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G&N ERROR ANALYSIS 

(APOLLO 15) 

ABSTRACT 

This document has three principal sections. The first is concerned with the 

effects of measured CM and LM IMU test data uncertainties on navigational and 

orbital uncertainties and compares them with Block II uncertainty effects. The 

second section covers effects of radar and IMU uncertainties on the powered lunar 

landing. The third section gives data on G&N system performance and operation 

for both CM and LM. The electrical power requirements for the CM and LM are 

presented in the Appendix. 
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CM AND LM G&N ERROR STUDY 

1. INTRODUCTION 

The results of a G&N IMU Error Study for the important CM and LM burns 

for the Apollo 15 mission are presented here. The detailed effects of IMU test data 

c omputed uncertainties, but not of Block II IMU uncertainties, are given here. 

For a more complete error analysis, including effects of Block II uncer ­

tainties, the reader should refer to MIT /IL Report, E-2427, "Mission G G&N 

Error Analysis," July 1969. This includes data on mission profile, on burns, on 

MSFN update uncertainties, and on initial conditions for burns and reentry. Since 

the profiles for the Apollo 15 and Apollo 11 missions are quite similar, it was 

decided that only data on the effects of measured IMU test data uncertainties should 

be presented here. Data on the IMU uncertainties themselves are given in the next 

section. In Sections 3 and 4 the effects of these IMU uncertainties on CM and LM 

burn guidance are presented and compared with the effects of Block II IMU uncertain­

ties. Computer-printed error tables in Section 6 give detailed uncertainty data for 

the various burns and for reentry. 

2. IMU UNCERTAINTIES 

Only measured test data uncertainties for the CM and LM IMUs are considered 

here. These were for IMU No. 48 in CM 112 and IMU No . 12 in LM 10. These un­

certainties were computed by taking the rms of performance data deviations from the 

computed average. These uncertainties were received from S. Helfant on June 2, 1971, 

and are given in Table 1. Those IMU uncertainties, for which test data was not avail­

able, were assumed to be the same as Block II uncertainties. These included initial 

Stable Member misalignments, and acceleration squared sensitive gyro drift and 

accelerometer indication errors. All these uncertainties are given in the error tables 

for the different CM and LM burns. 
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3. RESULTS OF ERROR STUDIES FOR CM 

Table 2 summarizes one sigma state vector uncertainties due to measured 

IMU test data and to Block II uncertainties as well as to MSFN tracki ng uncertain­

ties . Three-sigma perigee uncertainties are given for the free-fall coasts follow-

ing EOI, LOI, DOI and the lunar ascent burn. Because the measured rms uncertainty 
for the CM IMU Y gyro bias drift (NBDY) is 2. 4 meru as compared to the Bl0ck II 
figure of 2 meru, the rss altitude and altitude rate uncertainties are about the same 

or slightly greater than the same uncertainties due to Block II uncertainties for all 

CM burns. 

The IMU Stable Member alignment times prior to some of the burns were 

changed for the error simulations in accordance with the mission plan. (See "Apollo 
15 Preliminary Flight Plan, 11 MSC, April 20, 1971.) For example, the CM IMU is 

now realigned 225 min before reentry interface instead of 90 min, the figure used 

for the Apollo 11 mission. 

a . Earth Orbit Insertion Indication Uncertainties (Tables 3-8) 

Error data is given for EOI, which occurs by definition 10 sec after SIVB 

cutoff. Cutoff and perigee altitudes are 93. 7 and 93 . 6 nmi, respectively. These 

are slightly lower than for previous missions, where these altitudes have been 

about 103 nmi. Table 2 shows that the rss state vector altitude and track uncer ­
tainties of 2,596 and 17,900 ft due to IMU test data uncertainties are about 0. 8 and 

0. 7 of the corresponding uncertainties due to Block II uncertainties. 

The 3 -sigma indicated perigee error due to test data uncertainties is - 3. 6 

nmi, while that due to Block II uncertainties is -6. 4 nmi. (By the term 11 3-sigma 

perigee error" is meant that there is 99. 86% confidence that the actual indicated 

perigee error will not be less than the given figure.) The largest contributors to 

perigee uncertainty were X accelerometer bias and the effective Z accelerometer 

input axis misalignment about YSM, as Table 8 shows. This table also shows the 

marked non - linearity of perigee error with IMU error. Here perigee error is 

defined as the scalar difference between the indicated and the nominal perigee 

altitudes, where the indicated orbit differs from the nominal because of the effect 

of the particular IMU error on cutoff position and velocity. Figures 1- 3 show 

indicated perigee error and altitude vs various IMU errors. These show the 

marked change in slope occurring at the origin, and that perigee error sensitivity 

depends on IMU error polarity. Data for 3 - sigma perigee uncertainties was obtained 

using a Monte Carlo randomization technique. Attention was restricted of course to 

the negative side of the perigee error distribution. 

Average-g computation in the CMC computer is continued for about 2 min 

after earth parking orbit insertion time. Orbit computations will continue to be 
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affected by IMU accelerc,meter bias during this period. With measured test data 

IMU uncertainties indicated 3 -sigma perigee uncertainties increase from - 3. 6 to 

-3 . 9 nmi . This is not a serious decrease . 

In the computations for the error tables the assumption is implicitly made 

that the IMUuncertainty prior to launch (or burn ignition) is directly correlated 

with the uncertainty effective during the burn itself. Under this assumption the 
position and velocity errors due to the initial misalignment effect are summed 

directly with errors due to the burn phase to yield the combined errors. If, 

however , the IMU uncertainty prior to launch is assumed uncorrelated with the 
uncertainty effective during the burn, the resulting rss position and velocity 

uncertainties will be quite different. Comparative data (in ft and ft/ sec ) are 

given for earth orbit insertion time for IMU test data uncertainties . 

IMU Error 

Assumption 

Correl. 

Not-Correl. 

Position Uncertainty 

Alt 

2,596 

2 , 482 

Tk 

17,898 

17, 934 

Rge 

1, 297 

1, 798 

Note that the most marked difference is in range. 

b. TLI Burn Uncertainties (Tables 9 -11) 

Velocity Uncertainty 

Alt 

8 . 1 

7.7 

Tk 

44 . 2 

44 . 1 

Rge 

3 . 1 

4. 2 

Translunar injection burn duration was 3 54 sec for this mission , whereas 

for Apollo 11 it had been 310 sec . The rss state vector uncertainties due to IMU 

test data uncertainties range from 1. 2 to 0 . 7 of the corresponding uncertainties 

due to Block II uncertainties . The rss indicated velocity correction at 10 hours 

out due to test data uncertainties is 12 . 0 ft/ sec , while that due to Block II uncer­

tainties is 16 . 4 ft/sec , and that due to MSFN tracking uncertainties is 5. 3 ft/sec . 

Largest contributors to velocity correction uncertainty were the Y gyro bias drift 

and X PIPA bias uncertainties . 

c . LOI Burn Uncertainties (Tables 12 -14) 

This burn inserts the CSM into a 170 by 58 nmi orbit around the moon with 

cutoff altitude at 74 nmi and cutoff flight path angle of 2. 1 deg. The rss altitude 
uncertainty of l , 080 ft due to test data uncertainties is about the same for Block II 

uncertainties . By comparison the uncertainty due to MSFN tracking uncertainty 
was about three times greater. The 3 - sigma perilune error of -10, 280 ft due to 

test data is about the same as that due to Block II uncertainties and is 75% of the 

error due to tracking uncertainties . Y gyro bias drift (NBDY) was by far the 

largest contributor to perigee uncertainty as Table 14 shows. 
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d. DOI Burn Uncertainties (Tables 15-17) 

The descent orbit injection burn of 23 sec and delta-V of 208 ft/ sec changes 

the CSM orbit from 170 by 58 nmi to a 58 by 9. 6 nmi orbit at a cutoff altitude of 58 

nmi. State vector uncertainties at DOI cutoff are predominantly due to accelerometer 

bias uncertainties. The 3-sigma perilune uncertainty of -1800 ft due to IMU test data 

uncertainties is greatly less than the uncertainty of -4, 480 ft due to Block II uncer­

tainties or the error of -13,150 ft due to MSFN tracking uncertainty. 

e. TEI Burn Uncertainties (Tables 22-24) 

The transearth injection burn duration for this mission is 139 sec. For Apollo 

11 it was 160 sec. The rss altitude and altitude state vector uncertainties due to IMU 

test data uncertainties are about the same as those due to Block II uncertainties and 

are much less than those due to tracking uncertainties. The rss required velocity 

correction at 20 hours out due to test data uncertainties is 6. 3 ft/ sec, while that due 

to Block II uncertainties is 8. 3 ft/ sec, and that due to MSFN uncertainties is 11. 4 

ft/ sec. Major IMU error sources were the Y and Z gyro bias drift uncertainties and 

the X accelerometer bias, as Table 24 shows. 

f. Reentry Uncertainties (Tables 25-28) 

The CEP at drogue parachute deploy (at 23, 000 ft altitude) due to IMU test 

data uncertainties was 1. 37 nmi. With Block II uncertainties it was 1. 50 nmi. The 

effect of MSFN update uncertainties was relatively insignificant. Largest IMU error 

source contributors were Z and X gyro bias drift in track and X accelerometer bias 

in range. Uncertainties were larger because alignment time of IMU Stable Member 

was 225 min before reaching 400,000 ft altitude interface. In previous missions 

this had been 90 min. 

4. RESULTS OF ERROR STUDIES FOR LM 

a. Lunar Ascent Burn Uncertainties (Tables 18-21) 

The ascent burn injects the LM into a 9 by 46 nmi orbit with cutoff altitude 

of about 9. 9 nmi and a resulting 162 deg nominal coast to apogee. These altitudes 

are relative to the landing side radius. This in turn is about 1. 9 nmi less than the 

mean moon radius. The rss altitude uncertainty at cutoff due to IMU test data uncer­

tainties is 524 ft, while with Block II uncertainties it is 902 ft. With test data uncer­

tainties the 3-sigma perilune error is -1, 600 ft while with Block II uncertainties this 

error is -2,475 ft. Table 21 shows the three major contributors to perilune error 

are Y gyro bias drift, Y Stable Member misalignment and X accelerometer bias. 

This table shows that perilune error is approximately linear with IMU error out 

to 3 -sigma levels. MIT/IL Report E-2427 (for Apollo 11) gives curves (Fig. 3. 4) 

for perilune error and altitude vs IMU error up to 40 times the la Block II uncertainty 

levels for the significant IMU errors. 
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TABLE 1 

Test Data RMS Uncertainties for CM and LM IMUs 

Error Error CM LM 
Units IMU IMU 

(No. 48) (No. 12) 

ACBX cm/ sec 
2 o. 11 0.06 

ACBY cm/ sec 
2 o. 06 0. 04 

ACBZ cm/ sec 
2 

0. 08 0.05 

SFEX PPM 14 34 

SFEY PPM 25 19 

SFEZ PPM 64 25 

NBDX meru 1. 5 1.1 

NBDY meru 2. 4 1. 3 

NBDZ meru 1.1 1. 2 

ADIAX meru/g 2. 2 2.8 

ADIAY meru/g 4, 1 1. 7 

ADIAZ meru/ g 2. 4 2. 0 

ADSRAX meru/ g 1. 8 1. 3 

ADSRAY meru/ g 3.7 1.0 

ADSRAZ meru/ g 1. 3 2. 0 

ADOAX meru/g 0. 5 o. 3 

ADOAY meru/ g 0. 4 0,2 

ADOAZ meru/ g o. 5 o. 2 

Measured Accelerometer Input Axis Mislaignments 

XIAabt. YSM arc secs + 45 + 38 

XIAabt. ZSM arc secs + 10 - 11 

YIAabt. XSM arc secs -4 + 18 

YIA abt. ZSM arc secs - 26 - 22 

ZIA abt. XSM arc secs + 8 - 99 

ZIA abt. YSM arc secs 0 0 

NOTE: Test data covers period, Aug, 11, 1970 - May 19, 1971 for CM 
and period, Sept. 8, 1970 - May 19, 1971 for LM IMU. 
(Accelerometer IA misalignments are not compensated for .) 
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Burn 
Burn Time 

secs 

EOI 714 

TLI 354 

LOI 392 

DOI 23 

Lunar 

Ascen 433 

(LM) 

TEI 139 

Re entry: 

(DrQgu e 524 

De ploy ) 

TABLE 2 

Position and Veloc ity Uncertainti e s at Burn Cutoff Due to 

CM / LM IMU and MSFN Tracking Uncertainties 

RSS Position Uncert. RSS Velocity Uncert. 
Uncert. feet) (ft/sec) 
Source Alt. Tra ck Range Alt, Track Range 

Test Data 2,596 17, 898 1, 297 8.08 44. 18 3, 14 

Block II 3, 221 25, 283 1, 656 10. 29 62.56 3,87 

Test Data 2,021 1,072 600 13, 90 7.03 3.42 

Block II 1, 758 1, 746 664 11. 93 11. 43 3.65 

Tkg. 828 378 6, 857 7.89 o. 19 0.88 

Test Data 1, 081 57 3 356 5. 85 3. 02 1. 72 

Block II 1,087 1, 018 650 5,76 5.25 3. 14 

Tkg . 3,214 6,950 3, 891 1. 54 11. 79 1. 68 

Test Data 5 3 4 0,24 o. 14 o. 14 

Block II 9 9 9 0. 37 o. 37 0,35 

Tkg , 3,040 7,900 5, 150 3, 30 7.45 1. 10 

Test Data 524 768 373 2.94 3,97 1. 36 

Block II 902 1, 100 797 4.51 5. 39 3.27 

Test Data 261 127 59 3.94 1. 90 0,77 

Block II 236 232 107 3.48 3.40 1. 36 

Tkg. 1,023 707 1,000 3. 91 3.22 1. 94 

Test Data 25,8 63 11, 680 2, 182 97. 89 41. 45 12.44 

Block II 22, 143 19,875 4,016 82,55 66,95 11. 80 

Tkg. 28 3 1, 165 614 0. 68 1. 99 0. 39 
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3cr 
Perigee 
Error 
(n mi) 

-3.60 

-6.37 

-1. 70 

-1. 73 

-2. 25 

-0.30 

-0. 74 

-2. 20 

-o. 26 

-0.41 
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5. ERROR TABLE DEFINITIONS 

Definition of Local Vertical Axes - Many error tables give uncertainty data 

relative to local vertical coordinates axes (indicated or actual) at nominal event time . 

These axes (positive direction) are defined as follows: 

Altitude = unit (R) 

Track unit (V X R) 

Range = unit (Altitude x Track) 

The one exception to the above definitions is at reentry end. Here, range is defined 

as parallel to the ground track of the descending spacecraft and track as normal to 

the altitude-range plane. 

Symbols for IMU Uncertainties 

Accelerometer Bias Uncertainty 

ACBX 

CM/S. SQ. 

X accelerometer bias, etc . 

centimeters/ sec 2 

Accelerometer Scale Factor Uncertainty 

SFUX 

PPM 
X accelerometer scale factor uncertainty, etc . 

parts per million 

Accelerometer Acceleration Squared Indication Uncertainty 

NCXX 

MG/GSQ 

Gyro Bias Drift 

BDXI IT 

NBDXBURN 

NBDXCOMB 

MERU 

X accelerometer acceleration squared indication 
uncertainty, etc. 

micro-gs/g-squared 

Effect on initial SM misalignment due to X-gyro bias 
drift before burn ignition (for reentry tables before 
reaching 400, 000 ft altitude) 

Effect of gyro drift during burn (for reentry tables, 
after reaching 400, 000 ft altitude) 

Total of combined effect of X gyro bias drift 

Milli-earth rate unit= 0. 015 deg/hour= 0. 90 sec/min. 

Gyro Acceleration Sensitive Drift 

ADX-Terms 

MERU/G 

rss of uncertainties due to X gyro's ADIAX, ADSRAX, 
and ADOAX drift uncertainties 

Milli-earth rate unit/g = 0. 015 deg/hour/g 

Gyro Acceleration Squared Sensitive Drift 

ADIXX 

ADSYY 

ADIZZ 

MERU/GSQ 

X gyro acceleration squared sensitive drift due to 
acceleration along its input axis 

Y gyro acceleration squared sensitive drift due to 
acceleration along its spin reference axis 

Z gyro acceleration squared sensitive drift due to 
acceleration along its input axis 

Milli-earth rate unit/g
2 = 0. 015 deg/hour/g

2 
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6. ERROR TABLES WITH CM AND LM IMU TEST DATA 

COMPUTED UNCERTAINTIES 

Earth Orbit Insertion 

3. State Vector Uncertainties at EOI 

4 . State Vector Uncertainties at EOI (AD Terms) 

5. State Vecotr Uncertainties at EOI Rel. to S. M. Axes 

6. State Vector Uncertainties at EOI (AD Terms) Rel. to S. M. Axes 

7. S. M. Misalignments and Drifts at EOI 

8. Indicated Perigee Deviations for Coast Following EOI 

Translunar Injection 

9. State Vector Uncertainties at TLI Cutoff 

10. S. M. Misalignments and Drifts at TLI Cutoff 

11. Velocity Correction and Other Uncertainties at TLI Cutoff 

Lunar Orbit Insertion 

12. State Vector Uncertainties at LOI Cutoff 

13 . S. M. Misalignments and Drifts at LOI Cutoff 

14. Perilune Deviations for Coast Following LOI 

Descent Orbit Injection 

15. State Vector Uncertainties at DOI Cutoff 

16 . S. M. Misalignments and Drifts at DOI Cutoff 

1 7. Perilune Deviations for Coast Following DOI 

LM Lunar Ascent Burn 

18. State Vector Uncertainties at Ascent Burn Cutoff 

19. State Vector Uncertainties at Ascent Burn Cutoff (AD Terms) 

20 . S. M. Misalignments and Drifts at Ascent Burn Cutoff 

21. Perilune Deviations for Coast Following Ascent Burn Cutoff 

Transearth Injection 

22. State Vector Uncertainties at TEI Cutoff 

23. S. M. Misalignments and Drifts at TEI Cutoff 

24 . Velocity Correction and Other Uncertainties at TEI Cutoff 
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Earth Reentry 

25. Position Uncertainties at Drogue Parachute Deploy 

26. Indicated State Vector Uncertainties at Drogue Deploy 

27. Indicated State Vector Uncertainties at Drogue Deploy (AD Terms) 

28. S. M. Misalignments and Drifts at Drogue Deploy 
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-, 1 • ·1 
•4 7 •, 
~, '5. :3 

NBr'ZlNIT 1.10 MnJ 5.1 
NROlAURN ( 12 APCS~CC ■ "IP I FT 1.1 
NSnlC'lMB SINC~ L~u~rHl A. 'i 

GYRC ACCEL[ R ATI □~ SE~SITIVr noJrT , , s s OF 
ADX-TEqMS 2.2, 1.9, ;.~ .,/G ~7.1 
~CW-TERMS 4.1, "?-.7, 'l.4 ,, 1r; 47 .2., 
f\OZ-T!:RM<:; 2.4, J.'3, 0 . : 11/ G )4 0 ? 

GYPn ACC ~LEQlTJON C:QLJ~ DF ~ ~r~ srr1v= QCTFT 
AOTXX ~ .~O vrou/G<;1 
A')';YY r , .6(1 ~c-putr.SQ 
A'JIZZ ::, . ,:,r '-1c;:,u/r,q 

RS<; UN(~RT.(FT ~~r r.~, s~r , 
RS~ I J•J C ~ 4 T • ( ' ·' ■ "! • q,) c TI > r r I 

(, . 1 
11;. • !+ 

,... . ,) 

·> , c; o:; • 1 

; • I+, 7 

1(' "• q 
1P 4 ■ 2 
p F,'i . ;> 

u~: c' r.rt. J NTirs 
t., , qc ... • 1 
f ''~ ~ f • :' 
,, c, 77. c 

4 7." 
" . P 

1 ?-A . 1 

... ,1, •~('~ . 3 
:.? . C4:J 

DIW T[ 

1, ('59 .3 ?. 6?2 
7Af-.. l 1. Z 'l 'i 
:zq3_, ., .qno 

J • 3 () . "" 1 
?.o r.r 1.0 
1., "· 0 "f-

,·,. ~ 0. ,1r" 
°1\q.n 2., n 
11R." 2.,~, 

1 ~ n.,:, "·, 7,; 
() • r (\• r I f1 

, a 't.i:; n . 0.,7. 
'!, 47 S•C S, [1 LE T (l rn v q7 

R 5 .( r. .1~0 

"'·' 
c . ,irr 

'l '•• A 0. l? o 

2 3.7 (\
0

r -<n 
?. 15 • 2 1.44(' 

'318 ■" l ■ ':14R 

1.9 C'.'"11t.. 

, • 0 n. ori4 
4. '; 0.1] 0 

t')I A, AOSP. A, A"lD Aon. ('PJFT 
'28., "• 1 '1"l 

544. f' l •,, 1 

1 ". q "• n4:? 

'1.? l".0"" 
1 1 5. f , (•. 1 ".J,.. 

o .7 r • ("\"? 

1, ;'qt...(-. e. r,P. 
" • L:: "l p .(·" q 

TABLE 3 STATE VECTOR UNCERTAINTIES AT EOI 

1. 2 92 
"I. 018 
1.2n 

n. ?48 
\.242 
0.993 

(). f\')(, 

n.nnc; 
0. Q')t:; 

l".no? 
n. 1)1')<' 

0 • t')f) 1 

CfCS, DUE TO C\ f) ,. 

37.oin 
o.1n3 

31.on5 

1.0. 354 
o. nrr 1 

1n.357 

1.724 
o. 626 
2. 15l 

Ul\l(f:QTA!NTlFS i=op 

12. 316 
1 r;. 96'-. 

t.. 0 A7Q 

<'.05? 
o. I)')') 

0. 16? 

44. 1 8(' 
44. l q0 

RANGE 

".1")78 
t').4~4 

".00() 

O.t')n') 

1).1)01) 
a.ioo 
n.014 
0.')(1() 

2 • 51 8 
XSM I 

2. f")(l 3 
l. 993 
0 ■ 004 

0.000 
f). ')(i,, 

o .n'l 5 

o. "l()() 

o. 86 7 
':'■ 867 

0 • 27 0 
o.noo 
0.315 ,~ SECS) 
o. 203 
0.001) 
0■ 203 

0.056 
C'.767 
r.s24 

0.0()9 
0 .1:, 3 
o. ')! 2 

EACH GY~O) 
n. 067 
1.235 
0.1')26 

0. nno 
'.). ?<; 1 
o.nn 

3.14() 

3.14') 



H ' lICI\T I l'~ J,, c~,, T t r ~JT T, <; (I ' )T[H fl') - TF' Ut I ( f- cc: T '\'J[) FT/S-rl /'.. T TT '•H= = -, 1 l,.."',.. ('I <; i:: r. <;. 

( Q !=L • rn NflM . .'IXfS> ( I= f L • Tn MrJ•~. AXF=SI 

~ I T. Hl\CK Q t r.JG.C: \LT• TP~CK fl f,"' s i:: 

U NC'= q .AT NT I t S r. J I: rri GYl" ,, ;. ( r c 1 fO'TIJ'J S<=r~STT IV ~ QF I :: T Tr J:: •1, 

AOif>XINIT 1 • ~I ') . (' ) . " 0. c nn I). f)('l fl 0.00') 

ADIAXBURN ?. • ~ G ~,;:::~ l)/r; r . .,, ,.. ,_, _ n '). ~ G .r," l n. '.)Q3 0.000 

ADTAXCOMB (' .. C,, . C "• i:; 
r. r r, 1 '1.09:' 0 .OO'.'I . ' 

A[)C:AXINJT ' '• -l 
' \ . () n .c n.r.rf'\ '). ') '1('\ o. 001) 

A)St.XBURN l •A(' '1 f:~ U / S n • ) '"' · ') 
0 .r o.r·c" ('. ("I ')("I 0.000 

Al"' St XC CMR '.'l. "I . , • t ' •) . ( (;. " ( () n. o 00 0.000 

ADO AX IM IT "'7. 4 c:; ,r,7?_,, ? 'l. 4 C'.1 1 r 12.161 0.068 

ADOAXBURN o. 5 ') "'1ER U/ r; ('. ~ ·:q. 7 n.? r.r n o n • /'144 0 .100 

Aon.A XCOMB 3 7 •., 4 , C,Q\) . 3 2~ . 2 C'. 1 l n l?.316 o. 068 

R SS FrR X GYRO "l7. I 4,<;nl.~ .,R • ~ o.1n9 12.·n6 0.067 

ADIAYINIT I) • ' 
(' . ~ '1 • n "· ('If'\(' "· ()I)" 0.000 

ADIAYBUFIN 4. l 0 'll=~U/G (). r "I ~ "I . , r . :nr 'i. () )(1 o.0C'I) . ' 
ADI AYC 'JI-IB ') • r1 r • J (. ( • c,. rrin "-000 [) .l)('Q 

ADSf>YINIT f+':I • 3 6 ,4Q f, .r • '),I-,. ~ r.14;, lc:;.964 O. 08 8 

A['tSAYBURN 3.71) 'ff~U/G 51 "'· 3 f' . J <;" 'i. q J • A t..'2 0.0:11 1.140 

AO,t, YC CMB 4f. 7 • ~ f.. 1 46A. 1 547. 'i 1. 60Q ,5.067 1.220 
..... 
c» 

A['tQA YIN IT o. () ,, . :""' n • n 0 . ;)') (' (). M)') o. 000 

AOOAY BURN 0.40 •~ E~U / G t-, , . 0 '"" . , 'i 1 • A (',. ;, Rn ('l.')')1 0 .143 

ADOAYCOMB ', 7. "'l f'). 1 S le h <'• ? 'H' o. ')Qt 0.143 

RSS FC'R Y .GYRn 472. 1 f-, 4 n '>. c 54t.. . q , • 7? J 1 5. 066 1. 235 

AD I AZ I NIT , 1 • !+ ,,~:'(,.4 '3. f fl.'114 3. 71-,4 ~.021 

ADIAZBURN 2.40 MERU / G ?..q ;; C/ ~- :- 2 • .,, ". ll 'lq 1.105 0.006 

ADIAZCOMB 14.1 J ' 0? 'i . 7 l O. 0 r. rt. 3 l..• R69 0.021 

ADSAZINIT '.'l. '.' -. ') :"\ • n r. ""0 ,.,_ /)')f'\ 0.000 

ADSAZBURN 1 .30 ME~U/G ('. ' ) 1. ( '). r r . or ,., n.n10 o. ono 
A1S.AZCOMB [). ') ~• • r 0. ,, o.,., "I() o.onn n.nor, 

ADO AZ IN TT '). '.' ('\ • (1 n .r• 0..,., ')() (). ')00 0.001) 

ADOAZBURN o.50 MnU/G 0.1 0 ;. p n. c; 0.'1 :13 n.332 0.002 

AD DAZCOMB J.7 C 4e p ('. 5 ('.)"3 n. 3n . 0.002 

~ss FOR l (;YRO 14. 2. :1 , 927.c 1 '.) •fl ("1.0 1+2 4. 879 n.1')2'> 

R SS FOfl ALL GYROS 474 . ·: 8 ' t,r 8 • 'I "i4'i• A 1. 72 6 20.747 1. 238 

TABLE 4 STATE VECTOR UNCERTAINTIES AT EOI (AD TERMS) 



INDICATION UNCERTAINTIES IINDIC.- TRUE I AT TIME FROM LAUNCH 0 HR, 11 "11'-l, 54.'-'lfJ <;FC ( 714.500 SFr.S) 

POSITION UNCERTAINTIES IN ~EET VFLOCITY IJ~!CFRTI\P:TI['- IN FT/SE<: 

UNCERT. ONE SIGMA (REL. TO NOM. AXES) 

SOURCE UNCERT Al NTY X SM Y S"'1 

INITIAL STABLE MEMBER MISALIGNM E~TS (UNCO RRE LATE D WITH EFFECTS 

ABOUT XI 50.0 SECS C'.3 2,171.1 
ABOUT YI 5.0 SECS 131.3 0.0 
ABOUT ZI 5.0 SECS O.O 137.5 

ACCELEROMETER INPUT AXIS MISALIGN~ENTS 

X ABOUT Y 0.0 SECS o .o 
X ABOUT Z 10.0 SECS O.O 
Y ABOUT X O.O SECS 0.0 
Y ABOUT Z - 26.0 SECS 0.1 
l ABOUT X 12.0 SECS O.Q 
l ABOUT Y 45.0 SECS 6q.q 

ACCEL.BIAS IINIT.EARTH LAUNCH S.'-1. MLMS. 
ACBXINIT h07.7 
ACBXBURN 0.110 CM/S.SQ 874.5 
ACBXCOMB 266.6 

ACBYINIT 
ACBYBURN 
ACB YCOMB 

0.060 CM/S.SQ 
o.o 
o.o 
o.o 

o .o 
o . o 
o . o 

1,13').0 
0. (J 

l. 5 
lJU F TO AC H X -

526 .4 
0 • l 

526.6 

262.3 
472.6 
210.2 

ACBZINIT 0.0 o.o 
ACBZBURN 0.080 CM/S.SQ - 23.3 0.4 
ACBZCOMB 21.3 0.4 

ACCELEROMETER SCALE FACTOR UNCERTAINTIES 
SFUX 14 PPM 126.5 0.0 
SFUY 25 PPM O.O fJ.O 

SFUZ 64 PPM 18.3 0.3 
GYRO.BIAS DRIFT ([NIT.EARTH LCH.S.M.ML'1S.A'3T.XI - OIJE T(1 IVlX 

NBDXINIT 1.50 MERU 2.6 15,066.6 

NBDXBURN I 16 ARCSECS.DRIFT 0.0 7~.2 
NBOXCOMB SINCE LAUNCH) 2.6 14,qq4_3 

NBDYINIT 2.40 MERU 
NBOYBURN I 26 ARCSECS.DRIFT 
NBDYCOMB SINCE LAUNCH) 

NBDZI NIT 1.10 MERU 
NBD ZBURN ( 12 ARCSECS.DP.IFT 
NBDZCO"48 SINCE LAUN CH I 

GYRO ACCELERHION SENSITIVE [)RI FT 

A DX-TERMS 2.2, 1. 8, 0.5 M/G 

ACY-TERMS 4. l, 3.7, 0.4 1'/G 
ADZ-TERMS 2.4, l. 3, 0.5 "'1/G 

0.7 
106.l 
106.9 

o.o 
o.o 
0. 1 

(RSS 
o. f3 

21CJ.4 
0.2 

DF 

GYRO ACCEL ER AT ION SQUARED SE"'lSI flVE f)R IF T 

ADIXX 0.60 MERU/ GSQ ,) • 0 

ADSYY 0.60 "1ERU/GSQ 51. 1 
ADI ZZ 0.60 MERU/ GSO 0 . '.) 

RSS UNC ER T. (FT AND FT/SEC) 441.9 
RSS UNCERT.IN.MI.AND FT/SEC I f}. 072 

4,207.2 
0 . l 

4,207.0 

700.Q 
l fl 4. 2 
8 85. 2 

'J"ICERT AINT IES 
4,Q91.4 
l-, 4 8'>. !J 
1,928.0 

4 7. 'i 
(J • r 

11 6 . (l 

17,R •J".I.O 
2.q4') 

Dll E Tr, 

?.S,._, 
nF 11-1\J U~lCF.PTt.I1\llI FS 

1. h 

248.4 
o. l 

o. o 

f) . 8 
(\ . ') 

7,2CJ4.7 

( R t L • TO N'J 1-4. A X F 5 l 
XSM 
LI STFD ~El(J~ll 
o .0r.1 
ri .111 
1 . (\ ("If) 

') • ()/V\ 

r, . l'\f) ') 

(l • (I Qf'\ 

fJ . no1 
•:) . 00'1 
O ."dH 

r:; • 14 R 

n . 000 
,, . l 9" 

" . ')n(' 

(' . )00 

n .010 
') .A9q 
O. NJO 

n . 0or) 
').n00 

0 . '10r n . nor 
? .1 a0 ) . oos 
r.1'10 n .~00 
G. f'l l 0 ~.715 

?3 SECS .A irnU T 
l,15C.3 

vs,-,i, OlJf" Ti' l\( '-\ Y 
0 . f, I 1 

11 src<; . I\R(ll)T XS'-1) 
l .? QO 

(\ . '"0 

l • ? <)O 

-1 . ?4 J 
n.242 
1. 4A 4 

30.1 
1,1 80 .7 

,,. ) 

7 4q.? 
74CJ.? 

2.. 3 t-4 
l. 7 "'2 

0 . r 1F' 
o . oon 
'J.001 

n.C O" ~1 . ,nc, 
O. I<)" r . 0 ··.-,, 

fJ .l Qf'I n . nn~ 

n . 1?0 0 . 00n 
n . nr, r . ~')r 
0 .1-,, c; n . ,,r,? 

4.2 
o.n 

4(,6. 4 
~47 SECS , 

l 1. 5 
r . o 

01 J F T (l l"l'W q 7 Sr,:, , 1 ll IF- T :1 r n 7 

l I • 4 

1. l 
4 4 3 . 1 
439. 9 

() . 4 
0 . ( 1 

o. 5 
/\D I I\, A'lSR A, 

.,__7 

688 .8 
1. 1 

(.• . 0 
1 54. 1• 

u. 1) 

;;> , f.63 .'1 
l) .471 

AN[) ~ OllA 

0 . r2, 1 7 .,q z 
0 . f'I(), r , ,73 
1) . 11 ;.>') 17 . l'M\ 

0. 0(',6 
() . "12 
') . (• "l,G 

~. ~, ('') 

0 . ('\(\() 
f'l.nn1 

[)RI r- T 
()•('('A 

0 . 1 q4 
o . nr2 

0 • ( 1()() 

') . f1 44 
0 . "n:1 

J • o 1'i 
1.n,c, 

1 r; . V'>4 
n .0 01 

l (' .,Sl 

1 . 7 ? 4 
r . ,, ?A 

? . 3Sl 
U~,C E: Q P I ~IT I FS 

12.1lf 
Ir:;. qt, I 

4 • 8 70 

r . 1 c;;, 
, . nor 
(, , .,_ A 2 

11 I,• J 70 
1,, •• 170 

F no 

fJ. no l 
n. 007 
r . n0n 

·1. n00 
7 _7q4 
2 . ?Q4 

·) . ()14 
() ."00 
o. %5 

16 SErSI 
fJ.'178 

() • f'IO o 
() .n7 R 

n . ')21 
l.A12 
1. f-:()Q 

'• "0 'I 
fJ . 00('1 
n . nn3 

Eh[ H GY~fll 
0. O?'i 
?.14f. 
n. ()fJQ 

fJ . ()(lf) 
'1. 46 7 

0.nn() 

s:i .440 
SJ 0 44n 

TABLE 5 STATE VECTOR UNCERTAINTIES AT EOI REL. TO S. M. AXIS 



IN DICATI ON UNCERT AI NTI ES ( I ND ICAT FD - TRUE) ( FEET Al-4 D F T/ SEC ) AT Tl MF 714. 50() SE C<;. 
I RE L. TO NOM. AXE S I I P f L. TO Nn l-1. AX E SI 

XSM YSM ZS"'I X S"1 Y S '-1 ZSM 

U NC E R TA I N TI E S DUE TO GYRO ACCELER ATI CN SENS ITIV E DR I FT TE R"1S 

ADIAXINIT o. 0 o.o (' . 0 O . (]O'l n . 1100 0 .000 
AD[AXBURN 2.20 ME RU/ G 0 . () %.0 0 . l 0 . 0 00 r. . '.') <) 1 0 .001 
ADlAXCOMB 0 . 1) 96. 0 o. l O. QO"l C, . "l<) , 0.001 

ADS AX INIT o. o o.o o. o J . r>(V) c. ooo 0. 000 
ADSAXBURN 1.80 MEPU/ G o.o o.o o. 0 o. 000 n. ooo 0.000 
ADSAXCOMB o. o o.o o. o 0 . 000 o. oon o. 0 00 

ADO AX IN IT 0 . 9 5 , 0 22.2 3. 9 1) . 0(") 1 2 .':\61 0.026 
ADOAXBURN 0.50 MER U/G o. o 31.7 (] . () 0 . 000 0 . 0 44 0.000 
ADOAXCOMB o. 9 4,9<)0. 5 3 . 8 o. noq 1 2 .117 0.026 

RSS FOR X GYR O 0 . 8 4, 9 91.4 3. 7 0 . (H) f! 1 2 .31 6 0 .025 

ADIAYINlT o. o o. o o. o 0 . () ')I) 0 . ')0 0 0. 0 00 
ADIAYBURN 4. 10 MERU/ G o. o ') . 0 f) . () o.ocn n. oon 0 .000 
ADIAYCOMB o. o o. o 0 . () (). 0 00 C. '100 0.000 

ADSAYIN IT l. 2 6,486.:? 5 . ') o. o 11 1 5 . 0f,5 0.034 
ADSAYBURN 3.70 MERU/ G 2 17. 8 0 .4 68A . 'I o. 1 84 0 . 003 2. 158 

N ADSAYCOMB 2 19 . 0 6,4 8 5. 9 6 8 'I. t3 0 .1 95 15. %:? ?. 12-'t Q 

ADOAY INIT o.o o.o 0 . ') 0 . 000 0 .0 00 0. 00 0 
ADOAYBURN 0.40 MERU/ G 1 5 .7 o. o 8 3 . l o. 001 0.000 0.'115 
ADOAYCOMB 1 5 .7 o. o 83 .l 0 . 00 1 0 . 0 0 0 0.315 

RSS FOR Y GYRO 21 <) . 4 6,485.8 6 98 . 8 () .1 94 l5.Q61 2.146 

ADI AZI Nl T 0 .3 1,529.4 1. 2 o. ocn 1. 764 o. ooa 
ADIAZBURN 2.40 MERU/G o. 1 396.3 0 .3 0 . 001 l.105 0.002 
ADIAZCOMB 0 .3 1,925. 8 1. 4 0 . 003 4.Fl69 0 .010 

ADSAZI NIT o. o o.o o.o 0. 0 00 o. (1 0 () 0.000 
ADSHBURN 1.30 MERU/G o.o o. 0 o.o 0 . 0 ()(l 0 . 0 0 0 0.000 
AOSAZCOMB o. o o.o o. o 0 . 000 r . ooo 0.000 

ADOAZINIT o. o o.o o. o 0 . 000 0 . 00 0 0 .000 
ADO AZ BURN 0.50 MERU/G o. o 94. 8 o.o o.noo n. , v 0.000 
ADOAZCOMB o. o 94.8 o. o o. coo o. 33 2 0.000 

RSS FOR Z GYRO 0 . 2 1,928. 0 l. 3 0 . 002 4. 8 7<) 0. 009 

RSS FOR Al.L GYROS 2 19.6 8 ,40 8 .3 68 8. 8 O.I Q5 20 .744 2.147 

TABLE 6 STATE VECTOR UNCERTAINTIES AT EOI (AD TERMS) REL. TO S. M. AXIS 



N ... 

I NJ TI AL STABLF M!': MBEQ IA I S 
UNCE'RT. ONE SIG..,~ 
SOURCE UNCERT.V~LJF 

ur;IIJV<l>.:TS A•m r,qrFT ANGLES SUMMARY (AT Tl'IE = 
'1L 'I• A'JGL( t-BOIJ T STABLE '1F..,~f::R AXFS 

ARC-SECS. 

714.500 se=cs., 
MLM.t-NGL!: 

x<:.., vsM ZSM ALT. 

ABOUT L'.1C o\L Vl:IH I CAL UE'i 
ARC-SFCS. 

TPt.:: K Rf' "-JGE INITIAL STABLE' '~E"1BF~ •~{';A l YGM" r.:•nc; (IJ 'ffrwri::t \TF-D WTTH ALIG~MFNT UNCFAT.nUE T1 LISTEn GYP( ANij D TD" u ~JC C: RT. I ABnUT XI 50 SFC S 0 •"" O.Q" 
AROUT YI '5 SEC c; C. 'In 5. r1 
ABOUT ZI 5 SECS 5."r r.rr 

t'HTIAL s.M. ,~L-1s. DUE" rn r,..,u cpROR t="i=fcTs ciJ rAP T1; LAur Cl-' 
ACBX 0.110 CM/S.SQ c.oa 2~.,~ 
t.:BY Cle060 CM/S.SQ 12.61 "• n 
ACftZ f'Je080 CM/S.SQ C'•"" r· . l"I• 

NBl"X 
NB('IY 
NRCZ 

A)TAX 
AD SP AX 
A[)OAX 

AD!AY 
ADSR AY 
AnnAY 

ADI AZ 
AOS RAZ 
ADOt-Z 

?.20 
1.1:10 
0 • 50 

2.40 
1.30 
0.5() 

McRUIG 
MJ:RU/r. 
MER U /r, 

ME RLJ/ G 
MER U/ G 
MEPU/ r, 

MF:PU/r. 
M"qU/ r, 
ME RU/ G 

RSS INITIAL S ■ M• ML'-1S. 

~.");t 
r . ., :'I 
"·f'l"I 

o.rr 
~. rio 
~. " 0 

I). J'.) 

e. "~· 
() .0 '.) 

('I.'), 

C • 1n 
('I . o:-i 

"•i''C: r .,,,., 
0 . (1(' 

(' • l I(' 

o. 0 '' 
n • ('Ir; 

DRIFT 
NBD X 
NRDY 
NBrZ 

ANGLFS DUI: 
,.so 
2.40 

TO GY?n 
MEQU 
MnU 
MfP.J 

fF.Il=T ~INCF l:AFTH Lt..UNCH STAPT 

ADIAX 
ADS RAX 
ADOAX 

ADTAY 
ADSRAY 
ADOA Y 

ADI AZ 
A)SPAZ 
A10AZ 

l .10 

2.?o 
l.AO 
o. 5 a 

4.10 
3.70 
n.40 

2 .4r• 
1. 30 
C • 5C: 

MER IJ/G 
MERU/ G 
'1ERU/G 

MFRIJ/G 
M!:'RU/G 
MFR U/ G 

MFPU/ G 
MEPU/ G 
MFR U/G 

RSS DRIFT ANGLF (ARCSECS.I 

OVEPALL RS<: Ml.Me IAP.CSfC c;. I 
OV:: R n L RS ~ .., L M • I "1 J: • I 

in.,;> 
,.. . •"\ '.) 
l'l. '" 

r,. /)fl 
() . "'.) 
r.. "('\ 

3 2 • 30 

3 5 • ·14 
c . 1 n?'3 

[' • \J t , 

2 '5. 7 0 

r • r ,., 

"• r: 
:7.3? 
l.. ~ '3 

~" .00 
,) e \'l O 
l'l. C ·1 

EFrc r1 n"J 

:!46 . 1;4 
96.79 
p,., 2 

a.en 
".0,:-, 

115.54 

,.. • ()f'\ 

\ 4Q. ;:: < 
'l. ')() 

? 5 .1 'J 
"·0" 
1. 0" 

4}, .4 6 

" . ('l •,, 

::. 0() 

•" .nr 

.l .1J J 
•) .l')l"I 
r, e".'> 11 

l l. '3 
ri.o-: 
c:;. 'l ,', 

44.c;n 

r ·"' 'I 2. ?.c 
I LA U1·JC H 
l Cl • f. 'I 

7.44 
(' . "I 

,~c • 4 

q6 ■ 3;> 

11..3q 

(I. (1 

o. (,I) 
11)3.1"14 

1. '?q 
0.17 

ir.54 

l\.66 
0.00 
] • l"I <; 

Cl .n'.' "· , , 
r.n3 

l C' .02 
(1.()1) 

5. :,~ 

TABLE 7 S. M. MISALIGNMENTS AND DRIFTS AT EOI 

'l. 1 ~ 
4. 99 
f'l • 04 

FLIGHT f-.lT'IUTH 
?3.17 

(). , , 
I'}. ()" 

? ,. 74 

1).0? 
4.45 

= 1'10.JOO DEGI 
'5. 61) 

1 :J.37 
0. r,n 

1. 56 .ao 
43 • 78 
7.29 

l 5. 9, 
0.00 
". 'l(') 

1 86. 47 

14.37 
ri • 15 
5.34 

22. 99 
O.IJO 
2.08 

5.08 
O.l')Q 

?. 65 



NOMINAL ALTITUCES 
PERIGEE= 93.59 N.Mt. 
APOGEE= 93.73 N.MI. 
ORB.ANGLE TO PERIGEE= 

******************************************************************************************* 
INDICATED DEVII\TIONS 1111 (AT Til-4E = 0 HR, 11 MIN, 54.500 SEC ( 711+.SM' SECSJt 
**************************************************************************••··············· 

179.9 OfG. PEPIGEE ALTITUDE DUE TO ON" AND THPFf Slt;"1A POS.+ NEG.IMU ERRS. 

UNC ERT. 
SOURCE 

ONE SIGMA 
UNCERTAlr-.TY 

O~E SIGMA DtVIATIONS IN PFRIGEE 
PRESENT ALT. DUE TO l SJG.lt-4U ERRS. 

UNCERT. NEG. Pns. 
INITIAL STABLE MEMBER MISALIGNMENTS (UNCOPRELATEO WITH EFFECTS uF l~U 

ABOUT XI 50.0 SECS 0.0027 0.0243 0.0240 
ABOUT YI 5.0 SECS 8.0267 0.1647 0.0907 
ABOUT ll 5.0 SECS 0.0002 0.0010 O.OCltl 

ACCELEROMETER INPUT AXIS MISALIGNMENTS 
X ABOUT Y O.O SECS 0.0000 
X ABOUT Z 10.0 SECS 0.0000 
Y ABOUT X O.O SECS 0.0000 
Y ABOUT Z 26.0 SECS 0.0014 
Z ABOUT X 12.0 SECS 0.0000 
l ABOUT Y - 45.0 SECS 0.3420 

ACCELEROMETER BIAS 
ACBXINIT 
ACB XBURN 
ACBXCOMB 

ACBYINIT 
ACBYBURN 
ACBYCOMB 

ACBZINIT 
ACBZBURN 
ACBZCOMB 

O. 11 CM/ S. SQ 

0.06 CM/S.SQ 

0.08 CM/S.SQ -

0.1242 
0.0696 
0.1938 

0.0003 
0.0006 
0.0002 

0.0000 
o. 1117 
0.1111 

ACCELEROMETER SCALE FACTOR 
SFUX 14.0 PPM 
SFUY 25.0 PPM 
SFUZ 64.0 PPM 

UNC ER TA I NT IE S 
0.0101 
0.0000 
0.0698 -

GYRO BIAS DRIFT • 
NBDXINIT 1.5 MERU 
NBDXBURN ( 16 ARC SEC .DRIFT­
NBDXCOMB SINCE S.M.ALIGNl 

NBOYINIT 2.4 MERU 
NBDYBURN ( 26 ARCSEC.DRIFT­
NBDYCOMB SINCE S.M.ALIGNI -

NBDZ IN IT l .1 MER U 
NBDZBURN ( 12 ARCSEC .OR IFT 
NBOZCOMB SINCE S.M.ALIGNI 

GYRO ACCELERATION SENSITIVE DRIFT 
ADX-TERMS 2 .2, 1.8, 0.5 M/ G 
ADY-TERMS 4.1, 3.7, 0.4 M/G 
ADZ-TERMS 2.4, 1 • 3, 0. 5 M/ G 

0.0194 
0.0001 
0.0193 

0.0052 
0.0571 
0.0519 

0.0009 
0.0002 
0.0011 

( R SS OF 
0 .0060 
o. 0775 
0.0024 

3 - SIGMA PERIGEE ERROR (IMU ONLYI 

0.0000 
0.0000 
0.0000 
0.0121 
0.0000 
0.6754 

0.0296 
l.375R 
0.8726 

0.0016 
0.0055 
0.0039 

0.0000 
0.2585 
0.2585 

0.1202 -
0.0000 
0.0066 -

0.1618 
0.0005 
O.l6ll 

0.0471 
0.2979 
o.3321 

0.001R 
0.0026 
0.0105 

UNCERTAINTIES 
o.o 534 
0.4773 
0.0220 

OUF 

0 .G ,)OC 
o. ::.'()()(' 
0.000(1 
0.0126 
0.0)00 
0.7611 

0.76R0 
0.13?2 
0.049A 

0.0016 
O.OC'55 
0.(103') 

0.00(10 
0.16?5 
0.1625 

0.185ft 
0.0000 
0.0914 

0.1084 
0.0)05 
O.lOA3 

0.0455 
0.0044 
0.0744 

0.0078 
0.0026 
0.0104 

TO ADIA, 
0.0559 
0.093 
0.0217 

(I~ NAUTICAL ~ILESI 
DEV I flT IONS IN Pf:P Jr.EE 
DUE TO 3 SIG.1"4lJ EPRS. 

\IEG. POS. 
U~CFRTAINTJf.S LISTE0 REL~WI 

-
-

-

-

-
-

-
-

ADS RA 

0.07?6 0.0A74 
0.4997 0. 0 285 
~.nn11 - 0. 0 011 

0. 0 000 
0.0000 
:l. oor o 
'l.0180 
0.00(10 
2.2219 -

o. 3556 -
4. 1379 
2.A957 -

J.('('4q -
0.()166 
::i .0111 

o.nooo 
0.8340 -
"• R 340 -
o. 1308 -
0.0000 
0.0832 -

0.3919 
0.0014 -
0.3911 

'I. 137 2 
'.).9216 -
1.0100 -
'J.0236 
I). 0 079 
0.0314 

ANO ADDA 
O.lOA3 
1 .429q 
1).0657 

0.l)CC'0 
r.1:: c J 
o.ooro 
0.0370 
o.00n~ 
2. 35 'l:Z 

2.31?7 
0.1114 
0.33"0 

O.O C50 
,J.()1~5 
"·"117 

o.ooco 
'l.A721 
0. 6 77 3 

o.5f-l?. 
o. noon 
o. 3741 

o. I 214 
0.no14 
0.1214 

').1025 
,1. 2355 
0.1626 

0.0232 
0. 0078 
(). 03"9 

UN C FR TA INT I f S 
0.1611 
0.2CPO 
0.0621') 

A~GLE TO PFRIGEE(DEGt 
FOq 3 S JG. JMU f:RRS. 

NEG. 

J 'i6.(J47° 
1 q8. 0606 
1Al.045J 

l 79. 9893 
11g.9f_>AO 
179.9893 
171.3181 
119 .qe11 
64.82'34 

24.8lf-1, 
154.7020 
113.7041 

181.8364 
1 75. 7()02 

177.2420 

1 79.QAq3 
23A.C'l76 
238.017', 

325.2203 
l 79. 9A93 
246.AR2A 

l46.374R 
1A0.4R07 
146.4155 

I 59. 553P 
220.1409 
?14.3034 

174.1470 
177.CjRQH 
172.6727 

POS. 

21',.0057 
2q.8670 

17R.q736 

l H.989'\ 
179.9907 
179.9891 
1Q4.3590 
17Q.9909 
241.7972 

?()2.5356 
113.0727 
2A8.Q69A 

178.24R0 
185.3177 
!Rl.2201 

179.9893 
66.6A95 
66.6895 

158.5116 
l79.9A93 

93.6Cj57 

117.2865 
1'19.5064 
317.2829 

267.9993 
4R.A607 
40.7500 

187.9836 
182.2?58 
191. 140 2 

FOR FACH GYqOI 
0.000n 0.0000 
0.0000 0.0000 
0.0000 0.0000 

3.6003 (q9.86 T CO~FIO.THAT PERir.EE F.RROR 
WILL BE "10RE POS.THAN THIS FIGIJRFI 

TABLE 8 I ND ICATED PERIGEE DEVIATIONS FOR COAST FOLLOW I NG EO I 



I NDI C~Tl 'J\J U~K FRTAitHI ES ( JNOI CU FO - T RU E I AT TJ"I J: = 0 HR, 5 MI N , 5 4.() f, f\ sr r c; 

P~ <;ITI O~ UNCER TAINTJ[S IN F Ei: T 
UNCE RT. C1 NI:' c; IGMA ( RJ:L . TO H"" • Axrs , 
SOUP CE Ul'.J C':RTAINTY \LT. TPACK UNGF 
INITIAL STA BLE ~E~BF~ MI <; tLI G~MFN T S ( J \l COQ ~ ~La T~n WIT ~ G YP □ DRIFT R6 TF Tf RMS I 
ABnUT XS'-1 0.20 Mq . 4 . f- 1 c: 0 . 3 1 • .7 
A!3 C1UT vsM c .20 "1~. 3(•c . z :> . 3 1 ri . :-
ABruT ZSM "• ?. 'J Mq_ . ') . ? ?l-7_ .1 "• <' 

ACCELER OMFTE R INPUT AXIS MI SALI GNMENT S 
X ABOUT Y 45.0 SECS :;,.. 3 '•" 167. 1 

X AROUT Z M.'J SECS '"'.'l 1) . 0 Q.q 
Y ABO U T lC - 4o0 S:C5 o . J 15 .4 r. . 2 
Y ABOUT Z - 26.0 S'"CS C.7 H - 'i.5 2 ."-
Z ABOUT X a.o si:cs :i. s o.n n. 2 
Z ABOUT Y o.o S: CS "• ' , . ,J "•() 

ACCHERCMfT ER BIAS (WE'R ,\ GC G U ' '-IPIJHTI Cl \l <;TM'TFfl :0 SE'." S. BE F QPI= BURN I Gt'1TFJN I 
ACBX C.110 CMIS. SQ - R1.9 4. 0 25 2 .r 
AC RY C.060 f'HS.SQ - O.'> 142.6 2-. 1 
ACBZ O.ORO C.'1/S.S Q - 1°0 .7 '1.l <;2 .9 

ACCELER OMFTER SCAL F =a c T CF UNCFR TAI \J T1 =s 
SFUX 14. 0 PPM <;.f, (). 1 J7.7 
SFUY 25.Q PPM '.lo"I () . 5 n.0 
SF U Z 6 4. 'l PP M 5 t" • 6 ., • ~ l 4 • ? 

GYR O BI f\ S 
NBOXJNIT 
NBOXBURN 
NB f' XCOMB 

NBDY J"l IT 
NBOYBU R~J 
NBflYC OMEI 

f' PTFT ( S .•1. '\ lI GNF0 Pf'I '11\J S o BFFDPF BUf< ~' ! GNITI JtJI 
le5 ME ~U 113 . ,. t-77 . ~ 

( J7'.l ARfS l=CS . '11: JFT !' . 3 , •• 4 
SINCE S. M. ALT G~ll 1 :l . ~ 63~ .7 

2.4 ~ E~U 
212 AP CSE C5. nR IFT­

Si t.C': s .~.ALT G~ I-

1, q 47_ 9 
36 . A 

1, q~ 4.<, 

NBD ZIN IT l.l Mfqu 
NBDZBURN I 125 ARcsi:cs.nRIFT 

r. . (' 
/)." 

VELOC ITY U~ICl: 0 TA INTJJ: S I N 

AL T• 

(l . n 1 1 
2 . 113 
r 0 0 ')} 

" · 3 4 3 
" · ""? 
o. r r o 
f. n"lc; 
"·l'J ( • C: 

C: . "" ( 

o. 41+ 4 
(' 0nr 3 
,. f)?f, 

l') . f' ':\ C 

"• r r ," 

(' . -:,,~ c; 

r . 1 ? 1 
". ') " 7, 

" ·' ., I' 

l: .,. ~3 
r: . 3 7 1' 

1 , . 6Q3 

(PfL. T C N0 "-10 AXES I 
T O ~ CK 

/)• 9 A P 

0.1'14 
l e7 A'i 

1).01 6 

1) .(1 0 " 
f'l. 0 9 A 
1.1 12 
0. 011 1 
() . l'()r. 

() . 0 ? (' 
r. 711'' 
o .o,J1 

'.) . 01) ? 

I'). 0 '"1 1 
n. n,v• 

n.() AA 
n. 0 1 ., 
n. Q".l r1 

FT/5FC 

'.l . 0 17 

"· 4 5 5 
'l .10 1 

1.03 7 
(' . (V'l6 

n .l'l"l 
o. cn 6 
1. 0 01 
"· ') Q () 

, • 2 0 1 

n. rn 1 
'.) • 268 

'J .119 
n .111:, 
o . fl A 8 

0 . '>2 A 
r . l'lO 1 
(I . 0?9 

?. '367 
1 .n71 
2. 0~8 

NBDZCOM 8 SINC E s.M. n 1c;~11 77 • . 'l ~ .r C' . '.'1 '"13 5.244 r . n0z 
GYPO ACC ELERA.TI:J N Sl:"lSITIVi: oop=T 

ADX-TE RMS 2.2, 1.B, 1) .5 fJ/ G 
AOY.-TERM$ 4.1, 3. 7, 0 .4 M/G 
ADZ-TERMS 2.4, ].3, " •5 fJ/G 

GYRQ ACCEl f ~ATION SQUA Rf n SE N SITIVE 
ADJ XX 0 .6 MERJ/ G5Q 
AlSYV 0.6 ~ERU/G5 r. -
ADIZZ 0.6 MS: Rl l/GS') 

RSS IMU UNf ER T. 

RSS UNC FRT. (FT ANrJ FT 1s •: c l 
RSS UNCl:RT. (l\. l'I I o tNn FT / SF( I 

2 2. 2 
0 . ::i 
ORJ FT 
r .l 
1 • ~ 
0 . " 

lJ'KF • Tf PJ TTf <; our: T[l ~O IA, t. DSFIA , ~ND AOOA f)Q J!=T UNCl:'R HINT !f<: l= (' F FMH GVR'J I 
J" . 3 " ·J c. r -" 'I o.1 nti o. nrn 
r. ? 'i 0 (1 r., i c; '.'.') '):? 0 0 ') 4 5 

13 0 1 "•" "• '"'"<1 n.11 ci n .O O'l 

1 , r11_. B 

-, -. -, . 7 

'' l?. -: . 4 
" •~ P7 

'i99 . I-, 

G. 11" ~ 
Oe 0 1 h 

r, . r, r, r 

1 J . cr 1 

TABLE 9 STATE VECTOR UNCERTAINTIES AT TLI CUTOFF 

n.O? ! 
o. 0 " " 
"· 0~. 4 

n • Qf'I () 

o.no3 
'). G'lO 

3 .41 8 

" · "178 



I NI TT t, L CTf-PLr MFMRFP 11 I c; t L I r "J '1 ,... ~ T <; ~\J() C~ I FT AN GL r 5 SUM'Hl<Y (AT TI Ml'.° = 154. nr,0 Sf Cs. > 

UNC FRT . 1•1F ~ I GM-\ '1L'1 . ~\JGLF .'IBnUT STf- i3 LF MEM91=P AXF c; "'1U·~•"NGLE A~OUT L O C Al VFRTlfAL A Xl=S 

SOUR CE UNClf:/ T .V ALJf &Q.e,-srr. ~. ARr-c:cc~. 
X SM YS M 75 M ALT• TPAC K RANGF 

INIT I.AL ST A BL F Mi:"'1~F~ ,1 ,c;n I G'J 'A~"Jrs ( LI \J ( □ ~ R ~ L t, T [f' WITH G YR f1 ')RJFT kt. Tl: TERMS) 
ABl"'UT XSM ,:-.2') M~. 4i . ?5 r, . r.r- 1).0() 11. % (). 62 3q.50 
AB ClJ T YSM n.2') MQ. • C • "f' 4J . • 2 'i 1).00 (". 1, 'i 41. 24 I). 6'1 
AP. fllJT ZSM 0.21 1-'R. ., • ,:i n • < () .q • 25 19.5n ri.n2 11.86 

R SS JNJTll'-L s. 1-1. ~• L ~S • 4 l • : 'i 4: .? 5 41. 2c; 41. 25 41. ?.5 41. 25 

r)RJFT ANGLCc; SI'ICF I "'LI STAPL,,: '1F~p.r::r) ~f:f,L IGN).ICNT (.l LI GNED l 2n ~I I\ S. 9FFORF euQ N JGNJTIONI 
NB '.) X , . " ( Ml"R~ 17() .43 ~l • (> r, 0 • l)l1 49.')" 2.58 163.20 
NB[W 2 o40 Mr Q.LJ r. 0r 2 72 • 6 R 'J .on 1 • 14 272. 65 4. 00 
NBr Z l. . 1 () •~ f:R J "·')" o.oo 1?4. 98 11. 9.~o n.O1 35.95 

AJI AX 2.20 l•ff R IJ/ r; 9 . ? 7 [• •C·O n .00 2.~6 n.1_4 8. 88 
ADSR AX 1. ao MF.f<U/G ,, • 11 ( •• "I I' 0.00 0. "l'l. n.oo 0.10 
ADDAX '1.50 r-i EPU / G 1 • l fl (). c,n 1) .01) ('I. 14 o. r,1 1.13 

ADTAY 4.Jn MF R IJ/ G ... 
• o(\ ''• 2 5 '1 .on (' . nn n.25 o.on 

ADSRAY 3.7r MERU/ r, ( • 'IC r... .u c. . (')0 0.0~ A. 7c; 0.12 
AD OA Y C.40 r-i =PU / G ,.," 1 • t Q o.O"t (I. ()I') 1 • 6 A Oe'l2 

ADIAZ ,' • 4(1 "'1PU/ G c. 0" r. nr· 5.6A '; .44 ().00 l.6l 
l.()Sf<4Z J • 3 n MF R.I JI r, () .n ri r •C'" r. 'JA o. n7 o.ori '.) .('.12 

~ AOOAZ c.50 M!; f<l JIG r:.n" .. ( . ( • ,, ? • t c, 2.01 I). I)') 0.6') 

ADIXX n .6 11cpu/r; '.:=Q 2.11 '. ('If· Q. or. 0. 6'2 n.o3 2.oe 
A1SYY ('.6 MCRU/ :;SQ ('I·":) C' .6 5 o.oo c,. ')() (). 65 l).OO 
ADIZZ 0.6 11 fR u1:; ~o r.. on n. c•r 0.65 0.,.,., o. QI) o. 18 

RSS ORI FT ANGLE (ARCS ECS .> 171).7[) 27?. . Al 125.13 12<;.51 272.Al 167.43 

OVERALL. RSS "1LM. (IJ.PCSFCS. I 17 ';. f:,J 275.9 3 l 3U 75 135.0? 275.91 172.41 
OVfR 4 LL RSS MLMe(MRol o .8":iH 1 -~~77 o. 6 1 '! 7 o.6589 1.3376 (l.8360 

TABLE 10 S. M. MISALIGNMHITS AND DRIFTS AT TLI CUTOFF 



N 
UI 

•~•~•1~~~-~~~.~~~~*•******•»~~~~*********•*•~•••••••••x••••x•••••~• •~*•••••••••••«•••••••••*•**** 
J\J[) J(,HTntI UNCEPTAINTIFS IN (.AT TPff = ') HR, 5 "'lf"l, 54.0('() SFC ( v;t..()1)/) S':CSII 

•~~~*************•**********•* r ~******~•••••••~•~*******•*r.*******~•••******•••••••••*1*********** 
UNCF.RT. 
SOURCE 

ONE SIGMh I F.RTJAL P.JFRTJAL INrRTI L REQD.V ► LOC.CQRRECT. 
UNCERTAINTY FLIGHT PATH VELOCJTY .All"'UTH L.ATITUO!" UJ ! GITUI"'"' AT INJECT.+ A HR.IFPSI 

~~·<;LF ( '.">E GI (FT/SUI (DEGI URC-'-1Tl\lSI (APr-11r,, s1 °oc;. N':G. 

INITIAL STARLE Mf~BEP 
ABOUT ·XS~ 0.20 M~. 
A30UT YSM 0.2 MR. 
ABOUT Z S"1 0.2n MR. 

MIS~LTGl\'"r::-NTS (J '~r OR DELATFO WITH GYPlJ CRIFT RtiTF TERMS> 
o.00nn r. 0r,3 n.0016 O. Q239 
0.n~33 o .1g41 o .onoo 0.0040 
0.')"11 o.00n7 n.0n,9 0.0391. 

ACCELEROMETFR I~PUT AXIS MJCALYGN"IJ'."'JTS 
X ABOUT Y 45.0 SE~S 
X ABOUT Z lOeO SE:S 
V ABOUT X - 4.0 SECS 
Y ABOUT Z - 26.1) SECS 
z ABOUT X a.o SE:s 
Z ABOUT Y O.O SECS 

ACCELEROMETER BIAS IAVERhGr G 
. lCBX n.110 CM/S.SQ 

ACBY 0.050 CM/S.c;Q 

0 ."('('3 

n •"111 
c. 0011) 
o.n(l'.)"l 

CC M PUT AT I '1N 
0.0()03 
().f'Q'.)') 

n .9F72 n.ooon o. 0092 
o .r059 n.00no o.oono 
n.col4 o.oon2 0.on23 
0.0 1 51 a.on10 0.0241 
r.rn21 0.on0" o.'.)noo 
r.rnno c.ocoo o.oono 

START;-D 3° SECS. ~EFrRE BUQ/IJ IGNITI ON> 
1.2276 0.0000 0.012, 
0. 0 103 a.0012 0.0213 

Acsz o.oao CMts.c;~ o.n!JJ7 n.3011 0.oor,o o.nr?5 -
ACCELEROMETER SC.ALE FACTOR UNC':PTAINTrr::-s 

SFUX • 14. (' PP~ 
SFUY 25.0 PP~ 

n ."l:,01 -
c. 1('101 

SFUZ 64.0 PP~ o.oons - 0.1213 

0.00n c, 
0.1)("1 ° 
C.';QO(I 

0.('('09 -
o. oor1. 
o.0nn1 -

GYRO BIAS DRIFT IS."4. ALIGNfn )?'.) I"' NS. BEFOP': RURM IGNJTJCJI 
NBDXINIT 1.5 ME~U 
N30XBURN 1170 ARCSFC.ORTFT 
NBDXCDMB SINCE S.M • .ALIGNI 

NBDYINIT ?.4 MERU 
NBDYBURN (272 ARCSEC.ORIFT-
NBDYCOMB SINCF S.~ • .ALIGNI -

r.n205 
n •')"0'> 
o.ozu 

NBDZINIT 1.1 ME~U o.0ro0 
N8DZBURN 1125 ~RCSE:.ORTFT r,.001" 
NBDZCOMB SINCF S.M.ALIGNI c.onn 

GYRO ACCELERATIO~ SENSITIVF DRIFT lRSS ~F 
ADX-TERMS 2.2, 1.a, o.5 M/G 0.0000 
ADY-TERMS 4.1, 3.7, D.4 MIG o.noo4 
ADZ-TERM~ 2.4, 1.3, O.'> M/r; n.()))1 

RSS I fl9J UN CERT. 

RSS TKG.UPOATE UNCERT. 

RSS UNC~RTAINTI~S 

1).0214 

<'.0128 
0 •" '113 
c.rJ,1 

1.2 251 
r .0 :?59 
l.2'>ll 

0.1r'24 
l).fl<' 'J l 

0.')063 
fJ.00(, 2 
n.ov,i:; 

0.cnct 
').0() )0 
n.n0n1 

n.ooe1 
·).()QI"? • -

n.nCi:?5 0.cr.ai; 
U"IC ':RT A I r-..JT IFS [)Ut:' TJ ADI A, ADSP A 

c.~""'3 
( .fl 58 
n .0,·01 

0.'.)('07 

c. cn0n 
1.()0'1?. 

,..._ "1114 

n.0 9 ,::i -
1).1)('17 -
0.0056 -

0.0254 
L).()f\ ,)4 

0.0?58 

o. 11 Jg 
o.nr2;, 
').1161 

Ar~~ ADDA 
o.on15 

· 0.0003 
0.0n10 

o. J 63 5 

J.?357 

.nno 3 
o.o,3n 
f).0134 

0.0275 
0 .l•C () 2 
o .on0 '3 
o. or P '.;j 
0 .OC'·')O 
n. '11f ·1 

f'. () 4 4 
o. '"?1)7f, 
('.() () 87 

n.rn'.29 
r .rt"rl'\ 
o. ·1024 

r.n3;,::i 
o. 0 ()()6 

0. 0 3 ◄ 5 

().08!'3 
(). (\'\J 4 
n. n s3? 

r.n18q 
o. nrr.13 
r.0◄ 95 

UN:: :' P H I N TI r S 
0.rin05 
r 1 .nn0a 
('. ()('l)S 

l.l2A9 

l).('418 
1.2811 
o. 1749 

4.q682 
0. n ,qt, 
0.0078 
o. f)'}2Q 
•1."162 
'.).r"tfl0(1 

6. 1 1. 56 
n.05,:;7 
3. 2730 

1. 5 7 1 2 
0.1003 
1.113~ 

:-i.1645 
n. 1062 
0. ~-10c 

q.'1837 
n • ., 042 
8. '>R7f'I 

n.~163 
"· ')()86 
ri. 2 249 

FOP r:ACH GYRnl 
o.nn64 
').1285 
o. ')1)83 

c:;. 3 3 7() 

TABLE 11 VELOC ITV CORRECTION AND OTHER UNCERTAINTIES AT TLI CUTOFF 

0.0418 
1.2831 
n.0749 

4.9682 
o. 0296 
0.0010 
n.O929 
fl. 0162 
n.0000 

6.1156 
0.(1557 
3.2730 

o.sn2 
n.0003 
1 .o 13() 

0.1645 
0.0062 
o. 1 706 

0.oaH 
n.2042 
8.2870 

n.2163 
0.0086 
0.2249 

IJ. ()064 
I)• 128 5 
0.1)083 

12.0298 

5.3370 



TPUE UNCFDTAINTIF~ (TR tJr - I Nf1ICA TFDI /I T TIMF = CH" , 6 MIN, 32.040 S"CS 

~CSITI IJ N UtJCERTAINTIFS IN FE,:T v i=-L:i rJTV L~I r r R TA I NT I E S IN FT /SEC 
UNCERT. ONE S I G1-B (~ fl • TO T~ U[ A Xl- S /IT Nr,-,. TI "IF I (Fc-L. T(l T :> lJC AXES AT NJ M. TI ME I 
SOUP CE UNCFRT AJ I\IT'f ALT• H' ~rK RANG': \LT. TP~ (" K Q/INGE 

IN IT I AL STAHLr MP~R• ~ MT ';AL I SNM'=NT C:: ( U"J( tH< RFLA H [) ~TTH GYRC DR IFT J;.AT E TERMS l 
AP. OUT X S"I 0.:,1 'H • 1. ? 1 . • ? o. 4 n.r,17 1."111 1.003 
HOUT YSM n. 2 o MR . 1 '1 9 .7 '>() ·" <;.? ('. 5'35 "• 1 h~ 0.045 
ABllUT Z~'-1 (). ?'1 'H • l! • 1 r:::; . 7 -:i 5 • 1 C • !9 R "• "i2A 1).1% 

A Cf F.L Ef C ,-,p FR IN PUT r.x IS 1w TS.HI G~l'1f'H:; 
X A80UT y 45. 0 S: C <; 1 .1 ,, • 5 t.3 o . r,n , "• n 14 0.011 
X ABOUT z 10.0 s~r<; r . t'\ " .n 'l.n n. cnc 1.onC' ~.ooo 
y ABOUT X - 4. () SFCS ". ') ". 1 u. (I ('. (N) o. 001 0.000 
y ABOUT l - ?.6. 0 Sr-CS 1°.5 f .,. '3 2 ~.l r-.J24 1).3~2 O.117 
l ~ BOUT '( 8.'l S ':( S I) . I' .... . n ,.,_ (' 0.()1)(' () • N)(' 0.1)00 
l A POUT y 0 .0 SFCS n . 1 ,: • 0 o.o r•. '1<'<' '1. n 1" 0e'l00 

ACC!:L EROMfTER BI AS (~VCR" G:' G COMP UH Tl Ct--J STARHfl 3'' Sf CS. REFOPE euRN IGNITI 'JN l 
ACBX 0.110 ('-1/S.SQ l • 1 1n5.1 '1 -11). , "· 2~1) o.4qg ,.396 

ACBY ('.Q61) CM/5. SQ 48. 11 1 "5 7 .c, c; 5. l "· 213 1 o. 7'l. 0 o.256 
ACBZ {' .() q () CM/~.so nc;. s f:-?. 7 :z 2 . :z 1 . ')CJ? :-i. zg6 n. 1O~ 

ACCF LFROMFTE R SC AL E FtCTU 1n~C:RTAl"JTrr·s 
SFUX 14. 0 PPM 0.0 -;; • c:; 7.3 (1.rl'16 "•"l'I n. 038 
SFUY 2 5. () PPM o.o '1 . 0 " . (' n.nnn '1."'l['I 0.000 
SF UZ 64. <' PPM f) • !t " • 1 ') . () n.')"l'l o. ()()1 1).()00 

GYRC BIAS CPI FT ( S .11. AL I GtJf[' 1 8 C , I \JS. BF FJD [ P Ul'I N I GN ITICNl 
NBD XI NIT 1.5 M!=RU 1 •• 1.1 '2 . <; n. •"' 1 4 r,. 0"7 (). ')20 

NBDXRURN ( 2':2 ARC SFCS.f' P IF T 0 . r, • 1 o.r 0 . ~rn 1).001 0.()00 
NBDXC0"1R SINCE S.11.AL J G"-! l- 1 • 'i 1 • .,, 2.6 r,.014 0.0"8 '.) .1)21 

N 
0) 

NBD YIN IT 7-. 4 ~I:~ IJ l ,()?7.4 2fl1 . 3 37.n 5. 53 2 1. 533 0.429 
NBDYBURN { 403 ARCS= CS• OP IF T- , 2. q 1. f:, J • r o. J f\4 C'.02° 0.001 
NBDYCOMB ST NC!: S.M.~LIGNI- 1, 1"140 • 'I 28 7. (1 8 i:i. r 5. 636 1.567 0.437 

NBDZINIT 1.1 I.If~ u 1 '14.?. 431. 7 15?.? 0.1'156 2. 2 8 1" o. 806 
NBD ZBURN { 184 APCSF(<;.[)PlFT- ) • 7 5. 5 1.. 0 o. r 1 5 n.n44 o .o,!> 
NRD ZCOMB SINCE S.M.ALJGNI- 1 3 5. ~ 4 37 .2 154.l o.P.71 ;,. 324 o.a21 

GYP □ ACCFL FRATION SF\JSJTIVF nQrcT ( Q_ s <; nF UN::'.FRTAINTTf·S JUE' TO AO I'-, AOSP A, A'\JD A11nA C O I FT UMCERTA l'H JI:<; FOP F.ACH GYRO I 
A DX-TERMS 2 .2, 1. '\ ' ". 5 M/G I) • '.) "• C n.o r. r oo o.nnn 0.000 
ADY-TERMS 4.1, 3. 7, n. 4 ,,,G o.5 0.1 ') • r 0.()"4 n.001 o.noo 
ADZ-TfRMS 2.4, 1.3, ,,. 5 MIG 0 .2 (' . 5 Cl.2 r-.002 o .o,..,,; 0.002 

GYRO ACCELERATION SQ~AR~D SfNSITIV~ DRIFT 
ADIXX 0.6 ME R.U /G SQ o.o 1.,., o.n ('.()')(' ().non o. 01)0 
ADSYY '). 6 MERJ/GSQ [).') ,, . ( , '.J. r C.['IC'C- 0.001 0 • 0('1 D 

ADIZZ 0.6 MERU/GSQ :-,.1 'l.n o.o c.nor O. flO() o.noo 

RSS IMU UN CERT• 1,0 81 .2 57~. 6 '156.3 5.854 3. 0 2() 1.71.6 

RSS TKG.UPDATF UNCERT. 1,213.s ,-..,c,49.7 ), 890e C ,.r; .1g 11.794 ,.679 

RSS UNCERT • (FT AND FT/SC() '1,3 9" .'i I' , 0 73.? 3,9"7.2 6.053 1 2. l 7 5 2. 40) 
RSS UNCERT.(N.~T.ANl1 FT/<;FC I '.). c;.5~ 1.147 "· 6L. 3 l • ()" '.'\ l?.175 2.40, 

TABLE 12 STATE VECTOR UNCERTAINTIES AT LOI CUTOFF 



INITIAL ST A EL r ~1f '-1 Rf P v 1 <; t. , I r, ~.: -~r ~.rs .1NJ rP IF T ANGUS <;u~Ma F V (.t T TIME = ;19-z.r4n SECS. I 

UNCE PT• r1NE <; l GMA vu11. ANGU: ABnUT S l t, ~L f -1 F "lq ':P ~XES '1LM.AMGLf- ABOUT LJCAL Vr:';iJ. TICAl .\XE S 
SO'.JP CE IJ"4C"'l<.T .Vt.LJ f Arc-srrs. AP C-S FCS • 

)( c; '-1 YSl-1 ZS~ ALT. TR~CK P.t!\JG~ 
INITIAL STABI. F ME MP.F ~ MT <;AL ! 1,1\ r--' ;' f\TS ( Y i CC' Q f: "' l AT LC WITH GYF'P r.RIFT ~AH TERMS> 

AB"UT XSM ('). 'Z') MR. 4 }o 'H; ("'. ( '" 1. o n r-• • ')5 '3.f-5 ::>A.a~ 
ARflUT vs~ o.n MR. r _,.. :) l , 1 0 ✓::; ') .C f 1 , , • 51 17.37 13. 12 
ABOUT ZSM o.2ri MR. c. •O c • C P 41.25 30 0 61 1r.Rq 1. 76 

RSS H.JIT IAL S .M. '1Ll>IS. 4!.~~ 4 1 • 2 i:; 4 '·• 2 5 41 •?. i:; 41.~5 41.?5 

DRIFT ANGLFS SI~! CE I '1 LI STt E, L J: t.'P-18 E R Q. f t, L I GNM [ tJT ( tL IPE J ~ 'M MIN$. 8 F Fl~ E gUQN I G~JI TI 1'J I 
NB('X 1.so M[RU 2 ': i. <;J < • r r o.O" Cl. 34 1'33.6() 231'3.26 
NBOY ?.40 MF.RJ ( ' .1~ t.C4oC' 1 o.co 11 2. 77 ~(-6.02 1 78.5£1 
NBDZ 1. 1 n MFRU ; • 1)'1 f' .pr 185.17 177.81 4P. ll 5 , 6. '38 

ADI AX 2.20 MEP 1J/ G ., • ( t, " . ,_," "· Q/"I (l.'ln J • 0 l ;?.99 
ADSPU 1.90 MERU/G ') • ""I 0 .0r '1. Qt,, ('!. 'l" n. no 0.00 
ADDAX o.so MEf<U/G fl• .1 l r,. r r 1:i .on Cl• ~ ,.. o. r.o o. n1 

ADIAY 4.] 0 MERLJ/ G "·'10 (', . l"l (' Q.Q) ('). on (). ()'\ ~-"'.' 
ADSRAY 1 .10 MER U/G <'o i"O ( • r,.., 

'1 ·""' c. 02 n 0 (H3 n . 'l? 
ADOAY C.4n MFRU/G (' r-. r . . \. ... {'. 5 i:; n.o" r.1i:; r:.sn ~-17 

AD I AZ ..,_ 40 MF RU/ r. ~1 • ( ' I"\ r· ·"r ,, • () c:; r.rv; ri. "1 ') .'11"1 

ADSRAZ ! . 31) "IFRU/r; ,.., .rn r, • . ,,.... (). 0 ') C'. n r· ".00 r , • 00 
ADnAz a.so "1ERU/ G 0.oa 0.0r c. 6 q r. t- 6 n.1R :' • "6 

N ADJ XX n. 6 MERU/'.iSQ (' ., '.] r~ •C'r1 ') .oo n. ')'1 0. n6 n.1 a 
-l 

ADSYY 0.6 lolERU/GSQ ( . "'.) "· (" "·"::": r:.::'r 0.0n 0.00 
• ADIZZ n.6 MERU/'.;SQ ~ .t"\n r .er• 'l.on r. " '"' n.n0 :,.oo 

RSS DRIFT ANGLE (~RCSH'S.I ? 5 2. r;;;, 404 0 rl 185.17 ?1_C'.5o 37A.Al ?71.29 

OVERALL RSS MLM• I A PC SEC So I 255.97 40t-.Jl lRq.71 714. So ;1 i:.r. 136 ?74. 41 
OVERALL RSS MLM.(MR.l 1.24'15 l.9t-P9 0.9197 l • '.'4" ? ' .A464 1 • 3Vl3 

TABLE 13 S. M. MISALIGNMENTS AND DRIFTS AT LOI CUTOFF 



N 
CX> 

NO~lNAL ALTTTUOfS ~'I-'~ .,_ii< 6'1 •• ,.. ~ * 1<'9 •~• ~ .. .,. ,_ -, .,., ••\, ~ 4: ~:,.,. .... ,..*Ir~• T'l'*-lr~ ;<~ l<t• t<•w,t. "*«* ,..,. lrJI.Jl,....,« l<*••·· .............. ******** 
PE~IGE::= ~P . 2AO N.1.11. CFVIHICNS H' (/,T TJMJ: = n HP, t: 1-11 ·~. 32 ■ 040 src ( 192 ■ 040 c:;Ecs,, 
APOGF!:= l fG . 999 M. I.IT • 
nRB. ANGLE" Tn P CR IGrF = 

~T~ ~~w~*•*~******••v***~ **~~~*,..****~*•**,..~*~*•*~**• *****""*••*,.*****•••••••••••••••* .. ******* 
Of ~ . P•PIGcf: hLTTTtJnr flUC: T[l ONf f.f\i"l THPF:= SIGM/1 PfJS ■ + NJ:t; .JMU ERRS ■ 

( IN r-rrT ) 
UN(FRT. 
SOUPC~ 

nNi: S I G "If 

UN( i: RT l1 T ' ITV 
r ·',ff s1:;..,,. r -vrtTIC'I\S II\ DERIGcr-

r, •. cs::~JT ti.T o r1ur T "'\ 1 SIG ■ IMU '.:"RKS ■ 
Dl V I H I 0~15 H PI: R I G i:: = 
DUI'" TC ~ CJG ■ I~ll Fr>PS ■ 

UNCrKT ■ NrG . res . 
INITIAL STABLI: MFI.IRI:~ MJS6L!GN~cNT5 ( ~~( Q~PFLftTFr W'T~ GYPO D~ I J: T P~TE 

ABnU T XSM 0.?') uR . "■ 2417 r, .7 t,;1 , n .7 1:,01 
A~nuT VSM n.?G MQ. 1"~ 0 7] 0, 356 0 7 n47 ~56 0 1055 
J! BOUT ZSM O." Q ~R ■ ,r.G31" R . a f . "q c;.r,?"18 

ACCF'LER( IMFTEO I NPUT /\X I S 
X ABOUT V 45 0 ') ~r:~ 
X I\BOUT Z l~ ■ n SF:~ 
V A BOUT X - <t ■ () SIC:~ 
V ABOUT Z - 26 .') 5c:5 
Z ABOUT X 8 ■ 0 si=:~ 
z AeouT v o .~ sr.:s 

MI~HI";l\~;: '-J TS 
" " " ? O . -
,; • t"\"" :1 , 

0 . -11,3 
10.s2:i4 

r- ·" 73+ 
"• l'J('O:J 

t . ?? 'J' 
(' • 1 3 5(' 
0 . n,..,q4 

'5. 3r t 6 

6 .3?1A 
1. 1 Jc;n 
0 . or,94 
5 .1 3?2 

0 .11~ ~ , .117 3 
<' 0 1,rri- n . l)f' ') ') 

ACCELEROMFT ~p BI Ac:; I\V~~ACF G (r '~1PUTAfl fJ"I s H R Tc D ~ r s : r :; . '3 F Fl':) p I: fi lJI'.; N 
ACB X r .1) I) C"I/S . c:;Q 
A f BY ( • L' A " C "I / 'j • S () 
ACB7 " ■ f91') C'-'/S.SQ 

ACCELEROMl"T"R SCI\LE Ft..C' TfJR 
SFUX l4.0 ppv 
SFUV 25. 0 PP'-1 
SFlJZ ~4.0 PP"I 

l ■ ?.20 

4R. '1416 
:nq.'3171 

t.;"JfrP TAJ MTir: c: 
".02 51 
l) .n'1+ ~ 
C. 4r 5P 

G YR a BI AS CR I FT ( s . M. H I G ~Ir n , ; "' 'H "l S. 
~ B [)XI N T T l ■ c; Mn U 1 ■ 4 302 

N B DX BURN ( 2 5 ? A R C ~ c : • n F I F T - o. (1~69 
NAOXC0"1B SlNf.C s.M.nTGN) - 1 ■ 4 6A1 

733 ■ )'>4) 746.4147 
l?. 6771 11.5526 

6 4?.71 4~ 645 ■ R7'17 

21. ,; 4 .,.., - .?l . ()5~6 
- "· '.. "1" 'l ■ C 1'1 11') 

2 . ;;7 1_0 - ~ .?71 p 
BFFf'1rl ~ A UR t i Tr,NITI 111\J ) 

4 o "-L. l 9 4.5433 
c .) 1 -:,4 "" · 11 ~4 
4 ■ f."r:;~ 4 ■ 65'>6 

N FG . 
TER Iv'~ I 

2.~c,71 

- Jf72.JtQ C'/ 
?6 ■ 6q4~ 

~ 8. q 6')4 
() . 4(4Q 
0 . ')25? 

15.R432 
n.'IQ6q 

·" ./') I)[)~ 

IGI\ITI IJ N) 
2) {;IJ • P, I" 1 C 

4l 0 4 " P'> 

1 " 24. 56 17 

n .r %1 
J ■ "C• 31 

6.e153 

13.6719 
o. 34/'J 

13. 961 7 

-
-
-

-
-

-
-
-
-
-

-

p[lc:. 

? ■ ?r 74 
,r -6t .77 t, ') 

.,7.;'.p9,; 

, A 0 0fR() 
n • .1.04q 
c, .0 :zs~ 

16 ■ 1')7'15 

r. '1969 
() .()f'I (\() 

22AC . ?P,6 
G.1) 0 ;>A7') 

lt:-4.1..r.1. ,;4 

63 .) 8 87 
G ■ 1•r31 
f, 0 A l c;i:; 

1 ~.f.?37 
r.?4"'· 

13. q74 1 

NBOV INIT 2 ■ 4 '-IF"IU 1,(1?7.3746 - 33cr:; . 3<:. ;:1 p 
71

0
r?oc 

334J.'37~2 -l f\3 ?6.1~48 qp53 .774~ 
NflDVBU RN (4f'l 3 ARCS•: . r,RJF T- 12 0 7 '\7R 
NBDVC O"'IB SitJ::_c: S. '-1 .AU G~ > - 1 :t,fl . '3 1 '22 

NBDZINIT 1.1 "lf~U 1~ 4.1 8 1 6 
NBOZBURN (184 ARCSEC ■ O P IFT- 1.7'1+ , 
~BOZCOMB SINCE S ■ M ■ ALIGNI - !35 ■ R85"i 

GYRO ACCELERATinN SF."ISITIVF DPIFT (QSS rF 
AOX-TERMS 2.2, 1. 8 , f' ■ 5 M/G n.JB3 
ADY-TERMS 4.1, 3.7, 0.4 "1/G f.475 3 
ADZ-TERMS 2.4, 1.3, ~.5 M/ G 0.1703 

- 14t7 . 1, r1-1_, 

'38. 3 ,;4c; 
r.4f,Q n 

3R ■ 7 °c ," 

u~1::.c:P TAI NTIE- c:; 
0ol' 17C 
2 .6Cfl) 
, , ■ (' 4 {; 5 

7l.01R5 2J3.J77q 7.p . qc4 1 

34l lo A 1 ilG. -)"5 5'3 . C-C()J 1 0""if ■ ') '-q9 

30 .59?5 )11.442'> -
1 ■ 46 '3 4 1 ■ 4 02 6 -

4f'.0849 1)2. 6390 -
'. )U E: TC !\DIA, ArSRA J\Nf) ADO~ 

0 .rJ19 ~ -1137 
2 .1:, 9e1 a.rq.1.., 
'1.0465 a .1 396 

l"!?. 5A82 
1.4r 6 7 

\24.2145 
UNr:i:-RTAINTJrS 

C ■ 11'17 

0 . 00 45 
r.i3ct, 

ANGLF TfJ PEP IGFF( DEG) 
= n P. ~ <; I G ■ l MU E R RS • 

3 13.Qf,? 3 
? 1 3. 71,0fl 
314.,406 

313.Q69) 
31:1. Q6'10 
3l3.96f'll 
'114.,\ 6 1 
313■ %03 
31.3.Q60? 

3l"i.n467 
311.R37t"I 
314.4]A6 

313.1912 
31 3 ■ Q6')2 
311.01,17 

3)3.9724 
313.9605 
313. ·:nn 

3ll.6q24 
313 . o llA 
3 11 ■ ">497 

POS. 

3 13•9581 
?1_4.2119 
313.8701 

313 .9513 
?l 3 .9 604 
313.9604 
313.9040 
313 ■ 9601 
313.9602 

312. 8223 
314.na20 
31 3 ■ 41398 

~,3.0292 
?Jl .9602 
3 1 3 .9587 

313.9480 
313.9599 
313 ■ 91t77 

316.4343 
314.0067 
316.4848 

314.14~3 3!3.5646 
313.0A78 311.9526 
314.3497 311.'i567 

FOR FACH GVPO) 
o. 00() () 
1).()()()(1 

0.n0on 

O ■ Cl('OO 

o.nooo 
0.0000 

3 - SIGMA PfRIGFE FR~OR (IMU 01\;LYI 

3 - SIGMA PFRIGFE FRROR (H' U + TKG. IJ POAT F ) 

-10, 301 . a00J (Q9.Pf t CONFID.THAT PERTGEF EPROR 
WILL RE ~OPE' DOS.THAN THIS FIGURE) 

-1 7, 7"'1 ■ OQ ()r) 

TABLE14 PERILUNE DEVIATIONS FOR COAST FOLLOWING LOI 



TRUE UNCERTAJNTifS (TRIIE - INfHCATEDI AT TIMf = C HP, () MIN, 22.135"1 SfC:S 22. 850 SECS> 

pnq TI ON UNCERTAINTIFS IN FEET VELnCITY UNC::RTAJNTIES I "J FT/ SEC 
UNCERT. ONE SIGMA IR f:L • TO TRUI= AXFS AT NOM. TI Mf I IREL.Tn TRUE' AX!:S AT NOM •TI t-1F. I 
SOURCE UNCERTAINTY .\LT. TR,CK RANGE UT. nACK R,NGF 
INITIAL STABLE "1El-18E~ M I S A L I G ~JI~ r:: N T S I U\JC[I~ I< ELA T(_[' WT TH GYRO DRI I= T IH,TF TEP,..S I 
ABOUT XS"! o. 2 0 "1R. '.).) l'1. 5 o. (I <'.rar. 0.01+0 :) .0(1() 
ABOUT YSM 0.20 M~. (). 5 (1 . (l o.o f' .C•42 O.OIJC I). 000 
A'3CUT ZS"I 0.20 ,,n. 0. '.) n. J o. (' ().(\11() 0.on 0.000 

ACCFLEROMETER IN PUT AXIS M IS.\ LI GN fil E "JT S 
X ABOUT V 45.0 S:' CS o.s ,,_ 0 0.1 o.r42 0.()()(\ 0.011 
X ABOUT z 10 • () SF.CS :,.:, 0 .0 ('. 0 o. Qf)() n. lJ'JC' 0.000 
Y ABOUT X - 4. 0 S:: r S ,, • 0 1 .r o.o o. ')no o. "104 0.000 
y ABOUT z - 26.0 SECS 'l. I) ':• . 1 ~-0 0.100 C'.017 0.000 
z ABOUT X a.o S :'CS 0.) ". 0 o.o n.ooo 0.000 0.000 
z ABOUT y o. 0 SF CS c.o , • ("I 0.(' ("I. (l "I ("I n. "lOn o. 000 

ACC!"LEJ:.OMFTER BJ AS ( AV EPA <?E G C0"1P UTA TTO\J STAR,TFD 3( SFC S. 13EFORc BURN I G ti IT I ON I 
ACB X C.110 CM/S.SQ 4. '.} n.0 1.3 0. 1 q c I). ')')0 0.04s 
ACBV C.060 C"1/S.<Q o.o 2.7 o.o 0.0"('1 0.104 n.001 
ACBZ o.oso CM/S.<;Q - 0.9 1. r. 3.5 (). "]? O. nl)? J.H4 

ACCEL'=ROMETfR SCALE FACTOR UNCERTAINTIES 
SFUX 14.0 PPM ('1. 0 I) . (1 C'. (' r.011 0.0')0 n.ooo 
SFUV 2s.o PPM J .::> c .0 o. n r. r •"IO '.'!. OflO 0.000 
SFUZ 64. 0 PP"I ". ') "• r 0. J 0 .o r3 o. l')f)(' o. 012 

GYRO Bl AS ORI FT ( s. "1. AllGNl=IJ 6 'l Ml"J'i • BF CJ RE IJUP ~J I G~! IT I 'J N I 
NBDXI"'1 IT 1.5 MEQ U n.o " . 9 (). 0 r. .".1 '10 0.07Q o. 001 
NBDXBURN ( 82 ARCSECS. DR IFT O.J o.r _c. o r. • n" () 0.01"11" "•0')0 
NBD XCOMB SINCE S.M.ALIGNI 1 .) ., 0 

- . o.o r. nno o. 079 0.001 .., 
co 

NBDVIN IT 2.4 1.1nu l. 5 ') .{' o.n n. 1 '.11 O.O"l 0.001 
NBDYBURN ( 130 ARCSECS. DP IFT 0. '"I "l. 0 o.r c. JOO 0.0(1" 0.000 
NBDYCOMB SINCE S.M-ALIGNI- 1.s ,.n n.c 0. ! 11 o. l"lfll o. 001 

NBDZINJT 1.1 Mnu r.n " · 2 r.r <'•""0 D.016 0.1)00 
NBOZBURN ( 59 ARCSECS. !)I< IFT '.).:, 0.0 o.r 0. on 0 (I. 0;)0 0.000 
NBDZCOMB SINCE So "I. AL I GN I o.o 0 .2 0.0 IJ .('"I() 0.016 0.000 

GYRO ACCELERATION SE'4SIT IVE DR I FT IRS S OF UN: ~R TAn1n E ~ QUE TO ADI~, AD S1< A, AND ADO/I ['J;!FT UNCFPT AINT IF5 FOR EACH GYRO 
AOX-TERMS 2.2, , • 9' o.s 11/G '.).'.) o.n 0.0 0.000 o. 00(\ 0.0()0 
ADY-TERMS 4.1, 3.7, 0.4 pA /G o. 0 a . C n.c 0.0"" 0.0'.)0 0.000 
ADZ-TERMS 2. Ct, 1.3, n.5 ~/G 0 .0. •1 .n 0.0 "· ())() 0. ()()'I 0.000 

GYRO ACCELERATION SQJAR.En SFN SI TI V~ ORI FT 
AOIXX 0.6 MERJ /GSQ o.o "· IJ o." n.r 'lQ 0.000 0.000 
ADSYY o. 6 MERU/G5C '.).) "•0 o.n o.o:ln o. ()')() 0.000 
AD I ZZ 0.6 MERU/GSQ o.o n. ( , O.C" f'I.OrCI o. 01)(' 0.000 

RSS I MU UNCERT. s.:> z.q 308 r. 211 ,., • 1] 8 :,.143 

RSS TKG. UPDATE UNCH Te 3,'144.Z 7,0"3.7 5,1'>4.6 3.297 7. 45Q 1.129 

RSS U lliC I: RT. ( FT AN!:l FT/SFCI 3,044.2 7,QC'". 7 5, l 54. f:: ~ .3:,6 7.460 '1.. 138 
RSS UNCERT.(N.MI.AND FT/SHI ') .r:;01 , • 3('r "•'348 3. 3 ()6 7. 46() lol38 

TABLE 15 STATE VECTOR Ut\CERTAINTIES AT DOI CUTOFF 



JNITI/L ST ABLE '~F"IB ER 1q<;AL r r-~1·nJT<; A IJ [) ['O I F., ANGLFS <;U"l"IAR V (AT TI '-IF = 22. 850 SFCS. I 

UNCF RT. fl NF STGrA ~LI"• ANGLE ABOUT ST t.P.LF MEM'3EP .AXES MLM.ANGLF AROUT LJCAL VER TT CAL AXES 
SOUHE UNCF.PT .VALJ [- ARC-srr S. APC-SECS• 

XSM VSM l5M ALT• TPAC K RANGE 
INITIAL ST Afl.L F. l.1fMRF~ I-IT~tl! SNI-IF\ITS I UNC ORRFLATEn WITH GYf:C DRIFT RUE TERl-'SI 

AB fl UT l<SM 0 .20 MR. 41.25 n.on o.on 3 q. a? 0.08 10.37 
ABl"lUT YSM 0.20 MR. r • "I J 41 .2 5 o .0n r.;,11 4~ • 2 5 0.42 
ABOUT ZSM r .2~ 1-4R. O."C- I).()(\ 41.25 IO .37 0.46 39.92 

RSS INITIAL s. M. ML -15 • 41.25 41 • 7." 41.25 41.?5 41.25 41 .25 

DR I FT A"IGLF S SI"lCE I"IU STARL r: •~r MR':R ~:'IILTGNM t: NT (ALIGNrfJ ~o MI NS. BfFDRF BURN IGNITION I 
NBf1X 1.50 MFRJ A .73 0.on o. en 79.10 n • 17 :?0.5& 
NBr'Y 2.40 MFRU n. "J 130.77 0 .oo o.64 1 31). 77 1.34 
NBOZ 1.10 MFRU c.rr c.cr 59.94 1 s.r)7 o.t-1 58.00 

ADI AX 2 .?. () ~ERU/G ('\ .ns 0.0/\ ().on o.os "•"n o.o, 
AIJSRAX 1.Bo "1':'RU/G a.or o.oi:- o.or ('l.('l'l o.oo o.oo 
Aon Ax n. 50 ~1ERU/ G 0.04 ('I. 00 o.oc ('.')4 a.on 0.01 

ADTf-Y 4.10 MERlJ/G Oe"l"I n.oo o.oo o.oo o. l'JO o.oo 
ADSR AV 3.7 0 "IER lJ/G c.nn C. ~4 ().('(I 

0 ·"" 0.34 o.oo 
AJn~v o.4n MFRU/ G o.rr r·.r o.oo "· 0 "I 

n.01 0 .oo 

A;') I AZ 2.40 MERU/G c. !')1' (' .c () 0.22 n.os o.oo 0.21 
ADSP AZ 1.30 MERU/ G o.no o.co o.on o.oo 0.()0 o.oo 
ADOAZ 0.50 MERU/ G () o'l :'.I 0.00 0.01 n.n" o.n0 l'eOl 

w 
0 AO T XX c. f 1.1rRU/';SQ ".00 '.'. 0 ') o.oo Cl•'.'" o. no o.oo 

ADSYY n.6 Ml:PU/<;SQ n.0::- 0." J a.or ().l'H'I 0.01 :J .oo 
ADI ZZ c. 6 MERU/,SQ "-"~ (l .o ') 0 .o 1 o.oo o. 0() 0.01 

RSS CRIFT ANGLE ( A.RCS rec;. I R 1. 73 l3<'. 7E 59.94 80.5 3 13().77 6,.5& 

OVER~LL RS S MUI. I ARC SECS. I 91. 55 1 37 • 13 72.76 90 .48 111.12 74.10 
OVFPALL RSS MLM.(MP.I o.4438 o. f 648 o.~s21 o. 4386 0.6!>48 ::,.3592 

TABLE 16 S. M. MISALIGNMENTS AND DRIFTS AT DOI CUTOFF 



w 
... 

NOMINAL ALTJTUDFS *-******•*••-·~·~*~****•¥·······-·••t•~••*••·················-····························· 
PER JGEE= 0 .625 N.MI. . DEVIATIONS IN (AT TIME= 0 HR, 0 MIIIJ, 22.'!50 SEC I 22.85() SFCS)I 
APOGEE= 58.43q N.MI. **•*** ♦ ***~~•••~****s**~••••~•~****~••****•**•*•****••••••••••••****••••••••••*****•*•***** 
ORB. HIGLE Tl] PERIGEE = 1q().4 l)fG . PERIGEE ALTITUDE CUE TO ONE AN) THPcF S!GMA POS.+ NFG.IMU 1':RRS. 

( IN H!:'T I 
UNCERT • 
SOUl<C~ 

ONE c;JG"1A 
UNC:RTAINTY 

lll\Jt <;JG"IA 
p L F s E IIJT ~LT • 

DFVIhTirNS r~J PFRJG!Cf 
OUF TO 1 SIG.IMU 1:RRS. 

DEVIATIONS IN PERIGF.~ 
DUE TJ 3 SIG.TMU fPRS. 

UNC =~ T • MG. 
INITIAL STABLE Mf.MBF~ MISHIG~'-'fl\JTS IJIIJCORPcLAT !:D wITH GYRO 

ABOUT XSM n.2 0 MR. O.OC~] 1 .74rl 
ABOUT vs~ o.?O MR. n.4727 r.541& 
ABOUT ZSM 0.20 MR. n.~JO~ OoL7 ~2 

ACCELFROMFTFR l~PUT AXIS MI~ALIGN~FIIJTS 
X ABOUT Y 45.0 SE:S n.48\q 47 • 72 60 
X ABOUT Z 10 ■ 0 SE:S n.J:,J) o .r,0 r,o 
Y A~OUT X - 4.r SE:S c.ooc2 (l.16Q2 
Y ABOUT Z - 26 ■" SE:s r.~,04 r.296~ 
Z AEOUT X 8.() s::::s r.n,o~ (' .l1 0f)(' 

Z APOUT Y o.o SECS r.0000 n.0000 
ACCELEROMETER BI bS (AVERA GF G r.C~PUTATION STA~TEO 30 SECS ■ 

ACBX c.11c C~IS.SQ 4.8797 21 6. 0? '!7 
ACBY 0.06(\ CMfS.SQ n.01,5 4. sine; 
ACBZ f' ■ 080 CMIS• c;Q - ('.qn4 567.3f-35 

ACCELEROMFTER Sr.ALE FACTOR UNCrPTAI~TI~S 
SFUX 14 ■" PPl.1 n.on83 n .q7c;r -
SFUY 2~0 PPM C.f)('OQ ').tJ('"(\ 

SFUZ 64.0 PPl.1 C.0?67 5?.6?84 -

P[ So NcG. poc:;. 
TE RMS I DRIFT RA TF 

1.7449 
c.s3r. 3 -
0.4701 

47.7393 
0 .00111 
0.1693 
o.2cn3 
o.oono 
c.0000 

~EFORE BURN 
215.7741 

4.5022 
567.4259 

11.8250 
f) ■ 0 0 ( l (' 

52.6279 

5.2423 -
1.6694 
le4l08 -

143.1381 -
o.oroo 
o.5011 
o. 8891 -
0.0000 
0.0000 

IG"llTl'"JN I 
648.8476 

13.553q -
- 17(11.9034 

2.4749 -
0.0000 

J 57.8869 -

5.2•()7 
l.55l6 
1.i.099 

143. ?.SB 
o.nnon 
0.5n1a 
o.,ip,37 
o .n('('I) 

n.O"O'.J 

646.555'3 
11 0 1+P0', 

17"12. 4f.46 

2.4-,49 
('.('0'.)1 

i,7.A~22 
GYRC BIAS DRIFT {S."4. Al.TGIIJFn 60 r,tINS. BEFORE' AU RN IGN IT IO~ I 

NBOXINIT 1.5 ME~U o.n(\44 
NBDXBURN { 82 APCSE:.OPIFT c.~oon 
'4BDXCJMB SINCE S ■ M ■ AlIGNI ().1)44 

NBDYINIT 2.4 ME~U 
NBDYBURN 1130 ARCSEC.DRIFT­
NBOYCOMB SINC: S."1.ALI GN I -

NBDZINIT 1.1 M Eq_U 
'4BDZBURN 59 ~RCSE:.OPIFT 
NBDZCO"'I B SINC!: S.M.ALIGNI 

GYRO ACCELERATIO~ SF.NSITJVf DP l FT 
ADX-TERMS 2.2, 1 ■ 8, o. 5 MIG 
ADY-TERMS 4.1, 3.7, 0.4 MIG 
ADZ-TF RMS 2. 4, 1. 3' (\.5 MIG 

1. 4992 
n .1J32 
1. 4qz4 

o.oooq 
OeOJJJ 
0.()')09 

(RSS 
r. 0ron 
r..i'OJ3 
O.C'JO) 

OF 

3.43'12 3.4342 10.3325 - )C'.2'l7'i 
n.0110 o.ou (\ 0.0329 - 0. 0~ ?9 
3 .45"1 3 ■ 4451 10.3656 - 10.3202 

J.75f:l 1 ■ 6262 5.6577 4.L..B<H 
() ■ 0 1 ) 98 0.()098 o. 0295 o. 1'295 
l. 76f-- 3 1 .o1,f. 5.6909 4.5,49 

().fi789 fJ.67>l7 2 • 03 72 - 2 ■ f''.>.54 

"■ 0022 0.0022 0.0065 - 0 ■ "065 
IJ.6elC 0.68 118 2.0437 - 2.0419 

UNCERTAINTIES DUC. TO ADIA, AD SRA ANO ADOA UNC::l<UJNTil=S 
o.ooJ.5 0.0015 ·o .on46 o.0r4£, 
0.0n4l c.0041 0.0124 n 0 r124 
n .00 1 3 o.cn13 0.0039 0 ■ ""1'! 

ANGLE TO PEPIGEEIDEG> 
FOR 3 SJG. I"4U ERRS. 

Ni:G. POS. 

180.4283 1 80. 42 B8 
l80 ■ 48f'l 0 lA0.3762 
180■ 4285 180.4286 

1PQ 0 4q21 180.3748 
lB').4285 180.4285 
180.4286 180.4285 
18 ·1 ■ 1+285 1ao.42e6 
l80.4~A5 J so. 42 85 
180 ■ 4285 lA0.4285 

1Bo.,q37 180.6644 
1 B0 ■ 42-,9 180.4291 
18"1.'+659 180.3907 

1 go. 4295 190.4176 
180.4295 )80.4285 
]81).4249 lA0.4322 

180.428} ]Bn.4290 
, so.t..285 180.4285 
~ll').4281 180.4290 

,. e1.591s 180.2636 
18'). 4291 180.4280 
113'1. ,940 180.2631 

180-4284 1B0.42B6 
,_8n.4?B5 lA0.4285 
1130.4 284 180.4286 

FOR 1':ACH GYQOI 
o.nnoo 0.0000 
().'.)')()'.) n.0000 
o. ') 000 0.0000 

3 - SIGMA PERIGEE ERROR I IMU ONLVI - 1,800.0000 1cq.pt, 'f CONFID.THU PF.RtGFE ERROR 
W!LL 8F WJQf POS ■ T~AN THic; FIGU~Et , 

3 - SIG"4A PFRIG~E [P~OR {l ~U • T~G.UPDATcl 

TABLE 17 PER !LUNE DEVIATIONS FOR COAST FOLLOW I NG DO I 



AT TIM~= n HR, 7 MJN, 13.000 5rcs 433.()00 Sl::CSI 

Pn<;ITI ON U~C ERTtINTJE~ I N FEFT VFL OCITY UNCERTAINTIES IN 

UNC q , T • rJ NF <; I Gt-IA (RF'L. TO N'''-1• AXF<;I (PEL. TO NOM. AXFS> 
SDU Rf~ UNfF q TAI NTY ALT. TRACK RANGF ~LT. TR~CK 

INITIAL STABLE "'IE"B l= R r-qc,t,,lI S"'r--1r11JTS IJ'l CO RRELATfD WITH GYP'] f")RlFl RflTi= 

ABnUT XSl.1 o.t..6 'IR• 
ABOUT YS'-1 11.40 'H. 
ABnUT ZS'-1 Q.~o MR. 

ACCFLFPOMETFD INPUT n,xy<; 
X ABOUT Y 38.n SFC<; 
X ABOUT Z - 11.r, SE'CS 
Y ABnUT X 18.0 S=C<; 
Y tBOUT Z - 22.0 SFCS 
Z ABOUT X - 99e0 S: CS 

1."' 
MTSAl r rtJ'1f""'IT<; 

\P9.4 
'.). ') 

n. ".l 

6 71 .() o.~ 
? 81. 5 

o., 

n.o 

C .r 
Z A BOUT Y C' • 0 Sc C S r . 0 "'I. 0 ('l • 0 

TE R ,_.SI 
o.on1 
?.17f. 
('. 1)(11') 

1 .n,3 
0.rno 
(),.(l'.')f' 

Q.'l(10 

o.nno 
o.rn0 

ACC:LFRCMETFR BI AS IAVFRAGF G C: CM PUTATtr1N STAPTFD 3(' SFCS. '3EFOPE: BUPN IGNITI1N) 

ACRX r.060 C'-1/ S. SQ 

AC~Y C.040 C'-1/S.S Q 
ACBZ C.050 CM/S.SQ 

ACCH ER8METER SC Al !: i= AC TOP 
SFIJX 34.r pp~• 
SFllY 1q. 0 PP'-1 

n • ') 
J:i. 7 

u r-JC c=" Tt T ~JTI = S 

SFUZ. 25.o p:>1A 4. 5 
ACC~LERATirN SQUAPl:D IN'1ICATICN UtJC • RT. 

3.3 

,. (I 

NCXX 10 MG/ GSQ le ~l "•D 0.2 

NCYY 10 MG/ GSQ n.0 o.o 
NCZZ 10 MG/GSQ 0.1 1.0 · 

GYRO BI \S ORI FT I S.'1. H IGNF Q 4f') "IINS. 1:!EF ORF f\lJRN IGNITICNI 

NPDXINIT 1.1 "'IERU 
NBDXBURN I 46 ARCSFCS. DRIFT 

NBDXCOMB SINCE S.'-1.tLIGNI 

NBDYINIT l .3 M':PU 
NBDYBURN I 54 ARCS::cc.oRIFT­

NBOYCOMB SINCE S.M.ALIGNI-

NBOZINIT 1.2 MF~U 
NBDZBURN ( ~l ARCSFCS.DRIFT 

NBCZC0'-18 SI~C:: S.M.ALIGNI 
GYRO ACCELERATION SE"JSITIVF ORirT 

ADX-TfRMS 7.9, 1.3, n.3 M/G 

ADY-TERMS 1.7, 1.Q, 0.2 "IG 
ADZ-TfqMS ?..O, 2.1'), n.2 ~/G 

o.o 

217. .3 
15.8 

228.l 

0 .:, 
('. 0 
'.).0 

(RSS nF 

GYRC ACCFLERATION SQJARF'D SFNS!TtV!: 

(). '.) 

3.9 
('.J 
D~JFT 
::i. ".) 
o.8 

ADTXX 0.6 ~EQU/GSQ 

ADSYY 0.6 "IERU/GSQ -

AOIZZ 0.6 ME~J/GSQ 

R S S UN C ER T • I F T A NO F T / S ': C l 
RSS UNCERT. (~.MT .AND FT/SF.CI 

(\ .() 

J 93. 8 
13.9 

2()7. 7 

0.1 
o .r 

111.e 0.1 
4.2 o.r 

116.0 o. 1 
U~CEqT~INTIES our: TC ACIA, AOSRA, 

87.8 0.(1 
,.a 1.1 
A.3 o.r 

').3 0.0 
'.). 0 ('l. 3 
n.2 o.c 

373.4 
o. 06 J 

O.Q<;R 

a.one, 
r. 135 

o.r,57 
,. • "('I() 

r. .n;, "i 

c. •Jci3 
0.0')(1 
o.nn4 

,. -:n e 
0.130 
1. ~6 e 

o.oro 
0.rno 
r. C'l'lO 

AND ADDA DRIFT 
n.1)1)0 
o. 0 ~ 5 
c.noo 

c.000 
() .oo 8 
o. ('0(1 

TABLE 18 STATE VECTOR Uf\CERTAINTIES AT ASCENT BURN CUTOFF 

3.623 
o.noo 
n. i;;a0 

f).oor 
o.Mo 
0.474 
0.155 
"· 0()0 
0.000 

0.000 
o.5'!R 
o. oon 

o.cior 
o. ('')() 
n.O'J:l 

O. O'lO 
().000 
o. 000 

,.04f> 
0.110 
1.156 

o.oon 
0.000 
0.')('(1 

o. 304 
0.011 
0.115 

UNCl=PHl"ITIFS 
".'I• 483 
o. 1)]1 

0.032 

o. 002 
0.000 
0.000 

3. 966 
3.966 

FT /SEC 

RA"IGE 

0.002 
o. 961 
0.000 

o.1ao 
0.000 
0.000 
0.000 
0.000 
0.000 

o. 161 
0.000 
0.123 

:,.009 
0.000 
0.134 

0.001 
0.001') 
0.023 

0 .O"I 1 
0.000 
0.001 

o.546 
o. 034 
0.581 

0.000 
0.000 
0.000 

EACH GYROI 
0.000 
o.ooa 
0.000 

Oe001') 
0.002 
0.000 

1.364 
1.364 



INDICATION HICE 0 TtiJNTIES (l~DICATED - TRUE> (FEET AND FT/SEC> 
(PFL. TQ NC~. AXFSI 

AOIAXINIT 
AO I AX BURN 
ADIA XCOMB 

ADSAX !NIT 
ADSAXBURN 
ADSA XCOMB 

ADOAX HUT 
ADDA XRURN 
ADDA XCQM B 

R SS FOR X GYRC 

AOIA YIN IT 
AO JAY BURN 
A'll A YC O~B 

AOSAYTNIT 
AOSAYBURN 
ADS.A YCO"IB 

AO DAY TN IT 
AOOAYBURN 
AOOAYCOMB 

RSS FOR Y GYRO 

AOUZINIT 
AOIAZBURN 
AOIA ZC 0MB 

ADS.AZ IN IT 
ADS A ZBURN 
ADSA ZCOMB 

AD04Z IN IT 
ADOAZBURN 
ADOAZCOM'3 

RSS FOR Z GYRO 

2.80 M":RU/G 

1.30 MF.RU/G 

1.00 MERU/G 

2.00 MFRU/G 

2.00 M~QU/G 

0.20 M!:'RU/G 

R SS FOR 4LL GYROS 

ALT. TRACK RANGE 

(). () 

308 
3. 8 

o.o 
o.o 
"I.:, 

I':. 3 

88.2 

o. 0 
IJ. r 
0. r. 

o. r 
n.r 
0.r 

o.,.., 

o.o 
I). (I 

0." 

o.o 
0.0 
o.o 

o • r, 
o. C 
o.c 

o. 0 

l • 6 

AT TI"IF = 433.f'N) SFCS. 
(PFL. TO ~OM. AXESI 

ALT. TRACK RANGE 

C.(100 
o. rn 
n.roo 

G.1""0 
OoN0 
o.on0 

0.oon 
o. ')00 
r .r-," 

0.ono 
r.0nn 
o.n')n 

C .C'"" 
r.. n 1 'i 
0.035 

o.r,no 
r. o,:-3 
!1.Cl"3 

r.ooo 
o.n')() 
o.ono 

n.')00 
o. '1/)(l 

c.ooo 

o.noo 
o. ()()(' 
"·(•()0 

o.ono 

o.oon 
n.ooo 
n.ooo 

n.4a3 

o. 001) 
0.00,:, 
o. 0')0 

0. I)')/) 
o.o,-,n 
o. 0()1) 

0.031 
n. 000 
o. 03 1 

0.1)')() 
0.004 
0.001+ 

0.01)(' 
0.000 
o. oon 

0.031 
0.000 
0.03? 

0.032 

n. 485 

0.000 
0 • r)Q 0 
0.000 

0.000 
0.000 
o. 1)00 

0.000 
0.0(1') 
0.000 

0.000 

o. 000 
0.000 
0.000 

0.1)00 
'.l.0('8 
n. ')OB 

0.000 
n.no1 
'l.001 

0 oCl08 

0.000 
o.ono 
0.000 

o. 000 
,., .ooo 
0.000 

0.000 
').1)00 
o. 000 

() • Ot:'O 

c.ooa 

TABLE 19 STATE VECTOR UNCERTAIITTIES AT ASCEITT BURN CUTOFF (AD TERMS) 



INITIAL STABLE ME ""BFR MISH IGI-.J'-11:NTS AND CR I FT ANGLES <;UMMAR Y I AT TI "IE = 43 3. ()00 SFC s. l 

uNrfFT. ONE' SIGMA '1 L "• I\NGLE J\BnUT SHBLE MEl"BER AXES MLM.ANGLF ABOUT LJCAL VERTICAL AXES 
SOURCF UNCFRT .VALJE <\RC-SF.CS. ~AC-SECS. 

XSM YSM ZS '1 ALT. TPAC K RANGE 
INITIAL ST ABLE MC-MBE~ "1 I 5 t LI GNM tN TS IU\J(nRRFLI\TED WITH GYRO '.)RI FT RATF TER,..S I 
A'30UT XSM o.66 '°'R• 137.5'.) r .c,o 1).()1) 13 5. 39 o. Ol 24. 01 
ABOUT YSM 0 .40 MP. c.o('I 82 .50 n.oo 0 .OJ. 8?.. 50 o. 04 
ABrJUT lSM 0 .4() MR. O.'.)n c,. on 82. 50 14.41 0.04 ai.21 

R SS INITIAL S.M. MLMS. 137.50 a2.5n 8 2 • 5(1 136.16 82. 50 84. 71 

DR I FT ANGL FS S I\J CE I '1 ll STAP-L!c ~FMBEP ~=ALI (;NM ':NT (ALJ(;Nl=D 4'.) Mlt\S. BEFORF BURN IGNITION l 
NBDX 1.10 MERJ 46.87 n.on o.oo 46.15 0.(10 8.18 
NBDY 1.30 MERJ ').00 55.39 o.oo C' .o 1 '55. 39 o. 02 
NBDZ 1.20 MER J o.o::i o.oo 51. 13 B.93 0.02 50.34 

ADI AX 2. 80 MERU/G 18.52 ('I .QQ o-oo 18.24 o. 00 3.23 
ADSR AX 1.30 M!:RU/G C."C' c.oc (1.00 0 .O(\ o.oo o.oo 
ADDAX 0.30 MERUI G 0.11 o.rn 0.00 n.76 Cl.!'O :>.13 

AD IA Y 1.10 MERU/G c.00 0 .00 o.oo o.no o.oo o. 00 
ADS RAV 1.00 MEPU/ G a.no 2.59 'l. 00 o.'1n 2.59 o.oo 
AD DAY o. 20 MERU/G 0. r, ') 1.32 'l.0(1 ('. 1)() 1. 32 O.O(I 

ADIAZ 2.00 MERU/G c.00 r, • n" '5 .19 0.90 n.no 5.ll 
AOSRAZ 2."0 MERU/G o.nn ( , . 0 () o.oo 0.00 o.oo '.) .oo 
ADOAZ 0.20 ME PUIG ('\. '):) L,.('I(' 1 .Q6 0.18 o. no 1. 1)4 

c.o .. 
ADIXX 0.6 '1ERU/GSQ o.oa ('.0') I). J(l 0.01 o.oo 0.01 
ADSYY 0.6 MERU/GSQ 0 ·"J (' .6 6 o.oo o.oo Oe66 o.oo 
ADIZZ o. 6 l.lERU/:; SQ c. 0('1 ().('() (l.66 C' • 11 o.oo o. 65 

RSS DRIFT ANGLE (ARCS res.) 5 0. '•" 55.47 51.41 so. 43 55.47 51.38 

OVl:~ALL RSS MLM. URCSECS. I 146. 45 99.42 97.21 145.20 99.42 99.07 
OVERALL RSS MLl.1• (MR.I 0.11") Q.487" o. 4 7 13 o. 7039 0.4820 n.4003 

TABLE 20 S. M. Ml SALIGNMENTS AND DRIFTS AT ASCENT BURN CUTOFF 



NOMINAL ALTITUDES 
PERIGEE= 9.026 N.MI. 
APOGEE= 45.5~8 N.MI. 
ORB. ANGLE TO PERIGEE = 

***·********•**************•*****••···~········•**•······•*••·················•**••········ 
DEVI~TIDNS IN (AT TIMF = 0 HR, 7 MIN, 13.000 SEC f 433.000 secs,, 

*******••·················································································· 342.2 DEG. PERIGEE ALTITUDE DUI:= TO ONr: AND THREE SIGMA POS.+ NfG.IMU ERRS. 
IIN FEET> 

UNCERT ■ 

SOURCE 
ONE SIGM.&. 

UNCERTAI'HY 
ONF SIGMA DEVIATICNS IN PEPIGEE 

PRESENT ALT. DUE TO 1 SIG.l~U ERRS. 
DEVIUIONS IN PEPIGFF 
DUE TO 3 SIG.IMU ERRS. 

UNCERT. NEG. 0 oc;. Nl:G ■ POS. 
INITIAL STABLE MEMBE~ MISALIGNMENTS (UNCORRELATED MITH GY~O DRIFT RATE TERMS I 

ABOUT XSM O .s 6 MR. 0 .1132 O. 0069 I). 0552 o. 1241 
6e6.56lO -

o.0065 -
ABnUT YSM Oe40 MR ■ 373.3147 279.6891 - 332.3799 
ABOUT ZSM 0.40 MR. r.0447 n.or1s 0.0008 

ACCELERO,-,ETER INPUT ~XIS MISALIG"l ,MENTS 
X A BO UT Y 3 8 • 0 SE : S l 8 S .3 8 l q 
X ABOUT Z - 11.0 SE::s IJ.Nln 
Y ABOUT X 1a.o sr::s 0.019] 
Y ABOUT Z - 22.0 sr=:s ().()128 

Z ABOUT X - 99.0 SE:S o.ooo~ 
Z ABOUT Y o. 0 SE: S 0.0JJJ 

ACC~LEROMETER BIAS I\VERAGE G COMPUTATIJN 
ACBX 0e0S0 CM/S.~Q - 214.7420 
ACBY 0 ■ 040 CMfS.SQ - 0 ■ 0299 
ACBZ 0.050 CM/S.SQ - 30.7029 

ACCELEROMETER SCALE FACTOR UNCERTAINTIES 
SFUX 34.0 PP~ 18.9334 -
SFUY 19.0 PPIII 0.0000 
SFUZ 25.0 PPM · 4 ■ 4557 -

136.895 ·~ 
0.0000 
0 .oo 36 

o. c,000 
o.oori o 

STAR TED 30 SECS. 
86.6512 

n.0030 -
806640 

1. 751 6 
0.0000 
2 ■ 5173 

147.4914 378.7264 -
0.00')("1 0.0000 
0.0045 - 0.0085 
0.00 03 0.0012 -
n.0000 0.0000 
o.oroo 0.0000 

AEFORE BURN IG~ITI ON) 
1a.25ao - 2e4. 9 592 
0.0037 - 0.0069 
8.9339 25.2272 -

1.7245 
0.0000 
2 .5')40 -

5.3363 
0.0000 
7 ■ 5924 

GYRO BIAS DRIFT (S.M. ALIGNED 40 '-11'-lSo BEFOH B URN I G N I T I ON I 
O.C069 NBDXINIT l ■ l MERU 0 ■ 0407 

NBDXBURN ( 46 ~RCSF: ■ DRIFT- 0 ■ 0031 

NBDXCOMB SINCE S.M.ALIGNI - 0.0434 

NBDYINI T 1. 3 MERU 
NBOYBURN I 54 ARCSEC.DRIFT 
NBDYCOMB SINCE S.~.ALIGNI 

NBDZINIT 1 ■ 2 ME~U 
NBDZBURN 51 ARCSEC.DRIFT-
NBD ZCOMB SINCE S ■ M ■ AL YGN> 

GY~n ACCELERATION SE~STTIVE 
ADX-TE~MS 2.0, l. 3, 0.3 M/G 
ADY-TERMS 1.1, 1.0, 0.2 M/G 
ADZ-TERMS 2.0, 2.0, 0.2 M/G 

-

212.3341 
15.7537 

228.0880 

0.0244 
c.0010 
o.02s3 

DRIFT I RSS 
0.0193 
3.857:> 
O.C'Ol4 

OF 

("I.DOB 
0.0011 

16 5 ■ 4565 
25. 70()9 

189 ■ 4:?ll 

O ■ OM7 
0.0000 
0.00()8 

UNCfRTAJNTIES 
r.0038 
7 ■ 2 ez B 
0.0003 

DUE 

o.01in -
0.')014 -
n.0129 -

182-5034 
25.8799 

2io.1401 

0 o(H')r)5 
0.0000 
C.0006 

TO AfJIA, 
c. 1)04 7 
1.2102 
o.1Joo3 

A[)SR.& 

o. ooaq 
0.0036 
0.0073 

446 ■ 2469 -
76.5662 -

507.3791 -

0.0027 -
0.0001 -
0.0029 -

AND ADDA 
0 ■ 0087 

21 ■ 8859 

0.0008 

o.3io2 
ll6Ce 5778 

0.0006 

474.0709 
0.0000 
O ■ OJ59 

o .or.o R 
0.0000 
o.nnoo 

21)9.43 04 
0.01 3 1. 

27.6603 

5.0922 
0.0"0') 
7. 4723 

o.n450 
O.C'04'3 
0.0544 

599.6485 
78.1769 

693.8128 

0.0011 
0 .0()0 l 
0.0011 

LJN CE P TA I NT I F S 
0.0,61 

21. 77:\1 
0.0009 

ANGLE TO PERIGEE(DEGI 
FOR 3 SIG ■ IMU ERR.Se 

NFG. POSe 

342.2665 342.2665 
345. 9714 338.3607 
342.2648 342.2650 

343.91318 340. 5622 
342.2649 342 ■ 2649 

342.2649 342 ■ 2649 

342.2649 342.2649 
342.'264=1 342 .2649 
342. 2649 342.2649 

340.15io 34 3 .7938 
342. 2649 :\42. 2 649 
342.5201 341 ■ 9862 

342.35}4 342 . J. 785 
342.264=1 342.2649 
342.2048 342.3240 

342.'2650 342.2650 
342.2649 342. 2 649 
342 ■ 2651 342.2650 

344. 3 984 340.0672 
342.4'370 342.0426 
344.6162 339.8411 

342.2648 342. 2649 
342.2649 342.2649 
342 ■ 2 648 342 ■ 2649 

FOR EACH :;YRJI 
0.0000 0.0000 
o. 0000 0.0000 
0.'.)0()0 0.0000 

3 - SIGMA PERIGEE ERROR llt'U CNLY> - 1,600.0000 (q9.8f ~ CONFJO.THAT PERIGEE ERROR 
WILL BE MORE PJS.THAN THIS FIGU~EI 

TABLE 21 PER ILUNE DEVIATIONS FOR COAST FOLLOW I NG ASCENT BURN CUTOFF 



TRtJF UNCF~ TA INTIF S 1rqu~ - INDICATED) AT TIM~= 0 HR, 2 MIN, 18.97"'1 SFCS l3R.970 c;ECSI 

PO~ITION UNCERTAINTIES I "I F Ei:T VELQCITY UNC~PTAINTIES IN FT/SEC 
UNCERT ■ ONE SI G'-1A (R~L.TO TRUF A XE S AT NO~.TIMi:) IR FL• TO TRIJF A XE S AT NO,-..Tl"-EI 
SOURCF UNC !:RT A INTf ALT. TRtC K RANG': /ILT ■ TPACK RANGE 
PH TI AL STABLE Ml: MBER MI SALIGl\r-'FNTS (JNC"ORt:{El<\TFD WITH GYPn DRIFT R.\TE TERMS I 

A'30UT X SM 0.2 I) M~. o.n 1.2 I') • ., r .n01 n.n26 n.006 
ABOUT YSM 0 .2 0 MQ • 40 ■ 2 2. 3 2. 1 "-606 n.o33 0 ■ 044 
ABOUT Z SM o.? '1 MQ • 2.8 ?q .2 8. i. o .n53 n. 5J3Q n.126 

ACCELERQ'-11:TFR IN PUT AX I~ MJSt\LJGNME fJTS 
X ABrJUT Y 45 ■ 0 SFfS ).1 ". 3 1. 3 '1 ■ ')02 0.()06 0 .029 
X ~BOUT z Jo. n si: CS o.o '). ('I o.o n.lJOO 0.000 0.000 
y ABOUT X - 4.0 SFC"S o. ') o. 1 I'). 0 0.noo G.003 0.001 
y ABOUT z - 26.0 S= r S 1.1 24.7 5.3 0.034 o. 3 71 0.080 
z ABOUT X a.o S:CS o.o o.o 0.() 0.000 0.000 0.000 
z ABOUT 'f o.o SECS o.o (). 0 0.() 0.000 1).000 0.000 

ACC EL EP □ ME TE R Bl AS (AVERAGf G CCMPUTATION STARTED 3 (1 SECS. ~EFORF BURN IGN IT I'JN I 
ACBX 0.110 rMts.c;o o.a l 'J. 8 50.3 0.()78 0.121 0 ■ 590 

ACBY C.060 CM/S ■ SO 1 .9 27.4 5.q 0.()31. o. 321 0 ■ 069 

AC BZ c.oao ~..,,s.so 37.5 ,.4 l • J 0.444 o. 0?8 0.013 
ACCELEROMETER SCALE FACTOR UNCERTAINTIES 

SF U X 14. 0 PPM '.) .o ".6 2.1 o. ')0 4 (). (l()Q 0.041 
SFUY 25. 0 pp ~4 o. ") '). () C'.0 0.00(1 n.oon 0.()00 
SFlJZ 64.0 PPM 0 ■ 4 "· 0 0.0 ('. r,('9 0.001 o.noo 

GYRO BIAS OR IFT ( s. "1. HIGNEn ] 2 () MI 'IS. RF FDR f e.ui:; N IGNITI":NI 
NBDXTNIT 1.5 MFRU 0.2 4.6 , • (I <' ■ 006 n.,1)1 ::,.022 
NBDXBURN ( 165 ARCSECS ■ DRIFT o.o o.n '). 0 o.roo O.O()J. O. 000 
NB DX COMB SINCE S.M.ALIGNI- 0.2 4. 6 1.0 0.00f- 0.105 0.022 

w NBD YI NIT 2.4 MERU 253 . 1 14.7 14 ■ 8 3. 820 o. 209 0.210 a, 
NBOYBURN ( 264 ARCSECS.DRIFT- 1 ■ 7 0. 1 0 ■ 1 0.039 0.002 0.003 
NBDYCOMB SINCE S.M.ALIGNl- ~54.8 14 ■ 13 14. Q 3. 85 8 0.211 0.202 

NRDZINTT 1.1 MF.RU B ■ O 113 .] ">4 ■ 2 0.154 i..101 0.363 
NBD ZBURN 121 ARCSECS.C'RIFT- 0.1 o. 8 0.2 [, .001 0.011 o.0Cl4 

. NBIHCOMB SINCE SeM ■ ALIGNl- 9 • ) 1 1 3. 9 24. 3 o.,56 1 ■ 719 Oe361 
GYRO ACCELERATI~N SE'IISITIVE DRIFT IRSS OF UNCERTAINTIFS DUE TO AOI A, ~OSR A, AND ADOA DRIFT UNCF PTA I 'ITIF: S FOR F.ACH GYRO) 

A OX-TERMS 2 .2, J • 3' 0.5 M/G o.o o. 0 o.c 0.'100 o.no1 0.000 
ADY-TER.MS 4 • 1 , 3.7, 0.4 ~/G a.2 n.o 0 .(\ {l.('(14 o. 000 o.noo 
ADZ-TERMS 2 .4, 1.3, O. 5 M/G o.o o.? o.o 0.000 0.005 0.001 

G'fRO ACCELERATION SQJARED SENS IT IVE DRIFT 
ADI XX 0 ■ 6 MERU/GSQ o.n o.o o.o o.cnc o. 000 o. 000 
ADSYY o.6 MERJ/GSO o.o o.o I'). 0 0.000 o.00("I o.orio 
ADTZZ 0 ■ 6 Ml:RJ /GSQ ) .'.) '). 0 o. 0 0.000 0.000 c.ooo 

RSS IMU UNCER T. ?60.8 127. 4 59.l 3.Q35 l. 902 o. 711 

RSS TKG.UPDATE U~CERT. 1,023.:> 7C6 ■ B 1,011.3 3.Q13 3.224 1.940 

RSS UNCERT.(FT AN!ll FT/SFCI 1,055,.7 71 q • 2 ),003.Q 5.549 3.743 2.088 
RSS UNCERT.(N.Mt.AND FT /SEC I 0.,1, 0.JlP n.165 5.549 3.743 2.088 

TABLE 22 STATE VECTOR UNCERTAINTIES AT TEI CUTOFF 



INITIAL STAALE Ml=M~FR MI<;ALIGNMFNTS l\'10 DRIFT ANGLES ';UMM~RY (AT TIMc = 

UNCERT. 
SOURCE 

nNE'-IGMA 
UNCERT.VALJF 

.,.L .... A~GLE ABOUT STABLE ME~BER AXFS 
ARC-SECS. 

ML"1.ANGLF ABOUT LOCAL vcPTICAL AXES 
ARC-SFCS. 

INITIAL ST.ABL~ "1E"'1Afq 
A80UT XSM 0.20 MR. 
ABOUT YSM 0.20 MR. 
ABnUT ZSM 0.2, MR. 

RSS INITIAL S.M. MLMS. 

X S' 4 YSM 
MISALIGN ... [NTS (U'ICORRELATEn WITH 

41.25 n.OC' 
c.nl') 43.25 
o.oo n.oo 

41.zc; 

lSM 
GYRO DRIFT RATE TFRMSI 

a.on 
0.on 

41.?5 

41.25 

I\LT. 

DRIFT ANCLES SINCE J14U STAALE ME"1BEq ~EALJGN,1-ltNT (ALIGNED l?r MINS. BFFORE BUQ~ IGNJTJmJ I 
NBOX 1.50 MFRJ 165.57 n.oo o.C() 2.c;2 
NBf)Y 2e40 MERU C.OO 264.92 0.00 ] B.?4 
NBDZ 1.10 MfR:J n.no o.or 121.42 121.12 

ADI AX 
ADSRAX 
ADDAX 

ADIAY 
ADS RAY 
ADO.A Y 

ADUZ 
ADSRAZ 
ADOAZ 

AOIXX 
AOSYY 
AD I ZZ 

7.2"1 "4ERU/G 
1.80 MERU/G 
a.so MEPU/ G 

4el0 MERU/~ 
3.70 MERU/G 
n.40 Ml:RU/G 

2.40 MERU/f, 
1.30 MERU/G . 
a.so MERU/G 

0 0 6 MEPU/GSO 
o. 6 MERU/GSQ 
0.6 "1ERU/:;so 

RSS DRIFT ANGLE (ARCSEC,.I 

OVERALL RSS MLM.(ARCSECS.I 
OVERALL RSS MLM.(MR.t 

3.? 
o.oo 
0.03 

O.Of' 
o.oo 
o .n:i 

o.oo 
1).1)0 

o.oo 

0.58 
o .o:> 
o.oo 

165.6) 

0 .Of' 
n.oo 
o.oo 

r.no 
o . .?3 
r,.56 

o.oo 
o.on 
a.co 

0.0'1 
n.o') 
o.on 

,2,.42 

128.7.4 
0.6217 

0.04 
o.oo 
n.oo 

n.oo 
0.nn 
o.oo 

TABLE 23 S. M. Ml SALIGNMENTS AND DRIFTS AT TE I CUTOFF 

TPAC K 

a. f.9 

4n. :n 
? .64 

41. 2 5 

34.139 
2 58. 41 

1.1P. 

n. 6'i 
O.OI') 
o.on 

0.12 
o. /'JO 
o.oo 

264.17. 
1.2soc; 

RANGE 

40.32 
a. 63 ,.2, 

41.25 

- lH .84 
55. 42 
3.57 

3.05 
o.oo 
o.o3 

o.no 
o.oo 
o. 02 

0.57 
o.oo 
o.oo 

111.13 

176.1)3 
0.8534 



c., 
CX) 

········••***•********•*•*********•~••******·•·••*****••··~~***********************••······ 
UNCERTAINTIES HJ !AT TIME= J HR, 2 MIN, 18.970 SE'C ( 138.970 SECSII 

*****************¥****•*********************************~•································· 
UNCF RT. 
SOUR CE' 

CNE SIG"1~ 
UNfER TAI NTY 

I NERT !AL l'H:IH I Al I NF R TI AL RE QD. V EL nc. CORRECT. 
FLIGHT PATH VELOCITY AZIMUTH FUEL crNs. CUTJFF TIMF ~T INJFCT.+20 HR.(FPSt 
ANGLE IDE'.;I (FT/SEC! IDEGI !LBS.I (SHS.I POS. NEG. 

INITIAL STABLE MEMBF.~ 
ABOUT XSM 0.?.0 MR 0 

~~OUT YSM 0.20 MP. 

MISALIGN~FNTS (UNfGRR~L~T:D WITH GYPO DRIFT RAT~ TEP MS I 
n.n0no o.or57 0.0002 0.0152 -

0.0217 
0.3415 -

o.0'.)42 n.0c~2 n.0002 
ABOUT ZSM 0.20 MR. o.Q'.'')3 0el:?A6 n.()041 -

ACCFL EROME'TER IN PUT HI<; 
X ABOUT Y 45•0 SE:S 
X ABOUT Z 10.0 SE:S 
Y ABOUT X - 4.0 SE:S 
Y ABOUT Z - 26.0 SE:S 
Z ABOUT X 8.0 SE: S 
Z ABOUT Y O.O SE:S 

MIS.UTGNMJCNTS 
n ."l1JJ 
o.n,-,,o 
"· (')'.)')Q 
n.no2 
c.nooo 
0.0000 

ACCELEROMETER BIAS IAVFRAGE G CCMPUTATION 
C.0003 
o.00J2 
0.0031 

ACBX 0.110 C"1/S.SQ 
ACBY 00060 CM/S.SQ 
ACBZ c.oao C"I/S. (iQ 

ACCELEROMETER SCALE FACTOR 
SFUX 14.0 PP'1 
SFUY 25.0 PP~ 
SFUZ 64.0 PP~ 

UNCEiH A INT I~ S 
o.n:,oo 
0.0000 
/'J .0001 

(l.Q2fl7 
0.0002 
0.0~06 
Q.0815 
o.ocoo 
o.orro 

STARTED 30 SfCS. 
(1. 5933 
('."17"6 
r.n,32 

f1.0415 -
n. C") oc, 
0.0003 

l).Q('lf)() 

1).00')0 -
o.oon("I 
0.0026 -
0.0000 
1).0000 

o. 0762 
0.0004 
0.0015 
0.2164 -
0.0000 
0.0000 

8!:FDF!E BURN 
0.00')9 
n.oon 
0.00()? 

IGNITiflN I 
1.5758 
o. 1 874 
'l.0352 

n.000J 
o.ooon 
n.0000 

o. l t'.:>2 
o.ono1 
o. 0007 

GYRO BIAS DRIFT (S.M. ALIGNEO 120 "'INS. 
0.0000 
(l.QJ'.)) 

BEFnRE= BURN IGNITTCNI 
NBDXINIT 1.5 ME~U 
NBrxBURN (165 APCSEC.DRIFT 
NBDXCOMB SIN(; S.M.ALTGNI 

NBDYINIT 2.4 ME~U 
NBDYBURK 1264 ARCSE:~DRIFT­
NBOYCOMB SINCE S.M.ALIGNI -

O.OOJ'.> 

C.02'>4 
0.'.)))3 

o. 02 66 

NBDZJNIT l•l MERU 0•0009 
~BDZBURN (121 ARCSECeDRIFT 0.0'.)00 
NBCZCOMR SINCE S.M.ALJGNI - 0.0009 

GYRb ACCElEPATION SENSITIVE DRJFT (PSS OF 
ADX-TERMS 2.2, 1.8, 0.5 M/G 0.0000 
ADY-TERMS 4.1, 3.7, 0.4 M/G O.OJOO 
ADZ-TER"4S 2.4, 1.3, 0.5 M/G o.::>coo 

RSS JMU UNCERT. 

RSS TKG.UPDATE UNCERT• 

RSS UNCERTAINTIES 

0.0212 

C.0402 

".0:> 25 
c.0003 
0.02?.8 

n.0522 
o .oc10 
0.0~3? 

o.3112 
O.t'f'38 
0.3149 

UNCERT ~INTI ES 
0.00113 
0.0001 
n.0011 

0 • 7'262 

2.0033 

2.2156 

DUE TO 

0.0001 -
c.oonn -
0.00()7 -

0.0015 
0.0000 
0.0015 

0.0118 
o.oo'1J 
C.0119 -
ADIA, ADSRA 
o.onoo 
0.0000 
0.0000 

0.0132 

0.0222 

o. 02 5 8 

0.0598 -
o.0008 
C.0606 -

0.)386 
0.0021 
0.1413 

o. 9B58 -
0.0100 -
0.9958 -

AND ADDA 
o.0008 
o.OO'l3 
0.0029 

5.5600 

5.8850 

(' ·"1'10 2 
o.rrnJ 
O.Cfl50 

0.<'<'11 
n.oroo 
('• • (1 fl I) I') 

o.nn32 
o.o'lr.o 
0.0000 

o.nz32 
o.n,2 '3 
n.f'<'"·5 

c.nrif, 
O.GC''I(') 
O.OC'OI) 

0.0009 
0.0000 
o.ooo~ 

o.or,20 
c.0"00 
o.rn21 

o.n145 
n.0ro1 
O .014 7 

UNC!: p TAI NTI F s 
o. ('l(;QI) 

0 • ("1() I) 

0.0000 

0.0204 

TABLE 24 VELOC ITV CORRECTION AND OTHER UNCERTAINTIES AT TEI CUTOFF 

().I) 293 
r,.~744 
n. 6612 

0.1)81'.16 
o. "1)05 
o.ooi9 
').4174 
0.0002 
Q.')000 

1.6756 
'l.3577 
0.6842 

Oe1l69 
n.0001 
o.012e 

0.1155 
·).')015 
o. l l 71 

5.5090 
0.0539 
5.5628 

1.9092 
0.0196 
le9288 

FOR EACH GYROI 
0.0015 
0.')06Cl 
0.0058 

11.4000 

13.0170 

0.0293 
0.0144 
o. 6612 

o.oeo6 
0.0005 
0.0029 
0.4174 
0.0002 
0.0000 

1.6756 
n.3577 
o. 6842 

o.1169 
0.0001 
0.0128 

o. Jl 55 
0.0015 
0.1111 

5.5090 
0.0539 
5.5628 

1.9092 
o. 0196 
1.9288 

O.Ml5 
0.0060 
0.0058 

11.4000 

13.1)\70 



TRUE UNC=~TAINTIES (TRU= - INDICATED) AT TIME= 0 HR, 8 MIN, 44.Ji) s~cs 

POSITION UNCERTAI~TJFS T~ FFET PJSJTJ~N LN:cpTAJNTIES IN APC-MINS. 
UNCERT. ONE SIG~A {R:L.T8 Tpur- ~XF~ AT ~c~.TT~C) IF-fl.TO TqLJF ~XF-S AT N □M.TJ~FI 

SOURCE UNCERTAH!Tf i\LT. n~,..K ~AN:";E ALT. LAT!TU D~ LONGITUDE 
INITIAL STABLE "'1EMRC~ M!S~LIGN~ C~TS {UNCnPPCLAT ED WITH cv~ o CRTFT RATr TERMSI 

A~rUT XSM 0.20 ~~-
ABnUT YSM 0.20 M~. 
A'30UT ZSM o.20 MR. 

791. 5 
3.0 

J ,7"1q.5 
ACCELEROMETER INPUT ~x,s ~,~,\LJGNMF~TS 

X ABOUT Y 45.0 secs 
X ABOUT Z JO.Q SfCS 
Y ABOUT X - 4.n SFCS 
Y ABOUT Z - 26.0 SFCS 
Z ABOUT X R.n S:C~ 
Z ABOUT Y 0.0 sr-cs 

ACCELE~1MET[R ~IAS (AVFRAGE G 
ACBX o.1to CM/S.SQ 

'). J 15.1 
0.n ~.r 
0.1 77.0 
J.~ 1,121.t 
o.i n.o 
0.0 n.o 

~C~PUTATT ON ST~RTEn ti0 SECS. 

7 86.5 
2.0 

n." 
REFCRE RE.ACHING 

1,818.R 
ACBY 0.06C CM/S.SC 
A'.:87 0.030 C'-1/S. <;Q 

ACCELEROMETE'P SCALE r-ACTOP 

:'. 1 
n. a 

UNC c:pT A PH P:S 

34.8 
, ,06°.6 

J 2. 3 
19. t-

798. 6 

SFUX 14. 0 PPt-1 
SFUY 25. 0 PPM 
SFUZ 64.(1 PPM 

GYRO BI AS 
NBDXINIT 
NBDXBURN 
NBDXCO'"IB 

QPIFT IS.~. ALIGNcr 
1.5 MERU ' 

{ 316 ARCSECS.DRJFT 
SINCE S.M.ALI<-;N) 

NBD YI NIT 2.4 MEqu 
NBDYBURN ( 505 ARC SEC S.['IR IFT 
NBDYCOMB SINCE S."'1.ALIGNI 

NRDZINIT 1.1 ~!:RU 
NBDZBURN 231 ARCSFCS.rRIFT 
NBOZCOMB SINCE S."1.ALIGNI 

o.o 
2 .? 
1 • , 
1 • 5 

113.l 
o.o 

106.t 

"1INS. AFFORE PrACHH'G 4(t0,CO'1 F::ETI 
1.'1 5,~42.7 140.4 
n.o c6.a o.o 
::,.n 5,9~9.4 J.40.4 

O.Q 
o. ,1 
) . ) 

L. l. r, 

343.e 
:>8.P 

315.(' 

9,~r~.4 221., 
12:.6 "·5 

9,73,.() 220.6 
GYRO ACCELFRATION SE'4SITIVf DRIFT 

ADX-TERMS 2.2, 1.13, n.5 M/G 
(? SS OF UNCERTAINTIFS DUE TO ADIA, /ICSRA, 

ADY-TERMS 4.1, 3.7, ().4 ~IG 
ADZ-TFR~S 2.4, 1.3, 0.5 ~/G 

GYRC ACCELERATION SQJAP~D SENSITIV'= 
ADI XX 0.6 MERU/GSO 
ADSYY 0.6 MFRJ/GSQ 
A,1zz o.6 MERU/GSQ 

RSS JMU UNCFRT. 

RSS TKG.UPCATE JNCERT. 

RSS UNCERT.(FT ANO MTNUTESI 
RSS UNCERT.IN.MI.AN~ MINS.I 

o.o 
0 .:, 
o. 0 
DRIFT 
o.n 
o.n 
) • 1 

301.1 o.4 
1.7 51.C 

?43.n 1.2 

2A5e4 }el 
0.5 15.r 

,~,.9 2.2 

1, ' c 4. '5 

11,poq.:: 
! • 958 

2,183.1 

6l3e7 

2,267.7 
n.373 

I) .r,0 
C'. QNj 

"•' /'\() 

('. {) ')() 

0 .')'.)(' 
(. "l'lrt 

n. oon 
(' • Cl'.)" 
o.rl'ln 

4 •:10,f' l) n FFi=T) 
0." ""r, 
n.rrir­
f'.000 

0.00n 
('. '.) "('\ 

r.nnn 

c. f)()r 
r.ooc 
o.00r 

o. r.nr 
c•. ic r· 
r. ,..,"n 

0. r•oo 
r. ::,"" 
0.()01) 

AND ADDA DRIFT 
r. ·1r. r 
o.noo 
r.O'.'<' 

('. 11'l() 
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r. 'lor 

C'.1(1() 
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o. 2qz 

"· ()()2 
n.O()I) 

o.on 
'l. l A4 
0.()1)() 

('\. () •1('\ 

1. "Cl 5 
0.17h 
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n.9c; c 
O. OH, 
n.Q7&:; 

"• ()()F­

Oe ()()1 
"· ('li7 

l. 577 
".02:t 
1.59A 

UN C FP T /I PH I:- S 
::, .(' 53 
O. 000 
C.040 

n.n47 
D .OO'.' 
"• n 11 

,. 0 44 
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FOP 

fl.003 
') .')05 
0.006 

').138 
o. 000 
0 .1)1'.lO 
0.003 
0.000 
n.ooo 

o. 319 
n.on3 
o. 140 

0.020 
0.000 
::,.n1g 

::, .021 
C'. ()()Q 

o.n21 

0.060 
o. ')Q 5 
0.055 

n.033 
0.000 
0.033 

E'ACH GYRO) 
0.000 
0.009 
0.000 

0.000 
0.'103 
OeCIOO 

"· 381 

(I. 381 
C'.3Al 
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FT /SEC 

o. n11t 
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0.113 

3 .564 
0.002 
0.006 
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o. 002 
0.000 

2. 642 
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1).350 
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0.040 
o.n, 
0.041 

o.'l37 
o. 237 
o.r)?a 

12.441 

o. 385 

12.447 
12. 447 



INDICATION Jl\I,FRTA JNTI ES ( J\JDICHfn - TRUE I IFE'ET NO FT/SEC I AT TJMf = 574.l'll'l() sr=cs. 
( R CL. T fl NOM • AXES I ( P f= L• TO NOM. A XE SI 

ALT. TP.ACK RANGF ALT• TRACK RANGE 

UNCERT AI NTJ ES DUE "!"O GYRO Arr:r·Lrq,\TT[''J SF"JSJTTVE OF Irr T[RM', 

AOIAXINIT ') • :l n.o 0 .ri ( , .()()() o. 0')') 1).1)00 
AD I AX BUR"! 2.21) MF~U/G J 2. 6 30<1.4 C'.3 n.002 1. Q'.) l o.,l3q 

ADI AXC 1MB 1 2 .6 Jr,(l. 4 r. 3 r.nn:? , • qo1 0.039 

ADS.AX IN IT 0.1 '1.0 (). fl C'.ono n. nor, o. 000 
ADS AX BURN J. .BO M=RU/ G 0.3 1. 4 (I. o.nori ".()11 n.ooo 
ADSAXCDMB '). 1 ,.4 0 • 1 !:'. nno O. IJ1 l 0.000 

ADDAX IN IT ('). () ·1. ('I 0." c.r1n n.OO'.) 0.000 
AOOAXBURN 0.5 !) "1!::?U/ G (). 7 ?7.6 (1. :'I c. l'lf'4 o.19a :J.006 
ADDA XCOMB 0.1 ?7.A C'.? [,. ')'14 'l.198 o. 006 

RSS FCR X GYRO 1 2 • A 3(' J.. 7 C.4 o.nn5 1.o9ll fl• (l4() 

ADIAYINIT ').) o •" n.o "· ( • (l('I o. 1)00 0.000 
AOIAYBURN 4.10 ME~ U/G 25. 9 '). 1 6 • 7 r. .r 77 n. 001 0 .021 
AOIAYC □ MB 25. 9 I). ,. 607 c. 077 0.001 o.n21 

AOSA YIN IT o.n '1 .o 0 .,:, 0. ('/"I(\ o. l"ll)(' o. 1)(10 
ADSAYBURN 3.70 MFRU/ G - 4nc;. 7 '. 6 40.. 6 2. J ~ 7 C'.017 n.745 
ADSAYCOMB 405.7 1 • 6 49. f. 2. 1 2 2 n.n,1 1).745 

ADOAYINIT o.o "l. f~ C'.0 n.0n0 o. ()()('I O.'Jl)O 
ADOAY BURN 0.40 Ml:'RU/G U6.8 n. 4 <;•A o. 5 S-, 0 • ()()4 'l • 15 2 
ADDA YCDMR 11s.3 n. 4 9.A '). 56 7 o. 0 04 0.152 ,,.. .... 

R SS FOR y GYRO 427. q 1 • 7 'il • 0 7.1°A r • (, l 7 0.761 

ADI.AZ I NIT ) . '.) 0. '\ c. () r.(·,,0 ('. Q')('I "• ') 00 
AD I AZBURN 2.40 l.1~l.U/G 0.9 zu. 7 ] . ,... r .n;:, n. oi.., o. 1)4n 

ADI .A ZCOM8 o.o 211.. 7 1. 0 0.rn z n.q11 n.040 

ADSAZINIT '.). '.) I). (l 0. I) o.nrr o. nor 0.000 
ADS·AZBURN l .3 () Mnu1r. - 0.1 7. 2 r ,.? C .C' )C' (1.(103 0.000 
ADS.A ZCOMB :) • 1 1.2 "· 3 C • f flf' 0 • 00 '.\ n.')l)O 

ADC1AZ IN IT r,. ') :1.c ('.() I'.[ l() o.non o. 000 
AJO.A lBURN o.so MERU/G - 1.0 1 J 9. C o. 4 0. "~ J 0.484 0.011 
~OCAZCOMB , . '.) 119.C 0.4 1).1''1! n. 484 o. nl 1 

RSS FnR. z GYP □ ! . 4 24 '.\. 0 1.2 (' .('12 , • P 14 o. 1)41 

RSS FOR ALL GYROS 4~3-2 3R7. 3 51. n 2. 1 ~ 7 2. 171 ') • 763 

TABLE 27 INDICATED STATE VECTOR UNCERTAlf\fTIES AT DROGUE DEPLOY (AD TERMS) 



INITIAL <;TA RLr MrMsco 1-lJS~LIGN'-'C NTS ~ ~[1 f'RIFT ANGLES SUMMARY (AT TIME = ~24. ()1'1() $Fr s. I 

UNCC:fH 0 ONE 5 I GMA '-IL"'• A"JGLE ABnuT STARLF '1F~BER AXES MLM.AI\Glr:- ABOUT LOCAL V':PTICAL AXES 

$(1URCE UNCFfH. V,\LUF" ARC-SECS. APC-SEf. So 

)C si~ VSM ZSM ALT• TPACK PAN GI= 

INITIAL STA9Lr- "4fMRF~ 'HSt.L I GN'ffNT<; (J'4CORRrLATFr WITH GVRn DR IF l RA TE Tf PMS I 
A'30UT XSM ('.? ') '-ID• 4 1 .25 r .C"" I) .JI" 1 7 • J" n. 7" 37.53 

ABOUT VSM I') .2n 'IP• " • 10 41. 2 5 n.00 r:.()R 41.24 n.76 

A'3QUT ZSM Oo2"'1 ~R. (}. "10 0.('n 41. 2r:; 37.53 1).24 H.10 

RSS JNITJAL S.M. '-1 l \I<;• 4 t.;, 'i 4l. 2 c; 41.? 5 41.25 41. 2 5 41. ?5 

. 
DRIFT ANGL p: SIMC': I \I l I q~Pl':: '•1r"1 f3l=R ~~t-LIGN11CNT ?25 MI "JS. B J::FnRF DE ACHING 4on,no".l FEET 

"JBD X ,.50 ME~ 'J ?15.53 n .r, 0 .oc, l 3r. 01 5. 53 2R7.Q7 

~BDV 2.40 Mf?RJ 1).1)1 504. !H, o.on r.Qo 504.77 9.28 

NBDZ 1.10 ME.'IU 0 .o:, 0.00 231. 40 21('.57 ,.'34 95.gJ 

ADIAX 2.;,o "1E RUIC 10. q7 o.n" o.oo 12.81) n. 54 28. QQ 

ADS RAX ,.ao MER \J/ G 0.()9 r. () o. 0() r.n3 o.ro o.oe 
AD OA X o. "ii) M~llU/G 4.4, n.oo '1000 1 • B 3 o. ()7 4.02 

ADIAV 4 • 10 MF DU/G "· "0 0.21 n • <'" :, .oo "· 21 o.oo 

ADSRAY 3.70 "IERUI G O.'..'l') 3?e6C' n.O" o.n5 12 0 f,0 0 .59 

ADOAY n. 4 n '1FRU/G 0.00 5 • t, ~ Oo'Jf'I 0.10 5. 61 o.tn 

ADJ.bl ?.40 '-IER'J/ ('. n • "" n.o" ? • 21 I q •':I:) 0.12 a.79 

A'.) SRA Z 1.10 •~FRU/G n .o'.' (1. n l).Ot, o.n6 o.oo 0.02 

ADOAZ o.5c w:R U/G C • 'lC' <'.C'r . - 7.01 6.38 0.04 ?. 90 

ADY XX C.6 14 ~PU/G~Q 27. 1 f3 a.on '.). co ,1.~5 o. t. 8 24.92 

.,,. ADSVV (1.6 MER U/, SQ 0 .')=' lCl .10 ".00 0.02 o. 10 0.18 
e., A!JJZZ 0.6 "1E.'RU/';SO C • '1C 0.00 1 o. 09 9.)9 Cl. 0 c; 4.18 

RSS DRIFT AMGLF I ~PC SEC~. I 318.'.25 5()6.(15 23'.!.69 240. 51 5C'6. 1)0 305.34 

CVERALL RSS MLM. ( ARCS EC<;• I 1?0.91 5( 7 • 7? 236.32 2~2.A~ 507.67 3(18.11 

OVEP ALL RSS MLMe(MRel ,.555:! 2.461" 1. 457 1. 22 60 2. 4613 1.4937 

TABLE 28 S. M. MISALIGNMENTS AND DRIFTS AT DROGUE DEPLOY 



SECTION B 

POWERED LA DING PG CS 
ERROR STUDY 

' 

I 

! 

I 

I 

I 



Section 

1 

2 

3 

4 

TABLE OF CONTENTS 

FOR SECTION B 

SUMMARY ....... . 

GENERAL INFORMATION . 

SIMULATION RESULTS 

REFERENCES . . . . 

45 

Page 

47 

47 

47 

55 



IMU ERROR SENSITIVITIES FOR APOLLO 15 ,:, 

POWERED LANDING MANEUVER 

1. SUMMARY 

Data are presented on the sensitivity of the position and velocity estimation 

errors during the powered landing maneuver to various IMU measurement errors. 

The most important point to be seen from these results is that the sensitivities of 

the down-range and cross-track position errors to accelerometer-bias errors are 

significantly lower than in the preceding flights, where DOI was performed by the 

LM about one-half orbit period prior to PDI. 

2. GENERAL INFORMATION 

Error-sensitivity data have been presented for the Apollo 12 powered- landing 

maneuver in Refs . (1) and (2). The particular error sources considered here were 

IMU alignment, gyro drift-rate bias, accelerometer bias, and accelerometer scale­

factor. 

In the preceding landing missions the DOI maneuver was performed by the LM 

approximately one-half orbit period prior to PDI. Under these conditions it was not 

reasonable to assume that LM state-estimation errors introduced during the DOI 

maneuver would be corrected by subsequent MSFN and landmark-tracking data . A 

N69 update was used in Apollo 12 to correct down-range position errors. 

In Apollo 15 on the other hand, the DOI maneuver will be performed by the CM 

prior to separation at about 20 hours prior to touchdown. MSFN and landmark-tracking 

data taken during the orbits subsequent to DOI will be used to update the LM state-

vector estimates . Under these conditions, only the powered-landing thrusting maneuver 

affects the landing-maneuver sensitivity to LM IMU errors (the DOI thrusting maneuver 

need not be considered here). 

3. SIMULATION RESULTS 

The basic error-sensitivity data are summarized in Tables 1-11 for the 

different IMU errors . In interpreting these results , the following points should 

be noted: 

1.) Zero time is taken as the time that the throttle-up command is normally 

issued during the braking phase (i.e ., TIG + 33 . 5 seconds) . 

'~Except for several minor additions to the text, this section is identical to the 
information presented in MIT/CSD lab report E-2491 issued for Apollo 13 . 
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2.) The last alignment of the IMU prior to PDI occurs about 1800 seconds 

before the start of the DOI maneuver. 

3 .) The state-vector estimation-error components referred to in the 

various tables are all expressed in stable-member coordinates. 

4.) Landing-radar dropout-boundary models developed by D. Dyer of 

MSC (Ref. 3) were used in the simulation results . The effect here is 

to cause the altitude updating to start at about 300 seconds after TFTP 

(TIG + 33. 5 seconds), and the velocity updatings at about 400 seconds. 

The corresponding acquisition altitudes are about 30, 000 and 15, 000 feet. 

Since Apollo 12 flight data have indicated acquisitions at altitudes greater 

than 35,000 feet, the results of this memo will tend to be high. 

5.) Since LR altitude-data updatings start at about 300 seconds, the sensi­

tivities of RXP to IMU errors are not shown after these times. Like­

wise, data for VXP, VYP and VZP error sensitivities are not given for 

times greater than 400 seconds, which was the typical time that LR 

velocity updating was started in the study. 

6.) In cases where the error sensitivities were significantly different from 

the Apollo 12 results, the Apollo 12 sensitivity (Refs . 1 and 2) is shown 

in parentheses for comparison. 

The important results are shown in Tables 4 and 6 . It can be seen from 

Table 4 that the sensitivity of down-range position to X-accelerometer bias has 

be en reduced from about 6. 2 X 105 ft/fps 2 to about 3 X 103 ft/fps 2 . Likewise, from 

Table 6 it can be seen that the sensitivity of down-range position to Z-accelerometer 

bias has been reduced from about 1. 1 x 10
6 

ft/fps
2 

to about 1. 2 X 10
5 

ft/fps
2

. 

A list of appropriate conversion factors are shown below : 

10 +3 ft/fps 2 
3 3 . 3 ft / cm / sec 2 

= 

+3 2 
33. 3 fps/ cm/ sec 2 10 fps/fps = 

+2 
10 ft/(deg/hr) = 1. 5 ft/meru 

+2 
10 fps/(deg/hr) = 1. 5 fps/meru 

+2 -2 
10 ft/(percent) = 10 ft/ppm 

+2 -2 
10 fps /(percent) = 10 fps/ppm 

48 



TABLE 1 

SM X-AXIS ALIGNMENT 

ft /mr fps/mr 

Time RXP RYP RZP VXP VYP VZP 
~ 

-33. 5 S :::: 0 :::: 0 :::: 0 :::: 0 :::: 0 :::: 0 

0 :::: 0 :::: 0 

100 -62 -1. 2 

200 -237 -2.3 

300 -528 -3. 5 

400 ~ -950 t -4. 7 

640 -1100 

TABLE 2 

SM Y-AXIS ALIGNMENT 

Apollo 12 values in parentheses 

ft /mr fps /mr 

Time RXP RYP RZP VXP VYP VZP 

-33. 5 S 0 :::: 0 0 0 :::: 0 0 
( -86) ( -3 00) (0. 21) (-0. 06) 

0 0 0 0.03 -0. 01 
(-80) (-300) (0. 30) (-0. 06) 

100 51 -11 1. 01 -0. 17 
( -315) ( 1. 3) (-0. 18) 

200 209 -27 2. 14 -0.09 
(173) (-330) (2. 4) ( -0. 10) 

300 488 -25 3.45 o. 17 
(460) (-327) (3. 6) (0. 19) 

400 29 4.78 0.60 
(-260) (5. 0) (0. 65) 

640 98 
(-185) 

LANDING MANEUVER ERROR SENSITIVITIES 
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TABLE 3 

SM Z-AXIS ALIGNMENT 

ft /mr fps/mr 

Time RXP RYP RZP VXP VYP VZP 

- :i :3. 5 S :::: 0 :::: 0 :::: 0 :::: 0 ::,: 0 ::,: 0 

0 ::,: 0 ::,: 0 

100 13 o. 19 

200 30 o. 10 

300 30 -0. 16 

400 ' -10 ,, 11 -0.58 ' 
G40 -80 

TABLE 4 

X-AXIS ACCELEROMETER BIAS 

Apollo 12 values in par entheses 

+3 2 
10 ft/fps 

+3 2 
10 fps/fps 

Time RXP RYP RZP VXP VYP VZP 

-3 :L 5 0 0 0 0 I 0 
(75) (593) (-0.44) (0. 19) 

0 0 0 0.03 0 
( 61) (600) (-0.42) (0. 18) 

100 9 0 0. 13 0 
(23) ( 615) (-0. 34) (0. 13) 

200 28 0 0.23 0 
(- 5) (62 5) (-0. 27) (0. 07) 

300 57 0 0.34 0 
(-21) (630) (-0.17) (0. 01) 

400 1 0.44 0 , , (627) (-0. 06) '' (-0. 05) 

640 3 
(620) 

LANDING MANEUVER ERROR SENSITIVITIES 
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Time 

-33. 5 S 

0 

100 

200 

300 

400 

640 

Time 

-33.5 S 

0 

100 

200 

300 

400 

640 

TABLE 5 

Y-AXIS ACCELEROMETER BIAS 

+3 2 
10 ft/fps 

+3 2 
10 fps/fps 

RXP RYP RZP VXP VYP VZP 

0 0 0 0 0 0 
(-0. 10) 

0 0.02 
(-0. 06) 

8 0.12 
(1) (0. 03) 

26 0.22 
(8) (0. 12) 

53 0.32 
(2 6) (0. 22) 

91 0.41 , (55) ,, (0. 32) 

122 
(84) 

TABLE 6 

Z-AXIS ACCELEROMETER BIAS 

Apollo 12 values in parentheses 

10+3 ft/fps 2 +3 2 
10 fps /fps 

RXP RYP RZP VXP VYP 

0 0 0 0 0 
(-139) (83 6) (-0. 64) 

0 0 0 
(-160) (850) (-0. 67) 

1 8 0 
(-232) (902) (-0. 75) 

1 26 0 
(-310) (950) (-0. 83) 

2 53 0 
(-398) (1008) (-0. 91) 

90 0 
(1050) (-0. 93) 

121 
(1084) 

LANDING MANEUVER ERROR SENSITIVITIES 
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VZP 

0 
(0. 45) 

0 
(0. 46) 

0. 12 
(0. 51) 

0.22 
(0. 53) 

0.32 
(0. 55) 

0.41 
(0. 56) 



Time 

-33. 5 

0 

100 

200 

300 

400 

640 

Time 

- 33 .5 

0 

100 

200 

300 

400 

640 

TABLE 7 

X-AXIS DRIFT RATE 

+2 
10 ft /( deg /h r ) 10 +2 fps/ (deg/hr) 

RXP 

0 

,~ 

RYP RZP VXP 

0 0 

0 

-1 3 

- 54 

-12 5 

-2 32 
' 

- 30 9 

TABLE 8 

Y-AXIS DRIFT RATE 

0 

' 

VYP VZP 

0 0 

-0.01 

-0.26 

-0.48 

-0.87 

-1. 18 • 

10+2 ft / (deg/ h r ) 10+2 fps/(de g/hr) 

RXP RYP RZP VXP VYP VZP 

0 0 -26 0 0 0 
( -7) (0. 01) 

0 -26 0 0 
(-6) (O. 02) 

8 -2 9 0 . 27 -0.04 
(14) 

52 - 34 0. 57 -0.02 

12 5 -32 0.91 0.04 

1 ' 
-1 5 1. 24 1• o. 16 

LANDING MANEUVER ERROR SENSITIVITIES 
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Time 

-33.5 

0 

100 

200 

300 

400 

640 

Time 

-33. 5 

0 

100 

200 

300 

400 

640 

TABLE 9 

Z-AXIS DRIFT RATE 

l0+2 rt/{deg/hr) 10+2 fps/{deg/hr) 

RXP RYP RZP VXP 

0 0 0 0 

0 0 

1 3 

1 7 

2 6 

-4 

-23 

TABLE 10 

X-ACCELEROMETER SCALE FACTOR 

VYP VZP 

0 0 

0 

0,04 

0.03 

-0.04 

-0. 16 

Apollo 12 values in parenthe s e s 

+2 1 O ft/ (percent) +2 10 fps/(percent) 

RXP RYP RZP VXP VYP VZP 

0 0 0 0 0 0 
( 1. 4) (11) (-0.001) 

0 0 0 
( 1. 2) (12) (-0.001) 

0 0 -0.01 
( -0. 7) (12) (-0.02) 

0 0 0 
(-3) (12) (-0.02) 

0 0 0.01 
(-4) (12) (0. 007) 

0 0.05 
(12) 

0 
( 12) 

LANDING MANEUVER ERROR SENSITIVITIES 
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Time 

-3 3. 5 S 

0 

100 

200 

:mo 

400 

640 

TABLE 11 

Z-ACCELEROMETER SCALE FACTOR 

Apollo 12 values in parentheses 

10 2 ft/(percent) 102 fps/(percent) 

RXP RYP RZP VXP VYP VZP 

0 0 0 0 0 0 
( -11) ( 65) (-0. 05) (0.04) 

0 0 0 0 
(-12) ( 65) (-0. 05) (0. 03) 

1 -4 0 -0. 10 
(-18) (65) (-0. 05) (-0. 06) 

1 -20 0 -0. 21 
(-24) (54) (-0. 06) (-0.16) 

2 -47 0 -0.33 
(-30) (27) (-0. 07) (-0. 30) 

-87 0 -0.45 
(-13) (-0.07) (-0.43) 

-115 
(-44) 

LANDING MANEUVER ERROR SENSITIVITIES 
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STABLE 
MEMBER 

POSITION 

1 

2 

3 

4 

,,_ 

5 
,,, 

6 ,:, 

7 

8 

9 

10 

11 

12 

13 

GYRO DRIFT TEST POSITIONS 
FOR 

SUNDANCE, LUMINARY, COLOSSUS, AND ON 

STABLE 
MEMBER HORIZONTAL 

ORIENTATION DRIFT 

XDOWN 
Y SOUTH NBDY-ADOAY 
Z WEST 

XDOWN 
Y WEST + NBDZ - ADOAZ 
Z NORTH 

X SOUTH 
Y WEST NBDX-ADOAX 
Z NORTH 

X EAST 
Y SOUTH +NBDY+ADSRAY 
Z DOWN 

XWEST 
YUP + NBDZ - ADSRAZ 
Z NORTH 

X SOUTH 
YOOWN + NBDX+ADSRAX 
Z EAST 

X NORTH 
YUP-WEST - NBDX + (ADSRAX / ft) 
Z UP-EAST 

X EAST (-NBDZ-NBDY)/fl 
YUP-NORTH + (A DIAZ - ADIA Y) / 2 
Z UP-SOUTH + (ADSRAY +ADSRAZ) /2 

X UP-EAST 
YUP-WEST - NBDZ + (ADSRAZ/\12) 
Z SOUTH 

X UP-NORTH (NBDY - NBDX) /fl 
YUP-SOUTH + (ADIAY - ADIAX) / 2 
Z EAST +ADSRAX/2 

X NORTH 
Y WEST - NBDX - ADOAX 
Z UP 

XUP 
Y SOUTH + NBDY + ADOA Y 
Z EAST 

X UP 
YEAST + NBDZ + AOOAZ 
Z NORTH 

,,, -,-
Positions 5 and 6 are lab test only 

60 

VERTICAL DRIFT 

-NBDZ + ADIAX 

I 

+ NBDZ + ADIAZ 

- NBDY+ADIAY 



G & N MISSION RELIABILITY ANALYSIS 

FAILURE RATES EXPRESSED IN "FAILURES PER 10
6 

HOURS" 

Mission 
11\lll IMU Optics Optics IMC Optics AGC DSKY D&C Reliability 

Assembly Electronics Assembly Electronics CDl- CDU 
(PSA) (PSA) 

ON ON 0 ON o· ON ON 0 ON 

Mission OFF OFF OFF OFF OFF OFF OFF OFF OFF 

Mission Jl OPER IIRS 295 - 295 - 42 - 42 - 295 - 295 - 29S - 295 - 295 - 0.8018 

AS 510/CM 112 

MANNED ;\ 129 10.2 110 6. :i 94 - 77 - 155 - 91 - 235 60.3 2.3 - 2. 3 -

Mission J, OPER HRS 12. 5 16 I. 0 12. 5 - 12. 5 - 12. 5 - 12. 5 - 12. 5 - 12 . 5 - 12 . 5 - 12. 5 - 0.9887 

AS 510/LM 10 

MANNED A 129 l. 6 110 - 38 - l. :l:l - 155 - 112 - 235 - 110 - 1. 2 -

CM OPER HRS 13.8 55. 6 13.8 55 . 6 9. 1 60.3 fl. I 60.3 13. 8 55. 6 13.855.6 13. 8 55. 6 13. 8 55. 6 13. 8 55. 6 0.9840 

DES REF ;\ 12 9 10. 2 110 6. '.l 94 - 77 - 15 5 - 91 - 235 60.5 2.3 - 2.3 -

LM OPER HRS 3.25 66. 3 3.25 66.:l 3.25 - 3.25 - 3. 25 - 3.25 - 3.25 - 3.25 - 3.25 - 0.9969 

DES REF ;\ 129 l. 6 110 - 38 - l. :l:l - 155 - 112 - 235 - 110 - 1. 2 -

gJ 



XsM 

IA 0A PRA 

X PIPA +XSM +ZSM -YSM 

Y PIPA +YSM -ZSM +XSM 

Z PIPA +ZSM +XSM -YSM 

PIPA ORIENTATIONS 

PIPA Misalignments from Ideal Stable Member Axes 
,......__ 

(Angle in Sec) 

Term LM-IMU 12 CM-IMU 48 

aXY +38 +45 

-11 +10 

-22 -26 

+18 -4 

-99 * +8 

DEFINITIO OF POSITIVE SENSE 

PIPA I PUT-AXIS MISALIG MENTS 

with respect to 

IDEAL STABLE MEMBER AXES 
.,. 

Waivered: ACSK-Cl248 

62 



Gimbal Axis Orthogonality Errors and Outer Gimbal Misalignment from 

Casemounting Axes 

Term 

EIGA 

EMGA 

E FLY 

E FLZ 

-(Angle in Sec) 

LM-IMU 12 CM-IMU 48 

+30 

-8 

+13 

-8 

DEFINITION OF POSITIVE SENSE 

GIMBAL AXIS ORTHOGONALITY 

and 

OUTER GIMBAL ALIGNMENT 

with respect to 

CASE MOUNTING ALIGNMENT 

63 

+6 

+8 

-15 



XSM 

IA OA 

X IRIG +XSM +ZSM 

Y IRIG +YSM +XSM 

Z IRIG -ZSM +XSM 

IRIG 0RIENTATION 

IRIG Misalignments from Ideal Stable Member Axes 

Term 

-Yxy 

-Yxz 

-Yyz 

-Yyx 

-Yzx 

-Yzy 

,...._ 
(Angle in Sec) 

LM-IMU 12 CM-IMU 48 

-31 -13 

+19 -69 

-31 +43 

-19 +l 

-27 -97 

-11 +37 

Block II G & N 

DEFI ITION OF POSITIVE SENSE 

IRIG INPUT-AXIS MISALIGNMENTS 

with respect to 

IDEAL STABLE MEMBER AXES 

64 

SRA 

-YSM 

-ZS 1 

-YSM 



IRIGS 

X = 8All9 

Y = 8All7 

Z = 8Al25 

MISSION Jl 

AS-510/CM 112 

G&N 217 

IMU S/N 48 

65 
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PIPAS 

X = 2AP232 

Y = 2AP265R 

Z = 2AP179 



~------------------------------------------~-----------~~-~-~ 

NASA BA-119 ACE H- 5229 LAST Ul'DHf Ot,/17/71 PA '.. E 2 4 

NASA TEMP MAX THERM SUS SUS XfR AIJ G SD WH THERM PAD XFR 8 lAS TROE RE S 
AC.C SENS SD R CAP SG CAP TG FUNC ROT ROT HRS SG TG RES R ♦ 

25 J E69 0.4 6 91. 9 .0505 167 4. ~ 471 

TST I MU G&N WHEEL 
J ATE. LJ C TYP ASSN SYS NBD AOSRA AOIA OELSF+ OELSF- ROT HJURS )♦ I- IO AO OA 

2 811Y69 A45 css Cl2l 
2911Y69 A4l css (- 9. 2 I (- 1.91 I- 3. 11 Cll6 - 3. 9 
2 '> 11Y69 SG 84. 3, 66 .7, 58.2, TG 53. 8, 68 .3, 79 .3 REF H5229 
4Jc69 A44 C SS (- l 2. 91 ( - l .9 I (- O. b l 167 - 3. a 
9JE69 A44 C SS I- 11.11 ( 0.31 (- 0 .21 169 - 1. 9 

10JE69 A44 C SS 168 
12JE69 CiJ MP SELEC. T 
l2JE69 A45 C SS 2 tf - 123 168 85.001 85 . 0 0 G 
l6J E69 COMP VERIF 
lt>JE:69 A45 CSS 72 75 167 85.001 t! 'i . 000 
17 JE 09 DEMO T/F 11 91. 2 
17JE69 A45 C SS 62 - 38 167 85.001 85. OOll 
1 7JE 69 VI I\ IA ~LIGN z -0.9 
l 8JE 69 A45 CAl 0.1 - 3 .It 2.8 

0) 18J£69 Ait5 CAZ o. 3 3.1 5.7 3:>7 109 85.000 Sit. 9 99 - 2. o 
0) 18JE69 A45 CA 3 0.2 - 2 .9 2.4 174 

2CJE69 A45 CBl O. l - 3 ·" 
e.o 

20JE69 A45 CB2 o. l - 3 .!> b. l 383 112 85.0CO !!4. 9 9 <; - 4. 7 
20JE69 A45 CB3 o.o - 3 .8 - t,. 5 169 
22Jtb9 A45 CCl 2.0 - 3.5 - 5 .0 
22JE69 A45 CC2 1 • 5 - 3.0 9.0 220 17 85.000 b5.00G - 1. 4 
22JE69 A45 CC 3 l.b 3.2 r! .5 157 't71 
25JE69 NO WAIVERS REOD 11/0 TO Ol!l't 

UNIT INSTALLED IN (MU S/N 48X,REPLACING 7C- l 53 
7AU69 A03 SPO )( 4 8 1.9 - 2.7 184 37't ~5.009 .3.2 
7AU69 A03 SPO X "8 2.2 4.9 
8AU69 A03 SPO X 't8 Cl22 
8AU69 A03 SPO X 48 Cl25 
eAU6 '? A03 SPO X 4 6 Cl23 530 
3SE:69 A0 3 SPO X 't8 0.9 - 1.2 21t0 294 85.002 3.5 
3SE6Y AC.3 SPO X 48 0.4 - 1:>.2 618 

l60CMJ l~d S/N 4il SHIPPED TO KSC 
18NG69 l"'U SIN 48 RETURNED Tu AC/ l'KE. 
20N069 AOl SPO X 48 3.7 - ... 9 
20NU69 AOl SPO X 't8 3.7 - 7.9 451 594 Cl21 85.0ll 3 .b 

20NU69 AOl SPO X "8 Cl22 C,95 

20NU69 111 Lll WA TT IS LESS THAN 2 MW. THROJGHOJT. 
5FE70 A03 SPO X 48 0.2 - 14.8 
5fE70 A03 SPO X 48 0.1 - 5.8 3.C: 

6FE70 A03 SPO X 48 394 541 85. 015 
12FE70 NO FLUID TRANSIENTS APPARENT IN GIUVITY TRANSIENT TEST. 
lb Ft 70 OlTA AF TER WE: EKE:NO STORAGE WITH X QA DOWN FOLL()ljS COIAG 3811. 
l6FE70 A0 3 SCK X 48 l. 0 - 13. 4 
17FE70 DATA AFT ER U V[~ ~I GHT STORAGE WITH X OA UP FOLLOWS. 
l 7FE 70 A03 SCK X 4 b 2: . 4 - 11. 7 
18FE 70 DA TA AF TER OVER NI GHT STO I\ AGE WITH X SRA DO WN FOLLOWS. 
lBF ( 70 AO-' SCK X 41! 4.5 8. l 

1023-14-3 



NASA SA-119 ACE H-5229 LAST UPDATE 06/ 11/71 p~:;E 25 

TST IMU G,N WHEEL 
OATE LOC TYP ASSN SYS N80 A0SRA A0IA OELSF+ OELSF- ROT HOURS I+ I- lO AOOA 

19FE70 DATA AFTER OVERNIGHT STORAGE WITH X SRA UP FOLLOWS• 
l9FE70 A03 SCK X C.8 1.2 - 7.9 823 
l6MR 70 IPIU S/N .C,8 SHIPPE:O FROM AC/l'IKE TO KSC. 
12MY70 IPIU S/N .C,8 SHIPPED FROM KSC TO AC/NKE. 
l9NY70 A03 SPO X .C,8 ... 1 - 12.2 
19NY70 A03 SPO X .C,8 3.8 - 7.2 Cl21 3.5 
22MY70 A03 SPO X '-8 

"'· 1 
- 10. 6 

22MY70 A03 SPO X C.8 
"· 3 - 6.9 28.C, 361 115.008 3.7 

27MY70 NO FLUID TRANSIENTS APPARENT DURING GRAV UY TRANSIENT TEST. 
27PIY70 929 

7JL 70 l"'U S/N C,8 SHI PPEO FROM AC/MKE TO NR • 
13JL 70 l"'U S/N .C,8 INSTALLED IN Cl'l-112 l~N2171. 
1UU70 NSC G,N X .\8 217 ... 5 - 6.3 - 8.5 659 'i,98 
31AU70 NSC G,N X 48 217 1002 
310C70 NSC G,N X 48 217 1008 
lSNU70 NSC G"~ X .\8 21 7 5.1 - 4.7 - 9.3 666 516 
90E70 l"'U S/N .C,8 SHIPPED FRO"' NR TO DEU:0/MKE. 
4MR 71 A03 SPO X C.8 o. 9 - 10. 9 
.\MR71 A03 SPD X '-8 1.e - 6.0 3.9 
5MR71 A03 SPO X It 8 761 741 85. 01 7 

O') 
7MR71 NO FLUID TRANSIENTS DETECTED OURING GRAVITY TRANSIENT TEST• 

-J 8MR71 IMU S/N 48 SHIPPED FROM DELCO/MKE TO KSC. 
19MI\ 71 IPIU 48 C&N 217 INSTALLED IN C"-112. 
23MR 71 KJ 8 c,N X 48 217 1 • 0 - 10 • .\ - 5.5 976 480 ... 2 
13AP71 KJS G&N X .\8 217 1 • 4 - 8.o - 11.0 986 491 5.3 
l3AP71 KOB G&N X .\8 217 1.1 4.1 
19AP71 KJB C&N X 48 217 2.3 4.4 
l 9AP 71 KOB G&N X 48 217 2.0 4.4 
l9AP71 KJB c,N X 48 217 2.5 4. 1 
19MY71 K9A G,N X 48 217 - 0.1 - 6.9 - 12.1 4.5 
lOJE 71 K9A G&N X 48 217 o.5 - 7.1 - 12.6 4. 5 

1 ."c= · Te:, ✓.,. OM/A ,'\Fn_:/(. LA V /2' £ /""'f ro;,v.c-/?. STA'vc.-< By L /GHr/V/ ,1./'G 
/9JE7I /\'")"A C:; iA-' A 'Id ..?17 :JR - 7. 4 -//,S 4 .4-

1023-14-4 
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NASA SA-117 ACE H- 5218 LAST UPOr. TE 06/17/71 PA:;t 22 

NASA TEMP MAX THERM SUS SUS XFR AVG SD WH THERM PAD XFR 8 IAS TRQE RES 
ACC SENS S.> R CAP SG CAP TG fUNC ROT ROT HRS SG TG RES R + 

2ll'IY69 0.6 723.6 .0500 154 2.6 '-59 

TST IMU G&N WHEEL 
CATE UC TYP ASSN SYS N80 AOSRA ADU OELSF+ OELSF- ROT HOURS I+ I- ID ADUA 

18AP69 A't5 css Cl07 
lBAP69 A45 css C l 5. 3) C 2 .6) c- 2.21 C 98 11. 3 
l8AP69 SG 8'-.6, 10.1, 56.0 TG 55.8, 69.2, 84.6 REF H5218 
22AP69 A4't CSS ( H. 11 ( 0.3) (- 3.8) 150 9. 7 
29AP69 A't't css ( H.5) ( O.'t I (- 0.9) 150 9. 8 

ll'IY69 A44 CSS 153 
SMY69 COMP SELECT 
5MY69 A4,4 C SS 159 - 120 151 85.002 85.003 
7MY69 COMP VERIF S/F REPADDEO OUE TO A HIGH IN SPEC TM - COUNT 
71'1Y69 A4,4 CSS - 373 - 72 S't. 997 S't.996 
71'1Y69 C0l'IP RESELECT 
71'1Y69 A44 CSS 321 - 96 155 85.002 85.002 
71'1Y69 COMP REVERIF 
71'1Y69 A44 C SS 32" - 55 8't. 99 7 8"· 991 
71'1Y69 DEMO 

0) 7MY69 A44 C SS 289 - 137 154 8't. 99 7 84.~98 
co 8MY69 VIB 

9MY69 EQUIPMENT l'IA LF UNC Tl ON - SERVO ABORTED 
91'1Y69 A4'- CAl o.z 3.7 3. 4 
91'1Y69 A44 CAZ o.z 3.6 4. 4 106 - 287 84. 995 8'-• 995 11.6 
9MY69 A44 CA3 0.7 4.0 4.9 156 

12MY69 A'-4 C81 l • '- 3 .2 l • 3 
12MY69 A'-4 C82 1.5 3.0 1.5 176 - 362 84. 993 84.994 10. l 
121'1Y69 A4'- C83 l • t, 3.0 - 0.5 155 
15MY69 A'-5 CCl 1. 0 3.2 5.4 
1SMY69 AO CCZ 0.9 3 .1 4.6 3l - 318 85. 002 85.001 11.8 
151'1Y69 Alt5 CC 3 l. 0 3.0 ... 8 158 t,59 

UNIT INSTALLED IN I MU S/N 't8Y,REPLACING 7C-188 
7AU69 A03 SPO Y 48 0.4 1.9 40 - 351 85.008 1.6 
7AU69 A03 SPO y 48 l. Z - 0.1 
8AU69 A03 SPO y 48 Cll4 
8AU69 A03 SPO y ,.9 Cl21 
8AU69 A03 SPO y 48 Cll3 518 
3 SE69 A03 SPO y 4,8 o. 4 S.b - 227 - 494 85.001 0.6 
3SE69 A03 SPO Y 4 8 o. 9 2. 4 606 

lbOC69 IMU S/N '-8 SHIPPED TO KSC 
18N069 IMU SIN '-8 RETURNED TO AC/MKE. 
20N069 A0I SPO y 48 2.2 f>. l 
21N069 AOl SPO y 48 1.1 

0 ·" 
17,. - 240 CllO 85.021 l. 4 

Z1N069 AOl SPO Y 4 8 Cll4 682 
21N069 MILLIWATT IS LESS THAN 2 "''-· THROUGHOUT. 

5FE 70 A03 SPO Y '- 8 0.9 - ~ -8 
SH 70 A03 SPO Y It 8 l. 5 - 1.1 
6FE 70 A03 SPO Y 48 2.1 - 9 .5 
6FE 70 AO} SPO Y 48 2.3 0.7 160 - 528 65.016 o.c 

l2fE70 NJ FUJI'.> JiUNSIENTS APPARENT IN GRAVITY TRANSIENT TEST. 
l6Ff70 DATA AfTtR Wt[KcND STORAGE WITHY SRA UP FOLLOWS I 01 t.G. 3811. 

1023-14-6 
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NASA 8A-ll 7 ACE: H- 5218 LAST UPDATE 06117/71 PAGE 23 

TST I MU GtN WHEEL 
DATE u ::: TYP ASSN SYS NBD A0SRA ADI A OELSF+ OELSF- ROT HOURS l+ I- ID ADDA 

l6FE70 A03 SCIC: Y lt8 2.5 - 8.9 
l 7FE70 DATA AFTER OVERNIGHT STORAGE WITH Y SRA DOWN FOLLJWS. 
l 7FE 70 A03 SCK Y 48 l • 3 - 9.5 
18FE70 DATA AFTER OVERNIGHT STORAGE WITH Y IA UP FOLLOWS. 
18FE70 A03 SCK Y 48 o.o 4 .1 1.3 
18FE70 A03 SCK Y lt8 0.1 - ll.4 
l9FE70 DATA AFTER OVERNIGHT STORAGE WITH Y IA DOWN FOLLCIIIS. 
l9FE70 A03 SCK Y lt8 1.5 2 .3 1.3 
19FE 70 A03 SCK Y lt8 1. 9 - 8.8 811 
l611R 70 IMU SIN 48 SHIPPED FROM ACIHKE TO KSC. 
12MY70 J'4U SIN lt8 SHIPPED FROM KSC TO ACIHKE:. 
l911Y70 A03 SPO Y 48 - 1. l - 1.lt 
19MY70 A03 SPO Y lt8 - 1.1 - ".5 Cll3 1.1 
22MY70 A03 SPO Y lt8 - 0.1 - 5.5 
22MY70 A03 SPO Y lt8 - o. 8 - 4.2 1.1 
25HY70 A03 SPO Y 4 8 - 2H - 671t 916 85.003 
27MY70 NO FLUID T~ANSIENTS APPARENT DURING GRAVlfY TRANSIEl'H TEST. 

7JL 70 IMU SIN lt8 SHIPPED FRUM ACIMKE TO NR. 
13JL70 IHU SIN 48 INSTALLED IN CH-112 IG&N 2171. 

-J 11AU70 NSC GtN Y 48 217 
"· 1 

4.7 0.9 15 - 485 
0 11AU70 A)IAY POSITION 8 - 7.0 

31AU70 NSC G&N Y lt8 217 990 
310C70 NSC G&N Y ltS 217 9'15 
18N070 NSC G&N Y 48 217 l. 3 11.'t - o. 2 130 - 31t8 
18N070 AJIAY POSITION 8 - lt.3 

90E70 IMU SIN 48 SHIPPEO FROM fllll TO DELCOll'l<.E. 
ltHR71 A03 SPO Y 48 o. 3 1. 6 
ltHR 71 A03 SPO Y 48 0.5 11.2 l.b 
5HR71 A03 SPO Y lt8 lbO - lt07 85. 0 lb 
7HR71 NO FLUID TRANSIENTS DETECTED DURING GRAVlfY TRANS l E~T TEST. 
8HR71 IMU SIN ltB SHIPPED FROM OELCOIHKE TO KSC. 

19HR 71 IHU 48 G&N 217 INSTALLED IN CH-112. 
23MII 71 KOB GtN Y 48 217 o. 3 13.B b.l 195 - 200 1.1 
23HR7l A)IAY POSITION 8 l • l 
13AP71 KJ8 GtN Y lt8 217 - l. 7 llt .ft - 3. 3 172 - lllt 1.1 
13AP71 AOIAY POSITION E l. 5 
l9HY7l K9A G&N Y lt8 217 - 3. 9 16.'t - 7.0 1.2 
l9HY71 ADIAY POSITION 8 - 1.0 
lOJE71 K9A G&N Y 4d 217 - 3.8 15 .1 - b.9 1.1 
10JE7l A)IAY POSITION 8 - l. 3 

,Q./E:Tesr .OA:rA AFTE,,q .<'..AV#C/2' rotvc-R STRvCK By L/G#T#/A/6 
;:,:rev ~ G.(4/ Y 4 ,~.i!!/~ - ,,Z. !) /S.,2 - 4-, ? /.Z. / -9~Ao /,4y'J'-7.:;s/T/'1. 8 

-1. 7 

1023-14-7 
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NASA 8A-125 ACE H-5210 LAST UPDATE 06/17/H PAGE 

NASA TEMP MAX THERM SUS SUS XFR AVG SO WH THERM PAO XFR BIAS TRQE RES 
ACC SENS SD R CAP SG CAP TG FUNC ROT ROT HtS SG TG RES R + 

31JL69 O. 7 681.0 .0505 112 1.8 101 

WHEEL TST IMU G&N 
DATE L)C TYP ASSN SYS ADSRA AOIA DELSF+ OELSF- ROT HJURS 

8JL69 A41 C SS 
8JL69 Altl CSS C-
9JL69 SG 81t.4, 69.2, 50.9 

11JL69 A43 CSS C-
15JL69 A't3 CSS C-
15JL69 Alt3 CSS 
lBJL 69 COMP SELECT 
ltlJL69 A't4 CSS 
22JL69 COMP VERIF 
22JL69 A'tlt CSS 
22JL69 DEMO TIF • 1196.3 

1 • 51 C- 1 .o I 
TG 5'to4, 68.3, 

3.21 c- 2.u 
3.31 ,_ 1.11 

o.u 
90.lt 
I 1. ll 
I- 1.0 I 

REF 

76 

18 

22JL69 A4't C SS 156 -
22JL69 VlB I COLO SOLDER JOINTS REPAIRED 
22JL69 RE-VIB DA AXIS ONLY IA ALIGN• +2.75 
23JL69 A41 CAl 1.3 3.2 - 7.5 
23JL69 A41 CAZ lo4 3.1 - 9.3 759 
23JL69 Altl CA3 - Oo l 3.1 - 6. 't 
25JL69 A45 C81 - 0.2 2.5 - 10.) 
25JL69 A45 C82 - 0.2 306 - 9.9 711 
25JL69 A45 C83 - 0.9 2.9 - 8.5 
28JL69 A45 CCl - o.2 3.5 - 9.1 
28JL69 A't5 CCZ - 0.2 3., - 1().2 521 
28JL69 A45 CC3 - o.z 3.'t - 10.4 
31JL69 MIO TO 08-14 
21AU69 UNIT INSTALLED IN IMU SIN 48-REPLACING 8A-120 

3SE69 A03 SPO Z 48 - O. 7 3o't 517 
3SE69 A03 SPO Z 48 - 1.0 - 10.4 
9SE69 A03 SCK Z 48 - l. 3 3.0 
9SE69 A03 SCK Z 48 - lo 5 - 11.7 

l60C69 IMU SIN 48 SHIPPED TO KSC 
18N069 IMU SIN 't8 RETURNED TO ACIMKE. 
21N069 AOl SPO Z 48 - 2.3 - 13.l 
21N069 AOl SPO l 48 - 2.5 975 
21N069 AOl SPO Z 48 
21N069 MILLIWATT IS LESS THAN 2 MW. THRl)JGHOJT, EXCEPT FOR 

TWO 4 MW. JOGS. 
A03 SPO l lt8 - 2.3 - 12.0 
A03 SPO l 't8 - 2. 5 8.3 761 
NO FLUID TRANSIENTS APPARENT IN GRAVITY TRANSIENT TEST. 

Cll2 
Cl21 

H5210 
174 
171 
172 

259 169 

99 

32 174 

823 
173 

816 
174 

734 

227 

651 Cl09 
Cl23 

6FE70 
c,FE70 

12FE70 
l6FE70 
16FE70 
l 7FE 70 
17FE70 
18FE 70 
18FE 70 
18FE 70 
l 9FE 70 

DATA AFTER WEEKEND STORAGE WITH l IA UP FOLLOIIIS (OIAG. 3611. 
A03 SCK l 48 - 4.5 8.3 
DATA AFTER OVERNIGHT STORAGE WITH z IA oo,N FOLLOWS. 
A03 SCK l 46 - 1.4 7.7 
OATA AFTcR OVERNIGHT STORAGE WITH l SRA OOWN FOLLJwS. 
AO 3 SC. K l 4 8 - l. 3 - l l. 2 
AOl SC.Kl 48 - 2.7 7.9 
DATA AFTER OVERNIGHT STORAGE WITH l SRA UP FOLLOWS. 

701 

789 

865 

I+ 

84.988 

85.001 

85.001 

85.002 

as. 02 o 

85.0l 5 

I-

84.988 

84.988 

85.00l 

85. 000 

ID 

- 0.4 

1. 3 
- 1. 5 

26 

ADDA 

0.8 

0.3 

0.2 

0.1 

1023-14-9 



NASA SA-125 AC E H-52 lJ LAST UPDATE 06117/71 PA GE 27 TST I MU GtN 
WHEEL DATE LJC T'l'P ASSN SYS NBD ADSRA ADI A DEL SF+ DEL SF- ROT H'lURS I+ I- IO ADDA l 9FE 70 A03 SCK l 48 - 2. 8 - 12.lt l9FE 70 A03 SCK l it8 - 2. 8 8.o 

994 0.b 
16MR 70 IMU SIN '-8 SHI PPEO FROM ACIMKE TO KSC. 12MY70 IMU SIN it8 SHIPPED FROM KSC TO AC/ MKE. l9MY70 A03 SPO Z it8 - 3.4 - 11.2 l9MY70 A03 SPO L 48 - 2.s s.z Cl26 

1.3 
22MY70 A03 SPO l 48 - z.o - 16.6 22MY70 A03 SPO l 48 - 1.9 4.4 

1.7 
2SMY70 A03 SPO Z 48 

594 384 85.005 
27MY70 NO FLUID TRANSIENTS APPARENT DURING GRAVITY TRANSIENT TEST. 27MY70 

1099 7JL 70 IMU SIN it8 SHIPPED FROM ACIMKE TO NR. 13Jl 70 IMU SIN 48 INSTALLED IN CM-112 CG&N 2171. 11AU70 NSC GtN l it8 217 - 1.3 - 3.2 - 6.2 979 962 31AU70 NSC CtN l 48 217 
1173 310C 70 NSC GtN l it8 217 
11 78 18N070 NSC CtN l 48 217 - 3.5 - 2.1 - 4. 3 1030 836 9DE70 IMU SIN 48 SHIPPED FROM HR TO DELCOIMlc:E. itMR 71 A03 SPO l 48 -

"· 7 - 3.1 4MR 71 A03 SPO l 48 - 4. 5 o.i. 
O.it 

-.J SMR71 A03 SPO l 48 
1118 741 85.016 

C,v 7MR 71 lj Q FLUID TRANSIENTS DETECTED DURING GRAVH'I' TRANSIE"IT TEST. 8MR 71 IMU SIN itB SHIPPED FROM DELCOIMKE TO KSC. l 9 111R 7l IMU 48 GtN 217 INSTALLED IN CM-112. 23MR71 Kl8 GtN L 48 217 - 3.9 - 2.0 - 1.9 887 869 
1.1 

13AP7l KOS GtN Z 48 217 - 4. 5 - 1.1 0.1 790 872 
1.8 

19111Y71 K9A GtN l 48 217 - i..8 - 3.3 - 0.1 
0. b 

10JE71 K9A GtN l 48 217 - 4. 5 - 3.0 o.o 
1. 0 

RE r csr DArA AFr£R LA t- ,-►CM TOJVE-'? .5/7 .'l- C /':: BY L, c.,.,✓ r,.,,,,,,, .., l9.TE7I A.~ Gf..,- L ~ ~"/7 - --1:.I ·- 3 ~ - v -2. 
0 4 

1023- 14-10 
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LAST uPuAft 06/17/71 PAGt 138 

rs, l"'U L.C.'I ..;:: LTA IG NULL k -lT-AL-WUII MAX• TU(Q MUN 
o:. TE LOC TYP AS SN SYS SI- 81 4S !HA S 4NGL E fKANS. CURRtNT 

7AP66 S41 AC C - I Sit o.JU 103.0326 
07Dtob k[JU,<Nf:O JU SPFRKY-CAM4Gc0 HA~NES 
l7JA 68 KE. TURNE:D f :J AC-OUS SE,.SOR 
2bNU68 A48 FST 103 U .o l - 13 - 0 
lb0£68 2AP232 ASSN TU I "'U SIN 't8, .I( 

20JAb9 SPR AO) X 't9 I- BBi I 0 .lt4 I 0.501 103.2469 
20JAb9 SPR 403 X 4b 

,_ 
2061 I O .ltt, I o. \ 11 l03.2't6'1 

2lJA69 A03 SPR X 48 b o .a 1 0. J 2 103 • .llt20 
21JAb9 AFTER !JF.~AUSSI '-• AND ADJUST14f'H 

7FEb9 A03 ~P'.l X 43 lH u.06 o. l 2 103.2470 
l1.F[6'1 o\OJ SAL X 'ob I 0.1 ti I l.l 56 
l 7Ho9 I NTtRMI 1 TtNT OPE.N IN A GSE C. ABLE ColUSED PIP GALISSING 
l 7Ffb9 40J SPO Jl It/I 1 2~71 I l .l! I 1 l. 12 I 103.2375 
l8Hb9 A03 SPO )( 4o I 2571 ' 1.121 ' l • l It I lOJ • .!372 
L t!FE 69 403 SPU )( 411 11 -u.~ 1 -o ..... 103.2)6'1 
l6Fto9 AFTER DEGAUSS! NG 
l 'li-1: 69 A03 SPU )( 4d 29 -0.H -0.H lCJJ.2375 
llM~.t,9 AOl Ge.ti Jl 43 90 -0 .26 103.22«>6 
l2MK6'Y AOl GC.'I X .. a - lJ - 13 

8AUb9 AOJ SPU )( 411 - 190 0 .1 l O.lJ 103.21t0b 

-.J 8JL6'1 FU JS 'lb . :-.iuLL CIIINCI UE:I\C[ CHECK 

CJl llo\U69 AOJ SAL J( 4~ 0.151 33 ..... 
4Sfb9 AO) SP:J X 48 - 256 0 .2 2 0.2 .. 103 • ./468 
ltSEb'I A03 SAL X ltd 0.211 47. lttl 

l6UC69 IHU SIN .. ~ SHI PPl:i> 10 KSC 
18N0t,9 I "'U S/'< 414 SHI PP[D TC AC/ IIKE: 
l 9)1Uo9 AOl SP O X 4d - 2b2 0 .3 l O.J<' lC3.l.,'tO 
l 'INUb9 RA.N ~u 3596 - NULL COi NCluENCt LH[CK 
21"40b'7 A 01 SAL X 48 I O. 3t, I lJ 41 
Wl 70 A03 SP C X 48 - JH o.32 O.Jl lOJ.2514 
~FE 70 A03 SAL )l 43 O.J71 2v 43 

lb"IR. 70 ll'IU SIN 4il SHI PPD TC KSC 
l2"1Y70 I ~U SI"' 4,; Kl TURN:: J TO AC I MKL 
l51'1Y 70 1101 SP..i J( .. I> - 3'-b (; ... 7 0.4R ll.G'> l GJ.l46 t, 
2b"' Y 70 A 03 SAL X 't ..1 ( o. 5 2 I 14 44 

7JL 70 ll'IU S/'1 :.ij SHI PPEJ F IIC·M AC/,.K~ TO NR. 
l 3Jl 70 l~U ~/N 't8 I NS TALL!: 0 IN (.M-1 ll (Gf;N '171 
llAU70 NSL Gf.1',1 ... 41! 21 7 - 2'16 c, .b c; 

l lAU70 ,-. SC GAL X ltll ll 7 0 
lf,1,j,J 70 ,. SI. GC.N X 4,j .ll7 - 3.,2 o.s 7 

<;Jt 70 I ~U 4d SHIPPEU TU "IKE 
~ "'~ 71 ! 03 SPO X 4-, - 3-,3 r -~ , u .T) ·"' . (J,.. LOJ.2 .H 3 
6"1R 71 AG3 SAL X 4d 1 .u1 11 .. ~ 
tiMl<71 l"IU-4~ S-11 pp~ I) TU tsSC 

l '7"'" 71 I ►; u 4 '! 0 vf.N 217, 11,s TALLl· O IN Cl'l-1 ll 
l ,1'1117 l KU~ (,f.1• X 4 3 l l 7 - 407 •J . T 7 
l :,~p 71 KD!i GW JI. 4d iL 7 - 313 <J . o l 
l .- ,.. .,. l 1 ~ ,4 1,t.r, X ... ~ I 7 - j •.,c.. u .c,, 2 
l (JJ : 7 1 ._ -J A l,, .... X ... ! l 7 - 4 (."Y L . 11 !> 

.1,,•1::.- TE:.:,T O A ,A A-F~-.:::..."=--,.,< LA,t.,,.1/C M /0.-v".6:/~ .5,.T/,"vc,'< r1Y ~,GdT-</hVt5 
/::JJE7/k!'A Gi -V X4qL1/7 - _,;14 0 -8t-

1023-14-12 
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N~~A 2 .. ~-.u,~" SPEkRY tO.:l 7 J0-2 Cbll 1111 PAl,E lbll 

TST PILI l,t!II LJE LT A lu NULL ROT-AL-11108 fiilAX. TO~ U ,1(;N UA Tf. LUC TYP ~ S'.>N SYS SF BUS blAS A°'Gl t: TRANS. CURRtN T 

UN IT l i~Tl::KNALLY REPAIRED, Rl:BUIU TO PIN 200 l 730-2 3C>OCt>ll S42 
"

• r 
~~ - 122 o.DO v.O"> 104. >389 RtPt.lK[J UNIT UEll~ERED TO AC-llltr.E: 

l4Ul 66 A44 f ~ T 111 o.Jl 8 160[ c,8 UNIT ASSIGNED TO IHU SIN .. 8 Y 
20JAe,9 A03 SP-t Y 4b (- 581 I 0.321 I 0.31>1 104.3775 21JA69 t.03 SP~ v .-,9 12 -0.01 O.J4 104. 37°09 21JA69 AF- TER DEGAUSS! ,C:, f. ADJUSTMENT 
24JA69 RESl:UC TICN Ot- RU f. Rl4 IN CALl&kATION HOOULE 7ff.b9 A03 SPO y 4::, ( 1.s4 I 
llH69 AOl SP ;J Y 48 10 -o.o l -o • .>4 10 ... 3766 11F[69 PIP ADJUSTED 
12Hb9 AO) SAL Y 411 (-0.071 - 34 - 10 llFE69 AO) ~P O Y 48 113 o.o 3 -o. l 2 lCI<.. H20 l 7FE69 lNTEi!HI TTENT UPf. N IN A I.SE (A6U- CMJHO PIP GAUSS IIIG l8FE1>9 A03 SPO Y 48 I 2011 1-0.~41 1-0.~61 104.3677 l&Ft69 ,.(13 SPO y 't6 ( 2021 C-0.hl C -0.'}5 I l 04 • 3696 lllHMI A03 SPO Y 4il 11 -0.02 -0.,1 103.t-T60 l 8FE: 69 AFTEk OE GAUS SI II(; 

-l l9ft69 AO) SPO Y 48 32 -<1.01 -0.J l 104.3685 co 111111 c,9 AOl C,(,N y 4b 74 -0.2 .. 104. 3609 l2HR 1>9 AOl Gtt-1 Y 48 - 56 - 34 l!AU69 A03 !,P:J Y .. 8 32 -0.04 -o. :)3 104. 3776 8Jlb9 ED 3591>. NULL COINCIDENCE CHECK 
l lAUb9 A 03 SAL Y 48 1-0.121 - 28 - b 
"St6'i A03 SPO Y 48 25 -o.J6 -0.01 lD't. 3760 5SE69 AO] SAL y .. 13 - 27 - b ll>UC69 IHU SIN 48 SHI PPEJ TO KSC 

18NUe,9 IHU SIN lt8 SHI PPl:O TO ACIIIKI: 
l9N(J6'1 1101 !>PJ y 48 Z3 0.04 -o.o:, l Qt,. J8 l 0 19NIJ69 RAN EC 35Q6 - NULL COINCIOENCl CHl:Ctr. 
24N069 AOl SAL y 41:1 I 0.) ._ I - 23 - 5 QFf 70 A 03 SP O Y 46 65 0.10 o.'.19 104. 3891 9t-~ TC 403 SAL y ',8 o. :J 41 - 1B 
lOFf 70 A03 SAL y ',8 8 lt.1'4R 70 IMU SIN._!! SHI PPE) TO KSC. 
l2MY70 IHU SIN 4d kETURNtO TO t,,C/1111.E 
2~'4Y 70 A03 '>PlJ y .. 8 - l36 c,.:>2 o.:>o 0.18 10'>.31126 l6~Y 70 ,03 SAL y ',t, 1-0.()3) - 1-. - 12 7JL 7il l"'U '>IN 'td SHI PPF.i> f fCO" ACIHKE Tf' lljR. 
l 3Jl 71., 1'4U '>IN 48 tt,S TAlllO 1111 Cll-112 IGI.NL171 
ll4U70 ;; :,.C ::; t '• y "~ ll 7 7C -o.oo 
l lAU7 L• ... '>( GA L y 41: ll 7 - 35 - Ob I fji;I , 70 ,._. '>C :if.N y "" 217 - lH -<,.72. 
9Jl 70 I '1 1J 4 'l S>il PP fl. TO .-.ec.t 
514'<71 ~IJJ 5P•l y .. ~ - 19~ - :' . f" 7 -tj.:)9 o .ue, 10.,. Hl 'l t,l!P. 71 AO, ->-'L y 4 i C -tj. 16 I - 2f - 5 
~,..k 71 J P...,IJ- =,.,, SHI Pl-'t r' TG !(SC 

I " "'~ 71 I "J 4H, Gt.~ ll 7, I r, '> T ALLI LI lti (.'4-112 
'- ~'41! 11 !II. Jh uf.'4 y 41; I! I 7 - 12 I -1.,.:i .. 
u.:1r-11 !<.O,> '., Ll'4 Y 4 ,> / l / - l'to -0.1 i 
l c, 14y71 I( 'lA C, 1. ·, y ,.,. 217 - 175 ~.:,o 
I OJE 71 I( nA ,, ("I y " ~ l l 7 - l t t- -u .1 l 

✓--~Y L/6,,</T,<,/A,,<,.. R~T.::.,sr DAT/'! Ar?E"'~ LAv.,V"', ,,,,_,, 7 7-,v,,,.~/~ sr,,..-,uc.-.: 
1023-14-14 19..lc.7I k9A G(,v y~a 217 ·- /.'lZ -0,09 
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SPERkY 106077-4 LAST UPDATF Oo/17/71 PAGE 7d 

TST PIU GtN LiELTA lG ~LL k0T-AL-W08 l'IAX. TOR Q MON 
DATE. LOC TYP ASSN SYS SF IIIAS BIAS ANGLE TRANS. CUl<R [)IT 

14JA66 542 ACC 2 o.J 103.1019 

MO., CJ C.<+ k5 116 Rll Rl2 RU Rl4 
NO 
Cll .0180 .Ol!O lH>.25 83. 75 5,1.5 7 18 • l 2',9 

U'41lo6 ""8 ILA 2 - 8 
23141166 Al,.8 JU 3 - 5 
25'4k66 AltS IU 1 - 12 
25'4Rbo A .. 8 F ST - 261 --0.28 1 - lZ 103.4389 
18AP66 lMU S/N7,l IN Gt;N 2:>3 
21APob A0l SP~ l 7 H -o.oz -0.;)4 100.33c;o 
21"Pb6 AFTER ADJUSTMENT 
l7MY66 AOlt SPO l 1 9~ 0.19 0.11 103.388'1 
l7MYb6 A0it SPO l 7 97 O.H O.H 103.392".> LJ BU'.> 
18'4Ybo AOio SPU l 7 75 -o.o 1 o.o 1 103.3890 HI BUS 
l3Jt66 A03 ~L l 1 I -Cobb I 5 
llJE66 A03 SPD l 1 319 -0.10 -O.b6 
l 7JE6b A03 ~PO l 7 - 183 o.a1 o.s ... 103.3794 
l7Jt:6b AFTER O~GAU'.>SING 

co 18JEbo AOJ SPD Z 7 - 19.l 1 .oo 1.00 103.391b LU BUS 
~ l&JE6o Al)3 SPO l 7 - 159 O.blt O.b 6 103 • .39H HI !Ill!> 

21JE6o A03 SPO l 7 0 o.oo -o.:> l 103.3913 / 

21JE66 AFTEII. ADJUSHIENT. SCALE FACT OR t; BIAS 
21Jf6(> A03 SPD l 1 15 -o .02 -o.:> l 103.lt04c 
22Jft,6 A03 SP!J l 7 2 0.19 0.20 lC3.40ZO LO bUS 
2lJt6b A03 SPU l 7 24 --0.11:1 -{j .11 101.4057 HI BiJS 
25JE6t. A04 SP □ l 7 17 0.15 O.l'> 103 .... 026 
llJL6o lt:M (MU 3 INSTALlEU IN GtP,. 203 FCR SPECIAL TE>T ING 
llJL6o l"IU 7 UNASSIGM:O )URlNG THIS P(RIOU 
llAUbb LEM I "IU 3 RM\IC FRUM Gf.N 203, I MU 7 N.flNSTALlEO 
l6AUo6 All SQL l 7 57 1 .,.6 1. <t 1 
loAUo6 PRF-,CCEL BA Sc LI NI: DAU 

t1S(1>6 A2l SQL l 7 73 l .~ 1 1•53 
eSEo6 POST 11I611.ATIUN OATA 
7Dt:oo AU SQL l 1 lt·2 1.50 l • <t 7 
7Ui:6b PUS T CLIMATIC SASE L1 NE 
1MR.b1 All GOL l 7 e1 1 .s 1 103.3752 
711Rt>7 PP E f HI 8A St LI NE 
t,APb7 A21 GOL l 7 11 4 1.42 l03.H54 
jJAo9 2AP179 ASSN Til I Ill.I SIN lt8 l 

Z0JAbq A03 SPR l 4b I 71 I r:, . o u o . l 31 101.3807 
L lJA6 '1 A03 !,?~ l 'tb 3 -0.J 1 o . c 2 l OJ .37 J b 
llJAo'l Af HR O E~AUS SI h(, A"IO A0JUS TH ENT 

7f£t,<; A03 SPU l lt8 1. l O I 
l.4 JA69 RESEU::C. T( LN 0~ N. 13 A!'lll 11.14 ' 1111 CALl <>t<A TI ON "'OuJLE 
lUHb9 A03 SA L l 48 I r . b 3 I I 
llf-[6 '' A03 SPJ l 48 b o . u4 ··' .J (; l lH . j838 
11~ .=.,9 l'IP A'.J JUSTfll 
l 3H 69 A03 Sl'O l 41! lbO ~ . :.: 2 'J • J l lO J .3741 
I 7Fl 6'1 I NT t k ,11 T Tl: "T tJPt:h IN A CSI: C A~L r- lAUJc..~> PIP GAU~ S INC, 
l tFlc,G AO3 SP ' l l .. 1:1 I 2 .... , I-•.J .dll 1-,; . ,1 1 103 .3734 
l8rL t--9 A03 SP U l 4b I 2461 I-a . rt! 1 I -o.~i, I 1 D3 .3 B5 

1023-14-17 



NA SJ\ I.AP-179 SP[lll!Y lJ 8077-4 LAST Ul'OAT': Ot./1 7 /71 PAU 79 

TST IHU Gt.N DELTA l G NJLL RIJT-AL-WU~ '1A~. TlHQ ~U!l 
DATE LUC TYP AS SN SYS SF BUS IIIAS ANGLE T ~ API S. CiJR~. l'<T 

l 8f-Eb9 A03 SPO l 48 28 -o .1 c; -C • 10 l03.372't 
l8H69 AFTEFI i>EGAUSSI NG 
19FE69 A03 SPCI l 'o8 53 -0.01 -o·. ~ 8 103.37<,5 
llHRb9 AOl C.&N z 48 36 -0.10 103 • 3blb 
l2Hk69 AOl G,N l 'o8 - 30 - 'o8 
UAUb9 A03 SPO Z 'o8 - 135 -0.11 -0.) 8 l0}.38l2 
11Jlb9 EO 359b. NULL COINC. I DENCE tHECK 
llAUb9 A03 SAL l 't8 1-0.111 - .. 

4SEb9 A03 SPO l ,.8 - 1"1 -o.o 1 -o.o l 103.31i00 
'oSE69 A03 SAL l 48 t-O.llll - b 

l60Cb9 IHU S/N 't8 SHIPPED TO KSC 
leNUb9 IHU S/N <t6 SHIPPED TO AC/HKI:. 
l9NU69 AOl SPO l 48 - 158 o.ou -o.JZ 103.3842 
l9N069 RAN EO H96 - NULL C 01 IIC I DENtE CHl:CK 
Z~U69 AOl SAL l 'o? t o. J 11 2 

9FE70 A03 SPO z "8 - 189 -0.22 -0.21 103. 3928 
9FE70 A03 SAL l 48 1-0.211 ., 

OJ l(,Hil. 70 I HU S/N 4c SHIPPED TO KSC 
['V 12HY70 IJIIU S/N 48 RETURNED TO AC/l'H 

25JIIY70 A03 SPO z •II - 157 -o.oe. -0.)b o.o .. 103.3747 
2614Y70 AOl SAL l 48 (-0.)71 - t, 

7Jl 70 IHU S/N 48 ~HI PPf:D F ROH AC/HI([ TO NR. 
l3Jl 70 IHU S/N <tll IN!>TALLEO IN C.H-112 (G&N n 11 
11AU70 NSC G&N l 4'8 217 - 281 -Oolb 
UAU70 NSC GAL Z 411 217 - bl 
1111,iu 10 NSC G&N l •8 1.1 7 - 174 -c .2 2 

901:70 l14U '-8 SHI PPEO TO Hl<E 
',HR 71 A03 SPO l .a - 190 -0.2 .. -0.2 3 0.04 103.3762 
6MR7l 1103 SAL l 48 1-0.n 1 8 
l!Mli 71 IMU-48 SHI PPE:O TO l'.SC 

l<IMR 71 l 1'U 48, G&N 21 7, I "IS TALLl:.O IN C.M-112 
BMR71 KOii G&'I l 'oll 21 7 96 -o.,. .. 
13AP7l KO!! caN l 48 217 - 112 -0.2 <> 
l9M't'7l K9A G&N l io S cl7 - 235 -<J • .Cl 
lOJI:. 71 K 9A G,"1 l ioll 217 - 202 -v.l 7 

.RETE.sT OAT/'\ ArT~R L/vVCH T.:,#'c/'? STA'VCK J:'JY L / 61-fTN,rVG 
l9.lc71 k::?11 G:µ,-.z -1-B 2'_7 -/7-f ·-..?,28 
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STANDARD DEVIATION (la) OF THE !RIG AND PIPA 

PARAMETER UNCERTAINTIES USED FOR 

MISSION PERFORMANCE SUMMARY 

PARAMETER 

!MU Axis 
PIPAs 
Data Compilation Period 
(8 / 11/70 - 5 / 19/71) 

Accelerometer Bias (cm / sec 2
) 

Scale Factor (ppm) 
1) Sigma (ppm) 
2) Slope (ppm/month) 
3) Linear Correlation 

IRIGs 
Data Compilation Period 
(8 / 11/70 - 5/ 19/ 71) 

Bias Drift (MER U) 

ADSRA (MERU / g) 

ADIA (MERU / g) 
(8 / 7 / 6 9 - 5 / 19 / 7 1) 

ADOA (MERU / g) 

CM 112; !MU S/N 48 

X y 

o. 11 0.06 

14 25 
-11 -10 
-0.931 -0.781 

1. 5 2,4 

1.8 3. 7 

2. 2 4. 1 

o. 5 0.4 

z 

0.08 

54':":' 

1. 1 

1. 3 

2.4 

0.5 

Data is based upon performance in the !MU. Point-to-point stability in 
operation is much better than the above data. 

Accelerometer data taken prior to degaussing or adjustment has been 
excluded. The sigma values for PIPA scale factor were obtained from a least 
squared fit of the KSC data, 

PROPOSED GYRO AND ACCELEROMETER 

PERFORMA CE COMPE SATIONS 

PARAMETER 

!MU Axis 
PIPAs 2 Accelerometer Bias (cm / sec ) +0,86 -0.09 
Scale Factor (6.SF / SF ppm) -430 -200 
IRIGs 

Bias Drift -2. 3,:, -2. 8 
ADSRA (MERU / g) -7 t 15 

ADIA (MERU / g) -12 -5 

-0.24 

-180 

-4.6 
-2 

0 

~' NBDX compensation was selected as average NBD minus ADOA offset of 3. 5. 
,:,* A positive slope and poor linear correlation coefficient indicate that a least square 

fit of the scale factor data is not the best estimator of scale factor uncertainty. 
Instead, the standard deviation of the data was obtained. 

85 



!RIGS 

X = 8A201 

Y = 8A203 

Z = 8A202 

MISSION Jl 

AS-510/LM 10 

G&N 614 

IMU S/N 12 

86 

PIPAS 

X = 2AP172 

Y = 2AP171 

Z = 2AP292 



NASA 8A-20l ACE H-5402 LAST UPOlTE 06/17/71 PA1,E '-0 

NASA TE"P "AX THEil" SUS SUS XFll AVG so WH THEil" PAO Xfll 1 IAS TllQE IIES 
ACC SEjjS so ll CAP SG CAP TG FUNC llOT llOJ HllS SG TG llES ll ♦ 

SN069 0.6 683.5 .0510 115 5.0 470 

TSJ l"U G,N WHEEL 
DATE llC. TYi" l SSN SYS NIO A0SllA ADU DEL SF+ DELSF- ROT HOUllS I+ I- 10 A0CA 

J0SUt A4S cu C 91 
JOSE .. A45 CSS C 11.u C 1.u c- 2.41 ClOJ 11.1 
JOSf69 SC 84.2, 10.9, 56.0 Tc. sa.z, 10.9, 81.9 HF H5402 
40C•9 A4l CSS C 9.71 c- l .--, I c- 10.41 138 10. l 
IOCH A4l CSS I 8.51 I o.z I c- 8.91 U8 11.0 .ac,, &41 css U8 

l50C 69 CQ"P SELECT 
lSOCH AO CSS 221 153 Ul IS.016 85.018 
UOC6t ca .. , WERIF / ll ALIGN OOS - UNIT llE-ALIGNEO 
160C69 AO C SS 227 lS as. 011 as.020 
l10C69 OE"O J/F • 1191.S 
l70C69 AO CSS 231 116 141 85.016 as. 01 a 
l70C69 VII 
llOC69 A4J Cll 0.1 - 2.J - 10.9 
110C69 &43 CU 0.1 - 2.1 - 11.1 51 - t6 .,.010 1s.010 10. • CX) uoc•• &43 en 0.2 - 2.1 - 10. J 124 -.J 200C69 &43 Cll o. J - J.O - a.a 
200C69 &43 Cl2 1.0 - Z.6 - 10.1 - 80 - 89 as.011 85.012 13.2 
200C69 AO CU 1.0 - 2., - 9.J 138 
220C69 A43 CCl o. 8 - J.l - 9.6 
220C69 AO CC2 0. 9 - 3.1 - 10.6 - 270 - "l 14.999 14.998 l).J 
220C69 AO CCJ 0.9 - 3.1 - 9.l 131 467 "'°'' ace I 111/0 TO Oil♦ 

SOE69 UNIT ASSIGNED TO INU 12X REPLACING 4C-lO. 
170£69 &07 SPO X 12 - o.s - ... s 
llOt:H A07 SPO X lZ 0.4 - 2.1 ClOl 1.0 
17D£69 NO FLUID TRANSIENTS IN GAAVITY TMNUENT JEST. 
180£69 &07 Sl"O X 12 - 274 24 15.017 
190E69 AOT SPO X 12 - o •• - 3.S 
l90E69 &07 SPD X 12 o.s - 3.1 552 0.1 
20flR 70 &05 SPO X 12 - 2., - "· 8 

Cl06 
20flR 70 &05 Sl"D X 12 - 1.s - 1.6 Cl06 0.9 
,ZJIIIA JO &05 SPO X 12 250 JU 602 85.014 
24JE70 AOl Sl"O X 12 - 2. l - 0.1 
24JE JO &07 SPO X 1 2 - o. 7 1.~ o., 
2SJE70 AOl Sl'O X 12 107 417 85.020 
lJl 70 NO FLUIO TllANSIE NT S DETECTED OUAING GAAV IT Y TRANSIENT JEST• 
6J~70 AOT Sl"D X 12 697 
8SE70 AOT GIN X 12 616 46 280 
9SElO A07 c,N X 12 616 0.1 - 7.J s . z 

llSEJO &07 GIN X 12 616 o. 9 - .... 10. l 
24NO 70 A 07 c,N X 12 616 166 336 
25NO 70 AOT GIN X 12 616 1.2 - 5.4 9.4 

9FE 71 A05 SPO X 12 0.4 2.2 
9FE71 AOS SPO X 12 1.1 - ,.o Cl05 O.tl 

lOFETl A05 SP □ X 12 394 718 85.01 6 
ll"'Rll Jl'IU SIN 12 SHIPPED fllO"' DELCO/ME TO KSC . 

1023-14- 36 



co 
co 

NASA SA-201 

TST lMU G4H 
uATE LlC TYP l SSH SYS N80 AOSllA 

12MR 71 INU 12 G,N 614t INSTALLED IN LN 10. 
HNR 71 KJiS G,N X 12 614 3. 5 - 6.2 
l9NY71 K9A G£N X 12 61" 3.0 - 5.3 
llJE71 K9A G,N X 1Z 614 3.,. - 5.Z 

R.er~sr .OATA AFTE/<. LAu,,./C_,.,,, 
l7ll= 71 -<>'A 6(A-1 XI? {,/4 .3-~ -.S:/ 

ACE H-54tOZ LAST UPOlTE 06/17/71 PAGE .. 1 

WHEEL 
AOIA DEL SF+ DEL SF- ROT HJURS l+ I- 10 AOOA 

4.0 215 642 1.,. 
6.7 1.6 
7.6 1.5 
~<-VL=~ -~ 77'?(., < K 6Y "-/GH TA/,-~G 

7,7 /,.5 
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G & N 614 , LM 10, IMU 12, APOLLO IRIG 8A201, X AXIS 

I NI I =+~ 

COOT TCP-K-0007 
COMP VALVE = 3 . 2 

I ilt=t _ K -+--~--r--+- ---i 

u 
en 
:.: 

... 
~ 
"' a 
u -­en 

± I I I I I I 1--1 
---§>-----eta __.e--------al COOT TCP-K-0007 

COMP VALUE= -6 

COOT TCP-K-0007 

__l _ ____J_______J__ 

1 
-------- __,, ____ .._5 _~--~--:"'{_CJ__MP VALUE= 5 

?~~ "~ I I I T-t-"--+-----+--+----!-t---+---1 

0 N D J FMAMJJA S O N D JFMAMJJ A 
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NASA 8A-203 ACE H-51t05 LAST UPDATE 06117/71 PAGE 44 

NASA TEMP MAX THERM SUS SUS KFR AVG SD WH THERM PAO KFR B [AS TRQE RtS 
ACC SENS SD R CAP SG CAP TG FUNC ROT ROT HRS SG TG RES R ♦ 

"DE69 o. 9 683.lt .0505 163 5.3 "12 

TST l MU GtN WHEEL 
DATE LlC TYP ASSN SYS NBD ADS RA ADU DEL SF+ DEL SF- ROT H)URS l+ I- 10 AIJOA 

lltOC69 A,.5 css Cll9 
lltOC69 ""5 css 

,_ 
l ~. U o.,. t ( 1.0 I Cl2l - a. 1 

l'-OC69 SG Bit. 1, 68. s. 51t. 7 TG 53.4, 67 .~ • 83.5 
l70C69 Alt5 CSS 

,_ 
l't.U (- l .:n ( 4.H 166 - 7. 9 

200(69 A_,..4 CSS (- 11.21 I- 0.11 ( l. 4 l 16'- - 6. 6 
210C69 AH CSS 166 
240C69 COMP SEU:CT 
21tOC69 llt5 css - 249 - l"" 11>5 Bit. 999 Slt.998 
280C69 COMP VERIF 
280Cb9 Alt5 CSS 308 - 263 65.000 84.998 
280C69 DEMO T/F ,. 1192 
280C69 Alt5 CSS - 273 - 161 150 a.... 99 9 84. 998 
310C69 Vl8 IA ALIGN • +l.lt 

3N069 Alt5 CAl - 2.0 4. l ... 6 
CD 3N069 A,.5 CA2 - 2.4 3.5 lt.6 - 366 - l" 7 84.996 a ... 99 7 - 8. 3 
0 

3N069 Alt5 CA3 - z. 4 3.lt 4.9 16 .. 
5N069 A45 CB l - 2.6 3ol 5.3 
5N069 A,.5 CB2 - 2. l 3.5 lt.O 308 - 120 84. 9<; 9 81t.996 - 6. 6 
5N069 A,.5 C83 - 2.0 3.lt 5.2 169 
6N069 A45 CC 1 - z. 1 3.6 l. 7 
6/11069 A45 CC 2 - l • It 3.5 z.z - 2i10 - 59 64.999 84.998-7.7 
6N069 Alt5 CC 3 - 1. 9 2.9 2.9 160 412 
40E69 ACC t M/0 TO 081" 
5DE69 UNIT ASSIGNED TO IMU l2Y REPLACING "C-5. 

170t69 A07 SPO Y 12 - 0.6 - Ci. It 
l7DE69 A07 SPO Y 12 - l •" 2.1 Cll7 0.1 
l7DE69 NO FLUID TRANSIENTS IN GRAVITY TRANSIENT TEST. 
l8DE69 A07 SPO Y 12 3 350 85.014 
22DE69 A07 SPO Y 12 2.5 - 1.0 
220E69 A07 SPO Y 12 o. 6 

1 ·" 
.. 98 0.9 

.!OMR 70 A05 SPO y 12 Cll3 
20MR 70 AD5 SPO y 12 Cl26 
23MR 70 A05 SPD y 12 5. 1 - 4.8 
23MH 70 A05 SPO y 12 3.2 0.1> 21t0 1t1"- 51t8 as. 01 5 1.2 
24JE 70 A 07 SPO y 12 - 0.5 - 1. 8 
24JE 70 A07 SPO y 12 - o. 3 - ll.9 
24JE 70 A07 SPO y 12 - l. 0 3.2 0.7 

25JE70 A07 SPO Y 12 - o. 5 - 0.9 9-. 461 85. 0 l 6 
1JL70 NO FLUID TRANSIENTS DETECTED DURING GRAVITY T RANSI Ei'IT TEST• 
6JL 70 A07 SPO y 12 61t3 
8SE70 A07 GtN y 12 616 10 209 
9SE 70 A07 GtN y 12 616 1.0 3.9 

11 SE 70 A07 GtN y 12 616 - l. 3 5 .9 - 2.lt 
24NU70 A07 GtN y 12 616 51t 369 
25NO 70 A 07 GtN y 12 616 - 3.5 ". 1 - 5.9 

9FE 71 A05 SPO y 12 - 0.6 1.5 
9FE71 A05 SPO Y 12 - 1.0 3 .It Cl25 1.0 

1023-14- 39 



co ..... 

TST I ,.U GtN 
DATE UC TYP ASSN SYS 

llFE71 A05 SPO Y 12 

NASA BA-203 

HBO AOSU 

ACE H-St,.05 LAST UPDATE 

WHEEL 
AOIA DELSF+ OELSF- ROT HOURS 

561 
11'4R71 l"U S/H 12 SHIPPED FRO,. DELC0/1.:E TO KSC. 
l21Ul 71 IMU 12 C.f.H 614 I HSTALLED IN LM 10. 
lTNRTl KJ8 C.lN Y 12 614 0.3 3.0 
17,.RTl ADIAY POSITION 8 
l9MYT1 K9A GlN Y 12 614 
l9MYT1 ADIAY POSITION 8 
llJETl K9A GtN Y 12 614 
llJETl A~IAY POSITION 8 

- l. T 

- 2.6 

5.0 

RE!Es ·r DA 7 'A ,4..:T~ LAL/N CH 

17J£V MA 6¢,V .Y /.t t,N- - d , / s,,,-
/7vEW Au'AY R:75,-r,o.,y 8 

- 2. 2 320 595 

06/ l 7/ 71 PAGE 

1-

85.016 

AOOA 

1.c 

0.9 

1.0 

0 9 

1023-14-40 
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NASA SA-202 ACE H-5403 LAST UPDATE 06/17171 PAGI: io2 

NASA TEMP MAX THERM SUS SUS XFR AVG so WH THERM PAO XFR 8 IAS TRQE Rt:S 
ACC SENS S) R CAP SG CAP TG FUNC ROT ROT HRS SG TG RES R • 

3N069 1. 3 692. 7 .0475 176 3.2 447 

TST IMU Gf.N WHEEL 
DATE LlC TYP ASSN SYS NBD AOSM AOIA DEL SF+ OELSF- ROT HOURS I• I- ID AOOA 

80C69 us css CHS 
80C6CJ us css e. et 1.2, •- 1.u Cl26 1. 8 
80C69 SG 7<J. •• 67.4, 53. 5 TG 55.Zo 66.11, 82.9 

l30C69 AO CSS ( 10. o, ( o.o, (- 0.2, 178 1. 9 
150C69 us css 178 3. 3 
170C69 A43 CSS 10 • .,, (- 1.0, (- 2.31 178 
210C6q COMP SELECT 
210C69 A43 C SS - 287 - 117 174 115.009 85.009 
220Co9 COIIP VERIF 
220C69 A43 CSS 328 - 199 85.012 85.012 
230CC.9 DEMO T/F • 12/5 
230C6CJ 443 C SS - 3l't 175 85.00S 85.006 
230C69 Vl8 IA ALIGN • -0.6 
240C69 A43 CAl 1. 2 o.o 3.9 

co 240C69 A43 CAZ o •• - 0.3 3. 2 - 604 4S8 8s.010 85.010 "· 9 w 240C69 A43 en o. 8 - 0.4 7.8 171 
270C69 A43 C81 - 1. 0 - 1.0 4.7 
270C69 A43 C82 - 1.0 - 0.6 s. 3 - 539 - 263 85.0ll 115. D 11 3. 0 
270C69 A43 C83 - o. 9 - 0.6 5.3 182 
z;,oc69 A43 CCl - 1. 0 - 1.0 6. 8 
290C69 A43 CC2 - o.s - o.!> 5.3 - 473 - 154 85.012 85.012 1. 7 
290C69 CC3 - 1.3 - 0.6 7.0 173 lt47 

3H069 ACC , 11/0 TO 0814 
50t:69 ~IT ASSIGNED TO IMU lZL REPLACI 1£ 5C-l3. 

170Eb9 A07 SPO l 12 0.4 s.s Cl25 
170E69 NO FLUID TRANSIENTS IN GRAVITY TRANS IE HT r ES r. 
180E69 A07 SPO l 12 - o. 1 - 1.8 574 - 494 85.016 0.3 
220f:69 A07 SPO l 12 1. 0 2.9 
220E69 A07 SPO Z 12 - o. 3 - 1.4 532 0.5 
20IIR 70 AOS SPO Z l 2 Cl27 
20Mk 70 AOS SPO Z 12 Cl29 
23111( 10 AOS SPO l 12 2.2 l. 7 
2311R 70 AOS SPO Z 12 0.1 - o.s - 207 - 260 582 85.014 0.2 
2ioJE 70 A07 SPO Z 12 o. 8 3.9 
25JE 70 A07 SPO Z 12 o.s - 3.8 18(, - 250 85.0l 8 0.2 
lJL 70 NO FLUID TRANSIENTS DETECTED DURING !ill.AV IT Y TRANSIENT TEST• 
6Jl 70 A07 SPO l 12 677 
8SE 70 A07 Gf.N l 12 616 - 401 - 381 
9SE70 A07 G,N Z 12 616 1. 2 - 2.6 8.0 

llSE70 AOT Gf.N l 12 6lb 0.6 - 2.0 8.3 
24N070 A07 Gf.N Z 12 blb - 221 - 185 
25N070 A07 GO l 12 bl6 2.1 0.1 5.3 
lOFE 71 A05 SPO Z 12 - o. 9 3. 7 
lOFE71 A05 SPO l 12 - 1.2 - 5.6 C129 0.7 
11FE7l AOS SPO l 12 93 40 85.017 
llMR7l IMU S/N 12 SHIPPED FROM 01:LCO/IIKE TO KSC. 
12MR 7l IMU 12 GtN 614 INSTALLED IN LM 10. 

1023-14-42 



TST IMU GtN 
DATE L)C TYP ,ssN SYS 

17MR7l K08 GtN l 12 61" 
l9MY71 K9A GtN l 12 614 
11JE71 K9A GtN l 12 614 

R£T£.Y7 OAT/I 
/?' .2'7/ /.PA G{A/ z. ,z.. '114-

NASA 8A-202 

N80 AOSRA 

1.6 - 3.4 
1. 3 - 4.8 
o.e - 4.9 

A✓=TcR LAv.vcd 

.1;7 - -? , 1/ 

ACE H-S403 LAST UPOUE 06/17/71 PAGE 

WHEEL 
ADIA DELSF+ OELSF- ROT HJURS I+ I- ID 

5.5 - 80 - 19 
9.2 
9.0 

7 J /Ve- /(' STAt. C: K RY <:- / G,4'r,1,', 4'C 

~; . .::, 

43 

ADDA 

0.1 
o.s 
0.5 

l,"75 

1023-14-43 
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N~ SA /AP-172 S Pt RRY luj'J77-.! LAST UP DAL 06 / l 7 /7 l P~GE 70 

TST llolU G&N Ot:LTA l G NULL RuT-AL-WOb :•AX. TO~O "1(11'1 
L>A ft LUC TYP lSSN SYS SF !!I AS il!AS ANGLE: r k.A"iS. CURRtNT 

31.JD ~65 S48 t.CL jq ll.O 41.27',3 

M(I() C3 C4 R5 R6 1<11 Kl2 R 13 kl4 
N L! 

tl't .00348 .003"8 96.2~ 103.75 I 40. 7 25 29 • 20 9 

14AP66 A't8 l&A tl 4 
l 5AP6o A48 l&A 3 2 
16AP b6 A48 If.A. l 5 
l7AP6o A48 F sr l 6 - 1)2 0.)0 43.2',77 
l7AP66 R 10• 14.0 TUPNS H,Ul'I cw LI loll T 
2';AP66 ASSN IMU S/Nl l ,x IN GGN b05 
llMY66 RMV t ASSN I Mu S/Nl 2 ,X IN UM SPAK t l, RPL t>Y lAP-196 
l9'1Yb6 Al7 SP\ X 12 10 0.02 O.Jt, 4:1.2287 
19MY6b Al7 5PR LSI)( AFTEK ADJUSTME"T 
2t<JE66 Al7 SPO X 12 30 o ..... o.i.1 43.2362 
lQJH,6 Al7 SPO X 12 83 o.47 o.H 43.2353 lJ tlUS 
2QJE6b Al7 SPO X 12 124 o.,.,. 0.46 HI tlUS 
ZC.Jf t,6 Al7 SPU X 12 170 0 ..... O.'t 2 HI tlUS 

1>JLb6 A 17 SAL X ll 0. J 3 5 ltl co 6!>!:1>6 I MU 12 A Sl.N TO GVI 603 re RPL !MU 6 O') 
tll.Eb6 G20 GtN X ll 603 - 212 .40 

22 SE66 G20 GtN X 12 b03 - 19& 0 ... 6 43.2000 
2 3SE66 GZC GI.Ii X 12 603 - 210 0.42 43.2377 
l'tSE66 r,20 c;i;N X 12 60:I - 211 O.', U .. :1.2;?4 
2<1 St66 GlO ;;&11, X 12 c.03 - 160 o.41 43.2336 
29SE 66 GlO G&"I X 12 i,c:, - 233 O.',O 
29StH, G20 GtN X 12 603 - 12<1 o.,.., 4 J. 2 3', l 
2'i$tU, GlO r;i;r4 X 12 - 11" 0 ... 7 41. 23',!! L) BUS 
2'-SEt..6 G20 GtN X 12 - 22!> 0.4S 4).2340 LO tlU!> 
29SE66 G20 G&N X lZ 90 O.'t8 .. ,.234.! L 'J BUS 
2"SE66 G20 GtN X 12 - 303 0 ... 1 .. 3.23',J HI !'\US 
29SE c.6 G20 GtN X 12 ll l o.~,, 4 l.2336 HI !llJ!> 
L'l Sl 66 G20 Gf:N I( 12 - 27!l C •" I ',3.234't t!I ':IU5 
1QUC66 G20 G&N ,. 12 t-03 - Ub O.'t6 't) .232't 
221Coo G20 GtN X ll 60J - 3t3 0.49 43.2320 
UIJ(.66 G.lO GtN X 12 603 ',6 O.<,A 
24JC66 (,20 GCN X u c,03 - 200 o.~ ., 41.23)4 
2::10( bb G~O G&ll X 12 603 - l!!l 0 .~ l 43.,332 
l9NJo6 G20 G&N X 12 6(d - lF. 7 .52 
12JA67 I MU 12 E:NTE ... EU UM SPAkE 
t-f-f67 AJ~ SAL X 12 •J. 4 11 
t -~u,1 AOS SAL A 12 O. '+ l I { 1 le 
6Ff::1,7 A08 SAL )( 12 O.J6l 
7i'(67 408 SCK X 12 - 20 0 • ~ 4 .4 4 41.231~ 
'/f f I> 7 A J8 SAL K 12 C.3 0 1 
<;F[ 6 7 AOd SAL t 12 (). 3" 4 

.!2FEt:7 Al7 SAL )( 12 o.~ c , I; 2( 
'iMRt,7 A08 5AL X IL o. J 7 I 

l ,.,~ 6 7 AL·b SCI< ,. ll - 3J7 . .) ~ • ;: 7 
~ !~Rb 7 (,2 0 Slt<. • l? - 19 ►, .~l • j ,; 

~~P6 7 CLO l ,CN X 12 () 0~ - 13~ .:;t, 
l jl\Po 7 i,;,20 !>AL .x ll 0 . J 3 l ' 74 

1023-14-45 



NASA 7.AP-172 S Pf l<."Y l ,HC77-2 LA S T UPuA Tf Gt/17/71 PACE 71 

TST niu CtN DELTA lG f\ULL RUT-AL-WOt> l-lAX • TO\C MUN 
1.JATt LOC TYP ASSN SY!> SF 01 AS cl t.> A"'\;l E TI\ANS. CUR~ HIT 

29MY67 A0B SCK /( 12 - 268 • 5" • ~ 4 )(; !, 

IJE6 7 A08 SC.K )( 1.1 j', I 4.20 I "• 3 0 I o:,;s 
01JE67 A08 SCK X 12 0 I ".25 I "• 2 5 I 
01JE67 A08 SCK LSlX 8EF ORf AOJUS T ME NT 
1Jt61 A0I! SC.K " 12 0 ' l .'>6 I 

OlJE61 A08 SCK LSlX AFTER AOJUSTMENT 
08JEt>T A0B SC.K X 12 - lCO (-0.llbl (-0.881 
08JE67 A08 SC.K lSlX 8EFOH AuJUSH4E NT 

8JE67 A08 SCK X 12 0 .oo - .o 3 
08JE67 A08 SC.IC. LSIX AFTER ADJU!>tMFNT 
13AU67 AOB SPU J( 1, - 313 .o 3 - .J 2 
28AU67 A0T CtN X 12 605 - 311 -o.os 

5SE:t>T Gl6 Gt"' X 12 605 - 322 -0 .oz 
l 70C67 GSC Gt'-! X 12 605 - ',76 --0 .2 5 
25AP68 A08 SP-t X 12 - 560 --0.02 0 . (' 2 41.2342 

7MY68 A08 SPl'l X 12 - 580 0.16 0.04 4.!.l33l 
7MY68 A08 SAL X 12 0 .161 2'- 3'> 

22MYb8 UNlT SH I Pt>EO TO GAEC 
22MYc,8 IMU S/1-i 17 I NS TALLEO IN CtN 6:>7 
29MY68 GlO Cil.N X 12 t,Q 7 - 649 0.2 2 

CD 
lMU S/N 12 • PETURNED TU AC MKE 

-J llJA6~ AlT SPR X 12 I 28461 I 0.381 I O.l~I <tl.232'-
13JAb9 Al7 SCK )( 12 I 2938 I I 0 • .'2 I I 0.321 <t'.'.2351 
13JA69 THE ABUVI: l RUNS MADE WlTH PIP IN GAUSS lD ST ATE OlJE TU 

OPERATION IN C/M LOOP. RH-. AFR 22015 
l3JAt,9 All SC.K )( 12 18 -o .2c; -o. 3'1 43.7328 
l4JA69 All SCK )( 12 - 116 -0.25 -u.20 43.2326 
23JA69 Al7 SPO X 12 - 305 -o.:H -u.o 5 43.2326 

3ft: 69 A 08 SAL )( 12 I 0 .J 11 0 .18 
17H69 I MU S/N 12 SHI PPl:O TO K!>C 
l9FE69 Kll SCK X 12 - <t02 -o .1 e -0.20 4:'>.2346 
lOAPb9 Kll SCK X 12 - 526 -0.10 -0.11 t+J.2334 
30Jt69 I( 11 SCK X 12 - 550 0.13 o. :>8 43.232'+ 
2 5AU69 Kll SCK X 12 - 5811 -0.10 -0.1 3 4>.lH2 

I MU SIN ll RE:TUl'INE:D TO AC/ MK( 
160(69 A05 SPLl )( ll - b3<t -o .15 -0.1 7 4.J.i3lb 
l6ll\.b9 RAN E:O J5%- NULL C.01 NCI 0£ NC E (HCC K 
l 7/JC.69 A05 SAL )( li ' l •;.,I b n 
21UC6q BIAS ACJU:,Tfl) TO •l.5 PLlJ!> 01<. MINUS J.l 
210(69 A0S SPU J( 12 - 513 l .r.o l • !> :l 43. d36 
l!IUE69 A07 SPU , 12 - 637 l .b6 l .&I! 43.2l2l 
190~69 /l.07 SAL X 1.1 l • ~ 8 I 3H 
2.,MR 70 II OS SPO )( ll - 854 l .8 1 l .~ 0 ', 3 .231 ~ 
2414R 70 A 05 SAL )( 12 l. ~) I 13 36 
l5Jt 10 A C7 SP;J )( u - 84 l l .b 9 1.10 0.05 43.2320 
Z~Jt 70 A C7 !>Al X 12 l.491 2i.J 18 

c;s~ 10 A 07 GtN X 12 olb - 7o l l .5 9 
ll Sl 70 A07 C.&N J( l.l o l" - 71>5 1 .bO 
2',NO 70 AC7 (if;~ X 1;: ol <- - 82~ l. b '> 
1H t 71 ~cs SIil )( l<'. ( 1.1) I - ll 1 11 

l2f(71 ,~ 05 SPJ )( u - 7c, lj 1. ~ ~ l. 7 2 u.N, 4J. 237 (' 
10'1K71 I Ml>-1 2 SHI PPf t) TO K!>C f QI- L~-1 1, I . I ~ T ML l "T I U"i 
I 7M>l 7l KLIB l,/;N X 12 614 - 93b 1 .1, 5 

1023-14-46 



co 
CX) 

rsr I l'U GtN 

UATE LDC TYP ASSN SYS 
DELTA 

SF 
lG 

tll 45 

l9MY71 K9A G&N X 12 614 - 914 l.76 

f'tjLL 
bl AS 

LAST UPDAH Ot./l7/7l l'Avt 

~0T-4L-~08 MAX. rncu MO~ 

ANGLE T '<AN:.. CUkR ••!f 

llJE71 K9A G&N X 12 614 - 912 1.70 
R"':.TG,jF ~=rA rtr=-/c:/? L,'-/E-' /1/< rl A?~V.:?/.( .:, r,?v'~ ,< ;3/ L ,.,.-- ,...,, F/t ; .11, ·c., 

17 .JE;,·; K>',,q c;::(~') 12 t,/4 - :/t:J~ /. 7 J 

1' 
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NASA 24P-l7l S Pt PRY lC~017-2 Lt.Sf Ul'DA TE Ob/17/11 PAG~ bd 

TSf IMU GLN DELTA lG N.Jll ROf -AL-W08 MAX• TORQ MON 
!'AH LDC fYP lHN SYS SF BIAS IIIAS A~GL E fRAHS. CURREN f 

2t!Ott S S .. b ACC. - 161 O.;) 41 • 3 .. 7 2 

'400 C3 c .. R~ Rb 1-11 Rl2 Rl) Rl" 
NO 
Clb .00)"8 .001 .. 11 98.H l 01. 2 5 l 1tO. 7 25 19 ... 73 

l )APb6 A .. 8 JC.A - ZS ~ 
l5AP66 A .. 8 IU 39 21 
l6AP66 A,.8 fST 57 o.os - l'> 20 .. 3.Jt29 
lbAPb6 R 7• 11 • 75 TURNS FR!Jl'I C.lo LI Ml T 100• 15 • ~:> TJANS FROM t.w LIMIT 
lbA1'6b lAP-1 71 AS)N TO IMU S/N 11. y 
121'1Ybb RMV C. ASSN ll'IU S/~ 12 ' l9MYbb A 17 s" y 12 22 o.oo o.o 2 .. 3.Hb5 
191'4Yb6 Al7 Si>lt lSl Y AFTER AOJUSTMENT 
zqJEbb A 1 T SPu Y 12 70 o.si 0.52 
2'/JEb6 Al7 SPU Y 12 90 o.,o o."9 L.) BUS 
l9JEbb Al7 SPO y 12 133 0.51 o.53 111 SUS 
2'ilJEM, Al7 SPO Y 12 lbO 0.52 o.s 3 1-1 l SUS 

7Jl1>b A 17 SAL y 12 o.c.e - lb 23 ..... 8SEbb GZO CC.II Y 12 1>03 12 .36 0 8SE6b IPIU S/N 12 ASSN TO G{.N 603 ..... 
22 SE6b GZO G{.N Y 12 b03 bb 0."b c.1.2000 
2 3)f bb G20 G{.N y 12 b03 l o.so .. 3.3"!:d! 
Z'-SEbb GZO (;{.N y 12 b03 71 o.1oa lt) ..... 04 
2qSfbb c;20 Gt.H y 12 603 .. 3 o.c.2 lt3.3"1" 
l'il Sl:bb G20 Gf.N Y 1, b03 5', c."~ 
l'ilStb6 t.20 GC.H ' 12 bu) 'il6 c."s .. ~.3 .. 23 
Z~~bb GZO GLN y 12 b9 O.lob .. l.3C.25 LJ IIUS 
29SE6b t.20 GC.N y 12 Bb o.c.3 4).3 .. 7'5 La !!US 
29SEbb t.20 GI.N y ll 81 Oolob 43.3"27 LJ ilUS 
29Stbb C.20 GtN y 12 107 o ... s 4l.31tl<I HI l!US 
29S[b6 G20 GC.N y 12 6 .. o.so ~j. 3"19 HI t!US 
29SEt.6 c;zo GtN y ll 115 O.~b <t3 .3"22 'II BUS 
lOUCbb G20 GC.f\l y 12 bOJ 67 o.c. 7 .. 3. 3 .. 0C. 
220C66 l.ZO GC.~ V 12 b0.3 110 O.'o'I '-3 .1 .. 0<; 
zt,UC.bb G20 C..C.N V 12 b0 l 93 

0 ·"" 
<tJ. 3'tl 5 

l80C.bb ~zu l,C.N V li b03 d6 (, ·" 1 .. J.3'-lll 
1-;NJbb c;zo GC.f\l y 12 b0l 20 • 7 .. 
lODtbb l.ZO c;r.111 V 12 bC3 5 .1~ 
l2JAt,7 ll'IU S/N 12 A~SI C.NEO JO ll'l/~1' I 

7Ffb 7 AO!! SAL y 12 I 0.1, 71 - 23 25 
HH,7 .. 08 scic: y l.Z 77 O.b:I r. . 7) 4, • '" I J 

21t-t. <> 7 Al7 :.Al y l.l J., 7 I - i3 ?'-
1014kb 7 A06 SAL y ll o.sa 1 - 21 ,lj 

l 1"'Rb7 Al7 SCll y 12 eO .~b . ~4 
31Ml(b7 l,lO SAL y 12 o .s 7 I - 2;• 2 .. 
31,.~67 GZO S(I(. y ll J B •' B . ~., 

>A"b 1 v.z o l,C.. y 12 bO, l l .71 
l_<.J",Yo 1 ~(8 S(;I(. y l .l .; 1 l>C. ) 

lJ t o 7 ~06 su: y 12 r,o 4 .1 0 I t,.J71 
lJrt.7 :\Ott liC.K y l.: ,._ ., ,,, AJJ 
lJ tb 7 AO!! SC. K y ll lu0 l • 7 1 I 
!!J I b 1 AOtl SC t<. y 12 1 -,.-:, I- . ·11,1 I- . -~•ti AOJ 
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"'ASA lAP-171 S PE kRY l v 50 77- l LAST UP UA Tf. 06/17/71 PA (,f 1,q 

TST I liU GC.N J E LTA lG NULL KUT-AL-WOB MA,-_. TU~O MUN 
DATt:. LDC TYP AS SN SYS SF 81 A!> !!IA~ A~,GL E. Ti- ANS. CURR ENT 

8Jf6 7 AOB SCK y 12 2 - . o 1 • ;:i l 
llAU67 11'1U S/N 12 y ,l:NTi:REO GC."1 bOS 
13AU67 A08 SPO y 12 - 297 - .1 .l - .11, 
28AU67 A07 GC.N y 12 b05 - 253 -c.us 

SSE bl Clb G6N y 12 605 - 271 0.02 
l 70C 6 7 GSC GC.N y 12 1>05 - '>78 O.l'> 
25AP68 A08 SPR y 12 - lt40 C.l5 0.15 '>3.3380 

711Yb8 A08 SPO y 12 - 316 o.z ~ •.). 2 S 43.HTlt 
711Yb8 A08 SAL y 12 0.281 - 32 22 

2211Yb8 UNIT S'i I PPl:D TO GAtC 
2211Yb8 IMU SIN 12 I NSTI.LUD IN GC."1 607 
2914Ybc! G20 GC.N y 12 607 -3H 0.3'5 

1 IIU '::,/N 12 , HTURNED TC AC IIKE 
llJAb9 A\7 Sl'M. y 12 I 393'>1 I 0.'>21 I 0.'>0 I lt3. 333<> 
l 3JAt,9 THE ABOVE RUN liAOt WITH PIP IN GAUSStll ST AT t UUE TO 

OPERr.TION IN C/11 UOP. REF. AFR 22)b 
l3JA69 Al7 SCK y 12 I O.'t8 I 
l3JA69 Al7 SCK y 12 18 O.l5 o.? a 43.HbO 
l4JA6Q A 17 SCK y 12 61 0.22 0.2 .. .. 3.3366 ..... 23JA69 Al7 SPO y 12 - 186 0 .1 3 0.09 43.3368 

0 3H,b'l A08 SAL '( 12 u.151 - lt1 15 
NI 3H6~ ADS SAL y 12 20 

l 7FE b9 H•U S/h 12 SHI PPE:> TO KSC 
19H69 Kll SCK y 12 -27" Ooll 0.2 3 
10AP69 I( 11 SCK y 12 - 483 0.21 0.2 .. 1;3.336lt 
30JE6'i Kll SCK y 12 - 527 0.38 o . .,,. H.Ht.2 
25AUb9 Kll SCK '( 12 - bOB 0.21, O.L5 it 3. 33<t l 

IMU S/N lZ RETURNED Tu AC/IIKI: 
l 70C69 A05 sP r; y 12 - M,l 0.H 0.3 3 lt3.3352 
l 7CJC b'l RAN t (, 35%- NULL COlhCIOENCE CHflK 
l 70C69 A05 SAL y 12 I l • 3 BI - 37 19 
21GC6'i l!IAS ADJUSTED TO •l.5 PLUS OR "INUS .>.l 
2 lOC o9 A05 SPIJ y l2 - 4-n 1.40 l .4 o 43. J37!! 
l 80t b'J A07 Sl' O y 12 - '>14 l.H l. 3 3 43.)}t,5 
190t6<l A07 SAL '( 12 l. 30 I - 31 19 
H14R70 A05 Sl'CJ y 12 - 588 l .2 't 1.28 ,.~. 1,08 
25111( 70 A05 ~Al y 12 1 • . n1 - lt, l ti 
26JE 70 A07 SPO y 12 - 673 l .H 1. 33 o.os 43.B7b 
29JE 70 A07 SAL y 12 l.lJI - 2J l 7 

9SE70 A 07 GLN y I? 616 - 62<J l .Jl 
11 St:70 A07 (,f.1, y 12 616 - 593 1.) 5 
l S"IC 70 A07 GC.N y 12 blb - 675 l .37 
llF£71 A05 SAL y u I l • ., ~ I - 21 l!I 
l'>H71 A05 SP1 y 12 - 7ot, 

1 ·"' 2 l. <, J 0.05 .. 3.331>6 
lOMR Tl I '4U-l 2 SHI PPt L, TO KSC FnR LM-l C lr,;STALLAI ION 
l 711R 71 Kull GC.N y 12 61 .. - 8'>5 l. J 7 
19MY7 l K 9A GLN Y ll 6l" - 8S2 l .,. 5 
llJ[71 ~ <? A Gt:-. '( ll 614 - H7 l .<to a,-· -L,16,'-,7/1/- '"-'G ReTE~T .Qtr~ ,'!rTE.«' LAUA, Ch' TO,:VCR ST!fLICk 
/ ,77£7/ k>M 6<'".H Y n 61+ -834 ,',43 
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NA S~ 2AP-2n SPt-<IIY 10:l:) 77-4 LAST UP DA TE 06/17/71 Pt.Gt 196 

TST IMU GtN DELTA 11, NULL KOT -AL-Wlll! MAX. TOH) MU ,~ 

llA TE LUC. l YP ASSN SYS SF bl AS tllAS AN<A. E TRANS. CUIH< El, T 

25JAt, 7 S42 AC:: - 10 4 u .) D 41.6711 

20APt. 7 A48 1£.\ l 1.2 
lUP67 A'-8 It~ 12 3 
20P67 A<td ltA 11 2 
\CifllY6 7 A,.e fST .2l -0.0.£ --0.0 l 11 15 
29~Y67 A08 SP~ l 12 340 - .3l> - .29 O:.S 

2Jt67 A08 SPil. l 1.2 581!1 C .071 .o .. I ADJ 

2JEt-7 A08 SPR l 12 20 - .o l - .3 2 
02Jf67 AQII SP,< LSl l A,-TER AJJUS T MENT 
DAl:67 A08 SP ' ! l ll - 555 - .1)4 - . :, 4 I) 1 

13AUl> 7 AOB SPO l ll - '>4) - .o .. .JO 02 

lJAU67 A0I! SPO l 12 - 531 - .oo .o l 03 

211AUt. 7 A07 Gt~ l 12 !>051'12 - 517 -1).21 
5SEc>7 r, 16 Gt'I l ll c,05 Ill - 600 -0.10 

l 7UC 67 GSC. Gr.N l 12 t,0~1'12 - 755 -0 .2 l 
25AP68 A0II SP{ l 12 - 858 --0.;iz 0.10 43.5604 

7'4Yt,II A0P SP ll l l.l - 7'18 --0.1 7 -ci.15 .. 3 • 55'19 

7fllY6b A08 SAL l 12 I -O. l 6 I - 54 
l2fllY66 UNIT SHIPPtO TO GUC 
22NY66 l MU SIN 1.2 I NS TALLEO 1 h GtN t,J7 

..... 2'1MY68 G20 Gt.:\I l 12 6Ci 1 - 801 -o.l!> 

0 IMU stri ll • IIETURN[U TO AC. MK[ 

CJl llJAt>9 Al7 SP{ l 1<' I 19781 I 0.Jt>I I o.~41 43.559.l 

l)JA69 THf Al!O \I t RUN WAS MADE WITH Pl P IN GAUS SEU STA Tl: DUE TO 

13JAt>'I OPEK ll Tl iJ,._ IN (h'I LCOP. ltt,... AFR l.2017 
lJJAt,9 Al7 SCK l 12 - J79 -Q.()Cj -o.o 5 lt3.55"llt 

l'-JA69 417 SCK l ll - 385 O.JZ O.) .. 43.55~8 

23JAt,9 Al7 SPO l 12 - 51!2 --0 .02 -o.:)2 lt).559 9 

~Ht,9 AO ~ SAL l li I -o.:,c, I - '13 
)fEt.9 ACJ8 SAL l I.< 1-0.)51 - '17 

l 7FE 69 I ~U S/flo l .l SHI PPfJ TO KSC 
l,..ff69 "-ll S(.K l 12 - 66b O.O', 0.11 •d.SSl<t> 

l('APb'1 ICll SC~ l ll - 'l03 0 .1.2 0.10 .. 3.j!,O() 

3vJ( b'l Kl: ~o l 12 - 9~6 O .Jb CJ .) 2 4 J • ._ :,,1,-., 

25AU6C. Kil !>Cl<. l ll - 10 1 (' .->" u.10 43. C,')7 2 

I "'U S/ll u l<E TUl<Nt u TO AC/MKF 
l 7Ql t,9 ACS SPil I l.l -106 & CJ .11 0. l 7 43.5600 

l 7flC6<; l<AN ~ [J 3'>96- fl,Ull C.OINCIUENCt (.HECK 

l 71Jlt>0 ACS SAL l 12 I 1-"8 I - 8',, 

210(.60 &IA\ llUJUSIE i • TO +1., PLUS Uk MINU~ ) • l 

l lUC6'i 405 St-' i' l ll - 898 1.18 l. "o 43.5605 

l 0 Ut:o<; i\01 SPv l i;, -10,2 1.H 1.n 4 3.'" 0 On 

l '<D~o<; A07 SAL l 1, 1 • .i <, I - '17 

.. ,. ... ;i. 70 AC'> SPU l 1, -1159 l • 3 ti l. 4 1 43.5537 

z-. ... M 70 A OS SAL l 12 1. H J - -.2 

.:oJI 70 A07 !,P:J l l<' -l.204 I• J'- I• .l, n . U6 4 J . :,JO I 

2'lJ[ 70 A 07 SAL l 1, 1.,01 - 9~ 

CSE 70 A07 Gt"I l i.2 t,l (, -1117 l • ,r: 
11 ~t 70 A C7 _,t.'-i l 1.: I I t. -1 1., 1 1. l 7 
, .,,, ,, 1\J ,\ 07 uf.r-. l 12 t , lr, -127 3 ld4 

llh 71 ':, Q", !,AL u I I. 4 1 I - ,, 
15rl 71 !. :) ~ SPll 1, -1 t. '•l 1. J t, 1. 17 v . P6 ,_ 3. 55'l .. 

l ee"" 7, I "IU-12 S'<IPP• r TU I(!,(. FO i': Ll'-1 0 l'ISTf,LLAf I.J"i 
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BIAS 

l 7KR71 K')I\ GC.N l lL 014 -1290 i .,..2 
l'iMY71 K9A Gt.t; l U ol4 -l:Hl3 l.,.l 
llJL 71 K 9A GC.N l ll 014 -1339 i .42 

NULL 
BIAS 

~£TE> r (),477~ AF/<i="r<' L.,A(.,'✓I/Ci-1 ,o.w-Er< 
/'7.T,£/7 Jt3A G{IV Z t:L t,/4- - /31,7 /.4/ 

~OT-AL-wUB MAX. TO~~ MON 
ANGLF TIIANS. CUl<l<Et<T 
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STANDARD DEVIATION (lo-) OF THE IRIG AND PIPA 

PARAMETER UNCERTAINTIES USED FOR 

MISSION PERFORMANCE SUMMARY 

(IRIGs Drifts Corrected for ADOA) 

PARAMETER 

IMU Axis 
PIPAs 
Data Compilation Period 
(9/29/70 - 5/19/71) 

Accelerometer Bias (cm/ sec
2

) 

Scale Factor (ppm) 

1) Sigma (ppm) 
2) Slope (ppm/month) 
3) Linear Correlation 

IRIGs 
Data Compilation Period 
(9/8/70 - 5/19/71) 

Bias Drift (MERU) 

ADSRA (MERU/g) 

ADIA (MERU/g) 

(12/17/71 - 5/19/71) 

ADOA (MERU/g) 

LM 10, IMU S/N 12 

X 

0.06 

34 
-21 
-0.868 

1. 1 

1. 3 

2. 8 

0.3 

y 

0.04 

19 
-36 

-0.984 

1. 3 

1.0 

1. 7 

0. 2 

z 

0.05 

25 
-24 

-0.939 

1. 2 

2.0 

2.0 

0.2 

Data is based upon performance in the IMU. Point-to-point stability in 

operation is much better than the above data. 

Accelerometer data taken prior to degaussing or adjustment has been 
excluded. The sigma values for PIPA scale factor were obtained from a least 

squared fit of the KSC data. 

PROPOSED GYRO AND ACCELEROMETER 

PERFORMA CE COMPENSATIO S 

PARAMETER 

IM U Axis X y 
PIP As 

2 Accelerometer Bias (cm/ sec ) +l. 70 +1. 41 

Scale Factor (~SF/ SF ppm) - 980 -990 

IRIGs 
Bias Drift (MERU) +3.2 -0.7 

ADS RA (MERU / g) -6 +4 

ADIA (MERU/ g) +5 -2 
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z 
+l. 42 

-1430 

+l. 4 

-4 

+7 



ACC 

ACD 

ACE 

ADJ 

ADOA 

BCSW 

BIA 

BUSS 

CDN 

CQL 

CRQ 

CRR 

CRT 

css 
CVR 

DGI 

DGS 

F/F 

FST 

GAL 

G&N 

GP 

HBS 

I&A 

ISS 

KSC 

LBS 

MW 

NAR 

NBS 

OOS 

RDT 

Dictionary of Terms 

Acceptance of Data 

After Cooldown 

A . C . Electronics 

Adjusted 

Acceleration Sensitive Drift Due to Acceleration along the OA 
Binary Current Switch 

Bias Adjusted 

High, Low, or Nominal Direct Current Test 
Post Cooldown 

Component Qualification 

Component Requalification 

Retest After MUMET Cap and/or Resistor Changes 
Retest Data 

Short Servo Test 

Component Verification 

Degaussed IRIG 

Degaussed 

Float Freedom 

Final Stability 

Guidance & Navigation PIPA Alignment 
Guidance & Navigation System Measurement 
Gaussed PIPAs 

Hi Bus Voltage 

Inspection and Acceptance 

Inertial Sub - system Data 

Kennedy Space Center 

Lo Bus Voltage 

Milliwatt 

North American Rockwell 

Nominal Bus Voltage 
Out of Spec 

Wheel Rundown Time, Seconds 
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APPENDIX 

ELECTRICAL POWER REQUIREMENTS 

This section was extracted from the MIT/IL report E-1142 (Rev. 59) 

"SYSTEM STATUS REPORT". It is included in this report for convenience. 

Electrical power and energy reporting is based upon the inflight spacecraft 

sequence of events for the De sign Re ference Mission as developed by the Apollo 

Mission Planning Task Force (AMPTF) . (R efe rence GAEC Report Volume III -

LED-540-12, dated 30 October 1964). 

The accompanying diagrams present th e power drawn through th e spacecraft 

circuit breakers. It is assumed that power is drawn from the spacecraft's primary 

+28VDC supply and a 400 cps-115 VAC single phase inverter. 

Intermittent power peaks can exist, particularly during operation of displays 

and controls at random times . The energy content in these peaks is considered 

negligible. 

All values (except those m entioned above ) are actual expe cted l evels of power 

at 28. 0 VDC. They are based on measured values on G &N systems 207 and 208 for 

th e Block II Command Module and G&N systems 608, 600, and LM learner for the 

LM . No margin factor has been applied to prote ct against possible diffe r ences 

between G&N systems and spacecrafts . Thus, these values should not be take n as 

"not to exceed" extremes. 

The following Inte rface Cont r ol Docume nts serve as th e guide lines for 

reporting power figures. 

CM Block II 

LM 

MH0l-01327-216 "G&N Electrical Input Power" signed 15 July 1965 . 

LIS-390-10002 "PGNCS Prime Power Requirements and Character­

istics" signed 30 July 1965. 
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Of 'ilC.N RIIIRI NII Ml \\lllN 

IMII \I AN IJ R\ \ W ol ~\ 
-~C_M_B_U_S_l5_8_6W_HO_I_IR_S ________ ---<>'
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LM BUS QoJW HOII R\ 

1s; ow HOU~S 121 

llllW HOUR S 

2fJlW HOU RS 

I 
I 
I 
I 
I 

✓ 
le ~ -

(flMPII TI R '>W I ICH 
H.2',,, 

IMII nP[ RAH ~W '.',·' 
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APO! l O M I 5 S ION Pi ANNI NG TASK fO.C[ 
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,✓ , ow 

II.OW 

12. 4W 

I INI AIIGN 5 WITCH 0.28',, 

IMU 
TIMP[RATUR[ CONTROL 

\M 
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l ~C ITATION 

O>--------r--------, C 10.2W 

?OOW 

0 
5. 0W Ht:ATIRS ON 

38• 

111 9 2W[ 

),bK" 

IN£RT[AL SU8 SYSHM 
AND [C DU 

AOT Ht:ATIRS 

AOT R£TICL[ 
1;' ~Ml NATION LAMP 

GA[ C ll>V AC 400CPS I GA[ C DIMM[R I 0 In I l,V 400CP5 DSKY K[Y BOARD 
"[l LAMPS CONTROL L[ D AC 
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TOT Al S 
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4237W HOUR S TOTAL MI SSl rJN l M BUS 

183W HOURS 

1586W HOURS TOTAi MISSION CM BU S 
24.IW IMU H[ATIR ON PRIMARY CM BU S 
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BLOCK .II GUIDANCE & NAVIGATION LOAD ON PRIMARY +28 voe COMMAND MODULE 
BAS[O UPON 19U HOURS IA.27 OAYI LUNAR ORBIT MISSION 

DESIGN R£FERENCE MISSION STATUS OCTO BER 1967 

REFERENCE GAEC REPORT - LED 540-12, 30 OCTOBER 1964 

APOLLO MISSION PLANNING TASK FORCE 

,,__~6~122=W~HO~U~R_S _____ 0 o-o----------------------'~!!!.---1--
COMPUTER STANDBY SW 

100\ 

15WM 

I CM GU I DANCE COMPUTER I c;: 

.,._j 

NM SWITCH 

1036W HOURS 

OPTICS OPERATE SW 6.00\ 

~WHOURS 

!MU HEATER SWITCH 100\ 

1~35W HOURS 
0 

55WM 

COMPUTER OPERATE 
SWITCH 28.87,. 

87WM 

7.5WE 

DUTY CYCLE IS HIGHLY 
DEPENDENT UPON CM 
TEMPERATURE ENVIRONMENT 
ANO EYEP IECE LOCATION 

33Wc !MU ON 
Ill J5WC !MU OFF I 

I 

5.11" o 
Fl'-1:ALIGNSL 16.2WM 

183WM I 

OPTIC AL SUBSYSTEM 

THREE EYEPIECE HEATERS 

!MU STANDBY I 

!MU OPERATE I 
!MU OP!:RATE SWITCH 28.55,_ 

I APOII O 15 JOI) "!, I 
3.5WE J 

I MASTER ALARM LAMP 
I 

0 
8 5W[ 

I 
C~UTIONIWARNING 

I 
I,_ LAMPS 

5VDC 
0 

0.6W[ 

I I STAR ACOclREO LAMP 
6" 

RETI CLE DIMMER 

ll.5VAC <IOOCPS 
POWl:R SUPPLY 

L/, l.8WE I OUA MECH I IN PSA 
6" J READOUT ILLUMINATION 

0 lo 5VDC 2.4WE I OUA RETICLE 
I 6" I ILLUMINATION LAMPS 

NAA I CONTROi.LEO AC 2.0WE I HEAT DISSIPATION I POWl:R SOUR CE I 
121 

0 l·[L' INTTGRAL OISPlAYSI NAA 
ll5VAC 41XJCPS DI MMER 

CONTllOL 
0 to l 15VAC 7W AC NOM 2.0W[ 

I 
OSKY KfYBOARO 

I 0 
400 CPS "EL " LAMPS 

NAA DIMMER 5VAC M~ 400 CPS - QWE j OSKY I 
CONTROL IOI, J STATUS'C AUTION LIGHTS 

TOTALS : LEGE ND : NOTF<; • 
• mw All SYSTEMS OP!:RAT ING C CALCULATED POWl:R Ill qf VISFO 121 JIINr IQ7JI 
• 2452/WHOURS TOTAL MISSION E ( STIMATED POW£R iMII llfATER<; , 

EXCEPT EYEP IECE HEATERS , M MEASURED POWl:R 20 OW IMII ON. OG ii 
MASTER ALARM LAMP, ANO 22 ow IMIJ on . nr; 400 CPS PQW[R 

11nw 1M11nrr . 1r. 

• 28VDC PR !MARY CM BUS MICROSYN EXCIT. 13W 

NOT DfT£RM INEO • 28VDC PR !MAR Y CM BUS 12 1 Mil Ni SUMF <; 100 °1, rr; I' ·1 NCV,, ,R 
All NM rnwrn , 111'1'1 II ', 

Figure A -2 
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