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"G" Descent Aborts 

1. MIT feels that pipa bias can be corrected (by ground monitoring 

and subsequent compensation adjustment) to an accui~acy of about 

o. 003 ft/ sec 2 • This number, · rather than a 3if'value, s ho~ld be used 

in error analysis if MSC agrees to this compensation update phil­

osophy (i.e., always update). See enclosed STG me.mo #1347 by 

G. Edmonds. 

2. Gyro drift, particularly y axis, is a predominant descent/ 

ascent error . source (along with the pipa bias mentioned above)_. 

A proposal for reducing the uncertainty in our knowledge ·of this 

drift rate prior to PDI is outlined in the enc-losed STG memo #1349, 

by G. Edmonds, dated. May 22, 1969. Basically, it involves AOT 

sightings on the sui:i via P52 and 13ubsequent comparisons of actual 

and desired attitudes. 

3. An alternate to the present docked PGNCS alignment pro-

cedure is described in the enclosed APM #49-69 by R. White, 

dated May 16, 1969. The method is independent of knowledge 

of the r elative orientation of the two navigation bases, and is 

possibly more accurate than an AOT alignment. 

4. The enclosed Luminar.y Memo #81, by D. Eyles, reviews 

the landing guidance dependenc_e on a nominal landing site plat­

form alignment. Deviations from this nominal of up to 5° a1~e 

seen to pose no problems. 
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5. Can control be switched from AGS to PGNCS during ascent? 

- -
Ans. Yes! P12, P70; and P71 -must be properly initiated at 

. -
the outset of the asceht. Also, if the AGS t,argetting differs 

from the PGNCS the associated transient must be tolerable. 

6. PDI and post -PDI -(no ignition obtained) aborts will utilize a 

P30 / P40 burn sequence. Can the P30 abort t:::.. V's and TIG be 

loaded prior to P63 execution without subsequent overwrit_ing? 

Ans. The !:::.V's (N81) can be, but the TIG (N33) will have to 

be re-loaded. 

7. The post inse-rtion (P_12, P70, or P71) N85 residual velocity 

display will continue. to be upd;1t~d after shutdown. (i.e •• guidance -

is continually trying to satisfy the cut - off conditions even though 

the S/C is moving towards apolune). - -Therefore, residual trimming 

should be done immedia_teiy or this display will become misleading. 

8. In P12, P70, and P71 the RR self track enable bit is cleared 

when the program (average G) is ter:minated. The re~ore, unless 

another system is controlling the radar. the no track light should 

come on. 

9. An on-going error analysis effort is presently being conducted 

by B. Kriegsman (Descent) and R. White (Descent aborts and Ascent). 

Included in the analysis are the effects of individual error sources 

such as initial platform misalignment, pipa bias etc •• initial state 

vector uncertainties, LR uncertainties, terrain variations, etc. 

Of particular interest is the determination of a velocity difference 

(vs 1\/ISFN) crite rion that represents a failed PGNCS. Mission 

Simulation 1\/Iemo #11-69, by B. Kriegsman, dated 1\/Iay 12, 1969, 

summarizes the initiai -descent work. Due to its length, it has _ 

not been addended> (though it has been distributed under _ separate 

cover). 
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10. A premature DPS fail~re after an abort (a double failure), 

followed by execution of an abort_ stage will result in an APS burn 

which utilizes a cut-off velocity calcl!lated via the DPS rather 

than the APS "VHF" polyn_omial. What errors. result at orbit 

insertion? 

Ans. This 4a!s an insignificant effect if aborting from hover. 

At intermediate points in the descent, where the effect is 

greatest, a horizorit~l cut-?ff velocity error of approximately 

10 ft/ sec results. 

11. T'he ascent programs (P12, 70, and 71) have two thrust level 

thresholds: a very low level which, if not exceeded, will trigger 

the thrust fail routin·e after 10-12 secs, and a higher level (cor­

responding to about 60% DPS thrust) which must be exceeded · 

before ascent stee.rihg replaces ·attitude hold. Actually, full 

thrust is requested tw°ice, both befor-e and after auto throttle 

is requested by the LGC, -then ste_ering will commence if the 

60% DPS acceleration threshold is exceeded. 

12. Pre-PDI _aborts for t~e "F'°'. mission were designed to utilize 

P40 and the AGS; -An alternate technique, utilizing P70 and/or P71, 

is outlined in the enclosed AG#114-69 m emo by G. Cherry, dated 

March 3, 1969. (Currently, this alternate has been abondoned. 

If resurrected,MlT has some new reservations concerning its use}. 

MalcoJm W. 



MIT/IL 
Apollo Guid ance and Navi gation 

·Sys l e rn T es t Group Memo No. 13 117 

To: A. L a a ts 

From: G. P . Edmonds, Jr. 

Date: 15 May 1 969 
. . . . 

Subject : L M PIPA Bias Measure m e n t Before Luna.r Landing 

R e fe rence: 1. Mission Simulation Men-io No . 11 -69., by B . Kriegsman, "Effec t 
of IMU e rro1~s Du~cing DOI arid PD on . Powered Landing PGNCS 

Perf orn1ai1ce " · · -

Introduction 

_ R e fe rence 1 s hows tha t the X and Z accele romete r bias a re critical p ara­

m e ters in the lunar _l and.ing performanc e , and s o 2.~1 infl i ght measurement is 

d esired. This memo will es"timate ho\V accurate a meas urcmc rit can be a cbiev~d 

(b ase d on data from .Apollo 9) ai1er make recomni:end a t-ions for Lun a r L ai1ding 

flights. 

Analys is of D a ta 

Table .I i s the accelerom e te r da ta t a k e n . from the ·L l\I_3_duri.ng Apollo 9 a nd:gives 

c alculated biase s. The d a t a was obtaine d on the grounq from the dO\,Vnlink . The 

sta nd a rd deviation of the measured x· ac celei'omete r biase s is 0 . 03 cm / sec 2, 

and the Z accelerometer is . 012 cm/ sec 
2 

(1) A var i e ty o·f measurement times · 

from 180 s econds to 289 0 seconds were use d and the re is n o _indication of de-­

graded accuracy a~ the shorter times . It i s ass ume d that this data ·was taken 

during times of no HCS thrust firings and l ow (near orbital) spa cecraft rot a tional 

rat e s . 

It is apparent tha t the Apollo 9 accel erorne t e r bi a s w a s accur ately me a s ured, and . . . 2 
so the corn.pcnsat ion could h ave b een up dat e d ·with an a ccur a cy of 0 , 03 cm/ sec 

ort a l e- b asis . S imii. ar r es ult s s hould b e e::.:pe ct c d on lun a r landing flights , if the 

uncomp e nsated bias e s m e as ured 2J·e ab out the s ame as those ex i s ting in Apollo 9 . <
2

) 

This results s hould be che cke d 2..gai.n on th e Apollo 10 LM. 

( 1) . 
Th e _Y ~ccclerom-c le r. bias s t a ncbr.d devia tion vrns a l so calcul a ted to be 0. 023 
cn1 / sec . . -

<
2

> If l a rge bias0 s exist , sorn.ewh a t l a r ger mc c1.SUJ' e mcnt errors for s hort 
me as ur e m e nt tirnef; c ~ 1 be expec te d. Til e 2 J\by 19 G9 L l\15 v?lu~s a r c : x 0,. 08'," _. 
y =+ . 17, z =. 0_0 crn / scc, ::rn d th cx avcr;-,__r~e unc:omrc nsatc cl b ws 1n J\ nollo 9 was 
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R ec ommend a tion (3) 

The follo wing ground proce dure is reco mmended for lunar l anding fli gh ts(~>. 

1. All.ow 30 rn i.nutcs for temp e r ature stabilization after operate powe r i s a pplied .. 

2. Make thr e e measurements of X and .z accelerometer bi.as during tim e s wh e n no 
. . . 

RC S j e t firin gs are t aking pla ce ·and wh e n f; / C rates are low (about orbital 

rates ). The m eas urement s a re made by" re ading the PIPA counters and LGC 

time on the downlink a t two times separated by 18 0 seconds or more. The bia s 

is then c a lcul ated by the fo1~mula : 

B
. ( / ·2) ch ange in coi:1ten t s of PIP A. coui1te r (pulses { 5i 
1as crn se c .. = ---- (GT 

time diffe r ence (secs ) . 

· ·3. Each m easurement .s-houlcl diffe1: ·i;y l ess. th ~n 3 ,} or: O. 09 cr..·!/ sec
2 

from tlie 

average . If a great G1' cl5.ffei'ence is n_o ~e d add_i tion al measurement's s ho_uld 

. be made until confi.cler:ice exists tl:i a t a goo d average h as b.een obtaine d . 

4 . Upd a te x· and Z ae:c_e l e1'0rnete r compensation to the ~verage v2.lue if it differs 
. . . . - -2 
from the pr e l aunch lo ad by more than 0. ·03 cm/ sec ·, This update w ill prob -

abl y b e required . (Ah;ays upda ting a t this -p~int ) s 8:cc eptabl e to simpljfy procedure 

5. Continue to monitor the bi as vrhen pr a ctical and ur:idr1.te again if three meas ure ­

ments indic a t e a change h 1 _bias of O .09 -cm/ sec
2 

or m ore. These upd a tes prob-

abl y will not .be r e quir e d . (o: 09 crn / sec 2 is the e x i sting update criterion) . 

J.3) Th_ese reco mrne:ndation s appl y to the X ·and Z accelerome ters . The Y bia s 
s hould al s o be measure d and upd ~1.tc d, an cl it would be reas ona ble to update with 
th e same cdtcdon aHho21gl1 t1pdating only if the bi~s _ exceec cls the ex isting 
criterion of 0. 09 cm/ se c w ill meet tb e requireme1\lS . 

(4 ) The i.nfli. ght ~s tronau t procedure could b e use d but will g ive recluc ed accuracy . 

(5 ) Coa? t and al ign clmvnlis t ,vords 7?b and 7 8b changes 

(6) Coas t and align clo,':nlis t word 51 change 

GPE / ck 
::,0 

Di s l r ibution: 
D. DoL:tn G . Cox 
MIT·at KSC / 1VISC / I.-v.L\R/G1\EC R . Lones 

TI . Sherid an G . Gilnwre 

-~~~(--.__- ·~~.~-_[:~ 1:=;1.:~· ~~7~.~-./ _.; )C~ 
G. f> . Edmonds , Jr . ------
Sys tem T es t Group 

E . Grc1.ce 
J. Reedy 
M. J ohnston 

K . K i.do 
P . · Sardi 
N : Scar,s 



PIP A Counter Contents 
Uncomp . _Uncomp . Un.comp . (No compensation r unning) 

From To Calculated C alculate d Calculated Sample X y z Remarks 
GET GET Bias Bias Bias Time Count s Counts . Counts 

X 2 
y 

2 z 2 sec 
c m/sec cm/sec •cm/se c 

47 :44 :.00 47 :47 :00 +0. 36 - 0. 045 +0 . 015 180 . · 452 / 518 . - 60/ - 68 34/37 

47:44 :00 4_8: 01: 12 +0 . 33 - 0. 037 +0. ·016 . 103~ 452/835 - 60/ - 97 34/+51 

48:14 :00 48 : 24: 58 +.36 -. 016 0 6 - o ;)u 1120/136 0 - 112/ - 125 64/65 

91 :07:44 · 91:22 :03 +.33 +.· os +.·015· 859 436/684 66/107 26/39 

91: 07 :44 91 : 55:5 9 + .. 32 + . 056 + . 01 . 289 5 436/1291 66 /215 · 26/ 56 

94 :46 :03 95 :01:15 + . 28 + : 07·5 -. 00_3 ~12 101/375 24/92 - 3/ - 6 

97: 09 :~3 97:15: 49 +.31 +. 054 -: . 016 366 295/182 66/46 - 18/ - 12 

100:21:03 +;297 + . 082 · -. 017 1436 1897 / 2324 509 / 627 - 64 / - 88 

TABLE I 
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To: 

F r om: 

Date: 

Subj e ct: 

R efe rence: 

In troduc tiori 

Dis tribution 

G.P. Edm ond_s ,Jr. 

22 May 1969 

LM Qyro Drift Check B e fore PDI Using a Sun Sighting 

1. Mi ss ion Sim ul a tion Me mo No. 11-69, B ernard A. Kriegsman 
E ffe cts of IMU Errors During DOI and ·PD on Powered 
L a ndings PGNCS P e rformance. · · 

2. P reliminary Apollo 11 Flight Pl a n 15 April 1969 
3. APM 49-69, R. White, A Proposed IVIe thod of Fine Align-

m e nt Whe n the LM is Docke d to the CSM · 
4 .. MSC Memo No. 69-PA-T-78A 

R e fe r ence 1 s how s tha t unccmp e nsated Y gyro drifts_ of 0. 5° /hr (33 m e ru) will 

c a use an unsatisfactory lunar l and°ing. The r efo re , . it is de.s ir e d to m ake a 

m easureme nt of this p arame te r b e fore PDI eve n though gyro r e liability is good and 

MIT would not conside r a drift mea s urement _es s e ntial. 

Th is memo will discuss using a partial alignm e nt c h eck b efore PDI based 

on a s un sightin g follow ing the pre - DOI AOT P 52 to ob t a in a drift m easure ment. 

Proposed Method 

The proposed method is to comp are the LGC compute d IMU g im bal angles to 

point the AOT at the s un to those actually r e quir e d. The cliffe r e_nc e is a meas­

ur ement of misalignme nt error a nd is tr an s formed to gyro axis and divided 

by time since the pre -DOI alignme nt (about 1 hour) to obta in gyro drift. 

The deta iled proce dur e by R. L a r s on is a s follows: 

1. Call P52 

2. V04 N06 

. R2 = 3 (REFSMMAT) 

3. V50 N25 

00015 

E NTR (STAR ID = .0) 
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4. V0l N70 

XX546; place AOT in rear de t e nt 

5. V62E 

6. V50 N18 (R, P, Y) 

7. V06 Nl 8 (Auto M aneuver) 

8. V50 N18 (R, P,. Y) 

9. Key V0G N20 

10. Go to PGNCS pulse 

11. Center target v e rtically 

12. Key ENTR a s t a rge t crosses horiz onta l r e f e rence line_ in AOT 

13. Record Rl, R2, R3 

14. Repeat s teps 1_2 a nd 13 two times 

15. V37E00E 

16. Ground tr ansfQrm ·gim.ba l an gl e s from ste p 13 (ave r age value s)_ a nd 

· s tep 7 to angle s about gyro ·a x is and compute gyro dr ifts. 

Error Analysis 

No information on :misalignme nt c a n b e obt a ined abqut the L OS to the sun (ne ar 

Z ) how e ver the follow ing table s ho,vs e xpecte-d error s on a ny a x is p e rp ~ndicular 
sm . 

to the sun LOS .(i.e., X .or Y · approxima tely) 
sm sm 

Error Source 

B a sic AOT inflight overall 
a ccuracy 

1 r;· Error per Ax is 

0.025° 

0.05
0 

Additional sighting error . 
due to sun dia m e te r of 1/2 deg. 

Error from pre vious P5.2 0. 025 
which will effe ct this drift · 
m easurement. 

Gimbal angl e bit size. 40 
sec for· each time read 

RSS= 0. 064° 

D a ta Sour~e 

A G 472-67 

G. Karthas estimate 

STG 1327 Rev. 1 

The rss tot a l a lignme nt e r r or is 0. 03 4°1 er . T his give s a dr ift u n c e rta inty; 

assuming 1 hou r b ·e twe e n .the s un m e a s ur eme n t and the p re DOI al i gnme nt, 

of 0. 064°/hr 1 0·. or 0. 19°/hr (1 2 me ru) 3 CT 
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Recommendation 

Work should be continued on other methods s uch as that in Reference :?or a 

complete P52 b e fore PDI if stars a re found to be available. Lim its on t.he results 

of a drift measurement s hould be set a s a compromise between the following 

obje ctives: 

1. Low probability that a gyro is 11broken". 

2. Low probability of not l anding wh ert system is actually good. 

3. Low probability that uncompensated drift is near or above 33 meru. 

Reference 4 suggests the mission rule that if mis alignment exceed·s 0. 25° (17 meru 

drift since pre DOI alignment) then PDI is delayed 1 rev., and another P52 is per­

formed in the dark:_This criterion is about the optimum compromise to meet the above 

obje ctives and shouicl 'be used. If this se_cond P 52 is used ar,d the indi~2.tions are that 

there is a stable drfft the compens_ation should be upda ted and the l anding made . 

. 
,:,The ideal situation would be to: 

(1) use the m e thod of r e ference 3 at th e docke d ·alignment 

(2) measure drift and p e rh aps upda te compensati_on aft e r the pre-DOI P52 

(3) verify the re s·u1ts of (2) before PDI with the s un sighting method or a complete 

P52 if possible. 

GPE/ek 
Distribution: 
D. Dolan 
MIT at KSC/MSC/NAR/GAEC 
E. Grace · 
G. Cox 
J. St. Ama nd 
K. Kido 
A. Laats 
R. Lones 
V. Megna 
W. Prince 
J. Reedy 
P. Sarda 
R. Sheridan 

G. Gilmore 
M. Johnston 
R. White 
G. Cher.cy 
R. L ar s on 
K. Goodwin 
P. F e ll eman · 

.:_·. " 0 ,1 -' 
•-%c' C: .~P f/.. ,- <'""1:.. )yz/h-·, /42 11v 

/ · . - ' 
G. P. Edmonds, Jr. 
System Test Group 



/ 
Mass achusetts Ins titute of T echnology 

Ins trumentation L abo rcitory · 
C ambrid ge , Mass achusetts 021 4 2 

APOLLO P ROJEC T MEMORANDUM # 4 9-69 

TO: Dis tribution 

FROM: Rob e rt White 

DATE: 16 May 1969 

SUBJECT: A proposed method of L M IMU fine alignmenf when 

the L M is docked to t h e CSM . 

I. I ntroduct_ion 

Recently I pr0posed to Bill Tinda ll a method of LM IMU fine 

alignment during the LM - CSM clocked state which is totally independent 

of the knowle dge of relative orienta t ion of the LM with resp e ct to the 

CSM as l ong as the relat ive -orie ntation remains fixed during attit ude 

cha nge s of the docked configuration. In othe r words , this method , 

unlike the present _one b e ing used, is independent of the structural 

alignment errors assoc ia t e d with the CM and Ll\JI docking rings , nav­

i gation base m o unt ing s urfaces , etc. The I MU ali gnment a ccuracy 

obtainable with the proposed method seems to be bette r than that 

obtained by s i ghting on· stars with the AOT. The method cons ists 

of reading the CSM and L iVl IMU CDU angles at three different but 

s omewhat arbitrary attitudes of the docke d configuration and us i_ng 

this data to determine the gyro torquing angle s ne eded to pe r fo r m the 

fine a lignment of the LM IMU. It is · assumed tha t the CSM Il\JIU orient­

ation with respect to the ~asic Re ference Coordinate Syste m is known 

and, as a matter of ·convenience, repres ents the desired orie nt ation 

of the LM IMU. The a ttitude cha nge s r e quir ed in order to obtain the 

three different a ttitudes of the docke d configuration may be executed 

by ~ither v ehicle (preferably _-che CSM) and could conce iva bly be those 

a l ready b e ing performed fo r some other purpose such as l andmark 

tracking. Probab ly the b est way of impler:nenting this m e thod a t t he 

present time is to pla ce 'che desire d CDU data on downlink and have the 

earth compute a nd send up the r e quire d gyro torquing angl es . 
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· II. General Description of Proposed Method 

The basic a pproach usec_l in the proposed method is somewhat an­

alogous to that used in the 11\IIU Realignme nt Program (P-52) in tha! two 

known directions in inertial s pace are obtaine d both with r~spect to the 

present and de s ired ~M U Stable Member Coordinate ~ys tems. The two 

directions arbitrarily denoted as A and B can be r e presented in the two 

coordinate systems as shown in Figure 1 where !!A a nd !!B denote the_ 

unit vectors for the directions A a nd B in present s t able member co-
. . 

ordinates, and_!!~ and _s~ are the unit vectors for the corresponding 

directions in desired stable member coordina tes. With these four 

vectors it is pos s ible to compute the orientation of the desired IMU 

Stable Member Coordinate Sys tem with respect to the present one 

and thereby determine the -gyro torquing angles required to drive the 

IMU to the des ired o_rientation. In Program P -52 , the v ectors ~A and 

~ B are obtained frorn ?ptical sightings on t wo celestial bodies _A and B -

(usually stars). and ~A and ~B are obtained from data s tored in the 

computer or loaded by the astronaut. The r e is, however. not hing 

magical about using onli celestial bodies for this pur pose as clearly 

shown in the Lunar Surface Alignment P r ogram (P- 57) where the 

directio_n of lunar gravity is s ubstitute d for a celestial body. The 

main goal is to simply obtain two directions in inertial space with 

respect to the present and desired IlVIU Stable Membe r Coordinate 

Sys t ems. 

In the proposed method the two directions (A and B) are the 

dire ctions of rotat ion of the docked configuration with respect to 

the CSlVI and LM IMU' s when going from the first to the second 

and from the second to the third attitudes. It is .assumed that the 

CSM IMU has already b een align ed and represent s the desired 

orie ntation of the LM IMU. 
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What is m eant by a directim of rotation is the follo_wing: When a 

vehicle chan ges attitude the orientation of its navigation base with res-
. . 

pect to. its inertially fixed IlVIU stable memb e r also changes. If the 

orientation of the navigation base axes with respect to the IMU Stable 

Member Coordinate System is determined for two different attitudes 

of the vehicle, a directicn of rotation can be computed in IMU Stable 

Member Coordinates about which the navigation base axes can be 

rotated from the fir s t to the second orientation. This direction of 

rotation is a function orily of the two orientations of the navigation 

· base and does not depend on the m anner in which the orientation is 

changed wh en going from first to the second orientation. Likewise, 

if t wo docked vehic_les containing IMU' s ~re placed at t wo different_ 

attitudes, a direction of rotation can be established in each vehicle 

for its navigation base with respect to its IMU. In this latter case 

it is apparent .that the direction of rotation in each vehicle will have 
. . 

a common direction in space. This method of determining a common 

direction in space with respect to two IMU' s is therefore analogous 

to determining the direction to a star in both the present and desired 

IMU Stable Member Coordinate Systems. 

To obtain t wo directim s of rotation in space with respect to the 

CSM and LM IMU Stabie Me mber ~oordinate Systems, use is made 

of the IMU CDU or gimbal angle·s recorded in each vehicle for each 

of three attitudes of the docked configuration. For each set of IMU 

gimbal angles, recorded in a given vehicle for a given attitude, .a 

matrix [sMNBJ can be computed as follows: where IGA, MGA and 

OGA denote the inne r, 'middle and outer IMU gimbal angles res­

pectively: 
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[ cosIGA 0 - -sinIGA 

l 0 . 1 0 

s inIGA 0 cosIGA 

(2) 

[ cosMGA sih·MGA 0 ] - s i nMGA c osMGA 0 

0 . 0 1 

( 3.) 

[ 1 0 

sin~ GA ] 0 c o sOGA 

0 -sinOGA cosOGA 

(4) 

(5) 

The rm. tri x @MNB] :i s t~e standard matrix used in the Apollo 

Guidance Computer· (AGC) t o tra nsform vectors from s t able membe r · 

to navi gation base ~oordinates. It should be noted that [s MNB]- com ­

ple t e ly de fines the orie ntat~on of ~he navigation base with r e s pect t o 

the I M U Stabl e Me~ber_ C oor:dinate System since it may be e xpressed 

as follows: 

[sMNBJ _= 

T 

~ NB · 

T 

Z NB 

·T z 
- NB 

. ( 6) 

where ~NB, y_NB arid z NB are the unit v ectors definin g t he di rections 

of the x , y and z a xes of the na v i gation base with re s pect t o the vehicle 's 
. . 

I MU Stable Membe r Coordina t e System. 

For thre e different a ttitude s of the docke d configura tion the re will 

be three diffe r e nt v ~lues of. [}, MNB] for e a c h v e hicle . L e t [},MNB J LM 

lsMNB2J LM and \§MNB3] LM b e the LM values of [SMN.~ for the thr~e . 

d ifferent attitudes , de not ed as 1, 2 and 3 , ~nd __ l et [?~B1] CM, [s MNB2] C M 



I 

-5-

APM # 49-69 

and [sMNBJ CM be the corresponding CSM values. With the three 
values of j§MN~ for the LM, two directions of rotation (~A a nd~ B) of 
the LM navigation bas e with respect to the LM IMU can be deteremiried 
as follows : 

T 

LLl 12 = [ sMNBJ LM [sMNB2J LM 

[R] 
T 

[Id1 2 = [ L] 12 · = 

~ A = UNIT . (r32·, 1:13,_ r2 1· ) 

T 

r ll 

r2 1 

r3 1 

[L]23 = [sMNB2] LIVI [s_MNB3] LM 

[T] = [LJ2: - [L]23 = tll t 12 

t2 1 t22 

t3 1 t 32 

(6) 

r1 2 r 13 

r2 2 r23 (7) 

r32 r33 

(8) 

(9) 

t13 

t23 (10) 

t 33 

(11) 

It should be note d t:qat the above proc edure will not yield the correct 
values for~ A and~ B .if either of the two rotations is equal in magnitude 

0 0 0 . to 0 , 180 , 360 , etc. 

Using the above proc edure with the three val ues of [sMNB] for the 
CSM, two directions of rotation (~ • A and ~ • B) of the CSM navigation 
base with respe ct to the CSIV[ IMU c an be det ermine d: 
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T 

l~MNB l]CM [sMNB2]CM 

.;.:~ 

[c] 12 = · (12) 

[P] = [c] 11 - [c] 12 = 
p·ll p12 p13 (13) 
p 21 p22 p23 

p 31 p32 .P33 

~A = UNIT (p32' P13• P21) (1 4) 

[c] 23 = [sMNB2] 
T 

[sMNB3] CM CM 
(15) 

[s] 
T 

[c ]23 
sll s12 s13 = [cJ 23 - . 

(16) s21 _s22 _s23 

s 31 s32 s33 

s = UNIT (s32 ' s13' s21) (1 7) - B 

I 

Since the vectors ~ A and~ B will have the same directions in 

space as the corre·sp~nding LM ':'ectors ~ A and ~B ' the four vectors 

can be used to determine the orientation of the des i red (C SM)_ IMU 

Stable Member Coordinate System with respect to the present (LM) 

IMU Stable Member Co_ordinate System in the manner described for 

the routine AXISGEN _in Section 5. 6. 3. 2 of the Colossus or Luminary 

GSOP. Afterwards , the required gyro torquing angl es may be com­

puted as shown for the routine CALCGT A in the same section of the 

above GSOP's. 

III. Additional Details on I mpl ementation of Proposed Method 

At present the most convenient way of implementing thi. s · method 

for a mission such as G is to place the desired CDU data on downlink 

and have the earth compute and send up the requir e d gyro torquing 

angles. 
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As indic a t ed earlier, IMU CDU angles will be requir e d from each · 

vehicle for thre e differe nt attitude s of the docked con_figuration. Since 

the attitude rates are s e ldom zero, even in II attitude hold", it is im­

portant that the CDU a ngl e_s ·obtaine d from each v ehicle for a given 

attitude be as n ear to each other in time as pos sible in order to 

minimize the error in the alignment process. Probably the _b est way 

of obtaining simulta n·e ous CDU angles from each ve hicle and having 

this data present on the · downlink is to use V06N20 simultaneously in 

each vehicle for each of the three attitudes. V06N20 c a uses a DSKY· 

display of the present IMU ·cDU angles and places this data in a 

special location on the downlist. _ It is understood that this method 

of obtaining a simultaneous set of CDU angles is used at least once 

in the present method of fine alignment. 

Another way of obtaining the desired CDU angles at the ear th is 

to use the CDU data ·which is always present on eve ry do wnlis t from · 

each vehicle. This approach is attractive in that it does_ not r e quire 

the astronauts in each vehi_cle to ~epe.titively us e V 0 6N2 0 in orde r to _ 

get the data. During" th_e_ tra1;s1nis sion of a downlis t, which usua lly 

occurs every two s e conds, the a c t ual CDU an gl e~ a r ·e read t wice · 

(s e parated by one second) and pla '?ed on the d ownlis t. A t iming 

diagram illustrating the approximate times whe n the CDU angles 

are read and placed in spe cific word locations on the. downlists is 

shown in Figure 2. The se a ngle s are p resent in \i,;ord locations 

9/10 and 59/60 for the CSM, anp in 37/38 and 87/88 fo.r the LM~ 

The ground elapsed time is given in word location 51 for all down­

lists. Since the downlink t r ansmfasions of the CSM a nd LM a re 

not synchronized with respe ct to each other, the CDU a ngles 

obta ined from each v ehicle will also not be synchronized. However, 

note that a set of CDU angles obtained from _ one ·vehicle will _always 

be within 0. 5 seconds of a s et obtained from the other vehicle. When 

the CSM is docke d to the LM it is understood that the att it ud e rate is 

less than 0. 01 degr E:e s per s e cond during att itude hold. If the attitude 
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rate is O. 01 degrees per second and the difference in CDU read-times 
i s O. 5 seconds , an error of O. 005 degrees wi~l occur , whic h is well 
within the de s ired accuracy. I n fact , an error a few times larger 
than this would see m acceptabl e . However, there is apparently 
some problem on the earth with respect to quickly identifying and 
collecting the best CDU values from the above ·word locations . Since 
I don1t know the nat ure of this proble m, I cannot make a proper e va l­
uation of this approach. 

The attitude changes required in thi s method are somewhat 
arbitrary but shoul d b e a t l e~st 30 degrees (90° is opt im um } b etween 
attitudes 1 and 2 and ·between attitudes 2 and 3. In addition, the 
angl e between t he _two di rections of rotation should be at l east 30 
degrees (90° is optimum}. The attitude maneuvers may be executed 
by either vehicl e an·d coul d conceivably be those ·already b e ing per­
formed fo r some o.ti1er purpose . Actually, a simple roll maneuver 
followed by a p itch or yaw .maneuver woul d be suitable for thi s 
p urpose . 

RW/pa 

cc: R. Ragan 
D. Hoag 
L . Larson 
N. Sears 
R. Battin 
A. Laats 
P . Felleman · 
F . Martin 
G. Cherry 
J . Nevins 
s. Copps 
w. Marscher 
M. Hamilton 
R . Larson 
M. Johnston 

Robert White 
Assistant Director 

J . Kernan 
D. Millard 
G . Edmonds 
R. Strunce 
G. Karthas 
R. vVhite 
H. W. T indall, FM 
s. G. Bales , F C 
c. F. Wasson , E G2 
MIT at GAEC 
MIT at KSC 
MIT at NAA 
J. Lawrence 
Central Files 
MIT at MSC . 
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iVl a ssa chu s e l t s Ins tit ute of T e c h no logy 
In s t ru me ntat io n L a b ora tory 
C amb d cl ge , Massac hu s etts 

L UM INA HY Memo #8 1 

To : 

From : 

Date: 

Subj e ct: 

Di s tribution 

D. E yles 

28 April 19 69 

L a nding De pendenc_e on Platfo r m Align m ent 

The landing, unlike othe r po w<:red fli ght progra ms, d e pends on a particular 

pla tform alignmen t, the "lunar l a nding -alignment" described.in the GSOP 

s ection 5.1. 4 . 2, a_l s o section 5. 3. 4 . 2. 3 a nd in cha pte r 4 a s sum ption 3 of 

programs 63 - 67. The landing s ite alignm e nt is t he l ocal vertical at the · 

site at TLAND with the z-axis in the CSM orbital pla ne. 

Que stions ha ve aris e n of how s e nsitive t h e landing i s t o w r ong a lignm ents -

tha t is alignm ents d iffe r e nt from the lunar l a nd ing a lign m e nt, but 

acc ur a t e ly r e fl ecte_d in R EFSM~-AT. Slipp ing the l and in g one orb it w ith­

out rea l igning t he pla t fo r m is one c a s e in wh ic h wrongnes s deve lops - a bout 

one degr e e . Rcdes igna tion s by s hifting the s ite int r oduce w rongne s s, but 

of negligible m a gnitutje_ . 

The pe r m is s a b le wrongnes s wa s fi rst c a u t iously estima t e d a s one degree. 

It wa s hypothes iz e d that five deg r ee s in a ny dire ction i s oka y, a nd runs 

we re made which confirm this. Fiv e degrees c a n b e noticed, but can 

eas ily b e tole rated. 

The re follows some backg round and a description of the runs . 



The luna1· landing a lignm e nt is assumed in three places in the l and ing 

programs : 

(1) in the radial control logic -where the x a nd y axe s of the platform 

define the direc tions, by assumption radia l arid out-of-pl ane , whi-ch are 

favored in the allotment of ava ilable thrust. 

(2) in the re_i:;!esignation log ic where certain_ very wrong alignments 

could cause the s~te to be involuntar ily redesigna ted, 01~ c ause the new 

site in the even t of a voluntary redesignation to be ·wrong . 

(3) in the ign ition a l gorithm where the guidance- to_-platform 

transformation matrix is initialized a s the identi ty matrix: in this case 

the matrix would soon be corrected, but meanwhile the ti1ne- to-go 

computation may have blown up. 

The runs were four: t wo in whic h the platform is wrong by a rota tion of 

5 degrees each way_ about its y-_axis, arbitra rily called Y +5 for the-

c as e where the x --axis pierces the moon to the e as t of the site , a nd Y-5 

for the occidenta l case ; one run each- with 5 degree x - a xis a nd z-axis 
. . 

ro ta tions, on the assu~1ption thaf t hese c ase s are symme trica l. 

The y runs were perceptibly different from the nomina l in ignition tirne, 

th r ottle-down time, land ing time, and a chievement qf high gate. 

Y-5 

Y+5 

ignition throttle - touch - a ltitud e and a ltitude rate from 
time down down first P64 d isplay 
TIG-0 time time (norn ina l:. 7783 feet, -1 4 3. 4 f/s) 

··· · ·--- •···- - -···-- •- ----t-------+-'-------'-------'-----'--...L.-- -'- ---

e arly . 01 late about 
second 7 s econds 

la te . 01 
second 

early 
abo ut 5 · 

early ab out 7594 feet -130. 0 f/s 
4 seconds 

l a te about 77 30 fee t 
2 seconds 

-154. 3 f/s. 

___ __._ ______ ~SeGonds 

The re is nothing to worry one here. 

The x run was very close to the nominal, differing slightly in throttle-clow n 

time. 



The z run was indis tinguish ble from the nominal, e x cept for no i se . Thi s 

i s a s e xpe c ted since only a z-axis rotation does not affec t radia l control 

(because both the x and y axe s are given thru s t priority). The clo senes s o f 

this run indicates tha t to radia l control a lone should be attribute d t he 

differences seen i n the x and y cases. 
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I NSTi<UMJ:: ,,ITATI O N L r'\ r3 0HATCX~ Y 

CA MBR I DGE, Mr'\SS . 02 13 9 

Nationa l i\ e rona utic s a nd Space Adrnini.st r ::i.tion. 
I'.'bnned Spa cecra ft Center 
Ho uston, T ex::i. s 770 58 

i\ ttentfon: }\Jr. W. Kelly 

Through: 

Proj ec t Officer 
Guidanc e a nd Navigation 

Tho m2.s Gibson FS5 

NASA / RAS PO at NIIT 

AG f J 11 4 ·- 6 9 
Marc h 3, 1969 

Subject: A bortiog fr·om the I-Io hl m2~nn Desc e nt in 1\.'Iission G 

Ge ntlemen: 

Tom Gibs o n aske d me· t he fo llo wing ques tion . l\Iy a nswers 

fo llow. 

Tom: George , if the a stro_n ::1. ut d e cides during the Bohlmann 

orbit d escent prior to powered d es c ent ignit-ion ·that -he \V .:i.nt s to a bort 
. . 

(wit h DPS or APS_) what procedure should he us e ? How can h e avoid 

i gnition in a r etrograde a ttitude in PG 3 since h e know s he wants a 

pos i.grade burn? 

G eorge : Tom, he h a. s t wo ways of a bod ing in this situa tion . 

The fir s t way is usefu l if he k no ws whic h engine h e will s tart a nd 

compl e t e the a bo rt with . 

.l s t Way: Tai~ g~_t P 30 with the 1 DI i \ bort V e locity 

1. Load N.'3 3 in P3 0 with TIG (P DI). 

2 . Load NS .l wit'1 

H .l +5644 . 2 for Dl.:is ( 5S-tG. 6 fo r APS )_ 

H2 +.0 . O 

H3 ·· 19 . 5 

:3. Sel ect- P.:W for DPS (P -h2 for !\ PS ) 

/IUDRESS ,,u_ n E PLIES TO Jr l S THU1',H ':.NTATIO N L 1\0011,\T0!1 Y. 6 8 ,\ L OAN Y s r ra: r:: T, CA M 0!1 1DGE, ~-~,, s s ,\CH IJ SF.rrs, 02139 
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The proble m with this proc e dur e is th a t if the abort is started 

with th e DPS (F' -1 0 ) and c annot be concl.ude_d with the DPS , bringing the 

APS mass , i\PS DAP, APS t ail.off, e t c e tera on line is awkward. R03 

would have to be used . The i\PS t a il-cff , ATDE CA Y, wo uld have to be 

loa d e d or the error in b.il-off would have to be a ccepted, The same 

sort of problem exists in D P S P ·10 l?Ui'ns in LU IVIINAR Y 1. We are _ 

investigating now how a burn started with the DPS could be concluded 

wi t h the APS. 

(\Vhat one would like to see, of course, is a an abor t sfage 

capability in P10· If there were a n 2_bort stage n10nito r in P 40, the 

astronaut could cause the LGC to set the corr ect APS mass , sel e ct 

the APS DA P , the A PS engine tail -o_ff, et cetera simply by pushing 

the a bort stage button. Th~ monito r could also switch the program 

nurnber from· 40 to 42 j ust to show it r e cogni zes his i nput, are you 

interested?) 

_ The a dvantage of this· fir s t way is t ha t the m a neuver to the abort 

burn directio n is done a utomatica lly by P40 . 

2
nd 

Way: Use P70 a tid P71 

The as t ronaut can a bort with P7 0 or P7 1 if he is willing to 

sb.rt the engine in PG 3 as though he were going to land . The abort 

discretes monitor and the abort programs a re not e nabled until TIG 

in P63 . . The m ane uve r to the r etro g r a de orientation in P63 can be 

avoide d by keying in a n ENTER response t o the FL VSO N18 display 

in R6 0. The astronaut can st2er the S/ C to the a pproximate posi­

grade abo rt burn attitude by putting the mode control switch into 

i\ TT HO LD; s t eering t o the a pproxirna tc burn attitude, and then re -'­

turning the mode control s '. '.' itch to AUTO. · Tl"H: PG 3 l e nding equations 

tire not used unti l Lhr ottl e --upti me in PG3 . Thus , by :.,_voiding the 

K 1\LC.M1\ NU (H GO) -ma.neuver in l G3 , the as tr oi1~1. ut h:::.s comolete 
' < 

control of t he spac c~ cra rt ;;i tl:itucle b e t wee n P6 3 r.n t r ·y time o.nd throttle­

up time . If he pre sses the abo_rt button be tween TIG and 
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TIG + ZOOiWTIME , P7 0_ wiH be entere d before t he l anding eq uations 

are activated . S i nce P7 0 sel ection i mmediately t h r ottles up the Dl?S , · 

h e s hould delay press i ng abort until thrus t and atti tude control have 

sta bil i zed a t 10%, 

The advant age of this technique i s that P30 doe s - not have t o 

be t a rgetted . The disadva n~age is that the cr ew must p e rform. a­

manu a l m ane uve r to the a pproxima t e burn a ttitude. 
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