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MISSION SL.-3 (AS 207/CM 117/IMU 31)
G&N ERROR ANALYSIS

(SKYLAB 3)

ABSTRACT

This document presents data on G&N system performance and operation for
the CM. For data on the effects of Block II and of measured CM IMU test data
deviation uncertainties on earth orbit insertion indication uncertainties and on
deorbit burn and reeniry uncertainties, the reader is referred to E-2760, the

G&N error analysis report for Skylab-2.

by: 5.B. Helfant
July 1973
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GYRO DRIFT. TEST FPOSITIONS

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 s0uUTH
¥ WEST
Z DOWN

NBDX-ADOAX

X EAST
Y SOUTH
Z DOWN

+NBDY+ADSRAY

+NBDZ+ADIAZ

X WEST
Y UF
Z NORTH

+NBDZ-ADSRAZ

B*

X 80UTH
Y DOWN
Z EAST

+NBDX+ADSRAX

-NBDY+ADIAY

X NORTH
Y UP-WEST
Z UP-EAST

-NBDX+{ADSRAX/VE)

X EAST
Y UP-NORTH
Z UpP-50UTH

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

X UP-EAST
Y UP-WEST
Z SOUTH

-NBDZ+{ADSRAZ /2)

10

X UP-NORTH
Y UP-S0OUTH
Z EAST

(NBDY-NBDX)/VZ
+{ADIAY-ADIAX)/2
+ADSRAX /2

11

X NORTH
Y WEST
Z Up

-NBDX-ADOAX

12

X UP
Y SOUTH
Z EAST

+NBDY+ADOAY

13

X TUP
Y EAST
Z NORTH

+NBDZ+ADOAZ

"Positions 5 and & are lab test only.




Failure rates used were obtained, for the most part, from observed Apollo field
Each reported failure was analyzed with respect
to its likelihood of ocecurrence in flight and the impact on the Mission should such
The result was to count only those reported failures which could -
occur in flight and which would degrade the Mission, should they oceur.
Assembly the failure data was insufficient to form a meaningful statistic; therefore,

and flight experience of the PGNS,

failure occur.

SKYLAB 3
G&N MISSION RELIABILITY ANALYSIS

the originally estimated failure rate was used.

For the D&C

" MISSION

FAILURE
MODE RATE DURATION At
SUBSYSTEM (time/cycles) | { Ax105) |(hrs or cycles)| e~
AGC Operate 19,2 37 . 58928
: Calendar 2.8 1346 . 98624
Envirn. 30.9 .45 . 99998
On JOff 238.1 2 . 99952
DSKY Operate 1.4 37 . 99999
Calendar .9 1346 . 99098
Envirn. 122, 9 .45 . 99999
On/Off 1190.5 2 . 39999
IMU CDU#* Operate 20,2 37 . 99825
Calendar 2.4 1348 . 99677
Envirn, 62.5 .45 . 999897
On [Off 1666. 6 2 . 99667
IMU Operate 94.1 37 . 99652
Calendar 2.6 1346 . 99851
Envirn. . 18,5 .45 . 99999
On /Off 142.9 2 . 99871
IMU Electronics Operate 8.4 37 . 99969
(PSA) Calendar 21,2 1346 . 99839
Envirn. L18.5 .45 . 99999
On/Off 714,3 2 . D9RA7
Optics Assembly Operate 118.3 37 . 995860
Calendar 1.8 1346 . 38758
Envirn, 18,5 . .45 . 99999
On/Off -238.1 .2 . 99052
Optics Electronics Operate 17. 2 37 . 99336
Calendar T.1 1346 . 99049
Envirn. 18.5 .45 . 99909
On/Off 142.9 2 . 99971

*#*Considers parallel redundancy (1-{1-e

**Includes CM Optics CDU

G&N MISSION RELIABILITY
CM -

. 859488

"




Xgm

“xy [A OA PRA
axy X PIPA +XSM +ZSM 'YSM

*Yon | Zem | TEsm

*Zoym | "Esm | “Ysm

P
-

-4-"‘-' -

yx

vz

PIPA Misalignments from Ideal Stable Member Axes

{Angle in Sed)

Term CM-TMU 31
QXY +24

Oy o 0

QYZ -18

QYX -16

QZX -19

DEFINITION OF POSITIVE SENSE
PIPA INPUT-AXIS MISALIGNMENTS
with respect to
IDEAL STABLE MEMBER AXES




Gimbal Axis Orthogonality Errors and Quter Gimbal Misalighment from Casemount-
ing Axes

{Angle in S’;é)
Term

CM-IMU 31
‘A -18
‘MGA . -2
FLY L
€ -

FLZ 8

DEFINITION OF POSITIVE SENSE
GIMBAL AXIS ORTHOGONALITY
and
OUTER GIMBAL ALIGNMENT
with respect to
CASE MOUNTING ALIGNMENT



Xam A OA SRA
X IRIG +XSM +ZSM "YSM
Y IRIG +YSM +XSM 'ZSM
Z IRIG _ZSM +XSM -YSM

IRIG ORIENTATION

Yaum

kA

IRIG Misalignments from Ideal Siable Member Axes

{Angle in S,;:\:)

Term CM-IMU 31
PXY -34

7 +12

.}’YZ +22

}’YX +5

f’ZX -81

FZY +23

Rlock II G&N _
DEFINITION OF POSITIVE SENSE
IRIG INPUT-AXIS MISALIGNMENTS
with respect to
IDEAL STABLE MEMBER AXES




IRIGs

X = 8A211
Y = 8A212
Z = BAZ10

IMU S/N 31
AS207/CM 117/G&N 221

PIPAs

X = 2AP82R
Y = 2AP264R
Z = 2AP91R



10D E69
10D E69
11DE&9
23DE6Y
29D B569
30D E69
123470
121870
153270
153410
16JA70
1911270
133470
23IA70
263770
263470
263470
27IA70
2731270
273870
297470
293470
291470
293A70
311270
3I1IAT0
313470
2F £70
2FE70
2FET0
IFET0
18%R70
311 R70
30apP70
30AB70
1MY70
44Y70
447170
174070
1R 070
188 1170
288070
250070
268070
265070
308070
9DET0
53A71

NASA 8A-211

85.001

85.001

85.000

85.008

85.004

85.008

85.008

85.009

85.019

85.020

85.013

TST IMO GEN WHEEL
LOC TYP ASSN SYS NED ADSRA ADIA DELSF+ DELSP- RDT HOURS
A5 CSS Cc128
A45 CSS { 1.1} (- 0.8)( 1.8) : c131
56 82.1, 67.8, 53.0 TG¢ 55.5, 67.8, BS5,.1
A43 Cs55 ( 1%.2) (- 2.8){- 6.4) 195
A43 Css ( 1.2y (- 3.7{- 1.1 192
AG3 css 190
Conp SELECT )
A44 CSS _ 48 109 196
COMP VERIF / R4 E RS REFEVERSED , RESOLDERED £ REVERIFIED
A44 csSs 193
ALY CSS 110 184 198
DEMO T/F = 1193
Alug CsS 93 177 193
VIB IA ALIGN = -1.1 ,
a4y cat 0.4 - u.4 - 8.4
ALY CA2 1.1 - 4,4 -~ 9.4 327 433
AlY4 CaA3 0.7 - 4.8 - 8.1 195
A4L CB1 0.4 - 4.1 - 7.9
Ak4 CBZ2 0.8 - 4.5 - 8,8 441 276
A4y CB3 0.1 - 4.5 - 7.8 195
A43 CC2 0.2 - 4,5 - 4,9 42y 339
A43 cCc3 0.0 - 4,7 - 5.6 188
C SEBVO VOID 2 TINES ( 2-1-70 ARCC. DATA ) OTHER REPF, ONLY
A4l cc1 - 0.1 - 4,9 - 5,0
Al3 cC2 - 0.1 - 4.9 - 5,0 379 437
A43 Cc3 0.4 - 5.3 - 4.4 . 196
a43 cc1 = 0.4 - 4,9 - 3,6
Ay3 Ccc2 - 0,4 4.4 - 4,7 us3 4hy
AUl ccC3 0.0 - 4,9 - 5.2 190 514
ACC, & M/0 TO 0814
ONIT ASSIGNWNED TO IMU 29 X POSITION. REPLACES 7C-199.
520
A03 sSpPO X 29 - 0.3 0.1
R03 S5PO X 29 - 0.8 - 7.1 c131 547
A03 sSPO X 29 207 507
203 SPO X 29 - 0.0 0.1
403 SPO X 29 - 0.8 - 7.1 616
AD3 5PO Y 29 - 0.7 0.6
A03 SPO ¥ 29 - 0.5 -~ 6.8
AQ3 SPO X 29 340 547 685
NO FLUID TRANSIENTS DETECTED DURING GRAVITY TRANSIENT TEST.
715
A03 SPO X 29 - 2.9 3.9
AQ3 SPO X 29 - .90 - B.B c134
AD3 SPO X 29 216 317
804
INO S/K 29 SHYPPED FRONM DEL/MKE TO KSC.
IAT S/¥ 29 SHIPPED FROM ESC TO DELCO/MKE,

3FEM

85.003

85.004

85.003
85,010
85.005

B5.008

85.008

85.009

10.8

11.4

1.3

10.5

10.4



DATE
18FPET1
19PE
21IFEMM
26FEM

AYR71

41771

SMYT1

64771
12917
1MmMY7i
16JE71

9071
25007
254071
26A 1171
3tao
225871

62C71
263CT

Uja72
1ar E72
29F E72
28%R72
14AP72
1A P72
16APT2
17ap72
2TaP72
243872
24YE72

INOT2

9NO072
150072
158072
178072
118072
18%072
200072
289 R73
2BM4RT73

nr73
120 P73
304P73
16%Y73
4IE73
183 E73

NASA Ba-211

T5T TMD GEN
LOC TYP ASSN SYS NBD ADSEA
A03 5PO X 29 - 2.8
A0l SPO X 29

AO01 SPO X 29 - Lo
AOY SPO X 29 - 2.5
AO1 SPO X 29

N0 PLUID TRANSIENTS DETECTED DURING

- 10.6

ADIA

- - -

3.9

GRAVITY

IND S/K 29 SHIPPED FROM DEL/#KE TO KSC
INU 29 SHIPPED FROM KSC To DELCO/MKE.

A01 SPO X 29 - 1.5
A01 SPO X 29 - W5 - 12.3
ADY sSPo T 29

IMO 29 SHIPPED FROM DEICO/MEKRZ TO KSC.

KOB GENW X 29 216 = 2.0 - 1.6
KOB G&EN X 29 218 - 2.4 - 11.0
K9h GEN X 29 216 - 2.0 = 11.8
K9A GEN X 29 216 - 1.3 - 10.86
K9A GEN X 29 216 - 1.7 - 10.7
K92 GEW X 29 - 1.8 - 10.6

PRE~LAUNCH COMPENSATIONS: NBD 1,1

A01 SPO X 29 - 3.0
OURIT RFNOVED PROM IMU-29,

DNIT ASSIGNED TO INY-31%, X-POS. REPLACES

SRS SPO X 3% - 0.8
5B8% SPoC X 31 - 1.3
SB5 SPO X 31 = 1.1 - 7.1
NO PLUID TRAMSIENTS DETECTED DURING
SB5 SPO X 11 - 3.8
SB5 S5PO X 31 - 4.3 - .%.9

TMU-31 SHIPPED FRONM DELCO TO KSC.
INSTALLED IN CH=-117 AT KSC.

KOR GEN X 31 221 = 4.5 - B.0
EOB GEN X 31 221 - 2.3 - 7.9
K9B GEN X 31 22 - 3.6 - 6.7

1

»

0
7
5
9

[= 3 - Jhe - Q]

8.5
10.1

DELSF+ DELSYF-

294

o

TRANSIENT TEST.

350

- 19 -
70 -

ADSRA -11,0 ADIRA
IN0-29 GEN-216 CH-113 LAURCHED APOLLO 16,
KBD COMPENSATION UPDATE = -1.17 AT 30 HRS,
Ing-29 GEN-216 CH=-113 RECOVERED APOLLO 16.

06 MIN. GET
8.7
817
3x-013.
9.7 7
10.0

GRAYITY TRANSIENT TEST

9.9

12.9
13.18
11.6

265

172
204

534

561 C140

45
150

8.0

617

273

480

28
255

WHZIEL

RDT HOUORS I+

B L Lk R L L L L

c133

C133

c11
c131

969
871

85.01

972

85.013
1072

1249

85.003

85.006

1898
85.005

1967

. » ]
Q& MV S -

1
Q0 Qoo

* 4

00
* s »
888



G&N 221, CM 117, MU 31, APOLLD IRIG 8AZ11, X AXIS
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DATE
6IATD
71470
EAR WA
137070
16TA70
163270
2BJA70
283 A70
283IA70
283n70
293170
293470
2911270
31370
311470
313470
2FET0
2ZPETO
2P ET0
ur E7T0
YFEJ0
aF €70
10PE7O
184R70
31MR70
J0APTO
300 P70
MY70
59Y70
549770
178070
TR T70
18A 070
248070
250070
26N070
2070
3oNO70
9D ETO
51A71
3FET
19F E7%
197 ET1
2WWEM
22FEMNM
26r =71
gMRr7T1
S51Y71
54Y71
61Y71

NASA Br-212

TST INMU GEN WHEEL
LOC TYP RASSN SYS NRD RDSRA ADTA DELSF+ DELSF- PDT HONRS
Ady CSS C134
ALu CSS ( €. 8) (= 1.0y(~ 1.00 c131
S 84.5, 70.2, 59.3 TG S6.9, 70.3, BO.R REF H5421
A4y CsS { 7.7 (- 3.2y(- 0.7 18¢
RU5 CSS { T - 3.2)({(~ 0.7 184
ALS CSS 187
COMP SELECT
ALS CSS - 294 290 176
COMP VERIF
A4S CSs - 218 122
DEMO T/P = 1223
AQlS Css - 239 321 178
VIB IA ALIGN = +1,0
A45 CM - 0.9 - 8.0 = 1.6
A8S caz2 - 1.1 - 8.0 - 2.3 = 249 642
AU5 CB1 0'0 - al 3 - 2-“
A45 ca2 - 0.2 - 8,3 - 2,3 - 28 6§39
A4S CB3 0.4 - T.7T = 1.5 188
A45 CC1 - 0.1 - 8.5 = 2.0
AGS CC2 - 0.1 = 8.4 - 2.3 - 180 471
A4S CC3 - 0.8 - 9.0 - 1.4 187 697
ACC, & n/0 TO 0814
ONIT ASSIGNED TO INMD 29 Y POSITION. REPLACES T7A-198,
704
203 SPO Y 29 0.7 - 10.7 c133 730
A03 SPC Y 29 - 50 6584
203 SPO Y 29 - 1.5 - 4,5
A03 SPO Y 29 - 1.0 - 10.6 795
AD3 SPC Y 29 - 2.4 - 1.4
AD3 SPO Y 29 127 T84 869
NO PLUID TRANSTENTS DETECTED DURING GRAVITY TRAWSIENT TEST.
898
A03 sSPO Y 29 - 3.6 - 0.1 c130
A03 SPO Y 29 - 1.6 - 10.4
AD3 SPO Y 29 227 194
988
INY S/N 29 SHIPPED FROM DEL/MKE TD KSC.
IMU S/N 29 SHIPPED FROM KSC TO DELCO/MKE.
403 SPO Y 29 - L5 - 10.6
AG3 SPO Y 29 C135
AQ03 SPO Y 29 273 951
1053
1055
A01 SPO Y 29 0.1 - 3.9
ADY SPO Y 29 .5 - 13,5
a0Y SPO Y 29 343 955

Py4.997
B4.997

84,997

84,998

84,998

B84.597

85.018

85.019

BS5.012

85.020

B4,%96
BY4,.996

84,996

84.996

B4,996

8u4.999

ID

6.3

ADDA
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DATE

129 Y71
1Y N
163ET
L RINA]
2540
25071
260071
31a0M
225N
63CT1
e
262cM
260CT
4JA72
4iavT?2
T14FE72
14FPET2
29FE72
28mR72
2BYR72
14ap?72
14AP72
184 P72
16AP72
1AP72
27aP72
2UTIET2
24JE72
95072
IN072
158072
158072
170072
1TMmMo72
188072
200072
298 RT3
29%R73
33P73
128P73
30aP73
164773
164Y71
43E73
43E73
18I E73
1BIE73

NASRE 8p-212

TST INU G&N WHEEL
LOC TYP ASSN sSYS W BD ADSRA ADIA DELSP+ DELSF- RDT HOURS I+ I~ ID
85.010
NO FLUID TRANSIERTS DETECTED DURING GRAVITY TRANSIENT TEST.
1155
IAC S/N 29 SHIPPED FROM DEL/MKE TO K5C
IMO 29 SHIPPED PROM ESC TO DELCO/WMKE.
A01 SpO Y 29 - 0.6 0.2
A0t sSPO Y 29 - 0.3 - 13.0 C134
ADY SPO Y 29 47y 985 C139 85.018
1256
INU 29 SHIPPED PROM DELICO/MEE TO KSC.
KOB GEN ¥ 29 216 0.1 - 15.1 - 5.0 B8 755
ADIAY POSITION 8 - 10.8
KOB GEN Y 29 216 0.3 - 15,0 - €.6 36 640
ADIAY POSITION 8 - 1.6
K92 GEN Y 29 216 0.1 - 13.3 - 8.2
ADIAY POSITION 8 - 1.5
K94 GEN Y 29 216 - 2.0 - 11,3 - &.8
ADIAY POSITIOR 8 - 3.5
' 1432
K98 GEN Y 29 216 0.7 - 13.1 - 8.8
ADIAY POSITION B - 7.0
K94 GEN Y 29 - Q0.1 - 13.4 - 4,7
ADIAY POSITION 8 - 6.4
PRE~LAUNCH COMPENSATIONS: WBD -0.4 ADSRA =-14.0 ADIA -7.0
IND=-29 GER-216 CM-113 LAUNCHED APOLLO 16,
NBD COMPENSATICN UPDATE = -0.13 AT 30 HRS. 06 MIN, GET
IND-29 GEN-216 CK-113 RECOVERED APOLLO 16.
AQ1 SPO Y 29 - 0.5 - 1.1
A01 SPO Y 29 - 0.0 o= 12.8 oy 1152 85.004
UNIT REMCYED FROM ImNU-29%.
ONIT ASSIGNED TO IMO-31, Y-POS. REPLACES 93-012.
S5B5 SPO Y 31 2.5 0.3 150 694 85.006
SBS SPO Y 31 2,9 - 12,6 c1137
SBS SPO Y 31 2.0 0.9
SB5 SPO Y 31 3.0 - 13.0
NO FLUID TRANSIENTS DETECTED DURING GRAVITY TRANSIENT TEST
2071
SBS SPO Y 31 0.9 - 0.1 350 1070 C128 85.005
SB5 SPO Y 31 c.8 - 13.0 €133 ’
IMU-31 SHIPPED FROM DEICO TO KSC,
INSTALLED IN CM-117 AT XSC.
2150
KOB GEN ¥ 31 221 1.1 - 12.9 - 3.8 148 293
ADTAY POSITION 8 - 5.6
KOB GEN Y 21 221 2,1 - 13.2 - 2.2 124 1124
ADIAY POSITION B -6.2
K9B GEN Y 31 221 - 0.4 - 12.6 - 6.3
ADIAY POSITION 8 -4.9
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(Flown in Apollo 16)

$/C Data at KSC

P——B\&a/‘a—’g\ss—%——ﬁﬁr.—wA_e—m-

COMP
VAL UE=-13

lllllHlllJ)III]]lIIlIIIIlJIIJ;lJI_III
"ttt

M |
-ttt

1979 1971

1972 | 1973

DRIFT PLOTTED BY TIME

12



g1 .

DATE

3DE6Y
BDEGY
4D E6Y9
5D E69
S5DEGS
5DE69
10D E69
16D E69
17TDE69
2Z1DE&9

-21DE69

22DE69
22D E69
22D E69
220269
22DER®
22DE6Y
220E69
22DE69
2D E69
27D EE9
27D EGD
29D E69
29DE69
290 E69

7IRT0
181R70
314 R70
30aP70

myY70
. 54Y70

5%9Y70
174070
170070
182070
248070
258070
268070
27070
2Mmo70
308070
9D E70
53471
3FET
19FET
19F BT
21IFET
22FEMM
26FET
84 R71

NASA BA=210

85.010
85.010

85,009

A5.011

B85.012

85.00u4

85.018

85.020

85.010

85.019

TST InU GEN WHEEL
LoC TYP ASSN sSYS N BD ADSRA ADIA DELSF+ DELSF- RDT HOURS
A45 CSsS c122
A4S C55 { 36.0) (- 1.8)({( 2.0y c19
56 86.4, 67,3, 50.32 TG 50,5, 67.4, 87.3 REF A5418
AUS CsS { 35.8) (- T.5)( 2.6) €122
3 SERVO RERUN WITH CW¥ VALUE AT 0.0493 - STILL 00S
Al45 C5S { 34.6) {- 0.8){ 3.6} c122
Al41 CSS ( 36.1) (- 1.9 ¢ 2.0) 177
Al41 CsSs { 34,4 (- 1.4y ¢ 3,2) 179
A41 CsS 180
COMP SELECT
A83 CSs 44 146 173
COMP VERIF
AB3 Cs55 13 105
BENMO T/F = 1182.6
Au3 €SS - 114 88 177
¥vIn IA ALIGN = -1,15
R43 A1 0.9 0.6 2.0
AUl CA2 1.0 - 0.3 0.9 37 263
A43 CA3 1.8 0.6 1.0 1711
Ayl ca1 1.8 0.8 4.0
A3 CB2 2.0 1.2 3.4 93 379
A43 CB3 1.8 0.8 3.8 175
ata CC 2.9 1.2 2.8
AUl CC2 3.1 1.2 2.6 = 21 215
AlUS cC3 2.1 1.1 4.9 180 &9y
ACC ON WAIVER C1276
ONIT ASSIGHED TO INU 29 2 POSITIOR. REPLACES 7C-180,
501
A03 spPo Z 29 0.6 6.9 c124 527
AD3 spo Z 2¢ 0.2 1.0 150 - 184
A03 spO Z 29 - 0.3 5.7
303 sPO Z 29 - 0.4 1.1 597
103 s5PO Z 29 0.7 10.7
A03 SPO Z 29 0.7 - 2.9
A03 SPO Z 2% 240 - 140 666
NO FLUID TRANSIENTS DETECTED DORING GRAVITY TRANSIENT TEST.
' 696
403 sPO z 29 c127
A03 5PO Z 29 0.7 12.9
AQ3 s5P0 Z 29 150 - 150
785
In0D S/F 29 SHIPPED FROM DEL/MKE TD KSC,
IMNO S/N 29 SHIPPED FROM KS5C TO DELCO/MEE,
A03 SO 2 29 - 0.7 12.13
403 5P T 29 - 0,7 - 1.t
R03 s5PO Z 29 C126
403 sPO Z 29 350 - 83
350
852

85.010
85.010
B5.009

85.0M
85.012

85.006

16.5
16,2

17.0
16.6

W, 7

15.3

14.9

14.8



1

DA TE
54 Y71
S4Y71
6M Y71

129771

1771

163ET1
98 U71

25A0M

268171

278071

ERIN A

223871
63C71

263CT1
51472

14P E72
29F E72
284R72

143 P72

141 P72

164P 72

17272

27AP72

24JE72
247E72
9H 072
9H 072

158072

158072

17072

170072

185072

200072

29MR73

299R73
3 P73

124973

300973

161Y73
4IE73

18JE73

NASA BA-21D

TST THO GEN
LOC TYP ASS5H SY5 NEBD ADSRA ADIA
A01 SPO Z 29 - Q.4 6.9
AQ1 sP0O Z 29 - 0.6 1.8
201 SPO Z 29

NO PLUID TRANSIENTS DETECTFD DNBRING GRAVITY

IM0 S/8 29 SHIPPED FROM DEL/MKE TO KSC

IMO 29 SHIPPED FROM KSC TO DELCO/MKE.

A0t SPO Z 29 - 0,9 T.4
A01 SPO Z 29 - 1.2 - 4.9

AQ1 SPO Z 29

IM0 29 SHIPPED FRON DEICO/MKE TO KSC,

KOB GEN Z 29 216 - 13 - 5.1 11.0
KOR GEN Z 29 216 - 1.7 - 5.7 1.4
K9A GEN Z 29 216 - 1.3 - 5.0 14.1
K9A GEN Z 29 216 - 2.7 - 5.0 15.5
K92 GEN Z 29 216 - 2.1 - 5.4 16.1
K9A GEN Z 29 - 2.8 = 5.0 18,3
PRE-LAUNCH COMPENSATIONS: WBD -1.7 ADSRA
IMU-29 GEN-216 CM-113 LAUNCHED APOLLO 16.
NBD COMPENSATICN UPDATE = -2,45 AT 30 HRS.
IMU-29 GEN-216 CM-113 RECOVERED APOLLO 16.
A0t SPO Z 29 - 2.8 13,3
A0Y 5P0 Z 29 - 2.9 - 4,7

UNIT REMQVED FROM INU-29.

UNIT ASSIGHED TO INU-31, Z-P0OS. REPLACES 9
sB5 SPC Zz 31 - 0.2 11,2
SB5 sSPC Z 31 - 0.3 - 0.4
SB5 SPO Z 31 - 0.5 11.5
5B5 SPO Z 31 - 0.8 - 0.5

NOQ FLUID TRANSIENTS DETECTED DURING

SB5S SPO Z 31 - W7 12.0
SBS SPO Z 31 - 2.0 - 3.8

IMO-31 SHIPPED FRONM DEICO TO KSC.

ITNSTALLED IN CM-117 AT KSC.

ROB GEN Z 371 221 - 0.5 - 8.0 18.8
EOB GEN 2 31 221 - 1.0 - 7.5 19.7
K9B GEW Z 31 221 - 1.4 - 7.5 21.0

DELSF+ DELSF-

340 -

TRANSIENT TEST.

140

uo? 7
- 17 = 535
- 83 - 534
-5.0 BADIA 14.0
06 MIN. GET
461 - 83
a-011.
60 - 351

339 -

- 19 -
158 -

GRAVITY TRANSIENT TEST

165

4ug
427

WH3EEL

BRDT HOURS I+

A e e E e ke b e o

c125
c27

c124

c126
c128

952

85.013
1051

1230

B5.003

85.003

1869
85.007

1947

OO0
L]
BB

o0
L)
-

D0
. 5w
NN E



GE&N 221, CM 117, IMU 31, APOLLO IR1G BAZ10, Z AXIS
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NASHK 2AP-82%R

TST TINU GEN DELTA 16 RULL  ROT=-AL-WOB
DATE TOC TYP ASSN SYS SF BIAS  BIAS ANGLE
UNTT INTERNALLY REPAIRED, REBUILT TO PB/N 2001730-2
1IDE68 S42 ACC - 65 0.00
REPAIRED UNIT DELIVERED T0O AC-MKE
24069 204 PST 119 0.12 -~ b 8
21P69 NNIT ASSIGNED TO IMU S/N 31X
164P69 ADS SPO X 31 ( 2) {-0.11) (~0.14)
17AP69 205 SPO X 31 - 6 =0.01 =-0.02
17aP69 AFTER DEGAUSSING & ADJUSTHMENT
214 P69 A05 SPO X 31 - 33 0.03 ~9.01
224969 A0S SAL X 31 (-0.03) 17 29
IND S/F 31 SHYPPED TO NE
6TE69 NO2 GEN X 31 218 - 140  0.17
IMU S/N 31 SHIPPED TO AC-HKE
263E6% A03 SPO X 31 - 157 0.2t 0.21
265869 RAN EO 3596- NULL COINCIDENCE CHECK

31 { 0.23)y 11 26
31 - 25 0,29 0.29
31 { 0.24) 3 33
31 - 293 0.29 0.28

26369 A03 SAL
177 E70 201 SPO
18FET0C AO0T SAL
2BAP72 A03 SPO

Wobg G bed Deg Dt B e Bt
(")
-

24772 203 SAL ¥ 31 { 0.25) 2 26
6IE72 AO1 GEN X 31 213 - 351 0,130
169072 SB5 SPO X 31 - 33 0,26 0.26

169072 SB5 SAL X 31 ( 0.28) 3 32
221R73 SBS SPO X 31 - 265 0.14 0.20
274R73 SB5 SAL X 31 { 0.234) 0 24

28%R73 BAN EO 3700~-PIPA ROLL RESOLUTION TEST
3AP73 INU-21 SHIPPED FROM DELCO TO ESC.
12AP73 INSTALLED IN CH-117 AT KSC.

16MY731 KOB GEN X 31 221 - 315 0. 19

43E73 ROB GEN X 31 221 -~ 252 0.u0
18JE73 K9SB GEN X 131 221 - 289 0.35

TRANS.

-

D.02

TORQ HONW
CURRENT

105.,6074

105.5872
105.5838

105.58138

105.5760

105.58650
105.5660

105.569¢6

105.5672



DELTA SF/ SF IN PPM

G&N 221, CM 117, IMU 31, APOLLO PIPA ZAP82R, X AXIS
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N4SA 2AP-264R

TST 1IN GEN DELTA 1G NULL ROT=-AL-W0OB TORQ HMOX

DATE LAC TYP ASSN 3YS SF BIAS BIAS ANGLE TRANS. CURRENT
UNIT INTFRNALLY REPAIRED, REBDILT TO P/N 2001730-2

307C68 S42 ACC - 8t 0.00 0.06 103.1200
REPAIRED UNIT DRLIVERED TD AC-MKE

25F E69 1a4L FST 21 =0.07 - & - &

1Y RAINTLLING PROBLENS ENCOUNTERED DORBING PRA DOWN
J1MR49PERFORMED OPEN LOOP NULIING & TRANSIEBNT TEST - IN SPEC
2AP6K9 UNIT ASSIGNED TO IND S/N 31%

163 P69 AOS SPO ¥ 31 ( 118) (-0.51 (-0.u48) 103.1580
TTAP569 A0S SPO Y 31 - 27 =-0.02 0.03 103.1398
17A P69 APTER DEGAUSSING E& ADJUSTHMENT
210P6% A0S SPO Y 3% - 84 ¢.06 0.10 103,7410
2220769 A05 SAL Y 31 { 0.0y - 15 - 13
IM0 S/ 31 SHIPPED TO NFR

6JE69 NO2 GEN ¥ 371 218 - 225 =-0.1%6

6YE69 NO2 GEN ¥ 31 218 - 19% ~-0.17

6T E69 NO2 GEN Y 31 218 - 201 =-0.16

IMO S/N 31 SHIPPED TO AC-MKE

15JL69 AD3 SCK ¥ 31 .44

153L69 RUN EO 3596, Y PIP NULI COINCIDENCE CHECK

177L69 EO 3596. HNUOLL COINCIDENCE CHECK

1BIL69 A03 SCK Y 31 0.43

265E6% RAN ED 3596~ NULIL COINCIDENCE CHECK
263E69 TRESELECTED NULL COINCIDENCE RESISTORS.

113C69 A03 SAL ¥ 31 ( 2.15) -~ 25 = 17

133CH9 AFTER ADJUSTMENT

133069 203 SPO Y 31 - 42 -0.02 -0.07 103, 1380
143C69 A03 SPO Y 31 - 55 =-0.04 -0.09 . 103.1370
17FE70 201 SPO ¥ 31 - 164 0.07 0.02 103. 1380
18FE70 A01 SAL Y 31 { 0.01) - 25 =~ 13

284P72 A03 SPO Y 31 - 239 0.26 0.18 0.05 103.1384
24772 A03 SAL ¥ 31 { 0.60) - 20 - 14

94772 R03 SPO Y 31 - 245 0,84 0.80 103, 1292
9%Y72 103 SPO Y 31 - 190 0.59 0.57 0.03 103.1364

o e e g e e G ) ed e G ] R ] RS
[#¥)
—h
]

101Y72 203 SPO 187 0.60 0.54 103,1219
6YE72 A01 G&N 31 213 - 220 0.42

169072 SRS SPO 31 - 364 0.72 0.67 0.03 103.1380
16MD72 SB5 SAL 31 { 0.69) - 24 - 16

224R7T3 SBS SPO n - 370 0.21 0.17 103.1380
22MR73 SRS 5PO N - 377 0.21 0.16 103. 1365
22%R73 SBE SPO 31 - 402 0.14 0.09 0.04 103.1311
27TYR73 SBS 5AL 31 { 0.13) ~ 18 - 16

2BMR73 RAW T0 3700~PIPA NULL RESOLUTION TFST
3 p73 1MU-31 SHIPPED FROM DELCO TO KSC.
12AP73 INSTALLED IW CM-117 AT RSC.
1e4Y73 ROB GEN ¥ 31 227 - 452 0.06
BIET3 KOB GENW Y 31 221 - 418 C.04
T8IE73 X988 GEN ¥ 31 221 - 460 0.01



0, 01

G&N 221, CM 117, IMU 31, APOLLO PIPA 2AP264R , Y AXIS
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NASA 2AP-31R

TST IMG GEY DESLTA IG NOLL
DATE LOT TYP ASSN SYS ST BIAS  BIAS
MNIT INTERNALLY PEPATRED, REBUILT TO P/N
12DE68 SU2 ACC 172 0.00
EEPAIRED UNIT DELIVERED TO AC-MKE
23t1R69 ALl FST - 42 -0,02
24P69 UNIT ASSIGNED TO INU S/N 312
16AP69 AOS S5PO Z 31 ( 510) {=1.19) (-1.16)
178P69 205 SPO Z 31 3 -0.01 0.01
170P69 AFTER DEGAUSSING & ADJUSTMENT
21AP69 ADS SPO Z 31 - 108 -0,08 0.01
220969 A05 SAL Z 31 { 0.00)
IMU S/N 31 SHIPPED TO NR
6JE69 NO2 GEN 2 31 218 = 232 0.26
6TE69 NO2 GEN Z 31 218 = 222  0.29
6IE69 NO2 GEW Z 31 218 - 232  0.27
IMD S/N 31 SHIPPED TO AC-MKE
265E69 A03 SPO Z 31 - 294 -0,03 0.02
265E69 RAN EQO 3596- NULL COINCIDERCE CHECK
265E69 A0I SAL Z 31 [ 0.02)
17FE70 201 SPO Z 31 - 481  0.18 0.21
187 E70 A01 SAL Z 31 { 0.23}
284 P72 A03 SPO Z 31 - 683  0.60 0.62
11Y72 203 SPO Z 1N - 744  0.53 0.56
19Y72 A03 SPO Z 31 - 731 0,58 0.58
24Y72 A03 SAL 2 31 { 0.58)
4%Y72 RAN EO 3700-PIPA NULL RESOLUTION TEST
4NY72 RA03 SPD Z 31 0.64
61E72 A01 GEN Z 31 213 - 778 0.77
168072 SBS SPO Z 31 - 802 0.67 0.7%
16072 $BS SAL Z 31 { 0.71H
23MR73 SBS SPC Z 31 - 865  0.80 0.82
274R73 SBS SAL T 31 { 0.87)

3ap73 IMy-31 SAIPPED FROM DELCO TO KSC.
12AP73 INSTALLED IN CM=117 AT KSC.
169Y73 KOB GER Z 31 227 - 865 0.82
4IYETI OB GEN Z 31 221 - an 0.97
¥8TE73 K9B GE¥ Z 31 221 - 858 0.96

ROT-AL-WOB
ANGLE TRANS.
2001730-2
0.05
8 -~ 7
- 16
- 1
- 15
0.03
- 26
0.05
- 20
0.03
- 19

TORD NONW
CORERENT

-

104.3540

104.3980
104,3820

104,3803

104.3700

108.3710
104,3694

104.3600
104.3607

104,36813

104,.3625



G&N 221, M 117, IMU 31, APOLLO PIFA 2AP9IR, Z AXIS
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STANDARD DEVIATION (1) OF THE IRIG AND PIPA
PARAMETER UNCERTAINTIES USED FOR
MISSION PERFORMANCE SUMMARY

CM 116; IMU S/N 22

FPARAMETER

IMU Axis X
PIPAs

Data Compilation Period

5/16/73-6/18/73

Accelerometer Bias (cm/secz) 0. 09
Scale Factor (S3F/SF ppm) 26
IRIGs

Data Compilation Period

5f{16/73-6/18/73

Bias Drift (MERU) 0.9
ADSRA (MERU/g) ' 0.6
ADIA((MERU/g) 0.9
ADOA (MERU/g) 0.0

Data is based upon performance in the IMU.

operation is much better than the above data.

PROPOSED GYRO AND ACCELEROMETER

I+

0.02
18

0.1

PERFORMANCE COMPENSATIONS

FPARAMETER

IMU Axis X

PIPAs

Accelerometer Bias (cm/secz) +0, 35
Scale Factor (SF/SF ppm) -290

IRIGs

Bias Drift (MERU)} -3.6
ADSRA (MERU/g) -7 -
ADIA (MERU/g) +12

22

|

+0.01
=460

-0.4
=13

I8

0. 07
15

Point-to-point stability

IS

+0. 96
-860

-1.4

+21



Dictionary of Terms

ACC Acceptance TeBtData

ACD After Cooldown

ACE A, C, Electronics (pi'esently Delco 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 Mnihor adjustment -or Resister (Changes
CRT Retest Data

C85 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

IS8 Inertial Sub-System Data

K5C Kennedy Space Center

LBS Lo Bus Voltage

MW - Milliwatt

NAR North American Rockwell (presently Rockwell International, Inc.)
NBS Nominal Bus Voltage

00s Out of Spec

RDT Wheel Rundown Time, Seconds

RI Rockwell International
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APPENDIX

ELECTRICAL POWER REQUIREMENTS

This section was extracted from the MIT /11. Report E—1142.(Rev. 5‘é}
NGYSTEM 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 II -
LED-540-12, dated October 30, 1964},

The accompanying diagrams present the power drawn through the gpacecraft
circuit breakers. It is assumed that power is drawn from the gpacecraft'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. 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  MH01-01327-216 "G&N Electrical Input Power' signed 15 July 1965,

25



BLOCK IT GUIDANCE & NAVIGATION LOAD ON PRIMARY +28 VDC COMMAND MODULE

BASID LUMON 1985 HOURS (R.27 DAYILUNAR ORBIT MISSION REFERENCE GARC REPORT - LED 540-12, 30 DCTOBER 1964
DESICN REFERTNCE MISSON STATUS OCTOBER 1967 APOLLO MISS 10N PLANNING TASK FORCE
MTZW HOUR'S — 15Wm

COMPUTER STANDBY SW sswp | CMEUIDANCE COMPUTER

COMPUTER OPERATE
SWITCH

LIO4W HOURS " ATWm
OPTICS OPERATE 5w

ORTICAL SUBSYSTEM

15
o O THREE EYEPIECE HEATERS
DUTY CYCLE IS HIGHLY { |

DEPENDENT UPON Ct
TEMPERATLRE [NV ) RONMENT
AND EYEPIECE LOCATION

1IWe IMUDON
SEW HOLRS L 3BWC IMU OFF

IMU HEATER SWITCH

FINL ALIGN Sw 14.2'W, )
|EISW HOURS L 183w MU OPERATE
| —— L |

1ML OPERATE SWITCH

NAA sm?cTcr\ L Jl MASTIA ALARM LAMP

i

1MUY STANDBY

o BIWE | CAUTIONWARNING
LAMPS

STAR ACQUIRED LAMP
RETICLE DIMMER
R SUPPLY
tsvac_amces | PR UM : 1.Bvig OUA MICH
READDUT ILLUMINATION
it VDL o 2 4wy QUA RETICLE
IHLUMINATION LAMPS
NAA i L : ow [
PR — Y i et T DISSIPATION
POWER SOURCE HAT oS °
4}
AL " EC INTEGRAL DISPLAYS
115V AC  4a0CPy DIMMER
CoNTROL Olg 115VAC  TSVAL NOM 2. Owp 05KY KEY80ARD
400 CPS L LAMPS
NAA DIMMER SVACMAX BOCPS a3 T
CONTRAL STATUS CAUTION L IGHTS
YOTALS : LEGEND: NDTES -
» 397w ALL SYSTEMS OPERATING € CALCULATED POWER <1 RTVISED 123 JUKF 19T
* 20627% HOURS TDTAL MISSION E ESTIMATED POWIR M HEATERS .
DICEPT EYEPIECE HEATIRS, M MEASURED POWER MOW MU ON B 10
MASTER ALARM LAMP, AND 22 OW IMU O, 0
&0 CPS POWER 0w IMUOTE, 16
\_ TIVDE PRIMARY CM BUS _ MICROSYN EXCIT. I3W
\_ NOT ITERMINED < 78YDC PRIMARY CM BUS 127 AT ASSIMES 100 "L FIFIC IENGY 1OR
AL NAA POWER SUPPLIES
Figure A-1
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