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TRANSISTOR, P /N 1006310 
LOT 658035 AND 658976 

MOTOROLA GOLD-TO-GOLD 
THERMO -COMPRESSION BOND 

e TRANSISTORS, P/N 1006310, FROM LOTS 658035 AND 658976 FAILED TO MEET ALL REQUIRE-
1\:IENTS OF FLIGHT PROCESSING SPECIFICATION ND 1002266. 

o QUANTITIES AND TYPES OF DISCREPANCIES WERE '.fHOROUGHLY REVIEWED. SCREENABLE 
NATURE OF THE DISCRE PANCIES LEAD TO THE CO~CLUSION THAT THESE TRANSISTORS .ARE 
FLIGHTWORTHY. 

o RAYTHEON CONTRACTUAL WAIVER NUMBER RAY-C-630 AUTHORIZED RELEASE OF 1664 OF 
THESE TRANSISTORS FOR PRODUCTION USE IN FLIGHT HARDWARE. 

0 l\UT Vv1THHELD CONCtJRRENCE ON WAIVER .DUE TO CONCERN FOR ADEQUACY OF BONDS. 

o TWENTY-FIVE BOND FAILURES (FROM 1,794 PARTS) WERE. IDENTIFIED FOLLOWING 20,000 G 
CENTTIIFUGE TESTING. A SECOND CENTRIFUGE TEST WAS PERFORMED ON 439 OF THE 
SCEEENED PA RTS WITH ZERO FAILURES. TWENTY OF THESE PARTS \VERE SUBJECTED TO 

. A 30,000 G CENTRIFUGE TEST (50 PERCENTOVERREQlTTREMENT) WITH ONE FAILURE AT THE POST. 
. -

o THERE IS NO KNOWN TIIvIB-TEMPERATURE DEPENDENT FAILURE MECHANISM THAT Vv1LL 
CAUSE BOND DETERIORATION IN THE GOLD-TO-GOLD BOND CONFIGURATION. THUS, WEAK 
BONDS ARE SCREENABLE CHARACTERISTICS OF THESE DEVICES. . 

o THERE HAVE BEEN NO REPORTED BOND FAILURES.OF l\IOTOROLA TRANSISTORS, P/N 1006310, 
IN COMPUTERS FROM THESE LOTS OR OTHER LOTS. 

e FIVE OF THE 15 PREVIOUSLY FLOWN COMPUTERS CONTAINED TRANSISTORS FROM THESE 
LOTS. 
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OPTICS TRUNNION SERVO TESTED GOOD ON 

14 JUNE 1971 

LIGHTNING STRUCK VEillCLE 1730 HOURS MONDAY 14 JUNE 1971 

- LM PGNCS TURNED OFF 

- CM IMU IN STANDBY AND CMC IN OPERATE 

SUBSEQUENT CM G & N INDICATIONS 

- ECDU FAIL ALARM "ON" 

- TRUNNION FINE ERROR SIGNAL SATURATED ON T/M 

· - NO OTHER INDICATIONS OF ADVERSE EFFECT 

e LIGHTNING AT 2000 HRS 15 JUNE 1971 DID NOT AFFECT TffiS CONDITION. 

- OTHER SYMPTOMS COMPARABLE TO APOLLO 12 

o REMOVED ECDU-44 AND RETURNED T9 FACTORY FOR MALFUNCTION 

ISOLATION IN AFTERNOON OF WED .. 16 JUNE 1971 · 

~Jfr elco Iii ectmnics 

EP1326 



-

FAILURE VERIFICATION AND DIAGNOSTIC ANALYSIS 

FAILURE VERIFIED AT THE BLACK BOX LEVEL IN EARLY MORNING 

OF THURSDAY 17 JUNE 1971 

FAILURE ISOLATED TO AN OPEN RESISTOR 

· COULD BE MADE INTERMITTENT BY APPLYING PRESSURE TO 

COMPONENT BEFORE REMOVAL FROM MODULE 

fi;if D 1CO 61 ctronics 
- J ..I 

EP1326 



OP. AMP 
SCH 2010019 REV. "E" 

3. 3K 

+28 Vdc - - .,, 
".' 

R2 
\ 

CR 1 \ 22K 
1N965B 

( 
24K' \ ,. 

2N930 
15V±5% ' ~ _,. 

330 C,R3 10 
4. 7V 1N660 

INPUT • 010 OUTPUT 

1060p 
10 

15K 240 2N3486A 

lK 22~ K 4. 7K 

1N660 lK 

SIGNAL GND 

8. 2µ. 

· 56K 56K 

lg Delco _electronics 

EP1326 



GLASS SUBSTRATE RESISTOR 

100-PERCENT OVERSTRESS SCREEN x 1-1/2 RATED WATTAGE FOR 24 HOURS 

Delco Electronics 

EP1326 



P /N 1006750 GLASS SUBSTRATE RESISTOR 

USAGE CM 6261 PER G & N 

LM 6103 PER PGNCS 

o TOTAL PART OPERATING HOURS 204,371,518 

· • · 30 FAILUR ES DURING MANUFACTURING ~ROCESS PRIOR TO ACCEPTANCE 

- INDUCED AND· SCREENED 

2_ INDUCED FAILURES IN FIELD 

THIS IS THE ONLY POST ACCEPTANCE FAILURE EXPERIENCED,_ 

~ Delco Electro=-aics 

EP1326 



G & N TRANSIENT/OVERVOLTAGE PROTECTION DEVICE SURVEY 

· 100 PERCENT SURVEY AQCOMPLISHED 

11 CIRCUIT TYPES IDENTIFIED 

NO SINGLE POINT FAILURE ING & N WHICH HAS CREW SAFETY IMPACT 

TOTAL CIRCUITS UNVERIFIED AT S/C OR BLACK BOX LEVEL TEST 

63 LlvI 91 CM 

TOTAL CIRCUITS UNVERIFIED WHICH HAVE POTENTIAL MISSION 

IMPACT 

51 LM 44 CM 

~ Delco Electronics 

EP1326 



QUESTION NO. 1 

DOES FAIL URE MODE IMPAIR . . . ? 

PILOT SAFETY 

MISSION SUCCESS 

• ISOLATED SECONDARY MISSION 
OBJECTIVE 

DETAILED TEST OBJECTIVES 

• OPERATIONAL EFFICIENCY 

Delco El~ctronics 

EP132 6 ~ Ott DISCLOSURE Of OATA H£1:£01 IS SWJ£CT TO Tl![ 
RESTRtCTIOIII 01 THE TITLE PACE Of Titll OOCIIIEIIT 

LM . CM 

0 0 

28 26 

0 0 

23 18 



TYPE I 

~ 
fl 

TYPE V 

~ 

TYPE IX 

Delco Electronics 

EP1326 

o-----Ie---o 
TYPE II 

[ 
TYPE VI 

o. 

TYPE III TYPE IV 

0 

1 
0 J T 

TYPE VII TYPE VIII 

TYPEX 



EP1326 

QUESTION NO. 2 

AT WHAT LEVEL WAS LAST FUNCTIONAL VERIFICATION ... ? 

• 
AFTER BLACK BOX ASSEMBLY 

AFTER MODULE ASSEMBLY 

PREMODULE ASSEMBLY 

QUESTION NO. 3 

IS PATH REDUNDANT? 

YES 

NO 

CM LM 

0 

23 

3 

0 

25 

3 

CM LM 

1 

2 

1 

2 



TRANSISTOR TYPES IN SUSCEPTIBLE CIRCUITS 

TRANSISTOR TYPE 

P/N 1008814 (PSA) 
2N2906 

P/N 1006310 (DSKY) 

P /N 1006323 (A GC) 

VOLTAGE* EXPOSURE 
WITH OPEN 

100 V 

100 V 

80 V 

PART SCREEN TEST 

60 Vdc 

60 Vdc 

35 Vdc 

*WORST CASE TRANSIENTS WITH OPEN PROTECTIVE DEVICE. 

De co Electronics 

EP1323 



QUESTION NO. 4 

IS PROTECTION LIKELY TO BE NEEDED? 

UNIT DEVICE FUNCTION CM LM 

COMPUTER COMPUTER OPERATE TO STANDBY NO YES (5 OPERATIONS) 

COMPUTER COMPUTER OFF TO STANDBY NO YES (1 OPERATION) 

SPECIAL TEST CAN BE UTILIZED AT THE MODULE LEVEL TO VERIFY 
PROTECTIVE DEVICE -

POSSIBLY AT THE BLACKBOX LEVEL 

- INVOLVES REMOVAL OF LGC 

Delco Glectr nics 

EP1326 



CONSIDERATIONS 

CREW SAF ETY IS NOT INVOLVED. 

NO P ROBLEMS OF THIS TYPE HAVE SURFACED THROUGHOUT THE G&N 
HISTORY. 

PROPER APOLLO 15 HARDWARE F UNCTION (NOT INCLUDING THESE DIODES) 
HAS BEEN VERIFIED. 

• · CURSORY T ESTING WITH PROTECTIVE DEVICE OPEN HAS INDICATED No · 
GROSS PROBLEMS. 

RECOMMENDATION 

FLY APOLLO 15 AS IS. 

ACTION DUE 6/ 24/71 

PROBABILITY OF TRANSISTOR FAILURE MODE 

c, · CIRCUIT SIGNATURE WITHOUT PROTECTING DEVICES 

DOCUMENT WORKAROUND FOR FAILURES 

~fil elco Eleciil'Onics 

EP1326 



EP1326 

A HARNESS -26 
17 JUNE 

S/N-26 

CMC-50 
17 JUNE 

S/N-36 

ECDU-39 
17 JUNE 

S/N-44 

CM-112 

• ECDU FAIL DR-600 
AFR-23260 
LIGHTING STRUCK 
AGAIN 

• 

USE OR OISCLOSURE Of OATA HEREOft IS SUBJECT TO THE 
RESlRICTIONS ON THE TITLE PAGE OF THII OOCIMENT 

• LIGHTNING STRUCK 
VEHICLE 
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G & N 217 SYSTEI\1 SUMMARY· 

EQUIPMENT 

Inertial Measurement Unit (IMU) 
IIDG X 

y 

z 
PIPA X 

y 

z 
Blower Motors 

PIPA Electronics Assembly (PEA) 
CM Guidance Computer (CMC) 
Flight Ropes 
DSh.'Y J'llain 
DSh.x' Navigation 
Power and Servo Assembly (PSA) 
Signal Conditioner Assembly (SCA) 
G & N Indicator Cont•rol Panel (GNIC) 
Interconnect Harness Group 
Navigation Base 
Optical U11it a nd Bellows Assembly 
Optical Unit Assembly -(OUA) 

t)ectronic Data Coupling Unit (ECDU) 
i'-o ptics Slu-oud 

Eyepiece Storage Unit (ESU) 
Astroscxtant Passive Thermal Protec

tive System Assembly (APTPS) 
Dust Covers (E>..-ternal) 

(Internal) 
Verb Noun 
Star Chart 
Check Lis t and Alarm Codes 
Eyepi eces 

SCT Eyepiece 
SCT Prism Assembly 
SXT Eyepiece 
SXT Mirror A.s s embly 
SCT Long Eye Helie£ 
SXT Long Eye Relief 

Tnstallal ion Kits (C I\lC) 
(OUA) 

lMl" Coola nt Hos es (2) 
Eyepiece Filters 

PART 
NUMBER 

2018601-251 

2899005 

2007201-031 
2003993-111 
2010802-xxx 
2003994-121 
2003994-121 
2007200-151 
2007234-021 
2021290-051 
2014567-071 
28[)9982-031 
2010790-181 
2011000-08 1 
2007222-28 1 
2021394-Ull 
202138 2-0~H 

1021373-051 
1021352/62-011 
2012796/97-021 

2899009 
2899003 
2899008 

2012793-011 
2012775 
2012700-0 21 
2012791-0?.l 
201.2790-011 
2012'148 -011 
200•l 199-01 J. 
2SLJ9950 - 021 
20188 21-0 21 
201280 8/lG 

S/N 

48 
8A 119 
BA 117 
BA 125 
ZAP 232 
2AP 2G5l11 
ZAP 179 

10, 18 

23 
36 (C-20)~.,. 

* 
94 (D-Gl) 
75 (D-42) 
21 
13 
25 
33 
18 
9 
29 
4 4 )t 

17 
15 

7 
15, 15 
14, 14 
1 
1 HRE 
l 

2004 
2007 
2015 
2015 
2018 HRE 
20 17 ImE 
) 9 

17 
122, 137 
8, 8 

* F li~ht Hope~ - Colossus Ill E Al'tcm is 72 

P/N 2010 802-38 1, S/K 442 
3!11, s/1-.: 449 
-11 1, S/N ,J ·1 ·1 

u 

P/N 2020802-421, S;r-- 445 
-4:ll, S/1' 44 6 
-4 H , S/ K 447 

. 

OPERATING 
HOURS 
AS OF 

31 J\lAY 1971 

1,:328 
1,429 

1,416 
1,599 

2G7 

1,092 
1,410 

955 
541 
832 
88G 
539 

681 
781 

TOTAL 

WEIGHT 

41. 4 

8.5 
58. 9 -
12. 4 
18.3 
18. 2 
49,7 

5.9 

14.9 
26,0 
11. 3 
60. G 

-
36. 9 

3. 4 
6. 8 

4.8 

-
0.5 

-
-
-

2. 1 
1. 1 
0.7 
1. 3 
1. 8 
o. 5 

. 

-

(in Cll lC wt) 
4. 5 
0.9 
0.5 

3!:Jl. 9 
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G & N 614 SY MSUMMARY 

EQUIPMENT 

i::'--1U Assembly ( IMU) 
PIP Assembly, Prealigned 

25 IRIG Assembly 

Blower Ii.rotors 

I 
Pulse Torque Assembly ( PTA) 
Povver and Servo Assembly ( PSA) 

· T:!ectronic Data Coupling Unit ( ECDU) 
Computer Control and Reticle Dimmer Assy 
Eign2.l Conditioner Assembly ( SCA) 
LM Guidance Computer -( LGC) 

A.lignment Optical Telescope ( AOT) 
?-~avigation Base Assembly 
1 A' Harness 

}{igh Density Filter Assembly 
bstall ation Kit, Computer 
Installation Kit, SCA 
Flignt Ropes 

PART 
NU.i\IBER 

2018501-241 
2018844-021 

2021500-151 

2899005 

6007000-041 
6007 200-081 · 
2007222-301 
6014512-081 
6007013-021 
2003993-091 
2003994-091 
6011000-111 
689998 0-021 
6010677 
6010678 
6022S56-A 
6004000-051 
6007020 
2010802-xxx 

SERIAL 
NUMBER 

12 
X-2AP172 
Y-2AP171 
Z-2AP292 

X-8A201 
Y-8A203 
Z-8A202 

3, 7 

5 
8 
47 
19 
2 

29 ( C-9) 
63 ( D-30) 

17 
15 
26 
19 
110 
33 
9 
-CD 

OPERATING HOURS 
AS OF 31 MAY 1971 

3,122 

1,068 
1,013 
1,048 

144 

2,558 
1,909 

540 
120 
918 

1 ,491 
1,1 92 

155 

Total 

WEIGHT 
(lb) 

40.9 

14.5 
17.8 
37. 9· 
1.6 
5. 5 

57.6 
18.2 
24.dV 

5. 2 
14.9 

4. 3 
o. 1 
o. 4 
0.2 

12. 6 
255. 7 

tU Flight Rapes - Luminary 210 

P/N 2010802-451 S/N 454 
- 461 S/N 455 

_®Includes weight of AOT Sunshade P/N 6011876 

P/N 2010802-481 S/N 508 
-491 S/N 509 

- 471 S/N 507 -511 S/N 459 

; -,- :tj r :~~'.2 ;}:::;-tr;;;j;13 
i_ _ _ __ J 

EP1255 

~--'- - ------------ ------- -
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TO: 

FROM: 

N. Sears 
P. Felleman / 
R. Lones ..,/' 
G. Silver 
K. Kido 

J. A. Lawrence 

1 ,July 1971 

MEMORANDUM 

SUBJECT: Update of the Apollo 15 Report 

1) Delete CMC-36 History since it is no longer in CM-112. 
Replace with attached CMC 50 history. 

2) More recen t inertial parameter data, before and since the 
lightning has verified excellent I MU performance. 

Max A PIPA SF 

Max A PIPA BIAS 

Max A NBD 

Max /::;,. ADOA 

Max A ADSRA 

Max t:::., ADIA 

CM LM 

28 

0.1 

0.9 

0.6 

0.3 

1.1 

37 

o.o 

o.s 

o.o 

0.4 

1.0 

Parts/106 

CM/SEC2 

MERU 

MERU/g 

MERU/g 

MERU/g 

All of the above are within the granularity of the test 
performed . 

3) ECDU-4 4 Fai lure was isolated to a Corning Gl ass resistor 
failure. This is the only failure of this part throughout 
the program . The part has accoumulated >2 04Xl06 ope r ating 
parts hours to date _. 

4) Review of the G & N Transient/Overvoltage pro tection devices 
has revealed the following: 

a) No single point failure has a c rew safety impact. 

b) Two computer circuits (4V power supply and 14 V power 
supply) i.n LM are recognized as circuits likely to 
need protection. All others do not impact mission 

· success or work arounds exist .. 



c) A special test is to be· developed at the S/c or black 
box level to verify protection. 

5) Attached are copies of viewgraphs presented at the MSC/FRR 
by Delco Electronics on 18 June 1971. 

6) Attached is a revised sequence chart for G & N-217 
including ECDU-44, CMC-36 and "A" harness-26 replacement 
and post lightning retest. The LM system remains 
effective as is si~ce the post lightning retest indicated 
excellent performance and no hardware was affected. 

7) LM power to G & N was removed for approximately 13 Sec., 
during the mission sim. test, and reapplied erroneously. 
The IRIG's were degaussed and retest is acceptable. 

J. A. Lawrence 



MEMO R. A ND U M 

TO: . N. Sears 
P. Fellern/ 
R. Lones 
G. Silver 
K. Kido 

FROM: J. A. Lawrence 

DATE: 12 July 1971 

SUBJECT: Update #2 of the Apollo 15 Report 

The attached represents refined/updated data on the 
G & N Transient/Overvoltage Protection Analysis. 

On Friday, 25 June, the Apollo 15 Vehicle was again 
hit by lightning with no apparent adverse effects. 

The FRR Board at NASA Headquarters decided that the 
hardware was acceptable and to proceed toward a launch on 26 
July 1971. 

The computer S/N-36 which was removed (for no technical 
but for precautionary reasons)_ evidenced a t:tanformer hi-resis
tance (230K..n..) short 1n the 3200 Hz output to ti1e PSA during te~t 
in the S/C and would not have adversely affected G & N perfor
mance in the mission. 

J.A. Lawrence 



Question No. 1 

Does failure mode impair: . 

Pilot Safety 
Mission Success 
Isolated Secondary Mission Objective 
Detailed Test Objectives 
Operational Efficiency 

Question No. 2 

At.what level was last functional verification: 

After Black Box Assembly 
After Module Assembly 
Pre-Module Assembly 

Question No. 3 

Is path redundant? 

Yes 
No 

Question No. 4 

Is protection likely to be needed? 

Device Function 

Computer Mode Switching 

CM 

0 
7 
0 
0 

0 
4 
3 

1 
2 

CM 

No 

--If transistor fails shorted LGC will be inoperative 
--If transistor fails open LGC will function· continually 

•in operate mode 
--Based on analysis and history the transistor will fail 

shorted for the open diode condition 

LM 

0 
7 
0 
0 

0 
4 
3 

1 
2 

LM 

Yes ·(6 
operatior 

A special test has been documented to verify protective diode 
integrity. 

--Can only be performed on factory test equipment and only 
at the module level 

--Involves removal of the LGC 



" 

P/N 1006323 Transistor 

An analysis was performed comparing the energy and frequency 
of the pulse applied to the transistor with the design characteristics 
of the transistor. 

--There is very low probability of failure; Based on power 
dissipation calculations there is a 880: 1 safety margin 
in the diode failed mode 

An . operating test with a transistor driving a relay with an 
open diode has completed 10,000 cycles without indication of problem 
at elevated voltage 

Other Consideration 

Crew .safety is not involved; No problems of this type have 
surfaced throughout the G & N history. 

Proper Apollo 15 hardware function (not including those 
diodes) has been verified. 

Recommendation 

Fly Apollo 15 as is. 
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THE CHARLES STARK DRAPER LABORATORY REc 
A DIVISION OF MASSACHUSETTS INSTITUTE OF TECHNOLOGY EIVEo 

68 ALBANY STREET 

CAMBRIDGE, MASSACHUSETTS 02139 MAR 2 91971 

GEORGE: SLL.VE:R 

AG: #54-71 
24 March 1971 

Through: Resident Apollo Spacecraft Project Office 
Massachusetts Institute of Technology 
Charles Stark Draper Laboratory 
75 Cambridge Parkway 
Cambridge, Massachusetts 02142 

To: National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

Mr. C. Frasier/EG 
Attention: Mr. R. Albon/PP7 

Mr. M. Holley/EG44 

Subject: Apollo 15 - Inertial Component Data Evaluation 

Reference: AG ¥42-71, 11 March 1971, Status of Spare and 
Flight Assigned IMUs 

Enclosure: ISS Memo #71-57, "Apollo 15 System Recommendations" 
23 March 1971 

Gentlemen: 

The attached memo details MIT/CSDL recommendations and 

comments regarding the inertial component flight worthiness 

status of IMU assigned to Apollo 15 mission. It is provided 

as a supplement to the referenced report and corresponds to 

recommendations furnished to M. Biggs, NASA/Houston. The table 

below provides a summary of these recommendations and identi

fies the date of the most recent tests,which were also included 

in this evaluation. 

IMU 

48 

12 

Assignment Latest Test 

Flight - CM 2 3 March '71 

Flight - LM 17 March '71 

Comment · 

Flight worthy 
II II 
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IMU 

29 

33 

9 

28 

JPG:ced 

cc: 
R. Ragan 
A. Laats 
G. Silver 
R. Lones 
G. Bukow 

Assignment Latest Test 

Prime Spare - CM 19 Feb. '71 

Prime Spare - LM 25 March '71 

Backup Spare - CM 28 Dec. '70 

Backup Spare - LM 15 Jan. '71 

S. Helfant (5) 
Central Files (2) 
J. Lawrence 
M. Lynn, Delco 
J. Wachholz, Delco 
M. Biggs, MSC 
C. Frasier, MSC 
J. Feldman 
A. Metzger (2) 
G. Edmonds 
N. Sears 
R. O'Donnell 
T. Lawton 
B. Doran, MSFC 
G. Doane, MSFC 
B. Gaines, MSFC 

Comment 

Flight worthy 

Flight worthy but 
recommend readjustment 
Z PIPA bias 

Y PIPA, Y Gyro data 
instabilities - addi
tional testing reqd. 

Not flight worthy 

Very truly yours, 

,,c{h;c1a 1:-!vct 
David G&~g 

0 



C. S. Draper Laboratory 
Division of Massachusetts Institu.te of Technology 

Cambridge, Massachusetts 

ISS Memo No. 71-57 

To: 

From: 

Date: 

J. Gilmore 

J. Feldman/G. Bukow 

23 March 1971 

Subject: Apollo 15 Flight System Assignments and Recommendations 

The following Inertial Measurement Units (IMU's) have been assigned 

to the Apollo 15 flight by Delco Electronics. 

CM S/N: 

LM S/N: 

Flight System 

48 

12 

Prime Spare 

29 

33 

Backup Spare 

9 

28 

In ISS Memo No. 71- 54 "Status of Spare & Flight Assigned IMU' s -

2 6 February 1971" significant levels of gyro drift instability were reported 

for several of these systems. 

All performance and diagnostic data for these systems has been re

viewed with the following conclusions: 

IMU S/N 48 (CM Flight System): 

(1) The Y gyro (8Al 17) had shown an ADIA shift of 17. 9 meru/ g 

between 20 November 69 and 5 February 70. Per Delco, 
>:c 

wattmeter and ball beat measurements show no evidence of 

bearing deterioration. Samples of these traces have been 

requested for MIT review. 

(2) From previous tests and known storage positions, the 15. 7 

meru/ g ADSRAy positive ramp is believed to be due to a long 

term gravity transient phenomena. 

*taken on 10 February 1971 
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(3) All accelerometer data for this system indicate flight worthy instrume nts. 

(4) This IMU is considered flight worthy. 

IMU S/N 12 (LM Flight System): 

(1) The NBDy instability (total range 8. 6 meru between 23 March & 25 Nov. 

1970)now appears to be more stable. The range of the last ten data points is 

4. 5 meru. It is believed that the exhibited instabilities do not represent a 

reliability hazard although a remote possibility exists. Similar instabilities 

have been experienced in other systems prior to their flight commitment and 

no difficulties were encountered. With respect to the mission performance 

the NBDy uncertainties corresponding to the observed changes result in 

insignificant perilune errors and allow a 60% margin from the mission 

rule descent and ascent limits. 

(2) All accelerometer data for this system indicate flight worthy instruments. 

(3) This system is considered flight worthy. 

IMU S/N 29 (Prime CM Spare System): 

Both past and present inertial component data indicate a flight worthy system. 

!MU S/N 33 (Prime LM Spare System): 

(1) The bias of the Z PIPA (2AP-294) has shifted after adjustment to a 

value near 1 cm/sec. Since an additional shift in bias might result in a null 

coincidence problem during flight it is recommended that bias be readjusted 

to 1. 5 cm/sec. 

(2) All other inertial components data on this system indicate flight worthy 

instruments. 

(3) After readjustment, additional data should be taken for the Z PIPA before 

it is considered for flight. 

!MU S/N 9 (Backup CM Spare System); 

(1) From previous te st and known storage positions, the ADSRAy (15 meru/ g) 

and ADIAy (24 meru/ g) drift changes are diagnosed as long term storage 

transients. 

/ 
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(2) Additional wattmeter data to confirm the soundness of the wheel 

package after the 24 meru/ g ADIAy drift change is needed. 

(3) The Y PIPA has a history of bias instability and marginal 6 point 

transient test results. This instrument requires additional test 

data before flight committment. 

(4) This system requires additional testing before considering for 

flight. 

IMU S/N 28 (Backup LM Spare System): 

(1) The X and Z ADIA and ADSRA instabilities have been partially 

confirmed as long term gravity transients. However, the cause 

of BDy and ADSRAY instability have not been confirmed. The 

wheel package condition has not been evaluated and it is recom

mended that additional drift measurements, wattmeter and ball 

beat data be taken on this system before it is considered for flight. 

(2) The Y accelerometer bias and scale factor instability indicates 

marginal but adequate performance. Additional data is required. 

(3) The Z accelerometer is scheduled for diagnostic testing and 

:replacement. 

This system is presently not flight worthy. 

The ADSRA and ADIA instabilities noted in IMUS/N's 48, 9 and 28 

confirm the early indications of long term gravity transients 

RASIC Memo No. 27 dated 28 April 1970. 

J v:-_ ~QJ,,u.t c__ 

J lius Feldman 

JF /GB d 
Distribu ion: 
D. Hoag 
G. Silver 
R. Lones 
G. Edmonds 
A. Laats 

S. Helfant 
R. Ragan 
N. Sears 
J. Feldman 
G. Bukow 

reported in 
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APOLLO 15 MISSION 

EVENT TIME GET TIME EDT 

Launch 00:00 Mon. 7/26/71 9:34 AM 

TLI 02:49 7/26/71 12:24 PM 

MCC 1 11: 56 7/26/71 9: 30 PM 

MCC 2 30: 56 Tues.7/27/71 4:30 PM 

MCC 3 56: 31 Wed. 7/28/71 6:05 PM 
j ,, 

MCC 4 73: 31 Thur.7/29/71 11:05 AM 

LOI 78: 31 7/29/71 4:05 PM~ 

DOI 82:40 7/29/71 8: 13 PM 

Undock 100: 14 · Fri. 7/30/71 1:48 PM 

PDI 104:29 7/30/71 6:03 PM 

. Landing 104: 41 7/30/71 6: 15 PM .,. 
Standup EVA 106:10 7/30/71 7:44 PM 

· First EVA 119: 50 Sat. 7/31/71 9:24 AM 

End First EVA 126: 50 7/31/71 4:24 PM 

Second EVA 141:15 Sun. 8/1/71 6:49 AM 

End Second EVA 148:15 8/1/71 12:49 PM 

Third EVA 161:50 Mon. 8/2/71 3:24 AM 

. End Third EV A 167:50 8/2/71 9:24 AM 

Ascent 171: 3 7 8/2/71 1: 11 PM 

Docking 173: 30 . 8/2/71 3:04 PM 

TEI 223: 44 Wed. _8/4/71 5: 18 PM 

MCC 5 240: 46 Thur.8/5/71 10: 10 AM 

MCC 6 272: 58 Fri. 8/6/71 6:32 PM 

MCC 7 291: 58 Sat. 8/7/71 1:32 PM 

EI 294: 58 8/7/71 4:32 PM 
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C . S. Draper L aborator y 
Division of Massachusetts Institute of Technology 

Cambridge, Massachusetts 

Apollo Guidance and Navigation 
System Test Group Memo No. 1659 

To: 

Ii' rom: 

Date : 

Subject: 

Distribution 

George P. Edmonds, Jr. and Robert Lones 

28 June 1971 

System Hardware Support for Apollo 15 

T h e following chart shows the SCAMA room hardware communicators for the Apollo 

15 fl i ght. These hardware communicators are responsible for gathering all data from 

the SC AMA lines on hardware "action items II and relaying this information to G. Edmonds 

or his designee for a particular problem. 

4:00 AM to Noon to 8:00 PM to 
Date Noon 8:00 PM 4:00 AM 

Mon . Launch Day J. Gallagher 
(1) G. C~x(2 ) None 

T ues. L+ 1 None None None 

Wed. L+ 2 None None None 

T hurs. L+ 3 None E. Grace None 

Fri. L+ 4 None R. Sheridan (3) None 

Sa t. L+ 5 None None None 

Sun. L+ 6 None None None 

Mon. L'+ 7 
. (4) 

V.-, Megna K, Kido (2) None 

T ue s. L+ 8 None None None 

Wed. L+ 9 None D. Sheridan (2) None 

T hurs. L + 10 None None None 

Fri. L + 11 None None None 

Sat . L + 12 None W. Prince(2) None 

T h e following is a list of hardware specialists. These people will be either at work 

or at _the listed phone number or will call the SCAMA room (Ext. 

UN 4-3298) and give a number at which they can be reached. 

(1) Shift starts at 8:00 first day. 
(2) Complete shift may not be required. 
(3 ) Shift start a few minutes early for PGNS power up. 
(4) Shift start somewhat before power up PGNS. 

1336, 7 or 

,- ·- ¥ 
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H ardware Specialis ts (require access to front half) 

G&N System 

Edmonds, George 
Grace , Ed 
Laats , A.in 
Harrison, Jim 

ISS and Inertial Components 

Gilmore, Jerry - General* 
McKern, Dick 
Lory, Charles 
Feldman, Julius - GYROS 

TABLE II 

Bukow, George - ACCELEROMETERS 
B ooth , Bob 

Op tics 
•!( 

Karthas, George" 
Yorgy, Larry - SE RVO 
P arr, Tom - ONBOARD NAVIGATION 

P SA, PAS and CDU Electronics 

* Cus hing, Ray · 

Thermal 

Hickey, Ed* 
J u r gelewicz , 
Ka tz , Bert 

Charles 

Computer 

Hall , E ldon 
>!< 

Hopkins, Al 
Bowler, Don 

J 

•!( 

"'Principle Contacts 

Office 

821-577 
821-201 

6414 
821-270 

821-271 
821-275 
821-272 
821-256 
821-254 
821-277 

821- 512 
821-322 
821-331 

821-556 

821-405 
821- 411 
821-521 

821-471 
821-451 
821-473 

C 

Home Phone 

864-8 942 
456-3526 
729-8896 
924-1332 

527- 4642 
449-0339 
527-7205 
244- 483 9 
963-7479 
285-3569 

332-7 642 
922- 1714 
4.84-2065 

887-8670 

785-0850 
769-1005 
277-5682 

326- 8526 
868-4898 
924-2394 
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TABLE II (Cont'd) 

Radar 
>l< 

Johnson, Leonard 
Tanner, Walter 
Saltzberg, William 
Blanchard, Earl 

*Principle Contacts 

~ ~ ~ -3~ 
R . Lones 
Sys tem Test Group 

GPE/RL/df. 
Distribution: 
E . Grace 
W . Prince 
V. Megna 
M . Adams 
J. Harrison 
D. Hoag 
J. Gilmore 
P. Heinemann 
G. Cox 
L . Johnson 
G. Bukow 
R. Sheridan 
J. St. Amand 
I. Johnson 
MIT at KSC/MSC 
J. Suomala 
D. Dolan (Central Files) 
R. Werner 
G. Edmonds 
R . Lones 
A. Laats 

Office 

821- 567 
821-333 
821- 568 
821-322 

Home Phone 

749-0085 
358-7909 
899-1822 
843-2279 

~-- . . - f::, 5-),.,,, ,J ,_ 
.7. -/f'Yl (-- ·· <--: .• vb1d-:-,,,__e,/'./ " 

R. McKern 
G. Karthas 
K. Kido 
S. Copps 

George P. Edmonds, Jr. 
System Test Group 

J. Lawrence 
K. Goodwin 
C. Lorgy 
P. Felleman 
G. Silver 
J. Feldman 
L. Yorgy 
T. Parr 
R. Cushing 
E. Hickey 
C. Jurgelewicz 
B. Katz 
E . Hall 
A. Hopkins 
D. Grief 
N. Sears 
R. Booth 



To: 
From: 
Date: 
Subject: 

EVENT 

P. Felleman 
K. Goodwin 
July 21 , 1971 
ASPO 45 Schedule 

DATE 

All Time Central Davlight Savings 

8AM - M j L..PM - 12 Mid 12 Mid - 8A.a'i 

Mon. July 26 Lones/Lawton Goodwin/Olsson Reasor 
Tues. Jul-y- 27--+--L-o-ne·s Goodwin . ·- Reasor 

-L=g~ie""T.-:-
2--+~~~~~:~~ 28 

29 ~tt:;~ _ ~-f :=--~= l -~::~~-
Landing [! Fri. J~y: JO Gilber@oodwin __ Goodwin -----=1-- Lones _ 
FNA I _ Sat. J14,y_)1 Gilbe~t j' ~easer .--4 Lo:ie~_ 
EVA II I Sun. Aug ._ 1 Goodwin ___ Reasor __ _ I Lones _ 
_ A_s_c-en-t,----,--M-on. j . • 2 Goodwin I 1!,~~_sor I ~_9r:Les 
Subsat J 
Launch Tues. A_ • Gilbert , Olsso Good¥in - Good-win 
_T_E_I..,,.-___ w_eg.! _4~!_!+- Reasor Lones I Good-win 
_M=C=C.u...#..,_5 ____ i --=-T=h~_s_. __ Aug._ 5 Reasor Lones Go-odwin 
MCC#41 Fri. A • 6 Reasor Lones CfoodYin 
__ En_t_,_ry....,..__ __ ~S-at- . Aug~. -7- ----1--'-Reasor/Lones - -- ··----

Backup Crew and Phone NU!!lbers (AC 713) 

Ed Olsson 9-488-5605 
Tom Lawton 8-877-2991 
George Reasor 8-534-4723 
Ken Goodwin 9-623-8368 
Bob Lones 8-932-4541 
Rom Gilbert 8-932-4541 

ASPO 45: 
MIT: 
AGC: 

483-3451 
48J-6_1J4 
483-5666 

Cambridge: 87-617-865-7336 

Distribution: 

MIT/MSC (10) 
MIT/KSC 
G. Edmonds 
B. Werner (2) 

(\ 
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0 ' TIME {EO't) 

J'uw 2'1 9:MA 
12:24A 

n:59A 
\:'50 p 

q:30P 
-Su'-Y '-7 4:sop 

7:19P 
J"4 Lv ~8 ,:osf' 
J"l,,ALY ~'} IJ:OS A 

4:osp 
A-:48P 
8:13P 

'J",o.~ 30 g:3,A 
1:4-1P 
a~o9P 
6~3P 
,:JSF 

AV~ G, 

7:44-f . 
q:z4A 
6:44,1,\ 
3:i4A 
G,:4t,A 
/:{Ip 
2:03P 
3:oqp 
6if'S5f' 
8:39P 
q:04P 
~159P 
1,:foP 
5:;1.0P 
8'.;zOA 
11:4( A 
3:54.P 
~-.3-z.p 
/:32,.p 

4:17P 
4:#P 

TIME. (<;iE.T) 

00:00 
2:49:sa 1 
3::zs:0O 
4:1<o:oo 

IP 55:54-
30: 65: 6-t 
J.3:~s:oo 
s,:31,1.s 
'73: 31: I$ 
78:8): ,s 
79:14:~7 
82~39 :33 
q4:6S:oo 
100: ,;: 5G, 

101 :34:.ss 
104·.as:ss 
10+:40:57 
106: 10100 

11q ·.so :oo 
1+1 ~ 10100 

I{,/ :So:oo 
H,s :12:so 

l'1l:37:z3 
11 a:..29:-a9 

173:35 :oo 
,,, ::io:eo 

119:05:37 
119'.3o:4S 
~,,•.is:sz 
2:z.z:3,: 1:3 

.2:2 3: 4,: o" 
238:40:ot; 

24:1:07:00 

210 : ~o: oo 
2.7Z:5s:20 

i91: &s·-~o 
2.94-:4~:oo 
~95: 1~:00 

APoL-\..0 15 
SCoTT -wo~DE:.~ - UZ.\rJ\I') 

A$ 51\/CSt-'\ \\'2-/ \..M \0 

ENDE:~VO~/ FAL.C.0~ 

E.VE.NT 

LAUNCH 
T\.. "l (TRANS 1.UtJAlt 1.N:rec't) · A\/= l04Zl FPS 

i'T'Vl -rT<ANSPo.s1no/J f DocK 
C <;. t'\ / '- p/', EJ"EC. TION 

f.i\(?C,-1 (MU>COU/UE COfZfB!iiDtJ) 

M <! c.-;z. 
Ei5ll IVT TO L-M 

M4C-3 

MOQ.-4-
L.OI (tutJA!i 01ta1r INS~T10N) 

SIVB \..Ut-lA~ IMPACT 

DOI (D&SCi~T ~)IT I.i.s£QT) 
ITQ] LA1'10111)(i :s 1T£ 

lhlJ:>OGK AtJD SEPARATION 

CSM CIRCU L.A l<IU\T10l\l 

PDI (Po11mt1.1> l)r:scEll)f /tJrr:) 
L.M LUNAR TOU<JHPOW,J 

/:,.'/ C 0.--t, ~p,S 

A '\J:: IJOM ZERO 

J::. V: No~ Z£r(O 

A,'\J-:. !\\OM -Z.l!f,tO 

A'\/ 0 NOM -Z.E~O 

aV• :l'HS i=PS o~e•T: no/s8,'3 nm 

LflT\ 3."6°S '-ON~~ 7. ss•w 
AV=:J.07.~FPS ORQ\T: 58.4/Ci.~m,, 

A'i: 1,0 FP.S 

t:,\J < 10,8 l='f>~ 

OR1'1T.' 59.8/ 8.4 nm 
ORSI T's c',4-,7/54.s nM 

A"• t,,700 FP~ 

HP.S>LEY-A P &N~ IN€' 
s,A ~D up e VA (~EV>\) 

tolJ EVA.,.. I .t>tuZAno~: 7 UouRS 

CTY) l:VA-#2 .Pl.l~Anof) , 7 HOURS 

1IYl £VA.t3 .DUIUlTION: ~ HOUR'& 

LO PC.(luNAtl. OA1url'w11i~A~ ~V=308,t. FPS oRs,-r: 59.B/ 59,-Z ,,,.,, 

\IYJ LIV\ ASClit..)T AV= wO&S FP.S o~61T: 45-'-/q,o nn, 

TP I (~RMl~Al. t'HASE ]tJIT-) ~v, 73,(o F"P!, oR&ITI c; l,S/43,9 nM 

\TV! 1)oc1<.1N~ 
1.,.M teT,1$0N 
LM De-o~SIT 
LM LUIIJAR IMPACT 
~SM SHAPE 
SU13SAT L-,UN~H 

TE.I (Tl\'A~$ £ARTt' 1t.1:reeT) 

· MOO·~ 

EESZl T~"IIISEARTH EVA 
l:E2] PR.i.~S <!Ot->FeREtJ~E 

Mee-~ 
MCC·7 

<lM/$1)\ S&PA~ATIO~ 

(?M SPt..4SH 3>owrJ 

~v=- 201,:ps, 

L.AT/LON4 ~ 

AV= c,+ F'P6 

0126 IT ~ ,,z./-53 ri,.., 
2:l..'-S 0 tv/l,67° e 

OR&1r: i7,t,,/51,5ritv1 

AV:- 304q 'FPS 
AV~ ~OM zeRo 

AV:-NOM ~ER.O 

4V• No~ zetlo 

., 

S:H~ST LUNAIZ R,OVIN~ \IE:HICL.£. (l.~V) 
&=IR.S1" TV OF LM J).SG~Wi • 

F1 ~~,. su0sATE.LL. I Ti"E DEl>LO'{l:.l) ,,., UJ~Af. ORBJj 

TRAl'\l$LUNAR. YJM'E.: 751-,v~.3" mm. 
F1Rs-r TRAN.S 1i;P1RTH EVA. 
E:1'TE.NJ)~0 TOTA\.. M15~10N .PURATION ~ J2,'3cLA1j~ 
EiTE':Nt,EJ> LUt-lAR SURFACE STP.'( TIME.~ ,1."3 }\.,, 
EXTEND€~ lu~l'I~ SUR.FACE:. EVA ~ 20 hYS 

l\HJA~ OR.81r TJME: 145 liv-.$. Q(p IY)1n. 

TRANSeARTH T1N1& ! 11 hrs. 12 M1ri , 
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Massachusetts Institute of Technology 

Charles Stark Draper Laboratory 

23S Memo 71-13 

TO: 

FROM: 

DATE: 

Distribution 

Philip Felleman 

18 May 1971 

SUBJECT: Apollo 15 Missi~n 

- Attached to this memo, you will find an abbreviated mission 

schedule for the significant events of the mission. The times are 

given in GET (Ground Elapsed Time) and EDT (Eastern Daylight 

Time). The· source was the Operational Trajectory (MSC Internal 

Note _ 71-FM-130, dated April 16, 1971). 

Distribution: 

R. Ragan · 
D. Hoag · 
L. Larson 
N. Sears 
R. Battin 

S. Copps 
R. Larson 
Division Directors 
Eldon Hall 
J. Laning 

R. Millard 
G. Stubbs 
J. Harper 
J. Lawrence 



Massachusetts Institute of Technology 

Charles Stark Draper Laboratory 

23S Memo 71-14 

TO: 

FROM: 

Distribution 

P. Felleman 

DATE: 26 May 1971 

SUBJECT: Motel Reservations at MSC for Apollo 15 Mission 

The Lab has reserved a block of rooms for the mission at the 

Ramada Inn, directly across NASA 1 from the center. The following 

reservations have been made: 

P. Felleman 

S. Copps 

D. Hoag 

R. Gilbert 

R. Lones 

Dr. C. S. Draper 

R. Ragan 

R. Battin 

N. Sears 

7/26 - 8/7 

7/25 - 8/7 

7/25 - 8/7 

7/26 - 8/7 

7/25 - 8/7 

7 /29 - 8/2 

7/29 - 8/2 

7/29 - 8/2 

7/26 - 8/7 

If these accomodations are not acceptable, please let me know as 

soon as possible. 

Distribution: 

Dr. C. S, Draper 
R, Ragan 
D, Hoag 
R. Battin 

-N. Sears 

S. Copps 
R. Larson 
R. Gilbert 
G. Silver 
K. Goodwin 
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AG 96-71 ~ / 
26 May 1971 '(Vj;i; 

~ National Aeronautics & Space Administration 
I 

Manned Spacecraft Center 
Houston, Texas 77058 

Attention: 

Through: 

Subject: 

Gentlemen: 

Mr. Scott H. Simpkinson PA 

NASA/RASPO at MIT1/DL 

' 
MIT Support for Apollo 15 

tn u .i:d, I' l.n 1'111 : ilil.111.P Mr'I' / ll!)')'fll't 111 I.Ill' S r>/\N ·1•nn111 fnr I.ho 

Apollo 15 Mission, it is hereby requested that mission badges be pro

vid d for the follc>winH pc· nwnnd: 

Philip G. Felleman 
Russell A. Larson 
Stephen L. Copps 
George L. Silver 

In addition, as we previously have had, we request two (2) 

general MIT/SPAN badges for use by other support personnel as re

quired. The access list for these badges is: 

David G. Hoag I 
Thomas A. Lawton 
Norman E. Sears 
Robert Lones I 
Romilly Gilbert 
Ke nne th R. Goodwin 

We under::1tand that we ::1hall: only have one (1) person in the 

SPAN room at a time and we shall ~dhere to that policy. 

I sincerely hope that our support will prove satisfactory, and 

• 

i. 

i 
t 
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AG 96-71 
26 May 1971 

if you should have any questions, they may be directed to myself at MIT, 

Extension 821-504 or Mr. Thomas !Lawton, our representative at MSC, 

(Extension 4807). 

Distribution: 

R. Ragan 
D. Hoag 
L. Larson 
R • Battin 
N. Sears 
R . Larson 
G • Silver 
s. Copps 
T • Lawton 
J • Williams FS5 
R. Lones 

CL~ly,/2 a~ 
I Philip G~Felleman 
I Deputy Associate Director 

I 
I 

M. Brooks FC 
J. Roach FC 

.J. Lawrence 

I
J. Vyner PP7 
M. Holley EG14 
T. Gibson FS5 
R. Albon PP7 
Nasa Raspo at MIT 
MIT/DL at MSC/KSC 

1 
Central Files (2) 
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Massachusetts Institute of Technology 

Charles Stark Draper Laboratory 

23S Memo 71-15 

TO: Distribution 

FROM: P. G. Felleman 

DATE: 26 May 1971 

SUBJECT: MIT Support during Apollo 15 

As usual, the Laboratory will support the upcoming Apollo 15 

Mission at KSC, MSC and Cambridge. At MSC, our support will include: 

SPAN: P. Felleman 
8 . (;opprl 
H. L a 1·son 
G. Silver 

ASPO 15: R. Lones 
G. Reasor 
K. Goodwin 
R. Gilbert 

General: D. Hoag 
N. Sears 
T. Lawton 

At Cambridge, there will be the SCAMA communicators on a 24 

hour basis. and hardware and software specialist support as required. 

It is also expected that Raytheon personnel will be in the SCAMA 

room as in Apollo 14. 

Distribution: 

R. Ragan 
D. Hoag 
L. Larson 
R. Battin 
N. Sears 

, R. Millard 
-G. Levine 
M. Hamilton 
D. Fraser 
J. Nevins 

I 

T. Fitzgibbon 
J. Gilmore 
G. Silver 
J. Laning 
E. C. Hall 
J. Barker 
S. Copps 
R. Larson 
R. Lones 
K. Goodwin 
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MIT/KSC 
MIT/MSC 
Group 23S 
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Block 11 , LM 

TIME (Z ) I POSITION (R3 ) I 

l 

2 

2 

2 

3 

4 

4 

4 

C 
5 

6 

7 

8 

9 

10 

11 

11 

12 

12 

13 

DATA SHEET 
IMU PERFORMANCE TEST 

SPACECPAFT 

C M-1/ 3 
TIME OF TEST 

ZULU 

A. Record the fol lowing test data: 

QUANTITY 

+ NBDY-ADOAY 

+ NBDZ-ADOAZ 

-X PIPA G 

-NBDX + ADIAX 

+NBDX - ADOAX 

+NBDY + ADSRAY 

-Z PIPA G 

+NBDZ + ADIAZ 

+Y PIPA G 

-Y PIPA G 

-NBDX + .707 ADSRAX- .707 ADOAX 

.707 (-NBDZ - NBDY) + 
. 5 (ADSRAY +ADSRAZ +ADIAZ-ADIAY) 

-NBDZ ➔ .707 ADSRAZ-. 707 ADO AZ 

.707 (NBDY-NBDX) + 
.5 (ADIAY-ADIAX +ADSRAX +ADOAY) 

-NBDX - ADOAX 

+Z PIPA G 

NBDY + ADOAY 

➔ X PIPA G 

NBDZ ➔ ADOAZ 

I LINE 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
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C N7 113 

CALC U LATION 
ID !:NTIFIER 

0 1 

r 

' f 

IMU PERFORMANCE CRITERIA 

PARAMETER X i -3 X i-2 X i -1 I Xi 

SF x 

I 8 , as x I 

11 I MI 
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