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1.1 ORIGINATOR: 1.2 ORGANIZATION: 1.3 DATL: 1.4 ORIGINATOR PROGR AM
CONTROL NO. LUM
R. L. Pearson NASA 4/9/71 L71-1 PROGR AA(REVISTON
1.5 DESCRIPTION OF ANOMALY:

A V78 during P63 N62 display prior to average~G results in P.A.
1201 and clobbers the LM velocity vector.

CONTINUED ON PAGE

1.6 DESCRIPTION OF RUN: -
LUM testing with LMS-2 load tapes.
CONTINUED ON PAGE
- MIT ANALYSIS -
el CAUSEf R77 Flag is set, preventing R12 radar reads from being completed
and average -G state vector updating from being done. :
' ' CONTINUED ON PAGE 2
- RECOGNmON:Program alarm 31201 (Or 31202) - positive HDOT for a short time
after ignition. :
, CONTINUED ON PAGE
23 MISSIONEFECTY o roe state vector errors(about 250 ft in altitude and 50 fps in alt. rate)
resulting in a downrange error of about 5000 ft at touchdown
. < . ¢ CONTINUED ON PAGE
2.4 . AVOIDANCE PROCEDURE: ,
Terminate R77 before the start of average - G in P63
CONTINUED ON PAGE -
2.5 RECOVERY PROCEDURE:
State vector update
CONTINUED ON PAGE
2.6 PROGRAM CORRECTION:

Have P63 clear R77 flag and turn off R77 at the start of average - G or lock R77
out of P 63, not just Rl2 ' CONTINUED ON PAGE

2.1 RECOMN%ENDED DISPOSITION (Fix, Work-around, etck

Do not fix; work-around.
CONTINUED ON PAGE

2.8 RECOMMENDED RE-TESTING: N /
DN, ;
2.9 MIT/IL SIGNATURE: | /}7,(; 2,10 DATE:
§ o ¥ s - gm i w
CONTINUED ON PAGE . S e i Aavd |
3.1 NASA DIRECTION: L1 CLOSING ACTION TAKEN:
CONTINUED ON PAGE CONTINUED ON PAGE
0.2 NASA/MSC SIGNATURE: 3.3 ORGANIZATION  [3.4 DATE: 4.2 SIGNATURL: 4.3 ORGANIZATION: [4 4 DAIL:

MSC Form 1408 (Rev May 68)
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MIT/IL SOFTWARE ANCMALY REPORT prromyros

.1 ORICTNATOR: (2 ORGANIZATION: 13 0ATL 1T ORTGINATOR | PROGRAR =
CONTROL NO.
R. L. Pearson NASA 4/9/71 i AT

2.1 Continued

The R12 jobs in Servicer Loop while waiting for the landing radar redds
to be completed. Since they never are, an additional job ( and VAC

area) is accumulated for each Servicer Pass until the 31201 bailout clears
out R77 and the stacked up Servicer jobs. Since the LM state vector

is not updated for about 12 seconds, a vertical error of about 50 fps

in velocity is introduced.

MSC Form 1408A (May 68)




MIT/IL SOFTWARE ANOMALY REPORT prprowms =)
1.1 ORIGINATOR: ' 1.2 ORGANIZATION: 1.3 DAIL: 1.4 ORIGINATOR PROCRAM ] s
: CONTRO! NO. LUM
"R_ L. Pearson . NASA 4/9/71 L71-4 PROGRAM REVISION -
1.5 DESCRIPTION OF ANOMALY: 209 -

An inadvertent proceed on the V16N80 display in P20 caused the program
to "get lost'". Recovery could only be accomplished by recalling the program.

CONTINUED ON PAGE

1.6 DESCRIPTION OF RUN: i -

Apollo 15 training on LMS-2.

CONTINUED ON PAGE

- MIT ANALYSIS-

2.1 CAUSE:. A window exists(about .1 seconds out of every 6 seconds) during the R24

automatic search routine, when a PRO response to the VI6N80 display results
in two independent jobs attempting to designate the RR CONTINUED ON PAGE

2.2 RECOGNITION:
-~ No track llght stays on, DSKY blanks, tracker fail light goes on.

CONTINUED ON PAGE

2.3 MISSION EFFECT:
None
CONTINUED ON PAGE

2.4 AVOIDANCE PROCEDURE:
Do not key PRO to V1I6N80 display unless Rl =11111

CONTINUED ON PAGE

2.5 RECOVERY PROCEDURE:

Reselect P20
" CONTINUED ON PAGE

2.6 PROGRAM CORRECTION:
Have PRO response to V16N80 display check for RR lockon before continuing,

CONTINUED ON PAGE

2.1 RECOMN'EENDED DISPOSITION (Fix, Work-around, etck

Do not fix )
’ CONTINUED ON PAGE

{2.8 RECOMMENOED RE-TESTING:

N.A. - o 7 \
2.9 MITIIL SIGNATURE: [ 7 7 240 DATE:
CONTINUED ON PAGE _ I S (D e W (T
3.1 NASA DIRECTION: 41 CLOSING ACTION TAKEN:
CONTINUED ON PAGE . ; CONTINUED ON PAGE
3.2 NASA/MSC SIGNATURE: 3.3 ORGANIZATION  [3.4 DATE: 42 SIGNATURE: 43 ORGANIZATION: J4. 4 DAIL:

MSC Fotm 1400 (Rev May 68) »
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/ : L-16-08
4 1 ORIGINATOR: L2 ORGANIZATION: L3 DATE: L4 ORIGINATOR HPROGRAM
; CONTROL NO. LHA%NA@LJL«
P. Weissman MIT/CSDL 4/14/71 PROGRAM RiVISION
: . . . L.UMINARY 209
L3 DESCRIFTION OF MOMALY: ha P interrupt could occur in the middle of the LLUMINARY 202
ZATTEROR zeroing sequence or STOPRATE.
Moo
CONTINIIT
L6 DESCRIPTION OF RUN:  pv R BATI.. Similar to COMANCHE, viz. COM 33 Anomaly
CONTIRUCD (i Prnr
- MIT ANALYSIS - ‘ ' |
21 CASE ZATTEROR and STOPRATE called without INHINT from NOGO and NOGO-2
in KALCMANU.
CONTINUTD ON PAGE 2
2.2 RECOGNITION:
None
CONTIHUED ON PAGE
.{2.3 MISSION EFFECT: Negligible
CONTIRUED OFf b/if 2|
~— 2.4 AVOIDANCE PROCEDURE: 1
None
"CONTINUED O PAGE
2.5 RECOVERY PROCEDURE: T
None .
CONTINUED O PAGE -
.6 PROGRAM CORRECTION: . : E
2 INHINT before calls to these 2 routines at NOGO and NOGO-2.
CONTINUED ON PAGE
2.7 RECOMMENDED DISPOSITION (Fix, Work-around, etch:
No further action :
. : CONTINUED ON PAGE
2.8 RECOMMENDED RE-TESTING:
| | N T '
one 2.9 MITIL SIGNATEE: : 210 DAL
CONTINUED ON PAGE \.J/, LA // - /{ M/,/,f»—»/ M- fo )
3.1 NASA DIRECTION: 41. CLOSING ACTI TAKEN: I
N
CONTINUED ON PAGE CONTINUED ON PAGE
3.2 NASA/MSC S IGNATURE: 3.3 ORGANIZATION  [.4 DATE: 142 SIGNATURE: {3 ORGANIZATION: [&& OAIL:,

MSC Form 1409 (Rev May 68)
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o 1.-1E-08

|tll ORIGINATOR: 1.2 ORGANIZATION: A3 DATE: L4 gmr%. hgmARY 1B

| P. Weissman MIT 4/14/11 PROGRIFREVRIO 209

| —

2.1 Continued
Circumstances of calls:

ZATTEROR-interrupt maneuver if mode found to no longer be AUTO.

STOPRATE
1) 401 alarm (Desired MGA > 70 )
2) Total maneuver less than O 250

2.3 Mission Effect (Cont)

An interruption to the ZATTEROR execution by the DAP could cause
the DAP to use inconsistent set of errors and error rates for one
pass, but the effect is trivial, especially under the circumstances
(an automatic maneuver has been manually interrupted.)

The 2 calls to STOPRATE are made when no maneuver has been

started yet, so all the parameters are zero anyway. The calls seem
to be a matter of extra conservative design.

MSC Form 1408A (May 68)
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MEMO TO: R. 0'Donnell
FROM: R. Gilbert
SUBJECT: LUMINARY 1E (210) vs LUMINARY 1D (178)

- P12 -

1. FLRCS flag (FLAGWRDY BIT 10) is set to O at the beginning of P1l2.
This flag need not be reset via DSKY if, during a previous P12, ENTER
was inserted on a flashing V99. It is still necessary to reset PT0T1
flag (13F9) if P71l is called on surface prior to P12..

2. ASCENT NOUN Changes -

NOUN 77 Rl XXbXX  M/s  TTOGO
_ R2 XXXX.X FPS VGY (BODY) was XXXX.X FPS YDOT
R3 XXX.X * FPs VI was SPARE
NOUN 9k Rl XxXX.X  FPS VGX (BODY) was SPARE
R2 XOX.X - FPS HDOT was SPARE
R3 XXXXXX. T H was SPARE
- PeX -

1. PRIO DISP lamp lights when an internal PRIORITY DISPLAY is on the DSKY
- or waiting in the background if the DSKY is belng used externally. The
following are PRIORITY DISPLAYS '

P20, P25 V50N18
P20, P22 VO6N05
P20 VO6NL9
"V50NT2
. VOS5N09 ALARMS 501 503, 514, 525
. V16N80
P22 VOS5NO9 ALARMS 503, 514, 525, 530

The light is turned off by PRO, V32E, V33E, V3LE, V36E, V3TEXXE, V56E,
or hardware of software re.,tart

ADDRESS ALL REPLICS: P.O. BOX 21025, KENNLDY SPACE CENTER, FLORIDA
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-‘P2X Continued -

RENDEZVOUS NOUN change

NOUN L9 RL XX XX M DELTA R was R1 XXOX.X MM
R2 D.0.0.0. 0 4 FPS DELTA V '
R3 D:9.9.0.0:48 SOURCE

Nouns 49, 54, 78, and 90 now all have Rl scaled XXX.XX NM and R2
scaled X20X{.X FPS.

PGNCS/AGS RR DATA TRANSFER - During R22,. the LGC sends, via the down-
list, RR RANGE, RR RANGE RATE, TRUNNIOL, and SHAFT angles to the AGS

and sets a code word called AGoCODE also on the downlist, to indicate
the validity of the data as well as whether the data is HI or LO SCALE.

AGSCODE 20000 "no new data ,
5TTTT new data - RR HI SCALE
NG new data - RR LO SCALE

Under normal operating conditions, new data is sent approximately every
65 seconds. (See NIT/KSC Memo T1-5).

VO6N18 has been deleted from.R6O to allow EXTENDED VERBS during an
AUTO maneuver. Restrictions on EXTENDED VERBS with displays (e.g. V82,
v83) during P20 or P22 include:

a) If V83, for example, is called during the first maneuver in P20
and the RR MODE @witch is not in LGC when E is depressed on V50N18,
it will be necessary to exit V83 to allow the V50N25 Rl = 00201
display.

b) If, in P22, the RANGE is greater than 400 NM and closing and a V83
is dlsplaylnﬁ RANGE and RANGE RATE in addition to the cyclic display,
it will be necessary to exit V83 when the range becomes less than
400 WM. V83 could be recalled almost immediately.

V50NT2 following LOCK-ON in R21 now updates the RR TRUNNION and SHAFT
angle displays in Rl and R2 every second, The V50 is "pasted" over a
V16NT2 monitor.

If P20 is called prior to P63, it is no longer necessary to load the
IR weighting function LRWH1, location 1315 in LUMINARY 210, prior to
PDI. Thus, as long as the NOUPDATE MODE-(V95)-is in, no reloading
vhatsoever is required. W-MATRIX initialization destroys the descent
targets if. incorporations take place,

P25 will control spacecraft attitude even Lhough the range to the CSM
is greater than 566 INM.

P22 will not flash V37 following the overhead pass of the CSM whén
RR LOCK-ON is lost. V3TEOOE, for example, should be inserted to
terminate P22.
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- P3X -

NOUN 81, DELTAV in local vertical coordinates, is displayed on all
passes ‘in P34(T4) and P35(75). NOUN 59, DELTA V LOS, is no'longer
displayed during these prethrust programs. NOUN 59 data is calculated
following PRO on Vo681 and is callable via DSKY.

- Phx -

AUTO THROTTLE (CHANNEL 30 BIT 5) is;assumed under conditions as
described under P6X. Applicable during PGNCS/AUTO and AUTO THROTTLE
check just after REO.

If the burn time calculéted at TIG -~ 5Aseconds is less than 6 seconds,
the NOTHROT flag (FLAGWRDS BIT 12) is set. Previously the ILGC would
command maximum throttle at zoomtime even though the engine was off.

A V3TEXXE prior to ullage coming on will now prevent the LGC from
commanding ullage. (PO, 42, 63) AlL-Mo s

..P5X..
ROD INPUTS are handled as . follows:

a) AVERAGEG ON - Valid ROD input .

b) P57 or P52 (surface technique - V32E on V50N25 Rl = 00015)
MARK X if V52 flashing and MARK Y if V53 flashing

¢) "P51 and P52 - ALARM 113

R53 and R5T were re-designed, Among the changes were:

a) Inflight alignments - X MARKS and Y MARKS need not be taken in pairs.

b) Surface technique - CURSOR and SPIRAL MARKS need not be taken in
pairs. ; :

¢) ALARM 107, more than 5 mark pairs, was deleted. A 6th MARK will
replace the 5th MARK. i

d) ALARM 11k, MARK made but not desired was deleted, This indicated
that 2 X MARKS, or 2 Y MARKS were taken in succession,

e) Star vector determination equations were re-coded.

Attached diagram illustrates responses to displays in R53 fof MARKTING
on catalog star. '

NOTE: In R59, if the VOANTO display of the desired CURSOR and SPIRAL
angles are for a detent other than the one desired, load V21N1E
373E 32533 and then PRO. As of the date of this memo, this
procedure hasn't been formally blessed for flight use.

- P6X -
DESCENT NOUN changes.
NOUN 63 Rl XXX, FT DELTAH was Rl XXXX.X TPS VI

R2 XXX X FpPSs  HDOT
R3 XXX, FT H



- P6X Continued - )

NOUN 68 Rl XXOXX.X 1M HOR.RANGE was Rl XXXX.X SLANT RANGE
R2 XXbXX  M/s TGO 7
R3 XOX.X FPs VI . was R3 XXXX. DELTAH

Alignment option, V50N25 Rl = OOth;'deleted. PRO on VO6NAL results in
R60 with 1 degree deadband.

TRUDELH vas added to the DESCENT/ASCENT‘downlist.

Word 3a, 3b TRUDELH = Hrr - HPGNCS
Word ha, LD DELTAH = Hyp - Hpgncs - Hrmmran  (N63 R1)

IPD scaling is: AZTMUTH +1° was +2°
ELEVATION +1° was +1/2°

The slope in the IR reasongbility test was increased to .25 from .125.
This number will reject updates that cause guidance interference problems
but will accept values that won't cause guidance interference problems.

ABORT (CHANNEL 30 BIT 1) and ABORT STAGE (CHANNEL 30 BIT 4) INPUT discretes
are not checked if BIT 1 of location CHANBKUP is 1. CHANBKUP loaded by
VooNL6E 1 E (11E if AUTO THROTTLE discrete is to be backed up). Applicable
during R11. . .

AUTO THROTTLE (CHANNEL 30 BIT 5) is assumed if BIT 4 of location CHANBKUP
is 1. CHANBKUP loaded by V22WL6E 10E (11E if ABORT and ABORT STAGE to
be backed up). Applicable during PGNCS/AUTO and AUTO THROITLE check
just prior to VOGN62 and during pP66. (Also PLO)

ALT/ALT RATE and FORWARD/LATERAL VELOCITY commands are sent from the 1GC
during AVERAGEG regardless of the position of the MODE SELECT switch.

The DISPLAY INERTIAL DATA INPUT discrete (CHANNEL 30 BIT 6) is not checked.
For ALT/ALT RATE commands to get to the meters requires MODE SELECT

switch in PGNCS and RNG-ALT MON switch in ALT/ALT RATE. TFor FORWARD/LATERAL
VELOCITY commands to get to cross-pointers requires MODE SELECT switch

in PGNCS and RATE/ERR MON switch in LDG RDR/CMPTR.

V5TE results in a flashing VO6N63 display while V58 results in a static
VO6N63 display during P63. . ;

The polérity of the TATERAL VELOCITY cross-pointer using data sent via
the IGC is reversed. This is a hardware change.

= PTT =

P77, IM TARGET DELTA V, updates the IM state vector if, for instance, the
IM performs a burn without AVERAGEG on, In PTT, the NOUN -33 display is
followed by the NOUN 81 display as opposed to the NOUN 84 in P76,
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- PXX -
ALARM 1520 results if V3TEXXE is inserted during
a) ISS CDU ZERO following VLON20E.
b) VAT is performed in program other than P12, P20, P22, PhX, P5X, POX,
P70, and P71l and ISS CDU ZERO 1is in progress.

The ISS CDU ZERO routine in these cases takes 10,56 seconds. ALARM 1520
results if V3TEXXE is inserted, as in previous LUMINARY releases, during

c) ISS CDU ZERO following V36E or other FRESH START.
d) TURN-ON SEQUENCE or IMU CAGE.
e) NODO flag (1F2) is set.

- VERBS -
V30 or V31E with Rl of NOUN 26 = O results in OPERATOR ERROR, NOUN 26 now
uses unshared erasable locations 2371,2,3. NOUN 26 is loaded with V25 and
displayed with VO5,

V35E now lights the PRIO DISP and NO DAP lights on the DSKY. (BITS 1 and

2, respectively, of DSPTAB +11D).

[

VLINT2E while & REMODE or REPOSITION is in progress will result in the
routine delaying the V21NT73 display until the REMODE or REPOSITION is
complete, A second V4LINT2E in the belief that the first one did not get
in will result in OPERATOR ERRCR. VLINT2E may be inserted, without an
intervening VHLE, after PRO is inserted on the VOLN12 Rl = 00006 display.
RATMODES, location 110, BITS 14 and 11 indicate that a REMODE and/or
REPOSITION is in progress (V1lIN1E 110E). Patience,

VU4E plays the same REMODE/REPOSITION game as VLHINT2 inasmuch as waiting
for the completion of the REMODE or REPOSITION, Additional Vih's while the
routine is looping will eventually lead to ALARM 31202 although no OPERATOR
FRROR will result. A VLUE while no other displays are active on the DSKY
will result in the DSKY blanking when the routine has terminated a
CONTINUOUS DESIGNATE presently running. VALLE is not necessary if a VUINTOE
is to be inserted immediately thereafter. VULE is also not necessary if
the RR MODE switch is in AUTO TRACK or SLEW and/or the RR CB's are pulled.

V4TE - The NODO flag (FLAGWRD2 BIT 1) is not set so V3TEXXE may be called
prior to the V5016 display, usually when downlink is received by AGS,
although ALARM 1520 results if called during the ISS CDU ZERO,

VL8E has VOLN46 displayed instead of VOLNL6.. R2 has CHANBKUP, the location
conlaining the back-up flags for DESCENT. It is desireable to load this
location to 00000 when new ropes are installed. V4EE need not be called
to load NOUN 46. CHANBKUP is on all downlists.. (See POX)

V56E was recoded so that it can perform properly if it is necessary to call
it again if it was interrupted by a RESTART. :
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- VERBS Continued -

VSTE - Sets LR UPDATE flag and results in static VO6N63 display in P63.
V5TE has no displays associated with it.
V58E - Resets IR UPDATE flag and results in flashing VO6N63 display in P6lL,

V63E - NOUN change

NOUN 78 Rl XxXX.XX IM RANGE
R2 XXX.X FPS GE RATE ~ was XXXXX. FPS

R3 XXbXX  M/s TTOTIG

The RADSAMP routine calls itself using the word ADRES rather than CADR
which caused problems in the IMS but not in the LGC.

- DAP -
NO DAP lamp lights when

a) PGNCS is in PULSE MODE, ATT HOLD and VTOEE.

b) PGNCS MODE CONTROL switch is in OFF position,

¢) IMU is OFF or TURN-ON sequence is in progress.

d) IMU is being caged. '

e) ISS CDU ZERO is in progress or ISS is in COARSE ALIGN.
f) Ground testing - IMODES33 (location 1300) BIT 6 is set.

DAP continues to function and FINDCDUW, powered flight steering routine,
issues commands if input discrete from GUID CONWT switch (CHANNEL 30 BIT 10)
indicates AGS. Exceptions are:

a) The actual CDU's rather than the desired CDU's (CDUD) will be used to
set up the coordinate frame for the thrust direction filter. ’

b) The DAP will reinitialize when the GUID CONT input discrete indicates
PGNCS.

CHSMASK and CHEMASK (locations 1257 and 1260), RCS JET INHIBIT flags, are

on the Coast and Align, Rendezvous and Prethrust, and Lunar Surface downlists.
They are not on the AGS Initialization and Update, Orbital Maneuvers, and
Descent/Ascent downlists.

A1l MAJOR MODE changes and RESTARTS (hardware and software) set up a
1/ACCS job.

The ATTITUDE FRROR needles will be reinitialized when the PGNCS MODE CONTROL
switch is switched from OIF, The ATTITUDE ERROR needles previously were
reinitialized when the IMU became "usable" but not when going to ATT HOLD

or AUTO from OFT.

The mass-dependent calculations in l/ACCS wvere updated for the DESCENT
configuration by changing various "constants," .The addition of the Rover
and associated enlargement of the DPS tanks in IM 10 caused appreciable
change in the mass properties,
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- DAP Continued -
The present bounds on the ASCENT and DESCENT masses are
RO3 minimum unstaged mass in NhT 14, k62 1bs,
, RO3 minimum ASCENT mass in N4T 4,850 1bs.
HIASCENT 1/ACCS  maximum ASCENT mass 8,858 1bs.min.(E-load)
LOASCENT 1/ACCS  minimum ASCENT mass 4,850 1bs.
HIDESCENT  1/ACCS maximum unstaged mass 36,817 1bs.
LODESCENT  1/ACCS minimum unstaged mass 5,604 1bs, + HIASCENT

If iphibit X-AXTS override is removed or the PGNCS MODE CONTROL switch is
moved to ATT HOLD after previously been moved from ATT HOLD to AUTO before
the MANUAL, RATE COMMAND has properly terminated and while X-AXTS override
is inhibited, no unexpected jet firings will occur about the YAW AXIS,

A hardware or software restart during an ISS CDU ZERO, except the V3TEXXE
which results in ALARM 1520, requires that the ISS CDU ZERO be again
executed, VHON2OE, to re-enable the DAP.

- MISCELLANEOUS -
Constants in fixed memory were updated‘for the 1971-T2- year. These are

the locations that must be changed on IMS when running with previous load
tapes. ’

AZ0 (2) STAR TABLE (222) KOIMAT (8)
BDOT (2) . RATESP  (12)
NODIO (2) - : VALET (12)
NODDOT  (2) , .
FSUBO (2)

FDOT (2) i

CSTODAY, the number of centiseconds in 2l hours, was rescaled from B33
to B32.

ATMCADR and AIMCADR +1 were placed on the AGS Initialization and Update,
Rendezvous and Prethrust, Orbital Maneuvers, and Descent/Ascent downlists,
V5NBE displays these quantities in Rl and R2. Rl contsins the address and
R2 the bank information to indicate where the ALARM originated in the
program, '

A POODOO will turn into a BATLOUT, ALARM code remains same, if location
EXTVBACT indicates that an EXTENDED VERB may have caused the ALARM, If the
ATLARM then returns, the POODOO logic will be executed.

A POODOO ALARM, not caused while an EXTENDED VERB is running, will now clear
the RENDEZVOUS (7F0), TRACK (5F1), and P25 (9F0) flags. This prevents the
possibility of P20 being requested but not executed.

Gyro torquing is not performed, or is terminated if presently torquing, if
the ISS is in COARSE ALIGN or being CAGID. .
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20 of AQT OPTICS AXIS

greater than 28.5° from AOT CPTICS AXI3
than 28 iteretions required to converze %o

zore than once

PRO - IGWORE EAD PAIRS

ALL PAIRS REJECTED
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PREFACE

The LUMINARY 1E Program (LUM.INARY 210)
is being Performance Tested to support

the Mission "J~1'" objectives. The Mission
"J-1" vehicles are CSM 112 and LM 10,
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TR Q257972

w
a13/71
PROGRAM DEVELOPMENT SUMMARY FOR LUMINARY 1E Date
AR sk i e S35 a3 93 S AR 6y AT o e T I N M8 o kRS 51 R b 0 a0 S et i i e Wit ORI Wit KO TEAHE0 P 0 SKATE 15 R4 LA e S e 5 548 " 3 S AR SRR W Sy oM T e b A S 8 AT P4 P, AN s YA r ::
f Item Required Predicted Actual 1
E No. DESCRIPTION Date Date Date COMMENTS
1 | FLIGHT PROGRAM
LUMINARY 210 Release 3/22/71 i
FSRR 6/3/71
2 | GSOP Status 4/29/11 See Page 2-1-1 i
3 Level 6 Performance Test Plan 5/12/71 | See Luminary Memo #214
4 Level 6 AGC Performance Testing
Start 4/19/71 4/19/71 Assuming Receipt of Data Pack §
Completion 5/27/71 | 5/27/71 from MSC on 4/19/71
Documentation 6/2 /71 6/2/71
5 RTCC Compatibility Testing
Complete 6/2/71 6/2/71 h :
6 Mission Procedural Test Plan 4/12/71 4/12/71 4/6/171 Preliminary See DG Memo #1713§
7 Mission Procedural Verification ( !
Testing :
Start aji9/71 | 4/19/71
Completion 5/27/71 5/27/71 .
Documentation 6/2/71 6,2 /71
Mw

Page 1-1
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/13/11

o Fiat ddid ot i L,

Date 4

s e 7w R LIt SR AR 0 £ A e MR 10 N R i SSRRRIRE L 2 ot o2 o i

PROGRAM DEVELOPMENT SUMMARY FOR LUMINARY 1E

R

Item Required Predicted Actual
Date Date Date , COMMENTS

i No. DESCRIPTION

8 System Test Lab Testing
Level 5 Completion 3/26/71 |2/29/71

Documentation 6/3/71 4/16/71

9 " MIT Deliverable Items

K-Start Tape Schedule 5/5/71 5/1/11

TR Aa5PI-Z

Page 1-2




« @
DEVELOPMENT SUMMARY FOR APOLLO 15 (LM) Date

R IR A B A i o
NASA ISSUE MIT REC'D MIT REVIEW
DATE DATE COMPLETION

Req {Pred| Act | Req |Pred|Act | Req |Pred| Act

e A PR A N NN GG Ly A0 13 T R R R IR B 0 R S

DESCRIPTION COMMENTS

Flight Data File Review
a) LM Timeline Book
b) LM Data Card Book : |

c) LM System Activation
Checklist

d) LM G&N Dictionary 1. _ Note,

These are continuing
type reviews. Comments

: _ are being transmitted to . §
f) LM Lunar Surface Checklist 3/15 4/5 5/3 NISC a8 they are developed)

&) LM Contingency Checklist

g) LM Cue Cards

h) LM Systems Data -

i) LM Malfunction Procedure
Crew Procedures Documents

a) Apollo Operation Handbook - 13/31
(AOH)

b) LM Rendezvous Procedures 6/28

c) LM Descent/Ascent Proce- 6/28
dures

d) Lunar Surface Procedures
Preliminary 4/19

Final 6/28

AR S A e S AR A v A TR A S N DR S R s b e B 2t B S A2 40, b < R o L s B AR P i v i PO A . 5 2 B i i ASTHE R ke R S e R LRI S 1 R S e P R A R B B A 8 et e et

— , ‘ P
TP#22587-14 Page 1-3
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GSOP STATUS FOR

e R R S s B e R P £ R Y

DESCRIPTION

LUMINARY 1E

i R R A 7o SN S s ke I e K R T A S A DR P

BLUE COVER DESCRIPTION

@

REQUIRED
DATE

PREDICTED
DATE

ACTUAL
DATE

PROGRAM

Date

B s

4/13/71

(J(

12

COMMENTS

T

Section 1

Section 2

Section 3

Section 4

Section 5

Section 6

e et g A A

Prelaunch
Rev. 1

Data Links
Rev. 11

Digital Autopilot

Rev. 6

Operational Modes
Rev. 9

Guidance Equations
Rev. 10

Control Data
Rev. O

1/17/69

12/23/68

-

.4/19/71

4/29/71

4/26/71

1/29/69

3/5/71

12/9/68

LNY 1E

LNY 1E

LNY 1E

LNY 1E

LNY 1D

R L AT S N R R LR L T Erath R R B e e s e S R 4 P 7 S T
b SRS B A Y S N AL T e e R R R b S b T b S R B e T R L et i e e R ) ok e R B e

TP#22587-15

Page 2
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LEVEL 6 PERFORMANCE TEST DESCRIPTION FOR LUMINARY 1E

T
Date 4/1s/T1

TP#22587-9

TEST RESPONSIBLE
NO. DESCRIPTION ENGINEER
§ 6.10 RENDEZVOUS . White
1 6.1.1 Short Rendezvous - program sequence: P00, P20, P34, P42/P35, P41, P35,
P41.
: Initial Condition: (1) 1¢’IMU, Radar, State Vector Errors
i (2) Normal Astronaut interface from Apollo 15 Data File
(3) Apollo 12 O. T., Data Package
(4) 10% T-Loss during Average-G.
§ 6.2.0 ABORTS from DESCENT . Schulenberg
l 6.2.1 Abort at 33Kft. - program sequence: P00, P63, P70, P20, P32.
6.2.2 Abort at TKft. - Abort Stage at DPS depletion - Program sequence:
- P00, P63, P64, P70, P71, P20, P32.
6.2.3 Abort Stage after Touchdown - program sequence: P63, P64, P66, P71, P20, N
P32.
Initial Conditions: (1)1 ¢ IMU, LR Radar State Vector, (LM),
Terrain Profile (+10) errors
(2) Normal Astronaut Interface from Apollo 15 Data File
(3) Apollo 15 O. T., Data Package
(4) 6. 2.1 with 10% T Loss until Orbit Insertion
(5) Yaw LM 40° after the Pitch Maneuver
(6) Channel back-up set. (Abort discretes).
(7) 6. 2.3 with Abort Discrete Present.
6.3.0 LUNAR SURFACE OPERATIONS & ASCENT . Millard
6.3.1 Lunar Surface Alignments - program sequence: P68, P00, P12, P57
(Recycle gravity determination), V41N72, P57 (Planet and Star)
P57 (2 stars), P00, V47, V41N20, P06, P57 (AT = 0), P22, P57 (1 star),
V64, V63, V48, P57 (1 star), P00, V47, V48, V82, Pl2 (to TIG), P00.

Page 2-2-1




TEST
NO.

3o S

7y Ml

_

LEVEL 6 PERFORMANCE TEST DESCRIPTION FOR LUMINARY 1E

ihese i D A B S e I St S S AR A TR AT A, g

/"

L e A i A o RN ARSI I A T BRI RA S i = Y el ARt SR

St BRI 0

DESCRIPTION

Date

F
4/13/71

T o b A T 2 0 g AR S S50 Sl 005 e i

RV g o

RESPONSIBLE
ENGINEER

6.3.1,1

6.3.2

6.5.0

‘TP#22587-9

Inflight Alignments - program seguence: P52 (using P57 sighting), P52
(Planet and star), P52 (2 stars). . )

Initial Conditions: (1) 3¢ IMU

(2) Apollo 15 O.T., Data Package L
(3) Normal Astronaut Interface from Apollo 15 Data
File.

Ascent from Lunar Surface‘— program sequence: P0J, P12, P20, P34.

Initial Conditions: (1) l¢"State Vector, IMU, Radar Errors.
' (2) YAW LM 400 after the pitch maneuver occurs; Tar-
' getting for 1 N. M. out-of-plane..
(3) Apollo 15 O. T., .Data Package -
(4) Normal Astronaut Interface from Apollo 15 Data File

LANDING ON LUNAR SURFACE

.rogram sequence: P00, P63, P64, P66, P68,
P00,

Complete Automatic Landin,

- Hold - P66 Landing - program sequence:
P00, P63, P64, P66 (at 700 ft.), POO.

NOUN 69: 10K/5K ft; ACA: None

NOUN 69: 2OI§/20K ft.; ACA: 2(-EL), 2(+AZ)

NOUN 69: none, ACA: 2(+EL), 2(-AZ)

Redesignations and Att.

Initial Conditions: same as 6.2.0
6.4.2.2 - 10% T-Loss and Abort Discrete Present

Initial Conditions:

SPECIAL TESTS

LM RCS Deorbit Burn-program sequence: P00, P30, P27, V96, P99, POO

Y P S S DU oo

il F TS AR e S R A Bl 1E 08 2 et 8 T SR RS S T R

S. Albert/D. Moore

D. Moore

S 5 i I

YA AR Ay

i e R b, iy 4, AP R

Page 2-2-2
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LEVEL 6 PERFORMANCE TEST DESCRIPTION FOR LUMINARY 1E

3 e 1 T AR b R 08 DU AT St 068 Lo WL A d 4 B it

e

NO. DESCRIPTION

D S T

RESPONSIBLE
ENGINEER

6.5.2 Docked-DPS Burns - program sequence: P00, P30, P40, P00
6.5.2.1 ; CSM/LM Configuration

6.5.2.2 CM/LM Configuration

6.5.3 Abort Stage after Touchdown - Same as 6. 2. 3 except without Abort Channel
backup discrete set

6.5.4 Redesignation and Att. - Hold-P66 Landing - Same as 6. 4. 2 except without
Abort Channel Backup Discretes Set

TP#22587-9

C. Work

S. Albert/D. Moore

5 o SR GO VB T FETIT TS e A 40T § A SO G A g L = e o L 2 i e P ) 7 A A ot P A3 SN R Ty TG AR TR Bl i Gy 15 3w i 3 T R P e N AT ERINES T B R R Fh S st




v

p

e |
LFVEL()PFRBORMANCF’TESF%TATUSF(H{LUNHNARYIE Date 4ﬁ3/” |
T —— mm_m_mzmjw i 17095 R S TS SN S A A% ww» T R P S g
PRIMARY SETUP ALL RUNS COMPLETED SUMMARY MATERIAL : |
TEST INPUT PREPARED AND RESULTS EVALUATED PREPARED “
NO. Required | Predicted] Actual Required Predigted Actual .Required Predicted Actual ‘
1.1 4/19/71 4/19/71; 5/27/711 | 5/27/71 6/2/71 6/2/71 -
2.1 a/19/711 | 4/19/71 5/27/71 | 5/27/71 6/2/11 6/2/11 é |
2.2 4/19/71 | 4/19/71 5/27/71 | 5/27/71 6/2/71 | 6/2/71 -
2.3 419/ | 4/19/71 5/27/71 | 5/27/71 6/2 /71 6/2/71 ;
.3.1 a/19/71 | 4/19/71 5/27/71° | 5/27/7 6/2/71- | 6/2/7 é
3.1.1 a19/m | apie/m 5/27/71 | 5/27/71 6 /11 | 6/2/71
.3.2 4/19/71 4/19/M 5/27/70 | 5/27/71 6/2/71 6/2/71 é I
4.1 4/19/71 |-~ 4/19/71 5/27/71 | 5/27/7 6/2/71 6/2/11 ;' |
4.2 4/19/11 | 4/19/71 5/27/71 | 5/27/71 6/2/71 6/2/71 § i‘
4.2.1 4/19/71 | 4/19/11 5/27/71 | 5/27/71 6/2/71 6/2/71 5
4.2.2 a19/71 | 4/19/71 5/27/71 | 5/21/71 6/2/11 6/2/71 I
4.2.3 4/19/11 | 4/19/71 5/27/1 | 5/27/7 6/2/71 6/2/11 é.
-
N
|




) v p

4/13/71

LFVEL6FERFORMANCETTSTSTATUSFORLIWHNARYlE Date

R e e T N T

R T T T

PRIMARY SETUP

ALL, RUNS COMPLETED .

M o R O AR R S e S BT USRI S B T AR b ru:«.r.ww’%g

SUMMARY MATERIAL

Page 2-2-5

TEST INPUT PREPARED AND RESULTS EVALUATED PREPARED
Tk Required |Predicted| Actual |Required {Predicted Actual Required Predicted Actual
s 1 4/19/71 4/19/171L 5/27/71 5/27/171 6/2/71 6/2/71
.2 4/19/71 4/19/11 5/27/71, 5/27/71 6/2 /71 6/2/71
ol 4/19/71 4/19/71 5/27/71 5/27/71 6/2/71 6/2 /71
2.2 4/19/71 4/19/71 5/27/71 5/27/71 6/2/71 6/2/71
.3 4/19/71 4/19/11 5_/27/71 5/27/71 6/2/71 6/2/71
.4l 4/19/11 ‘4/19/’71 5/27/71 5/27/71° | 6/2/7-1 6/2/71
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4/13/71

NH&ﬂONTPROCEDURALJVERHHCATKNJFOR LUMINARY 1E Date

D e s

R o e kmmm»m; A% A R R A SRR T e e P S R R e

ilELber;V RESPONSIBLE
NO. DESCRIPTION ENGINEER

1.0 Earth Orbit Deorbit , ' i
P30-P99 ; |
2.0 Inflight Alignments
P51, P52

3.0 Lunar Landing ' . ;
P63-P64-P66-P68 )

1 3.1 Aborts from Lunar Landing
d - a P63-P70

b P63-P64-PT71

¢ P63-FB4-PT70-P71

2 Lunar Surface Activities
P57, P22 .

.0 a Ascent .
P68-P57-P12 | .

b Ascent thru Short Rendezvous
P68-P57-P12-P20-P34-P42-P35-P41-P35-P41

At ‘ a Insertion thru Short Rendezvous
P20-P34-P42-P35-P41-P35-P41
b Insertion thru Long Rendezvous

P20-P32-P41-P33-P41-P34-P41-P35-P41-P35-P41
.0 Docked DPS

ke e b AT PN RN i ol B AENAA i B 3 F D i S SRS LR o AN T AR DY R MM A 51 S DR s AR R ek A R TR R G R R R e TR RS e A B T

TP# 587—13 : Page = 2-3-1
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LEVEL V SYSTEM TEST LAB

s

@

TESTS FOR LUMINARY 1E

X ids s

e R s ot R A G RS DB 3 TS R

A A GO AN PR e i s R NS g

b

Date 4/13/71

Pavki @ R DS DR S e IRt T e i

(
i

CITLE Rgsnzoizzile TEST COMPLETE DOCUMENT APPROVED
Req Pred Act Req Pred Act ?
Extended Verbs Grace 3/1/71 | 2/16/71 3/16/71 3/2/71 §
IMU Operational Program Grace 3/1/71 | 2/16/171 3/16/74 2/22/71 ‘
IMU Performance Test Grace 3/1/711 2/17/171 3/29/71 2/24/11
.|6 P57 Changes (PCR 1044) St. Amand 3/26/1] 2/22/71 4/9/712/26/71
Radar Changes Goodwin 3/26/71 2/18/71 4/16/71 ' f
HRIG Torque AR 3/12/7% 2/18/71) 3/26/71 4/1/11
Sum Uplink Sheridan 3/12/71 2/16/171 '3/26/71 4/1/11 g
Channel 77 Restart Monitor Sheridan 3/12/1% 2/25/71 3/26/71 4/1/71 j
faput Channel Backup (PCR's 1107, 1109, | Goodwin 3/19/71 3/16/71 4/9/71| 4/13/71
- 1110, 1111) :
PGNS-AGS Data Transfer (PCR 324) Goodwin 2/5/11( 2/26/71 4/16/71
Super Key Relealse Light (PCR 1091) Sheridan 3/12/7% 2/19/11 3/26/7% 4/1/71 *
P52 Changes (PCR 1044) St. Amand 3/26/11 2/29/71 4/9/71| 4/1/71
ACB-26 | St. Amand | 2/22/11 3/5/71 3/1'2/71
TP#22587-16 page 2-4-1




ITEM
NO.

o

MISSION ''J-1"

s MR

it i

LM 10 TESTING

-START TAPE SCHEDULE

€

DESCRIPTION
LUMINARY 1lE PAD

FOR LUMINARY 1E

4/13/11

FINAL DELIVERY

st R N B

Required |Predicted Actual

Simflight

TP#22587-17

IMU Performance Test

Erasable Initialization

F10L010-K00081-00
F10L.010-K00078-00

F10L.010-K00068-00

5/5/11 5/1/11
5/5/11 5/1/71
5/5/71 5/1/11

Page 2-4-2
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ANOMALY STATUS REPORT FOR LUMINARY 1E - Date 4/13/71

Omgmator/ RECOMMENDED

Date/ DISPOSITION NASA DIRECTION/ | CLOSING ACTION
DESCRIPTION Control No.|(Date Submitted to NASA) DATE TAKEN/DATE
A hardware or software| MIT/CSDI] Program Note for Program Note for Program Note
restart during a RR 1/18/71 Luminary 1D & subs. Luminary 1D & subs.
TURNON sequence may
result in an incorrect
setting of the mode
flag (ANTENFLG) .
L-1D-24 P70 or P71 selection MSC/FSB | Program Note for Program Note for Program Note ;;
prior to P12 leaves P12 1/14/71 Luminary 1D &1E Luminary 1D &lE '
with at least 3 flags. ,
abnormaly set

%

RS AR N Al B s-i»

TP#22587-10 Page 2-5-1



MIT/IL Program Note Report

Name of Program(s): LUMINARY 1D,1E

Originator:

Organization:

P. Rye

MIT/DL

Date: 3/2/71

Note:

Do not select a new major mode within 10 seconds of RR Turn-on.

If a HARDWARE restart or BAILOUT/POODOO occurs in this

time interval, perform recovery procedure.

Recovery: Cycle RR MODE Switch fpom IGC to SLEW and back.

Comments:

No.

107



MIT/IL Program Note Report

Name of Program(s): LUMINARY 1E
Originator: P. Rye J |
Organization: MIT/DL

Date: 3/2/71

Note: : ,
A window of just under 60 microseconds exists such that V37

to terminate P40, Ph2 or P63 may not prohibit ullage from coming on.

This window exists only when V3T is selected just before the following:

PLO: TIG - 7.5 sec.
Pho: TIG - 6 sec.
PE3 TIG - 7.5 sec.

Do not key final ENTER to V3TEXX to terminate the above programs
within 1/4 seconds of ullage on. Wait until after ullage

Comments:

106









Date 3/17/71
MIT/CSDL SOFTWARE DEVELOPMENT PLAN
FOR
LUMINARY 1E LGC PROGRAM
/, i /’/ \,
[ / //w"/
—t" S s R =
S S ~ 5 25 /7

LUMINARY PrOJect Date
Manager's Signature

= i

i e /’{j p x m«" w‘,(//"?:; ;gn’ﬁ J/l.)//f

Direetor MlSSlon ri Date
Development Appfroval

This plan consists of 28 pages
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PREFACE

The LUMINARY 1E LGC Program
is being prepared to support a
manned Lunar LM Flight of a
Block IT G&N System.

L
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SECTION I

PROGRAM DEVELOPMENT SUMMARY




W

Date

3/17/71

Item Required Predicted
§ No. DESCRIPTION Date Date Date COMMENTS
1 Establishment of Luminary 1E Assy. 9/21/70 | 9/21/ 70 9/21/70
2 Change Design and Coding
Start 9/21/170 | 9/21/70 9/21/10
3 Level 2/3 Test Plan 11/ 25/ 70| 11/25/70 10/15/70| (Note: ‘Test Plans are revised
, as new changes are approved.
1 Level 2/3 Testing
Start 10/15/70 10/15/70 | 10/15/70
Completion 12/3/70 ; 12/3/70 2/12/71
b Level 4/5 Test Plan 12/1/70 | 12/1/70 12/1/70
6 Level 4 Testing :
Start 12/7/70 12/7 12/7/70 Revision 210 Released to rope
Completion 1/15/71 15/71 | 1/18/71 manufacturing 3/22/71
7 Level 5 Testing
Start 1/15/71§ 1/15/71 | 1/15/171
Completion 2/14/71 | 2/14 /71 | 2/12/71
8 GSOP Publication (All PCR/PCNs approved
up until program delivery, -
Section 2 4/12/71
Section 3 3/26/171 3/5/71 Revision 6
! Section 4 3/31/71
; Section 5 4/12/11
9 Configuration Control 12/3/7.‘\ 12/3/7q 12/1 8/ 70
FACI Review Week of 2/22/71 | FACI mtg at MSC 3/3/71
N
N

Page \-}|
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PROGRAM CHANGE REQUEST/NOTICE STATUS

PCRs/PCNs
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el 22587-3

53 A R SN B

PCR STATUS REPORT FOR LUMINARY 1E Date  3/17/71
| PCR Originator/ MIT IMPACT NASA/SCB GSOP
; Section
| o. DESCRIPTION Date | Schedule | Storage DIRECTION & reated COMMENTS
1311 Rendezvous and FSB
Prethrust Downlink 2/13/70 Disapproved
Change 5/14/70
#317. 21 Rescaling Nouns Con CB Implement and Pro-
‘ taining Range and 6/13/70 _— —_— vide Detail Evaluatiop 2, 4
Range Rate 7/10/70
‘,V. 319 A - Priori Terrain MPAD Implement and Pro- Only the addition :
| & I on Dovnlist) 7/6/70 vide Detail Evaluation of AH to the down- {
8/13/70 2, 4 list was approved.
323 Improvements to FM Disapproved
Ephemerides 7/29/70 8/13/70
{324 | PGNCS/AGS RR FSB Implement and Pro-
Data Transfer 7/27/70 —_ +15 vide Detail Evalua- 2, 4
tion
8/13/70
333 Change Recognition 9/23/70 None 5 words Implement & provide
of ROD Inputs detailed evaluation 2, 4
9/30/70
334 Change DSKY FCOD 35 Implement & provide
Revl| Descent/Ascent Nours9/28/70 detailed evalnation 9 4
11/5/79 ’
335 Remove Alignment FCOD Irr/lpf/tement & provide
Option from P63 9/23/70 -3 detailed evaluation 2, 4,9
9/30/70
336 Allow Extended FCOD
REFVI Verbs During 1’20 9/28/170 -2 Implement & provid
Maneuvers detail evaluation 4, 5
11/5/70

\

Page 2-
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o 4 (®
PCR STATUS REPORT FOR LUMINARY 1E - Date  3/17/171
¥ e - - - (v e NI A4 RS 2 > o ka5 b il o Iy AT e i N SV o T T AT S e ey e s
PCR | Originator/ MIT IMPACT NASA/SCB SGS%PH
ectio
No. DESCRIPTION Date | Schedule | Storage DIRECTION Affeated COMMENTS
337 Il1luminate Unused- FCOD Disapproved
Revl} DSKY Light for N49 10/1/70 11/5/70
338 Change LPD Scaling FCOD 0
to 1, 0°In All Direc- 9/28/10 - Implement & provide
tions detailed evaluation 2, 4
9/30/70
339 Have P20 F50 72 FCOD +20 Implement & provide 4
Display Update 9/28/10 detailed evaluation
9/30/70
340 LATVEL Polarity FCOD 0 Disapproved Verbally (See PCR 343)
Change 9/22/70 10 /7 /70
70
341 | Landing Radar MPAD +2 Approved 9/30/
Reasonability Test 9/29/70 Implement & provide
detailed evaluation 5
11/5/70
343 Disapprove PCR 340 FSD
| 10/21/70 Approved 11/5/170
344 Navigation Input Via FCOD L
DSKY 10/23/79 Disapproved 11/5/7)
345 Change of Frasable FG 7 Disapproved 11/5/7p
Load 10/29/70
347 |Mod.to Code Word Cont FSD Implemen-t & provide 2
figuration for PGNCS/ | 11/25/70 detailed evaluation
AGS Data Transfer 1/14/71
348 iNew Target AV Progragn FCSD Implement & provide 2, 4
11/25/70 detailed evaluation
1/14 /71
[EGEIREN DT S AR ANl PN CE O R k2 B ) o 1 39 MO 7 (50 A R Y A P 8
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PCR STATUS REPORT FOR

S SR A o R R

LUMINA RY 1E

e e T S

e SR S A N A
W B Z

T AAIE

Originator/| __ MIT IMPACT NASA/SCB S?esc%i’n
DESCRIPTION Date Schedule Storage DIRECTION Affected COMMENTS
Variable Guidance Eyles Disapproved
Period Servicer 2/26/70 4/9/10
Replacement of Berman Disapproved
LOGSUB 3/11/70 5/14/70
Re-design of R53 Millard 60 words Implement and Pro- 4,5
R57 5/11/70 vide Detail Evalua-
tion
8/13/70
Noun for LLPD Gilbert Disapproved
Bias 6/12/70 8/13/10
Have Major Mode Weissman Implement & providsg 3
Changes Set Up a .. 1/20/70 Detail Fvaluation
1/ACCS. 11/5/70
Display N81 on all Copps -6 Implement & provide
passes in P34/74 8/3/10 detailed evaluation 4
and P35/75 9/30/70
GSOP Change for Weissman
FDAI Needle Initiali{ 7/7/70 Implement & providdg 3
zation Fix (L-1D-01) Detail Evaluation
9/30/70
1010 |GSOP Sect 5 Editorial | .Klawsnik 5
Changes 3/9/11

Page 2-%
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PCR STATUS REPORT FOR  LUMINARY 1E

-

]

Date _ 3/17)11

T P P T T e S e i R A RS I G NG MBS0 50 V05157 RO T SN R e ARG il W45 v o o
i PCR Originator/ MIT IMPACT NASA/SCB Sf}esc%in
| No. DESCRIPTION Date Schedule Storage DIRECTION Affected COMMENTS
1072.9 Light KEYREL Light| MIT Withdrawn

] Only When a Noun/ 8/26/10
Mark /Prio Display
- is Initiated
#1079 | ALMCADRON the McCoy J 0 Implement & provide | o
| Telemetry 9/2/70 detailed evaluation
] 9/30/70
1080} Change time to Larson Disapproved
Perform IMUCDU 9/8/70 9/30/170
¢ Zero
11082)2 Update Fixed Reber 0 Implement & provide
! Constants for 1971- 9/14/70 detailed evaluation 5
1972 Ephemeris 11/5/170
Year
#1088 !  Inhibit Program Rye +3 Implement & provide
; Change During | 9/25/170 Detailed Evaluation 2.4
Critical $=22= 16,$]6 11/5/70
Seconds After
ror1 A
- MU cPrYy ZERO
11091 Priority Display McCoy +6 Implement & Providgq 4
- Light on DSKY 10/2/70 Detailed Fvaluation
i 11/5/70
411092 | Increase Accuracy Grace : 20 words| Disap roved 11/5/70
| of Determination of 9/23/10
Accelerometer S. F.
1093 | Eliminate 481 day Robertsdgn Less then Immplement and provide 5

) TEPHEM Limitation 10/5/70 o fixed Detailed Evaluation

) in Solar Lunar 11/5/70

:q Ephemerides

[a
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PCR STATUS REPORT FOR LU

DESCRIPTION

Originator/

MIT IMPACT

¢

MINARY 1F -

SSRGS AT % SR AR N st sy 3 ol PP w o KM 300 S0 0 P S S A L I RV A

Date Schedule

Storage

NASA/SCB
DIRECTION

GSOP
Section
Affected

COMMENTS

11096

1097. p

11106

TP 225873

Avoid Imcomplete

Close-out of Manual

Rate Command Mode
(L-1D-07)

Frasable Memory De-
Orbit Program Goes
Fixed

V30, V31 Operator
Frror Lockout

Delete Setting of
NODOFLAG in R47

Trim Gimbal Control
Mode Change

MIT
10/7/70

MIT
10/8/170

MIT

10/13/70

MIT
10/20/170

MIT
10/15/170

+5

Implement & provide
Detailed Evaluation

11/5/70

Disapproved 11/5/70

Implement & provide
Detailed Evaluation

11/5/70

Implement & provide
Detailed Evaluation

11/5/170

Disapproved 11/5/70




TP 22587-5

&
3/17/71
FOR LUMINARY 1FE - Date 3/17/
Originator/| __ MIT IMPACT NASA/SCB Sei?ilzn
DESCRIPTION Date Schedule Storage DIRECTION Affected COMMENTS
1107 | Backup of Abort Bits MIT +5 Implement & provide 2
Chan 30 Bits 1 and 4 10/22/70 Detailed Evaluation
for on (0) 11/5/70
11108 |Backup Mark X,Y & MIT Disapproved 11/5/79
: MARK REJECT Chan | 10/22/70
16 Bits 3,4, 5.
11109 | Backup of Off (1) MIT +5 Implement % provide 9
Failures of Auto Thrdtl0/22/70 Detailed Fvaluation
Chan 30 Bit 5 11/5/70
{1110 Backup for Failures MIT +5 Traplement & provide 2
‘ of Inertial Data Bit |10/22/70 Detailed Fvaluation
Chan 30 Bit 6 11/5/%0
1111 | Backup #ailure of MIT +16 Implement & provide 2
Autopilot Mode & . . |10/22/79 Detailed Evaluation
AGS/PGNS Select 11/5/70
Switch Chan 30 Bits
10, 13 & 14
1112} Backup for on (0) MIT Disapproved 11/5/70
Failures of Trans- |[10/22/70
lation Commands '
Chan 31 Bits 7-12
1113 | Backup Failure of the| wmIT Withdrawn
LPD Bit Chan 31 10/22/70
Bits 1, 2,5 and 6.
ooy et g g o e B e R e e S
*PCN 2-6




7P 22587-3

L

DESCRIPTION

Originator/
Date

W

PCR STATUS REPORT FOR LUMINARY 1F

MIT IMPACT

NASA/SCB

Schedule Storage

DIRECTION

Section
Affected

Date

«

3/17/71

COMMENTS

1127

P Addition to PO0ODO00

for DPS Impulse

Change to Downlink

Update Mass-Dependq
Calc.

Automatic RCS Steerinng MIT

Logic; Add Abort
GSOP Description

Replace Acceleration
Fst. with RCS
Inhibit Flags on non-
powered Downlists

"No Control" DSKY
Light

Flag Resetting in
PO0OD00 Aborts

Set NOTHROTFLAG

Buarns

List

in1/ACCS

10/27/70

MIT
10/27/170

MIT
10/26/70

MIT
11/2/70

MIT
11/12/70

MIT
11/18/7

MIT
11/25/70

nt MIT °
11/30/170

it P C ‘5‘ L R R it

Disapproved 11/5/70

Implement & provide
Detailed Evaluation
11/5/70

Implement & provide
Detailed Evaluation
11/5/70

Disapproved 11/5/70

Implement & provide
Detailed Evaluation
1/14/1

Implement & provide
Detailed Evaluation
1/14/71

Implement & provide
Detailed Evaluation
1/14/71

Implement & provide
Detailed Evaluation




Ji/'

g& L ‘l’(‘,‘y
PCR STATUS REPORT FOR : 3/17/71
G : e ek b it e e PPy o s T =
:
i PCR _ Originator/ MIT IMPACT NASA/SCB SGS?,P
3 ection
No DESCRIPTION Date Schedule Storage DIRECTION Affactad COMMENTS
1132 Corrections to MIT Implement & provide 4 §
PCR 1117. 2 12/21/170 Detailed Evaluation :
1/14/71
5 1133*| Revision to Descent MIT Implement & provide 3 i
Mass Limits 12/28/170 Detailed Evaluation ?_
, 1/14/71 1
t |
§ 1134 Revision of PCR 1111 MIT Implement & provide 2
; 12/29/170 Detailed Evaluation
1/14/71 ‘
i 1137 Correct Constant for MIT Implement & provide
: Ascent Guidance 1/12/71 Detailed Evaluation
- 1/14/71
1141 | Initialize FLRCS MIT i
in P12 1/22/71 2
=t ’ g
1143 GSOP Section 3 MIT : :
Rev 6 Changes 2/1171 3
1145] GSOP Section 4 MIT
Rev 9 Changes 3/ /71 4
i
; :
b
1
3
. ',Q 4 |
i ;
PON




SECTION III

PRE-LEVEL 4 TESTING
AND

LEVEL 3 SYSTEM TEST LAB TESTS

A




N d ly

& I
3/17/71
PROGRAM DEVELOPMENT STATUS FOR LUMINARY 1E Da’;e
PCR/ - PRE-LEVEL 4 TESTING FIXED
ANOM/ Respousille START coMPLETED | IV
ngineer
ACB ] DESCRIPTION Req |Pred|Act |Req |Pred| Act i
PCR 317.2| Rescaling Nouns Containing Range and Volante /Dunbar 11/16| 11/1¢ 12/3 1/20 11/19 | 195
Range Rate :
PCR 319 A-Priori Terrain(AH on Downlist) Albert/Fyles 11/2312/4 12/3{12/3 12/18 | 196
PCR 324 | PGNCS/AGS RR Data Transfer Volante /Dunbar 10/2J 10/23 12/3t1/20 | 2/1 | 195
PCR 333 Change Recognition of ROD Inputs Millard 11/2q11/2 12/3I 1/22 | 1/18 | 199
PCR 335 Remove Alignment Option from P63 Albert/Fyles 11/20 11/2 12/3 |12/3 12/18 | 186

PCR 338 | Change LPD Scaling to 1. 0° In All Directiond Albert/Fyles

11/20,11/2012/3 |19/3 ' 12/18| 1g5
PCR 339 Have P20 F50 72 Display Update

Rosenberg/Dunbap ~— 11/20{11/2012/3 f12/3 | 12/15| 199

PCR 334 Change DSKY Descent/Ascent Nouns Eyles/Albert/ 11/23411/2312/3 12/3 12/20| 198
Rev 1 Berman

PCR 336 Allow Fxtended Verbs During P20 Rosenberg H 11/20 11/20 12/3]12/3 | 12/15| 193
Rev 1 Maneuvers Dunbar

PCR 340 | LATVAL Polarity Change Eyles 12/18| 182
PCR 341 Landing Radar Reasonability Test Moore/Alpert 11/24 11/2012/3 12/3 12/18 191
PCR 343| Disapproval of PCR 340 | Albert/Eyles 11/24 1 /2412/3 |12/3 | 12/18| 190
PCR 347 Mod. to Code Word for PGNCS/AGS Data Volante/Dunbar 1274 1/22 1 1/28| 195

Transfer
PCR 348 | New Target - V Program ’ White

11/24 12/14| 12/15| 197

AR R R U RS M G i




PROGRAM DEVELOPMENT STATUS FOR LUMINARY 1E Date 3/17/71
—— . BB aivn A - v B Z e = i = = 3 - oIy R N A A TR R . L e T e R e R e T R e e i, o i ~)
PCR/ e PRE-LEVEL 4 TESTING FIXED ¢
ANOM/ Responslible START COMPLETED | '™
/ & { ™ &
—. DESCRIETION Req |Pred ‘Act Reqg |Pred| Act REV
{ 2
CR 1044 | Re-design of R53 - R57 Millard 11/23 11/2312/3 12/3 {12/3 194 &
CN 1059 | Have Major Mode Changes Set Up-a 1/ACCS Weissman 11/2311/23y12/3 i12/3 1/5 196
CN 1070 | GSOP Change for FDAT Needle Initialization Weissman 11/2311/23{12/3 '12/3 112/1 | 182 ]
Fix (L-1D-01)
‘:,"1
CR 1066 | Display N81 On All Passes in P34/74 and P35/| White 11/1911/9 {12/3.11/20 11/16] 185
>CR 1079 | ALMCAR on the Telemetry Albert ,11/200 11/2012/3,12/3 |12/15 | 192 g
CR 1022, 2 Update Fixed Constants for 1971 - 1972 Dunbar !11/’20 11/20(12/31/22 | 1/19 186
Ephemeris Year ,
CR 1088 | Inhibit Program Change During Critical 8. 22 Rosenberg/ 11/20{11/2012/3 11/22 | 1/22 191 .}
Seconds After Coarse Align IMU ' Fdmond
"CR 1091 | Priority Display Light on DSKY Rosenberg/Dunbgr 11/20{11/20112/3 [12/3 [12/15 | 193 i
°CR 1093} Fliminate 481 Day .TFPHFM Limitation Millard 11/20 11/20;12/3 {1/22 | 1/22 192 r
°CN 1095 Avoid Incomplete Close-out of Manual Rate .
Command Mode (L-1D-07) ) (See Anomally 1.-1D-07)
"R 1097.2 V30, V31 Operator Frror Lockout Rosenberg 11/20 11/20{12/3112/3 |12/15 192 ;4
PCR 1100} Delete Setting of NODOFLAG in R47 Rosenberg .11/20 11/20§12/3 {12/3 | 12/15 i81 ,4
PCH 1107 Backup of Abort bits Chan 30 Bits 1 and 4 Bernikovich 11/19/12/3| 12/20! 198 !
PCR 1109 Backup-of Off (1) Failures of Auto-Throt. Albert 11/1912/3 12/20] 196 *
Chan 30 Bit 6.
4

Page 3-2




TR 22597/

’(f i 7
PROGRAM DEVELOPMENT STATUS FOR LUMINARY 1F Date 3/17/71
PCR/ - PRE-LEVEL 4 TESTING FIXED

ANOM/ Rgf}g?ﬁ;;;’le START COMPLETED IN
ACB B ORI Req |Pred|Act |Req |Pred| Act BEY
PCR 1110 | Backup for Failure of Inertial Data Bit Albert 11/20 12/3 12/28 196
i Chan 30 Bit 6
i} PCR 1111} Backup Failure of Auto-pilot Mode & AGS/ Weissman 11/2012/3 1/15 202
' PGNS Select Switch Chan 30 Bits 10, 13, &

14.
:_ PCR 11172 Addition to POODO00 Logic. Dunbar 11/-2011/2012/3 1/20 1/19 191
| PCR 1121 Replace Acceleration Est. with RCS Inhibit |Albert/ Weissman 11/2411/23]12/3 |12/3 12/15 | 196
Flags on non-powered Downlist.

PCN 1124] Flag Resetting in P09D00 Aborts (See L-1D-15 193
PCN 1127 Change to Downlist for IMU Pulse Albert 12/1 12/15 197
: PCN 1129 Update Mass Dependent Calculations in Weissman 12/1 12 /17 203

1/ACCS
I PCN 1133 | Revision to Descent Mass Limits Weissman 12/18 1/5 205
PCR 1134 | Revision of PCR 1111 Weissman 12/18 1/15 202
PCN 1141} Initialize FLRCS in P12 McCoy 2/1 2/8 209




il

«

PROGRAM DEVELOPMENT STATUS FOR LUMINARY lE

pate  3/17/71

fa

L L AN T

PCR/ PRE-LEVEL 4 TESTING FIXED
ANON '
NOM/ REef‘lg‘i’r?selEle START COMPLETED U
ACB TESCRIBILICIN Req |(Pred|Act |Req |Pred| Act REV
[.-1D-01 "NEEDLER' Initialization Never Takes Place (Se¢ PCN 1070) 184
Following DAP Turn-on if IMU Error Counters
(CH 12 B06) are Enabled
1.-1D-02 Core Set Overflow (31202) Alarm will result | Sys. Test Lab. -11/2011/20|12/3 11278 1/18 184
from a Bad Return Pulse Torquing.
[L-1D-03 Velocity Update During Descent (P63 & 64) McCoy Fixe¢l in Ijuminafpy 1D
Fail the Reasonableness Test Shortly After
LR Lock-on.
[.-1D-04 P25 will not control Space craft altitude if Volant¢ Dunbar 11/20,10/10f12/3 12/3 11/30 184
range to CSM is greater than 566 N. M.
[.-1D-05 Certain verb routines should not be requested Rosenberg/ 11/2311/2312/3 12/3 ' 12/16 181
if P20 or P22 is running. (L.-34) White
[,-1D-06 "DVTOTAL'" incremented twice in one Adler/Moore 11/2311/2302/3 412/3 | 12/18 184
SERVICER Cycle
1.-1D-07 Manual rate control mode improper ter- Weissman 11/23 11/23 12/3 :12/3 i 12/1 199
mination (PCR 1095)
[.-1D-08 Padload "LRWH'' Shares Erasable memory |Dunbar/Rosenberg 11/20i11/20{12/3;12/3 11/27} 181
location with RM of P20 (L.-34)
1.-1D-10 Major Mode Changes that Leave the DAP (Sde PCN 1059) 1986
with Improper Data
L-1D-11 | Wy is mis-scaled by a factor of 2 (sde PCR 1082} 2) 186
L-1D-12 Selection of V41N72 while an RR reposition Volante/Dunbar 11/2311/2312/3 1/22 1/22 193
or remode is in progress results in
incorrect operation of V41N72.
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PROGRAM DEVELOPMENT STATUS FOR  LUMINARY 1E pate 3/17/71
PCR/ - PRE-LEVEL 4 TESTING FIXED |
ANOM/ Rgig?;‘j;gle START COMPLETED 1N
=LB DESLEIPTION Req |Pred|Act |Req |Pred]| Act REY
L-1D-14 Set Flagwor:d 5 Bit 12 for Impulsive Burns Adler /Moore 11/2311/2312/3 [12/3 | 12/15| 190
[,-1D-15 | Reset RNDVZFLG (P25FLAG) in PO0DO00 Rosenberg/ 11/20/11/20}12/3 1/22 |1/19 | 193
Sequence.(PCN 1124) Dunbar
[,-1D-16 | Fixed Memory Constant VINJNOM is Volante 12/10 1/12 | 201
i 5509. 3 fps instead of 5509. 5 fps :
L-1D-17 Flashing V37 which Terminate P22 when the Volante 12/10 1/17 | 208
Range is greater than 400 N. M and the
Range-Rate is Positive may not occur.
L-1D-18 R21 & R24 do not clear Designate Flag when Volante 12/10 1/17 | 208
it finds the LOS outside Mode II limits in P22
L-1D-19 Restarts in P20/25 may erroneously display Volante 12/30 1/17 | 208
V50N16 on DSKY
.-1D-20 | Erroneous clearing of REINTFLG by 1/6 1/14 | 205
BAILOUT Logic
L~-1D-21 An RR antenna reposition initiated by R25 2/1
just after starting P20 or P22 can cause MeCoy 2/12 | 209
P20/P22 to loop
:’(,
} i
.-1D-23 | A yaw transient of about 5 degrees at the end Albert
of P64 can occur.
)
N L-1D-25 | Exiting P63, P40 or P42 with a V37 between
% AVEGON time of auto-ullage initiate may not
n kill the waitlist call to initiate ullage.
e
A




s - (
Dat 3/17/11
PROGRAM DEVEILOPMENT STATUS FOR [LUMINARY 1E e
PRE-LLEVEL 4 TESTING FIXED
PCR/ . 3 IN
ANOM/ Respensible START COMPLETED :
Engineer REV
ACB . DESCRIPTION Req |Pred|Act |Req |Pred| Act
L-26 Insert check for coarse align before Sys. Test Lab. 11/2411/2312/3 12/3 | 1/15 | 185
attempting gyro torquing Rosenberg :
L.-28 Remove LRPOS initialization from P63 Albert 11/2911/232/3 Y1247 |12/18 | 184
1.-29 Change two lines of coding at locations Moore /Albert 11/2311/23{12/3.412/3-112/18 | 190
MOONSPOT & MOONSPOT + 1
L.~30 In SERVICER, move the tag MOONSPOT to Moore/Albert 11/2511/23 12/3 [ 12/3 12/18 190
the "TC TMPTOSPT" instruction
L-31 Set a list of labels = to each location that Rosenberg 11/20011/2d12/3 ,12/3 |12/15 | 184
is in the Downlink lists
L,-32 Put a list in the Downlink Log Section using Rosenberg 11/2911/20012/3 12/3 [12/15 | 184
the new instruction "CHECKS ="
L.-33 Load the "trap' of the DAP state estimator Weissman 111/23)111/23|12/3412/3 |10/23| 196
with a value that is 1 bit off from the GSOP '
value
L-34 Eragable Clean-up (L~1D-05, L-1D~-08) Rosenberg 11/23|11/2312/371244 12/16 | 191
L-35 Change coding in LLGE to store triple Albert 11/20(11/2012/3,12/7-112/18 | 184
precision in OLDPIPAX
1.-386 Define a tag TMPDV = GDT/2 White 11/16] 11/1p 12/312/3:11/18 | 184
for use by S34/35.5
L-37 Make bad return from IMUSTALL in 1/ Rosenberg/STL i1/23 11/2312/3|12/3 | 1/18| 185
GYRO continue inatcal of go to END OF
\ JOB. 170
: 5 i1/20 ; 2 1/19
4 L-38 Rearrange clearing of flags in V55; Change Rm;egbegi/ 11/24 / 12/3| 1/20 / L&l
\, cpde at TRMTRAKI to interpretive unbar




22587~/

PROGRAM DEVELOPMENT STATUS FOR LUMINARY 1F

Date 3/17/71

TR

routine more efficiently

PCR/ - PRE-LEVEL 4 TESTING FIXED
ANOM/ Rgig?{?esei?le START COMPLETED IN
ACB DESCRIPTION Req |Pred|Act |Req |Pred Act REV
L.-39 Change a CADR to an ADRES following a TC |Dunbar/ 11/2011/242/3 |12/3} 12 /15| 182
TWIDDLE in RADSAMP. Rosenberg
L.-40 Make Room in Bank 10 to implement PCR S. Rosenberg CANCELIFD 186
839
1-41 Avoid reading the GTS Drive bits in order P. Weissman 11/2411/23112/3112/3 1/6 196
to determine whether or not the engine
gimbals are being driven
I [-42 Append a(+/-) N to relative addresses D. Densmore
L.-43 FEnable the redesignation trap at the time of D. Eyles
the PROCEED to VO6N64 instead of at start
of P64
LL.-44 Make T5ADR Single precision since it always| D. Densmore
goes to F16 in E6
L-45 Clear INTYPFLG prior to INTEGRUS call S. Rosenberg
in P2l recycle option
L.-46 Delete INHINT before WAITLIST call in D. Densmore
' AOTMARK '
L.-47 Re-code the P-axis minimum impulse P. Weissman



LhVFLHI SYSTEM TEST LAB TESTS FOR LUMINARY 1k Date 3/17/71
Responsible : e
TEST COMPLETE “UMEN" /E
S— Engineer COMP DOCUMENT APPROVED
Req Prad Act Req Pred Act
Extended Verbs (Include L-1D-02 fix test and | Grace 2/5/71 [12/10/7qQ1/18/71 :2/5/71 (1)
ACBL-37, PCR 1088) . '
IMU Operational Program Grace 2/5/11 |12/10/7G12/30/70 1/29/71 1 (1)
IMU Performance Test Grace 2/5/71 .| 2/5/71 |12/22/170 1/20/71 | 2/24/71 §
IRIG Scale Factor Grace 2/5/71 |2/5/71 {12/22/70Q 1/29/71 | (2)
P.8 P57 Changes (PCR 1044) St. Amand  |2/5/71 |12/4/70{1/6/71 1720771 | 2/24/71 8
Radar Changes (L-1D-12 fix test, and ACBL ' Goodwin 2/5/71 | 1/3/71 |1/15/71 |. 1/29/71 (1)
IRIG Torque Sheridan 2/5/71 |1/15/71{1/11/71 1/29/71 | 2/24/71¢
Sum Uplink Sheridan 2/5/71 |1/15/71 [12/28/7( 1/29/71 | 2/24/71}
Channel 77 Restart Monitor Sheridan 2/5/71 |1/15/71|12/31/70 ' 1/29/71 2/24/11
Input Channel Backup (PCR's 1107, 1109, 1110 Goodwin 2/5/71 |1/22/71 1/19/71 2/5/71 ) (1) |
1134) '
PGNS-AGS RR Data Transfer (PCR 324) Goodwin 2/5/71 |12/24/7p 1/6/71 1/29/71 (1)
MARKRUPT Change Test (PCR 333) St Amand 2/5/71 |12/4/7911/14/11 1/29/71 2/24/71
Super Key Release Light (PCR 1091) Sheridan 2/5/71 [1/15/71|1/15/71 1/20/71] 2/26/71 4
P52 Changes (PCR 1044) | St Amand 2/5/71 [L2/4/70 | 1/15/71 1/29/11 (1)
ACB L - 26 St Amand 1/15/71 1/29/71 (1)
(1) These reports could not be completed
before Level 5 testing was completed so
only a Level 5 Test Report will be issued
(2) Now a Delco Electronics Responsibility

TP# 2587- 16




SECTION IV

LEVEL 4 AND 5 TESTING
AND

LEVEL 5 SYSTEM TEST LAB TESTS




LEVEL 4

'h’ ks
AND 5 TESTING FOR [,UMINARY 1E

DESCRIPTION

RESPONSIBLE
ENGINEER

General:

Nominal Mission Sequences

e R R SR S R R R L S S R S S LR UG e R B S S e 0

all nominal mission sequences are tested (as per Apollo 14 checklis
selected contingency procedures are tested (as per Apollo 14 check
list)

Restarts, Extended Verbs and DSKY monitors are included where
use is expected. (Hybrid Test Facility)

no initial state or instrument errors

Downlink Verification

DAP Control Verification

Short Rendezvous (Hybrid and Digital)
Extended Verbs (64, 67, 30, 31, 47, 63)
Nominal Automatic-Descent (Digital On _,
Descent with Redesignations (N69 & ACA) (Hybrid & Digital)
Extended Verbs (57, 59)
Load LPD BIAS (Small nonzero)
Lunar Surface Alignments (Hybrid & Digital)
Extended Verbs (41) '

Lunar Surface Navigation; Ascent from Lunar Surface (Hybrid &
Digital)
Inflight Alignments (Hybrid & Digital (See 4. 2. 6))

)

White /Moore
Albert
Albert/Moore
Millard/Moore

Dunbar/Moore




'] | 4 | «

3/17/71

LFEVEL 4 AND 5 TESTING FOR LUMINARY 1E | Date

e e MO i A o s G S S S T SRR 0 o I S RGO S TN ot i b OS99 s RS SRS RO S s e M S

TEST RESPONSIBLE
NO. DESCRIPTION ENGINEER

Contingency Procedures
Abort from Descent (Digital only) Bernikovich
Abort Stage from Descent (Hybrid and Digital) Bernikovich/Moore

NN SO SO
(NS AT NI V]
w o — O

AGS Rendezvous (Digital only) White
program sequences: P20, P34, P42,(No Burn) P77, P20, P35

LM Passive Rendezvous (Digital only) White

Docked DPS burn + PTC (Hybrid) Moore/Weissman

.6 NO-PDI + 12 ABORT (HYBRID FACILITY) Moore

program sequence: P52, P30, P63, P30, P40

4.2.7 Farth Orbit LM RCS DEORBIT (DPS) (HYBRID FACILITY) Moore

NN

NN
S

e s e R R R SR e

R o o e R O T, e e e

Page 4-2



{
LEVEL 4 AND 5 TESTING FOR L UMINARY IE Date _gﬂfn/“

i LEVEL 4 TESTING LEVEL 5 TESTING - i“
TEST | REV START COMPLETE START COMPLETE i
No. No. Req _| Pred Act Req Pred Act Req Pred Act Req Pred Aect |

i 4.1.1a 12/7/7012/7/70 |12/7/70 | 1/15/71 | 1/15/71| 1/13/71| 1/15/71 1/23/71 |2 f1a/11 2/9/71

L 4.1.1b 12/7/7012/7/70 |12/7/70 | 1/15/71| 1/15/71| 1/13/71| 1/15/71 1/23/71 12 14/ 2/9/71 #

4.1.2 12/7/7012/7/70 {12/7/70 | 1/15/71 | 1/15/71| 1/18/71| 1/15/71 1/23/71 1214/ 2/12/71

4.1, 32 12/7/70012/7/70 {12/7/70 | 1/15/71| 1/15/70| 1/15/71| 1/15/71 L/23/11 1 a14/m1 2/12/T1 4

| 4.1.3b 12/7/70|12/7/70 |12/7/70 | 1/15/71| 1/15/71| 1/18/71} 1/15/71 L/23/T1 2 1a/m1 2/1}0/'71

1.1 4a 12/7/70{12/7/70 [12/7/70 | 1/15/71| 1/15/71} 1/13/71| 1/15/71 L/23/71 | 914/ 2/9/71 Ei

| 4.1.4b 12/7/70{12/7/70 |12/7/70 | 1/15/71| 1/15/71| 1/15/71] 1/15/71 1/23/71 ] 2/14 /71 i

| 4.1.5a 12/7/70|12/7/70 |12/7/70| 1/15/71| 1/15/71| 1/18/71| 1/15/71 1/23/71 | 2/14/71

4.1.5b 12/7/70012/7/70 [12/7/70 | 1/15/71| 1/15/71] 1/15/71} 1/15/71 1/23/71 ) 9 /14 /71 )

4.1.6a 12/7/70}12/7/70|12/7/70| 1/15/71| 1/15/71| 1/13/71| 1/15/71 1/23/71 ) 2714 /71

i’ 4.1.6b 12/7/70{12/7/70 [12/7/70| 1/15/71} 1/15/71| 1/18/71| 1/15/171 1/23/TL 2 1a/m1

4.2.1 12/7/70|12/7/70|12/7/70| 1/15/71| 1/15/71| 1/15/71| 1/15/71 1/23/11 2 na/m1

l 4.2.22 12/7/70| 12/7/70[12/7/70| 1/15/71| 1/15/71] 1/13/71| 1/15/71 1/23/71 2 14/
4.2.2b 12/7/70{12/7/70|12/7/70| 1/15/71| 1/15/71| 1/15/71] 1/15/71 L/23/T11 2 14/71

14.2.3 12/7/7012/7/70|12/7/70| 1/15/71| 1/15/71| 1/13/71| 1/15/71 1/23/71) 2/14/71

| 4.2.4 12/7/70/12/7/70|12/7/70| 1/15/71} 1/15/71| 1/13/71| 1/15/71 L/23/111 214 /1

4.2.5 12/7/7012/7/70|12/7/70| 1/15/71| 1/15/71| 1/13/71} 1/15/71 L/23/T71 ) 214 /71

| 4.2.6 12/7/7d 12/7/70| 12/7/70| 1/15/71| 1/15/71| 1/18/71| 1/15/71 1/23/71 914 /11

4.2.17 12/7/7d 12/7/70| 12/7/70| 1/15/71| 1/15/71| ——| 1/15/71 1/23/11) 2/14/m1

oo e b e R e e Py e e O

a - Hybrid test;

b - Dlgltal test

Page 4~2
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Responsible

Engineer

TEST COMPLETE

TFST LAB TESTS FOR LUMINARY lE |

Req

Pread

Act

Extended Verbs

IMU Operational Program
4 IMU Performance Test
IRIG Scale Factor

|6 P57 Changes (PCR 1044)
Radar Changes

IRIG Torqgue

Sum Uplink

Channel 77 Restart Monitor

Input Channel Backup (PCR's 1107, 1109, 1110,
1111)

PGNS-AGS RR Data Transfer (PCR 324)
MARKRUPT Change Test (PCR 333)
Super Key Release Light (PCR 1091)

P52 Changes (PCR 1044)

ACB L-26

(1) Now on Delco Elect responsibility
Included in AAP . 6

Grace
Grace
Grace
Grace

St. Amand
Goodwin
Sheridan
Sheridan
Sheridan

Goodwin

Goodwin
St. Amand
Sheridan

St. Amand

St. Amand

3/1/71
3/1/1
5/1/71
5/1/71
3/26/71
3/26/11
3/12/171
3/12/71
3/12/11
3/19/71

2/5/71
3/26/11
3/12/71

3/26/71

2/16/171
2/16/11
2/17/71
(1)
2/22/71
2/18/71
2/18/71
2/16/71
2/25/71
3/16/71

2/26/71
2/24/11
2/19/71
2/29/171

2/22/11

3/16/71
3/16/71
5/29/71
5/29/11
4/9/71

4/9/71

3/26/11
3/26/11
3/26/11

3/19/71

4/17/71
4/9/71
3/26/11

4/9/11

3/2/71
2/22/71

2/24/718

2/26/714

3/12/71?
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4 AF’OLLO SPACECRAFT SOFTWARE CONFIGURATION - CONTROL BOARD
: PROGRAM CHANGE REQUEST -

1.0 COMPLETED BY ORIGINATOR : P

V.0 e G EVAT IR SEEE 1.2 QRGANIZATION APPROV AL . DATH
i &gy / i ',fl' L //“ 5 ,'

R w Carl 2/13/70 FSB - b//“'C' Lf,{Pfhffvauq KAV f§

: Vo 5 TIMVETY Ved TITLE OF CHANGE g\
% LUMINARY Apollo 15 ) Rendezvous and Prethrust Downlink-Change éé
; ASON(S) FOR CHA E
f To prov1de the AGS with rendezvous radar data in order to provide for an automatic i

ol e ot e

! update scheme in the AGS for the nominal mission, thus alleviating the crew workload |
bl and prov1d1ng a safer operatlon ‘
\ 6 DFSCRIPTION OF CHANGE ':;
.; ‘ ;;
ti See Data Amplification Sheet i
, 2.0 SOFTHARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH é
S DECISION FOR VISIBILITY IMPACT ESTIHATE BY MIT 5
- DAFDQQ‘\,‘E[‘ Dg;g:pp:g\,gu 2.2 REMARKS:
2.3 SOFTWARS 1“0‘."*‘3L 80ARC OR FLIGHT SOFTWARE
RRANCH SION OFF i:
TATE :
é 3.0 MIT VISIBILITY IMPACT EVALUATION: ]
SIHEDULE FMPAST 3.2 IMPACT OF PROVIDING DETAILED EVALULATION '
d:.: 3TosacD o [uPACT 3.4 REMARKS:
3_; e e AN
. [ 4.0 SOFTWARE CONTROL BOARD ACTION
,:.l o \T s ] s 4.2 REMARKS
Df:‘f DETAMILEER @ KPPROVED
IHA VL.
DATE , :%'MM <
5/1%/70
5.0 MIT DETAILED PROGRAM CHANGE EVALUATION
C1T ChARDINATOR 5.2 MIT E\’)XLUAT.ION
6.0 SOFTWARE CONTROL BOARD DECISION ON MIT
DETAILED PROGRAM CHANGE EVALUATION
5l ctaer 0m conTinS CISAPPROVE ToP 62 REMARKS:
D [»\aanvzt.TATII'I. D !\{ﬁDLE‘.szaTA:ig: o
46 .3 SOFTWAREZ CONTROL 303490 Si1GY OFF

USC Forn 288'gju1wsé)"'

g
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B bR S e S S S

(APOLLO SPACECRAFT SOFTWARE CONFIGURAT]ION
“ DATA AMPLIFICATION SHEET PAGE__ 2 0F_2

'3\\ R. W. Carl 40/m ‘FSB

TN AT o SCICTION;(Refer to Block Number and Titie on Program Change Kequest form.)

AR AR Do St i b S R T e o U Ty RPN
R T e TR

e N

1.6 Description of Change

Change the LUMINARY Rendezvous and Prethrust Downlink list to provide
raw RR Range, RR Range Rate, RR Shaft CDU, RR Trunnion CDU and RADMODES
'in the following format.

(1) Each piece of data must occupy the first register of an LGC downlink word.

(2) The data must be located in the first 17 words of the list.

(3) The shaft and trunnion angles must be successively located on the list;

(4) RADMODES should not be more than one location after the last of the other
data words on the list.

A suggested format is:

RADMODES

RR Shaft CDU
11 RR Trunnion CDU
12 RR Range Rate
13 RR Range

,

MSC Form 288A (
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S . R R i
MIT/DL PROGRAM CHANGE ROUTING SLIP PCR/wem ¢ B2
i, o | ANOMALY #
T corossus 28 [] LUMINARY 1D ' T ADRA
[7COoLOSSUS 3 [E'{UMINARY IE ' 0
[_| corossus 3A [ JLUMINARY 1F
[Jcowossus__ . [] LUMINARY____
D MIT Approved PCN WSA Approved PCR D NASA Approved
DMIT Approved ADR [ ] NASA Approved PCN Software Anomaly
‘ El MIT Approved

Soft are Anoma/y

A. Coding / y
A k\/{_&

- Begin coding immediately

ACTION:

Program Supervisor's Approval: 72 //A \\,\/,V\,:f Z/ /</L /?M.\,,\

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

B. GSOP Preparation .

/ , g ;
: (' Prepare GSOP revisions for MDRB J.o SHITH
ST TN consideration

ACTION:

m Technical Committee Meeting not required.

D Technical Commlttee Meeting(s) held on
Attendees:

C. KSC Testing and Checkout

Review for possible impact on KSC
testing and checkout ACTION:

D. Other Programs Affected
O Review Hr corresponding changes in .

ACTION:

Special Instructions : :
, _ Proy«v‘s Mdnagerc-lz% W

Date - - 7= 24 = 70




JWAPOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD

| PROGRAM CHANGE REQUEST

| 1.0 COMPLETED BY ORIGINATOR

{\,l ORIGINATOR DATE 1.2 ORGAN|ZATION APPROVAL DATE
Eé Haise 6/15/70 CB

1.3 EFFECTIVITY Ye4 TITLE OF CHANGE

Rescaling nouns containing range
and range rate

TR
TR

Luminary 1E (Apollo 15)

{1.5 REASON(S) FOR CHANGE

Current scaling of nouns involving range and range rate is inconsistent in three
different ways causing crew readout errors.

6 DESCRIPTION OF CHANGE
Rescale nouns containing range and range rate so that range is quantized nearest

R

Nouns in question are 49 and 78.

hundreth nautical mile and range rate is quantized nearest tenth foot per second.

gz

2.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT

o

~

o 2.2 REMARKS;:
D APPROVED D DISAPPROVED

2.3 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE
BRANCH SIGN OFF

DATE

ik | St

3.0 MIT VISIBILITY IMPACT EVALUATION:

3.1 SCHEDULE IMPACT 3.2 IMPACT OF PROVIDING DETAILED EVALUATION

R R S R

J 3 STORAGE IMPACT 3.4 REMARKS
i
'13.5 MIT COORDINATOR
]
Eé DATE
@ 4.0 SOFTWARE CONTROL BOARD ACTION
ia.s LN EN T ND PROVIDE i 4,2 REMARKS ’
e O OWes | R gocad K % V7
k EVALUATION
103 SOFTWARE [CON LOLSadNTDNIN OF F \ N W??
: QQLLJ \\me o
Ei DATE
| /(o]0 \ g “’g
5 [
g ! 5.0 MIT DETAILED PROGRAM CHANGE EVALUATION
45,1 MIT COORDINATOR 5.2 MIT EVALUATION
DATE
j 6.0 SOFTWARE CONTROL BOARD DECISION ON MIT
o DETAILED PROGRAM CHANGE EVALUATION
\{“m START OR CONTINUE DISAPPROVED OR STOP 6.2 REMARKS)
: IMPLEMENTAT 1 ON IMPLEMENTATION
:_6.3 SOFTWARE CONTROL BOARD SIGN OFF
gé DATE

O T T AR G RS e DS

£ T ———————
HSC Form 286 (Jul 88)

KK NN
KRRk Aps



L SR T e—— [ | B &
RS
MIT/DL PROGRAM CHANGE ROUTING SUIP Gedypen ¢ R =
S | ANOMALY :
“ ] corossus 28 [ | LUMINARY 1D : . ADR # e
1 coLOSSUS 3 [E(mNARY B | '
| | COLOSSUS 3A [ JLUMINARY 1F
{’“ |corossus___ D LUMINARY
D MIT Approved PCN @«A/SA Approved PCR NASA Approved
DMIT Approved ADR l:]NASA Approved PCN Software Anomaly
‘ E:l MIT Approved
A. Coding | : /\ Software Anomaly
®/ Begin coding immediately /Qm/i (,, ,(«4,/

J
ACTION:

£

)/, [
Program Supervisor's Approval: / GAA 0 ,Jf /ma 'emé’,gik

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

B. GSOP Preparation

Wr‘,pm*o GSOT revisions for MDRT k‘m‘\(_ R

considaration
' ACTION:

Mu‘l’k? |

D Technical Committee Meeting not required.

D Technlcal Committee Meeting(s) held on
Attendees:

C. KSC Testing and Checkout

Review for possible impact on Ks5C
testing and checkout ACTION:

D. Other Programs Affected
Q Review br corr cooon:lmg changes in ,’

ACTION:

ProgontMan er~:)1f/4/’ o

Date 5{'18’“7()

- Special Instructions




K

T
-]

i ] ot £ e

PRI S oS re g in—ane add true AH (Hmeasured - Hpeyes) to
i downlist. pMuysTt BF Ho,umGE/JEOMS WiITH RECuLAR
! AR - Dt

{ APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD |""o( TR
PROGRAM CHANGE REQUEST 377

: 1.0 COMPLETED BY ORIGINATOR ‘

éil 1 ORIGINATOR DATE 1.2 ORGANIZATION APPROVAL DATE

g; J. H. Alphin 7/6/70 MPAD ? m \) hz 7/7/7@
%3\ +3 EFFECTIVITY 1.4 TITLE OF CHANGE

{| Apollo 15 LUMINARY A Priori Terrain A H 6N
%}I 5 REASONI(S

| i ar

% RS H L

ii safety of fllght for rougher sites.

Egl .6 DESCRIPTION OF CHANGE //}/ o

ﬁ 2.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH
g N DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT
£, . '

ﬁ'}z ‘ D APPROVED D DISAPPROVED 78 REMARKS

%:"7.3 SOFTWARE CONTROL BOARD OR FLIGHT SOF TWARE

| BRANCH SIGN OFF

DATE

3.0 MIT Vi, (BILITY IMPACT EVALUATION:

»~3.1 SCHEDULE IMPACT 3.2 IMPACT OF PROVIDING DETAILED EVALUATION
£

13.3 STORAGE . ACT 3.4 REMARKS:

543.5 MIT COORDINATOR

2

DATE

TR

4.0 SOFTWARE CONTROL BOARD ACTION

(44 1 PROVIDE 4.2 REMARKS

3 IMPLEMENT AND DIS~-
: DETAILED D
,E;a{:?viﬂ[ DETAILED [:] CHANGE APPROVED

ANGE EVA
N ba EVALUATION

G143 SOFTWFR{ co SIEN OFF
] \.-\

6.3 SOFTWARE CONTROL BOARD SIGN OFF

5 DATE

’f TR AT A o IR O P
MSu Form 288 (Jul 85)

=
gi NATE
= .
H 2
0 i
; 5.0 MIT DETAILED PROGRAM CHANGE EVALUATION
EETTMIT COORDINATOR 5.2 MIT EVALUATION
g‘ BATE
% 6.0 SOFTWARE CONTROL BOARD DECISION ON MIT
4 DETAILED PROGRAM CHANGE EVALUATION
iGIf] START OR CONTINUE DISAPPROVED OR sTop | &+2 REMARKS
IMPLEMENTAT 10N IMPLEMENTATION
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DISAPVVYE

APOL_O SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD %

PROGRAM CHANGE REQUEST

l‘MBER (Comp ctec by

73

1.0 COMPLETED BY ORIGINATOR

T ORIl R AT 1.7 ORGANIZATION APPROVAL g DATE
) > ( /
. F. Cockrell 7/29/70 ML /MPR \( _ \l oLl f”/j/
t.4 TITLE OF CHANGE !

it

%

Tmprovements to Ephemerides

Luminary (Apollo 15)

REASONCS) FOR CHANGE

gee attached memorandum.

6 DESCRIPTION OF CHANGE

gee attached memorandum.

Z 0 SOFTWARE CDQTROL BOARD OR FLIGHT SOFTWARE
DECISION FOR VISIBILITY IMPACT ESTIMATE B

8 R ﬁ N C :“:,- S R R RS

Y HIT

[:] APPROVED [:] D1SAPPROMVED

2.2 REMARKS:

3500 TWARE
SIGN OFF
A

BRANCH

fONTROL BOARD OR FLIGHT SOF TWARE

F 3.0 MIT VISIBILITY IHPACT EVALUATION:

P

SCHEDULE IMPATT 3.2 IMPACT OF PROVIDING DETAITLED EVALUATION
TORA {MPACT 3.4 REMARKS:
N S ORDINATOR

4 0 SOFTWARE CONTROL BOARD ACTICN

,HT RS RS T

[ 1=

QD 4.2 REMARKS
IMPLEMENT AND i TllLF Dy
PROVIDE DETAILED i
CHANGE EVAL cranck APPRO“D
| [\‘L‘ATIOJ

B \OrTV‘«PL CONTROL BOQOARD SIGN ’\Fr

T e o R

5.0 MWIT DETAILED PROGRAM CHANGE EVALUATI

OH

1 MIT CONRDINATECR

5.2 MIT EVALJATION

L cTART OR CONTINUE [:j 51SAPPROVED OR STOP
[:] IMPLEMENTAT 1ON | MPLEMENTAT1ON

3 SOFTWARE CONTROL BOARD SIGN OFF




Mission Planning and Analysis Division
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MANNED SPACECRAFT CENTER
HousTton, Texas 77058

IN REPLY REFFR 10: T - AMLT-149 June 2, 1970

. MEMORANDUM TO: FS5/Chief, Flight Software Branch
FROM : ™ML/Chief, Mathematical Physics Branch

SUBJECT : The IM and Skylab CMC Lunar-Solar Fphemerides (LOSSEM)

1. References:

a. 'Guldance System Operations Plan for Manned IM Earth Orbital and
Lunar Missions Using Program LUMINARY 1C (Rev 150) " Section 5, "Guidance
Equations, " MIT Instrumentation Lab, November 1969,

b. TRW IOC 5522,7-T0-21, "Method for Approximate Location of the
Moon-Earth-Sun, " F. J. Rich, February 13, 1960.

c. TRW IOC 5522.7-T0-T7, "Angular Error in Lunsr and Solar Positions
Predicted by LOSSEM during Apollo 13," F. J. Rich, May 7, 1970.

2. This memorandum presents results of an analysis of the IM Guidance
Computer (LGC) ephemeris routines, and discusses modifications for their
improvement. The modified ephamerls routine would occupy & minimal amount
of fixed memory storage and would improve the accuracy of the IM backup
alignments., The recommendations would also apbly to the Skylab CMC.

5. The ephemeris routines used by the LGC generate the location of the
moon and Sun relative to the earth., For the moon, the routine computes
an earth-moon unit vector by explicit evaluation of a rotation of & unit
vector through four fundamental angles measured from the position of the
equinox at the NBY epoch. When compared to data read from the JPL ephem-
eris at even intervals for 12 months, the RMS of errors (JPI~-LGC) is 11
mrad with a maximum of 17 mrad. By addlng one term in the expression
defining the longitude of the moon, this RMS can be reduced to ~ L4 mrad
for NBY 1973. (See page 7, reference b, attached).

L. The results presented in reference c¢ (attached) demonstrate the need
for improvement in the ephemeris routines used by the IM. During the
Apollo 13 abort an IM inertial platform alignment was made using the Sun
and moon. To do this the LGC required unit vectors to the Sun and moon.
The angular error of these vectors in IOSSEM was .26 mrad and 11.71 mrad,
respectively, at 6 hours before entry interface,



2

5. For the Skylab CMC a PCR has been submitted (SI023, "Fixed Memory
Ephemer is Routines for AAP") which would replace the current CMC ephemeris
revtine s with those of the ILGC. At the present time the Software Control
Leard has approved this PCR for detailed change evaluation. 1In order to
improve the Skylab CMC capabilities for back-up alignments, the recommen-
dations of reference b. should be implemented as part of PCR SLOZ3.

Wk

Bedford F. Cockrell

APPROVED BY:

RTS /N
James C. McPherson, Chief
Filos shman b Mathematical Physics Branch

Distribution: (See attached 1list)

FMh: BFCockrell:rmr
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References:

SUMMARY

This memorandum reviews
Module Computer (CMC) and IM

(1)

(3)

(4)

(3)

Guidance System Operations Plan for Msnned IM Earth

Orbital and Lunar Missions Using Program LUMINARY

1C (Rev 130) "Section 5, Guidance Equations",

MIT/Instrumentation Laboratory, Noyember 1969.

McOuat, H., "Approximation Method of Sun-Moon
Locaticn,' Guidance Monitor System Note # 13.
8 December 1965.

McOuat, Harry, 'New LOSSEM Numbers,' LUMINARY
Memo # 119, 30 October 1969.

Rich, Frederick J., "LOSSEM Constants for
NBY 1971, 1972, 1973 and 1974," TRW I0C
5522.7-70-15, 23 January 1970.

"Apollo Guidance Computer Specifications for
AAP Missions," PHO-TR442. Philco-Ford Corp.,
WDL Division. 12 December 1969.

the methods used by the Apollo Command
Guidance Computer (LGC) to generate the
location of the moon and sun relative to the earth. It is recommended

that a modified version of the ephemeris routine used by the LGC be

used for the CMC for AAP.

This modified ephemeris routine would occupy

a minimal amount of fixed memory storage, would occupy no unshared

erasable memory storage, and would be fast and accurate enough for AAP
requirements.

CURRENT APOLLO LUNAR-SOLAR EPHEMERIDES

The Lunar Ephemeris

The current CMC generates the earth-moon vector with a ninth

order polynomial,

X

C
e

' 9
F oo oo F t
T Eltm Ly m

(1)

Attachment
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h;r t = -
where o t tMO

t = sgpecified time

tvo = time at the center of the range over which the lunar
position polynomial is valid

The lunar position polynomial is valid for 14.5 days covering an
Apollo mission. The accuracy {5 such that the rms of the error (due
to the approximation) in position is 150 to 700 meters and the
maximum error is 250 to 1100 meters.

The LGC lunar ephemeris routine generates only an earth-moon unit
vector. This 1is done by an explicit evaluation of a rotation of
a unit x - vector through the fundamental angles.

B - mean obliquity, angle between the celestial equator
at NBY and the ecliptic

1 - 1inclination of the moon's orbit to the ecliptic plane

F - longitude of the moon measured in the orbit plane
from the mean ascending node of the lunar orbit

Q - longitude of the mean ascending node of the lunar
orbit measured in the ecliptic plane from the
equinox at NBY “

L - mean longitude of the sun measured in the ecliptic
plane from the equinox (used for solar ephemeris)

Note that all the fundamental angles are measured from position of the
equinox at the NBY (Nearest Besslian Year) epoch instead of at the
mean of date as in standard practice in astronomy.

The earth-moon vector is the result of rotating about the X~
axis (measured from the earth's center of mass to the vernal equinox)
through the angle B, about the z-axis through the angle §,, about
the new x-axls through the angle 1 (3508'), and about thé z-axis
through the angle F. The result given in the GSOP (Reference 1)
after making the approximation cos 1 = 1.0 (cos 598" = ,9962) is:
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{ cos (LOM)
UNIT K, sin (LOM) =K, sin (LOM-LON)| = UNIT (4.} (2)

Hgm 1 2 Le
K3 gin (LOM) -%»E([+ sin (LOM-LON)
where
Kl = cos B K3 = s8in B
K2 = gin B sin {1 K4 = cos B.sin i (3)
LoM = (LO-=QI°+FO LMy = @ +F
LONO = QIO LONR = QI
Lo = LOMo + LOMR t - [a 8in (OﬁEGA&t+ FHASEQ) + b sin (GﬁEGAbt +
PHASEb)]

LON = LON + LON_t

o R
t = gpecified time measured from July 1.0, the start of NBV.

a, OMEGAQ, PHASEZ, etc. are the magnitude, rate, and phase &égle of

correction factors. :
\

The Solar Ephemeris

The MC generates the earth-sun position vector from the earth-sun
position and velocity vectors (rwq and v_..) evaluated at and a
circular orbit approximation wigﬁ°ghe usemgg the angular veiécity (w_.)
evaluated at t The velocity of the earth-sun vector is approximated

) Mo®
as a constant gufing the mission.

v gl )
Ygso X Iggo)] Sin (g B

Tpg = Ipgg ©OS (wES tM) + [Eﬂso x UNIT (v
' (4)
Yes T Ygso ‘

- The solar ephemeris 1g accurate, for the 14.5 days covering an Apollo
mission, to about 10"; A.U. in position.

The LGC solar ephemeris generates only a unit earth-sun vector
that 1s the result of rotating about the x-axis through the angle B cnd
about the z-axls through the angle L. The result given in the GSOP

is: cos (LOS)
upg = UNIT |K sin (LOS) | = UNIT (@) - (5)
K3 sin .(LOS)
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where,

LOS = L 10S_ = L
o [} "R

.t = ¢ sin (OMEGA t + PHASE ) (6)

1L.0S w= L0S 4+ LOS
o R

COMMENTS ON THE CURRENT EPHEMERIDES

The last two terms in the expression for LOM and the last term
in the expression for LOS are included to approximate the true position
of the moon and sun instead of the mean position. They were determined
empirically in Reference 2 by 'eyeballing" a plot of the error function
before the terms were included, but they do have a real physical meaning.
The a and ¢ terms have periods of approximately 27.55 days and 365.25
days respectively, the sidereal periods of the moon and the earth.
They arise from the eccentricities of the respective orbits. The b
term has a period of approximately 32.11 days which corresponds approxima-
tely to the second term in Brown's series for the position of the moon.
The term in Brown's series 1s sin (& - 2D), where & =& ~-T' (I =
mean longitude of the moon's perigee measured in the ecliptic plane
from the equinox to the ascending node of the moon's orbit and then
along the orbit) and D =@ -L. Clearly this represents a perturbation
of the sun on the earth-moon gystem.

The constants K., KZ’ etc used in the LGC ephemeris routine are
computed in an NBY coordinate system and are good for a span of one
year (when a new coordinate system comes into use). For & one year
span the error in location of the moon hss an rms of 10 to 12 mrad., and
in location of the sun of 0.25 mrad.

PROPOSED LUNAR-SOLAR EPHEMERIDES FOR AAP

Kecommendations

It is recommended that, for AAP, the CHMC use ephemeris routines
based upon the existing LGC Apollo ephemeris routines. The data for
these routines should be valid for at least 18 months from the antici-
pated AAP-1 launch in order to cover the entire AAP program plus any
unanticipated slips in the launch date. The coordinate system that
is in use (in the RICC) at that time should be continued threoughout
all AAP missions. :

This approach will eliminate eny requirements for uplink of erasable
ephemerie data during & miesion, will ssve erasable storage, and will
provide improved accuracy for the solar ephemeris. The lower lunar
ephemeris accuracy is not important for AAP. Existing LGC coding from
the LUMINARY programs may be used virtually unchanged, reducing the
programming effort required.
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Nata w-'re generated for the following launch dates:

;gggsgﬂDate Coordinates , Clock Zero
March 1972 NBY 1972 July 1.0, 1971
July 1972 NBY 1973 July 1.0, 1972

The Lunar Ephemeris

The LGC lunar ephemeris routine seems to meet all the require-
ments for an AAP lunar ephemeris except that 1ts accuray is not
very good. The rms of the érror in logation was approximately
equal to the diameter of the moon (0.5°) and the maximum errors
during a one year span were greater than one degree (17 mrad.).
A plot of the error in location in the direction of the orbit plane
and perpendicular to the orbit plane was made. The error in the orbit
plane was an irreguler function but seemed to have a period of 14.5 - 15.0
-days. The error perpendicular to the moon's orbit plane was almost a
regular function with a period of about 32 days.

- .

The error in the moon's orbit plane could be corrected by an
additional term in the expression for LOM:

LOM = LOM_ + LOM t - [a sin (OMEGA t + PHASE ) +

o R a a
MEG ASE : ME (7)
b sin (OME Abt + PHASEb) + ¢y sin (OHEGAlt + PHASEli

The error perpendicular to the orbit plane could be corrected by modify-
ing Upy to include a final y-axis rotation through the angle:

¢, sin (GMEGAZE + PHASEZ) ‘ (8)

The value of the c, and c, terms were cbtained by estimating their
value from the plot and %rcwn's*series and using a differential correction,
least squares fit program to obtain the best possible values. Usilng the
values for the other constants from Reference &4 for NBY 1971, it was
found that a ¢, term of

-.0025568 sin (F-2D) (9
left an out-of-plane error with an rms of 0.30 mrad. A value for the
c, term of

1
-.012176008 sin (OMEGA;t + PHASEl) (10)
S OMEGA1 = 4,9261375 rad/sec = 2D

PHASE, = 5.0585394 radian = 2D
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reduced the error in the orbit plane to an rms of about 3.75 mrad. Since
the in-plane (c.,) term is an ovder of magnitude greater than the
out-of-plane (¢} term and the residual orbit plane error is larger

than the ¢, terfi, it was decided to not use the c, term unless additional
terms are &sedvto fit the orblt plane error. -

When the accuracy over a long span was considered, it was found
that, for a three vear span (chosen for testing purposes only) starting
with July 1.0 at the start of NBY, the present LGC ephemerls equations
with the constants given in References 2 and 3 have errors with rms
of 17 to 22 mrad. By using a differential correction, least squares
fitting program (see Appendix), the size of the error in most cases
could not be reduced significantly. By including the third orbit
plane term (7), the errors for the three year span could be reduced
to an rms of about 9 mrad. Thus the c, term should be used in an AAP
version of the LGC ephemeris equations’

The Solar Ephemeris

The sclar ephemeris (4) used by the MC for the solar position
is only moderately accurate for spans of 14.5 days used for Apolloe
and would have a maximum angular error of 30 mrad over & one year
span. The velocity of the sun is a crude approximation and is worth-
less for spans much longer than 14.5 days. Reference 5 proposes a 1
method of computing the velocity of the sun from the unshared erasable
memory load which would have a maximum angular error of 30 mrad. The
solar ephemeris (5) used by the LGC 1s at least as accurate as that
used by the CMC, depending on the length of the span, and requires
less computer storage. '

It is recommended that equation 4 be replaced by equation 5 plus:

Ips ™ Tgso YEs

0 _
Yes = VEso UNIT -KB X Upo ‘ (1)
Kl.
where Tpeg = mMean earth—sﬁn distance = 1.0 astronomical unit
VESO = mean velocity ol the apparent sun

It is estimated that this method will require 30 fixed memory locations,
compared to 33 fixed memory and 14 unshared erasable locatlons for
equation 4 in the CMC currently, and the angular error in position will
have an rms between 0.06 mrad and 0.25 mrad.
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RESULT:-

The constants for computing Ugp and u__ as proposed above are
given in the attached table. The censtamtsggére evaluated by fitting
the proposed equation to ephemeris data read from the JPL ephemeris
tape for the length of the AAP mission span. This was done using

nominal launch dates of March 1972 and July 1972. The units in the
table are radians and radian/sec.

In the event that it becomes feasible to implement the proposed
ephemeris routine into LUMINARY, the constants for NBY 1972, NBY 1973,
and NBY 1974 from July 1.0 to July 1.0 were évaluated and are also
presented in the table.

The rmg of the errors are summarized below:

Moon's Position

Apollo CMC (14.5 day span) ~ 700 meters

Apollo LGC (12 month span) ~ 11 mrad
Proposed AAP (18 month span;
March 1972 launch) 4,26 mrad
Proposed AAP (18 month span; 4,30 mrad
July 1972 launch)
Proposed LGC (NBY 1972) 5.01 mrad
Proposed LGC (NBY 1973) 3.57 nrad

Proposed LGC (NBY 1974) ; 3.93 mrad

Sun's Position

Apollo CMC (14.5 day span) ~ 0.001 A.U.
Apollo LGC (12 month span) ~ 0.25 mrad
Proposed AAP (18 month span;
March 1972 launch) 0.11 mrad
Proposed AAP (18 month span; 0.12 mrad
July 1972 launch)
Proposed LGC (NBY 1972) 0.25 mrad
Proposed LGC (NBY 1973) 0.06 mrad

Proposed LGC - (NBY 1974) 0.06 mrad
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NBY 1972
(AAP March
1972 Launch
Date)
.916815277
-.041915207
.397610118

.078973674

2.66169237E-6
1.99095586E~7
-1.17564381E-8
3.35941954
1.71812631
5.55303226

.110126647

.158763560
2.63915793E-6
.022398308
3.03046541
2.28820002E~6
.033518516
.064915422
1.99009067E~7
-.011828792
3.16152543

4.92787460E-6

¢

Table of Lunar-Solar Ephem

NBY 1973
(AAP July
1972 Launch
Date)
.916770797
-.040561188
. 397534851

.082191389

2.66175580E-6
1.99098765E-7

-9.52992264E-9

5.84565454
1.73105355
5.14539021

.109746317

1.92385096
2.64003514E-6
.022233476
-.022168116
2.28653265
.033511773
-.056917517
1.99087665E-7

-.010886412
1.93399742

4.92451089E-6

NBY 1972
(Apollo)

.917460
-.038649526

.397840

.081046308

_ 2.66141960E-6

1.9390984E~7

-1.1756438E-8

3.36054770
1.71750123
5.58026185

.110181651

167774235
2.63833482E-6

.021831169
3.18224870
2.28269913E-6

.033501623
-.071370601

1.991075E-7

-.011469346
3.16667984

4.93103849

Constants

NBY 1973
(Apollo)

.917128324
- . 045469469
.397695305
.080911556

.266151493E-5

.199233952E-6
~.125304593E-7
5.85008721
1.72885940
5.21028842

.110088280
1.94982119
.263782294E-5
.0229161424
.063511323
.228502742E-5
.032476401
-.120843930

.203065775E~-6
-.010682826
1.99692403

4.91887156E-6

NBY 1974
(Apollo)

.9171345¢.
-.030895764
.397679139
.084545343

.266155777E-5

.199227631E-6
-.109787942E-7
1.81900454
1.72478782
4.87760331

109694152
3.50537130
.263769407E=5
.023003363
2.96236179
.228665889E-5
.032496805
-.122305953

.202763784E-6

-.011283943
4.99267136

4.90663348E-6
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Appendix

Differential Correction, Least Squares Fitting Routine

o]
b
o]
)
2]
oz
(a4
o
rr

P he problem of finding the best set of values
In a leasr squares sense is to define a set of errors y and to dr've y
b

e a function of the set of independent variables: then

by = {E}LJ 6% (A-1)
: BET

represents the change in y due to a change in x. If y is of higher dimension

than x, the choice of x which gives a least squared value of by may be found

by iterating using the equation:

(1) T ol (1) (4-2)

bx = () Ay x (Tt T A)

T
X

where: A :=<§é é
/

Q)

(1)

y o+ ey ™

For the generation of the constants for the lunar and solar ephemeris,

the variables used are:

For BEM: . -

A " (A-3)

OMEGA, x 10
PHASE

oMEGA. x 10°
PHASE
LON, )
LON, x 10

y, = [1 - (u oty ) , 1 =1)N
b %j[ EMACTi HMpst

=

v o™
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For u .+ o -

e LOS

Losy x 10
x = | oMecA, x 10° » (A-4)
PHASE,,

6

K

The quantity being minimized is thus the sum of the squares of the
sines of the angular errors between the actual and estimated vectors. The
actual vectors are taken from the JPL DE-19 ephemeris tape, converted to
NBY coordinates.

The program was written in such a way that, while all of the

variables of ¥ in A~3 and A-4 are required to compute L and Upgs

any subset of X could be used in A-2. Note that Kl and K3 appear in
both A-2 and A-3. Experience has shown that the best procedure is to

compute K1 and K3 with Upg and then to solve for the lunar vector using

a subset of A-3 not containing Kl and K3= To avold numerical difficulties,
the rates in the program are taken to be radians/(106 sec). All partial

differentials are computed analytically and will not be shown here.

No detailed description of the program will be presented; it is a
Jasic least squares fit which uses analytic partial derivatives and which

a1llows the user to solve for any subset of the parameters.,

The forms of the partial derivatives are of interest, however:

Let up = UNIT (HE) (EE = Upy OF Upc , See eqs 2 and 5)
u, = actual vector from tape,
2
v o= - Gy n
Then:
. 3
ay Cug rum)oy, A
- = ’
0%y y Sy
where:
fup 1 Lg | olg
axi lgél axi ~E E axi
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y i g
Substituting the equation for —— into the equation for 2y yields
(" Bxi Bxi
4 i
- Py R N 3%,
"1 y |ug| L
du
where ;QJ may be easily computed from the earlier equations for Ypg and
1
M’

The above equation has the disadvantage that it approaches the in-

determinate form 0/0 as u, approaches U, The following changes were made

E
to reduce the problem.

Define: & =wu_ - u

m
i

i
jo
s

Then: EA # EE =1 « ¢
uy - (g, - up) up = -8 (1-8) + ey,

= y = \/8(2—63.
lsl=v2e

By making the indicated substitutions, the only subtraction of nearly
5 and Y, This change delays the
onset of numerical problems, and results in the following equation:

ay _ (1 -e? [UNIT (&) - Vae ] . %

equal quantities is made to form 6 from u

i A E g R A
This form remains well behaved as Up = Yy however, in the limit, it is
necessary to use the equation for (%%i) derived from L' Hepital‘s'rule:
; | ) - 1
) o () (B) (s )
e (a"i)_ || Py ey A
up Uy —E

It is apparent that this last equatiom 1s merely the magnitude of the
égg which lies normal to Yy
%y £

component of
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To M. P. Meyers ce: Distribution A-164.7 oare: / May 1970
Work Package Manager
MSC/TRW Task A-164

sussecr Angular Error in Lunar and Solar Positions Faom. [. J. Rich
Predicted by LOSSEM during Apollo 13 soe.  H.3 moom 2077 €xT. 208

Reference: "Guidance System Operations Plan for Manned LM Earth
Orbital and Lunar Missions Using LUMINARY IC (Rev 130),"
Section b Guidance tquations (Rev. 9) November, 1969.

This memorandum presents the results of comparing the earth-moon
and earth-sun unit vectors computed by the LOSSEM routine in LUMINARY
IC against the true unit vectors. The LOSSEM predicted vectors were
obtained from a simulation of the equations in Sectidn 5.5.4 of the
Reference. (Note that the Reference still contains an error in the

. formulation; ugy and upg must be unitized before being used.) The
true vectors were taken from the JPL 19 ephemeris tape and transform-
ed to NBY 1970 coordinates.

A

o The error in predicting the lunar and solar position with respect
to the earth by the LGC is required as an aid in analyzing the navi-
gation and telemetry data taken during the Apollo 13 mission abort
phase. The standard procedure is to use the CMC which has erasable
ephemerides that are more accurate than LOSSEM.

The attached graphs show the angle between the LOSSEM computed
unit vectors and the. true unit vectors. Note that time on both graphs
is given in hours from midnight GMT prior to the launch. Launch
accurred shortly after 19 hours GMT, April 11, 1970. The angular
error for the earth-moon vector at entry interface was 11.82 mrad.
The angular error at 6 hours prior to entry interface was 11.71 mrad.
The angular error for the earth-sun vector near entry interface is
0.26 mrad with a random variation of 0. to 0.02 mrad. The smooth
curve shown is the limits of the variation. The line segments shown
are straight line connections of discrete data points and are only
included for illustration.
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Luminary Apollo 15 PGNCS/AGS RR data transfer
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To provide the Abort Guidance System with Rendezvous Radar data via the
PGNCS to AGS downlink telemetry line for the AGS Automatic RR update program.
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Interface Description
PGNCS/AGS RR Data Transfer

Introduction

This document describes the requirements and agreements reached on the
software interface between the IM Guidance Computer (16C) of the Pri-
mary Guidance, Navigation and Control System (PGNCS) and the fort
Electronics Assembly (AEA) of the Abort Cuidance System (AGS) for the
PGNCS to AGS Rendezvous Radar (RR) data transfer for the AGS Automatic
RR Update Program.

AGS Requirements

The data requirements of the AEA software for the Automatic RR Update
Program are discussed in this section.

1. RR data will be obtained via the PGNCS to AGS, downlink transfer
link. Data is transmitted serially over the PGNCS Downlink
Telemetry line at a rate of fifty UO-bit words per second when in
the high bit rate mode (see section D). The Downlink Telemetry
Register of the AEA is an 18 bit shift register which is loaded
by the Instrumentation Subsystem and permits the loading of only
the Tirst 18 bits of the 4O bit downlink word. After an approp-
riate command has been given to the AEA via the DEDA, the PGNCS
Downlink Input Subroutine interrogates the PGNCS Downlink Stop
Pulse Discrete. Waen the Stop Pulse Discrete is found, the sub-
routine loads the contents of the Downlink Telemetry Register
into the AEA. A search is made for the correct Downlist I.D. word.
When the correct I.D. word is found, the next 16 words are read
and stored in a buffer area of the AEA., Only the most significant
16 bits of the 18 bit Downlink Telemetry Register are considered
by AEA software to contain information. For the above reasons
the folleowing general restrictions are placed on any data trans-
mitted to the AEA via the PGNCS downlink transfer link.

a. MAny pertinent data must be found in the first 16 bits of the
- L4O-bit PGNCS downlink word.

b. Any pertinent data must be found in the first 17 downlink
words of the 100 downlink words of an IGC downlist.

2. The following data is required by the AEA for the Automatic RR
update program.

a. Downlist 1D word
b. Raw RR Range Data
c. Raw RR Range Rate Data

d. RR Shaft Angle CDU

o
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Bit No. 0123456789 1011 12 13 1k @C/
Set A0111111111 11 1 @0

RR Trunnion Angle CDU
A composite code word

following additional restrictions and requirements are placed
the transmitted data of (2) above.

The Shaft and Trunnion Angle CDU's must be located consecutive-
ly on the list. They may appear in either order, but the first
one must be in an even numbered word where the Downlist ID word
ig word number 1 of the list.

The composite code word must be the last of the data trans-

mitted. It will consist of a special 1hk-bit flag with set

and reset configurations and 1 bit to indicate high and low

scaling of the RR Range data. The set and reset configura-

tions of this word should be as shown below. The word length
corresponds to an IGC computer word without the parity bit. L&’]

L

A pis 16 1

Reset A100000000 O O O 0 O

i

where A = 1 for high range scaling
A = O for low range scaling
and the configuration of
A does not matter in the
reset configuration.

The composite code word should be placed in the set configu-
ration approximately once per minute, immediately after the
reading of range and range rate and placing this data along
with the shaft and trunnion angle data on the downlink. The
code word should be placed in the set configuration only if
the RR data good discrete was present during the radar read-
ing and a hardware restart had not occurred since the last
radar reading. The code word should be placed in the reset
configuration no sooner than Two seconds after being placed
in the set configuration and no later than two seconds before
being placed in the set configuration again.

The radar data should remain unchanged on the downlink for at
ljeast two seconds after the code word 1is placed in the set
configuration.

C. I0C Downlink Description for Automntic AGS RR Updating

The details of the LGC downlink 115t vhich will provide RR data to the

AEA are

enumerated in this section.

D
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General Downlink Description
Bach IGC downlist contains 100 downlink words. Bach downlink word
is composed of a "word order code bit," two 16-bit IGC computer
words (15 data bits plus an odd parity bit per word), plus seven
"filler bits" to total a LO bit downlink word. The downlist is
transmitted at a rate of 50 4O-bit downlink words per second
when in high bit rate mode (see section D),
The first word in each list 1s the Downlist ID word and the sync
register. The first and fifty-first words on the downlist have
a word order code bit of zero., All other words on the list have
a word order code bit of one.
The LGC downlist which will transmit RR data to the AEA of the
AGS is the Rendezvous and Pre-thrust Downlist.
The first 17 words of the Rendezvous and Pre-Thrust Downlist will
be as follows.
First Second
WOC Register Register
0 *Iist ID (T77758) Sync bits (77340g)
1 C8M Stete Vector Ry CSM State Vector Ry
1 CaM State Vector Ry CaM State Vector Ry
1 CoM State Vector Ry CiM State Vector Ry
1 CM State Vector Vi CSM State Vector Vy
1 CSM State Vector Vy CSM State Vector Vy
X CM State Vector Vy, CM State Vector Vy,
i CoM State Vector Time CaM State Vector Time
-1 MARKTIME MARKTIME
1 MKCDUY MKCDUZ
1 MKC DUX No. of Marks
J: *RR Trunnion CDU RR &haft CDU
1 *¥RR SHAFT CDU ~ Carbage ~
1 Ty Ty
1 ¥RR Renge (Rew Data) RR Range Rate (Raw Data)
1 *¥RR Range Rate (Raw Data) ~ Garbage ~
1 *AGS RR Composite Code Word ~ Garbage ~

Data pertinent to AGS Automatic RR update program.

I
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D.

General

1.

A description of the data pertinent to AGS Automatic RR updating
is provided here.

a.

The
the

Word number la is the Downlist 1D word of the Rendezvous and
Pre-thrust Downlist. It will have the value 77775 (octal).

Words 12a and 13a are RR Trunnion and Shaft CDU's, respective-
ly. These are unsigned 15-bit fractions scaled degrees/ﬁ60.
Word 15a is RR Range (Raw Data). Treated as a 15 bit integer
the following computation must be performed to convert to

units of feet:

(15-bit integer) X (75.04) for high scale

or
(15-bit integer) X (9.38) for low scale
Word 16a is RR Range Rate (Raw Data). Treated as a 15 bit
integer the following computation must be performed to con-
vert to units of feet per second:
(15-bit integer minus 17000) X (-0.6278)

A negative quantity indicates closing.

Word 17a is the AGS Composite Code word. It will contain the
values as discussed in paragraphs B.3.b and B.3%.c.

Operating Requirements

following will be necessary to cause transfer of RR data from
PGNCS to the AGS.

Telemetry high bit rate ('}C>.

An astronaut entry via the DEDA enabling the AGS routines
which pick the RR data off the IGC downlist.

IGC in P20 or P20 in the background of a program that uses the
Rendezvous and Pre-thrust Downlist with the RR in IGC and
locked on, data good discrete present and R22 (P20 subroutine

which takes an RR mark about once per minute) actively running.

B



[, COLOSSUS 3 [Z

i g )ix. PROGRAN CHANGE ROUTING of - | PCRIVCN # 33>
_ ‘ ANOMALY #_
[ corossus 2u [ LUMINARY 1D | ADR

SOMINARY 115

[] COLOSSUS 3A DLIH\W\TARY e

[:\ COLOSSUS

e r—a oy aaTTatee e

l’“' I LUMINARY_

D MI1T Approved PCN m NASA Approved PCR NASA Approved
[JMIT Approved ADR [ ] NASA Approved PCN BOUAATE: Amely

[j MIT Approved

A. Coding - Software Anomaly

®/Begin coding immediately Z,{A /7{«,4[;1,\{/
ACTION:
Program Supervisor's Approval: 2//75{/@\0 Lj // gxéygw[//ék

O Do not code until new GSOP material has been 'ﬁpprtZ\ ed by the MIT
ion Design Review Board (MDRB) and distributed.

B. GSOP Preparation

O Prepare GSOP revisions for MDRE \ % \M AVX\

consideration \]
’ ‘ ACTION:

/C“A«\) 2 Lo {'

U

Technical Committee Meeting not required.

Technical Committee Meeting{s) held on
Attendees:

C. KSC Testing and Checkout

Review for possible impact on KSC
testing and checkout ACTION:

D. Other Programs Affected
Q Review br corresponding changes in .

: ACTION:
QPfUJ Instructions _/
T - M Projaet I\/idnc ger "J Sy /// / id Y

Datc [ -4 = 78
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APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD | """ (r*relor iy
PROGRAM CHANGE REQUEST 233 &
1.6 COMPLETED BY ORIGINATOR g

‘1!2:&[‘(<) e

Es 3EFFECTINVITY
k

Vo4 TITLE OF CHANGE

i LUM 1E (Apollo 15) Change recognition of ROD inputs

?] 5 RPFASONI(S) FOR CHANG ;
é No inflight allgnment can be m=ade if ROD switich fails on. ;
f 1.6 DFSCRIPTION OF CHANGE

ag—

Recognize ROD inputs as being walid only during Ave G.
p—

2.0 SOFTWARE COXTROL BOCARD DR FLIGHT SOFTWARE BRANCH

DECISION FOR

VISIBILITY IMPACT ESTIMATE BY #IT

2.0
D APPROVED

D DISAPPRIVED

2.2 REMARKS:

2.3 SOF

WARE CONTROL BCARD
BQA l4 SIGN OFF

OR FLIGHT

SOFTWARE

CATE

3.0 KIT VISIBILITY IMPACT EVALUATION:

}3.3

SCHEDULE IMPACT

3.2 IMPACT OF PROVIDING DETA|ILED

EVALUAT{ON

§3.3 STORA

GE IMPACT 3.4 REMARKS:
Ay ’-{Q,&.)
$2.5 MIT 00K INATOR
AT
4.0 SOFTWARE CONTROL BNARD ACTION

ix.! (L ERENT ANE PROVIDE I 4.2 REMARKS
\":Epp“" IDE DETAILED E] DETAILED D “.!}'.h, .
LS e vl CHANGE APFEROVES
£ EVALUATION

2.3 SOFTWARE ZONTROL BQARD SIGN OFF

DATE

5§/"3 EJ»J

5.0 WIT DETAILED

PROGRAM CHANGE EVALUATION

CARD SIGN OFF

MSC Forn zss’(jul 68)

5.1 MIT COORDINATOR 5.2 MIT EVALUATION i

TATE

mé

e 6.0 SOFTWARE CONTROL BOARD DECISION ON MIT i

S DETALLED PROGRAM CHANGE EVALUATION §

S AN LS LIRS FIN D1SAPPROVED OR STOP Bisie. REMARK S ;
;' D PO L ERMENT AT ON D IMPLEMENTATION

-
s

s
L 2t W ¢



1T/D1, PROGRAM CHANGE: ROUTING SLIP  PCR/PN #__33Y4 Pou~

—_——

ANOMALY #
[} 'OLOSSUS 2E [] LUMINARY 1D . ' ADR #
[)corossus 3 [WILUMINARY 1E
[] coLossus 3A [ JLUMINARY 1F
[Jcorossus__ [[JLUMINARY___ |
D MIT Approved PCN' @{\IASA Approved PCR [‘_':] NASA Approved
DMIT Approved ADIR D NASA Approved PCN Software Anomaly
, D MIT Approved
A. Coding Software Anomaly

gBegm cwding immediately | D{L\ C?\[Lu
, J

ACTION

“ : / A ' |
Program Supervisor's Approval: ﬂ/\ %MA@%
73

O Do not cexde until new GSOP material has been approved by the MIT
Mission MDesign Review Board (MDRB) and distributed.

B. GSOP Preparation ‘ }
@ Prepare GSOP revisions for MDRB J. SHI /7

consid_ezf:*'ation

'ACTION: J . KLpspl&

D Techniczml Committee Meeting not required.

D Technical Committee Meeting(s) held on
Attendees:

C. KSC Testing and Checkout

Review for possible impact on KSC
testing @nd checkout ACTION:

D. Other Programs Aiffected
Q Review for corresponding changes in .

ACTION:

Special Instructions

B ’ Project Manage%/%(j&l/%%n/i >,

R

Date /(-4 — 7O




APOLLO SPACECRAFT SOFTWARE CON

NiMBER (Complete y FSB) I

FIGURATION. CONTROL BOARD

9/28/70

Haise/Kaiser

PROGRAM CHANGE REQUEST 334 Rev. 1 ;
; 1.0 COMPLETED BY ORIGINATOR 2
T GRIGINATOR Tonre 1.2 ORGANIZATION APPRCA AL DATE 5

FdHoun

FCOD

1.3 crrccTivity

Apollo 15 and Subs ~ Luminary

.4 TITLE OF CHANGE

Change DSKY DESCENT/ASCENT NOUNS

¢
Bl 1.5 Reason(s) FOR CHANGE

; Cmrrent displays d
# by the crew during dsscent and ascent.

0 not provide the priority of information needed
The VI currently displayed in N63 is redundant

SR g

DECISION FOR VIS

i to H/H for trajectory control. The same is true with respect to Vi during ascent i
E}where as AVGX is noedﬁd to backup engine auto shutdown. ; %
f3 1.6 DFSCRIPTION OF Chd 3
With the chang@s desmribed below AH should be automatically displayed in P63. It i
should be +99999 until valid IR altitude data is received (current logic). The display i
itself should be flazhing, indicating that the crew has not enabled IR update. V571 %

P AR s

2.% SOFTWARE CONTROL BOARD OFK FLIGHT SOFTWARE BRANCH '

[BILITY IMPACT EST!MATE BY MIT

s

o1

DAPPP-O\ED I*lSAPPRO\’ED

20 -x[\)‘Rr\\

2.3 SOFTWARE CoONTROL Bo
BRANCH SIGN OFF

AREC DF FLIGKT SOF TWARE

ATE

R R R T e

S SR e

3.0 MIT VISIBILITY IMPACT E¥ALUATION:

i

b

=

SCHEDULE IMPACT

3.2

IMPACT OF PROVIDING DETA(LED EVALUATION

E17.3 STORAGE IMPACT

3.4 REMARKS:

MIT COORDINATOR

CEER RS R e

S BT R

4.0 SOFTWAR

I

.

AONTROL BNARD ACTION

IMPLEMENT AND T nys-
PROVIDE DETAILED D DEFSILE D appROVED
CHANGE EVAL. SpEmALL ROV

4.0 KIMARKS

4-3 SCFTWARE CONTROL BCARD =

DATE

[/-5—70

5.0 MIT DETAILED

PROGRAM CHANGE EVALUATION

5.2

MIT EVALUATION

6.0 SOFTWARE (G
DETAILED

BT

|
Ui

OR MIT
[ON

—-(s:)

P

START R TONTIRUE D
D IMPLEMENTATICN 2

{1 SAPPROVED OK STOP
MPLEMENTATION

6.3 SOFTWARE CONTROL BOARD S§GN OFF;

R e

MSC Form 268 (Jul 68)




DATA AMPLIFICATION SHEET

P ROGRAM CHANGE REQUEST NGO

334 Rev. 1

P PREPARED DY DATE ORGANIZATION

JBCONTINUATION SECTION: (Refe

to Block Number and Title on Program Change RKequest lorm. ) &

1.6 should do so, and cause N63 to stop flashing. Conversely, V58E should cause

the display t® begin flashing again. In P6L4/P66 there should be no such DSKY

N68 should be on callj however, it should contain the Vi that used to be in
N63 as well am= the ground-track distance to the computed landing site.

The new normaﬁ»ascent/abort display (N94) should contain the quantity used to
insure proper cutoff (i.e. AVGx). N77 R2 should be changed to displasy AVGy in
body coordina®es instead of Vy in local vertical coordinates.

Note:
I. Change
a. In
b. On
. In
d. On
e. N8

S T

BT e

-

SR S

Nounz as follows:

P63, W63: AH, H, H -

call in descent NG8: Horizontal Range, Tgo, VI

P12, P70, and P71, N94: AVGx, H, H (4VGx = RL of N85)
call in ascent N77: Tgo, AVGY, VI (AVGy = R2 of N85)

5 showld remain callable in ascent/abort programs and-descent—
czms. other than “P@%‘f"'

II. Change V57 Iogic as follows:

8.

v5
V5
V5
In

TE shemld set the IR INH flag
8E sheomuld reset the IR INH flag (current logic)
TE showuld not generate any display

P63, if LR INH flag is reset, N63 should flash (A PRO, V3LE, V32E,
etc. response to N63 should be ignored.)

N e 3 N6 N A 77

A W . H Hor1Z CRAR TG6o
. T 60 H Ve Y




1T /D1, PROGRAM CHANGF ROUTING SLIP ' PCRJFON |25
. ; OMALY #____,_.._.——.-

1 COLOSSUS 28 [[] LUMINARY 1D | ADR #

[\, JOLOSSUS 3 [JOMINARY 16

[] coLossus 3A [ JLUMINARY 1F°

[ Jcorossus___ [ LUMINARY
D MIT Approved PCN BN/ASA Approved PCR NASA Approved
DMIT Approved AbR [:] NASA Approved PGN Software Anomaly

[:] MIT Approved

A. Coding Software Anomaly

ngn coding immediately %ﬂj Q CQ.\_/
S S N

ACTION:

Program Supervisor's Approval: ZZ@WA/@JA

Q Do not code until new GSOP material has been ’xppr ved by the MIT
Mission Design Review Board (MDRB) and distributed.

- B. GSOP Preparation
.\ \\\ ‘
Prepare GSOP revisions for MDRI ' : \SML\\ &
— consideration {
| ACTION: X ‘g Y PR, ¥

D Technical Commlttee Meeting not required.

D Technical Committee Meeting(s) held on
Attendeces:

C. KSC Testing and Checkout

Review for possible impact on KSC
testing end checkout ACTION:

D. Other Programs Affected
O Review r corresponding changes in .

ACIION:

Special Instructions. | [ Z r\
T T Projeet M nagcx é/{/ﬁ/f it
| ' at

S lg 4 - 7O o




APOLLO SPACEC&AFT SOFTWARE CONFIGURATION CONTROL BOARD
PROGRAM CHANGE REQUEST 333

1.0 COMPLETED BY ORIGINATOR

1 N 5 1.0 A=LANIZATEON APPRUN AL DATE

e w (Completed b

i

! linine/Kainer 9/23/70 FCOD
U R 4 Yad THTLE OF CHANGE
Apollo 15 and Subs - Luminary . Remove Alignment Option From P63
5 i L
An alignment will never be a requirement in the time frame that P63 is called up. ]
This option currently exists and invites an operator error as a Proceed takes the %
option a1d an Enter bypasses 1it, as desired. &
prTy o
Delete JMU Fine Align option from P63, i.e., FL V50N25 display }
2.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH 3
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT
. DCD:-/"L‘ Df‘]\:‘cpbnyif o T ’
WTR DL B OARD AR FLLANT S0FTWARE
4 1 3
; 3.0 MIT VISIBILITY IMPACT EVALUATION: 3
B ’-Z’ IMPAST OF PROVIDING DOTAILED EVALUATEON (
4.0 SOFTWARE CONTROL BRARD ACTION t
‘! et aen S 4,0 RiAMARKS
IR e s
: ; VAL, "
v s CETH
) L 1 f
7/30/7@
§ 5.0 MIT DETAILED PROGRAM CHANGE EVALUATION
3 * ’ 2.2 MIT EVALCATION
i
L
|




MIT /DL _PROGRAM CHANGE ROUTING SLIP : PCR /;b{\f# 236 Pord

: | ANOMALY #
[ COLOSSUS 2E [[] LUMINARY 1D ADR #
[\, CoLOSSUS 3 [ALUMINARY 1E
COLOSSUS 3A DLUMINARY 1
D COLOSSUS____ D LUMINARY___
D MIT Approved PCN WASA Approved PCR D NASA Approved
Software Anomaly

DMIT Approved ADR []NASA Approved PCN
[C] mIT Approved

Software Anomaly

A. Coding : ' '
@/Begin coding immediately f %ﬁ/
. N ’ d’
ACTION:

5 Y
Prograrﬁ Supervisor's Approval: ﬁ%&wm)v{/@%ﬂmﬁéb’
Y 4

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

B. GSOP Preparation

@’ Prepare GSOP revisions for MDRB
consideration :
g ACTION:

Jo KCAWSM (/. SHITH

D Technical Committee Meeting not required.

D Technical Committee Meeting(s) heid on
Attendees:

C. KSC Testing and Checkout

Review for possible impact on KSC
testing and checkout ACTION:

D. Other Programs Affected
O Review br corresponding changes in .

- ACTION:

Special Instructions | MM -
/  Project Manager— Wé/%ﬁ/y_,,rg

Date /[ —=§ - 70
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APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD
PROGRAM CHANGE REQUEST

330 Rev.

J 1.0 COMPLETED BY ORIGINATOR
.1 ontcinaton OATT 1.2 OKGANLZATION APPROVAL VATE k
| Haise/Kaiser 9/28/70 FCOD ,%S'L()%M& 10/455/70 §
\,x LFFECTINVETY 1.4 TITLE OF CHANG :
: ( S lita 0618 Iy %Q)

Apollo 15 and Subs - Luminary Allow Extended Verbs During P20 Maneuvers

B." Riason(sr t.n cnanot i
I} The timeline is very tight after IM Insertion particularly on the M=l reandezvous with = f8
: Tweak/Bailout maneuver, P20 Initiation, Apogee-Perigee Determination, and Ordeal Ad- :
justment all needed within the same time frame. For better time optimization it is

,((Y(NIITIU [ e

i Delete 06 18 dlsplay from R60. Before maneuver the 50 18 display should be flashing

i and after a PRO to maneuver the 50 18 should be replaced by the running program's ¢

il nominal verb/noun or if no nominal noun the 50 18 should be replaced by a blank displayf

2.0 SOFTWARE CONTROL BOARD DR FLIGHT SOFTWARE BRANCH '
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT

2.1 2.2 REMARKS:
D APPROVEL D 0y CAPPROVLLD

. £33 SOFTWARE CONTROL BOARD oR FLIGHT SOFTWARE
BRANCH SIGN of F ‘4

PATE

% 3.0 MIT VISIBILITY IMPACT EVALUATION:

B85 . SCiiOULE TMoACT 3.2 IMPACT OF PROVIDING DETAILED EvALUATION

EY 2.3 STORALE (MPACT 3.4 REMARKS:

4.0 SOFTWARE CONTROL BNARD ACTION

fga .t EFROVILT 4.7 RiMARK:S

& INMPLEMINT AKND BETAIR L TR
= PROVIDE LETAILT O VETARLLD [:] .
« l' L D THANGE APPROVFED
&

CHANGE [VAL, EANALUATOf

3 BOFTHARE CO 10l BOAKRD Sty OFF

DATEH

1-5-70 ,
5.0 MIT DETAILED PROGRAM CHANGF EVALUATION _E

WS .1 GET COORDINATOR 5.7 MIT EVALUATON

AT

6.0 SOFTWAR
DETAI

START OR CONTINUE D LIS TPPROVED OR SToP
IMPLEMENTAT I ON PP LEMENTATION

3 SOFTWARE CONLTROL BOARD SEGN OFF

Msc [»grm 235 (“1) o o R : 5 e R g ) R e
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APOLLO'SPACECRAFT'SOFTWAREWEONFIGURATION CONTROL BOARD
DATA AMPLIFICATION SHEET

& CROGRAM CHANGE REQUEST NO, JPREPARED BY DATHL OROGANLZ KT IO
¥

1 { .

£

£ 336 Rev.

-ONTINUATION SECTION: (Refer to Block Number and Title on Program Change Request form.)

1.5 desirable to be able to call extended verbs, i.e. V82/V83, while P20 is
maneuvering the vehicle.

1.6 At the completion of the maneuver the 50 18 display should again flash.

é
%
h
¢
s; - .

% Noun 18 should remain callable during the maneuver.
g

i"

%

5

}

1

';

i

b

KT

£
§
£
%
i
4
¢

R e T TR O PR N A 2 A IR RO B I TR

1

SRCMARKS 4

e o

WSC Form 288A (lu| 08)
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e B s i e R e T ‘\"“"’V '~nma‘- hleée _ FE“BT Y
APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD |7 " ’ i
i PROGRAM CHANGE REQUEST 337 Rev. 1
e 1.0 GOMPLETED BY ORIGINATOR
3 .V ORIGINATOR DATE 1.2 ORGANIZATION APPROVAL DATE
Haise/Kaiser 10/1/70 FCOD JZJ -}4‘@«1&)
V.3 EFFECTINVITY 1.4 TITLE OF CHANGE
Apollo 15 and Subs - Luminary Tlluminate Unused DSKY Light for NL9
1.5 REASON(S) FOR CHANGE
Currently if a noun is called over N45 the resulting Key Release light obscures the
crew from being aware of a N49 request. Until the crew is made aware all updating
stops.
1.6 DESCRIPTION OF CHANGE
Iight an unused DSKY light whenever the NL9 display routine is entered. Extinguish |
it when the logic is exited. Additionally, that light should be added to those :
. tested by V35 and to those cleared by ERROR RESET, V37 logic, and V56. i
ok A R R S :
2.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH :
! DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT 1
251 2.2 REMARKS: -
D APPROVED D DISAPPROVED i
2.3 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE
BRANCH SIGN OFF
DATE
3.0 MIT VISIBILITY IMPACT EVALUATION:
i CHEDULE mr’ﬁ;m . |3.2 IMPACT OF PROVIDING DETAILED EVALUATION
UV STORAGE IMPAGT VoA REMARKS
1085 MIT COORDINATOR
DATE i
|  >/ﬁTU”SU?lﬂARE CONTROL BOARD ACTION ;
'_4‘1 pROVADE/ | 4,2 REMARKS
[MPLEMENT AND e Drs- |/ i
e O Wi ;
B E\‘ALu‘iATION \
{1373 SOFTWARE CONTROL BOARD SIGN_OFF o i
DATE 1 ' e
1V g /90 ‘I
5.0 MIT DETAILED PROGRAM CHANGE EVALUATION
7ol MIT COORDINATOR 5.2 MIT EVALUATION
DATE
l}; 6.0 SOFTWARE CONTROL BOARD DECISION ON -MIT . %
£ DETAILED PROGRAM CHANGE EVALUATION ‘.
© T\, START OR CONTINUE D DISAPPROVED OR STOP 6 & IBEMARKS:
] IMPLEMENTATION IMPLEMENTATION
i 5.3 SOFTWARE CONTROL BOARD SIGN OFF
DATE
4




AT /m _PROGRAM CITANGIS ROU! IING SLIP

[:] COLOSSUS
[ corossus
Dcoms&sus

25
3
3A

[[)corossus__

D M1 Approved PCN
[mIr Approved ADR

A. Coding

®/Be gin coding immediately

O

B. GSOP Prepar atlon

D Techmoal Commutce Meeting not required.

E] LUMINARY 1D
MTUMINARY 1R
DLUMINA RY 17

[[] LUMINARY___

[I}}@A Approved PCR

D NASA Approved PCN

ACTION:

PCR/PCN ## DRE,
ANOMALY #

[]
T

ADR

NASA Approved
Software Anomaly

MIT Approved
Software Anomaly

Z PV
: J

4.

. J
Program Supervisor's Approval: /%W[wy//%ﬁt\ﬂé(\
{ N M.

Prepare GSOP rcvisions for MDRB
consideration

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

A8

ACTION: Uj \\/& U"-«-.}Lv;

D Technical Committee Meeting(s) held on

Attendees:

C. KSC Testing and Checkout

Review for possible impact on KSC
testing and checkout

D. Other Programs Affected

ACTION:

O Review br corresponding changes in . -

Special Instructions

ACTION:

Project h@axlc&gél\Jng,J //}\L/ /A,//f,,-\,;

BN

Date

- &




APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD |~ " (corwirred b i

Pt odh

PROGRAM CHANGE REQUEST 338 %

1.0 COMPLETFH BY ORIGINATOR E

: o [ T . Arp] AT Loy APPROVAL QAT é
Haise/Kaiser 9/e8/70 I'COD E
?‘-““ I Vo 1L ol A 'é
i Apollo 15 and Subs - Luminary . Change LPD Scaling to 1.0° In All Direction: F

b Tho crews Pstlﬂetlon of the Guidance Systems Landing Target relative to his desired
i point is visually seen as a number of degrees from the N6L Displayed LPD Angle
 Currently the change resulting from an ACA (hand controller) inputs nets 3 degree in

ST

ake each ACA 1nput in every direction represent one degree LPD change.

2.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH {
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT _ i

4.0 SOFTWARE CONTROL BNARD ACTION

APPROVE D

4.2 RIMARKS

e - o — A g e e A Y S T A e e E oo OBt et 1Y WGETILE 1 T 3 b o Lo
e T S T T T T T S TR
o ) > ;s

S

'5.0 MIT DETAILED PROGRAM CHANGE EVALUATION

SOMT OENVALUATION

e PR S
e

t 6.0 SOFTHARE CONTROL BOARD DECISION ON MIT
g DETAILED PROGRAM CHANGE EVALUATION

MSC Form 288 (Jul 68)



!'1

51AP@£LG SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD

interpreting his LPD angle error to then either divide or multiply by two

to determine the needed ACA inputs.

DATA AMPLIFICATION SHEET L
TGRAM CHANGE REQUIRT NO, fPREPARED BY DAT QRGANTI AT
338 f
: T TINUATION CECTlov.(Refer to Block Number and Title on Program Change Kequest Torm.)
1.5 Up/Down ranpge and 2 degrees Crossrange. This requires the crewman after

MARK S

BN b R LSS oo V2P R D BB Ve o
MSC Form 288A (Jul 68)
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C‘ITAN( 1R ()Ul N(l C?I 11’

l\'ll.;_!,/]MLO iRAM

[: CO1.0SSUS 21
[ coLossus 3

[ Tcorossus 3a
[} corossus_

(] LUMINARY 1D
M]_IJI\ILY 1D
DLUMINARY 1
[ LUMINARY___

WSA Approved PCR

[ ] NASA Approved PCN

s

D MIT Approved PCN
[:JMIT Approved ADR

A. Coding

%gin coding immediately

Program Superviso

ACTION:

s Approval:
O
B. GSOP Preparation

O
O
[

Mission Design Review Board (MDRB)

Preparce GSOP revisions for MDRD
consideration
ACTION:

Technical Committce Meeting(s) held on
Attendees:

C. KSC Testing and Checkout

Review for possible 1mpact on KSC
testing and checkout ACT ION:

PCI: /v N33
ANOMALY ‘oo
ADR {__

s A

NASA Approved
Software Anomaly

]

[:] MIT Approved
Software Anomaly

/ﬂﬁi/v

)@MM /%@w@f

Do not code until new GSOP material has been approwbd by thc MIT
and distributed.

rn

) AR U

Chetd l»&'\. \C

| vC
v

Technical Committee Meeting not required, b

D. Other Programs Affected
O Review Hr corresponding changes in .

AC'TION:

Sp“m 1 Instructions

nvwx/%/vct ﬁwu/éw?&
7 YSD v

Deate

) Proje r\JuD“{JC?wLZ(_A{;& //ﬁ/ ,»/}1,44~**

7N

S 7O

I W2ERSN



APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD |~ rrrmmrm
PROGRAM CHANGE REQUEST 339

| .0 COMPLETED BY ORIGINATOR

b sfde ot 5 ¥ 1 AL AT O A AL DAY
llaise/Kaiser 9/28/70 FCOD

i o 1500y Ved THTL QF (e ANGE i
vf Apollo 19 & Subs - Luminary . Have P20 F50 72 Display Update

Increasing confidence in PGNS/AGS State Vectors as well as determining RR bias problem:

i after LM Insertion before commencing updates is required. This is accomplished by
3 comparing AGS aquisition steering error needles, RR FDAI needles, and N72 on DSKY.

AP ey

2[ - pp ke

7
: /
; Mechanize F50 72 display to be updated Loe s id%gmimgaw#g;afrz,Aém~ﬁf

Z -V iﬁ\

2.0 SOFTWARE CONTROL BOARD OR FLIGHT -SOFTWARE BRANCH
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT.

o

(- Ooeeee
t TaAE: LM TENL BoARD D

o,

3.0 MIT VIS'BILITY IMPACT EVALUATION:
; = T Y 2.2 IMPAIT OF ERUOLIDING TTTANLEL SVALUATION
:L:: STARA 1P 4 Rt KS
; 4.0 SOFTWARE CONTROL BNARD ACTION
- K 1.2 RUMARKS
T b
Bio.: Sorreare L ]
9/20/70
5.0 MIT DETAILED PROGRAM CHANGE EVALUATION :
.1 MIT CCORDINAICR S.Z MIT FNALUATION ‘
. 6.0 SOFTWARE CONTROL BOARD DECISION ON MIT
DETAILED PROGRAM CHANGE EVALUATION
L f T oot = i 7 6.2 REMARKS,
mj L
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"APOLLO SPACECRAFT SOF TWARE CONFIGURATION CONTROL BOARD

DATA AMPLIFICATION SHEET

PAGE

2

OF

]

SRANM CHANG:

339

REQUEST NO, §PREPARED RY

Haise/Kaiser

DATE

ORGANT TAT

1.5 Currently the N72 data is a "SNAPSHOT" and hence meaningless data for

INCATION SECTions (Kefer to Block Number and Title on Program Change Request form. )

purioses of comparison to realtime AGS and RR information.
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AM_CHANGE ROUTING S1IP ~ PCR/PCN # 3
| | ANOMALY 4
] coLossus 2e [7] LUMINARY 1D Al

[ corossus 3 [C

o I\\j"\{‘{h7 ]1‘

[] coLossus 3a [ JLUMIRARY 110
[:]ccnjassus__w [:JLUAU“\KRY;ﬂW
D MIT Approved PCN [/f{ APPPOVCWI» ] NASA Approved
[JMIT Approved ADR LJ NASA Approved PCN 7 Software Anomely
[:j MIT Approved
A. Coding Software Anomaly
@/Begin coding irmnediatély 2/),\ C{L}/&_L/

ACTION:

Prograni Supervisor's Approval: ng/(/g /Lﬂ%bb ué\

O Do not code until new GSOP material has bf‘cn pp;[ovcd by the MIT
Mission Design Review Board (MDRB) and distributed.

B. GSOP Preparation

Prepare GSOP revisions for MDRB R«w» ‘)’/
- consideration :
. : ACTION: kL(tL 2N e ‘

[:] Technical Committee Meeting not required.

D Technical Committee Meetmg( s) held on
Attendees:

C. KSC Testing and Checkout

Review for pogsible impact on KSC
testing and checkout ACTION:

D. Other Programs Affcected
Review br corresponding changes in .
I O o

| ACTION:
QP“CW 1 |D<‘u UC_L%(_)_DT. —_— ,__<__/_\
MA‘/ 7“ e — . JR . . v‘]
[ P 7/:/, FQ K 4o Py Project Mane ébik&&c.(ﬁjaé‘&.é/ Z/,._,Zx_ —
. Date & - 70 .
//r/l//'i,{/(//“?1 ([L) - 7 7(,) /O/f P R

T W(/" 11[ a(é/lﬂdeJZ(ftx”‘
Mz

«
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SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD
PROGRAM CHANGE REQUEST 340
1.0 COMPLETED BY ORIGINATOR

SOANE AT

T Completed by FSBY

i roRBE

Haice/Paiser 9/22/70 FCOD
| ok ® Fa TETLE OZF
, CHANGE ;
Apollo 15 & Subs = Luminary LATVEL Polarity Chearme i

S e

The polarity of the LGC parameter LATVEL should be changed so that it is compatible

2 &
F A

S b

with other X-pointer inputs.

1~

RE{PTI N OF CHANGE

Reverse the sign of the LGC parameter LATVEL. The attached illustration shows the

present crew response and the proposed crew response to the X-pointer presentation.

7.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH -
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT j

g T REMARKS:
3 : FPEWNLED DE‘)SAPPRO\EU
; l i

% snf TWARF ~ONTROL BLARD OF FLIGHT SOFTWARE
e OFF

A GO

4 3.0 MIT VISIEILITY IMPACT EVALUATION:

© CCHEDULE IMPALT <.2 JNMPACT OF PROVIDING DETALLED EVALUATION

4.0 SOFTWARE CONTROL BNARD ACTION

4.7 REMARRS
ys-

‘T”DTL O | yerpacet O\sﬁ?ﬁzw.é?o [6-7-70.

SOF T A axt SLTEAL ROARD SHaN o FE

922 /70

5.0 MIT DETAILED PROGRAM CHANGE EVALUATION

5.2 MIT EVALUATION
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DRE SENS
ZRESERL
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METER

VEL

a
Lp

SENSOR IN-UT

./

AZ RT/LAT VEL

5
g

|
[&p]

NG

AGS
RNDZ RADAR

IR, FHGS,
ACS
RNDZ RADAR

CONTKOLLER
OPERATION TO NULL

PITCH DN
ROLL RIGHT

*TTCH DN
ROLL L&IT

PITCH DN
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VIIT /DTNPROGRAM CHANGE ROUTING SLIP pCR/BES # 34
’ ' ANOMALY #
[[1 coLossus 2E [] LUMINARY 1D o ADR #
[\ coLOsSUS 3 [LUMINARY 1E |
D COLOSSUS 3A DLUMINARY 1T
D COLOSSUS D LUMINARY ’
[]MIT Approved PCN [WNasA Approved PCR NASA Approved
DMIT Approved ADR [:] NASA Approved PCN Software Anomaly
: (] MIT Approved
A. Coding Software Anomaly
gBegm coding immediately ﬂa_e %-zn A
~ ACTION:

Program Supervisor's Approval: maj/%@:%

O Do not code until new GSOP material has been appr/oved by the MIT
Mission Design Review Board (MDRB) and distributed.

B. GSOP Preparation

@’ Prepare GSOP revisions for MDRB J. K&)/‘?WS,/J /K/\/, Srt7TH

consuﬂeratlon

N

ACTION:

Technical Committee Meeting not required. A

D Technical Committee Meeting(s) held on
Attendees: '

C. KSC Testing and Checkout

Review for possible impact on KSC
testing and checkout ACTION:

D. Other Programs Affected .
O Review br corresponding changes in .

ACTION:

Project Manager&%@&';?fc/ mej '

Date __[[ =, = 70

Special Instructions




SPACECRAFT SOFTW

ARE CONF|GURATION CONT

R, 797 £ R, S Y By a1
(Completed by FSB)

2 . nhl,i': 0 A A
oL BOARD | .
‘ S ¥/

a A A )

¥
Fr
b

PROGRAM CHANGE REQUEST

.0 COMPLETED BY ORIGINATOR g
DAT Tod ORCGANTIAT N ROVAL DATE E E
J. H. Alphin 9/29/70 MPAD ? \/\ QQLQSLJ /Q//é/%’ i
CEoTIAITY 1.4 TITLE OF CHANGE ;
Apollo 15 LUMINARY Landing Radar Reasonability Test
i
5 KEAZON(D) P OR CHANGE 4
The landing radar reasonability test can lock out valid altitude updating, i
especially if the lunar terrain model is inhibited (v68) during the approach s

phase. ’

DEZCREPTIION CF ThANTE

See attached page.

2.0 SOFTWARE CONTROL BOARD OR FLIGﬁ;lSOFTWARE BRANCH
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT

2 REMARKS:
‘ IL'I“?A'»‘PP“"»‘ED

FLIGHT SOFTWARE

©oaob PAAKE N TREOL BOARD R

f 3.0 MIT VISIBILITY IMPACT EVALUATION:

=
S ST

Bt 1A T 3.2 IMPACT OF PROVIDING CETAILED EVALUATION

STORASE ITMPACT 3.4 REMARKS:

5 MIT CTQORDINATCR

CATEL

BT s TN SRS

4.0 SOFTWARE CONTROL BNARD ACTION

pRoy LY 4.0 REMARKS

PETAILED [:] 2l 5
NG APPROVED
VALUATION

SRR

JMPLIMENT AND
FROVIDE DETATLYD
CHANGE EVAL,

l

Bl 3 SCFTWARE CONTROL a3nARD

5108 OFF

/=579

5.0 WIT DETAILED

PROGRAM CHANGE EVALUATION

5.2 MIT EVALUATION

R CONTINUE D JISAPPROVED OR STOP
NTAYEON IMPLEMENTATION

i}6 .2 ST




N

.5APOLL0 SPACECRAFT SOFTWARE CONFI

TP T L A

URATION CONTROL BOARD |
DATA AMPLIFICATION SHEET

o ROGRAM CHANGE REQUEST NO. JPREPARED BY DATE ORGANIZATION

ngZ/ J. H. Alphin 0/20/70 MPAD

L ONTINUATION SECTION:(Refer to Block Number and Title on Program Change Request form.)

1 slope is 0.25instead of the present 0.125. This number would reject updates

1.6 DESCRIPTION OF CHANGE

Increase the slope in the landing radar
reasonability test so that less chance for lock out will occur. The recommended

which cause guidance interface problems, but would accept values that would not
cause interface problems. The current slope excludes many cases that are
acceptable from a guidance standpoint. In addition, this reasonability test
will protect for cross lobe lock up : '

oot s % Ry =
AR RS SRR AR B

PUAF SR s S
NASA — MSC
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‘ ¢ el [ e Do &
l‘“’*}mf 25 e T b T A L i e T R T MV G AR R *1%%}*}%?&7%
o APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD &
| PROGRAM CHANGE REQUEST 343
i 1.0 COMPLETED BY ORIGINATOR
£ 1,1 ORIGINATOR DATE .2 ORGANIZATION APPROVA DATE

| T. Price 10/21/70 | FSD ,é s é{[d@.., /;’/gyy/?o
;’ EFFECTIVITY ted TM OF CHANGE
{ LUMINARY 1E & Subs. Disapprove PCR 340
l 5 REASON(S) FOR CHANGE :%
. PCR 340 approved a polarity change of the LGC parameter LATVEL commanded to the H
| x-pointers. Since that time a hardware change has been majde to reverse that
polarity. |
7 f.6 DFSCRIPTION OF CHANGE '%
£ 3
;3 Do not implement PCR 340
‘ 7.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH 3
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT
. P . 2.2 REMARKS: 4
2 DAPPROVED DDISAPPROVED i
- I " MIT/SDL has been verbally directed not to
Y ;;;NSSRE,SSN(Z?SL BOARD OR FLIGHT SOFTWARE lmplement PCR 340 (‘4“/70) Si
3.0 WIT VISIBILITY IMPACT EVALUATION: “
: SOHEOULE IMPACT 1.2 IMPACT OF PHROVIDING DETAILED EVALUATION }i
&
.3 STORAGE IMPACT 3.4 REMARKS §
= e ' .
g2 s "y;”f“‘/“ 0‘% ’\) N |
# DATE . M
[[ -8 = 78 |
: 4.0 SOFTWARE CONTROL BNARD ACTION
T o s PROVIDE e 4.2 REMARKS
R ATTN  F ol W P ¢
"\ ’ i\MHMI:(‘L P AW ((“”() «‘mf( wieh U
s syl
AT ‘:"‘ i k \ L,\(‘\( Cotiad c QML“ \'t -
)\) (,N S (C) V&
5.0 MIT DETAILED PRORRAM CHANGE EVALUATION
£15.1 MIT COORDINATOR 5.2 MIT EVALUATION o
: &
DATE
2; 6.0 SOFTWARE CONTROL BOARD DECISION ON MIT !
i DETAILED PROGRAM CHANGE EVALUATION
B5el sTART OR C £ APPROVED OR STOP Sdl BEMARKSY 8
B (Y ecewenrsmron L] twrvewenrarion
i\éf 3 SOFTWARE CONTROL BOARD SIGN OFF
] 3
H 4
] DATE i
HSC Form 288 (Jul 88) : B A e gee S ¥ :m iy



POL‘O SPACECRAFT SOFTWARE CONFIGURATION CONTROL BQARD

PROGRAM CHANGE REQUEST
oy .0 COMPLETED av ORIGIHATOR
i, LG ATER ; 2 AT 102 SAnANTAANT | R AL S
Haise/Kaiser 10-23-70 FCOD ﬁé{, ¢ )-'72{27“ 23 / 7O
bed LEFECTINITY Fuld TVVLE @7 i 7

Apollo 15 & Subs -~ Luminary

NAVIGATION INPUTG VIA DSKY

Pof REASONLY) ¢ 06 CuaNaE

To prov1de means of acquiring PGNS rendezvous solutions in event of PGNS/RR inter=
face failures, radar gyro failure (side lobe lockon),

or even complete RR failure.

1‘; PESCH)OT an b VAN

line of sight information.

Provide capablllty of navigation utilizing manual inputs of range and range rate and/o

e e A R e e e,

B s e 2 b s

i Should include option of range and range rate from radar o
% range only from CSM VHF rangingor line of sight information via manually boresighting
' 2.0 SOFTWARE CONTROL BOARD DR FLIGHT SOFTWARE BRANCH
DECISION FOR V|SIBILITY IMPACT ESTIMATE BY MIT
3 TAARE CONTROL BCARD DR FLIGHT taF THASE
ﬁR,\\;H SLGN rE
55;6 MIT VISIBILITY IMPACT EVALUATION:
H
TR AR IR T or Podms CETALLED EAALCAT 9N
‘ b
- - |
\v fuleAGL FNPACT Vowod f Ay Il %j
Lol CORD N R
4.0 SOFTWARE CONTROL BNARD. ACTION
;rx.l i FROV |G T A T S

FVMRLEMINT AND
YRy \lr‘ OETALLED JETATLED
]..J - I HANGE

HEw AL E Dt
S AN APRROVED
. EVALUATION

CIANGL [VAL. -

, (03 SOFTRARL CONTRUL ROARD §1GN oy
N5 /g0 ?
% 5.0 MIT DETAILED PROGRAM CHANGE EVALUATION é
1 MIT COORD INATGR Bel AETOULALLAT o EE
ODATE E
i
; 6.0 SOFTHARE CONTROL BOARD DECISION ON MIT ﬁ
DETAILED PROGRAM CHANGE EVALUATION P

6ol HE K=

§ m START QR CONTINUF D DISAPPROVED OR §ToP
J IMPLEMENTATION IMPLEMENTATION

5.3 S0FTWARE CONTROL BOARD SIGN OFF
5

- WS

\TE

\y_, -
HSC Form 288 (Jul 66) .

wqwn&wm,y« E s e g s T S A D Ry LS 4 B S o i e ek ety

S,

il

it

e
s

4

e o
e AR 5




"’ﬂi‘ 4 th&wmﬁ TR e was®
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R
TG SrACECRAFT SOFTWARE CONFIGURATIO
DATA AMPLIFICATION SHEET

STTRAM CHANGE REQUEST NO.

3l

PREPARED B8Y

SNTINUATEOQ

N SECTIONi(Refer to Bloc

% Number and litie on Program Thange Rcquest form.)

1.6 the +Z axis by utilizing the COAS or RR FDAI needles.

(EMARKS

s

.%
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APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD _
PROGRAM CHANGE REQUEST S 45

NUMAaE~ ‘Completed by FSBY L

1.0 COMPLETED B8Y ORIGINATOR i
FL ORIGINATOR LaTE 1.2 ORGANIZATION APPROVAL cHTE g‘
- \ e l
C. Hackler 10/29/70 EG7 > ‘Q\ WTo |
CFLCTIVITY '.¢ TIT_E OF CHANGE b
LUM 1E Change of Erasable Load H
PR 1.5 REASONI(S) FCR CZ=awiz
Make room for needed erasable storage.
Pog UESCRIPTION OF I-:03Z 2
Change following variables from erasable to fixed memory. (See page 2.) |
2.0 SOFTWARE CONTROL BOARD OR FLIGHT SOFTWARE BRANCH ﬂ
DECISION FOR VISIBILITY IMPACT ESTIMATE BY MIT 7
z D:v 130 e SRS ff
i BIEFD R EL1E-T TNARE i%
'} Uﬁﬁi[ VISEBILITY [MPACT EVALUATION: %
fMa 8T F s, WEAIT CF PROVIDING DETAILEC EVALLST LN
o4
1N
4.0 SOFTWARE GONTROL BNARD ACTION
i pm— T
[r] YAUL ‘Ii(l"'f .
& \T R " ‘e sl AN OFF
VE; \\5;?40
5.0 MIT DETAILED PRORRAM CHANGE EVALUATION
‘ MIT COORDINATOR 5.2 MIT EVALUATION . }:
oo 2
- 6.0 SOFTWARE CONTROL BOARD DECISIQON ON Wi g
RS ' DETAILED PROGRAM CHANGE EVALUATION i
; START OR CONTINUE DISAPRROVED QR 3T5P 6.2 REMARNS, i
Mj JMPLEMENTATION D I!iH‘L[MFiTATIriN E
SOFTAASE CONTROL BOAKD 51BN OFF




APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD
~-DATA AMPLIFICATION SHEET -

: PR

PAGE_2 OF 2
(OGRAM j?/’j; PREPARED BY: C, Hackler ORGANIZATION:
REQUEST NO. 7 DATE : EG7

? CONTINUATION SECTION (REFER TO BLOCK NUMBER AND TITLE
ON PROGRAM CHANGE REQUEST FORM)

e

6

(continued) Description of Change

RANGEV AR
RATEVAR
RMAX
VMAX
SHAFTVAR
TRUNV AR
LOWCRIT
HIGHCRIT
LRVMAX
LRVF
LRWVZ,Y,X*
LRWVFX, Y, 2%
LWV e
MINFORCE
MAXFORCE
YLIM
COSTHETAI
COSTHETAZ
VELBIASH#*
LRHMAX
Z00MTIME
WSHAFT
WTRUN

#Jse one constant for all the variables.
¥%*Use one constant for all the variables.
*#%Change on 13-14 from 11-12.

RI

£

JARKS

b e



MV% PI“)G]: C] f; ‘T( 1‘ W ( L” T ’G‘ { ! H‘ POR /I/C’i./x

ANOMALY i

~

. ¥

LUMINARY 11

[[] corossus ac ]
‘]LUMLNML\: 1C
Bk

[[ cOoLoSsus 2D
[:] comssus 9
r \comss 3 21

r—"I—'T

LUMINARY 1D

V(m MINARY 1%

vergay .
f] MIT Approved PCN [\ﬁ/ﬁmc/ \Approved PCR L NASA Approved
[ | NASA Approved PCN wm Software Ancmaly
L MIT Approved
Software Anomaly

A. Coding .

T ™~ A 1 /
J ~N X | S

. lins immediatel Sk A A

/) Begin coding immediately . U e

> TN ’ -
N . / IR )
ACTION: / o) r A
Progr am Supervisor's Approval: JiF A ¢ Ay Sl /;’ y

(e » 4=

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

v

B. GSOP Preparation

o~ . . ‘ - ey ; ! ‘//
@A‘epﬂ re GSOP revisions for MDRB O KLAWSNIE

; considerat uon
= ' ACTION:

D Technice Cominitiee Meeting not required.

‘ j Technical Committee Meeting{s) held on
Attendees: :

C. KSC Testing and Checkout

Review for possible impact on KSC
testing and checkout ACTION:

D. 'Other Programs Affected

O Review br corresponding changes in .

ACTION:

- Special Instructions —'““W - )
T , I Project Mamﬁ(‘*’-‘& L/f (R 2 e O ot

Date [[ =30 70

(Rev "10/69)
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car/es/ro FED

Aad ORORKNETAT N

Dryg

VR EEFATIAIVETY

DMIIARY 1K

| )v/é%/éé’
PRl TAN(T OF CHANGE £

%cdﬁfzmatﬁon to code vord configuration
for PORCS/AGS ﬁ&%& transfer

1oE FERLONI S} iuiv DR ELCE

mecause of coding problems in the AGS propgram, transfer of RR data is not &ccomplisbeé;i
when range is less then 50 n.me Impaet to: Fix in AGS progrem ie significant

Yof URELRMERTRON U, THENDE

| Change configurabion of code word set pattern from A01111111111111 (See PCR 324} to
ACITILIT11TL1LG.  The reset configuration will remsin as in

2.0 &

S e e e e

JFTWARE CONTRDL

Fi
QECISION FOR VISIBILITY IHPACT €5¥§%&“

PR 32U, AIQJ%JHDJJSW@JW‘

LRE BRAKCH
£ BY WIT

¥ m‘qu w&

BOARD OR FLIBHY SO

¥ : ;
EZ&.FM’M’H» E:j ik
— )

Tx PQINRARL LI DERT CORRD O ¥4

BRPEEOVED
o ﬂ
oy bR ,

HE G .
beccomll’ : %‘}%
¢ LEE o . D

Fali BEMREFHRG

L4 ;f:"/z/ //*"Wﬁ?/j"*’b P
X zgj/f;d

W BLREDHE R GEEELT

$hi INFALT OF PROVIDING DETALLEL EVALUATION

ERE (LA S5 G B2 S

21T CODHIRATOH:

nesd

Fie RIWRREE)
i

S S

S

4.0 SOFYHARE COKYROLUBOERD ACTION.

gRrLiuiny Anh o &
FROVIDE DETAILLY B REYALL
EHERDBT TWALL Canddat

L2 | . @ TROVEDTE

"Dt :
To I
BEPROVED

[ERAESTA S Ful

R g
~1 i
.

A OAGFtRARL CONIRQL BUERD IIGN DFF

HETE

e

(AL EBERERGE

5.

O HET DEYRILED

AT

P%ERR%E‘CHﬁ%@E £

Eol sl DV ALURTION.

ihos START DR CENTENLE m,:s;g,
g
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Lo AOEYEARE CONTRLL BOFER. Friw

Ord
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3 /D1, PRQERAM CHANGE ROUTING SLIP PCR/P@J\,{# 348
, ANOMALY #
[1.COLOSSUS 2E [] LUMINARY 1D ADR #
[, coLossus 3 [JLUMINARY 112
[ ] COLOSSUS 3A [ JLUMINARY 1F
| ] coLossus [[] LUMINARY,
VERGHL
I_], MIT Approved PCN B’NASAﬂApproved PCR D NASA Approved
e : g Software Anomaly
[ JMIT Approved ADR [:] NASA Approved PCN
D MIT Approved
A. Coding Software Anomaly
2
@ Begin coding immediately g e, o
ACTION: __ VY, ~(J
Program Supervisor's Approval: | ) li.¢ \ 7

O Do not code until new GSOP material has been approved b(y the MIT
Mission Designh Review Board (MDRB) and distributed.

B. GSOP Preparation

Wx‘epare GSOP revisions for MDRB N WLAwsmic) o sHITH
consideration
' ACTION:

D Technical Committee Meeting not required.

D Technical Committee Meeting(s) held on
Attendees:

C. KSC Testing and Checkout

Review for possible impact on KSC
testing and checkout ACTION:

D. Other Programs Affected
O Review br correspording changes in .

ACTION:

Special Instructions
Project Manager—gﬂ //M/
' o

Date 7

r




_11/25/70 | F

LUMINARY 1E

104 TITLE OF CHANGE oo I

Ty e s

l. .LU d.l.-] oW

not

sy = oo T TR T TS TR -y

on.

updating of IM S5.V. fTor

New target - AV program for ILGC i

cases where IM must perform burn with ave-g i

2. Compatibility with Col. 3 (PCR 325) S - b

wo DESCE [ RT

10N

Provide

MGV O
COM_SV.

s SR R

a program which will allow upd&til g ol LM S.V. as 76 allows updwi 1nrT of

VARE CONTROL
O FOR VIS

AN

BOARD DRWFI}QHT SOFT WARE’@RAQC
(BILITY [HPACT ESTIMATE BY 4IT

DISAPPROVED

ROL BCARD OR FLIGHT SOFTWARE

///f’ o 1\ ,4/ /?};’”/ /«i{l/ ’;‘/j /}!/é/f /L')

s ST /
w4

PO — . /{'v’ 0 W AP N —
MACT EVMAL‘AHOP )
i O «
4.0 SDFT‘”Mt CONTR
MENT AN FROVIDE Dl Sa "
,»7'[.3{,;2:,'““{9 D k("‘,r{.,r,;::",l{w] D APPROVED i
o FVALUATEON
CONTROL BOARD sfaN OFF
5.0 MIT DETAILED PROGRAH uPANLF EVALUATIO
o MIT COORDINATCOR 2 MIT DVALUATICON H
CATE
- 6.0 SOFTWARE CONTROL BOARD DECISION ON MIT
DETALLED PROGRAM CHANGE EVALUATION
R CONTINUE DISAPPROVED OR STOP 6.7 REMARKS: i
PLEMENTAT | ON D IMPLEMENTATION
SOFTWARE CONTROL BOARD SIGN OFF i
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& o ) . M““‘{.‘“’m‘ oL 7‘7‘;:“”‘““_---—‘«‘-”/ >»“‘,‘,',,_ “"”.‘NUMGLW (CC' [C‘f‘t‘f)“b‘y’”/'b‘u')", i
\POLLO SPACECRAFT SOF :J/\T’\E COAHGUR;.T{- \ CONTROL BC vm\D E ‘ !
PROGRAM CHANGE i 348
HPLETED 8Y 0 T
fidv, ! ORIGENATOR OATE 1.2 ORGANIZATION APPROVAL
F. Waise/T. Keiser | 11/25/70 | FCSD/CE =] =

13 LFFLETIVITY i'.ﬂ TITLE 2f CHANGE
TUMINARY 1F { New target - AV program for LGC

1.5 RLASON{S) FOR CHANGE !Z
1. To allow updating of IM S.V. for cases where LM must perform burn with ave-g i

|
not. on. i
b 4'|x:n!\,‘|i,x|?.\'l|'I(,.v wilh ol 3} (]'(fI‘I """)

Ty e i e S ‘._.,_.v_»m._ e
Provide a program which will allow updating of IM S.V. as P76 allows updating of ;
CSM S.V. {

2.0 80 TEAPE COMTROL BOARD OR FLIGHT SOFTVA
DECISION FOR VISIBILITY JHPACT ESTINATE
2ol ™ 2.2 RE \.mme
| APPROVED DISAPPROVED ' /
r(:’f( ;

2.3 SOFTWARE CONTHEQOL BOARD QR FLIGHT SOFTWARE "

BRANCH SIGN OFF i
TATE ! P 7 i
) <AL A0
DU VLSRR LHEAGT EVALUATION: |
S SENEDULE TMPAGT 3.2 IMPACT OF FROVIDING DETAILED ECVALUATION I
4 }
fol LTORAGE IMPACT e HEMARKG, ! |
i
(A8 MIT COORDINATOR !
i
DATE \_‘
4.0 SOFTWARE COMNTROL 3OARD ACTION !
A INPLEMENT AND PROVIDE e 4.2 REMARKS e
f ROVIDE DETAILCO D QETAILLD APPROVED L
=N CHANGD EVALY. CHANGE ‘ !
i CVALUATION ;i
Sod :-m":’-w\(:sv;\, ,Hmw_u,.bn-i; OFF }
/ |
e L’ ’ o ¥ v o ~
ATE ’ R H
. ! N i
L

- A /15 VX b o |
5.0 ulT UETML‘D PnOG‘,m CHANGE EVALUATION 3
ve ! MIT CCORDINATOR §5.2 MIT EVALUATION {
TRATE ;
» _l‘
6. JFTHARE i L i
DETAILED PROGRAN O/ ;

e START OR CONTINUE DDISAPPROVED oR 570 Bl BEMARES ¢ o

L_l IMPLEMENTATION IMPLEMENTATION W
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O Begin coding immediately ' GS o onNLY

ACTION:

Program Supervisor's Approval:

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

B. GSOP Preparation

Prepare GSOP revisions for MDRB J. KLAwsu K/J CSHITH.
consideration v
| - ACTION:

D Technical Committee Meeting not requireAd.

D Technical Committee Meeting(s) held on
] Attendees:

C. KSC Testing and Checkout

Review for possible impact on KSC
testing and checkout ACTION:

D. Other Programs Affected-
O Review br corresponding changes in .

ACTION: .
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PROGRAM CHANGE

PREPARED BY: _J B, Smith
REQUEST No. /009

pATE: 12/15/70

ORGANIZATION:
MIT/CSDL,

CONTINUATION SECTION (REFER TO BLOCK NUMBER AND TITLE
ON PROGRAM CHANGE REQUEST FORM)

Program/Line
P12/Assumption 11

P12/Assumption 14

P12/200
P12/240

P12/355
P12/1402

P12/1530

P20/Assumption 10
P20/45

P20/1098
P20/1269-1270

P22/Assumption 4

P22/1187-1200

Name of Change
Exchange reference to R10 and Average-G
and cite exceptions in Assumption 7.

Removal of "R3-BLANK".

Change down-range speed from 5509. 5 to

5509. 3 fps. 509..5 &
_— .
Change down-range speed from 5509.5 to
5509. 3. fps.

Delete setting of vertical rise flag.
Insert ""Set RCS flag. "

"D from above' moved up to ''set deadband to
RO3 value." '

Delete reference to Section V.

Delete réference to Section V.

Change "Small apgle” to Shaft angle'’.

Delete extraneous zeroeé.

Add "Note: If VI5E is entered before

P22 is selected, V81E must be performed to

allow state vector updating. :

Correct the use of the verb "display' and
the nouns. "displays''.

TP#21812 -
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PROGRAM CHANGE | PREPARED BY: J. B, Smith | ORGANIZATION:
REQUEST NO, __/007 pATE; 12/15/70 MIT/CSDL
L B " ——— " — e m‘f’.“,,w—w,,m — 7 - - G 3 SRR R
CONTINUATION SECTION (REFER TO BLOCK NUMBER AND TITLE
. ON PROGRAM CHANGE REQUEST FORM)
P25/50 . Reset Rendezvous flag,
P32/110-150 | Put in TIG (CST) = 00000 so that it can be”
- eomputed if the as<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>