5tS /-IA S Date 
SHowM rf/A".,.. rr1,s ·, s NOT - -A /V /:l/.)o m t9 t..y JAi Lvfl'l1AIAl('I 

~ 

•• -I 



"': . . ,i 
~ . • , . \·. I 

r/i!i' -.. 

MIT/ IL SOFTWAf~E ., ,, 
, 11. I ()f!IGIN ATOR: 

j'' . W. OST ANEK 
'. jl~S OfSCRiPTiON Of ANOMN. Y,-· ·--

U ORGANllATl0N 

MIT/ CSD Lab. 

A ~j OM ALY REP CRT MY~nimrrm- _ __c -~ . I -· \ C ... 0 7 
;1.3 DATT 1.4 ORIGINAIOR~PR0f.RAM ~-

~
3/ 11/70 CONTROi "10. LUM I, \A,I :=•,\ · 

rROGJl M REVI SION 
-- --- --- ---- ------ LlTIVI 131 · LM 131-1 

'======-=-=.2...:!; =:=r.=-, 

'. ·1 The result of extended verb precision integration while in P00 may be stored into 

permanent state vector storage, possibly resulting in erroneous state vectors 

,, and W-matrix. E xtended verbs are: V82, V89, V 0. 

CONTINUED UN PAG[ 

,-,. 1.6 0£SCRIPTION OF RUN: 

CONTINUED ON PACI 

i 
I 

= ==========- =--=·-= 

- MIT A ALYSIS- . 

; 2. I CAUSE: 
·· ; STATEFLG is not cleared in PQ0 integra ion followin g determination that the CSM 

' state vector need not be integrated. If a precisioq integration is waiting to be done 
at this time the inte -ration will lJ . done and either SV ma be updated. CONT INUEll ON P~r.r 

J 2.2 RECOGNITION : 

Difficult on board. Ground may dete 
CSM is done in full time steps which 

t u in g state vector times. P00 integration of 
trunca ted to 12 8 centi-seconds \, l cont' rlt )

2 CONTINUED ON PAC 

----------------------~ 
2.3 MISSION EFFfCT: 

May result in loss of LM state vector an W-matrix correlation. (cont'd.) 

CONTINUED ON PAGE 2 

2. 4 AVOIDANCE PROCEDURE: 

In P00, do V96 before ·vs2, V89, V90. 
CONT I NUE D ON PAGE 

2. 5 RECOVERY PROCEDURE: 

Uplink new state vectors. 
CONTINUED ON PAGE 

2.6 PROGRMI CORRECTION: 

Cause STATEFLG to be cleared when CSM is in P00. 

2. 7 RECOMMENDf.D DISPOSITION ( Fix, Work-around, E"lcl: 

Note for lC. 
Fix for lD. 

2.8 RECOM/..-IE NDEO RE-TISTING: 

3.1 NASA DI RE CTION: 

CONTINUED ON PAGE 

CONW,'UED ON PAGE 

3.3 Of! GNJIZATION 3.4 DATE: 

CONTINULD oi, "AC.f 

CONTINUED ON PI.GE 

4.'°'l CLOSING ACTION TAl<EN: 

rvlf1"/-IE~ ANrl/. Y s.1S Ar m11/11-

l-iAS 5J1owµ TIIAr rJ11 s , s ~ ·.11Jf./ 
AA/t1PJ A1..Y IM Lt//11/ NJ'I R.Y ' 

teL 
CONTINUED Oil PAGE 

4. 2 SIG NATUI![: 4.3 ORG ANIZA O: -U~ 



I , 

. . 

l . 

l' 

MI Tl IL SOF-TWARE ANOMALY REPORT r; T'~dt<f lJo. O? 

... 1-.1""'o"!"'R'l~G~IN-A""TO.,..fl:------•---r1""'.2~ 0R~G-:-AN~,~z"A~r~,o"'."."N: ____ T.\~.)- DA~TT'.."'":---,-:-1.4..--,,o~R""'1c.,..,.1N"""A"'10":""R- PROGRN,: .LC - - -
CO NTR OL NO. LUM l,I A ,1 13,1 

W. OSTANEK IVi:IT/CSD Lab. 3/ll/70 ~PR"""oc"""1a=J.,1 ..... R·rvrm;ii 
,._ ___________ _._ _ __,_ _ __ ___;. _ ___.___,___,_ _ _. _____ -1 LUM 131; L!VI 131-1 

- · - ---'; 

2. 2 Recognition, cont'd. 

Thus legitimate permanent state vector updat es in POO will resul:t in the same . 

number of centi-seconds in the CSM time as be fo r e the POO integration and 

·the LM will al vays be integrated to CSM til~e. 

If extended verb integra tion caused er.roneous update, the state vector time 

wi,11 proba bly not show this relation. 

2. 3 Mission Effect, cont'd . 

SURFFLAG Verb State to be Integrated in Verb Result 
--

OFF, ON V82 CIVI Precision CM to CM. 

ON V82 LM RLS to LM. 

OFF V82 LM Precision LM to LM. 
·-

OFF V89 Ll\lI, CM No Update. 

ON V89 LM RLS to LM. 

ON V89 CM No Update. 

OFF V90 LM Precision to LM. 

ON V90 LM RLS to LM. 

OFF, ON V90 CM Precision CM to CM. 
: . ., 

If RENDWFLG is set, an update of LM state vector results in W-matrix 

non-synchronization. 
. . 



MIT/D.L PHOGRAM CHANGE ROUTING SLIP 

D COLOSSUS 2D D LUMINARY lC 

~...;owssus 2E [":] '-LUMINARY lD 

0 COLOSSUS 3 Cl LUMINARY lE 

□ cowssus [] LUMINARY 

_0 lVIIT Approved PCN 0 NASA Approved PCR 

-f=i NASA Approved PCN 

_A. Coding 

PCR/PCN II ___ _ 

ANOMALY II ~-.- , :....-<~ -:' 

0 NASA Approved 
Soft-ware Anomaly 

~ MIT Approved 
Software Anomaly 

0 Begin coding immediately 
ACTION: -- L,;-·L-,:?, p_ ): G.~OJt__;__-;::_ 

._a . . . -:;· 

I 

Program Supervisor's Approval : J.1/1,.t,l . i_,,,. (,LL.·.r i/4..,,nz_,_/0[,,,_ - -r- J 
0 Do not code until new GSOP material has been approved by 

the · Mission Design Review Board (MDRB ) and d_istributed, 

B. GSOP Preparation 

0 Prepare GSOP rev1s10ns for 
_ MDRB consideration ACTION: 

-Technical Committee Meeting not required 

Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on 
_KSC testing and checkout ACTION: ___________ _ 

D. Other Programs Affected 

. 0 Review for -corresponding changes in· 

Special Instructions 
ACTION:-

Project Manager 

Date 

I 

-I 



M I T ii L s O FT w A R E A NO MA L y R E p C R T IM""t~~; 8 ~-
G. R. Kalan 1::IT/Drap~_r __ Lab~~L:_/7~ CONTROi NO. PR OGR~~!\~~~l . 

5 D£SCRIPTIONOf.(NOMAlY ,· · - LM 131 Rev 001 

f
l I ORIGINATOR 1.2 ORGANllATl f'N !1.3 DATT : 1.4 ORIGINATORPrlOt'.:MI • . 

A hardwa,re or software Restart while the DAP is in the manual rate -comman·d~~i!, 
mode may cause: 

1) Temporary nulling of a Q or R axis manually commanded rate while the 
rotational hand controller is out of the detent position. 

2) Yaw to another attitude if the restart occurs during a . 25 m. s. period 
of the manual rate command mode initialization pass (the first DAP pass 
after th 2· rotational hand controller h : moved out of the detent position). 

CONTINUED ON PAGE 
------- ----- ----

1.6 D£SCRIPTION OF RUN: 

1. 6-1) Observed in digital and hybrid runs when restart occurred while 
rotational hand controller was out of detent in Q or R axes. 

1. 6-2) Discovered during inspection of coding 
I 

CONTINUlD ON PAC! 
-· 

- MIT ANALYSIS - .. 

2.1 CAUSE : 

See date amplification sheet 
CONT I NUEfl ON PAGr 

2.2 RECOGNITION : 

See data amplification sheet 
CONTINUED ON PAGE 

2.3 MISSION EFFECT: 

None 
CONTINUED ON PAGE 

2. 4 AVOIDANCE PROCEDURE: 

None 
CONTINUED ON PAGE 

2.5 RECOV[RY PROCEDURE: 

See data amplification sheet 
CONTINUED ON PAGE 

2.6 PROGRAM CORRECTION: 

See data amplification sheet 
CONTINUi.D 01; f'AC.f 

2. 7 RECOMMENDED DISPOSITION ( Fix, Work-around, elcl: 

Fix for Luminary lD 
CONTI NUEO ON PAGE 

2. 8 RECOMMENDED RE-TESTING: 

None 2,3151L SIGNATU~~A A C 
j},i,~A/~o CONTINUED ON PAGE ... A_~~. .. # .,, .~~ _,.. 
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U C~OSING ACTlrEN: 

VJ ~ 
CONTINUED ON PAGE CONTINU[D ON PAGE 
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DA TE AMPLIFICATION SHEET 

2. 1 Cause: 

~ t i t, r ':ii 
\,,.~\ ~ '" 08 

1) After attaining a manually commanded rate, the DAP enters 

the pseudo- auto phase of the manual rate command mode. In 

the pseudo- auto phase, attitude is controlled using a set of 

special manual attitude errors, 11 DXERR0~ 11
, 

11 DYERROR 11
, 

and 11 DZERROR 11
, which are com·puted by integrating the 

rate errors. 11DYERROR 11 and 11 DZERROR 11 use the same 

era1?able locations as 11QERROR11 and 11 RERROR 11
, the attitude 

. errors computed in the non-manual modes from the difference 

between the actual CDU angles 11 CDUY11 and 11 CDUZ 11
, and the 

desired CDU angles 11 CDUYD11 and IICDUZD 11
• After a restart, 

the DAP idles for one or two passes, during which 11QERROR 11 

d
i! If 

• 

an RERROR are computed for the Mode 1 attitude error 

d . 1 d . If O II d II II 

1sp ays an overwrite DYERR R an DZERROR . Since 

the DAP does not maintain "CDUYD" and 11 CDYZD11 in the 

pseudo- auto phase, these quantities remain equal to the 

11 CDUY 11 and 11 CDUZ 11 values at the entry of the pseudo- auto 

phase. Consequently the psuedo- auto control is resumed 

after the restart with a large attitude error bias which opposes 

the ma1rnally commanded rate. This causes jet firings which 

reduce or null the commanded rate. After several seconds 

(during which the state drifts across the RCS control law 

phase plane·coast zone), the vehicle is again accelerated to 

the commanded rate. 

2) During the initi"alization pass of the manual rate command 

mode, "OURRCFLG" is set to indicate that the manual rat_e 

command mode is active before zeroing "DXERROR", "DYFRROB." 

and "DZ ERROR". If a restart occurs between the s~tting of 

11 0URRCFLG11 and the initialization, the DAP will enter the 

manual rate command mode after idling without any initialization. 



P7 · .. e (.' ~ . 

L.;- \<... - of;, 

Since they use the same erasable locations as "QERROR" and 

"RERROR" (which have not significantly exceeded the deadband 

size during the preceding attitude hold period), "DYERROR" 

and "DZERROR" will be nearly zero and should cause no 

problem. "DXERROR", however, is an unshared erasable 

which is initialized only in the manual rate command coding, 

but integrates the yaw changes whenever th~ DAP is not 

idling. Consequently, the vehicle could maneuver to any 

yaw attitude in this situation. 

2. 2 Recognition: 

1) Vehicle rotation rate temporarily decreased or nulled to zero 

after restart during Q or R axis manual rate command maneuver. 

2) Vehicle moves to a new yaw attitude after restart at beginning 

of Q, R or P axis manual rate command maneuver. 

2. 5 Recovery Procedure: 

1) Move rotational hand controller to detent position for approximately 

1 sec. , then return to original positio;n. 

2) Move. rotational hand controller quickly about P axis, then back 

to o~iginal position. 

2. 6 Program Correc_tion: 

1) Do "ZATTEROR" to set desired CDUs to actual CDUs on each 

Q and R axis pass in either phase of the manual rate command 

mode (11 ZATTEROR" is currently dorie on each Q and R axis pass 

in the direct rate phase of the mariual .rate command mode). 

2) Set "OURRCFLG" after completing initialization of manual rate 

command mode. 



M~ PROGRAM C HANGE ROUTIN G SLIP 

[l COLOSSUS 2E 

~COLOSSUS 3 

0 COLOSSUS 3A 

'D COLOSSUS_ 
r 

~UMINARY lD 

□ LUMINARY 18 

[] LUMINARY ii" . 

□ LUMINARY_ 

0 MIT Approved PCN □ NASA Approved PCR 
[] NASA Approved PCN 

I 
f 

A. Coding 

~egin coding immediately 

L,1 >r~ 

ANOMALY# L - / 0 - 6 3 

0 NASA Approved 
Software Anomaly 

~IT Approved 
Software Anomaly 

-0 Do not code until new GSOP materia l ha s been appfoved by the MIT 
Mission Design Review Board (MDRB) and distributed. 

0 

t . .• 
' \ ' . . . ~ ... . 

Prepare GSOP revisions for MDRB 
consideration 

ACTION: ------------0 Technical Committee Meeting not required. 

□ Technical Committee Meeting(s) held on 
Attendees: 

C. KSC Testing and Checkout 

0 Review for possible impact on KSC 
testing and checkout' · ACTION: ___________ --"-

D. Other Programs Affected 

0 Review nr corresponding cha nge s in ~ · 

ACTION: 
Special Ins tructions 

Proj&d Manager --d<- /-;r""" .. ~.1--~-t-.... ,-_ --~-~·-;;_':".,./,...· -__ I _/.:_/ ___ -_r~J 
Date / , ·- ~~ - 7 () 

\__ 

L 



/ 

✓ Ml T/ IL SOETWAl·(E ANOMALY REPORT ~ 

1.1 ORIGINATOR: 1. 2 ORGANIZATI ON: 1.3 DA1E: ORIGINATOR 
CON1ROL f\O. ' 

Ro i_;o :Pea r s on FCOif .. . , "5/22/70 1---- - - ---------_,_ ____ ___ _ _ __,__ '----'--~ '------- --l PROGRN-\tsVs SIO~l . 
l.S DESCR IPTION OF ANOMALY: 

·The velocity upda tes dur ing de s c ents ( P - 6 3 and P - 64) fail the reasona ble ness 
test shortly afte r LR lock - on and continue to fail intermittently throttgh out 
the desce nt. · · · · 

< -
:coNTI NUED ON PAGE 

. 1.6 DESCRIPTION OF RUN,: 

;- Descent runs a nd crew training on LMS-2. 

- . --
CONTI NUED ON PAGE 

:: - MIT ANALYSIS -

2~1.. CAU SE~ v eloc1ty update s to stat e vector are done before all he 5 radar r eads have 
been ta k en . · . D" , __ . ___ . ···- . 

"' CONTI NUED OrJ PAGE 

2. 2 RECOG NITION : 
Si•mulatiori at MIT showed tha t a Radar r ead was occurrin g afte r VELUPDAT 

--
toNT I NUED ON PAGE 

·, 2.3 MISSION EFFECT:_ 

i;~ss of va lid landing Radar Data Possibly cause for abort 

: coNT1 ;:uED ON PAGE 

2.-A. AVOIDANCE P.ROCEDURE: • 
Poss1-01e-mcrease computer duty cycle by calling e.g. V82 and 
then monitor nomal display with V16N63 , 

- .r - ,. 
CONTl :it.!ED ON PAGE 

t 5 RECOVERY PROCEDURE: 
Non·e 

JoNT I NUED ON PAGE 

2. 6 PROGRN1\ CORRECTION: 
- -- - . ·- ·- - - -- ·• 

Set flag in R12READ and reset it when e x itin g; flag in VMEASCK ansJ do CCS 
NEW JOB if flag is set and recyde, ot he r wi s e contin , :coNTl ~~ED- ON PAGE-

-1· 7~ ECO~~MfNfl~- DI-S-P-QS:I~ N ( Fix,_ Work-.arouncl, etc): \ 

, Fix for re- - e-a-se of l I) Y · · 

2. 8 RECOMMEN DED RE-TESTI NG, 

Digital_ Simulation to :Show logic paths 

·coNr1~iuEo oN--PAGE. 

3.l NASA DI RECTI ON:. 
..... - - , . 

r . . 
CONTI NI.JED ON P AG: 

• 2 NAS l'✓f,lS C SIG ~lATU RE: 3.3 , ORGAN IZAT ION 3.4 DAT£: 

MSC Form 1409 (R ev May 68) 

CONTINUED ON .PAGE 

2. 9 
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Assembly Control Board Request 

Name . of Program(s): 

Originator: v\,- ( l ,. 
( 

Organization: \\ 1, , / r 1._ 

D.ate: 

Description of Change: 

c. l c: , , ~ " /, ,. i 

I \: '. i. .. C-\,1\.,c;.__ 

. ') 
.. / ,-;. -; ,f 

Reason: 

., , I ~ ' • , 
· iv ( \ u ' t l I t 1 7 ,.,. 

• I 

I I • ,_ 

I ,-

Assigned to: 

I 

I 

I 
I 

. , . 
I 
I •• 

y. " 

' 

/ : \ • I • 

r · 1, , .. I cl. ~ ,J (' .. I / , , J/ I , - -

·comments: 

oA, , 

'/ t ~;) 

jru-,"1\c. Au, '. 
L /.\l,, R_1> , G 

·- -~- ---

Approved by: ,frtJ~ 
lL--\ 3 \ l/t Date: 



Assembly Control Board Request 

Name . of Program(s): 
j ' 

Originator: /1 1) _.,_ _ . .. _ 
,, . 1) -

0 . . /}--1 1' "1-r g an 1 z at 1 on: r I 

Date: 

Description of Cha nge: 
( 
I 

Reason: 

. ~ 
., .,, .. . () 

.,. { ,' . / 
I (' . 

l ' , . 

- f v 

Assigned to: 

·comments: 

Approved by: fVI, r~ 

Date: It..- (f - bl 
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Assembly Control Board Request No. L-13 

Name of Program (s.): LU;HNARY 

Originator: 

Organization: 

Date: 

P_. Rye 

MIT/ IL 

12/30/69 

Description of Change: 

Create subroutine RLEJ\SVAC to release VAC area anJ chan ge 
a FIU DVJ\C to a NOVJ\C job. Perform this before putting 
up cyclic displays at end of Guidance. 

Reason: 

To kee p displays in landin g and ascent from tying up a 
VAC area if DSKY is busy because of astronaut or extended 
verb. 

Assigned to: 

I'. Rye 

·comments: 

For LU MI NARY lD 

Approved 
. -~'h{,,½J-

by: W, \clCL~ 
Date: 12/30/69 



Assembly Control Board Request 

Name of Program(s.): LUM/ /\JA (<_ { 

Originator: 11-d le.~ 
Organization: /Y) /f 

Date: q J1JtJ ?o 
Description of Change: 

Reason: 

·comments: 

ID 

Approved by; ~ , 
Date: l\iJ)/0 



Assembly Control Board Request 

Name of Program (s .): L.~ j b 
Origina tor: ~ -!f~y 
Organi zat ion: 1/v\ 1 r/c.s o L . 

Date: 0(, /? 0 

De s c ript ion of Change: 
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, ( )) 

C 5 ,1 ,-AJHJ JU J¥;,k) 75 
( '- t )) 
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/l.J ~ 1 o (I t KA- 0 ,~< otJc s ) -;- 1 _' • ~ .A-,( ~ \ 7. f:. l (c ,j 1,,, f:...f ,:" __ 0 , ~ ... 

Reason: 

Assigned to: 

·comments: 

Date : 

_I 



Assembly Control Board Request 

Name of Program(s): 

Originator: 

Organization: 

Da te: 

Description of Change: 
f l, 6 .5 H <Jllt.._} C A-1- t. r,-,F" 

L U t1 I /II k A Y 

p o f./ l ;' Cf !, Ar .V 

r1 I t 
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Reason: J 

Tt-{ t; f P, t:. 5 I: 'fl., l t' O j) I I'✓ fr c. 1)-tv' , .. Ir a..) u t ,:: It Ir,,.., yo M t1 ~ /rlV l 1-r ,- ;r., <:,-

I r- .ti- I? ~) r,t Jf. -r I /V t 6 <1· t.£ 11-vc5 A J 't .. 13 

/( t /·' < ~ ~ •
1 / ,. , 1 • i 'r- I{ f°> ()r-~ 7 P e-,,,_ 7 1,._, 71A t 71-f lf d TT1.. r ~ our1 N E 

v•" ~/ I ,£ s ( ~'3'" ti ,v 5 M 1h r I U,1 ff -- 1l/ (' J? / 1 {- I' 6' I .!, [ J,/{f· 1 [)) . 

5 1_ r f'f ,r, {'f r'1 ; / )', ~ ~ ;'., () F T :-IJ} _)Jl ·u BC, A :.L(lrJ /-f '_UMf f . 

Assigned to: 

·comments: 

v111 n_ / ~ Nwt11,,QJ 
Approved by: / V 1°~ U 
Date: 2---- °J ·- 7 0 _ 



Assembly Control Board Request 

Name of Program(s .): lv.. Vvl ( V..kA" l i D 

Originator: IO , \\,l. 0,'! _ 

Org aniza tion: 

Da~e: 2}8' /'lo 
Description of Change: 

1~ •O · ·- -/4e y r d >' c; '/ h j/,''//•• /.?-,,.,(2 t' fl /,-,,-,~.,_,, 

S 1A'L<'7"5t-r6~ , 

Rea son: T f A,. 5 0 ~ { . V "-V , I ', \,, J O ' O ,,v ':, .Ju. V ~ -ft_,_ 

-Jt, r, fl(,_ J CIP .r, ~ j -I~ l)P c_; .· ,, / , ; ..c , -J -~ p ._J e, 
1
~ -1/ 

b k fl '< ,. -e. Y- e-, - : ., :,~ C _ 0" -I ' ~,,1/ f'" /.c~...,,_Q. {'~ ~ -I"', 

Assigned to: J • • 1 _. r t · - .; · I 

Comments: 

... 

Approved by: 7), 1~0~, ,J.A .'-' 

Date: µ ·2-, '? /(/ )cJ 
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Organization: I 
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Date: 
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Assembly Control Board Request 

Name 'of Program (s,), Lv \'YI, l{\(15 
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Description of Change: 
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Date: 
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