
Mission Techniques Memo #35B 
\. 

TO: Distribution 

FROM: Malcolm W. Johnston 

July 14, 1969 DATE: 

SUBJECT: "G11 Odds and Ends 

1. Contingency Procedures - This document was not re-issued 

for "G". One is to be published, however, for mission "H". 

2. Manual Ascent - This document will not be published until 

1 after lift off. A draft copy has been reviewed and it accurately 

. reflects MIT's suggestions to date. One important additional 

step in· preparation for a manual ascent with a PGN~S accelero­

meter failure is to zero the ADIA and ADSRA compensation 

registers. · Large acceleration inputs (Pipa failed on) could 

cause platform misalignments if this were not done. 

MTM #34 discusses the specific MIT recommendations for 

these contingencies, and enclosed DG memo #1390 summarizes 

some preliminary hybrid simulation results. 

3. Earth Parking Orbit and TLI - Final changes not received as of 
11 G11 liftoff! 

4. TEI, MCC (TE). and Entry - Finalchanges not received as of 
11 G11 liftoff! 

5. Enclosed AG #345-69 and ISS #826 memos discuss in-flight 

compensation of the LM5 X-axis accelerometer. (Deadzone 

etc., like on Apollo #7). 
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TO: 

FROM: 

DATE: 

SUBJEC'r: 

MIT .Instrumentation Laboratory 

DG Memo No. 1390 

M. Johnston 

I. Johnson 

July 10, 1969 

. :• · . .. .. 

'·· 

Rate Command Attitude Hold PGNCS Ascent Capability 
Verification on Hybrid with failed Accelerometers 

Several hybrid tests were executed to verify a ma nually­

controlled rate crnd att hold capability during lunar ascent with 

various accelerometer failures. The primary effort was to detect 

any program alarms and/or DAP problems as a result of thrust guidance 

incapability. The effect of loaded mass values in R03 was als o 

investigated. 

Table 1 is a time history of the manually-controlled pitch 

att followed in these tests •. Basically, it consists of a 15-sec ver-

tical rise phase followed by four discrete attitude changes at· L 

specified time intervals. This technique is documented in the "Manual' 

Launch Techniques" handout from the Data Priority Meeting of 11 June 

as TechniquP r II. Yaw and ~oll at liftoff was zero and maintairied at . 
~ 

zero throughout each ascent s~quence. 

'I'able 2 is a summary of tests executed with comments on the 

attitude behavior d~ring ascent. Runs land 6 may be considered 

calibration runs. All burns were to depl~tion (4 % r e ma ining on cock- . 

pit meter , 2% on 2nd floor meter ), except run 3, which was a PGNCS 

gu.i.ckcl burn . 
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Table I 

TIME 

0:00 Liftoff, Vertical Rise 

0:15 Pitch to 305° 

1:50 Pitch to 295° . 

f 3:28 Pitch to 284° 
I 

5:46 Pitch to 262° 

Maintain this att to depletion at rv7: 22 

I -



RUN 

1 

2 

3 

4 

5 

6 

PIPA FAILURE DAP MASS (lbs) 

NONE 10500 

X SATURATED 10500 

Y _ZEROED 10500 

(aut;.o ascent) 

Z SATURATED 10500 · 

Z SATURATED 10500 

NONE 10500 

Table 2 

RESULTA..NT OR3ITS (nm) 

.LGC ENVI RONr1tENT 

482 X 9 570 X 8.8 

33 X 9.4 39 X 8.8 

80 X -11 

130 X 21 

160 X 5.6 190 X 4.9 

Att Cont and procedures sat­
isfactory 

Good att hold during ascent 
and after insertion; bad edit 

Att stability as good as 
nominal case 

402 Alm at TIG +10 sec 
V82E at 2:15 resulted in 130 2 
Alm and FL V37 i 
V 16 N63 -~ non-static display 
Vl6 N85 -static display ! 
VB 2E at 4 : 4 0 -> 9 9 9 9 9 x 4 2 0 l 
Afte~ manual Pitch to 262°, 
drifted to 245° (twice); att 
hold after third manual drive 
to 262° 
Att Stable at engine cutoff 
(ECO) 

402 Alhl at TIG +40 sec 
Roll drift cw, -10 ° 
When manually return roll to 
zero, get R/P cross-co~pling 
(also occ~rred i n run 4) 

V82E _,,.no alm @ 7:00 
Good att hold~ ECO 

No R/P Cross coupling 
. No Roll or Pitch att Grift 

from manually specified 
ECO@ 7:25 
NBS@ ECO= -71/-74/239 

att 
. ((0 

1 



TABLE 2 (cont'd) 

RESULTANT ORBIT (nm) 

RUN PIPA FAILURE DAP MASS (lbs) LGC 

. 7 Z Zeroed 10500 180 X -8.4 

8. Z Zeroed 4860** 180 X -.3 

9 Z Zeroed 10500 205 X -10.5 

10 Z Zeroed 4860** 190 X - 23 

**Approximately LOASCENT 

3 402 alarms 
,. I 

R/P C:i;oss coupling; some roll, 
pitch att drift 

@ECO: Pegged roll rate needle at 
2 cps (fuel slosh oscilla­

. tion?) 
N47 @ECO 8300 lbs 

3 402 alarms 
R/P Cross coupling; same roll, 
pitch att drift 
Good att hold@ ECO 
N47 = 4850@ ECO 

402 alarm 
Good att hold 
min R/P cross coupling 
@ ECO: Roll att oscillation as irt 

Run 7 

N47 (~~SS) = 4850 ~t 30 sec 
402 Alarm 
Stable att hold@ ECO 

I 

I 
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Re su lts 

(1) Z pipa failed saturated (Runs 4 & 5) 

Nominal mass load and nominal procedures Siltisfactory · for . 

rate crnd att hold. Mass is decremented to LOASCENT wlthin 

30 seconds and attitudecontrol is subsequently somewhat 

less lively than nominal. There is -some roll and pitch 

drift evidenced and some R/P crosscoupling (not noticed with 

no pipa failures), . but these a.re minor disturbances. Attitude 

hold at engine cutoff is nomi nal. 402 alarms occur. 

(2) Z pipa failed zeroed, nominal mass (runs 7 & 9) 

Same as (1), except a violent roll oscillation was encountered 

at engine shutdo0n, which was very difficult to damp ma nually 

or in AUTO. This is tentatively ascribed to fuel slosh with 

a v e hicle lighter than the DAP thinks (since OAP mass decre~etits 

very slowly with zeroed Z pipa). 

(3) Z pipa failed zero, mass= LOASCENT (Runs 8 + 10). 

Sarne as ( 1 ) · 

(4) Auto ascent with y pipa zeroed (out of plane) 

This ascent run indicated totally nominal insertion behavior. 

Conclusions: 

For X or Z pipas f~iled zero or saturated, manual ascent with 

Pl2 is satisfactorily performed with nominal procedures with two ex-

ceptions: 

\ 

\ 

(a) Load N47, Rl with LOASCENT (~4850 lb~) 

(b) Switch to ATT HOLD b efore ignition 
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It hLls been observed in -digital runs of those Cuscs where 

.the Zpip.:1 is fu.iled zero that the PGNCS will attempt to shutdown the 

l\PS at,.., 'J'TG +30 sec bcc.:1usc its Tgo comp has reached zero. This pro­

mc1 Lurc off signal will not be recognized by the APS since th~ mc1nual 

engine st.:i.rt pb: was depressed after PGNCS ignition was verified. 
\ 

' Further, this PGNCS off signal is sent only once, so the arru switch · 
).· 

off should not s11ut down the APS. But since these are burns to de-

pletion, anyhow, such conslderations appear to be of academic interest 

only. 

* at Vg = 50 fps, noniinally 

Distribution: 

M. Johnston 

L. Berman 

R. Lan,on 

J. Nevins 
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c. 8. DA Arn1 

tH ntc 1ort 

MASSACHUS ETTS INSTITUTE OF TECHNOLOGY 

D EPARTM ENT OF AERONAUTICS ANO ASTRONAUTICS 

INSTRUMENTATION LA OOrlATORY 

CAMDl11DGE , MAS S. 02 139 . 
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ll.G#345-G9 
11 July 1969 

Through : NASA Reside nt Apollo Spacecraft Progra m Office 
Massachusetts Institute of Te chnology 
75 Cambridge Parkway ~ 
Cambridge, Massachusetts 02142 

National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 770_5 8 

Attention: Mr. W. K~lley, (PP7) 
Mr . . C. Frasier 

Subject: In-Flight Compe nsation of LM5 X-Ax is -Accelerometer 

rss MEMO #826, dated 11 July 1969 Ref: 

Ge ntlemen: 

In r esponse to your tequest on 5 July-1969 we have r eviewed 
the possible cha nges to the accelerometer bias updating philosophy 
necess ita t e d by the large deadzone in the LM5 X-axis PiPA. The 
concen s u s at Mit is that due to the high bi a s level there is a 
good probability no changes to the update policy are r e quired. 
The recomme nded action in case either the bias shifts to within 
the deadzone limits, or the deadzone increases to leve ls higher 
than the pres e nt bias, is to p e rform a 6V ma neuve r with no n e t 
velocity change a nd compare AGS and PGNCS accelerome ter outputs. 
If this test indicates a deadzone shift, no act ion is n e ces sa ry;• 
if a bias change is indicate d, new b e st-guess bias ~alue should 
be loade d. The referenced me mo s uppli e s the de tails. 

·AL: etc 

cc: 
\ 

\ 
\ 

\ 

R. Ragan 
D. Hoag 
L. Larson 
N. Sc ars 
Nll.SA/RASPO at MIT 
Centra l F iles (2) 
n.. O'Donnell 
M. llolley, EG·44 
.J. Vy ncr , PP7 
MIT/ I L at MSC, KSC 
P. Matthews 

\ 

Very truly yours, 

Ain Laats 
Technica l Director 
Apollo Guidance & Navigation 

J. Lawrence 
J. Hanawa y; EG42 
J. Gilmore 
G. Si l ve r 
J. Feldman 
M. ,John s ton 
G. Bukow 

0 

R . Larson 
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MASSl\ClI U:)E'l"l'S rtJST I 'l' U'l'E OF '.L' E CllNOL OGY 
Ins l r u111c n l:cl L-. lou La bo rator y 

75 Camb r j.cigc Parkwa y 
Cmnb r i dc;c , Mc1 G :j , chusc l:ts · 

'l'O : l\in Lu.a ts ISS MEMO JP32 6 

FHOM: Ge orge Bukow 

DA'l.'E: l _l July 1969 

S UD,JE C'r : 'l'es t He c omrncn da ti ons f o r In -F lJght Compc n s r1L:i on 
of LMS X-Axis Acce l e r ome t e r 

The presence of a de ad zone i n th e LM X PIPl\ in Apo llo 
11 give s r i se t o t he poss ibili ty of n o out~u t 6V ' s dur i.ng 
t he fr e e - fall portion of t h e f light. This . phe n ome non 
was d i s c u sse d in de tail in IS S Memo # 7 2 1 , base d on t he 
f lig ht e xpe r i e nce i n Apollo 7. 

The l a s t bias me u.s u rerne nt on the LM X PIPA wa s +0.7 

I 
2 

cm s e c . A b i u.s o f this magni t ude s hou l d ass ure t h ~t _a n 
outp ut wil l r es ul t f r om th e PIPA dur i ng f ree - fa ll f lig ht , 

. d / . 2 e ve n vith .::t c adzone of 0. 3 c m se c . Howe ver , a l tho ug h 
.i mp robab l e , bi as or dcad zonc c h a nges ma y occur suc h tha t 
no out put wil l re s ult . 

In t he even t of no o u t put 6V ' s f r om t he X PI PA 
a ft e r a ct i vat i on o f the PGNCS in _luna r o r b i t , a n unce r ­
t a i n ty wi ll exist as t o t h e oper.::ttion a l state o f t h e 
in s t r ument a n d as to the prope r bias v a lue t o be usfd 
du r ing l un a r l anding . The f ol l owing t es t i s s ugges t e d 
to r e move these uncertain t i es : 

l. Thr u s t f o r 2 0 ~e conds dura tion 1 a t l ow i nput l eve l 
( 2 - 6 

2 . 
cm/ se c ) a long t he p l us LM X- a x i s . 

2 . Re peat t h rus t a l ong the ne g a t i ve LM X-ax i s - - tota l 
i'::.V i mparte d to the vehi cle i n ( l ) and ( 2 ) equa l t o zero . 

• I 



ISS MEMO i/.82 6 
Page 2 

3. During both thrusting man e uve rs meas~re the total 
1 

input 6V on both the PGNCS and AGS systems 

The data obtained during the indicated thrusting 

mane uvers will permit a determination of the LM X PIPA 

bias to within a maximum error of .:!:_0.15 cm/sec~. This 
' bias value can then be compa red to the prelaunch bias 

level arid correlated with the PIPA deadzone a t launch. 

A valid detennination will thus be afforde d as to the 

operational state of the i PIPA. 

With regard to the effect of PIPA de a dzone on the 

acc uracy of lunar thrusting mane uvers, . the · thrusting 

l e vels are hi~h ~nough to effective ly mask any de~dzone 

effects a nd no tliscrepancie s are expected . 

:etc 

cc: R. Ragan 
D. Hoag 
L. Larson 
Ni\SA/RASPO at MIT 
R. ;·O'Donnell 
M. Holle y, EG44 
J. Vyner, PP7 · 
MIT/IL at MSC , KSC, 
P. Matthews 
J. Lawre nce 
J, Hanaway, EG42 
J. Gilmore 
G. Silver 
J. Feldman 
M. Johnston 

R. Lars on 
R. Lone s 
G. Edmonds . ' M • La ndey 
R. McKern 

1. The 20 second thrusting time r e q ui r e men t is necessary 
to put practical limits o n the qua ntization unGertainties 
in the PGNCS and AGS outputs . The qua ntization uncertainty 
in the PGNCS output is + l cm/ sec . Per inforrna tioQ receive d 
f rom Mr. Ted Broderick,iRW Syst~ms , Inc., Los Angeles , ca iif. , 
t h e astro n a ut.· readout from the AGS DEDA h as a r e adout: reso­
lution of tl, 5 cm/ sec. 




