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

Luminary Project Memo No. 21 

TO: 

FROM: 

DATE: 

SUBJECT: 

Distribution 

R . ·A. Larson 

19 May 1971 

LUMINARY lE (210) vs. LUMINARY lD (178) 

I'm sure that the attached memo by Rom Gilbert deserves a much 

.wider distribution than originally given; therefore, to the world~ 



C.S.ORAPER 
. DlRECTOR 

MEMO TO: 

FROM:: 

SUBJECT: 

MASSACHUSETTS JNSTITUTE OF TECHNOLOGY 

DEPARTMENT OF AERONAUTICS AND ASTRONAUTICS 

INSTRUMENTATION LABORATORY FIELD SITE 

E~STERN TEST RANGE 

SERIAL: 71-6 

- 7' · A~ 

FILE: 
DATE: 

LM-10 Workbook 
9 April 1971 

R. O'Donnell 

R. Gilbert 

LillUNARY lE ( 210) vs Lill-UNARY 1D ( 178) 

- Pl2 

l. FLRCS flag (FLAGWRD9 BIT· 10) is set to Oat the beginning of Pl2. 
This flag need not be reset via DSKY if, during a. previous Pl2, ENTER 
was inserted on a flashing v99. It is still necessary to reset P7071 
flag (13F9) if P71 is called on surface prior to Pl2. 

2. ASCENT NOUN Changes -

J'!GUN 77 Rl . XXb:XX _ M/S Tl'OOO 
R2 XX:X:X:.X FPS VGY (BODY) was XXXX.X FPS YDOT 
R3 XXXX.X FPS VI was SPARE 

NOUN 94 Rl XXXX . X FPS VGX (BODY) was SPARE · 
R2 XXXX.X FPS HDOT was SPARE 
R3 XXXXX. FT. H was SPARE 

- P2X -

l. PRIO DISP laThp lights when an _internal PRIORITY DISPLAY is on the DSKY 
or waiting in the background if the DSKY is being used externally. The 
following are PRIORITY DISPLAYS: 

P20, P25 
P20, P22 
P20 

P22 

V50N18 
V06N05 
V06N49 
V50N72 
V05N09 ALJ\.RMS 501, 503, 51!~, 52'.J 
Vl6N80 
V05N09 ALARMS 503, 514, 525, 530 

The light is turned off by PRO, V32E, V33E, y31~E, V36E, V37EXXE, V56E, 
or hardware of software res tart. 

ADDR£8S ALL R[rLICft 1 r .o. DOX 11ou. KENl,IEOY SPAC[ CCNTEH, rl.ORIOA 
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- P2X Continued -

2. RENDEZVOUS NOUN change 

NOUN 49 Rl 
R2 
R3 

xxx.:x:x 
xxxx:.x 
:x:xxxx. 

NM DELTA R 
FPS DELTA V 

SOURCE 

was Rl XXXX:. X NM 

Nouns 49, 54, 78, and 90 now all have Rl scaled X:X:X.:X:X NM and R2 
scaled XXXX.X FPS. 

3. PGNCS/ AGS RR DATA TRANSFER - During R22, the LGC sends, via the down­
li st, RR RA1TGE, RR RANGE RATE, TRUNNION, and SHAFI' angles to the AGS 
and sets a code word called AGSCODE, also on the downlist~ to indicate 
the validity of the data as well as whether the data is HI or LO SCALE •. 

AGSCODE 20000 
57777 
l7777 

no new data 
new data - RR HI SCALE 
new data - RR LO SCALE 

Under normal operating conditions, new data is sent approximately every 
65 seconds. (See MIT/KBC Memo 71-5). 

4. V06N18 has been deleted from R60 t o 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 switch is not in LGC when Eis depressed on V50Nl8 , 
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 displaying RANGE and RANGE RATE in addition to the cycli c display, 
it ,rill be necessary to exit v83 when the range becomes less than 
400 NM. v83 could be recalled almost immediately. 

5. V50N72 following LOCK-ON in R21 now updates the RR TRUNNION and SHA.Fr 
angle displays in Rl and R2 every second. The V50 is "pasted" over a 
Vl6N72 monitor. 

6. If P20 is called pri or to P63, it is no lonser ne~essary to load the 
LR weighting function LRWHl, location 1315 in LUMINARY 210, prior to 
PDI. Thus, as long as the NOUPDATE MODE ( V9 5) is in, no reloading 
whatsoever is required . W-l'/iATRIX ini tj_alization destroys the descent 
targets if incorporation~ take place. 

7. P25 will control spacecraft attitucle even though the range to the CSM 
is greater than 566 NM. 

8. P22 will not flash V37 following the overhead pass of the CSM when 
RR LOCK-ON is lost. V37EOOE , for example , should be insertecl to 
terminn.te P22. 
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- P3X -

1. NOUN 81, DELTAV in local vertical coordinates , is displayed on all 
passes in P34(7l~) and P35(75). NOUN 59, DELTA V LOS, is no longer 
displayed during these prethrust programs. NOUN 59 data is calculated 
following PRO on V06N81 and is callable via DSKY. 

- P4X -

l. AUTO THROTTLE (CHANNEL 30 BIT 5) is assumed under conditions as 
described under P6X. Applicable during PGNCS/AUI'O and AUTO THROTTLE 
check just after R60. 

2. If the burn t ime calculated at TIG - 5 seconds is less than 6 seconds, 
the lWI'IIBOT flag (FLAGWRD5 BIT 12) is set. Previously the LGC would 
coIIID1and maximum throttle at zoomtime even though the engine was off. 

3. A V37EXXE prior to ullage comi'ng on will now prevent the LGC from 
connnanding ullage. (P40, 42, 63) 

- P5X 

l. ROD D'lPUTS are handled as . follows: 

a) AVERAGEG ON - Valid ROD input 
b) P57 or P52 (surface technique - V32E on V50N25 Rl = 00015) 

1.ffi.RK X if V52 flashing and MARK Y if V53 flashing 
c) P51 and P52 - ALARM 113 

2. R53 and R57 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. 
c) ALARM 107, more than 5 mark pairs, was deleted. A 6th MARK will 

. replace the 5th MARK. 
d) ALA.RH ll4, VJ.I\.RK 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 diagmmillustrates responses to displays in R53 for MARKING 
on catalog star. 

NOTE: In R59, if the V06N79 display of the desired CURSOR and SPIRAL 
angles are f or a detent other than the one desired? load V21NlE 
373E 32533 and then PRO . As of the date of this memo , this 
procedure hasn't been f ormally blessed for flight use. 

l. DESCENT NOUN changes . 

NOUN 63 Rl 
R2 
R3 

xxx:xx. 
xxxx.x 
xxx:xx. 

- P6X -

FI' DELTAH 
FPS HDOT 
FI' H 

was Rl XXXX.X FPS VI 



NOUN 68 Rl 
R2 
R3 

- . - . ... 

~ P6X Continued -

:X:XXX. X · NM HOR . RANGE 
XXbXX M/ S 'IGO 
:X:XXX. X FPS VI 

was Rl :X:XXX . X 

was R3 X:X:XXX . 
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FPS SLANT RANGE 

FT DELTAH 

2. Alignment option, V50N25 Rl = 00014, deleted . PRO on V06N61 results in 
R60 with l degree deadband. 

3. TRUDELH was added to the DESCENT/ASCENT. downlist . 

Word 3a, 3b 
Word 4a, 4b 

TRUDEIJf = HLR - HPGNCS 

DELTAH = HLR - Hpcrncs - RrERRAIN ( N63 Rl) 

4. LPD s caling is : AZJMlJ.I'H +lo was +2° 
ELEVATION :::_1° was- _"!}-/2° 

• 5. The slope in the LR reasonabili ty 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 . 

6. ABORT ( CHANNEL 30 BIT l ) and· ABORT STAGE ( CHANNEL 30 BIT 4) INPlJr discretes 
are not checked if BIT 1 of.location CHANBKUP is 1. CHANBKUP loaded by 
V22N46E 1 E ( llE if AUTO THROTTLE discrete is t o be backed up). Applicable 
during Rll. 

7. Al.J"TO THROl 'l'LE ( C'HANllJEL 30 BIT 5) is assumed if BIT 4 of location CRi'I.NBKUP 
i s 1. CHAH:BKl.JP loaded by V22N46E lOE ( llE if ABORT and ABORT STAGE to 
be backed up) . Applicable during PGNCS/AUTO and AUTO THIWI'TLE check 
just prior to V06N62 and during P66 . (Also P40) 

8 . ALT/ ALT RATE and FORWARD/LATERAL VELOCITY commands are sent from the LGC 
during AVERJI.GEG regardless of the position of the MODE SET....iECT switch . 
The DISPLAY INERTIAL DATA IHPUT discrete ( CHANNEL 30 BIT 6) is not checked . 
For ALT/PJ..,T RATE commands to get to the meters requires MODE SELECT 
switch in PGNCS and RlfG -ALT MON switch in ALT/ALT RATE. For FORWARD/LATERAL 
VELOCITY connnands to get t o cross-pointers requires MODE SELECT switch 
i n PGNCS and RATE/ERR MON switch in LDG RDR/ CMPTR . 

9. V57E results in a flashing V06N63 display .while V58 results in a static 
V06N63 display during P63 . 

10. The polarity of the LATERAL VELOCITY cross -pointer usin~ data sent via 
the WC is reversed . This is a hardware cha.nge . 

- P77 -

1. P77, LM TARGEI' DELTA V, updates the LM state vector if, for instance, the 
LM performs a burn without AVERAGEG on . In P77 , the NOUN 33 display is 
f ollowed by the NOUN 81 display as opposed to the NOUN 84 in P76 • . 



Page -5-

1. ALARM 1520 res~ts if V37EXXE is inserted during 

a) I SS CDU ZERO following V40N20E . 
b) Vh7 is performed in program other than Pl2 , P20, P22 , P4X, P5X, P6X, 

P70, and P71 and ISS CDU ZERO is in proGress . 

The I SS CDU ZERO routine in these cases takes 10 . 56 seconds . .ALAruv11520 
result s if V37EXXE is inserted, as in pre~ious LUMINARY releases , dur ing 

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

- VERBS -

1. V30 or V31E with Rl of NOUN 26 = 0 results in OPERATOR ERROR . NOUN 26 now 
uses unshared erasable l ocations 2371 , 2, 3 . NOUN 26 is l oaded with V25 and 
di splayed with V05 ~, 

2 • . ·v35E no,-r l ights the PRIO DI SP and NO DAP l ights on the DSKY . (BITS 1 and 
2, respectivel y , of DSPI~B +l lD). 

3 . V41N72E while a REMODE or REPOSITION is in progress will result i n the 
routine delaying the V21N73 display until the REMODE or REPOSITION is 
complete . A second yl~UT72E in the belief that the first one did not get 
in will result in OPERATOR ERROR . V4lllf72E may be inserted, without an 
i ntervening v44E , after PRO is inserted on the V04Nl2 Rl = 00006 display. 
RAV.110DES , location 110 , BITS ll+ and 11 indicate that a REMODE and/ or 
_REPOSITION is in progress (VlJJUE llOE) . Pati ence . 

4. V4~-E plays the same REMODE/REPOSITION game as V41N72 inasmuch as waiting 
f or the completion of the REM.ODE or REPOSITION. Additional Vl+4' s ~rhile the 
routine is looping will eventually lead to ALARM 31202 although no OPERATOR 
ERROR wil l result . A v44E while no other displays are active on the DSKY 
will result in the DSKY blanking when the routine has terminated a 
CONTI NUOUS DESIGNATE presently running . V44E is not necessary if a V41N72E 
i s t o be inserted immediately thereafter . v44E is also not necessary if 
the RR MODE switch is in AUTO TRACK or SLEW and/ or the RR CB 1 s are pulled . 

5. V47E - The !WDO flag _ (FLAGWRD2 BIT 1) is not set so V37EXXE may be ca l led 
prior t o the V50N16 display, usually when downlink is received by AGS , 
although ALAR111520 results if called during the ISS CDU ZERO. 

6. v 48E has vol~N1~6 dj_splayed instead of V01N~6 . R2 
containing the back-up flags for DESCE!'!T . It is 
location to 00000 when new ropes are installed . 
to load NOUN 46 , CHANBKUP i s on all downlists . 

has CHANBKUP , the location 
desireo.1)le t o l oad t his 
v48E need not be called 

· ( See P6X) 

7. V56E was recoded so that it can perform_ properly if it is necessary t o call 
i t again if it was interrupted by a RESTART . 
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- VERBS Continued -

8. V57E - Sets LR UPDATE flag and results in static V06N63 display in P63. 
V57E has no displays associated with it . 
V58E - Resets · LR UPDATE flag and re sults in flashing V06N63 display in p6l~ . 

9. v63E - NOUN change 

NOUN 78 Rl XXX.XX 
R2 XXXX .X 
R3 XXbXX 

NM RANGE 
FPS RANGE RATE 
M/S TrarIG 

was XXXXX. FPS 

The RADS.AMP routine calls itself using the word ADRES rather than CADR 
which caused problems in the LMS but not in the LGC. 

- DAP -

1. NO DAP lamp lights when 

a) , PGNCS is in PULSE MODE, ATT HOLD and V76E. 
b) PGNCS MODE CONrl.1ROL switch is in OFF position. 
c) ]}ill 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. 

2. DAP conttnues to function and FINDCDUW, powered flight steering routine, 
issues connnands if input discrete from GUID CONT 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 t he coordinate frame for the thrust direction filter . 

· b) The DA.P will reinitialize when the GUID COTIT input discrete indicates 
PGNCS. 

3. CH51'11\SK and CH6MASK (locations 1257 and 1260), RCS JET INHIBIT flags, are 
on the Coast and Align , Rende zvous and Prethrust , and Lunar Surface downlists. 
They are not on the AGS Initialization and Update, Orbi t al Maneuvers , and 
Descent/Ascent downlists. 

4. All MAJOR MODE changes and RESTARTS (hardware and software) set up a · 
1/ACCS job! 

5. The ATTITUDE ERROR needles will be reinitialized when the PGNCS MODE CONTROL 
switch is switched from OFF. The ATTITUDE ERROR needles previousl y were 
reinitia l i zed when the DID became "usable" but not when going to ATT HOLD 
or AUTO from OFF. 

6. The rnass -d.cpendent calculations in 1/ACCS were updated for the DESCENT 
confj guration by chang:i.ng various "constants ." The addition of the Rover 
and associated enlarc;ement of the DPS tanks in LM 10 caused appreciable 
change in the mass properties . 



- D.AP Continued -

7. The present bounds on the ASCENT and DESC'ENT masses are 

HIASCENT 
LOASCEHT 
HIDESCElVl' 
LODESCEHT 

R03 
R03 
1/ACCS 
1/ACCS 
l/ACCS 
1/ACCS 

minimll1Il unstaged mass in Nl~7 
minimll1Il ASCENT mass in N4 7 
maximum ASCENT mass 
minimum ASCENT mass 
maximum unstaged mass 
minimum unstaged ma~s 
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14,462 lbs. 
4,850 lbs. 
8,858 lbs.min.(E-load) 
4,850 lbs. 

36, 817 lbs. 
5,604 lbs.+ HIASCENT 

8. If inhibit X-AXIS override is removed or the PGNCS MODE CONTROL switch is 
moved t o ATr HOLD after previously ·been moved from ATT HOLb t o AUTO before 
the MANUAL HATE CO.Ml-1.AND has properly terminated and while X-AXIS override 
is inhibited, no unexpected jet firings will occur about the YAW AXIS. 

9. A hardware or soflvrare restart durii;i.g a:::i. ISS CDU ZERO, except the V37EXXE 
which results in ALARM 1520, requires that the ISS CDU ZERO be again 
executed, V40N20E, t o re-enable the DAP. 

- MISCELLANEOUS -

1. Constants in fixed memory were updated for the 1971-72 year. These are 
the locations that must be changed on Ll-18 when running with previous load 
tapes. 

AZO (2) STAR TABLE (222) KONMAT ( 8) 
BDOT (2) RATESP (12) 
NODIO (2) VAL67 (12) 
NODDOT ( 2) 
FSUBO ( 2) 
FDOT (2) 

CSTODAY, the number of centiseconds in 24 hours, was rescaled from B33 
to B32. 

2. .ALMCADR and ALMCADR +l were placed on the AGS Initiali zation and Update, 
Rende~vous and Prethrust, Orbital Maneuvers, and. Descent/ Ascent dmmlists . 
V5N8E displays these quantities in Rl and R2 . Rl contains the address _and 
R2 .the ba.nlc information t o indicate where the ALARM originated in the 
program. 

3. A POODOO will turn into a BAILOUT, .ALARM code remains same , ·if location 
EX.TVBA.CT indicates that an EXTENDED VERB may have caused the ALA.RM . If the 
ALA.RM then returns, the POODOO logic will be executed . 

4. A POODOO A.I.J, .. RM , not caused wM.le an EXTENDED VERB is running , will now clear 
the RENDEZVOUS ( TFO), TRACK ( 5Fl), and P25 ( 9FO ) flaes . This prevents the 
possibility of P20 being requested but not executed . 

5. Gyro torquing is not performed, or is terininated if presentl y torquing , if 
the I SS is in CO/illSE ALIGN or being CAGED . . 
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R53 

VOl i\l'l 
Y.A.".K X ?. l OOX:;'i -
1-:;_-:::,c y J.:U.~-t :l2 b::.o.:-.'< 

X DETEI-T CODE 
YY STA., CODE 

!'~=--~ RE.J 112 R3 bl:i.r_'{ 

I. 
.:., 

v5:. m r....:.s,u:;c; 

P.C::i 

,.:,;.:~.:< y 
1,J\? .. 7< ?ZJ 
RC;) 

),'.;._-::;_,c :X ( :l2) A•l !::.c:-e:::e:rt B :!3<5 
. (?.3) C=O . -

J..-0 
C=l I::.cre=ent D D_!5 

!-'.=i:.s a : ter 5th re;;,la_ce 
5~~ ::n:it. 

11...\:'.K ?.z.1 ( ?2 & ?.3) i~ A2 CmO 
J..:a.-:::i :U.5 

(?.2) I!' A=l , 3>0 
dec:-e=e::t B 

(F.2) If ,\=l , 3=0 
/,j_s:= ll5 

(?.3) If C=l, t>O 
::"=:-e::e::t D 

(?.3) I~ C2 l , ~~o 
h:..L-:: ll5 

~'.A:Y. n;,.:;. ?OR lS':' S-..A?.0~'(. 
~ r:.:?2.z:.::::L"'f !'A"=.:C!~ 0~ 
z::i s~-; 

DATA::; 

0 

LOAD - OCTAL 0!;!.Y 
K\J3T LO,\D DES~.E.) DETE!'."'i' 

CODE li:E!B . 
V34 0:1 ,\:~ R53 FLASXIN, 

DIS?:::..AY ?.ESt,1,TS DI 
FI. 37 

ALA?~-! 
112 

vo6 ;137 
:u + :o:x. :c,:o :..:z. 
P.2 +X:XX.xx° EL 
P.3 i:::.c.::k 

p 2 

v54 :171 
Rl cc;::·1 
P.2 ;.00::,3 
?.3 coco:, 

E 

P57 

LOAD-D:C:CD'.AL 01\LY 

IKIT!ALL 
R2=R3~ 

P52- S'i.J?.!:'AC£ T:sC!i,:IQt::=.: 
V32E 0:1 V50 ,:25 

Rl 00015 

X D~E::T CODE 
YY S~AR CODE 
A, C }'.,".:"'.K REJ ?OH. ~ 
:3,D X, Y ~'.P-'l..'<S 
n;:,:~y , F.2=R3-

s.,1IT::! ?-:.ARK 
RSv~CT ?O! H"!'IB 

If A•l , .hen 
A20 & Ccl 

If C=l , l:e:i 
A~l t.: C=O 

V52 N'(l F'd\3llING 
llJ'JU( X 
~:t,R.'< y 
ROD 

V21 N79 
Rl :illn!'\k 
R2 :Slu:-.k 
R3 31:::1.'< 

no 

vo6 N79 
!U+XY.X.XX ~ c~sor 
R2 blc.r.k 
R3 Bl.an:< 

V52 !,71 
Rl OOY:fY 
R2 l OCOB 
R3 OOOOD 

V50 :-;25 
Rl 00016 
R2 OOOOK 
R3 blo.:t.'< 

V53 N71 r:'U..3HING 
?-J\..C,.K X 
}'.J\R.'< y 
ROD 

V22 N79 
Rl ll:!.c.:1.'< 
R2 Blar.% _ 

vc6 ~9 
Rl bla.!1k 
R2+X:0:,Y.:\'° S;;,iral 
R3 'Jla.."l.k 

KEY REL 

V53 N71 
Rl COYT£ 
R2 OOOOB 
R3 10.:xJD 

;1J,P.K :x 
!-~\.".JC y 
?'.A.!l:~ REJ 
RCD 

ALA."1✓• 

112 

LO,:Jl - D:S::I:-'..!.L 0:-1,y 
E:;.o - C? 2.~c~ , t!:?::..\Y rz-:A.r:,s St.!-:E 
PP.O - tiSi::S Fi'.Z.3::::::' :;-r9 DI'~ 

IF Il:.'~T::IT !·:A!'.'<, DO 
_;! ?~() P~O ?•~:....0 ..?C !",2,..T 

!'l2-'< X 
!,'.J..?Y. y 
l•:t.?.:{ P.3.J' 
?. OD 

Il'..AD Ccr>.:IBCT D.\::A E:E?.E IF !:!COf.!-ECTI.Y 
LCAD:;:;J A3':ll7. 

E::'I::3 - KEY !'Zt l.!G!;'! 1-:r:.".d D:rJ.. 
r;; Rl , R2, A:.O R3 

:x DE::'::\"7 co:i::: 
YY ST"'-~ CO:JE 

:S Y. W.?~•.S 
• D Y !-'.:.R:.S 

REJECTED IF - S"'..A."'. vi tl:in 2° of ACJr OPTICS J.XIS 

ALAFJ,! 

ll2 

STJ..."'. ·greater tho.::i 25.5° f'l:o: Ar:r. C?'rICS A."G:S 
NORE t!-.s.::: 28 1 terc.t!.o::s ret;.:.:.i red to co:iverge to 

soli:t!.o:i 
SIG:! OF l'I'ERJ..'.rION S'!Z? che.::.:;es =ore t::= o:iee 

- NU-m:::R PAIRS P.EJECTEO 

PRO - ro:,o?.E ?.AD PA!?.S 
DO xar BO IT ~ PAIRS R.EJ::C:~ 

Noha= do=.e u::.less PRO on vc6 1193 




