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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. INTRODUC TION

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

computed 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.




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 tracking 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 Blnck 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,' 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 '"'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




affected by IMU accelerometer 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 Position Uncertainty Velocity Uncertainty

Assumption Alt Tk Rge Alt Tk Rge
Cortel. 2,596 17,898 1,297 8.1 44,2 3.1
Not-Correl. 2,482 17,934 1,798 o'l 44.1 4.2

Note that the most marked difference is in range.

b. TLI Burn Uncertainties (Tables 9-11)

Translunar injection burn duration was 354 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 1,080 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.




ds 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.

£ 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

ais 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 1o Block II uncertainty

levels for the significant IMU errors.




TABLE 1

Test Data RMS Uncertainties for CM and LM IMUs

Error CM LM

Ay Units IMU IMU
(No, 48) (No, 12)

ACBX cm/sec? 0.11 0. 06
ACBY cm/ sec2 0. 06 0,04
ACBZ cm/sec2 0. 08 0.05
SFEX PPM 14 34
SFEY PPM 25 19
SFEZ PPM 64 25
NBDX meru 1:5 11
NBDY meru 2.4 1,3
NBDZ meru 1,1 1.2
ADIAX meru/g 2,2 2.8
ADIAY meru/g 4,1 1T
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 .
ADOAY meru/g 0.4 ¢
ADOAZ meru/g 0.5
Measured Accelerometer Input Axis Mislaignments
XIA abt, YSM arc secs + 45 + 38
XIA abt, ZSM arc secs + 10 - 11
YIA abt, 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, )




TABLE 2

Position and Velocity Uncertainties at Burn Cutoff Due to
CM/LM IMU and MSFN Tracking Uncertainties

Burn RSS Position Uncert. RSS Velocity Uncert, P 3.0
Burn |[Time | Uncert. (feet) (ft/ sec) Eﬁ‘goie
secs | Source Alt, Track |Range Alt, | Track [Range (nmi)
EOI 714 | Test Dataf 2,596 | 17,898 | 1,297 3,08 | 44,18 3.14 -3.60
Block II 3,221 25,283 | 1,656 |10,29 | 62,56 3.87 -6, 37
Test Data| 2,021 1,072 600 (13,90 7.03 3.42
TLI 354 | Block II 1, 758 1, 746 664 [11,93 11,43 3.65
Tkg. 828 378 | 6,857 7.89 0.19 0,88
Test Datal 1,081 573 356 5.85 3. 02 1,72 -1,70
LOI 392 | Block II 1,087 1,018 650 5,76 5,25 3.14 -1,73
Tkg. 3,214 | 6,950 3,891 1.54 11,179 1,68 -2,25
Test Data 5 3 4 0. 24 0. 14 0.14 -0, 30
DOI 23 | Block II 9 9 9 0.37 0: 37 0.35 -0, 74
Tkg. 3,040 | 7,900 5,150 3.30 7.45 1,10 -2,20
Lunar Test Data 524 768 373 2,94 3,97 1,36 -0, 26
Ascent 433 | Block II 902 1,100 797 4,51 5,39 3.27 -0,41
(LLM)
Test Data 261 127 59 3.94 1,906 0, 77
TEI 139 | Block II 236 232 107 3.48 3.40 1,36
Tkg. 1,023 707 | 1,000 3.91 3.22 1,94
Reentry Test Data (25,863 | 11,680 | 2,182 |[97.89 | 41.45 |12,44
(Drogue| 524 | Block II [[22,143| 19,875 | 4,016 |82,55 66,95 (11,80
Deploy) Tkg. 283 1, 165 614 0.68 1,99 0.39
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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 X accelerometer bias, etc.
CM/S. SQ. centimeters/se02

Accelerometer Scale Factor Uncertainty

SFUX X accelerometer scale factor uncertainty, etc.

PPM parts per million
Accelerometer Acceleration Squared Indication Uncertainty

NCXX X accelerometer acceleration squared indication
uncertainty, etc.

MG/GSQ micro-gs/g-squared
Gyro Bias Drift
NBDXINIT Effect on initial SM misalignment due to X-gyro bias

drift before burn ignition (for reentry tables before
reaching 400, 000 ft altitude)

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

NBDXCOMB Total of combined effect of X gyro bias drift

MERU Milli-earth rate unit = 0.015 deg/hour = 0.90 sec/min.

Gyro Acceleration Sensitive Drift

ADX-Terms rss of uncertainties due to X gyro's ADIAX, ADSRAX,
and ADOAX drift uncertainties
MERU/G Milli-earth rate unit/g = 0.015 deg/hour/g

Gyro Acceleration Squared Sensitive Drift

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

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

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

MERU/GSQ Milli-earth rate unit/g2 = 0.015 deg/hour/g2

14




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
T 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
17. 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

15




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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INDICATION UNCERTAINTIFS (INNICe- TRUF ) AT TIME FRCM LAUNCH = © HR, 11 MIN, 54.590 SEC ( 714,590 SFCS)
PRSITTICN UNCFRTAINTIES IN FEET VELOCITY UNCERTAINTIFS IN FT/SEC

UNCFRT, ONE SIGMA (RZLe TO NOM, AXES) (RFL. TO NOM, AXFS)

SOURCE UNCERTAINTY ALT. TRACK RANGFE ALT, TRACK RANGE
INITTIAL STARLF MEMREQ MTSGLLIANMINTS (UNCORRFLATSD WITH FFFFOTS OF IMYU UMCFRTAINTIES LISTFD PELOW)

ABOUT X1 50,2 SFECS lbel 25173, 0 12.2 DeN47 5e¢34R N.N28
ABOUT YI SeN S=CS - 16241 - p I 229,5 - fe562 N, NNN Ne 424
A3DUT 27 5.0 S=CS - Vol - 137,5 - Co’ - 0NN - N 18N - N,NON
ACCELERONETER IMPUT AXIS NMISALTGNMINTS

X ABQUT VY NeD SFCS Ned) Ve Del Gl N 0, NN 0.NNN
X ABOUT 2 13.0 SECS (:e0 Ne N Ne I Qe NNN 0.NAD NeNNN
Y ARQUT X GeD SFCS Ded Nelr NeN CeCNO 0e NND N¢700
Y ABOUT 7 - 26«0 SFCS 3.3 1,120,9 hg% DeN24 2. 780 N.014
7 ABOUT X 12.9 SECS CeD Ne N Do Ca NNC NeNNN 0009
Z ABOUT Y - 45." S;(‘Q ' NT78al = HebH . C75.5 6.—,:)! - 00015 - ?.5‘8
ACCFL .BILS (INITLEFAXTH LAUNZH >.M. LM S, - DU TO ACRX = 73 SFCS.ABQUT YSM, DUF TO ACRY 13 SECS.ABIUT XSM)
ACBXINIT 75445 87746 - 140593 2622 1.292 - 2,003
ACRXBURN Cel1N CM/ 3650 4225 - 7ol T6h,1 1.285 - NeN18 1, 958
ACBXCJIMB Yo 177.2 57)e 4 - 293,11 2,9N9 1.273 - 0004
ACBYINIT : = 20 - 26242 - le3 - De NIN3 - Ne 248 - Ne 00N
ACBYBUPN "e060 CM/S5.52 2,4 472, F 26 LM 10 1.242 0,206
ACBYCOMB led 21062 1.7 Ne DDA N.993 0e0N5
ACRZINTIT (ie D 1o el NeNN Ne NOC 0eNN0O
ACRZBURN CeNBO CM/Se50 ~ 673,89 | 310,00 - 2611332 NeNNS NeB67
ACBZCOMB - A73 63 261 318, N - 2133 De ONS NeBET
ACCELEROMFTER SCALFE FACTOR UNCFRTATINTIC S

SFUX 14 PPV - A1 0 CsiS - 110,92 - Nel178 NeNN?2 - 0270
SFUY 25 poM Ye? N els N0 Qe 0 Ne ONO 0.NN0D
SFUZ €4 PPY - 4744 ta? 194 ,5 - DeO22 0.01 2.315
GYRD BIAS CRIFT (INTT.EARTE LM HeS eMeMLMS eART oXI = [CHF TN 8DX 247 SFCSy DUE TO RNDY Q7 <FCS, DUF TN 8N7 15 SECS)
NBOXINIT 1e50 MERU 11242 15 ,045,4C 85 of Ne 320 37,081 e 203
NBDXBURN ( 15 ARCSFCSONRIFT = NeS - 7261 - N3 - c.0nN - 0,073 0.000
NRDXCOMB  SINCE LAUNCH) 111 4% 1e,0c3,7 246 & 0e 379 37.005 N.203
NBDYINIT 2,40 MERy 21,3 6,20 T4 G 23,7 0,091 10,354 0.056
NBDYBURN ( 26 ARCSFCSeNDRIFT - 247, e ? 29562 - Te440 NeNN? 0e767
NBDYCOMB SINZF LAUNCH) = 315,83 4y2(T et 31847 - 1e 348 104 357 f.B24
NBRZINIT 1,10 MERY 561 TCNe S 3.9 CeN1& 1.724 ND.NN9
NBDZBURN ( 12 ARCSECSWORIFT 1.2 196442 1.0 e NN4 e 626 DeND3
NBDZCOMB SINC= LAUNCH) fe B RES547 4,5 N.010° 2+ 351 De012
GYRC ACCELERATION SENSITIVE DRIFT (2SS OF UNCEFTAINTICS DUF TG AD1A, ADSRA, AND ADOA DRIFT UMCFEFRTAINTIFS FOR EACH GYRO)
ADX=TERMS 2.2, 1.8, .5 ¥/( e A 4,0C%,1 2841 Ne 119 12. 316 Ne 067
ADY=TERMS 4,1, 3,7, N & M/G 472,41 £ LfF gD 544 ,°9 1,72} Se 966 1.235
ADZ=TERMS 244y 143, Ne¢ VM/G 14,2 19G27e¢ 1178 Ne N4 2 4L4R79 DeN26
GYRN ACCSLERATINN SQUALFN STNSITIVE DETFT

ADTXX T o b0 MERU/GSY - Ne 3 - 47.5 - Ne - 0.,0nN0 - NeN5? N,NNO
ADSYY Neb( MCRU/GSDY - 11444 Vel 115. 4 - 0e 376 Ne 0NN Y251
ADIZ2Z De BN MFRU/GS) Ne 136041 De7 0 N2 Ng 3562 0e0C1
RSS UNCZRT&(FT AND FT/5¢(C) 7,505,427 1794CR4 3 1, 2940 € R, 7R 444 180 3,149
RSS UNCEKkTe(MeMI ¢AND ET/377) Ve t?? 2e005 Ne212 .72 44,130 3,140

TABLE 3 STATE VECTOR UNCERTAINTIES AT EOI
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INDICAT ION

UNC=ETAINTIES

ADIAXINIT
ADTAXBURN
ADIAXCOMB

ADSAXINIT
ADSAXBURN
ADSAXC CMB

ADCAXINIT
ADOAXBURN
ADNDA XCOMB

RSS FCR X GYRO

ADTAYINIT
ADTAYBURN
ADIAYCOMB

ADSAYINIT
ADS AYBURN
ADSAYCCMB

ADDAYINIT
ADOAY BURN
ADCAYCOMB
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ADS AZBURN
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Ne
Che N
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8 ,022,0
317

449C0e3

FebRh, C

1,52544
39643

199256 7

N
Q4. R
C468

19927.9

80“"9.“

(FEET AND FTZSEC)

714,500 SF(Se

ALT .

Ce( NN
8 s0010
Ce N1

n.0rn
0000
Ne N0

0.110
Pe 01O
Ce'10

0.109

CeNNO
£ 000
Gl NN

Cel4?
1.842
1. 6©9

0,000
Ca?80
0e 280

1.72)

NeN34
N.0ON9
(‘OFI’B

Ce N0
p.0CN

Ce N0

NeNID
0,703
0eN03

TABLE 4 STATE VECTOR UNCERTAINTIES AT EOI (AD TERMS)

RANGE

0.009
0,000
0.000

0., 009
0000
0000

0.068
0000
0.068

0.067

0000
N, 000
0eN0D

0.0N88
1.140
1.228

0. 000
N.143
0el43
1.235

NDeD21
0. 006

0027

0000
0,000

0. 000
0.002
0002

0.N25

1.238
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TABLE 5 STATE VECTOR UNCERTAINTIES AT EOI REL. TO S. M.

AXIS

INDICATION UNCERTAINTIES (INDIC.- TRUE ) AT TIME FROM LAUNCH 0 HRy 11 MIN, 54.500 SFC ( 714,500 SFCS)
POSITION UNCERTAINTIES IN FEET VELOCITY UMCFRTATNTIES IN FT/SEC
UNCERT. ONE SIGMA (REL. TO NOM. AXES) (REL. TO NIM, AXFS)
SOURCE UNCERTAINTY X SM YSM 7SM XSM yS™ 7SM
INITIAL STABLE MEMBER MISALIGNMENTS (UNCORRFLATED WITH EFFECTS NF IMU UNCERTAINTIFES LISTED RELOW)
ABOUT XI 50.0 SECS 0.3 2917361 - 1+6 0003 5,341 - N.0N10
ABOUT YI 5.0 SECS 131.3 - N.0 248.4 Ne131 - N.000 N.699
ABOUT 21 5.0 SECS 0.0 - 1375 0e 1 e NON - 0D, 18C 0.NN0O
ACCELEROMETER INPUT AXIS MISALIGNMENTS
X ABOUT Y 0«0 SECS 0.0 0.0 0.0 7,009 0.000 0900
X ABOUT Z 10.0 SECS 0.0 0.0 NDeh 0.N0" £. 300 2.000
Y ABOUT X 0.0 SECS 0.0 0.0 0.9 0.00N N.9N0 0.000
Y ABOUT Z - 26.0 SECS Dsl 1,130.0 - 08 N.N01 2,780 - De005
I ABOUT X 12.0 SECS 0.0 0.0 049 0,009 C.N00 0. N00
1 ABOUT Y - 45.0 SECS 69.9 1.5 - 24294.7 N.581 54010 - beT15
ACCEL.BIAS (INIT.EARTH LAUNCH S.M. MLMS., - DUF TO ACBX - 23 SECS.ABNUT YSM, DUE T0' ACHY 12 SFCS,ARNDUT XSM)
ACBXINIT - ~0T.7 52644 - 1515043 - Ne61] 1.+298 - 3,261
ACBXBURN 0.110 CM/S.SQ 874.5 0.1 - 30.3 2.3€4 N NND - N.242
ACBXCOMB 26646 52646 - 1,180.7 15 152 1.290 - 3,484%
ACBYINIT — 0.0 - 262.3 Ne? - 0,000 - N.248 NeNO1
ACBYBURN 0.060 CM/S.SQ 0.0 472.6 - N3 0.00N 1.242 - nN.002
ACBYCOMB 0.0 210.2 - 0.9 1,000 n, 9012 - Ne NOO
ACBZINIT 0.0 0.0 0.0 0.C0N 0000 N .N00
ACBZBURN 0.080 CM/S.S5Q - 23.3 - 0.4 749,2. - 0. 190 - N, NN2 2.294
ACBZCOMB - 23.3 - De4 749,2 - N,.190 - N.N03 2.2946
ACCELEROMETER SCALE FACTOR UNCERTAINTIES .
SFUX 14 PPM - 12655 0.0 442 - 0.320 N. 000 s 034
SFUY 25 PPM 0.0 Ne0 0.0 0NN CoNNN J. 000
SFUL 64 PPM - 18.3 - 0.3 46644 - D125 - 0,002 0. 965
GYRO BIAS DRIFT (INIT.EARTH LCH.S.M.MLMS,AB8T.XI - DUE TO ROX 347 SECS, DUF TO RNY 97 SFr<, DUF TN pPN7 16 SECS)
NBDXINIT 1.50 MERU 2.6 15,066.6 - 115 0.025 37,182 - N.n78
NBDXBURN ( 16 ARCSECS.DRIFT 0.0 - 1242 C.0 0.70N - G973 0.N00
NBDXCOMB SINCE LAUNCH) 2:6 14,994.3 - 11.4 0,025 37.008 - 0,078
NBDYINIT 2.40 MERU Ol 4,207.2 - 3.1 0. 006 106.354 = 0+021
. NBDYBURN ( 26 ARCSECS.DRIFT 106.1 - sl 443,11 6.032 - 0,001 leh32
NBDYCOMB SINCE LAUNCH) 106.9 4,207.0 439,9 0.03G 10.353 l.509
NBDZINIT 1.10 MERU 0.0 700.9 - Ne & D, 000 1.724 - N,N03
NBD ZBURN ( 12 ARCSECS.DRIFT 0.0 184.2 - 0.0 0,000 0. h26 - 0.000
NBDZCOMB SINCE LAUNCH) 0.1 885, 2 - 0.5 n.N01 2.351 - Nn.N03
GYRO ACCELERATION SENSITIVE DRIFT (RSS OF UNCERTAINTIES DUE TG ADIA, ADSRA, AND ADOA DRIFT UNCERTAINTIFS Fne EACH GYRO)
ADX-TERMS 2.2, 1.8, 0.5 M/G 0.8 4,991.4 : 2,7 0.008 12.316 N,025
ACY-TERMS 4.1, 3.7, 0.4 M/G 219.4 €,485.8 688.8 0.194% 15.961 2.146
ADZ-TERMS 2.4, 1.3, 0.5 M/G 0.2 1,928.0 1e,3 0.NC2 4,R79 0. 009
GYRO ACCELERATION SQUARED SENSITIVE NDRIFT
ADI XX 0.60 MERU/GSQ 0.0 - 47.5 Ce O n,000 - QNS P 0.000
ADSYY 0.60 MERU/GSQ 51.3 - 060 15444 N.044 - Ne O0C Ne 467
ADIZ2 0.60 MERU/GSQ 0.0 136.0 - 0.0 0,000 (o362 - 0,000
RSS UNCERT.(FT AND FT/SEC) 44149 17,899.0 2,663,9 1.935 Hhtg 170 R, 449
RSS UNCERT.{N.MI.AND FT/SEC) N.072 2.945 Ce&71 1.9135 44,179 R, 449
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INDICATION UNCERTAINTIES

UNCERTAINTIES DUE

ADIAXINIT
ADIAXBURN
ADIAXCOMB

ADSAXINIT
ADSAXBURN
ADSAXCOMB

ADOAXINIT
ADOAXBURN
ADOAXCOMB

RSS FOR X GYRO

ADIAYINIT
ADI AYBURN
ADIAYCOMB

ADSAYINIT
ADSAYBURN
ADSAYCOMB

ADOAYINIT
ADOAYBURN
ADOAYCOMB

RSS FOR Y GYRO

ADIAZINIT
ADIAZBURN
ADIAZCOMB

ADSAZINIT
ADS AZBURN
ADSAZCOMB

ADOAZINIT
ADOAZBURN
ADOAZCOMB

RSS FOR Z GYRO

2.20

0.50

4.10

2.40

1.30

RSS FOR ALL GYROS

TO GYRO ACCELERATICN SENSITIVE DRIFT TERMS

MERU/G

MERU/ G

MERU/G

MERU/ G

MERU/G

MERU/ G

MERU/G

MERU/G

MERU/G

(INDICATFD - TRUE)

TO NOM.
XSM

0.2

219.6

Y SM

6y485.8
1,529.4

396.3
1,925.8

1,928.0

8,408,.3

(FEET AND FT/SEC)

O @ 0
e e o

-0

200
.
QOO

WO W
X D0

714.500 SECS.

X SM

0.009
0.000
0,001

J.n0n
0.000
2.000

0.009
0.000
0.009

0.008

0.000D
0.0CnN
N.000

0.011
0.184
0.195

0.000
0.001
0.001

0.194
0.003
0.001
0.003
0.000
0.000
0.000
0.000
0,009
0.C00
0.002

0.195

TO NNM,

YSM

n,N00
(eN93
e 193

C.00C
0,000
0.000

12.361
0. N44
12:317

12.316

0.1700
n.000
C.N00

15,965
0.003
15,962

0.000
0.000
0.000

15.961

3. 764
1.105
4.869

0.000
0.000
0.000

0.000
N.332
0.332

4.879

20,744

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

ISM

0.000
0.001
0.001

0.000
0.000
0. 000

0.026
0.000
0.026

0.025

0. 000
0.000
2.000

0.034
2.158
2.124

0.000
0.315
0.315

2.146
0.008
0.002
0.010
0.000
0.000
0.000
0.000
0.000
0.000
0.009

2.147
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TABLE 7 S.M. MISALIGNMENTS AND DRIFTS AT EOI

INITIAL STABLF MSMBER MISALIGNVENTS AND DRIFT ANGLES SUMMARY (AT TIMFE 7144500 SEC Se)
UNCERT,. ONE S IGMA ML1e ANGLE ABOUT STABLE MEMBER AXFS
SOURCE UNCERT e VALJF ARC=SECS. ARC=SECSe
X SM VSM IS™ ALT,. TRACK
INITIAL STABLE MEMBF2 MISAL TGNMENTS (UNCARRFELATED WITH ALIGNMENT UNCFRTLDUE TO LISTED GYFC AND PIPA UNCERT.)
ABOUT XI 50 SECS NeNN fle0N - £0 00 44450 - Nel5
AROUT YI 5 SECS e NN Se 01l 0400 CeM3 4. 99
ABOUT 21 5 SECS 500 Qe 00 N.CH 2426 - Ne N4
INITIAL SeMe MLUMSe DUE TN TNMU ERROR EEEECTS ON EARTH LAUNCH EFFCTION AND AL IGNMENT (LAUNCH FLIGHT AZIMUTH
ACBX 0.110 CM/S.SQ C.")D e 2"‘.” - }Z.OQ ‘Oo‘? - ?3.17
LCBY D«060 CM/S.SQ 12461 NeN - 1.5 Tebts - Ne11
ACRZ Ne0BN CM/Se SO CeNN - Celif - N 40D 0NN - Ne NN
NBDX 1.50 MERY Le70 Qe 00 ~- 246,44 A0C,14 - 115
NBDY 2440 MERU RN (leNN - G6e19 836632 - Ne 32
NRDZ 1.10 MERU n,on Lo 00 - 16612 14,33 = DeNS
ADTAX 2420 MERU/G 0.C0 Ned( - CeCO 06 NN - 0s0N
ADSRAX 1.80 MFRU/G CeND N eNN) N O GCe (i Ne NN
ADODAX 0«50 MERU/G LeNG 000 115.54 103,04 Ne38
ADIAY 4¢10 MERU/G NedD falid) NeNO NeNN Ne 01
ADSRAY 3.70 MERU/G Qe NO Ny - 149,23 133,08 = Ne 49
ADNAY Ne4N MEPU/G NeND NeN" - Ne 1N feNN - NeNN
ADIAZ 2440 MFRU/G DD Ml - 25819 31e39 - T 11
ADSRAZ 1.30 MCQU,(: C.”L’) ”.0" 0.0“ O.f"'\ ').f\’)
ADDAZ 0450 MERU/G Ne0D Ne (i - Ve CenNN - NeNN
RSS INITIAL SeMe MLMS. 12,57 23.€7 411 .46 3674N2 23,74
DRIFT ANGLFS DUE T0 GYPND [CRIFT SINCE FARTH LAUNCH START
NBD X 1.50 MERU 1612 - (e} ) eNN Te 29 - 0ul3
NBDY 2+40 MERU Ce N 25,79 D400 0el7 25479
NBDZ 1.10 MERJ N NN De(COD - 11-8? 1(054 - NeN3
ADIAX 2¢20 MERU/G 25478 - 0N D400 11.66 - Ne 21
ADSRAX 180 MERU/G L.N0 N, CC - Je« 0N 0,00 De0NN
ADCAX 0«50 NERU/G 243 - 0NN - NeNC 1eN5 Ne N1
ADTAY 4,10 MFRU/G CeNOD Ne ' Je ) 0NN 0,00
ADSRAY 2,70 MERU/G NeND 2Te32 NeNN e 11 17.32
ADOAY Ne40 MERU/G NeM) 4 eh3 1 eNN NeN3 4e 58
ADIAZ 2640 MFPU/G (‘.f\n Ne OO0 - !1.73 10.”2 - n.n?
AJSRAZ 130 MERU/G 04”0 Ne0F Ne” (e NN 0e N
AD0AZ Ce5C MERU/G Lo NO Colil) - 536 Se22 - NeM
RSS CRIFT ANGLF (ARCSECS.) 32,30 2le0t 1775 2152 21.664
OVERALL RSS M| Me (ARCSF(S,) 35,24 39659 411 484 267665 29,55
OVERALL RSS MLM. (MR,) U e16238 Ne 1614 1, 2666 1.,7826 n.1a1a

MLM.ANGLE ABOUT LOCAL VERTICAL AXES

RANGE

22461
NeN?2
445

= 80,100 DEG)

560
10437
0. NO

156480
43478
Te29

D00
0e 00
52426

De0N
£7. 50
200

15,9
NeN0O
NeND

1864 47

14437
Nel5
534

22499
0eN0O
2.08

0.00
.10
.02

5.08
DeND
2+ 65
79,91

188,85
Ne9155




NOMINAL ALTITUCES B T I Tt Tt e e e R e L S e S Rt S Ll L bt b bl sttt

PERIGEE=  93.59 N.MI. INDICATED DEVIATIONS IN (AT TIME = O HR, 11 MIN, 54,500 SEC (  T14.500 SECS))
APOGEE = 93,73 N.MI. #*##***ﬁ##*t‘##t#######**####t*t##**##***‘t****#***####tt*tt#**#*tt*t*tt#ttt‘*t*‘ttt“"t*‘
ORB.ANGLE TO PERIGEE = 179.9 DEG. PERIGEE ALTITUDE DUE TO ONE AND THPFE SIGMA POS.+ NEG.IMU ERRS.
(IN NAUTICAL MILES)
UNCERT, ONE SIGMA ONE SIGMA DEVIATIONS IN PERIGEE DEVIATIONS IN PERIGEE ANGLE YO PFRIGEE (DEG)
SOURCE UNCERTAINTY PRESENT ALT. DUE TO 1 SIG.IMU ERRS. DUE TO 3 SIG.IMJ ERRS. FOR 3 S1G. IMU ERRS.,
UNCERT . NEG. PNS. NEG. POS. NEG. POS.
INITIAL STABLE MEMBER MISALIGNMENTS (UNCORRELATED WITH EFFECTS UF IMU UNCERTAINTIES LISTED RELOW)
ABOUT XI 50.0 SECS 0.0027 0.0243 0.0240 - 0.0726 0.0674 156.0479 216.0057
ABOUT YI 5.0 SECS - 0.0267 - 0.1647 0.0907 - 0.4997 0.0285 198.9£06 25.8670
ABOUT ZI 5.0 SECS - 0.0002 0.0010 - 0.0010 N.0031 0.0031 121.0450 17R.9736
ACCELEROMETER INPUT AXIS MISALIGNMENTS
X ABOUT Y 0.0 SECS 0.0000 0.0000 0.000C 0.0000 0.0000 179.9893 179.9893
X ABOUT Z  10.0 SECS 0.0000 0.0000 0.0000 0.0000 0.200) 179.98R0 179.9907
Y ABOUT X 0.0 SECS 0.0000 0.0000 0.0000 2.0000 0.0000 179.5893 179.9893
Y ABOUT Z - 26.0 SECS 0.0014 - 0.0127 0.0126 - 7.0380 0.0370 171.3181 194,3590
Z ABOUT X  12.0 SECS 0.0000 €.0000 0.0700 0.0000 0.000N 179.9877 179.9909
Z ABOUT Y - 45.0 SECS 0.3420 - 0.6754 - 0.7611 - 2.2219 2.3532 64.8294 241.7972
ACCELEROMETER BIAS
ACBXINIT 0.1242 - 0.0296 - 0.7680 - 0.3556 2.3127 2448165 202.5356
ACB XBURN 0.11 CM/S5.5Q 0.0696 - 1.3758 0.1322 - 4.1379 0.1314 154.7920 3133,0727
ACBXCOMB 0.1938 - 0.8726 - 0.0498 - 2.6957 0.3300 113.7041 288.9698
ACBYINIT - 0.0003 0.0016 - 0.0016 9.0049 0.0050 181.8364 178.2480
ACBYBURN 0.06 CM/5.5Q 0.0006 - 0.0055 0.0055 - N.0166 N.0145 175.7092 185.3377
ACBYCOMB 0.0002 - 0.0039 0.0039 - 0.0117 N.N117 177.2429 183.2201
ACBZINIT 0.0000 0.0000 . 0.06000 0.0000 0.0000 179.9R893 179.9893
ACBZBURN 0.08 CM/S.SQ - 0.1117 - 0.2585 - 0.1625 - 0.8340 NehT23 238.0174 66+6895
ACBZCOMB 0.1117 - 0.2585 - 0.1625 - N+ 8340 0.6723 238,0175 66,6895
ACCELEROMETER SCALE FACTOR UNCERTAINTIES
SFUX 14.0 PPM - 0.0101 0.1202 - 0.1854 0.1308 045632 325.2203 158.5116
SFUY 25.0 PPM 0.0000 0.0000 0.0000 0.0000 0.0000 179.9893 179.9893
SFUZ 64.0 PPM - 0.0698 0.0066 - 0.0914 - 0.0832 0.3741 246 .8826 93,6957
GYRO BIAS DRIFT . :
NBDXINIT 1.5 MERU 0.0194 - 0.1618 0.1084 - 9.3919 0.1214 146.3748 317.2865
NBDXBURN ( 16 ARCSEC.DRIFT- 0.0001 C.0005 - 0.0205 0.0014 0.0014 181.4807 179.5064
NBDXCOMB SINCE S.M.ALIGN) 0.0193 - 0.1613 0.1083 - 0.3911 Ne1214 145.4155 317.2829
NBDYINIT 2.4 MERU 0.0052 - 0.0471 0.0455 - N.1372 N.1025 159,5538 267.9998
NBDYBURN ( 26 ARCSEC.DRIFT- 0.0571 B 0.2979 - 0.0044 - 9.9216 042355 220.1498 48,8607
NBDYCOMB SINCE S.M.ALIGN) - 0.0519 - 0.3321 0.0244 - 1.0100 0.162% 714.2034 40.7500
NBDZINIT 1.1 MERU 0.0009 - 0.0078 0.0078 = 0.0236 n.0232 174,147 187.9836
NBDZBURN ( 12 ARCSEC .DRIFT 0.0002 - 0.0026 0.0026 - N.0079 0.0078 177.9808 182.2258
NBDZCOMB SINCE S.M.ALIGN) 0.0011 - 0.0105 0.0104 - 0.0314 0.0309 172.6727 191.1402
GYRO ACCELERATION SENSITIVE DRIFT (RSS OF UNCERTAINTIES DUF TC ADIA, ADSRA AND ADOA UNCERTAINTIES FOR FACH GYRO)
ADX-TERMS 2.2, 1.8, 0.5 M/G 0.0060 0.0534 - 0.0559 0.1083 N.1611 0.0000 0.0000
ADY-TERMS 4.1, 3.7, 0.4 M/G 0.0775 0.4773 0.C393 1.4299 042080 0.0000 0.0000
ADZ-TERMS 2.4y 1.3, 0.5 M/G 0.0024 0.0220 0.0217 7.0657 040629 0.0000 0.0000
3 - SIGMA PERIGEE ERROR (IMU ONLY) - 3.6003 (99.86 ¥ CONFID.THAT PERIGEE FRROR

WILL BE MORE POS.THAN THIS FIGURF)

TABLE 8 INDICATED PERIGEE DEVIATIONS FOR COAST FOLLOWING EOI
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TABLE 9 STATE VECTOR UNCERTAINTIES AT TLI CUTOFF

IN
AXES)

FOF

INDICATION UNCERTAINTIES (INDTICATED = TRUE) AT TIME = 0 HRy, 5 MIN, 54,00n SECS ( 2544000 SECS)
PAOSITION UNCERTAINTIES IN FEFT VELOCITY UMCERTAINTIES
UNCERT,. ONE S IGMA (RFLs TO MNMq AXES)H (RELe TC NOM.
SODURCE UNCERTAINTY ALT. TRACK RANGF ALT, TRACK
INITIAL STABLE MEMBFR MISALIGNMENTS (JUNCORRELATEN WITH GYRO DRIFT RATE TERMS)
ABNUT XSM 0«20 MR, 4 o4 - 150,3 - 1.2 CeN31 - N, 98¢
A30UT YSM 0s20 MR, - 3(C,2 - 283 793 - 26113 - 0.,N14
ABRUT ZISM 020 MR, Da2 262, 7 0, ¢ feNI] le765
ACCELERCMETER INPUT AXIS MISALIGNMENTS
X ABOUT Y 45,0 SECS - 53+ 3 ~ 2¢ 6 167, - Ne342 - Ne 016
X AROUT 7 19.9 SECS - D3 Nel Ne9 - Ne NN Ne 0NN
Y ABOUT X = 440 S=CS - Dol 154 Ce?2 Celf QO Ne 094
Y ABDUT Z - 26,0 StCS - Oe 7 165,5 et - Ce,0N5 1112
l ABOUT X 80 SFCS D8 DeN N2 Ne NS Ne 0NN
ABOUT Y QeD S=CS Nel Ne N0 CINC Ne ONN
AC(FLERCMFTER BI AS (AVFRAGE G COMPUTATION STARTED 20 SETS, BEFORF BURN IGANITINN)
ACB X Ce110 CM/SeSQ - 218 - 440 252,01 - Qe &4y - Ne 020
ACRY Ce060 CM/S.SQ - Ce b 142, 6 2] - fenNN3 Ce730
ACBZ 0-080 CM/S.QQ - 1’30.7 '\.l o R?.g - 1-’)7ﬁ 0."')1
ACCELERNOMFTER SCALF =ACTCF UNCFERTAINTIES
SFUX 14,0 PPM 5e 6 N3 - 17:7 NeN3T 2.002
SFuy 250 PPM Do) - NeS 0.0 e NN - Ne 0N3
SFUz? 64,0 PPM - 506 Vo - 14,2 - Ce325 N, 0NN
GYRND BIAS DRIFT (SeMe ALIGNFND 1720 MINSe. BEFORFE RBUKM TGNITIOIN)
NBDXINIT 1le5 ME2U 18.3 - 6273 - 4.R fel123 - 3.83C
NBDXBURN ( 172 ARCSFCSLDPRIFT Ne3 - 1.4 - Ce: 1 0. N3 - NelN6
NBD XCCMB SINCE SeMe ALTGN) 13 45 - 632847 - 449 Ne) ¢ - 2, 997
NBDYINIT 2e4 MEU - 1,947,8 - 14,2 4G99,9 - 12,312 -~ N.NA88K
NBDYBURN ( 272 ARCSECS,DRIFT- 3648 - Ne3 Be b - Ne 370 - NeNN?
NBNDYCOMR SINCE SeMeALTGN)= 1,98445 - Y5e5 50R 42 - 13,623 - N, 02N
NBDZINIT l.1 MERU L& 758, & C. O NeNN3 SeNAAK
NBDZBURN ( 125 ARCSECSeNDRIFT 2D 147 DN Oe iNN felbr
NBDZCOMB SINCE SeMs ALIGN) 0,5 7732 NG L.0N3 S5e¢ 244
GYRO ACCELERATION SENSITIVE NDRIFT (RSS OF UNCFRTAINTIES DUL TO ADIA, ADSRA, AND ADQA DRIFT UNCFRTAINTIFS
© ADX=TERMS 2,2, 1.8, N5 M/G N2 1Ne3 el (e 003 Oe 105
ADY-TERMS 4.1, 3.7y Dol M/G 222 Ce2 Se0 0?35 2,002
ADZ=-TERMS 2.%, Je3, Ne5 M/G Ded 13.1 Ne N Ce "NO Ne139
GYRD ACCELFRATION SQUAREN SENSITIVE DRIFT
ADIXX D.6 MERJ /GSQ Cel - '.R 0.0 GeON? - NeN21
ADSYY Oe 6 MERU/GSG - 1% Nel e - Qe N1 A Oe DN
ADIZ22 Qe 6 MERL) /GSQ NN ‘.? D" LN0E N, N4
RSS IMU UNCERT, . 29020,9 1,071.8 59Ge 5 13, cn1 TeN27
RSS TKGeUPNATE UNCFRT. 32S%e 4% 277,7 698570 Te.3%¢ Ne 187
RSS UNCERTL(FT AND FT/S=C) 2,184,) 1,124, 4 69303, 7 15992 7230
RSS UNCFRTe (NeMI & 2ND FT/SFC) Ne353 nNeR7 1.132 1rs50? 713N

FT./SEC
RANGE

D007
Ne 455
DeN01

1.037
0eNN6
0.NN1
DeD16
1001
Ne D00

1,201
n,011
Ne268

J.119
NeNN)
0, N88

NeN?28
NeND1
0eN29

2867
14071
20928

Ne0N?2
NeNNN
0eN02
FACH GYRO)
0001
NeN45
04099

N.0NN
NeNN3
Ne GNO

3.478
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INITIAL STARLF MEMRFR M

UNCFRT, OME S1GMA MLMe ANGLE ABNUT STABLF MEMBFR AXES
SOURCE UNCERT 4 VALJT ARC~-SFCSe.
X SM YSM ISM
INITIAL STABLF MEMBF MISALIGNMPANTS (UNCORRELATERN WITH GYRD DRIFT RA
ABNUT XSM .20 MR, 41,25 fialif NeCN
ABCUT YSM  0.20 MR, CeNn 4lel5 0.00
ABOUT ISM 0,297 MR, NeND Ne( N 4]1e25
RSS INITIAL SeMe MLMS. 41e75 47 825 41.25
DRIFT ANGL®S SINCE IMU STABRLT MFMRER JEALIGNMENT (ALIGNED 120 MINS.
NBD X 1e5¢ MERY 17043 = De0 - De N
NBDY 2e4Q MER_U CaNC 272.68 = D.0N
NBLCZ l.10 MERJ N.2N 0.00 - 124,98
ADIAX 2420 MFRY/G 327 = CeCO - N 00
ADSRAX 1.30 MEKU/G - n. 11 = Ge NO 0.00
ADDAX N.50 MERU/G = le18 NeGN 0«00
ADTAY 4e1N MERU/G Te (N Ne25 = N eN0
ADSRAY 3,7C MERU/G CeNC Se TE - Ce 00
ADDAY Ces0 MERU/G Ne0N Tet R - 00N
ADIAZ 2e40() MERU/G 0, 0F (00 = 5468
ADSRAZ 1.20 MFRU/G N.ND = FeCN Cef8
ADDAZ Ce50 MERU/G Ce 0N {00 - 210
ADIXX Ne6 MEPU/GSQ 217 (00 = Ne CO0
ADSYY De 6 MFRU/GSQ NeND Ceb65 = Ne0D
ADIZ2 0e6 MERU/GSQ Ces 0N N0 = 0.65
RSS DRIFT ANGLE (ARCSECSe) 170.70 272,83 125,13
OVERALL RSS MLM, (ARCSECS.) 175,61 27593 131575
OVERALL RSS MLMe (MRs) 0e851% 1.,3377 0.6337

ISALIGNMENTS AN

D CRIFT ANCLES

SUMMARY

(AT TINF =

354, N0N SECSe)

MLM ANGLE ASOUT LOCAL VFRTICAL AXFS

ALT.
TE TERMS)

11. 86
- Die 15

- 39450
41e 25

BFFORF BURN IGNITION)
o= 4‘;-')"

- 1.74

118,40

e 2.“6‘
0.7?
Ne 34

- 0NN
- 0.03
- 0enn

€,44
= 0e N7
2.01

- f‘.f)?
- Ce NN
De62

126451

135,92
Ne 6589

ARC=SFCSe
TRPACK

Ne 62
41.24
NeN2

41,25

2.58
272,65
N.07

Ne 14
NeDO
Nen1

N, 25
Be75
Te6R

N.00
0.0N
N. N9

Ne.03
Ne 65
0.00
272.81

275.91
1.3376

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

RANGF

39,50
N, 60
11.86

41425

163.20
4, 00
35495

8. 88
0.10
1.13

0. 00
D.12
0602

1.63
JeN2
0. 6N

2.08
D00
0.18
16743

172.43
08360
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INDICATTON UNCERTAINTIFS IN (AT TIME = N HR, 5 MIN, 54,000 SFC ( 354,000 S=ECSH)
et o e s ool o ofe sk S i o ol o o e e i ok il o e ol S e ok ko o ok e ok ol ol o ol ok e b ook of ol e o ke ek ok ok ke ob o o ke o ok ke e R ol o ok ok e e e kol e ok ok e ok ok ek
UNCFRT. CNE SIGMA INERTTAL INFRTIAL INFRTIAL REQDe VFLCC«CORRECT S
SOURCE UNCER TAINTY FLIGHT PATH VELOCITY AZIMUTH LATITUDE LONGITUD= AT INJEC T4+ 8 HRg (FPS)
AMGLFE (DEG) { FT/SEC) (DEG) (ARC=MINS) (ARC=NINS) POS » NEGe

INITIAL STABLE MEMBER MISALTGNMENTS (UNCORRELATED WITH GYRO DRIFT RATE TERMS)

ABOUT -XSM 0,20 M2, * 0.0000 = e 0ON23 - NeN016 0.0239 -~ 0.N"383 NeC 418 N.0418
A30UT YSM 0s20 MR, ~ N.0033 0e1941 20000 00040 0.013n 1.2831 1.2831
ABOUT ZSM 0e20 MR, NeNNI) 0e0ONT N NN?29 = De0394 Ne0134 Ne V749 N. 0749

ACCELEROMETFR INPUT AXIS MISALIGNMFENTS
X ABOUT Y 450 SECS - Qe.NCN3 N e9872 N« 0000 0. 0082 0e.N275 449682 449682
X ABOUT 7 1060 SEC S NeNDDD (e (59 0,0000 0.0000 NeCCN2 NeN296 0.0296
Y ABOUT X - 4,0 SECS C.00NN 0.0014 Ce00D2 = N.0023 0,00Nn3 NeNNT8 00078
Y ABOUT 7 - 260 SECS 00300 0«N157 Js0018 = 00247 0e.0Nges Qe N329 NeN929
Z ABOUT X Be.0 SEZS Ce NONN e C02) N.000C1 0.,000D 0.0000 NeN162 Ne,0162
7 ABOUT Y 0.0 SECS 0.N00N Q. CNNN CeNCOC 00000 NeNNC DeNNOD N 0000

ACCELERDMETER BT AS (AVERAGF G CCMPUTATINN STARTSD 2N SECSe BEFORE BURN IGNITION)

. ACBX Ne110 CM/S.SQ - 0.0003 1l.2276 00000 0.0123 0N414 641156 6.1156
ACBY 0.050 CM/S.SQ 0.0D00 Ce01n3 Ne0012 - 0. 0213 0esNT75 N0.0557 00557
ACBZ 0080 CM/SeSQ =~ 0eNN17 - Ne3011 7.0000 - 0.0025 = C.NNB7 3. 2730 3.2730

ACCELEROMETER SCALE FACTOR UNCEFTAINTIES
SFUX 1440 PPM NeNDDY = Ne1121 00000 -~ 0.0Q009 =~ Ne.CN29 De 5712 De5T712
SFUY 25.0 PPV Ce 200D Ce NON00 0.00CND 0.0001 0.00N0 0.NN0C2 0,0003
SFUZ 64,0 PPV - 0.,0005 =~ 0,1273 Cen”00C - Q.00N7 = 0eN024 1.0130 1.013n

GYRO BIAS DRIFT (SeMe ALIGNEN 120 MINSe BEFNRE RURMN IGNITICN) ’

NBDXINIT 1.5 MERU 0. NON2 - C. ()28 - Ve NC63 Ne0G33 = 0.N329 Nelb45 De1645
N3DXBURN (170 ARCSEC «DRIFT C.NNDDD - D.N0N3 - Ne 0002 00017 = NeNNNK NeNN62 00062
NBDXCOMB SINCE SeMe ALIGM) CeNNOD2 - Ce() 31 = N 055 N0.N056 - 00335 Ne 1 TNE Ne1706
NBDYINIT 2¢4 MERU - C.0205 1.2251 - N, CNC1 Ne0254 0.0B818 837337 8.0837
NBD YBURN (272 ARCSEC<DRIFT- 0eNNDS L0259 10010 QeNNIG NeN1 4 Ve 2N42 Ne2042
NBDYCOMB SINCE S.M.ALIGN) = C.0211 le2511 = De.N0N1 00258 N.N832 842870 82870
NBDZINIT le1 MERU 0.NC0N NeNC 24 Ne00E3 - 0. 1139 CeN388 - Ne2163 Ne2163
NBDZBURN (12% ARCSEZ.DRIFT Ce 0020 NeNNN] 00002 © - DeNC22 g.nNCY N, NNS6 0.0086
NBDZCOMB S INCE S.M.ALIGN) C.00020 0eN125 N.C25 =- Nellbl C «0395 Ne2249 Ne2249

GYRO ACCELERATIOM SENSITIVF DRIFT (RSS OF UNCEZRTAINTIES DUE TO ADIA, ADSRA AND ADDA UNCZZRTAINTIES FOP “ACH GYRN)
ADX-TERMS 2.2, 1e8y, 05 M/G 0. 0000 DeO0N3 2.00n2 00,0015 0.NN05 N.NN64 Ne D064
‘DY-TEPHS 4.1, 3.7' 0.4 M/G 0.“004 (.(158 C.Qﬂ’_\" 0.0003 f;.f'(\ﬂa ’\.1285 0.1285
ADZ-TERMS 2.4, 1,3, 0.5 M/G NeNINM) Ne(701 DeNON2 NeNN10O Ce NCN5S De NN83 D.NN83

RSS IMU UNCERT. NeN214 2.0 €E6S Ce Y14 01635 Nel128 12.7298 12.0298

RSS TKGeUPDATE UNCERT. 000252 Nel 31 0e00N3 Je2357 le1269 563370 543370

RSS UNCERTAINTIFS NeN220 2: BT15 NeMll4 Ne3733 1.1225 13,1505 13,1605

TABLE 11 VELOCITY CORRECTION AND OTHER UNCERTAINTIES AT TLI CUTOFF
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TRUE UNCERTAINTIES

(TRUE =~

INDICATED) AT TIMF

= C HR, 6 MIN, 32060 SEFCS

FCSITION UNCERTAINTIES IN FEET
UNCERT, ONE S 1GMA (RELLTO TRUE AXES AT NCM,TIMF)
SOURCE UNCFRTATINTY ALT. TRACK RANGE
INITIAL STARLF MFEMBF MTSALIGNM=ENTS (UNCORRFLATED wWITH GYRC DRIFT RATE TERMS)
AROUT XSM Ne20 MR, - o P8 Vo2 - 0e 4 -
A30UT YSM 0e20 MR, - 108 47 - 304N Se?2 -
ABNUT ISM 020 MR, - 3.0 95,7 - 3541 -
ACCELEPCOMFTER INPUT AXIS MISALIGNMENTS
X ABQUT Y 45,0 S=(CS ) - Neb - 1.3 -
X ABOUT 7 10,0 SECS fle 0 Ne N NN
Y ABOUT X = 40 SFC(CS NeN - Te Ue N
Y ABOUT Z - 260 SFCS - 1%45 62.8 - 2251 -
7 ABOUT X Be0 SECS 060 Ne O Ne N
Z ABOUT Y ()on St:(q r‘o-‘ ‘: -ﬁ) 000
ACCFLEROMFETER BIAS (AVFRAGE G COMPUTATICN STARTED 31 SECSe. BEFORE RURN IGNITION)
ACRX 0.110 CM/S.SQ 1.2 - 1n5.1 - 200. 1 -
ACRY Ce060 CM/SeSQ 4841 - 1570 551
ACRZ C.N8N CM/S.SQ 226, 5 €242 - 222
ACCFLFRCMETER SCALE FACTCR UNCFRTAINTIES
SFUX 14 C PPM 0e 0 - 7e5 - 763 -
SFUY 25,0 PPM D0 Ne 0 Ne D
SFUZ 64e " PPM Dot Ne? Ne0
GYRC BIAS DRIFT (SeMe ALICNED '8C MINS. BFFIRE RURN IGNITICN)
NBDX‘NIT 1.5 MFQU - 10'4 701 - 2.‘; -
NBDXBURN ( 252 ARCSFCS.NRIFT Oe 0o } 0.0
NBDXCOMB S INCE SeMeALIGN )= 1.5 73 = 26 =
NBDYINIT 2e4 MEQ1Y - 1,027e% - 28343 870 -
‘NBDYBURN ( 403 ARCSZCS.DRIFT- 12.9 - 3.5 -
NBDYCOMB SINCE SeMe ALIGN)=- 1,04063 - 287.0 88e 0 -
NBDZINIT l.1 MERU - 124,2 431.7 - 15242 -
NBDZBURN ( 184 ARCSFCS DRIFT=- 1a7 S5¢ 5 - 1.© -
NBDZCOMB SINCE SeMe ALIGN)=- 13543 437.2 - 1541 -
GYRO ACCFLFRATION SFNSITIVE DRIFT (RSS OF UNCERTAINTIES DUE TO ADIA, ADSRA, AND
ADX=TERMS 242y le3,y, "e5 M/G Ne NeC Ne0
ADY=TERMS 4el,y 3e7,y Ne4 M/G 0e5 Del 0.0
ADZ-TERMS 2oy 1e3y, De5 M/G Ce2 Ce5 De2
GYRO ACCELERATION SQUARSD SENSITIVE DRIFT
ADIXX Qe 6 MERU/GSQ 0.0 Te N NN
ADSYY Neb MERJ /GSQ Died 0,0 e
ADIZZ Ne 6 MERU/GSQ DeN Ne 0.0
RSS IMU UNCERT, 1,081, 2 572. 6 35642
RSS TKGeUPDATE UNCERT. 3,213,45 £yG49e7 3,890, ¢
RSS UNCERTS(FT AND FT/SEC) 3,360,5 £4,973,2 3,9M"7.,2
RSS UNCFRT ¢ (NoMI JAND FT/SFEC) D¢ 558 1,147 Ne 643

A

ADDA

VFLDOCITY LMCFRTAINTIES IN FT/SEC
(FELLTN TRUE AXES AT NIM,TIME)
L.Te TRACK RANGE
N 0N2 DeDLD - N.003
Me 585 Ne 162 0e 045
0e198 NeS26 - N.186
Oo rol (\.n"\l.. - 0. 011
0.C00C N.0N0 N.000
Qe (0O 0. 001 0.000
0.000 Ne.NNN 0+000
GeNOC Ne NON 0000
fe 250 Ne4R9 - 1.396
Ne 281 0,720 N.256
1.0963 Ne296 - N.104
0.0N6 NeN12 = N, 038
0,000 N« 000 0000
NeNN?2 0e NOY. NeNNO

N4 Ne NS7 - 0e020
D.OCO Ne 001 0,000
Ne 014 0.058 - Nen21
5¢522 1,533 De429
N0.1N4 0e029 0.007
5¢ 636 1.562 D437
0.856 2,280 - 0.806
0eNY5 NeN4b - 0.016
0e P71 e 324 - D821

DRIFT UMCFPTAINTICG FOR FACH GYRO)
Ce (NO 0.0ND Ne00D
NeNN4& N, 001 0.000
C.002 0.005 D.002
0.000 Ne 00D 0. 000
Ce.0CC 0.00N D.0ND
0eNOC 0. NOND 0000
54854 3.020 1.716
1.539 11,794 1.679
6,053 12,115 2¢ 401
£e053 12.175 24401

TABLE 12 STATE VECTOR UNCERTAINTIES AT LOI CUTOFF

392,040 SECS)
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Le

INITIAL STAPLFY MFMBFFR

MISALIGNMINTS

AND DRIFT ANGLES

SUMMARY

(AT TIME =

UNCERT. INE STGMA MLNe ANGLE ABOUT STAALE AFMRER AXES
SOURCE UNCERT o VAL JF ARC-SEC S,
XS YSM Z5¥
INITIAL STABLE MEMRER MISALIGNMENTS (JHCPREFLATEC WITH GYED
ABNUT XSM 0 ,2) MR, 41, °° - fo 000 - Yo 0N
ABNUT YSM 0427 MR - £e0D 41425 N.CN
ABOUT ISM 0e20 MR. - 0e 00 Cell 41,25
RSS INITIAL SeMe MLMS. 41,28 41,25 41,25
DRIFT ANGLES SINCE IMU STARLF MFMRER REALTIGNMENT (ZLIGNES 130 MINS.
NBDX 1.50  MERU 287,51 - Co 1 - 040N
NBDY 2.40  MFRJ - ne20 40440" NeCO
NBDZ 1.10  MFRU Ve AN - Nenr - 185417
ADI AX 2.20 MERU/G = 2,06 noon N, 00
ADSRAX  1.80 MERU/G 0423 nene - 7400
ADOAX 0e50 MEKU/G = NeN1 0o CC 0400
ADIAY 4,10 MERU/G N0 - GeN0 - 8400
ADSRAY .70 MERU/G feNO (orn 2400
ADDAY Co‘n MFQU,G (‘a G - f‘.55 "‘.0(‘
ADIAZ %040  MFRU/G fnenn - Conn - n.95
ADSRAZ 1430 MFRU/G ~. 00 e N0 - 1409
ADOAZ 0.50 MERU/G - 0400 0. 00 e 69
ADT XX Ne& MERU/SSQ 0e13 - NepN - 2.00
ADSYY Neb MERU/GSQ CeND necn - n,02
“ADIZZ Ne6 MERU/5SQ A enn - 0eGP - N.0N
RSS DRIFT ANGLE (ARCSECS.) 252452 404,01 185.17
OVERALL RSS MLMe (APCSECSe) 255437 406411 189,71
OVERALL RSS MLM.(MR,) 1.2405 1. 9689 0.3197

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

DPRIFT 2ATE TERMS)

BEFIRE BURN IGNITION)

-

292,040 SECS.)

MLMJANGLE ABDUT LIOCAL VERTICAL

ALTe
NeD5
11,51
30,61
4125
0e.34

112,77
17781

0,00
0NN
D .\—’\ﬁ
Ne NN

Ce G2
Cal5

Ne NN
Ce AN
210,56

214e 56

140402

ARC-SECS.
TRACK

134565
3737
10, R8

41425

B83,60
6602
4R, AR5

1.01
Ne NO
De N0

0e0D
N, 08
Ne50

CeN]
N 00
Ne18

0. N6
Ce0N
NeNN

280, 86
1 R464

AXFES
PANGE

28,92
1312
3. 76

41475

238,26
128 .58
164138

289
DeNO
0eN

Y00
nen?
no17

DeND
e DO
DeNG

N.18
0,00
2.00
271.29

2764, 41
1.2393




NOMINAL ALTTTUDES
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40 SEC ( 362,040 SECS))

AND THRFF SIGMA PNSe+ NEGSIMU ERRSe.
pE.FT,
IM PERIGES ANGLF TD PEPIGEF(DEG)
GeIMU FPRRSe =np ? SIGe IMU ERRS.
POS, NF5e PDSe.
2e 274 312,9623 213,9581
1(6€E,TT6D 213,7108 214,2119
2772 F85 314 ,N496 313.8701
18,9480 313,9691 313.9513
Ne&N49 313.9600 213,9604
C.N252 213.96N1 313.,9604
160735 2314.0161 313.9040
Ce 3669 313.9603 213.9601
N,0NNN 313,9602 313,9602
2280427356 315,N467 312.8223
4042279 313.837n 314.N0820
1044, 04654 314.4386 313.4898
631887 213,9912 213,9292
e 31 313, 9602 213,9602
648155 313,967 213.9587
12,6237 312,9724 313.9480
Ce340Nn1 313,9605 313.,9599
139741 313.,9727 3139477
GR532,7242 311.5924 316.4343
212,.0061 313,9133 314.0067
10N5¢€4 5589 311. 5497 216.4848
122 ,5882 314.3423 313.,5646
1e4r67 313.9678 313.9526
124,245 3)4, 3497 313,5567
UNCERTAINTIFS FNR FACH GYRD)
Cel137 0e NONO 00000
80945 NNONO 0.0000
Ce 1304 Ne.NNNN NeN000

PERIGEE = FPe280 NeMT o, CFVIATICNS IN (AT TIMF = 0 HR, & MIN, 32.0
APOGFE= 165,999 N M1, W e ki ok b ROk ok kel xe b ok 4 st dab dhe sdesie b sk 4 ke e o ot b oo o o o o om e ok ek Y e o o o ok ok ok o R ki kRO K e ko okl s kol ook
ORBe ANGLE T0 PFRIGEE = 312,99 DEG. PFRIGEE ALTITUNT DUF TO ONE
(IN
UNCFRT, ONFE SIGMUA ONF SIGMA D=VIATICNS IN PERIGFE DEVIATIONS
SOUPRCE UNCERTATINTY PLESENT ALTe DUE T2 1 SIGeIMU TRKSe DUF TC 3 <1
UNCFRTe NFGe PCS . NEGe
INITIAL STABLE MEMBE2 MISALIGMMENTS (UNCORPFLATER WYTH GYRO DRIFT RATE TERMS)
ABNUT XSM 0e2N MR, - Ne2437 OeT&n1 - Ne75631 22079 -
ABNUT YSM 0,20 MR, - 178,7103 - 25647047 35661955 = 1CT2,1689
ABOUT ZSM 0?0 MR, - 3C.S817 ReQ£ 713 - Se07938 26be 6845 =
ACCFLEROMFTER INPUT AXIS MISALIGANMENTS
X ABOUT Y 45,0 SECS Ne Y020 6,220 = 6.3218 18.96%% -
X ABOUT 2 10e0 SFCS - N«0031 - 1350 Ne135¢ = e 449
Y ABOUT X = 440 SFZCS 0e 353 - N.NN3% NeNNRLY = 0D.N252
Y ABOUT Z - 26,0 SFCS - 19,5254 Se¢30¢€6 - 53322 15,8432 =
7 ABOUT X 8¢ SFCS NeN23% D«1323 - Nel323 Ne3969 =
7 ABOUT Y 0e0 SECS N.NP0D Co. OO0 N.N000 D,0000
ACCELEROMETER BIAS (AVERACF G COMPUTATION STARTED 3C SECSe BFFORE BURN IGANITION)
ACBX Cel11D CM/Se SO 1.2201 732,1541] - T46 4347 216048N3C =
ACRY CJ6N CM/S.SQ L4E o 8436 - 12,6771 13,5526 - 4] q4DR2
ACB7? Nel8N CM/SeSAQ 22945177 662,747 - 64548787 1024,5617 -
ACCELEROMETFR SCALE FACTNR UNCFRTAINTI® S
SFUX 14,0 PPM Ne0253 21e0472 = 210526 £F3,C96) -
SFUY 250 PPV NeNN43 =~ o010 NeCNI1OD = DeND3]
SFUZ £4,0 PPVY Qe 4058 262718 - 24,2718 668153 =
[¥) GYRC BIAS CRIFT (SeMe ALIGNED 132 MINS. BEFORE BURN TGNITIUN)
= NBDXINTT 1e 5 MERU - le4302 445410 - 445433 13.6?219 -
NBDXBURN (252 ARCSFEZ NEIFT=- 060269 Cell34 - Nell?24 063401 =
NBDXCOMB SINCF SeMe ALTGN) - 16661 4e65513 - 4e 6556 13.9617 =
NBRDYINIT 2¢ 4 ME2U - 10273746 - 3305,3GRe 334),3722 =10326,164R
NBDYBURN (4N3 ARCSFC (DR IFT- 12,3378 - TY.M3800Q 71. 0185 = 213.)779
NBD YCOMB SINCF SeMe ALIGN) = 1724043122 - 34eT T EA 34116884 =1Nn553,0Q0)
NRDZINIT lel MERRU - 124,1816 384 3545 = 3G,5925 111.4425 -
NBDZBURN (184 ARCSECSDRIFT- 17043 Ce&t 2N - Nebb634 1. 4026 -
NBDZCOMB SINCE SeMeALIGN) = 1358855 3867020 - 4N 40849 112.638C =
GYRO ACCELERATINN SENSITIVF DRIFT (RSS OF UNCERTAINTIES DUE TC ADIA, ADSRA AND ADOA
ADX"TERMS 2.2' 1.8' f‘-S M/G 003)33 no(‘q-’c ﬂ.f"379 ,_‘101117
ADY-TERMS 4.1, 3.7, 0.4 M/G C. 4753 2e 6G8]) 2 «6598] 8.0942
ADZ-TERMS 2.4, 1.3, D5 M/G Nel703 N e(C4EE Ne 0465 Ne 1396
3 - SIGMA PERIGFE FRRCR (IMU ONLY) -10,399.,0000

3 - SIGMA PERIGEE ERROR (IMU + TKCeUPDAT

£)

~17, 7200000

(99,P¢ % CONFIDL.THAT PERIGEE ERPROR
WILL BE MORE POS.THAN THIS FIGURE)

TABLE 14 PERILUNE DEVIATIONS FOR COAST FOLLOWING LOI
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TRUE UNCERTAINTIES (TRUE = INDICATEDY AT TIME = C HR)y G IN Y 22BN TG e T 22850 SECS)

PNSITION UNCERTAINTIFS IN FEFT VELNCITY UNCERTAINTIES N FT/SEC
UNCERT. ONE S IGMA (REL «TO TRUF AXES AT NOMeTIME) (RELeTN TRUE AXES AT NOMLTIME)
SOURCE UNCERTAINTY ALT. TRACK RANGE ALT. TRACK RANGE
INITIAL STARLE MEMBER MISALIGNMENTS (UNCORRFLATID WITH GYRO DRIFT RATE TERMS)
ABOUT XSM 0«20 MR, %) - NeS5 0.0 000 - 0e040 D+000
ABOUT YSM 0.20 M3, - Ne5 GeD 0.0 - PC42 0.00C Ne 000
A3QUT 2SM 0.20 M, 0.2 - N 0. C CeNNO - Ne01] Ne000
ACCFLERCOMETER INPUT AXIS MISALIGNPFHTS
X ABOUT Y 45,0 S=CS 0e5 N, 0 - 0.} - DeN &2 0. 0ND - N.011
X ABOUT 2 10.0 SFCS NeD Ne0 0.0 0.0N0 N.NN0 0000
Y ABOUT X = 40 S=CS Ne0 Nel 0«0 0. N00O Ne NO4 0.000
Y ABOUT Z - 26.0 SECS Ne 0 - N1 0.0 [ als} - 0.0N7 0.000
7 ABOUT X 8eD SECS 0e) 0e0 Ce0 0. 000 0.000 0000
7 ABOUT Y 0«0 SFCS NN Ne 0 0.0 0.0N0 N NNN 0. 000
ACCELEROMFTER BI AS (AVFPACFE G COMPUTATION STARTED 2C SFCSe BEFCRE BURN IGNITION)
ACB X Ce110 CM/SeSQ 4ed Nel Ye3 Ne18¢€ Ne NN0 0.048
ACBY C.C60 CM/S.%Q 0.0 - 2.7 0.0 D.0NO - 0.104 - N, 001
ACRZ 0.080 CM/S.SQ - 0.9 .0 3.5 - 0e.N32 - 0.NN2 0.134
ACCELEROMETER SCALE FACTOR UNCERTAINTIES
SFUX 14,0 PPM 0.0 Ne 0 0e0 - N.001 Ne0ND 0,000
SFUY 250 PPM 1% Cel Ne 0 Ne N0 e 0NO 0.000
SFUZ 64e 0 PPM NeN 0 0 - D.l 0,003 0,NNN - 0.012
GYRO BIAS DRIFT (SeMe ALIGNFD 67 MINSe BFEIRE BUPN IGNITION)
NBDXINIT 1.5 MER U Ne0 - NeQ 00 C.0N0 - 0.079 - N. 001
NBDXBURN ( 82 ARCSECS.DRIFT D0 Oe © Qe 0 C.N00 NDeNNN N.000
NBD XCOMB  SINCE SeMe ALIGN) Jed - DeC 0.0 C.000 - Ne 079 - 0.001
NBDYINIT 2.4 MEU - 1.5 Ne0 0,0 - Nel121 - 0.0N1 0.001
NBDYBURN ( 130 ARCSECS.DRIFT DeN Ne 0 0.0 e 100 0.00N 0.000
NBDYCOMB SINCE SeMe ALIGN)- 1le5 Yol NeC - N.13 - NeNO1 0.001
NBDZINIT Ysl MERU CeD - Ne 2 e 0 0,100 - 0,016 0000
NBDZBURN ( 59 ARCSECSeDRIFT i P Ne0 00 0. 0NO Ne 020 Ne0ND
NBDZICOMB SINCE SeM.ALIGN) 0.0 - Ne?2 .0 N.CNO - 0.016 0.000
GYRO ACCELERATION SENSITIVE DRIFT (RSS OF UNZERTAINTIES DUE TD ADIA, ADSRA, AND ADODA DRTFT UNCFRTAINTIES FOR EACH GYRO
© ADX-TERMS 242, 1e8, 0«5 V/G Do) CeN 00 0e0NQ 0. 00C 0.000
ADY-TERMS 4.1, 3.7, 0.4 M/G 0.0 0.0 0.0 0.0NN 0,002 0.000
ADZ-TERMS 2.4, 1le3, De5 M/G 0e0 Nel 0.0 Ce 0N N.00N 0.0N00
GYRQ ACCELERATINN SQUARED SENSITIVE DRIFT
ADIXX 0.6 MERJ /GSQ 0.0 N0 0. 0.000 0.000 N.000
ADSYY 0.6 MERU/GSGC %) NeD 0eN 0.000 . 0. NNO 0.000
ADIZZ 0e 6 MERU /GSQ 0.0 Ne (0 0.0 n.ore 0.000 0.000
RSS IMU UNCERT. 52 2.9 3.8 0e237 Ne133 D143
RSS TKGeUPDATE UNCERT. 3,4642 7407347 5,1544,6 24237 7. 459 1129
RSS UNCERT . (FT AND FT/SFC) 3,0644,2 749037 54,1544 6 2,306 Tet60 1,138
RSS UNCERTe (NeMI o« AND FT/SEC) Ne501 1.30r0 fe248 3.306 Te 460 1.138

TABLE 15 STATE VECTOR UNCERTAINTIES AT DOI CUTOFF




INITIAL STABLE MEMBER MISALIGNMENTS AND DRIFT ANGLES SUMMARY (AT TIME = 224850 SECS.)

UNCFRTe ONE SIGMA 1LMe ANGLE ABOUT STARLF MEMBER AXES MLM.ANGLF AROUT LJCAL VERTICAL AXES
SOURCE UNCERT oVALJE ARC=-SFCS, APC—SECS.
XSM YSM ZSM ALTe. TRACK RANGE
INITIAL STABLE MEMBER MISALIGNMENTS (UNCORRELATEN WITH GYRC DRIFT RATE TERMS)
ABnUT XSM 0.2” MRQ 41-25 ﬁ.(‘\r\ no"}ﬁ - 3Q.°7 - 0.08 i 10031
ABDUT YSM 0.20 MR e CeN) 4] 25 0«00 - Ce 2D 41,25 00‘2
ABOUT ZISM 020 MR, 0.0C NeNC 41,25 1037 De &b = 29292
RSS INITIAL SeMe MLYSe 41425 47425 41,25 41.25 41,25 41425
DRIFT ANGLES SINCE TMU STABL® MErMBER RETALIGNMENT (ALIGNED 50 MINS. BFFORE BURN IGNITION)
NB DX 1.50 MERJ 81.73 = 0.00 0. CO - 7G.10 - Ne17 - 20456
NBDY 2.40 MERU - 0002 130.77 - 000 - Deb64 130 77 134
NBDZ 1.10 MFRU Co(\(\ C'(n - 59.9‘0 = 15.07 - 0.67 58.00
ADIAX 24,20 MERU/G CeN5 - Oe0 D00 - 0.05 = Ne NN = D.01
ADSRAX l¢80 MFRU/G Ce0O0C = Oe0OT 0.0C == 000 = 0.00 - 0,00
ADNAX N.50 MERU/G 004 = N 00 N.0C = 0e06 = 0.,0Nn = 0.01
ADIAY 4,70 MERU/G 0NN o NeNO 000 0.N0 - Ne NO - 000
ADSRAY 3.70 MERU/G C.0Nn = Ce34 = 0.00 0.0N = 0.34 - 0.00
ADDAY 0s40 MERU/G == 0,00 Cs0] = 0.00 - 0. 09 N.01 000
ADTAZ 2¢40 MERU/C CeNN - 0«CO 0622 0.05 0. 00 - 0,21
ADSRAZ 1.30 MERU/G = 0.00 Q.00 = 0,00 = 0.00 = 0,00 0.00
ADDAZ 0.50 MERU/G - DeN) 0.CO s 0.01 = 0e0N < 0. 09 Ne.01
w
= ADT XX Ce& MFRU/GSQ Ne 00 o 0.00 0,00 - 0,20 - 0,00 = 0.00
ADSYY Ns6 MFERU/GSQ = 0,20 0,01 = Ce.CC - 0eON Ne01 .00
‘ADI 22 Ce6 MERU/5SQ - NeND 0eDD = 0«01 - 0. 00 = 0. 00 0.01
RSS CRIFF ANGLE (ARCSFCS.) 81.73 130,78 5Ge594 80453 130.77 61456
OVERALL RSES MLM. (ARCSECS.) 91+ 55 137,13 T2.76 90,48 137,12 T4.10
OVFRALL RSS MLM, (MP,) 0e4438 0.£648 0e3527 De 4386 De6548 03592

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




~

NOM]NAL ALT]TUDES ot ol oo Rk bx ko ok ob b ol oot ok v b o ol ool sl % 0 o kol S okl ¥ o ke ol kel o o o ok sk 3 o ok e e ool ok i ok b b e e 9 ik ok ok ok ol ok sl o ol e ok ol e e ke e o ke ol ke o ok il
PER IGEE = Qe625 NeMlo - DEVIATICNS IN (AT TIME = 0 HR, 0 MIN, 22.850 SEC ( 22.850 SFCS))
APOGEF= 586439 NeMI, ok ook kb & %ob ook i ok WR of ol ok g o ok sk 3o KK R b ol 3ok i sk dk ook ke ok o o o ol ok ok i ik e ko ok ok ok skl ok o ok sl sk i e e ok ok ook b ok ok kol ik ok
ORBe ANGLE 10O PERIGEE = 130.4 DFGe PERIGEE ALTITUDE CUE TO ONF AN) THPFF STGMA POSe+ NFGeIMU FRRSe
(IN FEET)
UNCERT . ONE SIGMA ONF STIGMA DFVIATIONS IN PERIGEF DEVIATIONS IN PERIGE= ANGLE TO PEPIGEE(DEG)
SOURCE UNCZRTAINTY PCFSENT ALT. DUF TO 1 SIGeIMU FRRSe DUE T3 3 SIG.IMU FPRS. FOR 2 SIG. IMU ERRS.
UNC=RT, NEGe PCS. NEGe. POS. NEGa PDSe.
INITIAL STABLE MEMBER MISALIGNMFENTS (UNCORRELATED WITH GYRO DRIFT RATE TERMS)
ABOUT XSM Ne20 MRe 0.0022 1,.7461 - 1.7449 5.2423 = 5.2307 180, 4283 180, 4288
ABCUT YSM 0e?20 MR, - 04727 - fe 5434 Ce5303 - 1.6694 1.5516 180.4800 1803762
ABQUT 2SM 0e2N MR. 0.N005 06702 - 04701 144108 - 1.4099 180+ 4285 180.4286
ACCELFROMETFR INPUT AXIS MISALIGNMENTS
X ABOUT Y 45,0 SECS - 0.4819 47,7260 - 4747393 143.,1381 = 143.2573 18044823 18043748
X ABOUT 2 1n.0 SE:S Ne222) 0.NO0D 0.00170 . D.0COD 0e NNON 180,4285 180.4285
Y AROUT X - 4,0 SFZS - C.N002 - 00,1692 Ne1693 - 0.5077 N 5NT8 180.4286 180.4285
Y ABOUT 7 - 260D SECS NeNNO% Ne2553 - N.2963 0. 8891 - N.RR87 1897.4285 18N «4286
7 ABOUT X 8eN S=2 8 Ce000N 0.00N0 0.0000 0.0000 0.0000 18044285 180, 4285
7 AROUT Y 0.0 SECS n.N000 N. 0000 C.N0NO 0.0000 0.000) 180.4285 180.4285
ACCELEROMETER BI AS (AVFRAGF G CCMPUTATION STARTED 30 SECSe BEFORE BURN IGNITION)
ACBX Cell1C CM/S.5Q 4,0797 - 216,0287 215.7741 = 648,8476 64645558 180,937 180, 6644
ACBY 0,060 CM/7S5.S0Q N.N135 4, 5106 - 4¢5022 13.5589 - 13,4805 180.4279 1804291
ACBZ 0«0B0 CM/SeSO = 0e9226 - 56743635 567 «4252 - 1701.9034 17N2e 4€45 180.4659 180.3907
ACCELEROMFTER SCALE FACTOR UNCFRTAINTIZS
SFUX 14N PPM - NeNNR3 Ned28N - Ne8250 2.4749 - 244749 1804295 1804276
SFUY 25. 0 PPM 00000 N.00M0 N 0000 0.0000 0,000 18044285 180, 4285
SFUZ 6440 PPM - CaN267 52,6284 - 5246279 ° 157.8869 = 157,8822 18Ne4249 1R0 4322 -

i GYRC BIAS DRIFT (SeMe ALIGNFD A0 MINSe BEFORE RURN IGNITION)

1 NBDXINIT 1« 5 MEU CeN044 3,4332 - 33,4342 10,3325 - 10.2875 180.428) 18N0,4290
o NBDXBURN ( 82 ARCSECZ .DRIFT C."00D N.0110 - 00110 Ne0329 - 00329 18044285 180 +4285
— NBDXCIOMB SINCE SeMe ALIGN) 0eN) 44 344501 - 34451 103656 = 10.3202 18,4281 180.4290

NBDYINIT 2.4 MEU - 1, 4892 - 1e75¢€1 16262 = 5.6577 4,689 181,5935 180.2636
NBDYBURN (130 ARCSECeDRIFT=- NeN232 - N +0N98 0.0098 - 0. 0295 0.N295 18044291 1804280
NBDYCOMB SINCE SeMe ALIGN) - 1.4924 - 1.7663 1.6356 = 5.6909 445149 18N.5940 180, 2631
NBDZINIT 1.1 MERU N.0009 N, 6789 - N 6737 20372 - 2.N254 18n.4284 180.4286
NBDZBURN ( 59 ARCSEZDRIFT N0e«027) 00022 - 0.0022 0.0065 - CeN0K5 180. 4285 18044285
NBDZCOMB SINCE SeM.ALIGN) 0.0209 Ne 6R1C - 0.6808 2.0437 - 2.0419 180.4284 180.4286
GYRO ACCELERATION SENSITIVF DRIFT (RSS OF UNCFRTAINTIES DUS TO ADIA, ADSRA AND ADOA UNCZRTAINTIFS FOR FACH GYRO)
ADX=-TERMS 242, 1e8, D.5 M/G 0eNCON 00015 0.0015 ‘00046 0.0N46 0.0000 0. 0000
ADY=TERMS 4,1, 3,7y 0e%4 M/G N.0N0113 0.0041 Ce D041 N.0124 N,0124 Ne2N0N)D NeNN0O0
ADI=-TERMS 244, 1.3, 0.5 M/G 002092 n.0013 N.CN13 0.003R NeNN3Y Ce 7000 0.0000
3 - SIGMA PERIGEE FRROR (IMU ONLY) - 1,800.0000 (S9,R6& ¥ CONFID.THAT PERIGFF FRROR
) WILL BRF MNRF POSe.THAN THIS FIGURE)
3 - SIGMA PFRIGFF FERROR (IMU + TKG.UPDATS) -13,250.0000

TABLE 17 PERILUNE DEVIATIONS FOR COAST FOLLOWING DOl
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INDICATION UNZERTATNTIES (INDICATED = TRUE) AT TIM= = 0 HR, 7 MIN, 13,000 S°CS ( 433,000 SECS)
PNSITION UNCERTAINTIES IN FEFT VELOCITY UNCERTAINTIES IN FT/SEC

UNCFFTe ONF SIGMA (RFLe TO N"Ma AXES) (FELe TO NOMe AXFS)

SOURCE UNCFRTAINTY ALT, TRACK RANGE ALT. TRACK RANGE
INITIAL STABLE MENMBER MISALIGNMENTS (JNCORRELATED WITH GYRO NDRIFT RATE TERMS)

ABOUT XSM Debb6 "R, D62 671 0 0e3 0e0NNY 3,623 0.002
ABOUT YSM 0.40 M, - 273,3 - Nl ?81.5 - ?.176 D.N00 0,961
ABNUT 2ISM Ne40 MR, VD 212,9 O 1 e NON Ne 580 0.000
ACCFLFROMETER INPUT AXTS MISALTONMENTS

X ABOUT Y 33,0 SFCS - 189, 4 0.0 33,1 - 1.053 N.000 0180
X ABOUT Z - 11.0 SECS e Del Ne0 NeCNO 0. 000 0000
Y ABOUT X 18.0 SECS 0.0 87, 8 NGl D000 0.474 0.000
Y ABOUT Z - 22.0 SFECS DD 5649 N0 NeNCOD 0.155 0.000
7 ABOUT X = 9960 SECS De) NeD 0.0 0eNNO N, 000 0.000
7 ABOUT Y Ns0 SFCS 0.0 Ne0 0.0 D000 N.000 0.000
ACC=LFRCMETER BI AS (AVERAGE 6 CCMPUTATION STARTED 30 SFCSe. BEFORE BURN IGNITION)

ACB X Ce060 CM/Se SQ 21467 0.0 - 327.5 0,958 0.000 - 0.161
ACRY 0.040 CM/S.S5Q 0.0 1383, 4 0.1 0.0NC Ne588 0.000
ACRZ CeC50 CM/SeSQ 33ieT - Ne 1 17042 Nel13E 0. 000 0.723
ACCFLEROMETER SCALE FACTOR UNCERTATNTI=S

SFUX 34,0 PpPM - 1849 Ne 0 3,3 - De0ET Ne000 0009
SFUY 19.0 PPM 9 1050 NeN 00 NeNOO 0e NNO 0.000
SFUZ 25,0 P>M - 4,5 1,0 - 24.8 - DeN?25 NeNND - 0e 134
ACCELERATICN SQUARED INNICATICN UNCERT

NC XX 10 MG/GSQ 10 NeD - 0e2 CeN03 0. 0N0 - 0. 001
NCYY 10 MG/ GSQ DeN 0.0 D.0 0,000 N.000 0000
NCZ2Z 10 MG/ GSQ De? Nel - 3.6 0eNN4 De 000 0.023
GYRD BIAS DRIFT (SevMe ALIGNED &40 MINS, BEFORE BURN IGNITICN)

NRDX INIT 1.1 MER U 0.0 193, 8 0.1 0.000 1.046 D001
NBDXBURN ( 46 ARCSFCSeDRIFT a0 13.9 0eC CGe 0ONO 0.110 0.000
NBDXCOMB SINCE SeMo2LIGN) 0e0N 207.7 i NP0 1.156 0.001
NBDYINIT 1e3 MERU - 2923 Ne0 1606 1 - 10238 0. 000 De546
NBDYBURN ( 54 ARCSZCSeDRIFT- 158 Ne ( Tl - 0.130 0. 000 0. 034
NBDYCCOMB S INCE SeMoALIGN )= 228.1 N0 167.5 - 14368 DeNND Ne.581
NBDZINIT 1.2 MER U 0.0 111.8 0.1l 0.000 0. 304 0000
NBDZBURN ( S1 ARCSFCS.DRIFT 0.0 be2 0.0 0.000 N.011 0.000
NBLZCOMB SINCE S.M ALIGN) .0 11660 0o 1 0e 0ND 0.315 D0+000
GYRO ACCELERATION SENSITIVF DRIFT (RSS NF UNCERTAINTIES DUE TC ACIA, ADSRA, AND ADOA DRIFT UNCFRTAINTIFS FOR EACH GYRO)
ADX=TERMS 2.8, 1.3, N3 M/G 0.0 87.8 0.0 0,000 Ne483 0.000
ADY-TERMS 1.7, 1.0, 02 M/G 3.9 548 1 7 0e 035 0.031 0.008
ADZ-TERMS 240, 2¢0, Ne2 M/G 0.9 fe3 0.0 C.NO0 0.032 0. 000
GYRC ACCFLERATION SQJARFD SENSITIVE DRIFT

ADT XX 0.6 MERU/GSQ De0 Ne3 0eN 0000 0. 002 0.000
ADSYY 0.6 MERU/GSQ - 0.8 7.0 0,2 - N.008 0.000 0.002
ADY 122 NDeb MERJ/GSQ NeN 0s2 0.0 0. 000 0.000 0.000
RSS UNCFRTe(FT AND FT/SEC) 52441 76341 373.4 24942 3, 966 1.364
RSS UNCERT o (NeMI AND FT/SEC) N.NE6k Pe 126 0. 061 2.942 3,966 1.364

TABLE i8 STATE VECTOR UNCERTAINTIES AT ASCENT BURN CUTOFF
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INDICATION JNCERTAINTIES

UNCERTAINTIES DUE

ADIAXINIT
ADTAXBURN
ADTAXCNMB

ADSAX INIT
ADSAXBURN
ADSAXCOMB

ADCAX INIT
ADOAXBURN
ADDAXCNMB

RSS FOR X GYRC

ADIAYINIT
ADTAYBURN
ADTAYCOMB

ADSAYINIT
ADSAYBURN
ADSAYCOMB

ADOAY INIT
ADCAYBURN
ADOAYCOMB

RSS FOR Y GYRC

ADIAZINIT
ADIAZBURN
ADTAZCOMB

ADSAZINIT
ADS A ZBURN
ADSAZCOMB

ADOAZINIT
ADOAZBURN
ADOAZCOMSB

RSS FOR Z GYRO

RSS FOR ALL GYRQOS

TO GYRC ACCELFRATION SENSITIVE CRIFT TERMS

MERU/ G

MERU/ G

MFERU/G

MFRU/G

MERU/ G

MERU/G

MERU/G

MERU/G

MERU/ G

ALT.

(= It o ]
o200

QLD
oo
(&L N )

OO0
e o o
K OoC

WO
.
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w 2V
L * o o * o
0 SO

o
)
YOO

2o

(S RN
e o
LOO

(4]
0
n

TABLE 19 STATE VECTOR UNCERTAINTIES AT ASCENT BURN CUTOFF (AD TERMS)

O OD

(INDICATED - TRUE) (FEET AND FT/SEC)
(FELe TO NCMe
TRACK

8l.6

6e?2

878

Oen
DeN
Ne

433,000 SFCSe

(= No Ne] 2250
L ] L]
> e

D950

D200
L)
0D

Q00 o
200 = )

- ao
fe Mo Woo

RANGE

0,000
04000
0. 000

0.000
0.000
0. 000

0.000
0,000
0.000

0000

N. 000
0.000
0000

0.000
D008
Ne NOB

0000
NeNO1
n. 001

0.008
0. 000
0.000
0009
0. 000
N«000
0000
0,000
N.000
0. 000
N.0N0

C«008




INITIAL STABLE MEMBFR MISALIGNMENTS AND CRIFT ANGLES SUMMARY (AT TIME = 433, 000 SFCSe)

UNCERT. ONE SIGMA MLM, ANGLE ABNUT STABLE MEMBER AXES MLM,ANGLE ARBOUT LICAL VERTICAL AXES
SOURCE UNCFERT (VALJE ARC-SFECSe ARC=SECSe.
XSM YSM ISM ALT. TRACK RANGE

INITIAL STABLE MFMBER MISALIGNMENTS (UNCORRELATED WITH GYRD DRIFT RATF TERMS)

A30UT XSM 0e66 MR 137.50 Ce00 N.00 135,39 - 0.01 - 24.01
ABOUT YSM Q.40 MR, C.00 82450 Ne00 0.01 82650 0. 04
ABDUT ISM 0.40 MR, 0.00 .00 82.50 l4e41 - 0.04 81.23
RSS INITIAL SeMs MLMS. 137.50 B2 &S0 82450 A 136016 8250 84,71
DRIFT ANGLFS SINCE IMU STARLE MFMBER W ALTGNMENT (ALIGNED 42 MINS, BEFORF BURN IGNITION)

NBD X 1010 MERU 46 87 D.0ON - 0.00 46.15 - 0-0’) - 80‘8
NBDY 1.30 MERJ = N.00 55439 0.00 0.01 55. 39 0. 02
NBDZ 1.20 MERJ - C.00 - 0.00 = 51.13 = Be493 De02 - 50e3&
ADIAX 2,80 MFRU/G 18452 0.00 C«00 18. 24 = 0. 00 = 3.23
ADSRAX 1.30 MERU/G Ce N0 C.0C C.00 0.00 0,00 0.00
ADOAX 0.30 MERU/G 077 G0 = D00 Ne 76 - 0.00 - .13
ADTIAY 1«70 MERU/G CeNO 0.00 0,00 0.N0 0,00 0. 00
ADSRAY 1.00 MERU/G = C.00 = 2059 = N.00 - 0,10 - 2459 - N .00
ADIAZ 2.00 MERU/G C.00 Ce DN Siel 9 0.90 - N.NO 5.11
ADSRAZ 2.N0 MERU/G 0,00 CeNO 000 Ne 00 000 J.00
ADDAZ 0e20 MERU/G N.D) - LeO 1.06 0.18 = Ne N0 1.04

w
&

AD IXX 0e6 MERU/5GSQ 0.08 0.00 Ned0 0.07 - 0.00 - 0.01
‘ADSYY 0«6 MERU/GSQ - 0.N) Cebb6 000 0. 00 0. 66 0.00
ADIZZ Ne 6 MERU/5SQ = C. 00 0,00 = Ceb6 - f.11 0.00 = 0. 65
RSS DRIFT ANGLE (ARCSFCSe.) 5040 55647 51441 50643 55.47 51.38
OVERALL RSS MLM, (ARCSECS.) 146,45 G942 97.21 145,20 99.42 29,07
OVERALL RSS MLMe (MRe) 07172 04820 0e 4713 0. 7039 D.4820 04803

TABLE 20 S.M. MISALIGNMENTS AND DRIFTS AT ASCENT BURN CUTOFF
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| PERIGEE= 94026 NeMI, DEVIATIONS 1IN (AT TIMF = 0 HR, 7 MIN, 13.000 SEC ( 433,000 SECS))
l APOGEE= 454568 NeMIo 2 e et ok e ok e ok e ok okl o ok ke ook ok ook kot ook ool o o o ok kol Sk o 3 ok ok sk o o e o o ok o s ok ook o ook kool sk ok ok ok ok kok ik ko Kk Rk kR Rk ok ki Rk okk kK
ORBo ANGLE TD PERIGEF = 342,.,2 DEG. PERIGEE ALTITUDE DUF TO ONF AND THREE SIGMA POS.+ NFG.IMU ERRS.
(IN FEET)
UNCERTe ONE SIGMA ONF SIGMA DEVIATICNS IN PERIGEE DEVIATIONS IN PERIGFF ANGLE TO PFRIGEF(DEG)
SOURCE UNCERTAINTY PRESENT ALT. DUE TO 1 SIG.IMU ERRS. DUE TO 3 SI1GeIMU ERRS, FORK 3 SIGe IMU ERRS.
UNCERT » NEGe °0S. NFGe POSe NFGe POSe

INITIAL STABLFE MEMBER MISALIGNMENTS (UNCORRELATED WITH GYRO DRIFT RATE TERMS)

ABDUT XSM  0.56 MR, - 0.1132 - 0.0069 Ne0552 0. 1241 0.3102 34242665 342,2665
ABOUT YSM 0¢40 MR. 37342147 279.6891 - 332.3799 68665610 - 11605778 345.,9714 338.3607
ABOUT ISM 0.40 MR, - CoN&4T Ne 0015 - N.0008 0.0065 - D.0006 342,2648 342,2650
ACCELERCMETER INPUT AXIS MISALIGNMENTS

X ABOUT Y 38.0 SEZS 18G,. 3818 1368955 - 147.4914 378.7264 - 474,0709 343,9818 340, 5622
X ABOUT Z - 11.0 SEZS 0,0099 0.0000 0.0000 . 0.0000 0.000N0 342.2649 342 .2649
Y ABOUT X 18,0 SFCS - 0.0193 - 0.0n36 0.0045 = 0.0085 0.0159 34242649 342 .2649
Y ABOUT Z - 22.C SFZS - N.0128 £, C0NG - 0.0003 0.,0012 - 0.0008 342,2649 342.,2649
7 ABOUT X = 99,0 SEZS 05,0000 0. 0000 0.00G6 0.000C 0.0600 342.2649 342,2649
7 ABOUT Y DeO SE-S 040202 0.0000 00000 0.00N0 0.0NN0 342,2649 342,2649
ACCFLEROMETER BIAS (AVERAGE G COMPUTATION STARTED 20 SECS. BEFORE BURN IGNITION)

ACBX 0050 CM/S.SQ = 21474290 - B6e6512 7802580 - 284,9582 2n9.4304 340.7510 363,7938
ACBY 0e040 CM7SeSQ - 0.0299 - 0.0030" 0.0037 - 0.0069 0.0131 3642,2649 342,2649
ACBZ 0,050 CM/S.5Q - 30,7029 8, 6640 - 8+9339 25.2272 - 27.6603 342,5201 341 .9862
ACCFLEROMETER SCALFE FACTOR UMCERTAINTIES

SFUX 34,0 PPM 18.9334 - 1.7516 1.7245 - 543363 5.0922 342,354 342,1785
SFUY 19.0 PPM 0.N000 0. 0000 N.0000 0.00N0 0.0009 342.2649 342.2649
SFUZ 25.0 PPM - 444557 = 25173 245740 - 75924 704723 342,2048 342,3240
GYRO BIAS DRIFT (SeMe ALIGNED 40 MINS., BEFORE BURN IGNITICN) )

o NBDXINIT 1.1 MERU - 0.N407 - 0.0069 0.0110 - Ne 0088 0.0N450 342,2650 342,2650
NBDXBURN ( 46 ARCSEZ«NRIFT= 00031 - 0.D012 0.0014 - 0.0036 0.0043 342,2649 342,2649
NBDXCOMB SINCF SeMsALIGN) - 0.N434 - 0.0077 NeN129 - 0.0073 0.0544 342.2651 342.2650
NBDYINIT 1«3 MERU 21243341 16504565 - 182.5034 44602469 = 599,6485 344,3984% 34040672
NBDYBURN ( 54 ARCSEC ,DRIFT 15,7537 25,7009 — 25,8799 76,5662 - TR,1768 342,4870 342.0426
NBDYCOMB SINCE S<.M.ALTGN) 228.0880 18944211 - 210.1401 5073791 - 693.8128 34446162 339.8411
NBDZINIT le 2 MERU - 0.0244 0.0007 - 0.00N5 0.0027 - 0.N019 342,2648 342.2649
NBDZBURN ( 51 ARCSEC .DRIFT=- €C.0010 0.0000 0. 0000 0.0001 - 0.0N01 242,2649 342,2649
NBDZCOMB SINCE SeMs ALIGN) - 0.0253 0.0008 - C.0006 0.0029 - 0.0011 342.2648 24242649

GYRN ACCELERATION SENSITIVE DRIFT (RSS OF UNCERTAINTIES CUE TO ACIA, ADSRA AND ADDA UNCERTAINTIFS FOR EACH 3YRJ)
ADX-TERMS 2.8, 1.3, 0.3 M/G 0.0193 £.0038 CeNO4GT 0.0087 0.0167 0.0000 0.0000
ADY-TERMS 1.7, 1.0, 0.2 M/G 3.857) Te2R28 7.2702 21.8859 21.7733 0. 0000 0.0000
ADZ-TERMS 2.0, 2.0, 0.2 M/G 0.0014 0.0002 0.7003 0.0008 0.0008 0.0000 0.0000
3 - SIGMA PERIGEE ERROR (IMU CNLY) , - 1,600.0000 (99.86 % CONFIDeTHAT PERIGFE ERROR

WILL BE MORE PJIS.THAN THIS FIGURE)

TABLE 21 PERILUNE DEVIATIONS FOR COAST FOLLOWING ASCENT BURN CUTOFF
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TRUF UNCFRTAINTIFS (TRUYF = INDICATED) AT TIMF = 0 HR, 2 MIN, 18,97" SFCS ( 138,970 SECS)
POSITION UNCERTAINTIES IN FEFT VELOCITY UNCSRTAINTIES IN FT/SEC

UNCERT. ONE SIGMA (REL.TO TRUF AXES AT NONJTIME) (RFL<TO TRUF AXES AT NOM, TIME)
SOURCF UNCFRTAINTY ALT. TRACK RANGE ALT. TRACK RANGF
INITIAL STABLE MFEMBER MISALIGANMFNTS (JNCORRELATFD WITH GYRN DRIFT RATE TERMS)

A%DUT ‘S“ 0.?’\ Mlo 0.0 - 102 e 0.7 - (‘000] = n.n26 - 0.006
ABOUT YSM 0.20 MR, - 4042 243 2+3 - N.606 N.033 0044
ABOUT ZSM 0e?2n MR o - 28 - 3902 - R.I. - Oon53 - n- 5‘!9 - 00126
ACCELEROMFTFR INPUT AXIS MISALIGNMENTS

X ABNUT Y 45.0 SFCS F¥) - Ne3 1.3 09202 - 0.N06 D«N29
X ABOUT 2 100 SECS 0.0 D0 0.0 NeNDO 0. 090 0.000
Y ABOUT X = 4,0 SF(CS De0 0.1 Ne0 NaN00 N.003 D201
Y ABOUT Z - 2640 SECS - 1.7 - 2447 - 5e3 - 0e N34 - 0.371 - 0.080
7 ABOUT X 8.0 SECS 0.0 0.0 0.0 0.000 0,000 0.000
7 AROUT Y 0.0 SECS De0 NeD 0.0 0. 000 N.000 0,000
ACCFLEROMETER BT AS (AVFRAGE G CCMPUTATION STARTED 30 SFfS. BEFORF BURN IGNITION)

ACBX 0,110 CM/S5.5Q ND.8 - 0. 8 50e3 0,078 - N.127 0.590
ACBY Ce060 CM/SeSQ 1.9 27.4 5e9 0.N31 0e321 D.069
ACB? Cs080 T4/S5.5Q 37.5 - 2.4 - 1.} D444 - 0.028 - 0.013
ACCELFROMETER SCALE FACTOR UNCERTAINTIES

SFUX 140 PPM D40 o Neb 2.7 0eN04 - Ne 009 De 041
SFUY 25.0 PPM 0.0 2.0 0.0 0.000 N.00N 0.000
SFUZ 64,0 PPM Oeb Ne0 Ne 0 0.0N09 - 0,001 0.000
GYRO BIAS DRIFT (SeM, ALIGNED 120 MINS. RFFORF BURN IGNITICN)

NBDXINIT 1.5 MFRU - 0.2 - 4e 6 - 1.0 - 0. 0N6 - N.1n? - 7022
NBDXBURN ( 165 ARCSFCSeDRIFT 0.0 DN N.0 0.000 - N. 001 0. 000
NBDXCOMB SINCE S.M.ALIGN)- 0.2 - beb =~ 1.0 - 0.00¢6 - 0.105 - 0022
NBDYINIT 2.4 MERU - 25359 14.7 1448 - 2,820 0.209 0.278
NBDYBURN ( 264 ARCSECS.DRIFT- 1.7 0.1 0l - 0.039 0,002 0,003
NBDYCOMB SINCE SoM.ALIGN)- 25448 14e R 4.9 - 3.858 Oe2 1] D.282
NBDZINIT 1.1 MERU - 8e0 - 113.1 - 2442 - Ne154 - 1.707 - 0.363
NBDZBURN ( 121 ARCSECS.DRIFT- Dol - 0e 8 - 0.2 - 0001 - 0.017 - 0,004
_NBDZCOMB SINCE SeMe ALIGN)I- 83.) - 113.9 - 244 3 - 0.156 - 1.719 - De367
GYRO ACCELERATION SENSITIVE DRIFT (RSS OF UNCERTAINTIFS DUE TO ADIA, ADSRA, AND ADDA DRIFT UNCEPTAINTIES FOR FACH GYRO)
ADX=TERMS 2.2, 1.3, 0.5 M/G 0.0 0.0 0.0 0700 DeN01 0.000
ADY=-TERMS 4.1, 3.7, 0.4 VN/G De2 Ne0 0.0 CeCN& 0. 000 0000
ADZ-TERMS 2.4, 1.3, 0.5 M/G 0.0 0e? 0.0 0.000 0.005 0,001
GYRO ACCFLERATION SQJARED SENSITIVE DRIFT

ADI XX 0e 6 MERU/GSQ De0 D.0 0.0 0.C0C 0. 000 0. 000
ADSYY D6 MERJ/GSQ 0.0 0.0 Ne0 04000 0,000 0.000
ADI 22 Deb MERJ /GSQ Jed Ne0 0.0 0.000 0.000 0.000
RSS IMU UNCERT. 26048 127.% 59,41 3,935 1. 902 0.771
RSS TKG<UPDATE UNCERT, 1,023.0 7C6e8 1,021.3 3.913 3.224 1.940
RSS UNCERT.(FT AND FT/SFC) 1,055,7 71342 1,003.0 54549 3,743 2.088
RSS UNCERT . (N.MI AND FT/SEC) 0173 0.118 Ne165 54549 3,743 2.088

TABLE 22 STATE VECTOR UNCERTAINTIES AT TEI CUTOFF




LE

INITIAL STABLE MFMBER MISALIGNMENTS AND DRIFT ANGLES SUMMARY

(AT TIMF =

BEFORE BURN IGNITINN)

UNCERT. ONE S IGMA MLM, ANGLE ABOUT STABLE MEMBER AXFS
SOURCE UNCERT « VALJE ARC-SECS.
X SM YSM S M
INITIAL STABLE MEMBER MISALIGNMTNTS (UNCORRELATED WITH GYRO DRIFT RATE TERMS)
ABOUT XSM 020 MR. 41,25 000 000
ABOUT YSM 0.20 MR, C.0N 41.25 0.00
ABNOUT ISM 0.2) MR. 0.00 Ne 00 41425
RSS INITIAL SeMe MLMS, 41425 41425 41425
DRIFT ANCLES SINCE IMU STABLE MEMBER EALIGNMENT (ALIGNED 120 MINS.
NBD X 1.50  MERJ 165457 Ne0C 0.CN
NBDY 2.40  MERU C.00 264492 0.00
NBDZ 1.10 MFRY - 0.00 0,00 ~ 121.42
ADT A X 2.20 MERU/G - 3,12 Ne0N 0.00
ADSRAX 1.80 MERU/G 0.00 0. 00 - 0.00
ADDAX 0.50 MERU/G - 0.03 0.00 Ne 0N
ADIAY 4.10 MERU/G 0.00 Ne00 0.00
ADSRAY  3.70 MFRU/G 0.00 0.23 - 0.00
ADDAY N.40 MERU/G - 0402 Ne56 - 0400
ADIAZ 2.40 MERU/G - 0.00 N, 00 - 0.15
ADSRAZ  1.30 MERU/G - NeND 0.00 = NeCN
ADOAZ 0.50 MERU/G 0.00 000 NeTl
ADIXX 0.6 MERU/GSQ - 0.58 N.00 0.00
ADSYY 0.6 MERU/GSQ 0.00 0e00 - 0.00
ADIZZ 0.6 MERU/3SQ - 0.00 0eNN - 0.00
RSS DRIFT ANGLE (ARCSECSa) 165469 264492 12V 042
OVERALL RSS MLM. (ARCSECS.) 17067 268,11 128.24

TABLE 23 S.M. MISALIGNMENTS AND DRIFTS AT TEI CUTOFF

138.970 SECSe)

MLM.ANGLF ABNUT LOCAL

ALT.

0e 62

2.84
41.15

41.25

2.52
18.24
121.12

0.04
0.00
0.00

0.00
0.07
Ne 03

015
Qe.NN
0,70

N.D0
0. 00
0.00
122.51

120,27
0e 6267

ARC-SECS.
TPACK

8e 69
40,23
2.64

41425

34489
2584 41
Te78

Ne 65
0,00
0.00

N. 00
Ne22
e 55

0.00
NeNO

0. 04
Nel2
0« NO
0.N0
26Ne 88

264412
1.2805

VERTICAL AXES

RANGE

40e32
8e 63
1.21

41,25

161.84
554 42
3.57

3,05
0.00
Den3

N, 00
De0N4
Nell

0.N0
De0ND
0.02

0.57
0«00
0.00
17113

17603
DeR534
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REQDe VELOC+CORRECT o
AT INJECT.+20 HRe (FPS)

NEGe

0.0293
D.8744%
Ne 6612

D.0R06
0. 0005
0.0029
De4174
0.0002
0.0000

1.6756
Ne3577
0. 6842

Ne1169
0.0001
0.0128

0.1155
00015
0.1171

545090
0.0539
5.5628

1.9092

. 0.0196

1.9288
0.0015
0.0060
0.0058
642836

11.4000

UNCERTAINTIES 1IN (AT TIME = ) HRy 2 MIN, 184970 SEC ( 138.970 SECS))
e 3k s ok sk ok ok e ook skt e ok ok o ko Sk kol sk e o8 ol e e ok iR ok sk ok ke ok K ek o kol okl ok ok ok ko ok ket o sk ok deolok ok sk ok Aok kRl ok o
UNCFRT, CNE SIGMA INERTTIAL INERTIAL INFRTIAL
SOURCE UNCER TAINTY FLIGHT PATH VELOCITY AZIMUTH FUEL CONS. CUTIOFF TIMF
ANGLE (DE35) (FT/SEC (DEG) ) (LBS.) (SFCS.) POS »
INITTIAL STABLE MEMBER MISALIGNMENTS (UNCORRELATED WITH GYRO DRIFT RATF TERMS)
ABOUT XSM 020 MR, N.0000 = 0.0C57 = N.0002 - 0.0152 - CeNON2 NeN293
A30UT YSM 0420 MP, = 0.0042 Nn.0C82 0.00n2 00217 0.0MN3 NeRT4G
ABOUT ZSM 0e2C MR. - 0.0093 - Nel2R6 — NNNG1L - 0.341% - C.CN50 Ne 6612
ACCFLEROMETER INPUT AXIS MISALIGNMENTS -
X ABOUT Y 450 SECS NeNID) 0.0287 Ne 0010 0. 0762 0.0 11 0e08N5
X ABOUT 2 100 SECS 0.NN10 = 0.00n2 0.0020 =~ 0.0004 0,0000 0.1N005
Y ABOUT X = 64,0 SECS 0.,0390 0,0006 0, 0000 0,0015 CeC0ONN 0.0029
Y ABOUT Z - 264N SECS - N.2002 - 0.0815 = NDeN026 =~ 0e2164 - 0.N032 De 6174
7 ABDUT X 8.0 SECS C.N00N 0,0CN0 ) 0.0000 0.,0000 0.0700 0.0002
7 ABOUT Y DeN SECS C.0000 0.0CC0 Ne0D0NO 0.00N0 0.0009 02000
ACCELEROMFTER BIAS (AVFRAGE G CCMPUTATION STARTED 30 SFCSe BEFORE BURN IGNITION)
ACBX 0.110 CM/S.SQ C.N003 (la 5933 - 0.0009 1.5758 0.N232 1.6756
ACBY D060 CM/SeSQ 0.00)2 DeNTNG N. 0022 0.1874 0.0123 03577
ACBZ Ce080 CM/S.SQ 0.0031 fe0132 = 0.0002 NeN352 G,00N5 O 6842
ACCELEROMETER SCALE FACTOR UNCERTAINTIES
SFUX 4.0 PPM 00220 Ne0&15 - NeN0D1 0.1102 CeDC15 Ne1169
SFUY 25.0 PPM 0.0000 0. 0000 0.,0000 0.0001 0.00N0 N.N001
SFUZ 64,0 PPM 2.NN01 0.0003 0. 0000 0. 0007 0.000N N.0128
GYRO BIAS DRIFT (SeMs ALIGNED 120 MINSe BEFNRF BURN TGNITICN)
NBDXINIT l. 5 MEU 0.0000 = 0.0225 = 0.0007 - N0.N598 - 0.0009 0.1155
NBDXBURN (165 ARCSEC «DRIFT 0.02922 - 0.N003 = C.0000 =~ 00008 0.0009 27015
NBDXCOMB  SINCZ SeMs ALIGN) 0.,000) - C.0228 = 0.0007 =~ C.0606 =~ 0.0003 0«11
NBDYINIT 2.4 MRU - Ce0254 Ne0522 0.C015 0.1386 0.0020 55090
NBDYBURN (264 ARCSEC4DRIFT=- 0.2)33 0.00C10 00,0000 0.0027 Ce ONOD 00539
NBDYCOMB SINCE S M. ALIGN) = N. 0265 0,0532 C.0015 0.1413 0.0021 5.5628
NBDZINIT 1.1 MERU o= C«N0N9 = 063712 = Cenll8 - 0. 9858 - 0.0145 1.9092
NBDZBURN (121 ARCSECDRIFT 0.0200 - 0.0M38 - 0.0001 =~ 0.0100 - 0.0r01 7. 0196
- NBCZCOMB SINCE S M.ALICN) - 0.0009 - 0.3749 - C.0119 - 0.9958 - 0.0147 1.9288
GYRO ACCELERATION SENSITIVE DRTFT (RSS OF UNCERTAINTIES DUE TO ADIA, ADSRA AND ADDA UNCERTAINTIFS FOR EACH GYRND)
ADX-TERMS 2.2y 1.8, 0.5 M/G 0.,0000 0.00N3 0.,0N00 0.0008 0.,0C00 N.0015
ADY-TERMS 4.1y 3.7y De4 M/G 0.0000 C.0001 N« 0000 0.0003 0.0NNN D+N060
ADZ-TERMS 2.4, 1.3, 0.5 M/G 0.2000 0.0011 00000 0.0029 0.0000 N.0058
RSS IMU UNCERT, 00272 07262 0.0132 1.9287 0.0284 he2836
RSS TKGeUPDATE UNCERT. 0.0297 240933 NeN222 5.5600 C.082n0 11. 4000
RSS UNCERTAINTIES CeN4N2 2.215¢ 0.0258 5.8859 0.0867 13.0170

TABLE 24 VELOCITY CORRECTION AND OTHER UNCERTAINTIES AT TEI CUTOFF

13.2170
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TRUE

UNCZ TAINTIES (TRUz" "= “IFNDFCATED)  FAT S TINE = sO0 @Ry

POSITION UNCERTAINTIES IN FEEY

UNCERT. ONE SIGMA (RELeTO TRUFE AXFS AT NCN,TIMF)
SOURCE UNCERT AINTY ALT,. TRACK . RANGE
INITIAL STABLE MEMBF MISALIGNMENTS (UNCORRELATED WITH CYRO CRIFT RATFE
A3PUT XSM 020 MR, NeD = 793, 5 - 19,1
ABOUT YSM N0.20 MR, De0 3.0 29,72
ABOUT ISM 020 MR Ne N - 14,7795 = 410
ACCELEROMETER INPUT AXIS MISALTGNMENTS
X ABOUT Y 450 SECS e 1561 - T86e5
X ABOUT 2 100 SECS NeN Nel 2.0
Y ABOUT X = 4.0 SFECS 0.0 1170 1.4
Y ABOUT Z - 26.0 SFCS 3"‘ 2= 1,12‘.ﬁ e 2’).7
Z ABOUT X BeN SECS 2.9 Ne D = 0.9
7 ABOUT Y D0 SECS Ne0 De 0 Ne D

ACCFLEROMETER BRI AS (AVFRAGE 6 ZCMPUTATION STARTED €00 SECSe BEFCRE REACHING 400,000

ACBX 0,110 CM/S«SQ Ce - 34,8 1,818.8
ACBY 0060 CM/SeSQ JeD - 1,069.6 - 19. ¢
ATB? 0080 CM/Se SQ 0e 0 = 12,3 798,.¢€
ACCELEROMETER SCALE FACTOF UNCERTAINTIES
SFUX 140 PPM DeD 262 = 113.1
SFUY 25,0 PPM NeD 1.1 0.0
SFUZ 64,0 PPM NeN 165 - 106. €
GYRD BIAS DRIFT (Seve ALIGNFD 2285 MINS. BEFORE RFACHING 400,000 FEET)
NBDXINIT 1.5 MERU - Deh - 5y84247 - 140. 4
NBDXBURN ( 316 ARCSECSeDRIFT NeD - C6e8 00
NBDXCCMB SINCE S.M.ALIGN) De0 - 5493G, 4 - 1406 &
NBDYINIT 2.4 MERU Je) 25,1 343.8
NBDYBURN ( 505 ARCSECS.DRIFT 0.N 5.9 = 28e8
NBDYCOMB SINCE SeMoALICGN) 0.0 41, 0 31560
NBDZINIT 1.1 MERU D0 - 9,608 .4 - 2211
NBDZBURN ( 231 ARCSECS.DRIFT 0.9 = 122. € a5
NBDZCOMB SINCE SeMs ALIGN) Jed - 9,730 - 2204 €
GYRO ACCELFRATION SENSITIVFE DRIFT (RSS OF UNCERTAINTIFS DUE TO ADIA, AD
© ADX-TERMS 2.2y 1.8, N.5 M/G 0.0 3C1.7 Qe &
ADY-TERMS 4e1, 3¢7, Ne&4 V/C 0.2 1.7 510
ADZ‘TFRMS 2.4' 1.3, 0.5 N/G 0-0 ?‘03.(‘ 1.2
GYRC ACCELERATION SQJARFED SENSITIVE DRIFT
AD I XX Qe b6 MERU/GSQ Oe0 = 2RS4 = lel
ADSYY 0.6 MFRJ/GSQ CeN De5 - 15,0
ADIZ2Z Deb MERUZGSQ Jo) - 11,9 - 2.2
RSS IMU UNCERT. 0.0 11 4,841,2 2,183,1
RSS TKGeUPCATE JNCERT, 0.7 1y1€4,5 6127
RSS UNCERTe{(FT AND MINUTES) D9 1?7,808,2 292677
RSS UNCERT ¢ (NeMI cAND MINS,) 0,900 1.958 0373
CEP (NeMIs) 1.375

8 MIN,

POSITION UMCERTAINTIES IN ARC-MINS.
(RFL oTOD TRUF AXFS AT NOM, TIMF)
AlTe LATITUDE LONGITUDE
TERMS)
NNND 0.130 - N.0N03
Ce ONG = 0.001 D005
ﬂ.("'\f) 00202 g 0-006
0e N0 - Ne NN2 - Ne138
0.NI0 N, 0NN 0, 000
CeNNO - NeN13 0.000
Ne OON Ne 184 - NeNN3
0,000 0. 000 0.000
Ne CNO Ne NI NeNON
FFET)
0.000 0.005 0.318
0e 0NC Ne 176 - Ne0NN3
NeNOD 0,002 0e 140
Ce DAN Ne NNO - NeN20
0.000 NeNNNO 0,000
Ce0NO DeNNN - .09
Ce DOC Ne 9502 = J.021
C.00C 0.016 0. 00D
0.,00C Ne 975 - 0.N21
Ce 1000 - Ne NNA 0060
c.0CC - 0. 0N1 - 0.005
Ce MO - 0. 017 D055
ﬂ.f‘OO 1. 577 - 0. 033
Ce 00D N.020 0,000
Ne NOO 1,598 = De033
SRA, AND ADOA DRIFT UNCFPTAINTISS FOP EACH GYRO)
CeDC0 De(5) 0000
Ce NOO 0. 000 0009
f.000 Ce04N 0.000
Qe NNNO N, N4T 0.000
0.NNC 0.000 - NeN03
Ce.NCC N, 017 D«0NO
CeD00 1.944 Ne 381
(AP alals DeNND 0000
Ce N0 1. 944 0e.381
DJINC T.94¢ Ne.381

44,000 SECS (

524,000 SECS)

TABLE 25 POSITION UNCERTAINTIES AT DROGUE PARACHUTE DEPLOY
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CEP (N.MI.)

TABLE 26

1. 359

INDICATED STATE VECTOR UNCERTAINTIES AT DROGUE DEPLOY

INDICATION UNCERITAINTIFS (TNNDIZATED - TRUF) AT TIMF = 0 HR, 8 MIN, 44,022 SFCS ( 524,000 SECS)
POSITION UNZFRTAINTIES IN FEFT VELOCITY UNCERTAINTIES IN FT/SEC
UNCFRT. ONE SIGMA (RFLe TO NCM. AXFS) (RELe TN NOMe AXES)
SOURCE UNCERTAINTY ALT, TRACK R ANGF ALT. TRPACK RANGE
INITIAL STARLE MFMBER MISAL IGNM¥NTS (JNCORRFLATED WITH GYRO DRIFT RATE TFRMS)
ABOUT XSM De20 M2, - 127 7235 19.1 - 0.032 3,596 0.N74
AROUT YSM 0,20 MR, 2,151,.3 - 32,0 - 29,2 8,129 - 0,028 0.933
ABCUT ZSM Ce20 MR, 10,2 1,779.5 41,0 Qe N37Z 5¢ 519 De.113
ACCTLEROMETFR INPUT AXIS MISALIGNMENTS
X ABOUT Y 45,0 SECS 38449 - 15,1 78645 1.357 - N 068 3.564
X ABOUT 2 100 S°rS - le% Nel: -~ 240 - 0e (4 0e 000 - 0.002
Y ABOUT X = 4,n SFCS - Ne? - 770 - et - D.N0] - De349 - 0.006
Y ABOUT 7 - 260 SCCS 2e7 11216 20.7 0.010 3.479 De064
1 ABOUT X 8«0 SFCS - 2.8 Ne0 0.9 - CeNNE Ne ONO 0. 002
1 ABOUT Y C.0 SECS 0eD 0.0 0.0 0.000 Ne 00N 0.000
ACCELFROMFTER BI AS (AVFRAGF 5 CNMPUTATION STARTFD €00 SFCSe BEFORE REACHING 400,000 FEFT)
ACBX Cell0 CM/S.50 - 918,19 24,8 - 1,818,8 - 26077 0.050 - 20642
ACBY 0060 CM/S.SQ 3el 1,069, ¢ 19.6 C.NOBR 1.584 7029
ACBZ Ce080 CM/SeSQ 1,97849 12,3 - 798.6 Lo b6 0. 021 - 1.225
ACCELEROMETER SCALF FACTOR UNCFRTAINTIZS
SFUX 14.0 PPM 56e3 - 262 11347 N.20n - 0.007 N.350
SFUY 250 PPM 0e" - lel 00 0.rN0 - Ne 00?2 N, 000
SFUZ €4,N POM - 25143 - 1«5 106, 6 - 1.216 - DeONT 0,482
GYRO BIAS DRIFT (SeMe ALIGNED 225 MINSe RFFORF REACHING 400,000 FEET)
NBDXINIT 145 MEU - 83,4 SyR42,7 140, 4 - 0236 264479 D0.547
NBDXBURN ( 316 ARCSFCSeDRIFT 3.8 9he8 0.0 0e 104 Oe 619 DeN11
NBDXCOMB  SINCE SeMe ALTGN)=- B9, 5 5,929, 4 140.4 - 0.232 27.N97 0. 559
NBDYINIT 2ot MERU 25,343, 7T - 25,1 - 343,.8 954766 - 0.339 10.995
‘NBDYBURN ( 505 ARCSECSeDRIFT 32340 - 5e9 288 1597 - 0. 059 0.451
NBDYCOMB SINCE S.M.ALIGN) 25467247 - 41,0 - 315.0 97.363 - 0.398 11,446
NBDZINIT lel MERU 551 9,60844 227051 0.173 29,799 NebD6
NBDZBURN ( 231 ARCSECSeDRIFT- GCe9 122.6 - 0.5 0,002 N, 497 0. 009
NBDZCOMB S INCF SeMJ.ALIGN) 54,2 G,731.0 220.6 0.175 30296 ‘De616
'GYRO ACCELERATINON SENSITIVE DRIFT (RSS OF UNCFRTAINTIFS DUE TN ADIA, ADSRA, AND ADOA DRIFT UNCERTAINTIES FOR FACH GYRO)
ADX-TERMS 2.2, 18, 0.5 M/G 12.6 IN,.7 (A 0.005 1.911 0.040
ADY=TERMS 4.1, 3.7, 7.4 M/G 422,9 1.7 51.0 2.196 Den17 0.761
ADZ-TERMS 2e4, 1le3, Ne5 N/G l1e6 243 ,0 12 0.012 1.034 0.041
GYRO ACCELFRATION SQJARFD SENSTTIVE DRIFT
ADT XX Ceb MERU/GSQ 949 28544 1.1 - 0.002 1737 DeN37
ADSYY 0e 6 MER1) /G SQ 1254 - 0e5 1540 De662 - 0.005 0.237
ADT 22 0.6 MERY /GSQ et 10N. S 262 0.010 Ne438 0028
RSS IMU UNCERT. 25,86247 11,6798 2,182.4 97.886 4). 453 12.441
RSS TKG.UPDATF UNCFRT, 233,0 1,164,5 612.7 De£81 1.991 0.385
RSS UNCERTe(FT AND FT/S=(C) 25,846%42 11,7377 2,267 1 37.888 41.501 12 447
RSS UNCERTe(NeMI &AND FT/SEC) 447255 1.92) 0.373 37.388 41,501 12, 447




INDICAT ION JNCFRTAINTIES

UNCERTAINTIES DUE TO GYRO ACCFLFRATTICN SFNSITIVE

ADIAXINIT
ADIAXBURN
ADTAXCIMB

ADSAXINIT
ADS AXBURN
ADSAXCOMBR

ADOAXINIT
ADOAXBURN
ADDA XCOMB

RSS FCR X GYRO

ADIAYINIT
ADTAYBURN
ADIAYCCMB

ADSAYINIT
ADSAYBURN
ADSAYCOMB

ADOAYINIT
ADOAY BURN
ADOAYCOMB

RSS FOR Y GYRD

ADIAZINIT
ADTIAZBURN
ADIAZICOMB

ADSAZINIT
ADSAZBURN
ADSAZCOMB

ADOAZ INIT
ADNAZBURN
ADCAZCOMB

RSS FOR Z GYRD

RSS FOR ALL GYRNDS

MEU/G

MERU/ G

MERU/ G

MEIU/G

MERU/G

MERU/ G

MERU/G

MERU/G

MERU/G

(INDICATED - TRUE)
(RELe TO NCOMe
TRACK

DRIFT TERMS

Del
2006 4
3n0,.4

Nl
le 4
1.4

Del
119 G
119.0

243,0

3873

(FEET AND FT/SEC)

524 ,0NN SFECSe.

ALT.

CeNN0O
N.N02
NeNN2

0.0n0
0000
04 0N0

CeNO
0e NG
CeNNG

0.0N5

M 000
0027
e 027

0.000
20122
2,122

N,NNO
Ge557
Ne 567

2e.106
Qe 0NN
DeC1l2
DeN12
Qe NN O
Ce0D0
n.CH0
0.77)
0..0N1

C.012

2: 197

TO NOM.
TRACK

0. 00N
1.991
1,901

N, 000
n,N11

0. N11

Ne00D
Ne198

1.911

0. NON
Ne OO
0.001

0. NNC
0.017
NeN17

0,000
0e0NG
Ne D04

Ca017
0.000

0. 913
Ne913

0. 00O
C.003
0.003

0,000
De484
Ne 484

l1e(034

24173
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INITIAL STARLF MFMBFR MISALICNMENTS

UNCFRT, ONE SIGMA MLM. ANGLE ABNUT STABLE MEMBER AXES MLMeANGLF
SOURCE UNCFRTe VALUF ARC~SECS e
X SM Y SM ISM ALT .
INITIAL STABLF MEMBFR MISALIGNMENTS (JNCORRFLATED WITH GYRN DRIFT RATE TEFMS)
A30UT XSM  (Ce20 MR, 41425 CeDO - ne0n - 17.10
ABOUT YSM 0,20 MR, n.20 41425 0400 NeNA
A3QUT ISM 0e27 MR, 0eN0 0.00 41,25 37453
RSS INITIAL SeMe MLMSe 41425 41425 41.25 41425
DRIFT ANGLES SINCE IMU STAPLE MFMBER IEALIGNMENT 225 MINS, BEFORE REACHING 400,000 FEET
NBD X 150  MERY 215453 - Ne01 - 0400 - 130.83
NBDY 2.40  MERJ N.N1 504, 86 - 0.00 0«99
NBDZ 1.0  MERJ 0400 0.00 - 231,40 - 210.57
ADIAX 2,20 MERU/G 30687 - GeNN 0.00 - 12.80
ADSRAX 1.80 MERU/G - 0.N9 0.00 0. 0N 0.03
ADDAX 0s50 MERU/G 4461 - 0400 Ne00 - 1.83
ADTIAY 4,10 MERU/G NeNO 0.21 n.0n N.00
ADSRAY 3,70 MERU/G - 0.00 - 32460 00N - 0405
ADDAY 0e40 MERU/G 000 5e6) - 000 0.90
ADIAZ 2.40 MERY/C - T - N.00 21.21 16,20
ADSRAZ 1.30 MFRU/G 0400 - 0400 Ne06 0.06
ADOAZ 0e5C MSRU/G €. 00 0,00 ‘- 7,01 - 6438
ADT XX 0eb MFRU/GSQ 27.38 - 0.CO 0.0C0 - 11,35
ADSYY 0e6 MERU/3SQ NedD 10610 n 00 0e02
ADIZ2Z De6 MERU/3SQ Ce NO 0.00 - 10409 - 2.19
RSS DRIFT ANGLF (ARCSECSs) 318425 506405 232469 249451
CVERALL RSS MLM. (ARCSECS) 320491 507,72 236432 252483
OVERALL RSS MLMe (MRe) 145553 24615 141457 1. 2260
TABLE 28 S.M. MISALIGNMENTS AND DRIFTS AT DROGUE DEPLOY

AND DRIFT ANGLES SUMMARY

(AT TIME =

244000 SECSe)

NeT72
41424
Ne24

41,25

5¢ 53
504477
1¢3%

0, 54
000
0e N7

0.21
32.609

5¢ 61

012
0.00

0.04
0e28
10.10
0.05
506e 00

50767
204613

ABOUT LOCAL VERTICAL AXES
TRACK

RANGE

37.53
0.76
17.10

41. 25

287.07
9.28
95493

28,09
0.08
44602

0.00
D659
0.10

8479
D02
2. 90

24492
0.18
4,18

305.34

3r8.11
1.4937
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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.




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
been reduced from about 6.2 X 10° f’c/fps2 to about 3 % 10° ft/fpsz. 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 106 f’c/fps2 to about 1.2 X 105 ft/fpsz.

A list of appropriate conversion factors are shown below:

+
10 3ft/fp32 = 33. 3 ft/cm/sec?
2

+3 2
10 ° fps/fps 33. 3 fps/cm/ sec

+2
10 " ft/(deg/hr) 1.5 ft/meru

+2
10 " fps/(deg/hr) 1.5 fps/meru

% -9
10 2ft/(percerl‘c) 10 ~ ft/ppm

1}

-2
10 = fps/ppm

+
1072 fps/(percent)




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
100 -62 =152
200 237 =243
300 -528 3.5
400 -950 -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) (-300) (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 =217 2.14 -0.09
(173) (-330) (2.4) (-0.10)
300 488 -25 3:45 0. 1%
(460) (-327) (3.6) (0.19)
400 29 4,78 0. 60
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
-33.5 S =0 =0 =0 = 0 =~ 0 =0
0 =0 =0
100 13 0.19
200 30 0.10
300 30 -0.16
400 L] -10 -0.58
640 -80
TABLE 4
X-AXIS ACCELEROMETER BIAS
Apollo 12 values in parentheses
+3 +
10 ft/fp52 103 fps/fps2
Time RXP RY'P RZP VXP VYP vzZPp
-33.5 0 0 0 0 0 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) (625) (-0.27) (0.07)
300 57 0 0. 34 0
(-21) (630) (-0.17) (0.01)
400 1 0.44 0
* (627) (-0.06)  j (-0.05)
640 3
(620)

LANDING MANEUVER ERROR SENSITIVITIES
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TABLE 5
Y -AXIS ACCELEROMETER BIAS

+3 +
10 ft/fps2 1073 fps/fps2
Time RXP RY P RZP VXP VYP VZP
=33.5 S 0 0 0 0 0 0
(-0.10)
0 0 0.02
(-0.06)
100 8 0.12
(1) (0.03)
200 26 0.22
(8) (0.12)
300 53 0.32
(26) (0. 22)
400 91 0.41
 / (55) " Y (0. 32) V
640 122
(84)
TABLE 6
Z-AXIS ACCELEROMETER BIAS
Apollo 12 values in parentheses
+ +
10 3ft/fps2 10 3fps/fps2
Time RXP RYP RZP VXP VY B vzPpP
-33.5 S 0 0 0 0 0 0
(-139) (836) (-0.64) (0. 45)
0 0 0 0 0
(-160) (850) (-0.67) (0. 46)
100 1 8 0 0.12
(-232) (902) (-0.75) (0.51)
200 1 26 0 0.22
(-310) (950) (-0.83) (0.53)
300 2 53 0 0.32
(-398) (1008) (-0.91) (0.55)
400 90 0 0.41
(1050) (-0.93) (0.56)
640 121
(1084)

LANDING MANEUVER ERROR SENSITIVITIES
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TABLE 7
X-AXIS DRIFT RATE

+
10 zft/(deg/hr) 1072 £ps/(deg/hr)
Time RXP RYP RZP VXP VYP VZP
-33.5 0 0 0 0 0 0
0 0 -0.01
100 -13 -0.26
200 -54 -0.48
300 -125 -0. 87
400 -232 -1.18
640 . -309
TABLE 8
Y -AXIS DRIFT RATE
102t /(deg/nr) 10*2 tps/(deg/hr)
Time RXP RYP RZP VXP VYP VZP
-33.5 0 0 -26 0 0 0
(-7) (0.01)
0 0 -26 0 0
(-6) (0.02)
100 8 -29 0.27 -0. 04
(14)
200 52 -34 0.57 -0.02
300 125 -32 0.91 0. 04
400 Y -15 1.24 Y 0.16
640
LANDING MANEUVER ERROR SENSITIVITIES
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TABLE 9
Z-AXIS DRIFT RATE

10*2 1t /(deg/nr) 10*2 fps/(deg/hr)
Time RXP RYP RZP VXP VYP vZpP
=33.5 0 0 0 0 0 0
0 0 0 0
100 1 3 0.04
200 1 7 0.03
300 2 6 -0.04
400 -4 f s -0.16
640 -23
TABLE 10
X-ACCELEROMETER SCALE FACTOR
Apollo 12 values in parentheses
+
10™2 ft/ (percent) 1072 fps/ (percent)
Time RXP RYP RZP VXP VYP vVZP
-33.5 0 0 0 0 0 0
(1.4) (11) (-0.001)
0 0 0 0
(1.2) (12) (-0.001)
100 0 0 -0.01
(-0.7) (12) (-0.02)
200 0 0 0
(-3) (12) (-0.02)
300 0 0 0.01
(-4) (12) (0.007)
400 0 0.05
(12)
640 0
(12)

LANDING MANEUVER ERROR SENSITIVITIES
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TABLE 11
Z-ACCELEROMETER SCALE FACTOR
Apollo 12 values in parentheses

102 ft /(percent) 102 fps/(percent)
Time RXP RYP RZP VXP VYP VZP
=33.5 S 0 0 0 0 0 0
(-11) (65) (-0.05) (0. 04)
0 0 0 0 0
(-12) (65) (-0.05) (0.03)
100 1 -4 0 -0.10
(-18) (65) (-0.05) (-0. 06)
200 1 =20 0 -0. 21
(-24) (54) (-0.06) (-0, 16)
300 2 -47 0 -0.33
(-30) (27) (-0.07) (-0.30)
400 -87 0 -0. 45
(-13) (-0.07) (-0.43)
640 -115
(-44)

LANDING MANEUVER ERROR SENSITIVITIES

54




REFERENCES

Kriegsman, B., and D. Gustafson, "Error Analysis for LM Navigation
System During Powered-Landing Maneuver - Apollo 12 Trajectory', MIT
Charles Stark Draper Laboratory, Mission Simulation Memo #31-69,
October 20, 1969.

Grant, F., S. Helfant, and B. Kriegsman, "Mission Hl G&N Error Analysis",
MIT Charles Stark Draper Laboratory, Report E-2454, October 1969.

Cox, K., "Preliminary Update of the Simplified LR Operating Boundary
Model", MSC Memo #EG23-68-279.

55




SECTION C

G&N SYSTEMS AND
INERTIAL COMPONENT PERFORMANCES




TABLE CF CONTENTS
FOR SECTION C

a. IRIG and PIPA Performance Tabulation. . . . . . . . .

b. Standard Deviations of the IRIG and PIPA
Parameter Uncertainties . . . . . . . . . .. . . . ...

(o Proposed Gyro and Accelerometer Performance
Compensations « « & o & & & & @ & . 6 o o o o 0 0w o ow 5w 0 e
L 1 L I R N

b. Standard Deviations of the IRIG and PIPA
Parameter Uncertainties . . . . . . . . . . . . . . . ... ..

(o7 Proposed Gyro and Accelerometer Performance
Compensations . . . . . . . . . . v v v e e e e

DICTIONARY OF TERMS . . . . . . . . . . v v v v v v v ..

59

62

65

66

85

85
86

817




GYRO DRIFT TEST POSITIONS
FOR

SUNDANCE, LUMINARY, COLOSSUS, AND ON

STABLE
MEMBER
POSITION

STABLE
MEMBER
ORIENTATION

HORIZONTAL
DRIFT

VERTICAL DRIFT

X DOWN
Y SOUTH
Z WEST

NBDY-ADOAY

X DOWN
Y WEST
Z NORTH

+ NBDZ - ADOAZ

-NBDZ + ADIAX

X SOUTH
Y WEST
Z NORTH

NBDX - ADOAX

X EAST
Y SOUTH
Z DOWN

+NBDY + ADSRAY

+NBDZ + ADIAZ

X WEST
Y UP
Z NORTH

+NBDZ - ADSRAZ

X SOUTH
Y DOWN
Z EAST

+ NBDX+ADSRAX

- NBDY +ADIAY

X NORTH
Y UP-WEST
Z UP-EAST

- NBDX + (ADSRAX/,/2)

X EAST
Y UP-NORTH
Z UP-SOUTH

(-NBDZ -NBDY)/./2
+ (ADIAZ - ADIAY) /2
+ (ADSRAY+ADSRAZ)/2

X UP-EAST
Y UP-WEST
Z SOUTH

-NBDZ + (ADSRAZ/V2)

X UP-NORTH

(NBDY - NBDX) /,/2

10 Y UP-SOUTH + (ADIAY - ADIAX)/2
Z EAST + ADSRAX/2
X NORTH

14 Y WEST - NBDX - ADOAX
Z UP :
X UP

12 Y SOUTH + NBDY + ADOAY
Z EAST
X UP

13 Y EAST + NBDZ + ADOAZ
7 NORTH

" Positions 5 and 6 are lab test

only
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G &N MISSION RELIABILITY ANALYSIS

FAILURE RATES EXPRESSED IN "FAILURES PER 106 HOURS"

Mission
IMU IMU Optics Optics IMU Optics AGC DSKY D&C Reliability
Assembly Electronics Assembly Electronics CDU CDU
(PSA) (PSA)
ON ON ON ON ON ON ON ON ON
Mission OFF OFF OFF OFF OFF OFF OFF OFF OFF

Mission J1
AS510/CM 112

MANNED

OPER HRS

295

10. 2

42

94

295

[

©

w
1

91 -

60.3

0.8018

Mission J1

AS 510/LM 10

MANNED

OPER HRS

161,0

3}
[

12.5-

112 -

12.5 -

110 -~

0. 9887

CM

DES REF

OPER HRS

D

=]
w
(3
(=]

13.8 55. 6

91 -

0. 9840

LM

DES REF

OPER HRS

A

0.9969




IA 0OA PRA

ayz X PIPA +XSM +ZSM -YSM
Y PIPA +YSM -ZSM +XSM

Z PIPA +ZSM +XSM -YSM

PIPA ORIENTATIONS

2O
AL

D

e

- ‘4Ad

=3

SM
|
/ ayYx
vz
PIPA Misalignments from Ideal Stable Member Axes
—
(Angle in Sec)
Term LM-IMU 12 CM-IMU 48
axy +38 +45
Xz -11 +10
*yz =22 -26
*yx +18 i
7% -99”" +8

DEFINITION OF POSITIVE SENSE
PIPA INPUT-AXIS MISALIGNMENTS
with respect to

IDEAL STABLE MEMBER AXES

* Waivered: ACSK-C1248




Gimbal Axis Orthogonality Errors and Outer Gimbal Misalignment from

Casemounting Axes

(Angle in S?c)

Term LM-IMU 12 CM-IMU 48
€IGA +30 -10
€ MGA -8 +6
€ FLY +13 +8
€ FLZ -8 -15

DEFINITION OF POSITIVE SENSE
GIMBAL AXIS ORTHOGONALITY
and
OUTER GIMBAL ALIGNMENT

with respect to
CASE MOUNTING ALIGNMENT
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IA OA | SRA

X IRIG +XSM +ZSM L

Y IRIG +YSM +XSM -ZSM

Z IRIG -ZSM +XSM -YSM

IRIG ORIENTATION

Ysm
“Zsm
Yzvy
IRIG Misalignments from Ideal Stable Member Axes
(Angle in Sec)
Term LM-IMU 12 CM-IMU 48
Xy -31 =13
Xz +19 -69
Yyz ~31 +43
Yyx -19 +1
Yzx -27 -97
Yzy «11 +37

Block Il G& N
DEFINITION OF POSITIVE SENSE
IRIG INPUT-AXIS MISALIGNMENTS
with respect to
IDEAL STABLE MEMBER AXES




MISSION J1

AS-510/CM 112
G&N 217
IMU S/N 48

IRIGS

X = 8All9
Y = 8AIl7
Z = 8A125

65

PIPAS

X = 2AP232
Y = 2AP265R
Z = 2AP179




99

NASA
ACC

25JE69

OATE

28MY69
29MY 69
25MY69
4JE69
9JE6Y
10JE69
12JE69
L2JE69
16JE69
1oJE69
17JE0S
17JE69
17JE69
18JE69
18JE69
18JE69
2CJE69
20JE69
20JE69
22Jt69
22JE69
22JE69
25JE69

TAUG6Y
TAU69
BAU69
BAU6S
8AL6?
3S5€E69
3SE69
160C69
18NG 69
20NO 69
20NU69
20N0U69
20NU69
SFETO
SFETO
6FETO
12FETO0
16Ft 70
L6FETO
17FETO
LTFETO
18FETO
18FETO

NASA 8A-119 ACE H-5229 LAST UPDATE
TEMP MAX THERM SUS Sus XFR AVG SO WH THERM PAD XFR BIAS
SENS SD R CAP SG CAP TG FUNC RDT RDT HRS SG TG RES R
Oe4 69l.9 0505 167 4.5 471
TST IMU  GEN WHEEL
LJC TYP ASSN SYS NBD ADSRA ADIA DELSF+ DELSF- RDT HIURS
A45 CSS cl121
A4l CSS (= 9.2) (= 1.9) (- 3.1) Clié
SG B4.3, 63.Ts 5842y TG 5348y 683, 79.3 REF H5229
A44 CSS (- 12.9) (= 1.9) (- C.b6) 167
A44 CSS (- 11.1) 0.3) (- 0.2) 169
A44 CSS 168
COMP SELECT
A45 CSS - 28 - 123 168
COMP VERIF
A45 CSS 72 75 167
DEMO T/F = 1191.2
A45 CSS 62 - 38 167
vIig IA ALIGN = -0.9
A45 CAl Oel = 3.4 - 2.8
A45 CA2 - 0.3 - 3.l = Sel 307 109
A45 CA3 0.2 - 249 - 2e4 174
A45 CB1 - 0.1 - 3.6 - €0
A4S5 CB2 - 0.1 = 3.5 - btel 383 112
A4S CB3 0.0 - 3.8 - 6.5 169
A45 CC1 2.0 = 345 = 5.0
A45 CC2 1.5 - 3.0 - 9.0 220 AT
A45 CC3 l.6 = Beol - Beb 157 471
NO WAIVERS REQO M/0 TO 0814
UNIT INSTALLED IN IMU S/N 4BX,REPLACING 7C-153
AO03 SPO X 48 1.9 = 247 184 374
AQ3 SPO X 48 2.2 - &9
AO3 SPU X 48 cl122
AO3 SPO X 48 c125
A03 SPO X 48 Cl123 530
AO3 SPO x 48 0.9 - la2 240 234
AC3 SPO X 48 0.4 - 132 618
IMU S/N 438 SHIPPED TO KSC
IMU S/N 48 RETURNED TU AC/MKE.
AOl SPO X 48 3.7 - 4.9
AQlL SPO Xx &8 3.7 - Te9 451 594 C121
AOl SPO X 48 cl2z 695
MILLIWATT [S LESS THAN 2 MW. THROUGHOUT.
AQ3 SPO X 48 - 0.2 - 14.8
AQ03 SPO X 48 - Qsl - 5.8
A03 SPOD X 48 394 541

NO FLUID TRANSIENTS APPARENT IN GRAVITY TRANS [ENT TEST.

DATA AFTER WEEKEND STORAGE WITH X OA DOWN FOLLOWS (DIAG 381).
AQ3 SCK X &8 1.0 - 13.4

DATA AFTER OVERNIGHT STORAGE WITH X CA UP FOLLOWS.

A03 SCK X &b 2.4 o

UDATA AFTER OVERNIGHT STCRAGE WITH X SRA DOWN FOLLOWS .

AO03 SCK X &8 4.5 - 8.1

06/17/71 PALE

TRQE RES

+

I+

85.001
85.001

85.001
85.000
85.000

85.000

85.009

85.002

85.011

85.015

85,060
85,000

85.000

84.996

84,996

65.00C

24

10 ADCA

2.3

4. 7

3.t

1023-14-3




L9

DATE

19FET0
19FETO0
16MRTO
12MY70
19MY 70
19MY70
22MYT0
22MYT0
2TMYTO
27MYT0
T4LTO
13JL70
11AU70
31AU70
310C70
18NO70
SDETO
4MRT1
4MRT1
SMR71
TMRT1
8MRT1
19MR 71
23MRT1
13APT71
13AP71
19APT1
19AP71
19APT71
19MY 71
10JET1

NASA 8A-119 ACE H-5229 LAST UPDATE

TST IMU GEN
LOC TYP ASSN SYS NBO ADSRA ADIA DELSF+ DELSF-

DATA AFTER OVERNIGHT STORAGE WITH X SRA UP FOLLOWS.
A03 SCK X 48 1.2 - T.9

IMU S/N 48 SHIPPED FROM AC/MKE TO KSC.

IMU S/N 48 SHIPPED FROM KSC TO AC/MKE.

AO3 SPOD X 48 4.1 - 12.2

AO03 SPO X 48 3.8 = Te2

AQ3 SPO X 48 4.1 = 10.6

AO3 SPO X 48 4.3 - 6.9 284 361

NO FLUID TRANSIENTS APPARENT DURING GRAVITY TRANSIENT TEST.

IMU S/N 48 SHIPPED FROM AC/MKE TO NR.

IMU S/N 48 INSTALLED IN CM-112 (GEN 217).

NSC GEN x 48 217 6.5 - 63 - B.5 659 498
NSC GEN X 48 217

NSC GEN X 48 217

NSC GEN X 48 217 Sel - 4.7 - 93 666 516
IMU S/N 48 SHIPPED FROM NR TO DELCO/MKE.

AO03 SPOD X 48 0.9 - 10.9

AO03 SPO X 48 1.8 - 6.0

AO03 SPO X 48 761l 741

NO FLUID TRANSIENTS DETECTED DURING GRAVITY TRANSIENT TEST.
IMU S/N 48 SHIPPED FROM DELCO/MKE TO KSC.
IMU 48 GEN 217 INSTALLED IN CM-112.

KJB GEN X 48 217 1.0 - 104 - 5.5 976 480

K3B GEN X 48 217 l.4 - 8.0 - 11.0 986 491

KOB GEN X 48 217 1.7

KJB G&EN X 48 217 2.3

KOB GEN X 48 217 2.0

KJB GEN X 48 217 2.5

K9A GEN X 48 217 - 0.1 - 6.9 = 12.1

K9A GEN X 48 217 0.5 - Tel - 12.6

PETEST OATA AFTER LAUVACH 7oa=72 S7RueK Sy L/GAHTN/AVG
JSTET! KFA Csa’ A 93 <77 23 =%l -7/ 5

06/17/71 PAGE

s rve
LI L I I I I )
VWP W N

A
A



89

NBD IN MERU

ADSRA IN MERU - G

ADIA IN MERU 7 G

o
«—+
|
(@]
-
o
[ J
(o]
0
e
3}
o |*®
v =
=
Q2
I
c
.
Q.
40
Q
o
1<

G &N217, CM 112, IMU 48, APOLLO IRIG 8A119, X AXIS

System Check Data at DELCO

————+-

O WP = 'f«kiq:’—e’:—ln—if—}'—-wt 477+—1_‘—?#:P#W—f4~—4

_él)[)'l' TCP-K-0007
COMP VALUE=-2,3

——————f—+ —+-—+-—+;;:i:a —+—————
= 8 &g -

B
h-g CDDT TCP-K-0007
COMP VALUE= -7

G&N Data at NAR
S/C Data at KSC

‘I‘> System Check Data at DELCO

—+—+—+—+ - -——————

CDDT TCP-K-0007

v//\\\j\\r/-o—“;_,\__d -

j: l COMP VALUE- -12
524— [ DR I T T | L T T P T BRI
ClIJJJATs[o N [UTFIMIAImM]I[UTA S o N]D]UTFIMAIM U] ]A]

1969 1970 1971

Drift Plotted By Time




NASA 8A-117 ACE H- 5218 LAST UPDATE 06/17/71 PAGE 22

NASA TEMP MAX THERM SUS sus XFR AVG SO WH THERM PAD XFR BIAS TRQE RES
ACC SENS Sd R CAP SG CAP TG FUNC RDT ROT HRS SG TG RES R + -

21MY69 0.6 723.6 .0500 154 2.6 459

TST IMU GEN WHEEL
DATE LIC TYP ASSN SYS NBD ADSRA ADIA DELSFe¢ DELSF- RDT HOURS I+ I- 10 ADCA
1BAP69 A45 CSS cior
18AP69 A45 CSS ( 15.3) ( 2.6) (- 2.2) C 98 11.3
1BAP69 SG B84.69 TO.ly 56.0 TG 55.8y 69.29 84.6 REF H5218
22AP 69 A44 CSS  1s.1) 0.3) (- 3.8) 150 9.7
29AP69 A44 CSS ( 16.5) 0e4) (- 0.9) 150 9.8
LMY69 A44 CSS 153
SMY69 COMP SELECT
5MY69 A44 CSS - 159 - 120 151 85.002 85.003

TMY69 COMP VERIF S/F REPADDED DUE TO A MIGH IN SPEC TM - COUNT

TMY69 A44 CSS 33 = T2 84.597 B84.996
TMY69 COMP RESELECT
TMY69 A44 CSS 321 = 96 155 85.002 85.002
TMY69 COMP REVERIF
TMY69 A44 CSS 326 = 55 84.997 84.997
TMY69 DEMO

(<2] TMY69 A44 CSS 289 - 137 154 84.997 B84.398

© BMY69 VIB
9MY 69 EQUIPMENT MALFUNCTION - SERVO ABORTED
IMY69 A44 CAL 0.2 3.7 3.4
9MY69 A44 CA2 0.2 3.6 bt 106 - 287 84,995 B84.995 1l.6
9IMY69 A44 CA3 0.7 4.0 4.9 156
12MY69 A44 CB1 l.4 3.2 1.3
12MY 69 A44 CB2 1.5 3.0 - 1.5 176 - 362 84.993 B4.994 10.1
12MY69 A44 CB3 l.4 3.0 - 0.5 155
15MY69 A45 CC1 1.0 3.2 5.4
15MY69 A&5 CC2 0.9 3.1 4.6 31 - 318 85.002 85.001 11.8
15MY69 A45 CC3 1.0 3.0 4.8 158 459

UNIT INSTALLED IN IMU S/N 48Y,REPLACING 7C-188

TAU69 A03 SPO Y 48 0.4 1.9 40 - 351 85.008 1.6
TAU69 AO3 SPO Y 48 1.2 - 0.1
BAU69 AO3 SPO Y 48 Clls
8AU69 AO3 SPO Y 48 cl1z21
8AU6S AO3 SPO Y 48 Cl13 518
3SE69 AO03 SPO Y 48 0.4 5.6 -~ 221 - 494 85,001 0.6
3SE69 AO3 SPO Y 48 0.9 2.4 606
160C69 IMU S/N 48 SHIPPED TO KSC
18N069 IMU S/N 48 RETURNED TO AC/MKE.
20N069 AOL1 SPO Y 48 2.2 bel
21NO69 AOL SPO Y 48 1.7 0.4 174 - 240 Cll0 85.021 1.4
2INU69 AOLl SPO Y 48 Clle 682

2INCO69 MILLIWATY [S LESS THAN 2 Mw. THROUGHOUT.
SFET0 AQ03 SPO Y 48 =
SFETO AO03 SPO Y 48
6FETO AO3 SPO Y 48
6FETO AOQ3 SPO Y 48 Cud 0.7 - 160 - 528 85.016 0.C
12FET70 ND FLUID TRANSIENTS APPARENT IN GRAVITY TRANSIENT TEST,

16FET0 DATA AFTER WEEKEND STORAGE WITH Y SRA UP FCLLOWS (DIAG. 381).

~wn o
O~ 0
v~ ®

N - O

1023-14-6
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NASA 8A-117 ACE H- 5218 LAST UPDATE 06/17/71 PAGE
TST IMU GEN WHEEL

DATE LJC TYP ASSN SYS NBD ADSRA ADIA DELSF+ DELSF- RDT HOURS I+ I- 10
16FET0 AQ03 SCK Y 48 2.5 - B.9

LTFETO DATA AFTER OVERNIGHT STORAGE WITH Y SRA DOWN FOLLIWS.

L7FET70 AO3 SCK Y 48 1.3 - 9.5

18FETO DATA AFTER OVERNIGHT STORAGE WITH Y IA UP FOLLOWS.

18FET0 AO3 SCK Y 48 0.0 4.l

18FE70 AO3 SCK Y 48 0.7 - 1l.4

19FETO DATA AFTER OVERNIGHT STORAGE WITH Y IA DOWN FOLLOWS.

19FET0 AO3 SCK Y 48 1.5 2.3

19FET0 AO3 SCK Y 48 1.9 - B.8 811
16MRT0 IMU S/N 48 SHIPPED FROM AC/MKE TO KSCe

12MY70 IMU S/N 48 SHIPPED FROM KSC TO AC/MKE.

19MY70 AO03 SPO Y 48 - 1l.1 - T.6

19MY70 AO3 SPO Y 48 - 1.7 = 4.5 Ccl13
22MYT0 AO3 SPO Y 48 - 0.1 - 5.5
22MY 70 AQ3 SPO Y 48 - 0.8 - 4.2
25MY70 AO3 SPD Y 48 : - 296 - 674 916 85.003
2TMYT70 NO FLUID TRANSIENTS APPARENT DURING GRAVITY TRANSIENT TEST,

TJLTO IMU S/N 48 SHIPPED FRUM AC/MKE TO NR.

13JL70 IMU S/N 48 INSTALLED IN CM-112 (GEN 217).

11AUTO NSC GEN Y &8 217 4.7 4.7 0.9 15 - 485

11AU70 ADIAY POSITION 8 - 7.0

31AUTO NSC GEN Y 48 217 990
310C70 NSC GE&N Y 438 217 995
18NOTO0 NSC GEN Y &8 217 1.3 1l.6 - 0.2 130 - 348

18NUTO ADIAY POSITION 8 - 4.3

9DE70 IMU S/N &8 SHIPPED FROM NR TO DELCO/MKE.

4MRT71 AO3 SPO Y 48 0.3 1.6

4MRT1 AO03 SPO Y 48 0.5 11.2

SMRT71 AO3 SPO Y 48 - 160 - 407 85.016
TMRT1 NO FLUID TRANSIENTS DETECTED DURING GRAVITY TRANSIENT TEST,.

BMR71 IMU S/N 48 SHIPPED FROM DELCO/MKE TO KSCe.

19MR 71 IMU 48 GEN 217 INSTALLED IN CM-112.

23MRT71 KOB GEN Y 48 217 0.3 13.8 6.1 - 195 - 200

23MRT1 ADIAY POSITION 8 S 1

13AP71 KJB GEN Y 48 217 - 1.7 lée6 - 3.3 172 - 114

13AP71 ADIAY POSITION €& 1+5

19MY71 K9A GEN Y 48 217 - 3.9 6.6 - 7.0

19MY71 ADIAY POSITION 8 - 1.0

10JET1 KSA GEN Y 43 217 - 3.8 15.1 - 6.9

10JE71 ADIAY POSITION 8 - 1.3

RETES7T PATA AFTER LALNCS TOUWER S7TROCkK BY L/GHATA/ANG

IDTEY KW GEN V432 -29 52 g5

/9 Y ADIAY P95/ 774 8

=L T

23

ADOA

1023-14-7
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NBD IN MERU

ADSRA IN MERU 7 G

40

ADIA IN MERU - G

40

-40

40

40

G &N217, CM112, IMU 48, APOLLO IRIG 8A117, Y AXIS

i

-

— -/k/ml
{AQ%.T

R
P

4 | I

T 3. -L : 1
CDDT TCP-K-0007
COMP VALUE=-2.8

CDDT TCP-K-0007
COMP VALUE= 15

} 1 4 |

tﬂjﬁ}%@; | 4 } J/’TB, + + + 4 it } i
f e = DN S e B e
- - . - ,
. B 7. 0
1t \ bttt Ny bt
. \'&C_ISDT TCP-K-0007
| COMP VALUE= -5
' l e 4 s i e 4 4 G i s I s 4 4 4 e 4 4 4 3 4 l 4 '
MIJTITASoIN[o U [F[M[AIM[JTI]ATSION]D JIJF[M[AIM]ITI]A]
1969 1970 1971

Drift Plotted By Time




cL

NASA
ACC

31JL 69

DATE

8JL 69
8JL69
9JL69
11JL69
15JL 69
15JL69
18JL 69
18J4L 69
22JL69
224L 69
22JL69
22JL69
22JL 69
22JL 69
23JL69
23JL69
234L69
25JL69
25JL69
25JL69
28JL69
28JL69
28J4L69
31J4L69
21AU69
3SE69
3SE69
9SE69
9SE69
160C69
18NC69
21ND 69
21N069
21NO69
21ND69

6FETO

oFETO
12FET0
16FETO
16FETO
1TFETO
17FETO
18FET0
18FETO
18FETO
19FET0

NASA B8A-125 ACE H-5210 LAST UPDATE 06/17/71 PAGE 26

TEMP MAX THERM SUS SuUs XFR AVG SO WH THERM PAD XFR BIAS TRQE RES
SENS SO R CAP SG CAP TG FUNC RDT RDT HRS SG TG RES R + -

0.7 681.0 .0505 172 1.8 701
TST IMU GE&N WHEEL

LIC TYP ASSN SYS NBD ADSRA ADIA DELSFe¢ DELSF- ROT HIURS I+ i= 10 ADOA
A4l CSS cl12
A&l CSS (= 1.5) (- 1.0) ( 0.1) c1z1 = 0.4

SG B4e%y 69.29 50.9 TG 54.4s 68239 9.4 REF H5210
A&3 CSS (= 3,2) (- 2.4) ( 1.1) 174 3
A43 CSS (- 3.3) (- 1l.1) (- 1.0) 171 - 1.5
A43 CSS 172
COMP SELECT
A&4 CSS - 76 259 169 84,987 84.988
COMP VERIF
A44 CSS - 18 99 84.987 84.988
DEMO T/F = 1196.3
Aé4 CSS - 156 - 32 174 84.988 84.988

viB / COLD SOLDER JOINTS REPAIRED
RE-vIB OA AXIS ONLY IA ALIGN = +2.75
A4l CAl 1.3 3.2 - T.5
A4l CA2 le4 3.1 - 9.3 759 823 84,988 B84.988
A4l CA3 - 0.1 3.1 - 6.4 173 -
A45 CB1 - 0.2 2.5 - 10.3
A45 CB2 - 0.2 3.6 - 9.9 711 8leé 85.001 85.001
A&5 CB3 - 0.9 249 - 8.5 174
A45 CC1 - 0.2 3.5 - 91
A45 CC2 - 0.2 3.5 - 0.2 521 T34 85.001 85.000
A4S CC3 - 0.2 3.4 - 10.4 174 701
M/0 TO 08-14
UNIT INSTALLED IN IMU S/N 48-REPLACING 8A-120
A03 SPO Z 48 - 0.7 3.4 517 227 85,002 0e4
AO03 SPO Z 48 - 1.0 - 10.4
AO03 SCK Z 48 = 1le3 3.0 0.8
A03 SCK Z 48 = 1le5 - 11.7 789

IMU S/N 48 SHIPPED TO KSC

IMU S/N 48 RETURNED TO AC/MKE.
A0l SPO Z &8 - 2.3 - 13.1
AOl SPO Z 48 = 2.5 = 3.5 975 651 C109 85,020 0.3
A0l SPO Z 48 Cl23 865
MILLIWATT IS LESS THAN 2 MW. THROUGHOUT, EXCEPT FOR

TWO & MW. JOGS.

AQ3 SPO Z 48 - 2.3 - 12.0
AO03 SPO Z 48 = 25 8.3 Tol 451 85.015 0.9
NO FLUID TRANSIENTS APPARENT IN GRAVITY TRANSIENT TEST.

DATA AFTER WEEKEND STORAGE WITH Z IA UP FOLLOWS (DIAG. 361).

AO03 SCK Z 48 - 4e5 8.3 0.2
DATA AFTER OVERNIGHT STORAGE WITH Z IA DOAN FOLLOWS.

AOQ3 SCK Z &8 - leo4 T.7 1.3
DATA AFTER OVERNIGHT STORAGE WITH Z SRA DOWN FOLLIWS.

AO03 SCK Z &8 = 33 = 12

AQ3 SCK Z 48 = 27 7.9 0.7

DATA AFTER OVERNIGHT STORAGE WITH Z SRA UP FOLLOWS.

1023-14-9
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NASA BA-125 ACE

TST IMU GEN

OATE LJC TYP ASSN SYS NBD ADSRA ADI A
L9FETO AO3 SCK Z 48 - 2.8 - 12.4
L9FETO0 AO3 SCK Z 48 - 2.8 8.0

L6MRT0 IMU S/N 48 SHIPPED FROM AC/MKE TO KSC.
1ZMYTO IMU S/N 48 SHIPPED FROM KSC TO AC/MKE.
19MYT0 AO3 SPO Z 48 - 3.4 - 17.2
L9MY70 A03 SPO Z 48 - 2.5 $.2
22MYT0 AO3 SPO Z 48 - 2.0 - 16.6
22MYT0 AC3 SPO Z 48 - 1.9 4.4
25MY70 AO3 SPO Z 48

2TMY70 NO FLUID TRANSIENTS APPARENT DURING GRAVITY
2TMYT0

TJL70 IMU S/N 48 SHIPPED FROM AC/MKE TO NR.
13JLT0 IMU S/N 48 INSTALLED IN CM-112 (GEN 217).
11AUTO NSC GEN Z 48 217 - 1.3 = 3,2 - 6.2
31AUT0 NSC G&EN Z 48 217

310C70 NSC GEN Z 48 217

IBNO70 NSC GEN Z 48 217 =~ 3.5 = 2.3 - 4.3
9DETO IMU S/N 48 SHIPPED FROM NR TO DELCO/MKE.
4MRT1 AO03 SPO Z 48 - 4.7 - 3.1
4MR 71 AO3 SPD Z 48 - 4.5 0.5

SMR71 AO3 SPD Z 48

TMRT71 NO FLUID TRANSIENTS DETECTED DURING GRAVITY
BMRT71 IMU S/N 48 SHIPPED FROM DELCO/MKE TO KSC.
ISMR71 IMU 48 GEN 217 INSTALLED IN CM-112.

23MR71 KIB GEN Z 48 217 - 3,9 = 2.0 - 1.9
13AP71 KOB GEN Z 48 217 - 4.5 = 1.3 0.7
I9MY71 K9A GEN Z 48 21T - 4.8 - 3,3 - 0.1
10JE71 K9A G&N Z 48 217 - 4,5 - 3,0 0.0

RETES7T DLATA ArpzeR saricrt 704/

I19TET) A9A GEN £ 43 217 - gy -3.2 =

H=-5210 LAST UPDATE

WHEEL
DELSF+ DELSF~- RDT HIURS

994
Claeé
594 384
TRANSIENT TEST,
1099
979 962
1173
1178
1030 836
1118 741

TRANSIENT TEST.

887 869
790 872

ST K BY LG iAarre

06/17/71 PAGE 27

I+ i- 10 ACOA

0.6

85.005

85.016

1023-14-10




NBD IN MERU

G &N?217, CM 112, IMU 48, APOLLO IRIG 8A125, Z AXIS

L

ADSRA IN MERU - G

+

T
|
Acceptance Data at DELCO

T

System Check Data at DELCO

ADIA IN MERU 7 G

—pd—t—t——t

//

+

G&N Data at NAR
S/C Data at KSC

|
-l» System Check Data at DELCO

1
R -

CI_DDT TCP-K-0007
COMP VALUE=-4.6

-4 - —+ —+—+-—i
A ‘ @ ‘E’Q’;%D'r TCP-K-0007

COMP VALUE= -2

CDDT TCP-K-0007
COMP VALUE=0

——

-40

ifA[sTofNTD A TM]

| N
TTITA

[sTo]n]

EREREE

1970

Drift Plotted By Time

1971




NASA ¢AP=-23¢ SPERKRY 1032774 LAST UPUATE 06/17/71 PAGE 138

TST IMU GEN JILTA 16 NULL RIT-AL-WUB MAX. TOQ MON
DATE LOC TYP ASSN SYS Sk BIAS BIAS ANGL E TRANS. CURRENT

7APE6 S41 ALC - 15% 0620 103,.0326
CT0L66 RETUKNED TU SPERRY-CAMAGED HAKNES
1L7JA68 KETURNED TU AC-00S SENSOR
26NU68 A4B FST 103 0.01
16DE68  2AP232 ASSN TU IMU S/N 48, X
20JA69 SPR AQ03 X 48§ (- 1398) ( O.44) ( 0.50) 103.2469
20JA69 SPR AQ03 X 48 (- 206) ( O 6t) ( Q.47) 103.2469
21JA6S A03 SPR X 48 6 0.01 092 103.,2420
21JA6Y AFTER DEGAUSSING AND ADJUSTMENT
TFE69 AO03 SPT X 43 133 V.06 0.12 103.2470
LILFE69 AQ3 SAL X 48 ( 0e18) 12 56
17FE69  INTERMITTENT OPEN IN A GSE CABLE CAUSED PIP GAUSSING
L7FE6S AO3 SPO X 44 € 257) ( lell) (€ 1.12) 103.2375
L8FELY AO3 SPT X 45 ( 257) ( 1e12) ( lo14) 103.2372
LEFE6Y AO3 SPU X 4K Il =06l -0.44 103.2369
18FE69  AFTER DEGAUSSING
1SFE69 AQ3 SPU X <8 - 29  -0.37 -0.38 103.2375
L1ME 69 AOL GEN X 43 - 9C  -0.26 103.2266
12MR65 AO1 GEN X 48
BAUSY AD3 SPD X 48 - 190 0.12 0.13 103.2406
8JL6Y  FO 3596. NULL COINCIDENCE CHECK
11AU69 A03 SAL X 4& 0.15)
4SE69 AO3 SPU X 48 - 256 V622 0.24 103.2468
45669 AQ3 SAL X 43 G.21)
160C69  IMU S/N 43 SHIPPED TQ KSC
18NO69  [MU S/N 4k SHIPPED TC AC/MKE
19N069 A0l SPO X 43 - 2562 0.33 0e32 1C3.2440
19NU69  RAN EU 3596 = NULL COINCIUENCE C(HECK
21N06S AO1l SAL X 46 ( 0.36)
SFLTO AO3 SPC X 48 - 334 Ue32 0.31 103,2524
9FETO AO3 SAL X 43 ( 0.37)
16MRT0  IMU S/N 43 SHIPPED TC KSC
L2MYT0  IMU S/N 44 RETURNED TO AC/MKE
25MYT0 AO3 SPU X 4b - 346 CebT 0.48 1G3.2468
26MYT0 A03 SAL X 43 ( 0.52)
TILTO  IMU S/N 48 SHIPPE) FRCUM AC/MKE TO NR,
13JLTG  IMU S/N 48 INSTALLED IN CM=112 (GEN Z17)
11AUTO NSC GEN X 48 217 - 296 066
11AUT0C NSC GAL X 48 217
1ENUTO NSC GEN X 44 217 - 342 0e57
OETO 14U 43 SHIPPEL TC MKE
SMKTL 203 SPO X 45 - 393 Cablt Vel) : 103,263
6MRTL AG3 SAL Xx 48 { Da729
BMKTL  IMU=63 SHIPPED TO KSC
1571 INU 48, GEN 217, INSTALLED IN CM-112
Z3MRTL KUB GEN X 43 217 - 407 0l
13AP 71 KUB GLN X 48 (17 - 373 0e81
15MY71 K 9A LEN X &3 217 - 3o Va2
LOJETi K9A GuN X <5 217 - 4GS Lebi5

RETEST ([JATA RAFFEr2 AU /Cr T O &3 DY CGATVING
1JET KA G x F Ly T o

1023-14-12
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DELTA SF/ SF IN PPM

-1200

-1600

-2000

Before Degaussing and Adjustment

1

G &N217, CM 112, IMU 48, APOLLO PIPA 2AP232, X AXIS

DELCO

G&N Data at NAR

Svstem Check and G&N Data at

+ System Check Data at DELCO
S/C Data at KSC

i
T

4
g
+

1 4
r1

CDDT TCP-K-0007
COMP VALUE=-430

TTEIMIATMIIIITATS TOINTD [ 1 TF IMIAIMI T JTATSIOINID

JIFIMIAIMIJI] |

1969

1970

SCALE FACTOR DRIFT PLOTTED BY TIME

1971




G & N 217, CM 112, IMU 48, APOLLO P1PA 2AP232, X AXIS

S

3 T
l
2 ——
CDDT TCP-K-0007
1 4 COMP VALUE= 0. 86
/‘e/@'e/g\ﬁ)—
/&\’\e’—/
: i
= |
a0 < ————————+—+ | ——t +—+—{——+—+—+—+~¢——{—»—++—4—~+——+—4
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A

ISTOIN] D J]FIM]A]I\/\IJiJIA]S}OJNID I lNHAiMIJ 7]
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|
|
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JIFIMIAIM] J] J]

1969 1970 1971
1-G BIAS DRIFT PLOTTED BY TIME




8L

DATE

300Ce8

leLL 68
16DE68
20JA69
21JA69
21JA69
26JA69
TFE69
11FE69
11FE69
L2FE69
13FE69
1LT7FE69
18FE69
16FLE69
L8FE6Y
18FE69
1SFE69
L1MR 69
12MR 69
BAU69
8JL6YS
11AU69
4St6Yy
5SE69
160C 69
18NU69
LSND 69
19NUBsYS
24N069
QFETO
9re 70
10FETO
LEHMRTO
12MYT0
25MYT0
26MYT0
TILT0
1337y
114u70
11Au70
LB TO
9oL 70
S5MRTL
MR T1
EMK T
198K 71
23Ma 71
13aF 71
19MY 7L
1CJE71

NASA 2ar-265K SPEKRRY 20i:1730-2
TST IMU  GEN DELTA 16 NnLL ROT -AL-W0B
LOC TYP AS3N  SYS SF 81AS BIAS ANGL €
UNlT INTERNALLY REPAIRED, REBUILT TO P/N 2001730-2
S$42 al - 422 0.00
RtPAlK[D UNIT UDELIVERED TQ AC-MKE
A4q FST 111 0.31 1 8
UNIT ASSIGNED TO IMU S/N 48 Y
AQ3 SPR Y 4 (= 58) ( 0.32) ( 0.358)
A03 SPR Y 48 = 12 -0.01 0.2¢

AFTER DEGAUSSING & ADJUSTMENT

RESELECTICN OF R13 & Rl4 IN CALIBKATION MODULE
A03 SPO Y 43 ( 1.54)
AO03 SP) Y 48 = 10 -0.01 ~0.04
PIP ADJUSTED
AC3 SAL Y 48 (=0.07) = 34 - 10
AO03 SPO Y 48 83 0.03 -0.12
INTERMI TTENT UPEN IN A GSE CABLE CAUSED PIP GAUSSING
AQ3 SPU Y 48 ( 201) (-0.34) (-0.36)
AQ03 SPO Y 46 t 202) (-0.94) (~0.35)
A03 SPO Y 48 71 -0.02 -0.37
AFTER DEGAUSSING
AO3 SPD Y 48 32 -0.01 =0.01
AOL GLN Y 48 T4 ~0.26
AOL GEN Y 48 - 56 - 34
AO3 SPD Y 48 =0.04 -0.03
EC 3596+ NULL COINCIDENCE CHECK
AQ3 SAL Y 48 (-0.12) - 28 - &
A03 SPOU Y 48 25 -0.26 -0.07
AQ03 SAL Y 48 -2t - o
IMU S/N 48 SHIPPED TO KSC
IMU S/N 48 SHIPPED TO AC/MKE
AOl SPD Y 48 - 23 0.04 =0.03
RAN EC 3596 - NULL COINCIDENCE CHECK
AUl SAL Y 43 ( 0.04) - 23 - 5
AQ3 SPD Y 48 - 69 0.10 0.29
403 SAL Y 48 { 0.04) - 18
AOQ3 SAL Y 48 - 8

IMU S/N 48 SHIPPED TO KSC
IMU S/N 43 KETURNED TO AC/MKE

AQ3 SPU Y 48 - 136 0e02 0.00
A03 SAL Y 48 (=0.03) - 14 - 12
IMU 5/N 48 SHIPPED FRCM AC/MKE TO NR.
IMU S/N 48 INSTALLED I[N CM-112 (G&N 217)
S50 CEN Y 41 217 - 7C =0.0°
NSC GAL Y 4& 217 - 35 - oo
NSC GuN Y 4r 217 = 131 (.22
[¥) @5 SHIPPEL TQ ™kt
A0> 5P Y 4K - 19¢ AR oh 4 -V.09
AO3 8L Y 43 (=v.76) = 27 - 5

I~i=9n SHIPPED TG KSC
I7°d 48y GUN 217, IRSTALLED IN C¥=112

NR OLEN Y 65 217 - 127 ~Uel&
KO3 LLN Y &2 217 - l4o =Uel ¢
KA GLN Y 4& 217 - 175 V06
K“A CEN Y @n 217 = lte ~Uel2

&ETEST DATA AFTER Qe icrr 7marl S;isUCK

/9JE 7/ kyA (:4/ Y E32/7 —/82 -n.09

Ce/1T/71 PAGE

MAXe TOQ AUN

TRANS. CURRENT

Ue05 104,.3389

104.3775
104.3709

104.,3766
10443720
106.30677

104.3696
103,760

104.3685
104.3609

104.3776

104.3760

104.3810

104.3891

0.18 104,3826

NelU6 10443710

L3 LrGAHTA A

1023-14-14
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G &N217, CM 112, IMU 48, APOLLO PIPA 2AP265R, Y AXIS

2000 =
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o e 5 s -
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- TO—- \wﬂ_&_
& CDDT TCP-K-000
-400 + COMP VALUE=-200
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=-800 +
-1200 4
o |
| i | |
-2
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G &N217, CM 112, IMU 48, APOLLO PIPA 2AP265R, Y AXIS

+3 T
2 =
1 +
= f 0 E\‘&WW*:&:WW Jr:“‘
= g’ . CDDT TCP-K-0007
O - g : COMP VALUE-= -0. 09
- : |
173 :
S 5O v 4{_,“;
Z 58 ; | ¢
: e @ 8g
= en [TI] @
2 T8 o5 4 S
o) E a go a
3 M
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1969 1970 1971
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18

CATE
14Ja66

MOu
NO
cii

22MR66
2IMRG 6
25Mk 66
25MR6 6
18AP 66
21AP6 G
21APGLS6
1TMYSS
1T4Yo0b
18MYb0
13Jt66
13JE66
17J€E66
1L7JEé60
18JE60
18JE66
21JE66
21JE60
21JE66
22JE66
22466
25JE66
11JL606
11JL 66
L1AUb6
16AU66
L6AUGS
8SE66
8SE66

70t 66

Tuc 66

TMR6T

TMROT
6APST

3JA09
20JA69
213469
21JA069

TFELS
24JA69
LUFEGL9
L11FES6R
11709
13FE69
17FE6%
15FE 66
18t 69

NA SA 2AP-179

TST IMU GEN
LOC TyP ASSN SYS

S42 ACC

€3 Ca

<0180 «013%0

A48 1A
ALB LEA
A&3 1EA
A48 FST

KS

SPERKY 108077-«

UVELTA 16 NLL

SF BlLAS BIAS

= 2 0.2
Ro R11 R12

116,25 83.75 53.57 18.1

IMU S/NT+Z IN GEN

AOl SPR 2 7

AFTER ADJUSTMENT

AO4 SPOD
AO4 SPO
A04 SPU
AQ03 SAL
AQ3 sSPOD
A03 SPO

NSNS
NN~

7

AFTER DEGAUSSING

AO03 SPO Z 7
AQ3 SPD Z 7
AQ3 PO 2 7

AFTER ADJUSTMENT,

AO03 SPO Z 7
AQ3 PO 2 7
AQ3 SPU Z 7
AO& SPO £ 7

- 261 -0.28
203
- 3% =-0.02 <0.04

95 0.19 0.17

- 97 0.37 0.35

- 75 -0.01 0.01
(C.66) -

319 -0.70 =0.66

- 183 0.81 0.84

= 192 1.00 1.00
= A59 O.64 0.66
0 0.00 =0.01
SCALE FACTOR & BIAS
15 -0.02 ~0.01

2 Cel9 0.20

24 -0.18 ~0.17

- A7 0.15 O.l5

- N

ROT -AL-W0OB MAX,
ANGL E

R13

12
12

LEM IMU 3 INSTALLED IN GEN 203 FCR SPECIAL TESTING

IMU 7 UNASSIGNKED
LEM IMU 3 RMVL FRUM G&N 203,

A21 sQL Z 7

JURING THIS PERIOD
IMU 7 REINSTALLED

57 l.4b lesl

PRE-ACCEL BASELINE DATA

A21 SQL Z2 7

POST VIBRATIUN DATA

A22 SQL ¢ 7

PUST CLIMATIC BASELINE

A21 GOoL Z 7

PRE EMI BASELINE

A21 GQL 2 7

73 1.57 1.53
1e2 1.50 le47
- 87 1.81
- B4 l.62

2APL1TS9 ASSN TO ImMy S/N 48

AQ3 SPR I 4b
A03 SPR I 4o

AFTER DEGAUSSING

A03 SPU I 48

7) ( 0.03) ( 0.23)

RESELECTICN OF K13 ANU Rl4 , IN CALIsRATION MUODULE

AQ3 SAL 7 <8
403 SP) 2 48
PLIP ADJUSTED
AQ03 SPU 7 4b
INTER ] TTENT
AQ3 SPN 2 48
AC3 SPU L 4b

UPEN TN A CSE CABLF CAUScD PIP GAUSSING

(
(

g 3 -Ce0l 0.2
AND ADJUSTMENT
( 1.10)
( T.03)
= ] Qo4 JedC
160 Uel2 .01

294) (-ueBl) (-uesl)
246) (=CelB) (-Da50)

1

LAST UPDATE 06/17/71 PAGE

TORQ MON
CURRENT

103.1018

103,4389
100,3350
103.3889
103.3925
103.3890
103.3794
103.3916
103.393%
103.3913
103 .404¢
163.4020

103.4057
103.4026

103.3752
103.3754

103.3807
103.3736

103,3838
103.3741

103,373«
103.3735

Ly
HI

LO

HI
/

Lo
HI

BUS
8uUS

BuUS
BUS

BUS
B8US

1023-14-17
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DATE

18FE69
18FLE69
19FE69
L1IMR69
12MR 69
11AU69
11JL69
L11AU69
4SE69
4SE69
160C69
1E8NUG9
19NU69
19NO69
24N069
9FETO
9FETO
L6MRTO
12MYT0
25MYTO
26MY 70
7JLTO
13JL 70
11AU70
11AU70
18NUTO
9DETO
SMRT1
6MRT1
BMKT]1
19MRT1
23MRT1
13APT1
19MY71
10JETL

19TET) kon CEN 2

NA SA 2AP-179

TST IMU GuN DELTA

LOC TYP ASSN

AQ3 SPO 2

46

16 NJLL
SYS SF BIAS 81as

28 =0.1GC .10

AFTER DEGAUSSING

A03 SPO Z
A0l GEN 2
A0l GEN ¢
AQ03 SPO Z

ED 3596.
AO3 SAL 2
AQ03 SPO 2
AQ3 SAL Z

1MU S/N

IMU S/N
A0l SPO ¢

48
48
48
48

53 -0.07 ~0.u8
- 36 =0.10

- 135 =0el1 -0.08

NULL COINCIOENCE CHECK

48
48
48
48
48
48

(-0.11)
= 161 =0.01 -0.01
(=0.01)
SHIPPED TO KSC
SHIPPED TO AC/MKE
- 158 0.00 =002

RAN EOU 3596 - NULL COINCIDENCE CHECK

AOl SAL Z
AQ3 SPO Z
AQ3 SAL 2
IMU S/N
IMU S/N
A03 SPO Z
AO03 SsAL I
14U S/N
IMU S/N
NSC GEN Z
NSC GAL 2
NSC GEN ¢

42
48
48
LT
48
48
48
48

( 0.271)
- 189 ~0.22 =0.21
(-0.21)
SHIPPED TO KSC
RETURNED VO AC/MKE
- 157 =0.06 =0.36
(-0.37)
SHIPPED FROM AC/MKE TO NR.
INSTALLED IN CM-112 (GE&N 217)

217 - 281 ~0.206
217
217 - 174 -Ce22

IMU 48 SHIPPED TO MKE

AQ3 SPO Z
A03 SAL

48
48

- 190 =024 -0.23
(=0.22)

IMU-48 SHIPPED TO KSC
GEN 217, INSTALLED IN CM-112

1My 48,
KOB GE&N Z
KO8 G&Nn Z
K9A GEN Z
K9A G&N ¢
RETEST

48 217 = 9% ~Cebd
48 217 = 112 =0e206
63 217 =i 235 Vo2
48 217 = 202 “0el?

SPERGY 1)8077-4

ROT-AL-WUB
ANGLE

MAX o
TRHANS,

0.04

LAST UPDAT®: 0&/17/71 PAGE 19

TURQ MUN
CUREKERT

103.3724

1033745
103.3616

1032,.3822

103.3800

103.3842

103.3928

103.3747

103.37%762

DORATA AFTER LAURCA Tows=R STRvCK 8BY LIGHTNNG

w2y -7

-a.28

1023-14-18
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DELTA SF/ SF IN PPM

2000

1600

1200

800

&S
S

-1200

-1600

-2000

G & N217, CM 112, IMU 48, APOLLO PIPA 2AP179, Z AXIS

-

s

Before Adjustment at DELCO
DELCO

System Check at DELCO
ISS Qualification Data at DELCO

G&N Qualification Daia at DELCO
System Check and G&N Data at

G&N Data at NAR

System Check Data at DELCO

S/C Data at KSC

etrntrtesby

CDDT TCP-K-0007
COMP VALUE=-180

O T T T LT T T

5 |
LTI

1966 1967 1968 1969
SCALE FACTCR DRIFT PLOTTED BY TIME

1970

1971




G &N217, CM 112, IMU 48, APOLLO PIPA 2AP179, Z AXIS

3 -
e =+
1
N
2
(Vo)
_ -~ 0 ”H"}'
S e
o CDDT TCP-K-0007
o = z COMP VALUE=-0, 24
© o) =
-1 T a) o O . « '
. 28 ERAE
¢ '38 88 j—‘ Z 1Ll X
0 P g il e oV o
2C | ox =0 = © gj ©
TR b 3 os 5 98] <
2 Tgm| 8= & i £ o 8 |« &
2o | © = | i z |2
ke L T T T T T T T T O T T T OO T IT
1966 1967 1968 1969 1970 1971

1 - G BIAS DRIFT PLOTTED BY TIME

—— .




STANDARD DEVIATION (10) OF THE IRIG AND PIPA
PARAMETER UNCERTAINTIES USED FOR
MISSION PERFORMANCE SUMMARY

CM 112; IMU S/N 48

PARAMETER

IMU Axis X Y Z
PIPAs

Data Compilation Period

(8/11/70 - 5/19/71)

Accelerometer Bias (cm/ secz) 0,11 0. 06 0.08

Scale Factor (ppm) o
1) Sigma (ppm) 14 25 64"
2) Slope (ppm/month) -11 -10
3) Linear Correlation -0,931 -0,781

IRIGs

Data Compilation Period
(8/11/70 - 5/19/171)

Bias Drift (MERU) 1.5 2.4 1.1
ADSRA (MERU/g) .

ADIA (MERU/g) 2,2 4,1 2.4
(8/7/69 - 5/19/71)

ADOA (MERU/g) 0.5 0.4 0.5

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
PERFORMANCE COMPENSATIONS

PARAMETER

IMU Axis

Accelerometer Bias (cm/sec”) +0, 86 -0.09 -0, 24
Scale Factor (ASF/SF ppm) -430 -200 -180
IRIGs

Bias Drift -2,3" -2.8 -4.6
ADSRA (MERU/g) <7 + 15 -2
ADIA (MERU/g) 12 -5 0

*NBDX compensation was selected as average NBD minus ADOA offset of 3, 5.

R 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.




MISSION J1
AS-510/LM 10
G&N 614
IMU S/N 12

IRIGS

X = 8A201
Y = 8A203
Z = 8A202

86

PIPAS

X = 2AP172
Y = 2AP171
Z = 2AP292




L8

NASA
ACC

SNO69

DATE

30SE6Y
30SE69
30SE 69
40C69
80C &9
90C 69
150C 69
150C 69
160C69
160C69
170Ce9
170C 69
170C69
170C69
170C69
170C69
200Ce9
200C 69
200C69
220Ce69
220C69
220C69
SNUSY
SDE&9
170€E69
1L7DE 69
17DE69
18DE69
190E 69
190DE 69
20MR 70
20MR 70
23MR TO
24JET0
24JET0
25JET0
1JL70
6JLTO
8SETO
9SETO
11S€E70
26N0T0
25N0T0
9FET]
SFETL
10FET1
LIMRTL

NASA 8A-201 ACE

TEMP MAX THERM SUS sus XFR AVG SO WH THERM PAD XFR BIAS
SENS SO R CAP SG CAP TG FUNC RDT RDT MRS SG TG RES
0.6 683.5 .0510 135 5.0 470
TST IMU  GEN WHEEL
LIC TYP ASSN SYS N8O ADSRA ADIA DELSF+ DELSF- RDT HOURS
A4S CSS C %
A45 CSS ( 11.1) ¢ leb) (- 2.4) c103
SG 84,2, T0.9y 56.0 TG S8.2, 70.9, 87.9 REF H5402
A4l CSS ( 9.7} (= 1le&) (- 10.6) 138
A4) CSS ( 8.5) | 0.2) (- 8.9) 138
A&l CSS 138
COMP SELECT
A43 CSS 227 153 137
COMP VERIF / IA ALIGN 00S - UNIT RE-ALIGNED
A&3 CSS 227 75
DEMO T/F = 1191.5
A&3 CSS 231 116 141
vie
A43 Cal 0.1 - 2.3 - 10.9
A43 CA2 0.1 - 27 - 1l.1 51 - %
A43 CA3 0.2 - 2.8 - 10.3 124
A43 Co1L 0.3 - 3.0 - 8.8
A43 CB2 1.0 = 2.6 - 10.8 - 80 - 89
A&3 CB3 1.0 - 26 - 9.3 138
A43 CC1 0.8 - 3.l - 9.6
A&3 CC2 0.9 - 3.1 = 10.6 = 270 - 441
A43 CC3 0.9 - 3.l - 9.3 131 467
ACC € m/0 YO o814
UNIT ASSIGNED TO IMU 12X REPLACING 4C-10.
AOT SPO X 12 = 0.5 - 4.5
AOT SPO X 12 0.4 - 2.8 ciol
NO FLUID TRANSIENTS IN GRAVITY TRAMSIENT TEST,
AO7 SPO X 12 - 274 24
AOT SPO X 12 - 0.8 - 3.5
AO7 SPO X 12 0.5 - .l 552
AO5 SPO X 12 - 26 - 4.8 Ccl06
AQS SPD X 12 - 1le5 = leb Cl06
AQ5 SPO X 12 250 37 602
AO7 SPO X 12 - 2.1 - 0.l
AOT SPO Xx 12 - 0.7 1.5
AQT SPO X 12 107 417
ND FLUID TRANSIENTS DETECTED DURING GRAVITY TRANSIENT TEST,
AO7 SPD X 12 697
AOT GEN X 12 616 46 280
AO7 GEN X 12 616 0.7 - T.3 8.2
AO7 GEN X 12 616 0.9 - 6.4 10.1
AOT GEN X 12 616 166 336
AOT GEN X 12 616 1.2 - 5.4 9.4
A0S SPO X 12 0.4 2.2
AO5 SPD X 12 1.7 - 9.0 c105
A0S SPO X 12 394 718
IMU S/N 12 SHIPPED FROM DELCO/MKE TO KSC.

H-5602

LAST UPDATE

06/17/71 PAGE

TRQE
.

| €3

85.016
85.017

85.016

85.010

85.011

84.999

85.017

85.014

85.020

85.016

RES

8s.018
85.020
85.018

85.010

85.012

84.998

11. 8

10.1
11.0

10. 6

13.2

13.3

«0

ADCA

0.7

0.9

0.9

0.8

1023-14-36




88

TST IMU  GEN
OATE LIC TYP ASSN SYS

12MR7]1 IMU 12 GEN 614 INSTALLED IN

LTMRTL K38 GEN X 12 614
19MY71 K9A GEN X 12 614
11JET1 K9A GEN X 12 614

RETE=ST LOA7A
I7JET] KIA GEN X 12 ¢/4

NASA 8A-201 ACE H-5402 LAST UPDATE 06/17/71 PAGE «l

NBOD

3.5
3.0
3.4

AF7ER

F-f

WHEEL
ADSRA ADIA DELSF+ DELSF- ROT HIURS I+ k=
LM 10.
- 642 4.0 215 642
- 5.3 6.7
- 5.2 T.6

LAUNCH TODWER S0 Ck E «/GEHT7A VG
-5/ 7.7

i0 ADOA

1023-14=37




68

NBD IN MERU

ADSRA IN MERU 7 G

ADIA IN MERU - G

G &N614, LM 10, IMU 12, APOLLO IRIG 8A201, X AXIS

o
<+
CDDT TCP-K-0007
COMP VALUE=3.2
ey
o — gt I — =t —f- -
g
3 o}
o -2 g9 0
<+ @ x [ 1]
i P 8n f
o d F
o g.!; «
£ 20 a
£ 7 <}
3 n
o
<
o :Et=—+——=r:‘¥¢44:¢L:=+¢¢i4—{
H\Lﬂ/&———-—ﬂ—ﬂ—r—
CDDT TCP-K-0007
COMP VALUE= -6
o
<
1
> -
<
L
e = CDDT TCP-K-0007
4 o COMP VALUE-= 5
o%-ﬁ%a—o—#ﬂ/ﬁ%—i
9 1 s ailasiia: 4 I s 4 $ 4 A l s 4
tTOIN[D[J[FIMIAIMIJTIJA]SIOIN]D [JTFIMJAIM]ITITA]
1969 1970 1971

Drift Plotted By Time
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NASA
ACC

4DE69

DATE

140C69
140C69
140C 69
170C69
200C69
210C69
240C69
240C69
280C69
280C69
280C69
280C69
310Ce69
3NO69
3NO69
3NC69
SNO69
S5NO69
5N069
6N0O69
6N0O69
6N069
4DE69
SDE69
170k69
1L7DE69
170E69
18DE69
22DE69
22DE69
Z0MR 70
20MR 70
23MRT0
23MR 70
24JET0
24JET0
24JETO
25JET0
1JL70
6JL 70
BSET0
9SETO
11SET70
24NUTO
25N0T70
YEETL
9FET1

NASA B8A-203 ACE H-5405

TEMP MAX THERM SUS sus XFR AVG SD WH
SENS SO R CAP SG CAP TG FUNC ROT RDT HRS

0.9 683.4 0505 i63 5.3 412

TST IMU  GEN WHEEL
LIC TYP ASSN SYS NBD ADSRA ADIA DELSF+ DELSF- RDT HIURS
A&5 CSS Cc119
A45 CSS (- 1%.1) 0.6) 7.0) c121
SG 84,7¢ 68.8y 547 TG 53.49 679, 83.5
A45 CSS (- 14.1) (= 1.0) 4.3) 166
A&4 CSS (- 11.2) (- O0.l) ( l.4) 164
A44 CSS 166
COMP SELECT
A45 CSS - 2649 - 144 165
COMP VERIF
A45 CSS - 308 - 263
DEMO T/F = 1192
A45 CSS - 2713 - 161 150
vis IA ALIGN = ¢l.4&
A45 CAL - 2.0 4.l 4.6
A45 CA2 - 2+% 3.5 4e6 - 366 - 147
A45 CA3 - 24 3.4 4.9 164
A45 CB1 - 2.6 3.1 5.3
A45 CB2 - 2ol 3.5 4.0 - 308 - 120
A45 CB3 - 2.0 3.4 5.2 169
A45 CC1 - 2.7 3.6 1.7
A4S CC2 - leo4 3.5 2.2 - 280 - 59
A45 CC3 - 1.9 2.9 2.9 160
ACC & M/0 TO 0814
UNIT ASSIGNED TO IMU 12Y REPLACING 4C-5.
AQT SPO Y 12 - 0.6 - Get
AOT SPO Y 12 = le4 2.1 c117
NO FLUID TRANSIENTS IN GRAVITY TRANSIENT TEST.
AO7 SPO Y 12 e 3 350
AQ7 SPO Y 12 2.5 - 1.0
AO7 SPO Y 12 0.6 l.6
AQ5 SPO Y 12 cl23
A0S SPO Y 12 Cl2e
AQ5 SPO Y 12 5.1 - 4,8
AQ5 SPO Y 12 3.2 0.6 240 474
AO7 SPO Y 12 = 0.5 - 1.8
AQ7 SPO Y 12 - 0.3 = 069
AQ7 SPO Y 12 - 1.0 3.2
AQ7 SPO Y 12 - 0.5 - 0.9 94 461
NO FLUID TRANSIENTS DETECTED ODURING GRAVITY TRANSIENT TEST.
AQ7 SPO Y 12
AO7 GEN Y 12 616 - 10 209
AO7 GEN Y 12 616 1.0 3.9
AOQ7 GEN Y 12 616 - 1le.3 5.9 - 2.4
AQ7 GEN Y 12 616 S4 369
AO7 GEN Y 12 616 = 345 47 - 59
AO0S SPO Y 12 - 0.6 = 1e9
AO05 SPO Y 12 - 1.0 3.4 Cc125

LAST UPDATE

THERM PAD XFR BIAS
SG TG RES

412

498

548

643

06/17/71 PAGE

TRQE RES

+

I+

84.999
85.000

84.999
84.998
84.9%9

84.999

85,014

85.015

85.016

84.998
84,998

84.998

84.997

84.998

84.998

44

10 ADDA

8.7

7.9
6. 6

8.3

T.7

0.7

0.9

0.7

1023-14-39
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NASA B8A-203

TST IMU GEN
DATE LJIC TYP ASSN SYS NBD ADSRA

L1FE71 AO5 SPO Y 12

11MR71 IMU S/N 12 SHIPPED FROM DELCO/MKE TO KSC.

12MRT1 IMU 12 GEN 614 INSTALLED IN LM 10.

1TMRT1 KJIB GEN Y 12 614 0.3 3.0
L7MRT1 ADIAY POSITION 8
L9MYT71 K9A GEN Y 12 614 - 1la7 5.0
19MY71 ADIAY POSITION 8
11JET1 K9A GEN Y 12 614 - 26 6.7

11JET1 ADIAY POSITION 8

RETEST pa;A AFTER AUV CH
ITIE7/ APA G y /2 6/# - ./ =,
JRTET AXAY fDS/T104° 8 ’

ACE H-5405 LAST UPDATE 06/17/71 PAGE 45
WHEEL
ADIA DELSF+ DELSF- RDT HOURS I+ - 10 ADOA
340 561 85.016
- 2.2 320 595 1.
. 5.0
- 1.2 0.9
0.4
- 1.0 1.0
- 0.l
TOWER STRUNA S8 LlGHTVNG
-z.2 2.9
0.0

1023-14-40
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ADSRA IN MERU - G NBD IN MERU

ADIA IN MERU - G

G &N614, LM 10, IMU 12, APOLLO IRIG 8A203, Y AXIS

+

CDDT TCP-K-0007

COMP VALUE=-0.7

:
E 9)

a =0 g
o :
1 ] =0
& B £3 z
+ a L:S 5

g i 5

a 3 "

& 2

bt : CDDT TCP-K-0007

< B COMP VALUE- 4
o) T8 + 4 Wﬁ*%ﬁ“ﬂ
o
<+
1
O _
<
o S S  — —— S S S S */i*,&z:f:gi:f ey

1 CDDT TCP-K-0007
4 COMP VALUE-= -2
2 4 i i i G i 4 l 4 4 2 . 4 - i . y { 4 l > . -
[ N[D JJF[M]A[M[JIJLA[SIOTN[D JrF[MJ’ArM[JLJ A]
1970 1971

Drift Plotted By Time
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NASA
ACC

3NO69

DATE

80C69
80C69
80C69
130C69
150Ce9
170Cé69
210C69
210Ce69
220C69
220C69
230Ce69
230C69
230C69
240Ce69
240C69
240C69
270C69
270C69
270C69
2750C69
290C69
290C69
3ND 69
SDE69
170E69
170€69
18DE69
220E69
22DE69
20MR 70
20MKk TO
23MR 70
23MR 70
24JETO
25JE70
1JL70
6JL 70
8SET0
9SETO
11SE70
24N0T0
25N0 70
10FETL
10FET1
11FETL
11MR 71
12MRT71

TEMP MAX THERM SUS Sus XFR AvG SO WH THERM PAD XFR BIAS
SENS S R CAP SG CAP TG FUNC ROT RDT HRS SG TG RES R
1.3 692.7 L0475 176 3.2 447
TST IMU  GEN WHEEL
LIC TYP ASSN SYS NBD ADSRA ADIA DELSF+ DELSF- RODT HOURS
A45 CSS cl18
A4S CSS ( 8.8) ( 1.2) (- 1.8) Cl2e
SG 79.8, 6T.4y 53.5 TG 55.2¢ 6648, 82.9
A&5 CSS { 10.0) ( 0.0) (- 0.2) 178
A45 CSS 178
A43 CSS 10.9) (= 1.0) (- 2.3) 178
COMP SELECT
A43 CSS - 287 = 117 174
COMP VERIF
A43 CSS - 328 - 199
DENO T/F = 1275
A43 CSS - 314 175
vis IA ALIGN = —0.5
A43 Cal 1.2 0.0 3.9
A43 CA2 0.8 - 0.3 3.2 - 604 458
A43 CA3 0.8 = 0.4 7.8 171
A43 CB1 - 1.0 - 1.0 6.7
A&3 CB2 - 1.0 = 0.6 5.3 - 539 - 263
A43 CB3 - 0.9 = 0.6 5.3 182
A43 CcCl - 1.0 - 1.0 6.8
A&3 CC2 - 0.5 - 0e5 53 =~ 473 - 154
cc3 = le3 - 0.6 7.0 173 447
ACC €& M/0 TO o8l
UNIT ASSIGNED TO IMU L2Z REPLACING 5C-13.
AOT SPO Z 12 0.4 55 c125
ND FLUID TRANSIENTS IN GRAVITY TRANSIENT TEST.
AQO7 SPD Z 12 - 0.l = le8 - 576 - 494
AOT SPO Z 12 1.0 249
AQ7 SPO Z 12 - 0.3 - let 532
AO5 SPO Z 12 c127
AQ5 SPO Z 12 cl129
AOS SPO Z 12 2.2 1.7
A0S SPO Z 12 0.7 = 05 - 207 - 260 582
AOT SPO Z 12 0.8 3.9
AOT SPD Z 12 0.5 - 3.8 - 184 - 250
NO FLUID TRANSIENTS DETVECTED DURING GRAVITY TRANSIENT TEST.
AOT SPO Z 12 677
AQ7 GE&N Z 12 el6 - 401 - 381
AO7 GEN Z 12 616 1.2 - b 8.0
AOT GEN Z 12 616 0.6 - 2.0 8.3
AO7 GEN Z 12 616 - 221 = 185
AQO7 GEN Z 12 6l6 2.1 0.7 5.3
AODS5 SPO Z 12 - 0.9 3.7
A0S SPO Z 12 - le2 = 5.6 c129
A0S SPO Z 12 = 93 40
IMU S/N 12 SHIPPED FROM DELCO/MKE TO KSC.
IMU 12 GEN 614 INSTALLED IN LM 10.

NASA 8A-202

ACE

H-5403

LAST UPDATE

06/17/171

TRQE RES

* -

I+ I-
85.009 85.009
85.012 85.01¢
85.005 85.006
85,010 85.01C
85.011 85.011
85.012 85.012
85.016
85.014
85.018
85.017

PAGE

“2

10 ADOA

1.8

1.9

3.3

“.9

3.0

1.7
Ge.3
0.5
0.2
0.2 5
0.7

1023-14-42




NASA 8A-202 ACE H-5403 LAST UPDATE 06/17/71 PAGE 43

| TST IMU GEN WHEEL
| DATE LJIC TYP ASSN SYS NBD ADSRA ADIA DELSF+ DELSF- RDT HIURS I+ i- ID ADOA
L7TMR71 KOB GEN Z 12 614 le6 = 3.4 5.5 - 80 - 19 0.7
19MY71 K9A GEN Z 12 614 1.3 - 4.8 9.2 0.5
11JE71 K9A GEN Z 12 614 0.8 - 4.9 9.0 0.5
RETE ST OA7A AF7ER LAvw/crs Zos STRE CK B oI ANG
ITEET AP GEA' Z 12 614 2.7 - R 5.2 o5

¥6

1023-14-43




NBD IN MERU

O

N\
>
4
L
5
Z
<
@
]
a
<

ADIA IN MERU -7 G

40

0
]

-40

G & N 614, LM 10, IMU 12, APOLLO IRIG 8A202, Z AXIS

Acceptance Data at DELCO

it ifFimiAtmiItI tATSTo N D

CDDT TCP-K-0007
COMP VALUE=1.4

= —1¢r=+='=~|==r——*#‘:v:+"—“%‘»-¢,ﬂ=ﬂq-——¢=’b#t-ﬁl —+—

System Check and G&N
Data at DELCO

S/C Data at KSC

—g— @
CDDT TCP-K-0007
COMP VALUE- -4

CDDT TCP-K-0007
COMP VALUE=17

< O

1969

1970
Drift Plotted By Time




96

LATE
300:z65

MOD
N
Cle .

14AP66
15AP66
L6APGS
17AP6o
17AP66
25AP6S6
12MY66
19MY b6
19MY66
28JE6G
29JE66
29JE66
29JE 66
oJLo6b6
65tk 6s
8SE&6
225E66
23SE66
245E66
295E66
295E66
29SE66
29StES
255E66
29SE66
29SE6E
265E0b
29SL 66
100C66
227Co00
220066
240C66
230C¢&0
19NV o6
12JA67
CFEGT
erts?
6FEART
TrE67
IFELT
SFE6T
22FEET
YMR6T
L3MP 6T
3IMROT
5AP67
13APb7

TST 1My
LUC TYP ASSN
S48 ACL
C3 Ce
00348 .00348
A48 1EA
A48 T&A
A48 [6GA
A48 FST 2 6

NA SA 2aP-172

SPERRY

G&N DELTA 16 NULL

S¥S SF 81 AS 8
- 39
RS R6 k1L

96425 103,75 140.72

- 132

R10= 14,0 TURNS FRUM CW LIMIT
ASSN TMU S/N1l,X IN GEN 605

RMV & ASSN IMU S/N12,X IN LEM SPARE 1,

ALT SPR X 12 10 0,02

Al7 SPR LSIX AFTER ADJUSTMENT
AlT SPO X 12 30 (VAT
Al7 SPO X 12 83 Qo7
Al7 SPO X 12 124 Qo4
Al7 SPU X 1z 170 Ot &
ALlT SAL X 1¢

IMU 12 ASSN TO G&N 603 TC RPL IMU 6
G20 GEN X 12 603 - 212 «40
G20 GEN X 12 603 - 1986 Qe 6
G2C G&N X 12 603 - 210 Oeb2
2C GEN X 12 603 = 211 0450
G20 GEN X 12 o03 - 160 0e61
G20 GEN X 12 5C3 =i 233 0e50
G20 GEN X 12 603 - 129 Va5
G20 GEN X 12 - 114 O.47
G290 G&N X 12 - 225 0.45
G20 GEN X 12 - 90 0.48
G20 G&N X 12 - 303 Dol
G20 GEN X 12 - 8l Oe%5
G20 GEN X 12 - 278 Cet 1
G20 GE&N X 12 ¢03 - 138 0.46
G20 GEN X 12 603 - 383 Ne49
G20 GEN x 12 603 - 46 0.48
G20 GEN X 12 03 - 2C0 057
520 G&MN X 12 603 - 181 Ceb1
G20 G&N X 12 603 - 187 52

IMU 12 ENTEKED LEM SPAKE 1
AQ8 SAL X 12 (
ACB SAL x 12 (
AQ8 SAL X 12 (
A08 SCK X 12 - 20C ohb
AJ8 SAL X 12 (
A03 SAL « 12 (
A1T7 SAL X 12 (
AQB SAL X 12 (
ACb SCK x 12 - 397 asd
G20 SLK x 12 - 19% +32
G20 GE&N X 12 605 - 135 36
G20 SAL X 12 (

103077-2

Ias
0.0

K12

) 29.209

0.20

0.J06

Oet7
Vet7
D.46
0.62

0.33 =

-

D B S

RUT -AL-WOB
ANGL E

R13

wN S

RPL 3Y 2AP=196

18

1e

2¢

24

LAST UPDATL

TORQ MON
CURRENT

41,2753

43,2577

43,2287

43,2362
©3.2353

43,2000

43,2377
43,2324
43.2336

4342341
43.2348
43,2240
4342342
43,2340
“3,2336
43,2344
43.2324
&©3,2320

43,2354
63,0332

©3.2318

LJ
HI
H1

L3
L
L9
HI
H1
HI1

06/17/71 PaGE

BuUS
BUS
BuUS

8uUS
BUS
BUS
RUS
AUS
EXV

79

1023-14-45




L6

DATE

29MY6T

1Je67
0lJE67
0l1JE6T

LJE67
0lJE6T
08JE67T
08JE6T

8JE6T
0BJEGT
13Au67
28AULT

5SE67
170Ce7
25AP68

TMY68

T™Y68
22MY68
22MYo8
29MY68

L1JA69
13JA69
13JA69

13JA69
L4JABY
23JA69

3FE6S
LTFES9
L9FE69
10AP69
30JE69
25AU69

160069
16UL69
170C69
210C69
210069
L8UE 69
190t 69
24MR T0O
24MR 70
254t 70
29JET0
SSETO
115670
258370
Lire 71
12FETL
1OMRT1
L7MR 71

NA SA 2AP-172 SPERRY 103077-2
IST IMU  GEN DELTA 16 NULL RUT =AL-W0b

LOC TYP ASSN SYS SF BI AS glas ANGL E
AOB SCx X 12 - 268 54 -1
A0B SCK X 12 = 34 ( 4.20) ( &.30)
AQ8 SCk X 12 0 ( 4.25) ( 4.25)

AOB SCK LS1X BEFORE ADJUSTMENT
AQ8 SCK Xx 12 0 ( l.56)

ACB8 SCK LS1X AFTER ADJUSTMENT
AOB SCK X 12 - 160 (-0.8s8) (-0.88)

AOB8 SCK LSIX BEFORE AUJUSTMENT
A08 SCK X 12 0 «00 - <03

AO8 SCK LS1IX AFTER ADJUSTMENT
AOB SPU X 12 - 313 «03 - o0&
AO7 GEN X 12 605 - 311 -0.05
G16 GEN X 12 605 - 322 -0.02
GSC GEN X 12 605 - 476 ~0.25
AQ8 SPR X 12 - 560 -0.02 0.02
AO08 SPT X 12 - 580 O.l6 0.04
AQ8 SAL X 12 ( 0.16) 264 34

UNIT SHIPPED TO GAEC
IMU S/N 12 INSTALLED IN GEN 627
620 G&N X 12 607 - 649 0.22
IMU S/N 12 » RETURNED TU AC MKE
Al7 SPR X 12 ( 2646) ( 0.38) ( 0.33)
AlT SCK X 12 ( 2938) ( 0.32) ( 0.32)
THE ABUVE 2 RUNS MADE WITH PIP IN CAUSSED STATE OUE
OPERATION IN C/M LGCOP. REF, AFR 22015

AlT SCK x 12 = 318 =029 -0.35

AlT SCK X 12 - 116 =0.25 -0.20

AlT7 SPO Xx 12 - 305 -0.01 =0.05

AOB SAL X 12 ( 0.21) 0 28
IMU S/N 12 SHIPPED TQ KSC

K1l SCK X 12 - 402 =0.l8 -G.20

K1l SCk X 12 - 526 =0.10 =G.l1

K1l SCK x 12 - 550 O.13 0.08

K1l SCK x 12 - 588 =0.10 -0.13
IMU S/N 12 RETURNED TO AC/MKE

AQS5 SPU X 12 - 634 =0.15 -0.17

RAN E0O 3596- NULL COINCIDENCE CHECK
A0S SAL X 1« ( 1.54) - o L 1
BIAS ACJUSTED TO ¢1.5 PLUS OR MINUS D.1

A0S SPU X 12 - 513 1.60 | IR

AO7 SPU x 12 - 637 l.66 l.6t

AQT7 SAL Xx 12 ( 1.58) ) 38
AQ5 SPO X 12 - 854 1.82 1.30

AO5 SAL x 12 ( 1.32) 13 36
ACT SPD X 1/ - 84l le69 1.70

ACT SAL x 12 ( 1.49) 20 38
AQ7 GEN x 12 olo - 761 159

AQT GEN X 12 ol» - 765 1.60

AQCT G&N X lz 6ln - 82% 1465

ACS5 SAL X 1< { 1.72) = 11 LX)
no5 SPJ X 17 - 768 le52 1.72

IMU=12 SHIPPED TO KSC FOR LM=16 [asTablal ION
KUB GEN X 12 614 = '938 165

MAX o
TRANS,

T0

UellE

LAST UPLATF G&/17/71 PACE

TOQ MUN
CURKENT

63,2342
43,2331

43,2324
43,2351

43,2328
43,2326
43,2325

43023458
43,2334
43,2324
4502312

43.23106

43.2336
43,2323

4342315

4342320

“3.2320

268
(VIR

71

1023-14-46




NA SA CAP-1T72 SPERRY 103077-2 LAST UPDATE C0e/17/71 PAGE L4

TSI IMU GEN  DELTA 16 NULL  ROT=AL-WOB MAX. TNRQ MO
UATE LOC TYP ASSN SYS SF 6l as B1AS ANGLE  TRANS. CUKRENT
19MY71 K9A GEN X 12 616 - 914 1.76
L1JET1 K9A GEN X 12 614 - 912 le70
o RETESF GFA AETER LALak A TTOHER STRUCK 43 LA TANAG
ITIET] KP4 Ggrok 12 504 —Jog /73

86

1023-14-47
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10T

NA SA 24P=1T71

SPERRY

108077-2

LAST UPDATE 06/17/71 PAGE 6d

TST IMU GEN DELTA 16 NULL ROT -AL-WOB MAX. TORQ MON

DATE  LOC TYP ASSN  SYS SF BIAS BIAS ANGL E TRANS, CURRENT
28DEES S46 ACL - 16l 0. 4l 43472
NOD c3 C4 Ro R1l R12 R13 Rls

NO

Clée .00348 .00348 98,75 101425 140,725 19.473

L3AP GG A48 A - 25 5

15AP66 A48 €A 39 21

L6AP 66 A48 FST 57 0,05 - 15 20 43,3629
L6APGS R7= 11,75 TURNS FROUM CW LIMIT R10= 15.5) TJURNS FRGOM LW LINT

loAP 66 ZAP=1T71 ASSN TO IMU S/N 11, VY

L2MY 66 RMY & ASSN ImMU S/N 12 v

L9MY66 ALT SPR Y 12 - 22 0,00 D.02 43,3365
LSMY 66 Al7 SPR LSLY AFTER ADJUSTHMENT

29JE66 ALT SPU Y 12 TC 0.51 0.52
24JE66 ALT SPU Y 12 90 0.50 069

29JE66 ALT SPO Y 12 133 0.51 0.53

29JE66 ALT SPO Y 12 160 0.52 V.53

TILob ALT SAL Y 12 0.8 - 26 23

8SE66 G20 GEN Y 12 o003 T2 36

8SEL6 IMU S/N 12 ASSN TO GEN 602
225E66 G20 GEN Y 12 603 66 04606 43,2000
235666 G20 GEN Y 12 603 1 0.50 43,3458
24SE66 G20 GEN Y 12 603 71 0,68 43,4404
295E66 G20 GEN Y 12 603 43 0,42 43,3414
29566 G20 GEN Y 1¢ 603 54 Cebb
295t66 G20 GEN Y 12 603 96 Geb5 42,3423
295666 G20 GEN Y 12 69 0.606 43,3425
29SE66 G20 GEN Y 12 86 Oet3 43,3625
295E66 G20 GLN Y 12 al Oebo 4343427
29SE66 G20 GEN Y 12 107 0465 43,3419
295€66 G20 GEN Y 12 84 0.50 “3,3419
29SEE6 G20 GEN Y 12 115 046 43,3422
L0UCe6 G20 GEN Y 12 603 67 [N 4 43,3404
220C66 20 GEN Y 12 603 80 Oe9 4343405
264UC66 G20 GEN Y 12 603 93 Gee9 43,3415
ZB0CL6 G20 GEN Y 12 603 - 86 Cel 7 43,3418
L5NUGs6 G20 GEN Y 12 603 - 20 76

10DE66 L20 GLN Y 12 oC3 ] T8

12JAa67 IMU S/N 12 ASSIGNED TO LM/se 1

TFEGT AO8 SAL Y 12 ( 0.67) - 23 25

TFEL7 AQ8 SCK Y 12 77 0.3 De?) CERRTY S
23FtsT ALT SAL Y 12 ( De57) - 23 24

10MKk67 AO8 SAL Y 12 { 0.58) - 21 3

13MR6T ALT SCK Y 12 - 80 hé 0o h

J1MkeT 20 SAL Y 12 t 0.57) - 2¢ 24

3JIMRET G20 LK Y 12 - 38 28 «5%

SAP6T G20 GLEY Y 12 60> - 11 71

29MYoT7 A(C8 SCK Y 1< 57

1Jeo? ACGE SCK Y 12 250 ( 4.30) ( 4437)

1Jee7 ACR SCK Y l¢ ( 4.54)

1JE67 ADE SCK Y 12 200 ( le7 1)

“Jr-67 AOB SCK Y 12 130 (= +496) (= .359)

L) BUS
M1 BUS
K1 3us

L) BUS
LD BUS
LJ BUS
HI BUS
HI BUS
Hl BUS

UGS
ADJ

ADJ

1023-14-49




¢c0t1

DATE

8JEOT
12AU67
13AU67
28AULT
5SE67
1L70Ce7
25AP68
T™MY68
TMY68
22MY68
22mYos
29M Y68

11JA69
13469

13JA69
13JA69
14JA69
23JA69
3FE69
3FE6Y
LTFE69
19FE69
10AP 69
30J€E69
25AU69

170C69
170C 69
170C 69
21C69
210C69
180E69
19Dt 69
24MRT0
25MR 70
26JETO
29JET70
9SET0
11S€70
25NGTO
11FETL
15FETL
10MR 71
LTMRT1
19MYTL
11JET1

TST

NA SA 2AP-171

IMU  GEN

LOC TYP ASSN SYS

AQ0B SLK Y 12 2
IMU S/N 12 Y JENTERED GEN 605

408
AQ7
Gle
GSC
AQ8
AQ8
AQ8

UNIT SHIPPED TO GA:C

SPD
GEN
GEN
GEN
SPR
SPO
SAL

12
12 605
12 605
12 605
12
12
12

< << << <<

VE

LTA
SF

-

297
253
271
478
449
316

SPEKRY 103077-2
16 NULL RUT -aL=-w08
BIAS BIAS ANGLE
- «01 «J1
- ol3 - il
-CeU5
0.02
0e15
CelS 015
Qe25 De25
{ 0.28) =~ 32 22

IMU S/N 12 INSTALLED IN G&N 607
G20 GEN Y 12 607
IMU S/N 12 , RETURNED TG AC MKE

ALT SPR Y 12

Al7
Al7
AlT7
AL7
AO8
AQ8

Kll

A0S
AQ7
A07
A0S
AO5
AO7
AOQ7
AQ7
AOQ7
A Q7
A0S
A05

K 9A

SCK Y 12 ( 0.48)
SCK ¥ 12 18 0425 0.28
SCK vy 12 - 61 0e22 De24
SPO Y 12 - 186 0.13 0.09
SAL Y 12 ( Vel5)
SAL Y 12
IMy S/N 12 SHIPPED TO KSC
SCK Y 12 - 274 0423 0.23
K1l SCK Y 12 - 483 0.27 D24
X1l SCK ¥ 12 - 527 C.38 0.34
K1l SCk vy 12 - 608 0.26 0.25
IMU S/N 12 RETURNED TU AC/MKE
AOS SPT Y 12 - 661 0.31 0.33
RAN £G 3596- NULL COINCIDENCE CHECLK
AQ5 SAL Y 12 ( 1.38)
BIAS ADJUSTED TO #1.5 PLUS OR NMINUS De.l
SPn Y 12 - 4932 1.40 l.40
SPG Y 12 - 514 le34 1e33
SaL Y 12 ( 1.30)
SPO Y 12 - 588 1e24 1.28
SAL Y 12 ( 1.33)
SPO v 12 - 673 1.3¢6 l.33
SAL Y 12 t L1e23)
GEN Y 12 616 - 629 le31
GEN ¥ 12 616 - 593 1.35
GEN Y 12 61% - 675 137
SAL Y 12 { leo)
SPY Y 12 - 79% 1.02 let3
IMU-12 SHIPPEL TO KSC FNR LM=1C INSTALLATION
KUB GEN Y 12 6le - 8595 1.37
GEN Y 12 614 - 852 l1e¢5
KCA GEN Y 12 614 - 737 led

337

0.35

{ 3934) ( 0.52) ( 0.50)
THE ABUVE RUN MAD: WITH PIP IN GAUSSED STATE LUE
OPERATION IN C/M LLOP.

RETEST [47A AF7TER
V17 TEZ A9 GV Y /é‘ ¢/

REF. AFR 22)1»

LAUNC,

- 834 /43

o7

37

31

1t

23

21

T0

15
20

19

19

18

17

18

MAX o
TRANS.

0.05

LAST UPUATE

TURQ MUN
CURRENT

€3.3380
43.3374

43,3330

43.3360
4343366
43.3368

43,3364
43.3362
43,3341

43,3352

43,3378
4343365

43,3368

43.3376

43.3366

O ~ ’ » ’
’/V TowER SIRUCA B LIiGHTNV AG

06/17/71 PAGE

69

1023-14-50




= ]
| m » (| =
DS 1' 'led D/S S 9 I
m 1" - o
n B —
"= L
o~
< -
£ > ]
= & -
22 m
0O1dd IE EIE( s N
NR®D pue eBje(] Mooy walsig = =
———
]
W ==}
e -
[
> 1 =
~ DS 1e eied ¥O9yD wWolsAs L % —
~ = TR
o L —
S e = ] o
[« 1€ BlE(] ¥Oo W0}SAS
- oo1aa ed MoayD WolSsAS — .._H
o B . ] ()
= TTUTTT T O a
YD 1e eje &L ] oo
o AV 13 1ed N®D el % —
= ===
O 1 oz
o OD1Hd 1' BlRd NO9UD WISAY - o
< ] oz
o =
D0VD 1e ejed N¥®D | )
- — <C
M — Gl
— i o s — E
o OOTHQ e B1ed NFD 22U WOISAS 1 S =
—~ 'O iy
= DUVD IE e1ed N¥D PUE JooU) Wo}sk - — ] i
< rd
N OD717d 1e Bled }oayD WalsAS g ]
< — n 2 ]
e —
= DHVD 1e Bljed NB®D .
o m ) R B == %
© 0DT1dd e 63 ] o~
B1B( Yooy walsig —
i Upuajsnl e Enl e
+ H% 3 .m< mg&@.m 1 —+- t —t —t

2000 “"‘I
1600
1200

-2000

<

= § ° § 8 § 8




= o I —
mL .. g H m
HE I 08y 1 'Ed O/ [ &
o T 2 T -
A, T -
A e
W = I ]
b o+ -
D M —— U
a¥e) + o
2 T 00130 3e eled — S
T  N®D pue eied yoay) weisks [
S b ol ——
S ¢l o3 paisnlpe seid-=é T =
< I =
- T — 2
] >
- + DS 1 ele( ¥oayD welsds || ~
~ + | i
o T ] =
= I H =
> 1 0D14d 1e ered ooy, wolsAs || >
<C 1 - e}
P e e S R R B S G - | D
= T = a
+ DUV 1e Bjed N®D [ oo =
= T -+— O o
= I - M S =
O -+ o) 0=
T T 0D71ud 1e eied 3oay) walsdg [ wn
< ‘s — 2
2.. N (aa]
1 = ———
= &T DAVD e eied N¥D [ -4
= — =
3 "/ OD'1dd 1e =
= @ eled N®D pue ¥oay) Emw.,.m,\»m -
= DAVO 1' Bled N¥D Mooy) walsis [
| me— -— ]
- 0O1Hd 1e Bled YoayD wolsAs [
S =
= DAVD 1e 'ed N®D [
= — 8
< - A e R
OD1HJ 1B 'ied ¥2ayD waj}sAg -
e - T JUSWISHIpY 94059d [
T 4 iid _\ T |
J3S /WI

'4




GoT

DATE

25JA87
20APLT
21AP6T
264APBT
LOMYeT
29MY617

23667

2JE6T
02JE67
L2AU67
12Aue7
13aU67
2BAULT

SSEoT
170Ce67
25AP68

TMYLR

TMYSH
22MY68
22MY68
29MY68

11JA69
13JA69
13JA69
13JA69
1«JA69
23JA69

AFE69

3FEE9
L7FE69
17FE69
10APSY
IvJE69
25AU6%

L70C 69
170C 69
1700 6%
21C0C 69
210C6Y9
19Dtk o9y
1501 09
24MR 70
2«MR TC
26JE 70
29JETO
¢SETO
115t 70
25N TV
() W 2 |
1SFET
LoMF T

N& SA 2AP-292 SPERRY 103077-4
IST IMU GEN DELTA 16 NuLL ROT -AL-wWUB
LUC TYP ASSN  SYS SF Bl AS 8lAS
S42 ACC - 104 UeJdO
A48 1EA 2
A48 1EA 12
A3 IEA 11
A48 FST 21 ~0.0¢ -0.01 11
AO8 SPR Z 12 340 - <36 - 29
AOB8 SPR [/ 12 ( 588) ( <07) ( .0«)
AQB SPR Z 12 - 20 - «01 - «02
AOR SPR LS1Z AFTER AUJUSTMENT
AO8 SPT L 12 = 559 - 0% - 06
AO08 SPO Z 12 - 5643 - oD% «JO
AQs SPC 2 12 = 531 - «00 .01
AOT7 GEN Z 12 605M2 - 517 -N.21
Gl6 GEN Z 12 605M = 600 -0el0
GSC GEN Z 12 609%M2 - 755 ~0.21
AQ8 SPR Z 12 - 8§58 0402 0.70
AQR SPU ¢ 1Z - 798 —0al7 -0.15
AQ8 SAL Z 12 (-0.16) - 5&
UNIT SHIPPED TO GAEC
IMU S/N 12 INSTALLED IN GE&N 0I7
G20 GuN Z 12 6017 - 801 -0.lb

IMU S/N 12

» RETURNED TO AC ME

ANGL E

MAX .
TRANS.

ALT SPR Z 12 ( 1578) ( Ce36) ( Da%4)
THE ABOV: RUN WAS MADE WITH PIP IN GAUSSEU STATE DUE TO
OPERATIUN IN C/M LLCOP. Rtk AFR 22017
AlT SCK ¢ 12 - 379 -0.09 =0.05
Al7 SCK Z 12 ~ 385 0e22 0.d%
Al17 SPO Z 12 - 582 -0.02 -0.22
AQf SAL Z 1< (-0,0%) - 93
A0B SAL L 1< (-0.35) = 97
IMU S/N l¢ SHIPPED TO KSC
XK1l SCx Z 12 - 666 0.0 O.11
xil SCx 2 12 - 903 C.l2 0.10
K11 SCr Z 12 - 938 Qo6 0ed2
Kil SCK Z 12 - 35l Cedv UelO
IMU S/N 12 RETURNED TO AC/MKE
AGCS SPD 7 12 -1068 Oell 0.17
KAN FU 3596= NULL COINCIUDENCE CHECK
ACS SAL Z 1¢ ( 1.48) - 8%
GIAS AUJUSTED TO ¢#le5 PLUS Uk MINUS DJ.l
AQS SP 2 12 - 898 1.38 l.40
AOT SPUL Z 12 -10c2 1637 1.37
AQT SAL ¢ 12 £ 1:3%0 = 9%
ACS SPU Z 14 -1 1959 l1.348 le61l
A0S SAL Z 12 ¢ 1.37) = w2
AQCT SPO I 1< -1204 lel% le3d 0.06
AQT SAL I 1« t 1.600) = 93
AQT GEN Z 12 blé -1177 l.50
ACT oEN £ 12 ¢1le =1145¢ 1'e32
AQT GEN 72 12 olb =1273 lass
“05 SAL (¢ i< { 1%} = W
405 SPU 2 ¢ =122 lelo 1.37 Uel6
IMU-12 SHIPPEDL TG KSC FOR LM=10 INSTALLAT IUN

TORQ MUN

CURRENT

41,6711

43,5604
©3.5599

©3.5593

43.55%4%
©3.5598
43.5599

43,5560
43,5590
43.%56
€3+5572

43,5600

43,5605
43,007

43,5537

43.5301

©3,5594

LAST UPDATE 06/17/71 PAGE

DsS
ADJ

cl
D2
D3

1023-14-52




NA SA 2AP-292 SPERRY 1J3077-4 LAST UPDATE 06/17/71 PACGE 1°7

TST INMU  GuN UELTA 16 NULL ROT~AL-W0UB MAX, T03Q MON
DATE LOC TYP 4SSN SYS SF 81As 81AS ANGLE  TRANS. CURKENT
LTMRTL KIB GEN Z 12 6l4 ~1290 leb2
ISMYT1 K9A GEN Z 12 &l4 -1383 162
11JE71 K9A GEN Z 12 6l4 -1339 142 =
RETES T~ PATA AFFER LALA/CH 7TomeER STRYCK By L/EHTAAG
ITIE] KA GEN 7 12614 — /387 1.4/

90T

1023-14-53
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STANDARD DEVIATION (lo) OF THE IRIG AND PIPA
PARAMETER UNCERTAINTIES USED FOR
MISSION PERFORMANCE SUMMARY
(IRIGs Drifts Corrected for ADOA)

LM 10, IMU S/N 12

PARAMETER

IMU Axis X Y Z
PIPAs

Data Compilation Period

(9/29/170 - 5/19/171)

Accelerometer Bias (cm/secz) 0.06 0.04 0.05
Scale Factor (ppm)

1) Sigma (ppm) 34 19 25

2) Slope (ppm/month) -21 -36 -24

3) Linear Correlation -0. 868 -0.984 -0. 939
IRIGs

Data Compilation Period
(9/8/70 - 5/19/11)

Bias Drift (MERU) 1.1 1.3 1.8
ADSRA (MERU/g) 1.3 1.0

ADIA (MERU/g) 2.8 1.7

(12/17/71 - 5/19/71)

ADOA (MERU/g) 0.3 0.2 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
PERFORMANCE COMPENSATIONS

PARAMETER

IMU Axis X b2 Z
PIPAs 9

Accelerometer Bias (cm/sec”) +1. 70 +1, 41 +1, 42
Scale Factor (MSF/SF ppm) -980 -990 -1430
IRIGs

Bias Drift (MERU) *3 .2 -0. 7 +1. 4
ADSRA (MERU/g) =5 +4 -4
ADIA (MERU/g) +5 -2 +7
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Dictionary of Terms

ACC Acceptance of Data

ACD After Cooldown

ACE A.C. Electronics

ADJ Adjusted

ADOA Acceleration Sensitive Drift Due to Acceleration along the OA
BCSW Binary Current Switch

BIA Bias Adjusted

BUSS High, Low, or Nominal Direct Current Test
CDN Post Cooldown

CQL Component Qualification

CRQ Component Requalification

CRR Retest After MUMET Cap and/or Resistor Changes
CRT Retest Data

CSS Short Servo Test

CVR Component Verification

DGI Degaussed IRIG

DGS Degaussed

F/F Float Freedom

FST Final Stability

GAL Guidance & Navigation PIPA Alignment
G&N Guidance & Navigation System Measurement
GP Gaussed PIPAs

HBS Hi Bus Voltage

I&A Inspection and Acceptance

ISS Inertial Sub-system Data

KSC Kennedy Space Center

LBS Lo Bus Voltage

MW Milliwatt

NAR North American Rockwell

NBS Nominal Bus Voltage

00S Out of Spec

RDT 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 Design Reference Mission as developed by the Apollo
Mission Planning Task Force (AMPTF). (Reference GAEC Report Volume III -
LED-540-12, dated 30 October 1964).

The accompanying diagrams present the power drawn through the 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 mentioned above) are actual expected levels of power
at 28.0 VDC. They are based on measured values on G&N systems 207 and 208 for
the Block II Command Module and G&N systems 608, 600, and LM learner for the
LM. No margin factor has been applied to protect against possible differences
between G&N systems and spacecrafts. Thus, these values should not be taken as

"not to exceed' extremes.

The following Interface Control Documents serve as the guidelines for

reporting power figures.

CM Block II MHO01-01327-216 "G&N Electrical Input Power'' signed 15 July 1965.

LM LLIS-390-10002 "PGNCS Prime Power Requirements and Character-
istics'' signed 30 July 1965.
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LUNAR MODULE GUIDANCE & NAVIGATION LOAD ON PRIMARY +28 VDC

BASED UPON 106.M12 HOURS (4.42 DAY | UNAR LANDING MISNION
DESIGN REFERENCE MISSTON STATLS OCTORER 1967

IMU STANDRY SW 61,95
CM BUS 1586W HOURS

RIFERINCE GAEC REPORT - LED 540-12, 30 OCTOBER 1964
APOLLO MISSION PLANNING TASK FORCE

—t
|
|
|
|
|
| 22.1W IMU ON
LM BUS 963W HOURS o 201w My orr 'V IMU
i TEMPERATURE CONTROL
COMPUTER OPERATE SW 15.24%
O e —
56w M
1856W HOURS (2) o e GUIDANCE COMPUTER
COMPUTER SWITCH ) 11.6W
31.29%
12.4W IMU MICROSYN
EXCITATION
FINE ALIGN SWITCH 0.28%
16.2W INERTIAL SUBSYSTEM
1211W HOURS J AND ECDU
IMU OPERATE SW & A7 200W
20@W HOURS o o2 0W HEATERS ON AOT HEATERS
387
1I5VAC _ 400CPS RETICLF DIMMER |_9VDC MAX L 9w AOT RETICLE
ASSEMBLY 5.6K7 11" UMINATION L AMP
GAEC 115VAC _400CPS GALC DIMMER Oto 115V _400CPS o 2.0W DSKY KEYBOARD
CONTROLLFD AC CONTROL 75VAC NOM 15.24% EL" LAMPS
(—/;—- POWER SOURCE
" 0.1Wg COMPUTER CONTROL
INTEGRAL “EL
GAEC DIMMER | 2VDC MAX_ 400PS 5 W DSKY
CONTROL 1P STATUS/CAUTION LAMPS
LEGEND NOTES

t CALCULATED POWER
f FSTIMATED POWER
M MEASURED POWER
TOTALS
403.8W ALL SYSTEMS OPFRATE MODE
\_ 4232W HOURS TOTAL MISSION M BUS

*ZRVDC PRIMARY | M BUS

\_ 183W HOURS + 2KVDC PRIMARY | M BUS

+28VDC PRIMARY CM BUS
1586W HOURS TOTAL MISSION CM BUS

24.1W IMU HEATER ON PRIMARY CM BUS

Figure A-1
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)

ASSUME IMU MICROSYN EXCITATION POWERED BY
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CONSUMED ONLY DURING IMU OPERATE AND AT
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MIT ASSUMES 100% £Ft ICIENCY FOR ALL GAEC
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BLOCK II GUIDANCE & NAVIGATION LOAD ON PRIMARY +28 VDC COMMAND MODULE

REFERENCE GAEC REPORT - LED 540-12, 30 OCTOBER 1964
APOLLO MISSION PLANNING TASK FORCE

BASED UPON 1985 HOURS (827 DAY) LUNAR ORBIT MISSION

DESIGN REFERENCE MISSION STATUS OCTOBER 1967

Figure A-2
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SWITCH  28.87%
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10B6W HOURS oo Ml OPTICAL SUBSYSTEM
OPTICS OPERATE SW 6.00%
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IMU OPERATE SWITCH 28.55%
(APOLIO 15 100% ) 3.5Wg
o] - MASTER ALARM LAMP
NAA SWITCH
85WE | CAUTION'WARNING
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2YDL - STAR ACQUIRED LAMP
RETICLE DIMMER
POWER SUPPLY
115VAC _400CPS ow|z~ ;?;JA t 1.8We OUA MECH
P READOUT ILLUMINATION
0to 5VDC 2.4Wg OUA RETICLE
=3 ILLUMINATION LAMPS
NAA [
2.0
s CONTROLLED AC 3 HEAT DISSIPATION
POWER SOURCE
@)
NAA “EL" INTEGRAL DISPLAYS
115VAC 400CPS DIMMER
CONTROL 010 115VAC_TSVAC NOM 2.0 DSKY KEYBOARD
400 CPS ELT LAMPS
NAA DIMMER 5VAC MAX 400 CPS Iwe DSKY
CONTROL 10% STATUS'CAUTION LIGHTS
TOTALS : LEGEND: NOTFS
© 397W ALL SYSTEMS OPERATING C CALCULATED POWER (1) REVISED (23 JUNF 1971)
® 24527TW HOURS TOTAL MISSION E ESTIMATED POWER iMU HEATERS
EXCEPT EYEPIECE HEATERS, M MEASURED POWER 20.0W IMUJ ON, 0G 3t
MASTER ALARM LAMP, AND 22, 0W IMU OFF, 06
400 CPS POWER 33.0W IMI OFF, 16
+28VDC PRIMARY CM BUS MICROSYN EXCIT. I3W
\_ NOT DETERM INED +28VDC PRIMARY CM BUS (20 MIT ASSUMES 100 °k FFiI€ ENGY 1R
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