RCA %76%%

Lunar Communications Relay Unit (LCRU)

Critical Design Review Report
NASA/MSC, Houston, Texas
Sept. 15, 16, 17, 18, 1970

Volume 4




LUNAR COMMUNICATIONS RELAY UNIT (LCRU)
CRITICAL DESIGN REVIEW
NASA/MSC HOUSTON, TEXAS
15, 16, 17 and 18 SEPTEMBER 1970

21 SEPTEMBER 1970 - DELTA CDR

VOLUME IV

LUNAR COMMUNICATIONS RELAY UNIT e PROGRAM MANAGEMENT OFFICE
RCA o DEFENSE COMMUNICATIONS SYSTEMS, CAMDEN, N.J.




LUNAR COMMUNICATIONS RELAY UNIT (ICRU)
CRITICAL DESIGN REVIEW

‘ NASA/MSC - HOUSTON, TEXAS

SEPTEMBER 15, 16, 17, 18, 1970

/{?ﬁxﬁzazﬁ |

NASA W{SPE]IIR
l\ s D tn S Ja&ﬂ’\
NASA R. SINDERSON

‘ RCA H.J. HAMLIN

These Minutes do not constitute contract change authorization. Changes to
contract or schedule must be negotiated.

iii




TABLE OF CONTENTS

VOLUME - 1

Agenda
Item Page
0 o T T Vi
Summary of Review Item Disposition (RID) . . . . . . . . « . . . 1
Attendees, Minutes, RID's from Agenda Items 1 through 6 . . . . 18
Attendees, Minutes, RID's from EE Meeting Agenda Item 7 . . . . 26
Attendees, Minutes, RID's from Mechanical Meeting Agenda Item &, 105
Attendees, Minutes, RID's from Thermal Meeting Agenda Item 9. . 173
Attendees, Minutes, RID's from Test Meeting Agenda Item 10 . . . 187
Attendees, Minutes, RID's from Program Support Meeting -
Agenda Ttem 11 . . . v v v v 6 4 v e e e e e e e e e e e e e e 231
Minutes, RID Summary, General Session Agenda Item 12 . . . . . 264
Minutes, Demonstration ol LCRU Performance Agenda Item 13. . . 267
Minutes, General Session Agenda Item 14 . . . . . . . . . . . . . 272
. RID Summary T P S 274
Attendees, Minutes, Delta CDR Agenda Item 16 . . ., . . . . . . . 284
VOLUME - II
1.0 Introduction . 1-1
2.0 Management OVErVIEW . . « o o o o 5 o & & s o o o 5 o & o o & 2-1
3.0 Subcontracts Summary . . . . . . . . . ‘ 3-1
4.0 Circuit Margin Summary . . . . . . . 5 = 5 o 4-1
5.0 Configuration Overview . . . . . . . . . v v v v v v e e e e e e 5-1
6.0 Performance Summary . . . . . . . . . . o 5B oo 6-1
7.0 LCRU Electrical Design . . . . . . . . . . . . . W . 7=




TABLE OF CONTENTS
VOLUME - III

Agenda
Item Page
8.0 LCRU Mechanical ¢ s o556 a5 PRPRE . S e . 8-1
VOLUME - IV
9.0 Thermal DesSign .. ¢ v oottt o oot ooeesoecsssascsnss 9-1
10.0 'Test Programm. . o e ce « s o s oa o s s s sl &5 e oo s s s el ae e 10-1
11.0 Program SUPPOYT & ¢ i« o s o oo s 6 o 5 v o6 siol 6 s s e e wle 11-1



AGENDA
LUNAR COMMUNICATIONS RELAY UNIT
CRITICAL DESIGN REVIEW
SEPTEMBER 15, 16, 17, 18, 1970

9/15/70
9:00 AM

General Session - Chairman: W. Speier
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Co-Chairman: H.J. Hamlin

GROUND RULES/INTRODUCTION

1.1 Purpose
1.2 What we were to do
1.3 What you will see

MANAGEMENT OVERVIEW

2.1 Organization
2.2 Schedule

Design Status
Manufacturing Status
Material Status

2.3 Problems
SUBCONTRACT SUMMARY
CIRCUIT MARGIN SUMMARY
CONFIGURATION OVERVIEW

5.1 LCRU Configuration - LRV

5.2 LCRU Assembly Operations

5.3 LCRU Configuration - Walk Mode
5.4 Alternate Mode Capability

5.5 Thermal Considerations

PERFORMANCE SUMMARY
6.1 Design

6.2 Weight Budget

6.3 Power Budget

vi
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9/15/70 Splinter Meeting
1:.00 PM
to 7.0 ELECTRICAL DESIGN - Chairman:
9/16/70 Co-Chairman: J. Connelly
a:0y B 7.1 System Design

Room ( )
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AGENDA

LUNAR COMMUNICATIONS RELAY UNIT
CRITICAL DESIGN REVIEW
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Circuit Margins

Signal Design

Link Analyses
Sub-System Configuration

.2 Electrical Interface Design

LCRU Design
EM Test Status
EMI & Grounding

" Internal Electrical Design

VHF Antenna Triplexer
S-Band Diplexers

VHF Receiver

VHF Transmitter
Down-Link Signal Processor
Including VCO's

Voltage Regulator

S-Band Transmitters
S-Band Receivers
Up-Link Signal Processor
DC-DC Converter
Battery

Low Gain Antenna

High Gain Antenna

Integration Design

Case Electrical Integration
Signal Flow and Grounding
Control Panel

Cabling

LCRU Power Utilization

7.0  External Electrical Design

LCRU LRV TV Cables
HGA LGA Cables

il

R. Sinderson
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- Minutes: V. Carita

B.M. Trachtenberg

B.M. Trachtenberg
B.M. Trachtenberg
B.M. Trachtenberg
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LUNAR COMMUNICATIONS RELAY UNIT

CRITICAL DESIGN REVIEW

SEPTEMBER 15, 16, 17, 18, 1970

9/15/70
1:00 PM
to
9/16/70
5:00 PM
Room (

)

Splinter Meeting - Chairman:
Co-Chairman: J. Liggett

8.0 MECHANICAL DESIGN

8.1

8.2

. t
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Mechanical Interface Design
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LCRU/LRV
HGA/LRV
LCRU-LM-MESA
Battery - LM-MESA

Mechanical Design

Subassembly Arrangement
LCRU Weight Analysis
Subassemblies

VHF Receiver

VHF Transmitter
VHF Triplexer
Down Link Signal Processor
Up Link Processor
Voltage Regulator
Battery

S-Band Receiver
S-Band Transmitters
Diplexer

VHF Antenna

DC-DC Converter
Antenna Connector
High Gain Antenna
Low Gain Antenna

Case Design

Cover Design

Wax Package Assembly
Control Panel Design
LCRU/LRV Mounting Design
HGA Mast and Interface Design
.10 Stowage Container Design

.11 Vibration and Stress Analysis

viii

J. Liggett

R. Holston

Holston

Holston
Holston
Krawitz

Bt el

Krawitz

L. Krawitz
W. Babcock
W. Babcock
W. Babcock

R. Holston




AGENDA
LUNAR COMMUNICATIONS RELAY UNIT
® “ﬂ" CRITICAL DESIGN REVIEW
SEPTEMBER 15, 16, 17, 18, 1970

9/16/70 Splinter Meeting - Chairman: E. Chimenti .
- tes: .
9:00 AM Co-Chairman: G. Grube Minutes: 1. Rosenihal
to
9.0 THERMAL DE N
9/16/70 E L SIG
5:00 PM 9.1 Design Analyses B. Shelpuk
9.1.1 Multinode Thermal Analysis
9.1.2 Component Hot-Spot Analysis
9.1.3 Parking Orientation Analysis
9.1.4 Walk Back Analysis
9.1.5 Phase Change Freezing Analysis
9.1.6 Phase Change Material Package Design
9.2 Thermal Design G. Grube
9.2.1 Radiator
‘ 9.2.2 Thermal Blanket
9.2.3 Thermal Finishes
9.2.4 Component Temperatures
9.3 Thermal Testing
9.3.1 Test Approach
9.3.2 Test Results
9/16/70 Splinter Meeting - Chairman: J. Miller . .
9:00 AM Co—Chalrman: R, Virostak Minutes; R. Virostek
to
9/16/70 10.0 TEST PROGRAM
5:00 PM 10.1 Thermal
10.2 Engineering Model
10.3 DVT
10.4 QTP
10.5 ATP
10.6 Test Equipment Design
10.7 MSC/KSC Test Program
10.8 MSC Special Test Program




AGENDA
LUNAR COMMUNICATIONS RELAY UNIT

CRITICAL DESIGN REVIEW
SEPTEMBER 15, 16, 17, 18, 1970

[

9/16/170 Splinter Meeting - Chalrm?n: D. Beckc'er - Minutes: W. Carlino
9:00 AM Co-Chairman: W. Carlino
to
115
9/16/70 1.0 PROGRAM SUPPORT
5:00 PM 11.1 Reliability W. Carlino
Raors ) 11.1.1 RCA Status
11.1.2 Subcontractor Status
11.1.3 Reliability Design Status
11.1.4 Parts Qual. H. Farcus
11.1.5 Parts Usage: APL, Derating H. Farcus
11.1.6 FMEA H. Farcus
11.2 Configuration Control H. Yarbrough
11.2.1 Program Control and Status
11.2.2 Response to MSC Con Con Comments
11.3 Quality Assurance G. Floyd
11.3.1 RCA Quality Program Status
11.3.2 Subcontractor Controls and Status
11.3.3 Equipment Flow Charts
9/17/70 12.0 GENERAL SPLINTER & RID REVIEWS
9:00 - . . .
10:00 Chairman: W. Speier - Minutes: A.M. Burke
to Co-Chairman: H.J. Hamlin
1:00 - 12.1 Electrical Design Splinter Review J.J. Connelly
5:00 12.2 Mechanical Design Splinter Review J. Liggett
12.3 Thermal Design Splinter Review G. Grube
12.4 Test Program Splinter Review R. Virostek
12.5 Program Support Splinter Review W. Carlino
9/17/70
10:00 AM 13.0 DEMONSTRATION B.M. Trachtenberg/
to J.J. Connelly
12:00 AM
9/18/10 14.0 CDR REVIEW BOARD R. Johnston
9:00 AM
to
12:00
9/18/70 15.0 MINUTES REVIEW AND SIGNOFF W. Speier
1:00 - R. Sinde-rson
ON H.J. Hamlin

A.M. Burke

J.J. Connelly
D. Orendac
W. Carlino
R. Virostek
J. Liggett



9/21/70

AGENDA

LCRU CREW STATION REVIEW
MSC/BLDG. 5, SEPTEMBER 21, 1970

DELTA CDR

16.0 LCRU Crew Station Review

xi

H.J. Hamlin
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9.0 THERMAL DESIGN




RADITOR

- — — RADIATOR COVER

LCRU THERMAL BLANKET




HYBRID RADIATOR DESIGN
OF LCRU ENVELOPE

PCM LOCATION |
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PCM

LOCATION

T
PCM LOCATION 2
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RGN LUNAR SURFACE TIMELINES

—

Timeline #1

Three 7- hour EVA's (6-hour LCRU operation/EVA)

14 hours between EVA's
14 hours ""TV-standby'' time followed by 30 minutes of TV operation (after
final EVA)

Timeline #2

One 5-hour EVA (4-hour LCRU operation), then

14 hours to next EVA

One 6-hour EVA (4-hour LCRU operation), then
13 hours to next EVA

One 4-hour EVA (3-hour LCRU operation), then
5 hours to next EVA

One 4-hour EVA (3-hour LCRU operation), then
14 hours " TV-standby' time followed by

30 minutes of TV operation (after final EVA)




RGA HOT MISSION TRAVERSE

The LM is assumed to land on a 7° slope with the sun at 20° to the true horizon at
landing. The sun is assumed to advance at 1/2° per hr.
Stop Time at Stop (Min.) Lurain Angle T;::te;ts;p'l;;rili.t)o
LM 30 +7 33
1 20 Level 14 .4
T 2 25 +7° 17.5
3 15 +2° 5.9
4 25 +7® 14.1
) 25 +7° 6.7
6 15 +7° 9.6
7 20 Level 24 .4
8 20 +20° 27.4
9 15 +20° 6.0
10 15 +2° 6.0
LM 30 +7° -
255 min, 165 min.
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COLD MISSION TRAVERSE

The LM is assumed to land level at a 5° sun angle, with the sun angle subsequently

advancing 1/2° per hr.

Stop Time at Stop (min.)

LM
Shadow Line

1

2

3
Shadow Line

LM

60

25
20
15

30

150 min,

Sun/Shade

Sun
Sun/Shade
Shade
Shade
Shade
Shade/Sun

Sun

Traverse Time to
Next Stop (Min.)

26
33
31
26
34
120

270 min.
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LCRU HEAT DISSIPATION (WATTS) INTERNAL

BATTERY NOMINAL VOLTAGE SUPPLY

TV RMT

Subassembly PM1/NB PM1/WB FM/TV PM2/NB
(Standby)

VHF Receiver 1.17 1.17 1.17 1.17 1.17
VHF Transmitter 3.45 3.45 3.45 0.35 3.45
S-Band Receiver 1.00 1.00 1.00 1.00 1.00
PM/PM Transmitter 41.0 41.0 0.29 0.29 0.29
FM/PM Transmitter 0.29 0.29 45.17 0.29 45.7
Up-Link Signal Processor 0.15 0.15 0.15 0.15 0.15
Down Link Signal Processor 1.76 2.46 2.46 2.46 1.76
Voltage Regulator 2.29 2.42 2.42 1.67 2.29
DC-DC Converter Idler 1.62 1.62 1.62 1.62 1.62

TOTAL 52.7 53.6 I 58.3 9.00 57.4

Heat Dissipation Using External Power

LCRU 52.7 53.6 58.3 9.00 57.4
DC-DC Converter 14.7 14.9 22.1 3.35 16.1

TOTAL 67.4 68.5 80.4 12.35 73.5
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“cll - AVG, RAD. TEMP. VS MAX DUTY TIME FOR 67.5 HR MISSION
BEGINNING AT 5° SUN ANGLE WITH COLD TRAVERSE
LIFT OFF
OPERATION
PRED., SORTIE | UNIT OFF SORTIE 2 UNIT OFF SORTIE 3 STANDBY MODE
|40F
120 |
100 |
= sl
2 RAD. 100 % covERED
c% | /\
% P EFFECTIVE RAD. AREA = 196.0 IN 2
= 40 ag =.10
20 -
O -
~a 5 10 5 20 25 30 3% 40 25 50 55 60 85 70

MAX. DUTY TIME (HRS)
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AVERAGE RAD. TEMP (°F)

120

100

@
o

D
o

H
o

20

-20

AVG. RAD. TEMP. VS MAX DUTY TIME FOR 67.5 HR MISSION
BEGINNING AT 5° SUN ANGLE WITH HOT TRAVERSE

LIFT OFF
OPERATION
LERED.ALSORTIE I_L UNIT OFF _LSORTlE Z_L UNIT OFF ;LSOR”E 3J4 STANDBY MODE N
[ b -1 i T b5l i b o I ‘
g EFFECTIVE RAD. AREA = 196.0 IN.2
- =7 agr=.10
=
25
| &3
=
g I 1 1 1 1 1 1 1 ! LA | 1 1 |
5 10 15 20 25 30 35 40 45 50 55 60 65 70
1 1 ] 1 1 Mex DUTY1T|ME (HIRS) 1 1 I 1 1 ]
5 10 15 20 25 30 35 40 45 50 55 60 65 70

MAX. DUTY TIME (HRS)



“cll AVG. RAD. TEMP. VS MAX DUTY TIME FOR 67.5 HR MISSION

WITH A 20° SUN ANGLE START AND HOT TRAVERSE

LIFT OFF
0PERATION7
PRED. | SORTIE | | UNIT OFF | SORTIE 2 | UNIT OFF | SORTIE 3 |  STANDBY MODE |
1 1 D T 1 b |
140 ,
1201 FULL OPEN RAD.
100}
w L/ EFFECTIVE RAD.
T < AREA = 196.0 IN®
© < sof 65% OPEN RAD.
'f‘_" aRp= .20
=
<
= 60|
i
(&)
T
ac
(V9]
= 40+
2
=
20 =7 >
= RAD. AREA = 196.0 IN.
o 65 % OPEN
= -
ok L._;_J_: 3 /GR = .20
o | .
= 1 ] | ] 1 L 1 ] 1 V4 J
5 10 15 20 25 30 35 40 50 55 60 65 70
MAX_ DUTY TIME (HRS)
_20 1 1 1 1 1 1 1 1 1 1 1 1 L J
5 10 5 20 25 45 50 55 60 65 70

30 35 40
MAX. DUTY TIME (HRS)
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CONTROL PROCEDURE

Time Blanket Setting
First EVA Open
First Rest Period 35% Open
Second EVA Open
Second Rest Period 65% Open
Third EVA Open
Standby Open




“cn AVERAGE RADIATOR TEMPERATURE FOR MISSIONS BEGINNING
AT 20°SUN ANGLE AND A HOT TRAVERSE

RADIATOR AREA—-196 IN?

120 ———

CLEAN RADIATOR (agr=0.1)
— —— DUSTY RADIATOR(ar=0.2)

o

100

I'I=6

AVERAGE RADIATOR TEMP-°F
@ ©
o o

RADIATOR OPEN 35% AFTER | EVA
65% AFTER 2 EVA
I00% AFTER 3 EVA

70

o | | 1 1 1 | 1 |
o) 10 20 30 40 S0 60 70 80

MISSION TIME-HRS
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LCRU TIMELINE NO. 1- HOT CASE

LIFTOFF
/ OPERATION
EVA 1 | COOLING MODE 1 | EVA2 |  COOLING MODE 2 EVA 3 l TV STANDBY I
(35% INSULATION) | (35% INSULATION) (OPEN) I
160 — | | l l
| | |
150 }— I |
|
| |
140 |- |
| |
130 | * | ‘
NODE 96
" \ BATTERY CELLS W\
120 1 \ | \ |
n | \\ I '
1o ' | \\ ' - l i
‘ i
100 |- | N l |
| N l |
N l NODE 66 | ' |
/ | FM TRANSMITTER :
90 ‘ | ‘ l
\/ | 1
sl | | | | | |
| | | | 1 | | | | | 1 i | | | | | J
0 ) 8 12 6 20 24 28 32 36 40 44 48 52 56 60 64 68 72

TIME IN HOURS




Ren LCRU TIMELINE NO. 1- HOT CASE

EI=6

PERCENT MELTED WAX

TEMPERATURE (“F)

NODE 46

) o
100 EXTERNAL SINK WAX /| 1
80 (SMALL SECTION) l I
60 e NODE 45
q | EXTERNAL SINK WAX
40 | , /| S | | (LARGE SECTION)
|
b o Py la
. AN ]' L] ~ | | ;
| | |
150 | | | : | I
| | | | | y
140 | | | | I
EVA1 |  COOLING MODE 1 EVA 2 COOLING MODE 2 EVA3 | TV STANDBY Il LIFTOFF
| (35% INSULATED) l | (35% INSULATED) | | (OPEN) 1L/~ OPERATION
| | | |
| | | | | NODE 44
| | | | EXTERNAL SINK CASE
120 l 4 (SMALL SECTION)
| | | | o !
| |
10 | | | |
| I |
100 | | |
| | | | |
' | EXTERNAL SINK CASE | |
90 l (LARGE SECTION) | I
| | | | I
| | | | | I
80 | | | I I
| | | | | | | | | | | | | | | | | |
p) 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 T2

TIME IN HOURS



1 I-6

PERCENT MELTED WAX

F)

TEMPERATURE (

40

n
e ©

150

140

130

120

110

100

90

80

EVA1

LCRU TIMELINE NO. 1-HOT CASE

/— NODE 38

— NODE 37

71 |
| ]

/bﬁNTERNALsmK NODE 38 H
/ WAX (SMALL INTERNAL SINK WAX H

P

/ NODE 37

|
|
|
|

SECTION) (LARGE SECTION)

COOLING MODE 1
(35% INSULATED)

| |
‘ | H LIFTOFF

| OPERATION
TV STANDBY

(OPEN) H

COOLING MODE 2

EVA 2
‘ (35% INSULATED) ‘ i

NODE 35
//filNTERNALQNKCASE
/ (LARGE SECTION)

‘ INTERNAL SINK CASE
i (SMALL SECTION)
[}

H
u
|

24 28 32 36 40 44 48 52 56 60 64 68 72
TIME IN HOURS
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PERCENT MELTED WAX

TEMPERATURE °F

o
e}

N D @
O O O O O

150

140

130

120

110

100

90

80

LCRU TIMELINE NO. 1 — HOT CASE

| | | ] |

1l
Np——

] I
NODE 22 H

|

|

| WAX HEAT SINK
l CASE ABOVE FM XMTR
|

|

|

|
I

|
| | | ]

[ ~
L \';‘v?xl))(EA}asovs N ﬂ
| /+‘ FM XMTR S - ||
- /| \ | NODE 14 \H
r-L | /| N | WAX ABOVE
— | N | / \ | ‘ DC CONVERTOR ||
N\ yi A\ N % 11
— ] | | I
| | | | | H LIFTOFF
B | | | | OPERATION
EVA 1 | COOLING MODE 1 EVA 2 COOLING MODE 2 EVA 3 | TV STANDBY
| (35% INSULATED) | | (35% INSULATED) | | (OPEN)
— 1 ] | | ) I\ NODE 20
WAX HEAT SINK
| | | I LY CASE ABOVE IDc CONVERTOR
| |
| |
| |
|
|
|

8 12 16 20 24 28 32 36 40 44 48
TIME IN HOURS

52 56 60 64 68 72




LUNAR COMMUNICATIONS RELAY UNIT
THERMAL DESIGN - TIMELINE 1 HOT CASE
WAX PACK MELTING VS MISSION TIME

EXTERNAL LIFTOFF
AND OPERATION

INTERNAL ‘/
130 evan COOLING MODE 1 EVA 2 COOLING MODE 2 EVA3 HEAT |
120 - (35% INSULATED) (35% INSULATED) SINKS

110 -
STANDBY /

100 |~ 4

INTERNAL HEAT SINK

91-6

INTERNAL HEAT SINK

EXTERNAL

HEAT SINK RADIATOR

PERCENT MELTED WAX

EXTERNAL HEAT SINK

RADIATOR

L1 1 1 1
4 66 68 70 72

IS I I [ N T [ W [ (W (S s [ I O
0O 2 4 6 8B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62

TIME IN HOURS
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AVERAGE RADIATOR TEMPERATURE

(°F)

130

120

110

100

90

80

70

AVERAGE RADIATOR TEMP. VS MISSION TIME

STANDBY BETWEEN EVA'S

TV ON 5MIN EVERY HOUR BETWEEN EVA'S

TV ON 30 MIN BEFORE EACH EVA

DUSTY RADIATOR (a =.2) ALWAYS

— — CLEAN RADIATOR (a =.1) BETWEEN EVA'S

65

30 40
MISSION TIME HRS.
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RGA LOCATION OF LRV RELATIVE TO SUN

SUN

AZIMUTH

CONTROL PANEL

RU

BATTERY COVER

L

v

90°

270°

180°




PARKING ORIENTATION ANALYSIS

AZMUTH ANGLE

9=-19




o | ®
nRGA LRV PARKING ATTITUDE

SOLAR

|

OO

280°

90°

ACCEPTABLE
PARKING
AT TITUDE

180°




AVAILABLE WALK BACK TIME — HRS.

AVAILABLE WALKING TIME VS
LRV FAILURE TIME

STARTING TEMPERATURE EACH EVA 90 F

————— SUN LOAD
NO SUN LOAD

] |

0 8 16 24 32 40

TIME AT WHICH FAILURE OCCURS — HRS.



“cn BATTERY ASSEMBLY
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HEAT GENERATED (BTU)

200
190

180
170

160
150
140
130
120
110
100

HEAT GENERATED vs TIME (FULL BATTERY)

/

2.75 AMPS-II CELLS
1.55 AMPS- 8CELLS

| |

/

400 WH

—

I 2 3
TIME (HQURS)
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TEMPERATURE OF HOT SPOT VS
RGA TIMER FOR VARIOUS HEAT SINKS
COUPLING OF 3.0 BTU/HR °F (CASE TO SINK)

180 r
" W = 0534 LB
170 | LEFT SINK
Cp = 0.22 BTU/LB®F
160 = Ry = 0.14 BTU/HR°F
150 - RIGHT SINK
£ a0l BOTH SINKS
a
& 130
-
NQIHEATD aINK BOTTOM SINK
120 |- \
1o - RADIATOR TEMPERATURE
100 |-
90 . | 1 | 1 1 N
1.0 2.0 30 40 5.0 6.0

TIME(HRS)
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LCRU BATTERY THERMAL INTERFACE
MECHANICAL MOCK-UP

Be Cu SPRING FINGERS




RGA PANEL METER THERMAL ANALYSIS

’_I'ﬁ METER CASE

METER WORKS

L+
GLASS FACE -

9c—-6
\\
Fremzserus

1

CASE & GLASS FACE WELL COUPLED TO LCRU STRUCTURE AT 120°F

THERMAL COUPLING WORKS TEMP.

RADIATION 206°F

CONDUCTION & RADIATION 155°F




CURRENT, AMPS

MINIMUM CURRENT VS TEMPERATURE,
7.5-AMPERE CIRCUIT BREAKER

Q BUTTON TEMPERATURE

(a/€ =0.6)

40

80 120 160 200 240 280 320




“cll LCRU ANTENNA

THERMAL MODEL CHARACTERISTICS

REFLECTOR MESH
e TRANSMISSIBILITY 0,83
e EMISSIVITY 0,10

MATERIAL FINISHES
e ALUM ALLOY - CHROMATE IRIDITE
¢ HELIX RADIATOR - BARE GLASS-EPOXY LAM,
e PC BOARD - BARE GLASS-TEFLON LAMINATE

THERMAL CONDUCTION
e SIGHT INTIMATELY COUPLED TO BRACKET
¢ REFLECTOR DECOUPLED AT HINGE JOINTS

THERMAL RADIATION
e EXCHANGE BETWEEN SURFACES CONSIDERED
o ['IXED TEMPERATURE SURROUNDINGS:

HIGH TEMP, LOW TEMP,
ANALYSIS ANALYSIS

LUNAR SURFACE +220F -200F
REFLECTOR MESH +300F -200F
SPACE -460F -460F
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LCRU ANTENNA
THERMAL MODEL DETAIL




LCRU
HIGH GAIN ANTENNA

A THERMAL ANALYSIS WAS PERFORMED TO DETERMINE EXTREMES OF TEMPERATURE EXPERIENCED BY THE
LCRU OPTICAL SIGHT WHEN COUPLED TO THE ANTENNA AND EXPOSED TO A SPECIFIED LUNAR ENVIRONMENT,

CONSIDERA TION WAS GIVEN TO TWO TYPES OF SIGHT SURFACE FINISH, BLACK ANODIZE (RCA 039) AND
CHROMATE IRIDITE (RCA 135). COMPARISON IS MADE OF THE SIGHT THERMAL RESPONSE WITH EACH FINISH.
DUE TO THE UNCERTAIN DESIGN OF THE BRACKET CLAMP TO THE SIGHT AND, HENCE, UNCERTAIN THERMAL
PROPERTIES, RESULTS FOR A LOOSE COUPLING AND FOR A TIGHT COUPLING ARE PRESENTED TO FORM AN
ENVELOPE WITHIN WHICH ACTUAL RESPONSE WILL LIE.

RESULTS OF THE LOW TEMPERATURE TRANSIENT RESPONSE ARE PRESENTED IN FIGURES 1 AND 2,

MAXIMUM SIGHT TEMPERA TURE WAS COMPUTED FOR A I.UNAR SURFACE TEMPERATURE OF +220F.,
THE EQUILIBRIUM TEMPERATURES ARE:

FINISH BRACKET COUPLING TEMPERA TURE
BLACK ANODIZE TIGHT 196°F
CHROMATE IRIDITE TIGHT 286" F
CHROMATE IRIDITE LOOSE 306"

THE ANTENNA WAS CONSIDERED IN AN ERECTED CONFIGURATION IN THIS ANALYSIS AND THE SIGHT WAS
ORIENTED TO RECEIVE MAXIMUM SOLAR LOADING.




IREFE LcRUANTENNA THERMAL MODEL TEMPERATURES

S~ 460 F

200 F

i e 196 I°
' "
| e
#
200 F
HOT TEMPERATURE CASE 220 F
BLACK ANODIZE FINISH T T T s
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LCRU ANTENNA
RGA

MATERIAL TEMPERATURES

ALLOWABLE PEAK TEMP.
MATERIAL TEMPERATURE EXPOSURE
POLYURETHANE FOAM 275 F CONTINUOUS 270°F
(E&C TYPE SH) 325°F SHORT TIME
GLASS-TEFLON 500" F 160°F
LAMINATE PC BOARD
ALUM ALLOY .
STRUCTURE 400°'F (1) 280°F
(CHROMATE IRIDITE
FINISH)
OPTICAL SIGHT 212°F 180'F
COAX CABLE (>200 F) 200°'F
CONNECTOR

(1) TEMP. FOR 50% OF ROOM
TEMP. ULTIMATE STRENGTH
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SIGHT TEMPERATURE (NODE 40)

BLACK ANODIZE FINISH

- SOLAR | < > l
+100 | INPUT
-20F LUNAR SURFACE -290F LUNAR SURFACE
+80 |
+60 - P—
P
+40 |
+20}
IHR. 1.5 HR. IHR. 2 HR. 3 HR.
0 1 1 v —J
20
TIGHT COUPLING
TO BRACKET

40 |-

-60

-80} LOOSE COUPLING

TO BRACKET
-I00 |-
-120 1 1 1 1 1 1 1
2000 4000 2000 4000 6000 8000 10000

TIME (SECONDS)
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TEMPERATURE (DEG. F)

S O O
©O O O

N W
o O

|
oL -
(@] O O (@]

| | | I
o O A W
O O o O

OPTICAL SIGHT TEMPERATURE
(NODE 38)

LUNAR TEMP. = -200F
ANTENNA FINISH - GOLD IRIDITE
TIGHTLY COUPLED BRACKET

CHROMATE IRIDITE
FINISH

BLACK ANODIZE
FINISH

| L

I 2 3 4 S 6 7 8 9 10 I
TIME (1000 SEC.)




“ﬂll SIGHT TEMPERATURE (NODE 40)
CHROMATE IRIDITE FINISH

+120

+100

LOOSE COUPLING
TO BRACKET

+80

+60

TIGHT COUPLING

+40 TO BRACKET
SOLA? - SHADOW —>
INPU -200F LUNAR SURFACE

420 -20F LUNAR SURFACE

| HR. 1.5 HR. | HR. 2 HR. 3 HR.
0 I L1 | L L1 | L1 L1
2000 4000 2000 4000 6000 8000 10000




SIGHT TEMPERATURE °F

100

50

-50

-100

-150

-200
0]

SIGHT TEMPERATURE VS TIME IN SHADOW

CURVE A-EFF. RAD. AREA= 5.2 IN2 (BLACK ANODIZE)

CURVE B-EFF. RAD. AREA= 36.1 IN?
(EYEPIECE RADIATION IS CUT IN HALF
DUE TO EYE SHADE ACTING AS A
RADIATION SHIELD )

12 16 20 24 28 32 36 40 44 48
TIME- x 1000 SECS




FUSION MATERIALS

MELTING HEAT OF SPECIFIC
MATERIAL POINT °F FUSION BTU/LB GRAVITY REMARKS
n- DOCOSANE Cgp Hyg 112 107 0.79% INCLUDES HEAT OF TRANSI-
TION AT 109°F
= n=- OCTADECANE 82.4 105 0.782
3 (C18 H3p)
n- NONADECANE 89.8 80.6 0.785
(C19 Hyo)
n- EICOSANE 98 106 0.789
(C20 Hy2) -




, ('l‘w,b;:\-?) prtaTeuMERT rrPoTUCTS DIVIRION
Pan Wi. 0575 ¢ !
Pzn & Sample Wi, 0636 £

Ny & 2 (2} T i
| SANMPLE: SIZE teraining L0636 e JATM.___7¢Cmm Hz  IRUN NO.
_iopoane - Pure REF. 756 _fell o T AT |DATE.__ 5-22-70
SCALE | 5 ) o
PROGRAM MODE!eat, = "ool SETTING' 20 & | 1 i |OPERATOR__J. ¥. Fritz
ORIGIN : RATE 10 i START-0 °C SHIFT 45 IN. _____ _HF =52 Cal/g
Sorlin Pate = £90/min, | . l
T ‘ T [ ‘ 1
| 11 | |
i < : e feere——s ]
|

EXO

| 1/
TN F

ANT

ENDO

e
J—’//: H g@éooj‘

-120 -100 -80 -60 -40 -20 0 +20 +40 +€0 +8&0 +100
T.°C (CORRECTED FOR CHROMEL ALUMEL THERMOCQCUPLES)




PID insTRUMBENTS

Pan Wt. Q.057Z

SAMPLE: Docosane Wax ﬁéﬁ%gg&ng wé.o()(.)g%gﬁ___ ATM.___ 760 mm Hg RUN NO.
Closed sample REF.  DSC o J T LA T DATE 5/15/70
PROGRAM MODE Heat | sCALE 4',,10_ % | /| 3 |OPERATOR J. X. Fritz
SETTING ] .
ORIGIN:: RATE 10 3¢ START 24 °c| F =56.2 Cal/g
Coouling Rate: 5% Min.
o

e — 1 ]/

EXO

< T \v , il
AN L) T
Z /\ — 7 A
0 L
% ,l)g — L )
T /-/ . ///1 //\’ L @i | 900
o 0 0/ 30 40 t="50 50 70~ 0 30 10

T.°C (CORRECTED FOR CHROMEL ALUMEL THERMOCOUPLES)
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QUPIKD | INSTRUMENT PRODUCTS DIVISION
e rn s peismins

Pan Wt., .0580g
Pan & Sample Wt., 063562
SAMPLE: SIZE Remaining Wt. .065Lk g  |ATM. 760 rm Hg RUN NO.
B - Technical
ﬁ:ﬁ::n ° chntes REF._DSC_Cell LT AT DATE 5-22-70
SCALE ]
PROGRAM MODE Heat & Cool |ISETTING! 20 ¢ | 1 i [OPERATOR__ J. X, Fritz
ORIGIN:: RATE__ 10 &% .START =20 °C [SHIFT __+5 IN.. HF = 36.6 Cal/g
Cooling Rate = 50C/min.,
[®) N>
|
x \ \Q__N\
\ /@ = o
\_ | 1
4;4"‘\\ V
-
q . 4
A\ A" @ |\
1
Y \ \V
o
(o]
-
w
ar® 900
-120  -100 -80 60 ~40 —20 0 +20 +40 +60 +80 100

T.°C (CORRECTED FOR CHROMEL ALUMEL THERMOCOUPLES)
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EXO

-—— AT

ENDO

@ INSTRUMENTS

Pan Wt.: .0579 g
Pan—& Mcry. 0626 B
SAMPLE: NjoH Py, 12 Hpo|SIZERemains: .0620 g |ATM._ 760 mm Hg ____ |RUN NO.__
Sealed Pan REF. DSC - T AT DATE 5/14/70
PROGRAM MODE Heat&Cool §E'T‘}'FN3—“19— s | 1 :|operATOR J. X. Fritz
18 o HT = 64.2 Cal/gm
s T mn . T ___C Fae
Zitiolt géo ing Rate = 8C/Mln €
<
\ /.
‘o
a \ /
N Vi é L
| |
/ pany / IR
N “‘""’"/ oy | 900
10 20 30 40 50 60 70 80 90 106

T, °C (CORRECTED FOR CHROMEL ALUMEL THERMOCOUPLES)
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REGA MVIXTURE OF DOCOSANE AND EICOSANE

HEAT OF FUSION BTU/LB.

110

100

90

80

70

60

50

40

30

20

10

0

|

1 | |

1

1

0

10

20

30

40 50 60
% DOCOSANE

70

80

90

100
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EXO

AT

ENDO

Pan Weight & Sample-067!

([UIGD INSTRUMENTS

Pan Weight .0577 ==
SAMPLE : SIZE Sample Weight .0094 ATM. 760 mm Hg RUN NO.
Docosane Wax 907% DSC Cell 7-2-70
Eicosane Wax 107% REF. e L ar DATE
PROGRAM MODE Heat-Cool gCALE 10 1 1 % |OPERATOR J. X. Fricz
Parc 2 . SETTING _
ORIGIN: RATE 10 g START S°C HF = 99.9 BTU/LB.
- @ 7
S @ —\ /
N = \ / d
A\ N /
\/Q\ ’//51
\J /
L -
=
e | <™ | 900
10 20 30 40 50 60 7Q 80 90 100

T.°C (CORRECTED FOR CHROMEL Al UMEL THERMOCOUPLES)

THERMAL TEST DATA, DOCOSANE WAX 90%, EICOSANE WAX 10%
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IREG AN conTAINER AND PHASE CHANGE MATERIAL WEIGHT

Container ¢ ontaiélel\z/lrs Wetent Mlza.};get i?afl\];;ggit TOtaéh‘Xgight
GMS
Top 802 1543 2345
Internal 136 231 367
External 412 844 1256
1350 2618 3968
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W {H RADIATING SURFACE

DESIGN:
SECOND SURFACE MICRO-SHEET GLASS MIRRORS (1.678 IN. X 1.012 IN. X .0069 IN.)
CEMENTED TO TOP PHASE CHANGE MATERIAL PACKAGE WITH RTV 511

CORNER MOUNTING AREAS COVERED WITH ALUMINUM FOIL COATED WITH 3M
WHITE VELVET COATING.

RADIATING AREA:  100% = 216 IN.2
65% = 140 IN.2

SPECTRAL PROPERTIES:

INDIVIDUAL MIRRORS: ABSORPTANCE, a = .07
EMITTANCE, € = .85

CORNER MOUNTING AREAS: ABSORPTANCE, a = .21
EMITTANCE, ¢ = .88

RADIATING SURFACE: ABSORPTANCE, a =.10
EMITTANCE, ¢ = .85
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RADIATING SURFACE

oy

/“F\

/ v
.COVERED /
WITH y;
THERMAL

-

BLANKET

V =

1/ /

3M WHITE VELVET
COATING

L- MIRRORS




LCRU THERMAL BLANKET

— RADIATOR COVER

RADITOR




81

REG/A THERMAL BLANKET DESIGN CHANGES

CHANGES REQUESTED BY THE
CREW STATION REVIEW MINUTES OF
17 AUGUST 1970 AND INCORPORATED
IN THE THERMAL BLANKET DESIGN:

1. LARGE RADIATOR COVER (65%)
ATTACHED TO THE THERMAL BLANKET
WITH VELCRO FASTENERS ONLY.

2. ANTENNA CONNECTOR FLAPS MADE
LARGER TO ACCOMMODATE THE 1.0 IN.
LONGER RF CONNECTOR HANDLES.

3. RFCONNECTOR INDEX MARKS

EXTENDED BEYOND THE THERMAL
COVER.




REGA THERMAL BLANKET

CONSTRUCTION - 15 LAYERS OF KAPTON AND MYLAR FILM, SEPRATED BY NYLON
NET, STITCHED TOGETHER.

OUTSIDE LAYER: SINGLE SIDE ALUMINIZED, .001 THICK KAPTON,
TYPE H, WITH GLASS CLOTH REINFORCEMENT BONDED
TO THE ALUMINIZED SURFACE; BARE SIDE OUT.

IN-BETWEEN LAYERS: DOUBLE SIDE ALUMINIZED, .00025 THICK MYLAR.
¥
= INSIDE LAYER: SINGLE SIDE ALUMINIZED, GLASS REINFORCED,
(NEXT TO LCRU) .001 THICK KAPTON, TYPE H, WITH THE BARE

SIDE FACING THE LCRU.

THERMAL PROPERTIES

EFFECTIVE EMITTANCE €o=.03
EFFECTIVE ABSORPTANCE a, = .02

OUTSIDE LAYER: a=.35
e =.bb
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LCRU THERMAL FINISHES

ITEM MATERIAL FINISH a ¢ WEIGHT
LBS
CASE & COVERS: AL 6061-T6 - 14.91
OVERALL GOLD IRIDITE, 1980135-1 .33 | .09
INSIDE* 3M BLACK VELVET - .89
401-C10
TOP** AL 3M WHITE
HANDLE VELVET 401-A10 .21 | .88
MOUNTING LEGS (2) | KAPTON, MYLAR ALUMINIZED MULTI-FILM .35 | .55 2.00
INSULATION
MOUNTING LUGS CRS POLISHED .40 | .05
RADIATOR GLASS SECOND SURFACE MIRROR .10 | .85
RF CABLES (2) GLASS BRAID TEFLON COATING .8 .87 & .88
(LSC380-601-2)
VHF ANTENNA
BLADE HAVAR NONE .05 | .10 .25

*EXCEPT MOUNTING & INTERFACE SURFACES
**AREAS NOT COVERED BY WAX PACKAGE
“**CORROSION RESISTANT STEEL
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LCRU THERMAL FINISHES (CONT'D.)

ITEM MATERIAL FFINISH a € WEIGHT
LBS
CONTROL PANEL: - - - - =
{331 BLACK VELVET 401-C10 = .89
INSIDE PLATE AL 6061-T6 GOLD IRIDITE, 1980135-1 .33 .09 .50
OUTSIDE PLATE AL 6061-T6 PLAIN BLACK ANODIZE .65 .87 .13
METER: - = - = .38
FACE - PLAIN BLACK ANODIZE .65 .87 -
BEZEL AL CLEAR ANODIZE .28 .75 -
ROTARY SWITCIH: - - - = 50
SHAT'T CIRRS PASSIVATLED .62 .19 =
KNOB AL 3M WHITE VELVET 2 .88

101-A10




6
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LCRU THERMAL FINISHES (CONT'D.)

ITEM MATERIAL FINISH a € WEIGHT
LBS
TOGGLE SWITCH: - = = - .20
(23 LS2-8)
SHAFT CRS PASSIVATED .62 .19 =
HANDLE AL 3M WHITE VELVET .21 .88 =
401-A10
TOGGLE SWITCH: = = - - .10
(13LS-41)
SHAF'T CRS PASSIVATED .62 .19 -
HANDLE AL 3M WHITE VELVET .21 .88 =
401-A10
CIRCUIT BREAKER: - - = - .10
BUTTON GLASS EPOXY 3\ WHITE VELVET .21 .88 -
4101-A10
CONNECTOR (POWER): - - - - _
RECEPTACLE AL 6061-T6 CIHROMIUM PLATING 5 .08 2




LCRU THERMAL FINISHES (CONT’'D.)

ITEM MATERIAL [FINISH a € WEIGHT
LBS
POWER CABLE GLASS BRAID TETFLON COATING .3 .8 1.45
PLUG AI6061-T6 CHROMIUM PLATINGC +1 .08 .31
MULTI-FILM INSULATION .39 .99 =
H.G. ANTIENNA: = - = = =
MISH CHROME L-IR GOLD PLATING .25 .03 L 12
DISH STRUCTURE AL 6061-T6 GOLD IRIDITE .33 .09 2.48
OPTICAL SIGHT AL PLAIN BLACK ANODIZE .65 .87 1.00
POSITIONLER AL 6061-T6G, 7075-T6 CLEAR ANODIZL, 1980037-1 .28 .75 .80
MAST AL 7075-T6 CLEAR ANODIZIE, 1980037-1 .28 .75 2.00
L.G. ANTENNA: MG & G-11 oM WIITTE VELVET .21 .38 .82
401-A10 & DOW 17 .59 .54
STAI'T ASSY. AL 7075-TG, CRS, CLEAR ANODIZLE, 1980037-1, .28 . (D 1.50
GLASS EPOXY M WHITE VELVET .21 . S8
401-A10, RTV 102
SUBASSEMBLILES, AL GOLD IRIDITE - ¢2 -
EXCEPT:
S-B XMTRS (2) AL GOLD PLATING - .03 5.24
BATTERY (Cp=.21 = - 9.40
CASE TI BLACK PAINT = .39 —
DIPLEXERS (2) AL SILVER PLATING - .03 2.00
TRIPLEXER AL GOLD PLATING = .03 .30




LOCAL

) AT LOCAL | LCRU ELEMENT | LIMIT
DIGSIP. -3 c~j | HODULE | TEMP.* | TZEMP, TEMP.

ITEM VENDOR COMPONENT W, °%/i] ¢ |AT % | % 9¢ oc

VHF Transmitter RCA-CSD QU (2N3666) «25 32 8 5 70 83 100
Q5(2N3866) o115 35.5 16 7 70 93 100

Q6(213375) .80 15 12 7 70 89 100

VHF Receiver RCA-CSD U1 (LIM101H) .05 Ls 3 5 70 76 100

&5 Voltage RCA=CSD VR1, VR2(UZ710) .20 - - 20 60 80 86
& Regulator QL(S5J1682H) 3.00 L.3 13 6 60 79 100
- Q2 (212905) .08 58 5 2 60 67 100
DC=DC RCA-CSD Q1(1768-1030) ‘Jesting. 11153 1.0 11 2L 60 95 100

Converter TL(XT12L3L) 1532 - - 8 60 68 86

C2(29F3292) GE 1,00 - - 9 60 69 86

C3(29F3292) GE 1,00 - - 8 650 68 86

CR1(1N3691) 1.36 2 3 8 60 71 100
CR2(1N3910) 523 1 5 8 50 73 100

Q2 (2N2880) L0 3.3 1 7 60 68 100
Up-Link Signal RCA-CSD Z1-23(LM1O1H) «05 LS 3 0 70 73 100

Processor
Down-Link Signal RCA=~CSD Q1(2N22194) <22 50 n 6 70 87 100
Processor

14.5 KHz VCO SONEX CR1(1N821) .03 - - 13 70 83 86
1.25 MHz VCO SCI Q2(2N2222A) <06 83 5 1 70 89 100
Q9(2N2501) .08 145 12 1 70 93 100

* Worst Case Temperature at End of 3rd EVA,




COMPONENT TEMPERATURES

DISSIP. Yc-j AT LOCAL LOCAL | ELEM. | LIMIT
ITEM VENDOR COMPONENT W. °C/W c-j | MODULE | LCRU TEMP. | TEMP.

S-BAND RCVR

VHF TRIPLEXER

BATTERY

GG=-6

H.G. ANTENNA
VHF ANTENNA

S-BAND XMTRS

S-B DIPLEXER

L.G. ANTENNA

MOTOROLA

RANTEC
YARDNEY
RCA-MS&R
MOTOROLA
CONIC

WAVECOM

BENDIX

Q3(2i42857) RF CONV.
Q1(212222A)

CELL CASE
MESH

Q]EZNSOOb VOLT. REG.,PRI.
Q2(285151)VOLT. REG.,PRI.
R1 VOLT. REG., PRI.
Q2(2H3036)VOLT. REG., SEC.
Q1(2N5481)FM EXCITER
Q1(2W5481)P.A. DRIVER
Q2(2N5482)P.A. DRIVER
CR1(HP5082)-0300FR.MULT.
Q1(2N5921) IPA

Q1(2145921) P.A. (FM/PM)
Q1(21¥5921)P.A. (PM/PM)

.030

.2

10.

0

0

580
83

13.

oococouvwoous

(=i =)

17
I7

NOSNPORNNOIND O OO ]

w

60
60

68
52

81
9l

68
63
149

100
100

86

63

# WORST CASE TEMPERATURE AT END OF 3RD EVA,
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“ﬂ" LCRU THERMAL MOCK-UP SOLAR RADIATION
TEST 2

OBJECTIVE:

TO EVALUATE LCRU THERMAL DESIGN CHARACTERISTICS
UNDER LUNAR ENVIRONMENTAL CONDITIONS FOR THE HOT
MISSION TIMELINE.

APPROACH:

A. SIMULATE THE EQUIPMENT:

1. LCRUWITH 5.75 LBS. OF WAX
2. LRV BATTERY COVERS

B. SIMULATE THE ENVIRONMENT:

VACUUM

LUNAR SURFACE
SOLAR RADIATION
DEEP SPACE

SN =



“c" LCRU THERMAL MOCK-UP SOLAR RADIATION
TEST 2 (CON'TD)

C. COMPUTE LCRU TEMPERATURES
FOR THE HOT TIMELINE CONSIDERING:

LCRU RADIATOR OPENINGS

LCRU HEAT DISSIPATION

SUN ELEVATION ANGLES

LUNAR SURFACE TEMPERATURES
LRV BATTERY COVER POSITIONS

N

D. PERFORM TEST ACCORDING TO THE
HOT TIMELINE AND RECORD:

1. LCRU TEMPERATURES
2. ASSOCIATED TEST DATA

E. EVALUATE LCRU THERMAL CHARACTERISTICS
BY COMPARING COMPUTED LCRU TEMPERATURES
WITH THE TEST TEMPERATURES.
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HOT TIMELINE

NOTE: LUNAR PLANE TEMP. SETTINGS

HEWN =

153°F
177°F
195°F
2117 F
225°F

/@

COWAOND®

236°F
242°F
225°F
225°F
241°F

HOURS



TEST SETUP

6G5-6
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nRGA SIMULATION OF DUSTY RADIATOR
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TEST POWER DISSIPATIONS

OPERATING MODE

STANDBY MODE

TV ASCENT MODE

WATTS WATTS WATTS
VHF RECEIVER \
VHF XMTR
ULSP > 8.74 5.48 8.58
VOLT. REGULATOR
DLSP /
SEC. DIPLEXER 1.32 1,32 1.45
SEC. S BAND REC. 1.02 1.00 1.00
BATTERY 8.79 - -
FM XMTR 44,51 .58 45.70
DC/DC CONV. 1.65 3.30 21.80
TOTAL 66.0 11.8 78.5
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THERMOCOUPLE LOCATIONS
RGA

ADVUSTALILE
~EADIATOR THEMNAL
conrecL Covirs

SwWITCH

PANEL QLR
LAATCR
.~

CoNTRO, PANEL
JTRUCTURE, LCRY
CHAS513

INTEPNAL.
SINK ¥AK
&
\\ : i
LNIZ_Q&&/
SivK CASE
1
LREIURE !
LA :
!
{ SANINHATION.
(CRUCHASSIS :
ANLLYTICAL THERNAILMCDEL Q

NONIL i &YE iT

« THeERAMT @ couvrie &




RGA THERMOCOUPLE LOCATIONS

LCRU CHASSIS

LCRU CHASSIS

€9-6

IV PM XMTR

ULS PROCESSOR

| ~DC-DC CONVERTER

TRIPLEXER

VOLTAGE REGULATORS
BATTERY

VHF TRANSMITTER

RECEIVER (PRIMARY)

RECEIVER (SECONDARY) LCRU COMPONENT ANALYTICAL THERMAL MODEL
NODAL LAYOUT

*THERMOCOUPLE
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“cn AVERAGE BASEPLATE TEMPERATURE
THERMAL MOCK-UP TEST 2

150 —

a=.10 a=.10

RADIATOR = 100% RADIATOR = 100%

SUN ¢ 51.8° SUN 4 =56.8

LUNAR TEMP. =225°F LUNAR TEMP. = 236°F
140 DISSIPATION = 66 N DISSIPATION =0 W

130

120

110

100

AVERAGE LCRU BASEPLATE TEMPERATURE, °F

90

80

70 1 1 L L
0 4 8 12 16 20 24 28

TIME, HOURS
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LCRU TEMPERATURE DIFFERENTIALS FROM

AVERAGE BASEPLATE TEMPERATURE

ITEM LCRU OPERATING
MAX. AVE,

°F °F

BASEPLATE* s 3

-4 -3

RADIATOR =7 -5
BATTERY 12 8
VHF TRIPLEXER 12 12
VHF TRANSMITTER 23 21
VHF RECEIVER 19 17
UPLINK SIGNAL PROCESSOR 16 14
DOWNLINK SIGNAL PROCESSOR 15 13
DIPLEXER 6 5
MOUNTING SHELF 19 13
FM/PM TRANSMITTER 34 33
S-BAND RECEIVER 3 2
DC-DC CONVERTER - 13
VOLTAGE REGULATOR 2 1
CONTROL PANEL (INNER) 2 1
CONTROL PANEL (INNER) MOUNTINGS -2 -1
METER (CASE) -2 -1
ROTARY SWITCH (BODY) 3 2
CASE 2 1
COVER, BATTERY COMPARTMENT 3 2
COVER PRESSURIZED COMPARTMENT 1 0

*BASEPLATE TEMPERATURE DEVIATION FROM AVERAGE TEMPERATURE
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FINISH SAMPLES

SAMPLE* | MATERIAL FINISH
AS RECEIVED AND
1 ALUMINUM CLEAR ANODIZE, RCA 1980037-1
(SULFURIC ACID, HOT WATER SEAL)
ABRASIVE BLASTED, RCA 1980017-3 &
2 G EEMEHUL CLEAR ANODIZE, RCA 1980037-1
IRIDITE CHEMICAL TREATMENT,
3 GEERIEAL STANDARD, RCA 1980135-1
IRIDITE CHEMICAL TREATMENT,
& ER M LIGHT, RCA 1980135-2
. gggggi?g ABRASIVE BLASTED, RCA 1980017-3 &
STEEL PASSIVATING DIP, RCA 1980032-1

*TUBE .625 IN. O.D., 4.00 LONG




FINISH SAMPLES
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RGA SAMPLE TEMPERATURE

SUN LUNAR SAMPLE

ANGLE TEMP., 1 2 3 4 7

DEGREES °F °F °F °F °F °F
20 99 124 106 173 143 95
30.8 150 126 110 216 178 169
36 183 155 153 217 194 181
41 .2 200 128 146 210 195 182
51.8 225 156 161 216 201 192
56.8 236 177 166 221 206 195
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AVERAGE BASEPLATE TEMPERATURE

TEMPERATURE (°F)

150

140

130

120

o

100

90

80

EVA |

EVA 2

COOLING 2

EVA 3

LIFTOFF OPERATION

|
|
|
|
|
|

TV STANDBY

N

TIME (HRS)
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= 10
B
=
i
=
=
>
<
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REGA MOUNTING PLATE & SHELF HOT SPOTS
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TEST PROGRAM SUMMARY SCHEDULES

1970

1971

TEST

JUNE

JULY

AUG | SEPT

OCT

NOV

DEC

JAN

FEB

MAR | APRIL| MAY

JUNE

JULY

THERMAL MOCK-UP 1
DOCUMENTATION
TEST

THERMAL MOCK-UP 2
DOCUMENTATION
TEST

LRV/LCRU VIBRATION
TEST SUPPORT

ENGINEERING MODEL

LCRU UNIT
ANCILLARY ITEM
STOWAGE CONTAINER

HYDRAULIC PRESSURE VESSEL
MESA VIB-(MOCK-UP)

HGA ASS'Y
LGA ASS'Y

TV/LCRU/MSFN COMPATIBILITY
LRV/LCRU EMC

DESIGN VERIFICATION (DVT-1)
DOCUMENTATION
TEST
HGA ONLY (VENDOR)

QUALIFICATION
BATTERY
DOCUMENTATION
TEST
LCRU SUBSYSTEM
DOCUMENTATION
TEST

12
Vis

12
>

6
Wi7 194 16

L 7y A

20 15
—A

312 2l
&d N

27

13

4

14 18
VA AN

&— N

2 13

24
LN
25/

-/\4

21&

LEGEND:

< PLAN
¥V PROCEDURE
> REPORT

[\ TEST

O sLIP

3l
- -

2|
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[\

12,

13.
14,
15,
16.
17.

18,

THERMAL MOCK-UP TEST PROGRAM

“ﬂ" HIGHLIGHTS

MSC/RCA SR/TV T.I. COORDINA TION MEETING

SR/TV CHAMBER INTERFACES/REQUIREMENTS DEFINED
PRELIMINARY TEST PLAN OUTLINE AND LIST OF

TESTS DEFINED

PRELIMINARY DRAFT TEST PLAN AND PROCEDURE
SUBMITTAL

FINAL DRAFT TEST PLAN AND PROCEDURE SUBMITTAL
MSC RECOMMENDED PLAN/PROCEDURE MODIFICA TIONS
THERMAL MOCK-UP ASSEMBLY COMPLETE

REVISED TEST PLAN AND PROCEDURE SUBMITTAL
START SR/TV THERMAL MOCK-UP 1 TESTS

COMPLETE SR/TV THERMAL MOCK-UP 1 TESTS
THERMAL MOCK-UP TEST PLAN AND PROCEDURE
SUBMITTAL

THERMAL MOCK-UP 1 TEST DATA ANALYSIS
PRESENTATION (TI-4)

START SR/TV THERMAL MOCK-UP 2 TESTS

SCHEDULE SR/TV THERMAL MOCK-UP 2 TEST COMPLETE
CHAMBER "D'" SOLAR ANOMALIES

START TIMELINE (PHASE II) SR/TV THERMAL MOCK-UP 2 TEST
SCHEDULE TIMELINE (PHASE II) SR/TV THERMAL MOCK-UP 2
COMPLETE

EVALUATE TEST DATA VS. COMPUTED DATA

16-17 APRIL 70
24 APRIL 70

5-6 MAY 70

22 MAY 70
26 MAY 70

3 JUNE 70

12 JUNE 70
12 JUNE 70
16 JUNE 70
16 JULY 70

4 AUGUST 70

12 AUGUST 70
19 AUGUST 70
3 SEPTEMBER 70
1 SEPTEMBER 70
9 SEPTEMBER 70

16 SEPTEMBER 70
16 OCTOBER 70
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THERMAL MOCKUP SOLAR RADIATION/
THERMAL-VACUUM TEST MATRIX

» o el & CONFIGURATION
E Z o
E ? > | m o & o m v
o £ Z | K = ™ 1 LCRU LCRU SAME AS I
4 ] 9 L @ 2 LCRU RADIATOR RADIATOR WITH
o g g 8|3 E S RADIATOR | PARTIALLY FULLY SHADING
A0 = : B | g 2] UNCOVERED | COVERED | COVERED | SIMULATORS
AloN | asF | Ny | 7 1x10° | FW/TV MONITOR
TORR. BATT. THERMO-
COUPLES
B [ON | +26°F | LNy | 27 1x10™”° | FM/TV MONITOR
TORR. BATT. THERMO-
COUPLES
¢
D | ON +196°F | LN, | 47° 1x107° FM/TV MONITOR
TORR. BATT. THERMO-
COUPLES
E | ON +196°F | LN, | 4T 1x107° FM/TV MONITOR
TORR. CONV. THERMO-
COUPLES
F ON +196°F | LN, | 4T 1x107° PM1/WB MONITOR
TORR. CONV. THERMO-
COUPLES
G | ON +196°F | LN, | 47 1x107 PM1/WB MONITOR
TORR. BATT. THERMO-
COUPLES
H | ON +234°F | LN, | 6T 1x107° FM/TV MONITOR
TORR. BATT. THERMO-
COUPLES
J* | oNn +234°F | LN, | 67, 1x10° | OFF Monitor Baseplate M Baseplate [Monitor Baseplate
2 TORR. thermo from +120°F | thermo from +120°F |Couples from +120°F
to 0°F/14 hours 10 0°F/14houns  [to 0"F/14 hours
K | ON +238°F | LN, | 70° 1x107° FM/TV MONITOR
TORR. BATT. THERMO-
COUP LES
L**| ON +234° F LN2 67° 1)(10-5 OFF Monitor Base- | Monitor Base-
plate Thermo, | plate Thermo
for 14 hours for 14 hours
M | ON +234°F | 20° | 67° 1X107° FM/TV MONITOR
TORR. BATT. THERMO-

COUPLES
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THERMAL MOCKUP SOLAR RADIATION/
THERMAL-VACUUM TEST MATRIX (CONT'D.)

w
8 > é‘ g CONFIGURATION
o
> o g
S z | & g o o e v
@ b - < g & I LCRU LCRU SAME. AS I
- 5 Zz E @ = LCRU RADIATOR | RADIATOR WITH
& fs; 2 E o E S RADIATOR , | PARTIALLY FULLY SHADING
"1 & Z =] UNCOVERED | COVERED COVERED SIMULATORS
N*| OFF | LN, LN, | 7° 1X10™° | OFF MONITOR
TORR. BASE PLATE
THERM.
FROM +120° F
TO ¢°F
P | OFF | LN, IN, | 7 1x10™° FM/TV MONITOR MONITOR
TORR. BATT. THERMO- THERMO-
COUPLES COUPLES
AND RADIO- | AND RADIO-
METERS METERS
Q | OFF | LN, LN, | 27 1X107° FM/TV MONITOR
TORR. BATT. RADIO-
METERS
R | OFF | LN, LN, | 47° 1X10™° FM/TV MONITOR
TORR. BATT. RADIO-
METER
S | OFF | LN, LN, | 67 1X10™° FM/TV MONITOR
TORR. BATT. RADIO-
METER
T | oN LN, LN, | 67° 1x10° | FM/TV MONITOR
TORR. BATT. THERMO-
COUPLES
*BASE PLATE MIN. TEMP. = +120°F

**BASE PLATE MIN. TEMP.

= +120°F AND LRV BATT. SIMULATOR UP
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THERMAL MOCKUP TEST 2 PLAN

PLAN SUBMITTED 8/6/70

CHAMBER FACILITY MODIFICATIONS:

90° ROTATION OF LUNAR PLANE
DEPLOYMENT /RETRACTION OF LRV BATTERY COVER
SHIELDING OF QUARTZ HEATER LAMPS

TEST OPERATIONS:
PHASE I CONDITIONS:

a)
b)
c)
d)
e)
f)
g)

CLEAN RADIATOR

SUN ELEVATION ANGLES 51.8° and 56. 8°

LUNAR PLANE TEMPERATURES 225°F and 236°F
RIGHT-SIDE SUN EXPOSURE

AVERAGE LCRU DISSIPATION 66.0 WATTS
HEAT-UP PERFORMANCE

COOL-DOWN PERFORMANCE

PHASE II CONDITIONS:

a)
b)
c)

DUSTY RADIATOR

RIGHT SIDE SUN EXPOSURE

TYPICAL HOT TIME-LINE PERFORMANCE
(See next figure)
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e e - e e e . o

RGA THERMAL MOCK-UP TEST #2

NOTE: LUNAR PLANE TEMP. SETTINGS

(10
153°F 6 236°F
177°F 7 242°F
195°F 8 225°F

211°F 9 225°F (8
225°F 10 241°F

LA

NEWN =

HOURS
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ENGINEERING MODEL TEST PROGRAM

LCRU ASSEMBLY

1970

1971

AUG

NOV

DEC JAN

FEB

MAR APR

WIRING CHECK
TV/MSFN COMPATIBILIT Y (MSC)
DTV SELECTION (UPLINK)
(DOWNLINK)
HI TEMP CHECK
LO TEMP CHECK
PRELIM TEST PROC/TECHNIQUE C/O
UPLINK TESTS
70 KHZ OUTPUT
SQUELCH/VOX
VHF POWER OUTPUT
VHF OUTPUT FREQ
SENSITIVITY
FREQ RESPONSE
VHF MOD LEVEL
SIG STRENGTH METER CHECK
TV REMOTE MODE CHECKS
DOWNLINK TESTS
SENSITIVITY
POWER OUTPUT
OUTPUT FREQ
1.25 MHZ FREQ
TM/VOICE DEV
TV FREQ RESPONSE
BAT/TEMP TM/METER CHECK
ASS'Y PERF (CURRENT)
STE #1 CHECKOUT
HI TEMP PERFORMANCE
LO TEMP PERFORMANCE
ENVIRONMENTAL CONFIDENCE TEST
EMI CONFIDENCE TEST
STE # 2 CHECKOUT
BAKE, PURGE, SEAL, LEAK TEST
VOLTAGE VARIATION TEST
STE # 3 CHECKOUT
MODE/OPERATING VARIABLES TEST
LEAK RATE/PRESSURE CHECK
DVT AND STE SUPPORT

I
1

LRV EMC TEST

SUPPORT (TBD)

REVISED 9-9-70
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ENGINEERING MODEL TEST PROGRAM

1970 1971
CONFIDENCE TESTING
AUG | SEpT | ocT | Nov | DEC | JAN | FEB | MAR | APR

ANCILLARY ITEM STOWAGE CONTAINER

1. PRE-ASSEMBLY H—

2. INTEGRATION VERIFICATION —

3. RANDOM VIBRATION ]

4. SHOCK =

5. LAUNCH DEPRESSURIZATION =
HYDRAULIC PRESSURE VESSEL

1. LEAK RATE/PRESSURE VERIFICATION —

2. OVERPRESSURE VERIFICATION I
MESA VIBRATION - LCRU MOCK-UP

1. RANDOM VIBRATION, E L/B "
HGA ASSEMBLY

1. SINE VIBRATION, LRV MOUNT b
LGA ASSEMBLY

1. SINUSOIDAL VIBRATION, LRV MOUNT —H
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LCRU SUB-SYSTEM ENVIRONMENTAL
SPECIFICATION STATUS

SE-C-0043AA
NAT.EARTH |IND. EARTH |LM VEHICLE LUNAR LM-ICD LRV-ICD
ENV.G.H. ENV.G.H. ENVIRONMENTS | ENVIRONMENTS | LIS-520-25163 | MSFC-13M07391
(4. 64) (4. 65) (4. 66) (4.67) 6-2-70 3-12-70 AND
' IRN's R1 THRU Ré6
LCRU APPLICABLE|APPLICABLE|APPLICABLE APPLICABLE APPLICABLE |APPLICABLE
ASSEMBLY SOLAR-RAD. SHOCK VIBRA TION
T/V (CCA-5) (CCA-9) NO ACCELERATION
VIBRA TION NO SHOCK
DUST(2)
ANCILLARY APPLICABLE|APPLICABLE|NOT NOT APPLICABLE |NOT
ITEM STORAGE APPLICABLE APPLICABLE PER APPLICABLE
CONTAINER CCA-9
HIGH/LO GAIN | APPLICABLE|APPLICABLE|NOT APPLICABLE APPLICABLE |APPLICABLE
ANTENNA APPLICABLE SOLAR RAD. - AS MODIFIED | VIBRA TION (3)
ASSEMBLIES T/V (CCA-5) BY STOWAGE |NO ACCELERATION
VIBRA TION CONTAINER | NO SHOCK
DUST(2)
BATTERIES APPLICABLE|APPLICABLE|APPLICABLE APPLICABLE APPLICABLE |APPLICABLE
WE T-STAND AS IN PER AS IN
LCRU ASSY. CCA-9 LCRU ASSY,
NOTES:

1. ICD's SUPERSEDE SE-C-0043A
2, DUST REQUIREMENTS PER TI-3
3. LGA ASS'Y VIBRATION LEVEL PENDING LRV QUAL. TEST
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SUBSYSTEM ENVIRONMENTAL TEST MATRIX

DESIGN VERIFICATION TESTS

QUALIFICATION TESTS

ANCILLARY ANCILLARY
ITEM ITEM
LCRU STOWAGE HGA LGA LCRU STOWAGE HGA
ENVIRONMENTAL REQUIREMENTS ASS'Y | CONTAINER ASS'Y ASS'Y BATTERY | ASS'Y CONTAINER ASS'Y BATTERY
4,6,4 NATURAL EARTH ENVIRONMENTS
a, THRU h, -- -- -- - -- -- -- -- --
1,6.5 INDUCED EARTH ENVIRONMENTS
a, AND b, - -- -- - -- - -- - --
4,6.6 VEHICLE ENVIRONMENTS
a. HUMIDITY X X P/0O AISC P/O AISC P/O LCRU -- X P/O AISC --
b. OXYGEN -- -- -- == -= -- - -- --
¢. DELETED N/A N/A N/A N/A N/A N/A N/A N/A N/A
d. TEMPERATURE, BATTERY WET-STAND N/A N/A N/A N/A X N/A N/A N/A X
e. RANDOM VIBRATION E L/B X > P/O AISC P/0 AISC X X X P/O AISC X
f. SINUSOIDAL VIBRATION E L/B:
(1) 3 OCTAVE/MIN., SWEEP X X P/0O AISC P/0O AISC *X - -- -- X
(2) 10 SECOND DWELL @ 6 HZ X -- -- -- *X -- -- - X
g. ACCELERATION - —= o —e = e - e —
h. LAUNCH DEPRESSURIZATION N X P/0 AISC P/0O AISC -- -- X P/O AISC X
i. THERMAL-VACUUM, MESA N -- HGA ONLY* - Lo X -- - X
j.  RANDOM VIBRATION, LUNAR DESCENT P/0 ¢ X P/0O AISC P/0O AISC == - =2 = .
k. SINUSOIDAL VIBRATION, LUNAR DESCENT X == —c - - - - - -
1. SHOCK, LUNAR LANDING X X P/0O AISC P/0O AISC P/O LCRU X P/0 AISC X
4.6,7 LUNAR ENVIRONMENTS
a. SOLAR-RADIATION THERMAL-VACUUM N N/A HGA ONLY* -- P/0O LCRU X N/A -- /O LCRU
b. SINUSOIDAL VIBRATION X N/A X oS P/0 LCRU X N/A X PO LCRU
c. DUST X N/A X X P/O LCRU -- N/A -- --

*VENDOR LEVEL TEST ONLY
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LM MESA RANDCM VIBRATION SPECTRUMS

(SE-C-0043A)

1.0 E‘
C NOMINAL LEVEL = 127 MV = 12.7 GRMS
NOMINAL LEVEL = 32MV = 3.2 GRMS
’g o I L LAUNCH/BOOST
9 -
oN
o [
>
£ -
w
Z —
w
D e
=
<
oc b
}_
o
w
a.
wn
o0
| DESCENT
L
001 1 11111111 | 1111111] | 1111111]

10 100 1000 10,000
FREQUENCY (CPS)
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IRGAI TEMPERATURE- TIME HISTORY CURVE OF THE MESA

TEMPERATURE ~ °F

MESA TEMPERATURE FOR HOT AND COLD
THERMAL DESIGN LUNAR MISSIONS

TRANSLUNAR - LUNAR ORBIT - LUNAR STAY

160

o

140

120°F

40~ 35°F

1 1 1 1 1
o] 20 40 60 80 100 120 140 160 180 200
TIME ~ HOURS

220




RGA DVT PROGRAM MILESTONES

1971

JAN FEB MAR APR

31

LCRU ASSEMBLY
BENCH TEST & SET-UP O TAvA'
VIBRATION, RANDOM D. L. O A
VIBRATION, SINE, E L/B O —\
VIBRATION, SINE, DESCENT O A AN
VIBRATION, SINE, 1.5G DWELL O JAVAN
LAUNCH DEPRESSURIZATION O AZ :
THERMAL-VACUUM, HOT CYCLE —\
THERMAL-VACUUM, COLD CYCLE O
SHOCK O PA' MAN
LEAK RATE O
OPERATIONAL CHECK O P
ROVER VIBRATION (OPER.) O OO

SOLAR RAD. T-V (MSC)
TIMELINE #1 (HOT) O VA
TIMELINE #2 (COLD)

LEAK RATE O
OPERATIONAL CHECK <5

ST-0T

QED
S

EMI 5
DUST ﬁ

HUMIDITY o
FINAL FUNCTIONAL O

ANCILLARY ITEM STOWAGE CONTAINER
HUMIDITY O AVA
VIBRATION, RANDOM, D.L. O JAs
VIBRATION, SINE, E L/B <f —-{f
LAUNCH DEPRESSURIZA TION
SHOCK

HGA ASSEMBLY

VIBRATION, SINUSOIDAL (DEPLOYED) JAS
ELECTRICAL FUNCTIONAL

LGA ASSEMBLY
VIBRATION, SINUSOIDAL TAS SAY
ELECTRICAL FUNCTIONAL p—‘—{ls
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I.  LCRU ASSEMBLY (LESS ANTENNAS)

o o & w N

10.

"

12

13.
14.
15.

TEST

BENCH TEST

RANDOM VIBRATION, DESIGN LIMIT
SINUSOIDAL VIBRATION, E L/B

SINUSOIDAL VIBRATION LUNAR DESCENT

SINUSOIDAL VIBRATION, 1.5G DWELL
LAUNCH DEPRESSURIZATION

THERMAL VACUUM

SHOCK, LANDING

LEAK RATE

SINUSOIDAL VIBRATION (LRV MOUNT)

SOLAR-RADIATION/THERMAL-VACUUM

EMI

DUST, SIMULATED
HUMIDITY
FINAL FUNCTIONAL

TEST PARAMETERS

SPECIAL ELECTRICAL OPERATING PERFORMANCE
AT AMBIENT

13.7g RMS (0.25g2/Hz MAX LEVEL) FOR 3.0 MIN./AXIS

5-100-5 Hz @ 3 OCTAVE/MIN/AXIS (3.7g MAX)

5-100-5 Hz @ 1 OCTAVE/MIN/AXIS (1.4 MAX)
6 Hz FOR 10 SECONDS

14.7PSIATO 1 X 10" TORR IN 3.5 MINUTES @ AMBIENT
TEMP.

105 TORR PER LM MESA HOT TEMP.-TIME CURVE
FOR 158 HOURS

105 TORR PER LM MESA COLD TEMP.-TIME CURVE
FOR 158 HOURS

*SAWTOOTH 9g PEAK WITH 14 MSEC Ry AND 1 MSEC
F¢ PER AXIS

MASS SPECTROMETER MEASUREMENT WITH 90% ARGON,
10% NITROGEN MIXTURE AND INTERNAL PRESSURE
MEASUREMENT

5-20-5Hz @ 3 OCTAVE/MIN/AXIS (1.0g PEAK) FOR 30
MINUTES PER AXIS IN PM1/WB OR PM1/NB MODE.

TIMELINE #1 - HOT CASE - 63.5 HOURS
TIMELINE #2 - COLD CASE - 65.5 HOURS

RADIATED INTERFERENCE; ANTENNA-CONDUCTED;
RF RADIATED SUSCEPTIBILITY; INTERMODULATION
SUSCEPTIBILITY; RECEIVER FRONT-END REJECTION;
POWER-LINE CONDUCTED SUSCEPTIBILITY
MECHANICAL INTERFACE VERIFICATION

3-DAY (72 HOUR) EXPOSURE AT 95% RH

ELECTRICAL OPERATING PERFORMANCE AT AMBIENT

*EQUIVALENT TO LM ICD REQUIREMENTS (RESONANT FREQ ABOVE 30 Mz)

DESIGN VERIFICATION TEST PROGRAM PLANS
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® ® ®
DESIGN VERIFICATION TEST PROGRAM PLANS

“c" (Continued)

Il. ANCILLARY ITEM STOWAGE CONTAINER (STOWED)

TEST TEST PARAMETERS
1. HUMIDITY 3-DAY (72 HOUR) EXPOSURE AT 95% RH
2. RANDOM VIBRATION, E L/B 22.35 g RMS (0.9 g2/Hz MAX LEVEL) FOR 2.5 ' IIN/AXIS
RANDOM VIBRATION, LUNAR DESCENT 13.7 g RMS (0.2 g2/Hz MAX LEVEL) FOR 12.5 MIN/AXIS

3. SINUSOIDAL VIBRATION, E L/B 5-100-5 Hz @ OCT/MIN/AXIS (3.0 g MAX)

4. LAUNCH DEPRESSURIZATION 14.7PSIA TO 1 X 10'! TORR IN 3.5 MINUTES AT AMBIENT
TEMP.

5. SHOCK *SAWTOOTH 9 g PEAK WITH 14 MSEC Ry AND 1 MSEC F
PER AXIS

*EQUIVALENT TO LM ICD REQUIREMENTS (RESONANT FREQ. TO BE DETERMINED)

11l. HI GAIN ANTENNA (SUBCONTRACTOR)

TEST TEST PARAMETERS

1. RANDOM VIBRATION, D. L. (STOWED) 12.7 g rms (0.25¢g2/Hz MAX LEVEL) FOR 1.0 MIN/AXIS

2. SINUSOIDAL VIBRATION, (DEPLOYED & FOLDED) 5-20-5 Hz ONE SWEEP PER MINUTE FOR 24 MINUTES
(NON-RADIATION)

3. LAUNCH DEPRESSURIZATION (STOWED) 14.7PSIA TO 1 X 10°1 TORR IN 3.5 MINUTES AT AMBIENT
TEMP.

4. THERMAL - VACUUM (STOWED) 1 X 105 TORR FOR 120 HOURS INCL. 60 HRS @ 35°F AND
60 HRS @ 120°F.

5. SOLAR RADIATION-THERMAL VACUUM 60 HOUR EXPOSURE (NON-RADIATING); TIMELINE OR
EQUIVALENT

6. DUST, SIMULATED MECHANICAL DEPLOYMENT VERIFICATION

7. FLEXING TEST DEPLOYED AND UNDEPLOYED (100 TIMES MINIMUM)

8. TEMPERATURE, STORAGE * 8 HOURS @ -65 “F, 8 HOURS @ +145 °F (DEPLOY/UNDEPLOY)
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v

\Y

HGA AND MAST

1.

2.

TEST

DESIGN VERIFICATION TEST (CONT'D)

TEST PARAMETERS

SINUSOIDAL VIBRATION (DEPLOYED) 5-20-5Hz @ 3 OCTAVES/MINUTE FOR 30

ELECTRICAL TEST

LGA AND MAST

i

2.

TEST

MINUTES (1.0 g PEAK)

ANTENNA RADIATION ON RANGE

TEST PARAMETERS

SINUSOIDAL VIBRATION (DEPLOYED) * 5-20-5Hz @ 3 OCTAVES/MINUTE FOR 30

ELECTRICAL TEST

MINUTES $1.0 g PEAK)

ANTENNA FUNCTIONAL VERIFICATION

*PENDING RESULTS OF LRV QUALIFICATION
TESTING NOW IN PROGRESS
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DESIGN VERIFICATION TEST PROGRAM PLANS

VI. LO GAIN ANTENNA (SUBCONTRACTOR)

TEST

1. RANDOM VIBRATION, (STOWED)
2. SINUSOIDAL VIBRATION (STOWED)

3. SINUSOIDAL VIBRATION, OPERATING

VIl. BATTERY (SUBCONTRACTOR)

TEST
1. VIBRATION, RANDOM E L/B
2. VIBRATION, SINUSOIDAL, E L/B
3. VIBRATION, SINUSOIDAL DWELL

4. THERMAL

5. WET STAND/THERMAL-VACUUM

(CONTINUED)

TEST PARAMETERS

19 GRMS (0.5g2/Hz MAX LEVEL) FOR 10 MINUTES/AXIS
5-100-5 Hz @ 3 OCT/MIN/AXIS (10g MAX LEVEL), ONE SWEEP/AXIS

5-80-5 Hz @ 1 OCT/MIN. FOR 24 MINUTES (3.7g PEAK)
(AXIAL AND TRANSVERSE AXES ONLY)

TEST PARAMETERS

22.35 GRMS (0.9g2/Hz MAX. LEVEL) FOR 2.5 MINUTES/AXIS
5-100-5 Hz @ 3 OCT/MIN/AXIS (3.0g MAX.)
1.5g AT 6 Hz FOR 10 SECONDS

90°F FOR 8 HOURS, FULL-LOAD DISCHARGE, RECHARGE,
130°F FOR 8 HOURS, THEN FULL-LOAD DISCHARGE.

13 DAYS TEMP. CYCLE BETWEEN 50°F AND 80°F, 200 HOURS
AT 104 TORR WITH TEMPERATURE STARTING AT 70°F AND
LINEARLY INCREASING TO 120°F AFTER 158 HOURS, AND
120°F FOR 42 HOURS, ELECTRICAL DISCHARGE STARTING
AT 120°F ON BASEPLATE.
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RCA DUST TEST PLANS

PURPOSE AND OBJECTIVE:

1. VERIFY MECHANICAL PROPERTIES OF SIMULATED LUNAR DUST ON LCRU MOVABLE COMPONENTS.

2. IDENTIFY ANY POTENTIAL PROBLEMS RELATED TO DEPLOYMENT OF LCRU COMPONENTS IN DUSTY ENVIRONMENT.

3. ESTABLISH APPROXIMATE ASTRONAUT FORCES REQUIRED TO OPERATE LCRU COMPONENTS IN A DUSTY EN-
VIRONMENT.

4. QUALIFY THE MECHANICAL INTERFACE DESIGN IN A DUSTY ENVIRONMENT.

TEST PLANS:

1. LOCATE LCRU EXTERNAL INTERFACE CABLES, LRV MOUNTING LEGS, LRV BUMPER, HIGH GAIN ANTENNA MAST AND
POSITIONER, LOW GAIN ANTENNA POSITIONER AND MOUNTING POST IN TEMPERATURE CHAMBER WITH SIMULATED
LUNAR DUST AND DUST BRUSH.

2. BAKE ALL ITEMS AT 100°F AND LESS THAN 22% RELATIVE HUMIDITY FOR 6 HOURS MINIMUM.

3. REDUCE CHAMBER TEMPERATURE TO APPROXIMATELY 73°F AND MAINTAIN 22% RH MAXIMUM.

TEST PROCEDURE
A. LCRU, CABLES AND BATTERY

1. DETERMINE INITIAL TORQUE/FORCE MEASUREMENTS REQUIRED TO:

. SWITCH EACH CONTROL PANEL SWITCH

. ROTATE HI-GAIN ANTENNA POSITIONER

. CONNECT/DISCONNECT THREE EXTERNAL CABLES
. ROTATE LO-GAIN ANTENNA POSITIONER

. UNLOCK LCRU/LRV LEGS

REMOVE LCRU FROM LRV MOUNT

. INSERTION/REMOVAL OF LCRU BATTERY

. OPENING BATTERY DOOR

JTQ 0 Q0 U




NG DUST TEST PLANS (cont'd)

TEST PROCEDURE (CONTINUED)

A. LCRU, CABLES AND BATTERY (CONTINUED)

2,

3.

1.

12.
13.

OPERATOR SHALL USE GLOVES LIGHTLY DUSTED WITH PRE-MEASURED 1 OZ. SAMPLES OF SIMULATED DUST

DURING THE APPLICATION OF DUST AND/OR MOVEMENT OF ANTENNA POSITIONERS.

DUST BOTH LCRU/LRV LEGS WITH A PRE-MEASURED 2 OZ. SAMPLE OF SIMULATED DUST AS DISPENSED THROUGH

A COARSE (0.1 INCH SCREEN MESH. INSERT LEGS INTO SIMULATED LRV BUMPER AND MOUNT LCRU TO LEGS.
SPRINKLE VIA A COARSE SCREEN MESH A 2 0Z. SAMPLE OF DUST FROM A 6-10” HEIGHT OVER/AROUND THE LEGS
AND TORQUE TO LOCKING.

SPRINKLE PRE-MEASURED 2 OZ. SAMPLES OF DUST FROM A 6-10"” HEIGHT OVER ALL CONTROL PANEL SWITCHES,

THE HIGH AND LOW GAIN ANTENNA MOVING PARTS AND ALL CABLE INTERFACES.

CYCLE EACH CONTROL PANEL SWITCH THROUGH ITS SWITCH POSITIONS ONCE, ROTATE BOTH ANTENNA POSITIONERS
+ 180° ONCE IN THE HORIZONTAL PLANE, AND ROTATE THE HI GAIN ANTENNA POSITIONER + 180° IN A VERTICAL
PLANE ONCE.

SPRINKLE A PRE-MEASURED 2 0Z. SAMPLE OF DUST ON THE BATTERY CONNECTOR (WITH PROTECTIVE COVER

IN PLACE) AND TOP SURFACE, BRUSH AND REMOVE CONNECTOR COVER AND INSERT BATTERY INTO LCRU. SPRINKLE
A PRE-MEASURED 2 OZ. SAMPLE OF DUST ON BATTERY DOOR CLOSURE, THEN CLOSE DOOR.

SPRINKLE A PRE-MEASURED 2 OZ. SAMPLE OF DUST ON THE S-BAND DIPLEXER CONNECTORS AND 2G CONTROL PANEL
CONNECTOR.

REMOVE S-BAND DIPLEXER OUTPUT CABLES AND SWITCH CONNECTOR POSITIONS.

REPEAT STEP 5 THROUGH 9, NINE ADDITIONAL TIMES, BRUSHING MIRROR SURFACE AS NECESSARY TO PREVENT DUST
BUILD-UP.

REMOVE LOW GAIN POST FROM LRV MOUNTING POST, MOUNT ON LCRU FOR HAND-CARRY MODE. SPRINKLE DUST
OVER THE LCRU/LOW GAIN POST INTERFACE.

REPEAT TORQUE/FORCE MEASUREMENTS MADE IN STEP 1.

WITHOUT CLEANING THE LCRU BATTERY, DIPLEXER CONNECTORS OR CONTROL PANEL CONNECTOR, PERFORM
ELECTRICAL CHECKS ON LCRU.
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DUST TEST PLANS (cont'd)

TEST PROCEDURE (CONTINUED)

B. HI-GAIN ANTENNA

1.

6.
7

8.

DETERMINE INITIAL TORQUE/FORCE MEASUREMENTS ON THE HIGH GAIN ANTENNA ANTENNA ASSEMBLY TO:

a. DEPLOY ANTENNA
b. ROTATE SIGHT DETENTS
c. RETRACT FRONT/REAR HOOD

MEASURE ELECTRICAL CHARACTERISTICS OF HI-GAIN ANTENNA ON ANTENNA RANGE.

OPERATOR SHALL USE GLOVES LIGHTLY DUSTED WITH PRE-MEASURED SAMPLE OF SIMULATED DUST DURING
APPLICATION OF DUST AND/OR MOVEMENT OF ANTENNA.

WITH THE ANTENNA STOWED, SPRINKLE ALL MOVING PARTS WITH PRE-MEASURED SAMPLES OF SIMULATED DUST,
DEPLOY AND FLEX THE ANTENNA 5 TIMES. PERFORM THE TORQUE/FORCE MEASUREMENTS IN STEP 1.
SPRINKLE PRE-MEASURED SAMPLES OF SIMULATED DUST ON THE MOVING PARTS AND FLEX 5 TIMES. REPEAT
DUST APPLICATION AND FLEXING UNTIL THE ANTENNA HAS BEEN FLEXED 50 TIMES TOTAL.

MEASURE THE TORQUE/FORCE MEASUREMENTS OF STEP 1.

OPERATE THE ANTENNA ON THE ANTENNA RANGE WITHOUT BRUSHING OFF THE DUST. (REAPPLY DUST ON
ANTENNA).

REMOVE DUST WITH A DUST BRUSH AND REPEAT OPERATIONAL TESTS.

C. LOW GAIN ANTENNA

1.
2.

3.

MEASURE ELECTRICAL CHARACTERISTICS OF LO GAIN ANTENNA.

SPRINKLE VIA A COARSE SCREEN MESH PRE-MEASURED SAMPLES OF SIMULATED DUST ON UPWARD ORIENTED
(+45° REF VERTICAL) ANTENNA.

OPERATE THE ANTENNA WITHOUT BRUSHING OFF DUST.

LIGHTLY BRUSH THE ANTENNA AND MEASURE THE ELECTRICAL CHARACTERISTICS OF THE ANTENNA.
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REDUCED QUALIFICATION TEST PROGRAM
MILESTONES

1971

APR

MAY

JUN

JUL

3l

3

LCRU ASSEMBLY
VIBRATION, RANDOM, QUALIF, ASSURANCE
VIBRATION, RANDOM D. L.

VIBRATION, SINUSOIDAL, LRV MOUNT
*LAUNCH DEPRESSURIZATION
THERMAL-VACUUM, HOT CYCLE (158 HRS)
*THERMAL-VACUUM, COLD CYCLE

SHOCK

OPERATIONAL CHECK

LEAK RATE

SOLAR RAD, T-V (MSC)

TIMELINE #1 (HOT) (63.5 HOURS)

* TIMELINE #2 (COLD)
OPERATIONAL CHECK
LEAK RATE

*EMI
*DUST
*HUMIDITY
FINAL FUNCTIONAL

ANCILLARY-ITEM STOWAGE CONTAINER

HUMIDITY

LAUNCH DEPRESSURIZATION
VIBRATION, RANDOM, D. L.
SHOCK

HGA ASSEMBLY

VIBRATION, SINUSOIDAL
ELECTRICAL FUNCTIONAL

*DELETED/REDUCED TESTS

8-7-70 REV.9/11/70
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“cll QUALIFICATION TEST PROGRAM PLANS

I. LCRU ASSEMBLY (less antennas)

Test Test Parameiers
Random Vibration, Qual, Assurance 0,04 gz/Hz max level (6,1 grms) for 3,0 minutes/axis and
0.0415+°7 g2/Hz max, level for 1,0 minute/axis,

Random Vibration, D, L, 0,25 gz/Hz max, level (12,7 grms) for 3,0 minutes/axis

Rover Vibration (LRV mount) 5-20-5 Hz @ 3 Octave/minute/axis for 30 minutes/axis (1,0g peak)
in PM1/WB or PM1/NB mode,

Thermal-Vacuum 10-9 torr per LM MESA Hot Temp-Time Curve for 158 hours

Shock, Landing * Sawtooth 9 g peak with 14 msec R; and 1 msee F per axis

Leak Rate Mass Spectrometer measurement with 90% Argon, 109 Nitrogen
mixture and internal pressure measurement,

Solar-Radiation/Thermal-Vacuum Timeline #1-Hot case, 63.5 hours

EMI, reduced Radiated Interference; Antenna-Conducted; RF radiated susceptibility;

Receiver Front-End Rejection; Power-Line conducted susceptibility,

Final Functional Electrical operating performance at ambient

* Equivalent to LM ICD Requirements (Resonant freq, above 30 Hz)




(Continued)
11. ANCILLARY ITEM STORAGE CONTAINER (STOWED)
TEST TEST PARAMETERS
1. HUMIDITY 3-DAY (72-HOUR) EXPOSURE AT 95% RH
2. LAUNCH DEPRESSURIZATION 14.7PSIATO1 X 10“1 TORR IN 3.5 MINUTES AT AMBIENT
TEMP

- 3. RANDOM VIBRATION, D. L. 22.35 grms (0.992/Hz MAX. LEVEL) FOR 2.5 MIN & AXIS
(==
[13 4 SHOCK *SAWTOOTH 9g PEAK WITH 14 MSEC RT AND 1 MSEC FT PER AXIS
o *EQUIVALENT TO LM-ICD REQUIREMENTS (RESONANT

FREQ TO BE DETERMINED)

I11. HI GAIN ANTENNA (SUBCONTRACTOR)

TEST TEST PARAMETERS
1. LAUNCH DEPRESSURIZATION (STOWED) 14.7PSIATO 1 X 10-1 TORR IN 3.5 MINUTES AT AMBIENT
TEMP.
2. THERMAL - VACUUM (STOWED) 10" TORR FOR 120 HOURS INCL. 60 HOURS @ 35°F AND

60 HOURS @ 120°F

IV. HGA WITH MAST

SINUSOIDAL VIBRATION (DEPLOYED) 5.20-5 Hz @ 3 OCTAVE/MINUTE FOR 30 MINUTES
(1.0g PEAK)
ELECTRICAL FUNCTIONAL ANTENNA RADIATION ON RANGE
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QUALIFICATION TEST PROGRAM PLANS
KRiz40

BATTERY
TEST

1. RANDOM VIBRATION E L/B

SINUSOIDAL VIBRATION E L/B

SINUSOIDAL VIBRATION, 1.5g DWELL
SINUSOIDAL VIBRATION (OPERATING)

P w N

5. SHOCK, LANDING
6. SHOCK, RUPTURE
7. LAUNCH DEPRESSURIZATION

8. WET STAND/THERMAL-VACUUM

9. WET STAND/THERMAL-VACUUM

(Continued)

TEST PARAMETERS

22.35 GRMS (0.9g2/Hz MAX LEVEL) FOR 2.5 MINUTES/AXIS
5-100-5 Hz @ 3 OCT/MIN/AXIS (3.0g MAX.)

1.5g AT 6 Hz FOR 10 SECONDS

5-80-5Hz @ 1 OCT/MIN (2.5g PEAK) FOR 24 MINUTES/AXIS
SAWTOOTH 60g WITH 10 MSEC R, 1 MSEC F¢ PER AXIS
SAWTOOTH 78g WITH 10 MSEC R, 1 MSEC Ft PER AXIS

14.7PSIA TO 1 X 10'1 TORR IN 3.5 MINUTES

13 DAYS TEMPERATURE CYCLING BETWEEN 50°F AND 80°F,
200 HOURS AT 104 TORR (MIN.) WITH TEMPERATURE
LINEARLY INCREASING FROM 70°F TO 120°F IN 158 HOURS
AND 120°F FOR 42 HOURS, ELECTRICAL DISCHARGE WITH
BASE PLATE AT 120°F STARTING TEMPERATURE.

SAME AS ABOVE BUT ELECTRICAL DISCHARGE WITH
BASE PLATE AT 35°F STARTING TEMPERATURE.
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RGA ACCEPTANCE TEST PROGRAM PLANS

LCRU ASSEMBLY (LESS ANTENNAS AND BATTERY)

TEST TEST PARAMETERS
1. RANDOM VIBRATION 6.1 GRMS (0.04g2/Hz MAX LEVEL) FOR 1.0 MIN/AXIS
2. THERMAL OPERATING AT TBASEPLATE =+ 135°F

OPERATING AT TgaSEPLATE =+35°F

MASS SPECTROMETER MEASUREMENT WITH 90% ARGON,
10% NITROGEN MIXTURE, PRESSURE SENSOR MEASUREMENT

3. LEAK RATE/PRESSURE SENSE

4. ELECTRICAL OPERATING PERFORMANCE AT ROOM AMBIENT
5. MECHANICAL INSPECTION SIZE, WEIGHT, MESA OUTLINE AND LRV MOUNTING
DIMENSIONS
LCRU SYSTEM ’
JEST ' TEST PARAMETERS
1. MECHANICAL INTERFACE ANTENNAS, LEGS, CABLES AND MAST MOUNTING
2. ELECTRICAL* ‘ ANTENNA GO/NO-GO RADIATION

*AFTER LCRU ASSEMBLY ELECTRICAL TESTS

ANCILLARY ITEM STORAGE CONTAINER (POST-PRE-ASSEMBLY AND INSTALLATION)

JEST TEST PARAMETERS

1. MECHANICAL INSPECTION SIZE, WEIGHT, MESA MOUNTING DIMENSIONS




PRODUCTION INSPECTION TEST PROCEDURE

RGA FOR

YARDNEY PM5(13)-1 REV. C"” CELL ASSEMBLY

1. MECHANICAL INSPECTION
EACH CELL MUST:

1.1 COMPLY WITH YARDNEY CELL ASSEMBLY DRAWING NO. 10731 AND BE
INSPECTED VISUALLY FOR GOOD WORKMANSHIP.

1.2 BE TESTED FOR AIR LEAKAGE (APPLY AIR PRESSURE OF 16.5 PSIG THROUGH CELL
VENT). PRESSURE SHOULD NOT DROP BELOW 16.2 PSIG ONE MINUTE AFTER PRES-
SURE CONNECTION IS CLOSED.
IMPORTANT: CELL(s) MUST BE PHYSICALLY RESTRICTED PRIOR & DURING LEAK TEST.
2. ELECTRICAL TEST

—
=
o 2.1 SELECT CELLS FOR TEST ACCORDING TO FOLLOWING SCHEDULE: (A LOT IS CONSID-
*® ERED THE ENTIRE PRODUCTION OF A SINGLE TYPE OF CELL WITHIN A PERIOD OF
30 DAYS.)
SIZE OF PRODUCTION LOT NUMBER OF CELLS FOR TESTING
UNDER 100 CELLS 1PER 50 CELLS OR FRACTION THEREOF
BETWEEN 101 AND 500 CELLS 1PER 100 CELLS OR FRACTION THEREOF
BETWEEN 501 AND 1000 CELLS 1PER 200 CELLS OR FRACTION THEREOF
OVER 1000 CELLS 1PER 500 CELLS OR FRACTION THEREOF

2.2 ADD 17.0-17.5CC OF YARDNEY ELECTROLYTE TYPE “B” TO EACH TEST CELL.
SOAK FOR FOUR (4) HOURS.

2.3 USING SUITABLE RECORDING EQUIPMENT FOR MONITORING VOLTAGE AND CURRENT,
DISCHARGE AT 3.6 AMPS TO 1.45 VOLTS. THE MINIMUM DISCHARGE TIME SHOULD BE
275 MINUTES AT A CELL VOLTAGE OF 1.45V MINIMUM FOR THE 275 MINUTE DISCHARGE.

3. THE LOTS OF CELLS SHALL BE CONSIDERED ACCEPTABLE FOR SHIPMENT IF ALL CELLS PASS
THE REQUIREMENTS OF PARAGRAPH 1 AND THE ELECTRICAL TEST CELLS PASS THE REQUIRE-
MENTS OF PARAGRAPH 2.



IV. BATTERY (AT SUBCONTRACTOR)

TEST

1. CELL ACCEPTANCE
2. VISUAL/MECHANICAL
3. PRESSURECHE X

V. HI GAIN ANTENNA (AT SUBCONTRACTOR)

TEST
1. ELECTRICAL

SINUSOIDAL VIBRATION

66=01
N

3. ELECTRICAL
4. MECHANICAL INSPECTION

VI. LO GAIN ANTENNA (AT SUBCONTRACTOR)

TEST
1. SINUSOIDAL VIBRATION (OPERATING)
2. THERMAL-VACUUM

3. ELECTRICAL

VII. VHF ANTENNA (AT SUBCONTRACTOR)

TEST

1. MECHANICAL INSPECTION

2. ELECTRICAL

ACCEPTANCE TEST PROGRAM PLANS

TEST PARAMETERS

CELL ELECTRICAL CHARACTERISTICS
SIZE, WEIGHT, OUTLINE AND MOUNTING DIMENSIONS

8 PSI

TEST PARAMETERS

OPERATING PERFORMANCE AT ROOM AMBIENT
5-20-5 Hz @ 2 OCTAVES/MINUTE, 2 SWEEPS, 2 DVT AMPLITUDE.
OPERATING PERFORMANCE AT ROOM AMBIENT

WEIGHT, SIZE, OUTLINE AND MOUNTING DIMENSIONS

TEST PARAMETERS

10-80-10Hz @ 2 OCT/MINUTE/AXIS - AXIAL & TRAVERSE 2 SWEEPS (1.5 g PEAK)

104 TORR FOR 4 HOURS + 200° F, NON-OPERATING

OPERATING PERFORMANCE AT ROOM AMBIENT

TEST PARAMETERS

SIZE, WEIGHT AND DIMENSIONS

VSWR AND GAIN MEASUREMENTS
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“cn LCRU UNIT PRE-ACCEPTANCE TEST
OPERATIONS SEQUENCE

ELECTRICAL DEBUG
AMBIENT CHECKOUT

135°F ALIGNMENT

35°F ALIGNMENT

FINAL DTV INSTALLATION

PRE-CLOSE TEST

FINAL STRAPPING/CURING

QC/DCAS INSPECTION

TORQUE PRESSURIZED COVER

INSTALL CONTROL PANEL

ELECTRICAL CONTROL PANEL CHECKOUT
STRAP CONTROL PANEL HARNESS

QC/DCAS INSPECTION

POST-CLOSE ELECT. TEST

QC/DCAS EQUIPMENT. & DOC. REVIEW
BAKE, PURGE, ARGON BACKFILL AND SEAL
INITIAL LEAK RATE CHECK

PRESSURE SENSOR CHECK
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LCRU UNIT ACCEPTANCE TEST OPERATIONS SEQUENCE

VIBRATION (OPERATING) TEST, 3 AXIS
POST-VIBRATION ELECT, TEST
POST-VIBRATION INSPECTION
TEMPERATURE PERFORMANCE TEST:
TBASEPLATE = +135°F
TBASEPLATE = +35°F
POST-ENVIRONMENT LEAK RATE CHECK
OPEN PINCHOFF, PURGE, N9 BACKFILL AND SEAL
PRESSURE SENSOR CHECK
ELECTRICAL PERFORMANCE TESTS
POST-TEST OPERATIONS:
TEST ADAPTER REMOVAL,
VHF ANTENNA AND COAX INSTALLED,
BULKHEAD C, P, CONN, MATED
FINAL STRAP/CLAMP PANEL CABLE HARNESS
QC/DCAS INSPECTION
INSTALL COVER #1 (BATTERY SECTION)
FINAL MODE OPERATIONS TEST
METER CALIBRATION TEST
1,) SIGNAL STRENGTH VS, TEMPERATURE
2,) TEMPERATURE VS, METER READOUT
3.) BATTERY VOLTAGE VS, METER READOUT
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TOP AND SIDE PHASE CHANGE PACKAGE AND
RADIATION INSTALL, ON LCRU UNIT

QC/DCAS INSPECTION

THERMAL BLANKET AND C,P, ESCUTCHEON INSTALL,

QC/DCAS INSPECTION

LCRU UNIT OUTLINE AND MOUNTING DIMENSION VERIFICATION

LCRU UNIT WEIGHT MEASUREMENT

MECH, INTERFACE VERIFICATION
ANTENNAS, LEGS, CABLES

HGA & LGA PRE-ASSEMBLY

ANTENNA RADIATION VERIFICATION

QC/DCAS INSPECTION

PACKAGE ANCILLARY ITEM STOWAGE CONTAINER

MESA MOUNTING DIMENSION VERIFICATION

A,1.S.C., WEIGHT MEASUREMENT

Q.C. VERIFICATION

END-ITEM DATA PACKAGE REVIEW

FINAL QC/DCAS ACCEPTANCE

DD-250 SIGN-OFF

LCRU SUBSYSTEM
ACCEPTANCE TEST OPERATIONS SEQUENCE
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TXPel
TXP -2
TXP-3
TXP-4
TXP-5
TXP-6
TXP-7

TXP-8
TXP-~9
TXP-10

LCRU SPECIAL TEST EQUIPMENT

SYSTEMS

VENDOR SUBASSEMBLY
VHF/AM TRANSMITTER
VHF/AM RECEIVER

VOLTAGE REGULATOR

UP LINK SIGNAL PROCESSOR

DOWN LINK SIGNAL PROCESSOR!/
MODULES

U.L. S.P. MODULES
CONTROL PANEL
DC-DC CONVERTER

s FROM CM/VHF, EVCS GSE AND GFP

NEW BUILD #+

NEW BUILD =

EVCS VHF/AM

MODIFY AND T/S WITH EVCS RX
MODIFY AND T/S WITH EVCS VR
MODIFY AND T/S WITH EVCS PROC.
NEW BUILD

TIME SHARE WITH EVCS CORDWOOD
NEW BUILD
MODIFY CM/VHF VR TEST POSITION
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LCRU SYSTEM SPECIAL TEST EQUIPMENT POSITION

@) ANGEE 45

RACK
HP-5060-0797

s GRILLE

AMEM MOD

& TRIPLEXER

Y
Z 2V /a =W Y ]1 N2 F s
A
RI
KRON-HITE FIl TER FREQ RMS ;'s?
® MOD 1700K COENTER CONV ™ oo PM SIGNAL
—— il (@) up-s2san HP- e GENERATOR
AM SIGNAL BLANK-RUD PA-1101 g @ Moo @ SIGNAL DE1 ACT-4A
GENERATOR ® DIGITAL GENERATOR @
GR-1026 VOLTMETER 1110 1y BLANK-BUD PA-1101 BLANK-BUD PA-1101 HP-806-AR
T HP-3d0 TS IANK
s s CENBRAVIOR
® BLANK-BUD PA-1101 48 ”;;:‘”" 1) -y @ :‘::‘::r‘un K
3 i N
BLANK-BUD PA-1101 RM 547 (©) HP-36144
@ BLANK-BUD PA-1101 BUANK
MODULATION WAVE ANALY ZER
METEK HP-302A e AUDIO PATCH PANEI
MAKCONI PLIG N & DE 1 NOTCH FILTEKS POWER .
TF 2300 RCA A-1545000 METER PM RECEIVER
® @ @ @ HP-434AR @ DE1 TR
TR AT BTN BLANK-BUD PA-1101 BILANK-BUD PA-1101 VHF PATCH PANEL @ T

RLOWER

Q)

DRAWEK

BLOWER

@

BLOWER
®)

AUDIO HCA A-1545001
OBCILLATUR #) WATE YZER ‘\”I\.':‘:::‘R (@) S BAND PATCH PANEL
HP-200 €10 A"‘u’::‘:"“ o Ke ;‘ DC METERING & TEST DIPLENER
@ @ VHF ATTN PANEL ‘((UY:T\R(‘H -P‘|M:L @ RCA A-1545006
BEANK KCA A-1551274 H . .
RLD PA-110
@) (@) F\ RECEIVER RGH
©) FAIR 22084
BLANK ABLE
B l'r”l"\h:‘hm RUD PA-1104 O N )
it " AUDIO
@ BLANK e l.\“ " OSC 3 FREQ WOANK
) PA-1102 CONV
AC POWER @ BUFARIN0 AN LR YU G,
DISTRIBUTION POWER SUPPLY
@ PANEL @ HARRISON 63650 @
(@) [T PRTEE POWEK SUPPLY XMITTER TEK AC POWER
NJE 36-5 S TEN 1120 | TER 1M1 DISTRIBUTION
TYPE W !
BLUWER HEWHI PLUGIN | PIVGIN PLUG IN PANEL
@ HIANK © POWER SUPPL Y @ HCA A-135112
® BUD PA 1104 NE SV 60-12 @ @ BLANK-BUD PA-1101
DHAMER

BLOWER

®

L‘i@

O

7O

oY

@ ROLT CASTER

RACK
437-0021 -00

oo

() FRAME

&) £xp PANEL

() LoCK casTER




RGA TEST ADAPTER - SCHEMATIC
~— CURRENT PROBE LOOPS
61 PIN
CONNECTOR
61 PIN
CONNECTOR
= = PIN*
T 33
= 12 12 S-BAND PM XMTR 29V POWER
22 B 13 TEMP SENSOR
23 ) {0 16  VHF VOX SENSOR
24 * 22 S-BAND PM XMTR PM 1/WB CONT
55 ' 23  S-BAND PM XMTR PM 1/NB CONT
” —— 24  S-BAND XMTR 29V FM/TV CONT
T 25  S-BAND XMTR PM 2/NB CONT
34  S-BAND XMTR 29V POWER
16 32 16.5V DC
13 ) 33  28.5V DC
43  VHF CW PTT
43
*ALL OTHER PINS TO BE WIRED DIRECTLY
BETWEEN 61 PIN CONNECTORS

' STANDARD
CONNECTOR




“c" LCRU S-BAND
RECEIVER (PM) TEST SET-UP

o
O
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PATCH PANEL

TERM
NARDA
374NM @ -AUDIO
& = | ®— - S-BAND
: ©
3]
. 2® O+ LCRU O E VHF
25 Q@ |a&
EEE HEAQ® e 1
70KHZ PM SIG SOURCE
ouT TERM DEI
TERM 10 KOO ACT-4A
NARDA HES
370NM SPEC ANALYZER
TEK BNC
1L10 ——0®
1-36 MHZ q‘)
f
[+
g (8
TERM WAVE & & |5
NARDA ANALYZER ¥ [SPEC ANALYZER = 8 |8
O Z |
370NM HP 310A @ TEK g = |*
1L20 =fe |3
.01-4.2 GHZ B & -
DIR COUPLER PWD DIV |
70 KHZ
J\b (®»——={ NARDA le—| MICRO VOICE
‘ 3020A DA3FN
&) (\5 AF OSC #2
HP 200CDR el
AF 08C
i I
MOD METER HP 200CDR
MARCONI SIG GEN [—-(:)
TF 2300R GR1026
| ® MARKER
® | 296. 8MHZ
FREQ COUNTER
PWR METER DIF COM HP 5253B
HP 434R TEK 52451
TYPE W




LE=0T

TEST
VHF

TRIPLEXER

MOD
METER
MARCONI
TF2300R TERM
NARDA
370 NM
DIFF
comp %
TEK | ATTN
LYRPE W O—{ PANEL [—O @—
A-1551274
AM
SIGNAL
GEN
GR1026

-

3.9 7
KHZ
-
-
54 (2 Z
kuz [ 3 % |
g =
7.35 | @ . |
KHZ | - 8 &
& = |
10.5
KHZ _J
VOICE
AF O8SC
]
HP 200CDR

@ AUDIO PANEL JACK
@ 'Ss' PANEL JACK
@ VHF PANEL JACK

LCRL

L
7

FREQ COUNTER
HP 52538/
52451

/IDEO
INPUT

@__

LCRU S-BAND
PM/FM TRANSMITTER (NB & WB) TEST SET-UP

TEST

_@<—

DIPLEXER

TERM
_®‘_. NARDA

@*—_

FUNCT GEN
HP 3310A

DIG VM
HP 31407
0-100\

SIG GEN
HP GOGAR
.24 M
MARKER

DC 34444

-

P

ol

SPEC
TEK
110

ANAL

374 NM

FREQ COUNTER
HP 5254 B/

ATTN PWR METER
NARDA 766 HP 434AR
DIR COUPLER TERM
NARDA 3003-30 NARDA
30 DB 374 NM
SPEC ANAI
TEK
1L.20
PWR DIV ATTN
MICRO NARDA —@
DA-3FN 757B-20

®_I

‘ﬁ(‘,—\l, oUT

=10 dBM

©a

( :) o] FREQ COUNTER
HP 52451 SIG GEN
= HP 81147
o 2272.5 MARKER
-g0 ey | AN
NARDA
2578 40

FM RCV
RCH
FMR 2.2 W 94

ol

._@,__

1-46MHZ
e

PWR
DIV
MICRO
DA-31S

LP/HP FILTER

KROHN-HOE
5 3700R

RMS \'M
HP 34007 ATTYN
NARDA
TITB-40
NOTCH FILTER
DEI NF-1 (W) -30 ABM
PCM RCVR (NB
DEL
NOTCH FILTER IR
DEI NF-1 (N) T
FREQ DISC
HP 5210\ 10531R ho
WAVE ! WAVE
ANALYZER

ANAIYZER
HP 3107

HP 3027
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OMNI

LCRU SUBSYSTEM CONFIGURATION

Low
GAIN

[- PM/PM XMTR -—]
RCVR LPF 1.25 []
2507 o COMB/ L | 20k, | o o DRVR F— SHAPE MbZ T MOD |—o d
MHz AME BW FL sCo | W.B. 2;:27 1
i o |
145 | 9 ?“2'??.5 | S-BAND
KHz DRVR } MOD (o | e
vCo | N.B. |
BATT T “OFF"" L_.___._———_J
voLT O TIME FLTOT 125
VHF SHARE FROM O———»{ MH:z . 1
TRIPLEXER TEMP O—{SWITCH GCTA Sco RCVR
l 21018
MHz
™v WB. RCVR
CAMERA O— SIGNAL SIGNAL
INPUT MIXER STR.
r—-—— _—i
XMTR POST | 124 124 RCVR
e S e B I e S | B R B
MHz FL I DISCR BPF MHz |
| f
| RKH || schumiTT | [sc. |
VOX AGC ] ANE TRIG SENSOR
GATE AMP | ¥ |
| .
170 |
VOX VOX ’ NOISE L, | khz | i
KEY [*] amp 1 SENSOR B8PF SBAND
| DIPLEXER
L SECONDARY S-BAND RCVR
*PRIMARY RCVR IDENTICAL TO SECONDARY ————
BUT 70 KHZ OUTPUT UNUSED AND TERMINATED | |
1
MOD |
I N.B
t 9 dBW |
| EXC |
| PA 1
FREQ 2265.5 |
J MOD MHz ‘
WB.
70 KHz §.C. | |
TOGCTA

“ON"" COMMAND
FROM GCTA

FM/PM XM’I'R_J
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RGA LCRU TEST PHILOSOPHY

LCRU ASSEMBLY ACCEPTANCE AND SYSTEM TESTING

ALL PERFORMANCE PARAMETERS WILL BE MEASURED ON A LCRU BLACK BOX BASIS.

PROVISIONS HAVE BEEN MADE TO CONTROL SPECIAL LCRU FUNCTIONS (VHF TRANS-
MITTER, 14.5 KC VCO, S BAND TRANSMITTERS, ETC.) FROM PRESSURIZED COMPART-
MENT CONNECTOR TO PERMIT TESTING.

ACCESS TO LCRU PRESSURIZED COMPARTMENT CONNECTOR AND TO VHF TRIPLEXER
CONNECTOR CAN BE PROVIDED THROUGH BATTERY COMPARTMENT OR THROUGH
BOTTOM COVER.




RGA END ITEM TEST PARAMETERS

DOWNLINK PERFORMANCE
1. DOWNLINK SENSITIVITY (ALL MODES)

(A) SET UP VHF SIG GEN FOR SPECIFIED % MOD BY EACH SUB CARRIER

(B) SET SIG GEN POWER OUTPUT TO (-85) DBM

(C) SET POWER INPUT TO S-BAND TEST RECEIVER AT DBM

(D) MEASURE S/N IN EACH SUBCARRIER CHANNEL IN SPECIFIED BANDWIDTH BY TURNING SUBCARRIER ON/OFF
(E) REPEAT FOR RF LEVEL OF 0 DBM

2. DOWNLINK FREQUENCY RESPONSE (WB/NB MODES)
(A) SET UP VHF SIG. GEN FOR SPECIFIED % MOD FOR 1 KHZ (VOICE)
(B) SET SIG. GEN POWER OUTPUT TO -40 DBM
(C) SET POWER INPUT TO S-BAND TEST RECEIVER AT - DBM
(D) MEASURE FREQUENCY RESPONSE

0%=0T

3. VHF REC SQUELCH
(A) SET UP VHF SIG. GEN FOR SPEC % MOD FOR 1 KHZ
(B) REDUCE SIG. GEN OUTPUT UNTIL 1 KHZ IS SUPPRESSED AT TEST REC OUTPUT

4. S-BAND POWER OUTPUT (ALL MODES)
(A) MEASURE POWER OUTPUT

5. S-BAND OUTPUT FREQUENCY (ALL MODES)
(A) ENABLE TRANSMITTER BY EXT CONTROL
(B) MEASURE OUTPUT FREQ

6. 1.25 MHZ SC FREQ/MOD INDEX (WB MODES)
(A) DISABLE 14.5 KHZ VCO BY EXTERNAL CONTROL
(B) MEASURE 1.25 MHZ SC FREQ/MOD INDEX AT OUTPUT
OF S-BAND TEST RECEIVER

7. TELEMETRY/VOICE SUBCARRIER DEVIATIONS (ALL MODES)

(A) VOICE (TEST TONE) AND SUBCARRIERS SET TO SPECIFIED % MOD AT VHF
(B) MEASURE SUBCARRIER DEVIATIONS WITH CALIBRATED S-BAND TEST RECEIVER/TEST
1.25 MHZ DISC/SELECTIVE VOLTMETER
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RGN END ITEM TEST PARAMETERS

10.

11.

12.

13.

TV CHANNEL FREQ RESPONSE (TV RMT MODE)

(A) MEASURE FREQ RESPONSE USING WB TEST REC

TV CHANNEL LINEARITY (TV RMT MODE)

(A) MEASURE S-BAND OUTPUT FREQ FOR DC INPUT OF 0/0.5/1.0V DC INPUT

TV CHANNEL S/N RATIO (TV RMT MODE)

(A)
(B)

MEASURE TEST REC OUTPUT WITH RATED DEVIATION
REMOVE MODULATION AND MEASURE NOISE OUTPUT

TV CHANNEL DISTORTION (TV RMT MODE)

(A)
(B)

MODULATE TV CHANNEL WITH SINUSOIDAL SIGNAL @ +1.7 MHZ DEVIATION
OBSERVE WAVEFORM AT TEST REC OUTPUT ON SCOPE

TV/VOICE SC DISTORTION (FM) TV MODE

(A)
(B)
(C)

MODULATE TV CHANNEL WITH 25 KHz SINUSOIDAL SIGNAL @ +1.7 MHz DEVIATION
TURN ON DOWN LINK SCO’S AND 1 KHz VOICE
OBSERVE WAVEFORM AT TEST RECEIVER OUTPUT ON SCOPE

BATTERY/TEMPERATURE TELEMETRY/METER CHECKS

(A)
(B)
(C)
(D)

(E)

APPLY VARIABLE VOLTAGE TO BATTERY CONNECTOR

LCRU IN TEMPERATURE CHAMBER AT KNOWN TEMP

NOTE FRONT PANEL METER READINGS FOR KNOWN VOLTAGE AND TEMPERATURE

MEASURE 14.5 KHZ FREQ OUTPUT FROM S—BAND TEST RECEIVER; FREQ CORRESPONDING TO

TEMP OR VOLTAGE KNOWN BY TIME DURATION;VARY VOLTAGE/TEMPERATURE FOR CALIBRATION DATA.
MEASURE TIME SHARE SWITCH DUTY CYCLE TIME
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RGA END ITEM TEST PARAMETERS

UPLINK PERFORMANCE

1.

2.

UPLINK INPUT SENSITIVITY

(A) SBAND INPUT (-96) DBM

(B) 124 KHZ SC TO 0.8 RAD

(C) 124 KHZSC FM + 7.5 KHZ @ (2.0) KHZ

(D) 70 KHZ SC TO 0.8 RAD

(E) ADJUST VHF TEST REC INPUT TO ( ) DBM/3 KHZ FLTR IN OUTPUT
(F) ENABLE VHF TRANS BY EXT CONTROL

(G) MEASURE S/N BY TURNING MOD ON/OFF

(H) REPEAT FOR S-BAND INPUT ( ) DBM

70 KHZ OUTPUT (PER LCRU/GCTA ICD)

A. OUTPUT LEVEL (UP LINK MODE)

(A) SBAND INPUT (-78) DBM

(B) 124 KHZ SC TO PRODUCE 0.8 RADIANS

(C) 70 KHZ SC TO PRODUCE 0.8 RADIANS

(D) 70 KHZ OUTPUT ACROSS 5K LOAD SHALL BE 2.0 VP-P NOM (0.7 TO 3.5 VP-P)

B. OUTPUT LEVEL (STANDBY UPLINK MODE)

(A) SBAND INPUT (-78) DBM

(B) 30 KHZ SC TO PRODUCE 1.1 RADIANS

(C) 70 KHZ SC TO PRODUCE 1.1 RADIANS

(D) 70 KHZ OUTPUT ACROSS 5K LOAD 0.7 TO 3.5 VP-P

C. FREQUENCY RESPONSE (0.8 RADIANS/1.1 RADIANS

(A) SBAND INPUT (-78) DBM

(B) 70 KHZ SC TO PRODUCE 0.8 RADIANS/1.1 RADIANS

(C) VARY 70 KHZ + 10 KHZ

(D) OVER 70 KHZ + 10 KHZ RANGE OUTPUT LEVEL WITHIN 1 DB OF 70 KHZ LEVEL
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IREGA END ITEM TEST PARAMETERS (cont’d)

3. 70 KHZ OUTPUT (PER LCRU/GCTA ICD)
A. OUTPUT S/N RATIO (UP LINK MODE)

(A) S BAND INPUT (-96) DBM

(B) 124 KHZ SC TO PRODUCE 0.8 RAD

(C) 70 KHZ SC TO PRODUCE 0.8 RAD

(D) WITH 60 KHZ TO 80 KHZ FILTER IN OUTPUT S/N 10DB OR GREATER (70 KHZ SC ON/OFF)
(E) AT LEAST 30DB S/N RATIO AT HIGHER RF INPUT

B. OUTPUT S/N RATIO (STANDBY UPLINK MODE)

(A) S BAND INPUT (-96) DBM
(B) 30 KHZ SC TO PRODUCE 1.1 RAD

(C)1%& KHZ SC TO PRODUCE 1.1 RAD

(D) WITH 60 KHZ TO 80 KHZ FILTER IN OUTPUT S/N 10 DB OR GREATER (70 KHZ SC ON/OFF)
(E) AT LEAST 30 DB S/N RATIO AT HIGHER RF INPUT

C. INTERMODULATION DISTORTION

(A) S BAND INPUT (-78) DBM

(B) 131.56 KHZ (124 + 7.5) SC TO PRODUCE 0.8 RAD

(C) 65 KHZ (70-5) SC TO PRODUCE 0.8 RAD

(D) MEASURE LEVEL OF DIFF FREQ OF 66.5 KHZ

(E) CHANGE SC FROM 65 KHZ TO 70 KHZ (0.8 RAD)

(F) MEASURE 70 KHZ OUTPUT LEVEL

(G) LEVEL OF 66.5 KHZ 30 DB OR MORE BELOW 70 KHZ LEVEL
(H) REPEAT USING 1.1 RAD FOR EACH SIGNAL




IREGA1 END ITEM TEST PARAMETERS (cont’'d)

4. SQUELCH LEVEL AND VOX OPERATION

(A)
(B)
(C)
(D)
(E)
(F)
(G)
(H)

i5=0L

(1

(J)
(K)
(L)

124 KHZ SC TO PRODUCE 0.8 RAD

70 KHZ SC TO PRODUCE 0.8 RAD

1.0 KHZ MOD ON 124 KHZ TO PRODUCE DEV. OF + 7.5 KHZ

WITH NO S BAND INPUT/NO VHF POWER OUTPUT

INCREASE RF INPUT UNTIL VHF POWER OUTPUT IS OBTAINED

REMOVE 124 KHZ SC/VHF TRANS SHOULD TURNOFF (124 KHZ SQUELCH)

ENABLE VHF TRANS BY EXTERNAL CONTROL/TURN ON 124 KHZ SC

REMOVE 1 KHZ MOD ON 124 KHZ SC DECREASE RF INPUT UNTIL NOISE MODULATION ON
VHF TRAN DISAPPEARS (S-BAND REC SQUELCH CHECK)

INCREASE RF INPUT LEVEL TO ( ) DBM AND ADJUST 1 KHZ MOD LEVEL UNTIL SCORE
ON VHF TEST REC OUTPUT INDICATES START OF CLIPPING

RETURN VHF TRANS TO NORMAL CONTROL

ADJUST 1 KHZ MOD LEVEL AND NOTE WHEN VHF TRANS TURNS ON (VOX CHECK)
WITH 1 KHZ PRODUCING +7.5 KHZ DEV ON 124 KHZ SC, VARY RF INPUT AND NOTE
VHF OUTPUT TO MEASURE RF LEVELS FOR REC SQUELCH

5. VHF POWER OUTPUT

(A)
(B)

ENABLE VHF TRANS BY EXTERNAL CONTROL
MEASURE POWER OUTPUT

6. VHF OUTPUT FREQ

(B)

(A) ENABLE VHF TRANS BY EXTERNAL CONTROL

MEASURE OUTPUT FREQ
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nRGA END ITEM TEST PARAMETERS

10.

FREQUENCY RESPONSE

(A)
(B)
(C)
(D)
(E)

S-BAND INPUT -63 DBM
124 KHZ SC 0.8 RAD
124 KHZ SC FM :7.5 KHZ BY 1 KHZ TONE

VHF TEST REC INPUT () DBM/NO OUTPUT FLTR
VARY 1 KHZ TONE 300 HZ TO3000HZ RESPONSE SHALL BE WITHIN ( ) DB OF 1 KHZ
REF. WHEN MEASURED WITH SELECTIVE VOLTMETER

VHF MODULATION LEVEL

(A)
(B)
(C)
(D)
(E)
(F)

S-BAND INPUT -96 DBM

124 KHZ SC 0.8 RAD

124 KHZ SC FM :7.5 KHZ BY 1 KHZ
70 KHZ SC 0.8 RAD

VHF TEST REC INPUT ( ) DBM
MEASURE % AM

SIGNAL STRENGTH METER CHECK

(A)
(B)
(C)
(D)
(E)
(F)

S-BAND INPUT -98 DBM

124 KHZ SC 0.8 RAD

124 KHZ SC FM +7.5 KHZ BY 1 KHZ

70 KHZ SC 0.8 RAD

RECORD METER READING

CHANGE INPUT LEVEL IN 5 DB INCREMENTS UP TO AND INCLUDING -73 DBM

CONTROLS (TV RMT MODE)

A.

TRANSMITTER CONTROL

(A) IN TV RMT MODE THERE SHOULD BE NO S-BAND OUTPUT FROM FM TRANS UNTIL A CIRCUIT CLOSURE IS
PROVIDED BETWEEN PINS K AND L ON THE FRONT PANEL CONNECTOR

1.25 MHZ SCO CONTROL

(A) IN‘;yRMT MODE THERE SHOULD BE NO 1.25 MHZ SC ON FM TRANS UNTIL A CLOSURE IS PROVIDED
BETWEEN PINS F AND G ON THE FRONT PANEL CONNECTOR

VHF TRANS INHIBIT

(A) REPEAT 4.(A) (B) (C) (D). THERE SHALL BE NO VHF POWER OUTPUT FOR ANY
LEVEL OF S-BAND INPUT LEVEL.

s . | S S ———mn +=-
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L{H]] END ITEM TEST PARAMETERS

GENERAL

1.

DC INPUT CURRENT (ALL MODES)
(A) MEASURE INPUT CURRENT WHEN POWER IS APPLIED TO BATTERY CONNECTOR
(B) MEASURE INPUT CURRENT WHEN POWER IS APPLIED TO FRONT PANEL CONNECTOR

REGULATOR CHECK
(A) MEASURE VOLTAGE AT PINS C AND E ON FRONT PANEL CONNECTOR (+10 VDC)

LOAD GENERATED NOISE
(A) USE SCOPE TO MEASURE P-P VOLTS AT LRV INTERFACE
(B) USE SCOPE TO MEASURE P-P VOLTS AT GCTA INTERFACE
(1) FM TRANS CONTROL LINE
(2) 1.25MHZ CONTROL LINE
(3) 28 VOLT POWER SUPPLY LINE
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ELECTRICAL TESTS

ELECTRICAL TESTS

MODE PMl/NBJ PM1/WB | FM/’I‘\J TV RMT ] PM2/NB | PM1/NB I PM1/WB | F.\I/T\'LTV RMT | PM2/NB
TEST ¢————————PWR TO BATT CONNECTOR >re PWR TO LRV CONNECTOR ——————»

UP-LINK

SENSITIVITY X ® X X X (%)

TO KHz OUT LEVEL X X X

FREQ. RESP, X

S/N X X X

INTERMOD X

SQUELCH LEVEL X X X

VOX LEVEL X X

VHF POWER OUT X % X X X

FREQ. X

FREQ. RESP, X X X

MOD LEVEL X X

SIG LEV METER CAL X X

VHF TRANS INHIBIT X

X =

TEST AT NOMINAL TEMP
X = TEST AT NOMINAL/LOW/HIGH TEMP
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ELECTRICAL TESTS

ELECTRICAL TESTS

MODE
TEST

PM1/NB

PM1/WB

FM/TV

TV RMT

PM2/NB | PM1/NB

PM1/WB

FM/TV

TV RMT

PM2/NB

«— PWR TO BATT CONNECTOR

=

PWR TO LRV CONNECTOR————¥;

DOWN-LINK

SENSITIVITY
FREQ RESP

VHF REC SQUELCH
S BAND POWER OUT
FREQ

1.25 MHZ FREQ/MI
TM/VOICE MI/DEV
TV FREQ RESP

TV LINEARITY
TV S/N

TV DISTORTION
TV/VOICE DIST
BATT/TEMP CAL
FM TRANS CONT
1.25 MHZ VCO CONT

GENERAL

DC INPUT CURRENT
REGULATOR CHECK
LOAD GEN NOISE

OO @

ODO@ = »

woX X

W/0 SCO

KoK XK X

©oX

SB/ON

®

WX X

s

SB/ON

>
[

®

= TEST AT NOMINAL TEMP

TEST AT NOMINAL/LOW/HIGH TEMP




11.0 PROGRAM SUPPORT

11.0 PROGRAM SUPPORT
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“c" RCA RELIABILITY PROGRAM STATUS

TASK/DOCUMENT NAME

PROGRAM PLAN

ELECTRICAL PARTS LIST

PARTS SPECIFICATIONS (RCA)
PARTS APPLICATION REVIEWS
PARTS QUALIFICATION

FAILURE MODE AND EFFECTS
ANALYSIS

RELIABILITY EVALUATION REPORT
(OFF-THE-SHELF MODULE) SUB-
CONTRACTORS

NUMBER

LRPL-RL-1
REV A
4/1/70

LRRA-EPL-1*
REV B
8/26/70

VARIOUS

ECP 20 AND
REV A

LRTR-FMEA-1

9-8-70

*Denotes Change Since TI-4

STATUS

SUBMITTED
4/15/70

SUBMITTED
8/28/70

43 COMPLETE/3 REMAINING*
COMPLETE (PRELIMINARY)*

ECP SUBMITTED
PARTIAL AUTHORIZED,
REMAINDER WAIVED

SUBMITTED FINAL
9/9/70

COMPLETE-REVIEW CONDUCTED
WITH NASA AT EACH SUBCON
TRACTOR. (REFER ECP 9, 10, 11,
12 & CCA 6)
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LCRU SUBCONTRACT STATUS

PDR CDR
TTEM VENDOR GO AHEAD COMPLETION DATES
S-BAND RCVR MOTOROLA 2/17/70 5/18, 19 8/27-28 (Completed)
VHF TRIPLEXER RANTEC 3/13/70 NA NA
BATTERY YARDNEY 3/19/70 5/8 7/28 (Completed)
14.5 KHZ VCO SONEX 3/19/70 L/22 7/16 (Completed)
HIGH GAIN ANTENNA RCA MS&R L/1/70 5/8 8/2L (Completed)
S-BAND XMTRS CONIC 3/30/70 L/30, 5/1 8/2L-25 (Completed)
VHF ANTENNA' MOTOROLA 3/2L/70 NA NA
S-BAND DIPLEXERS WAVECOM 3/23/70 5/l 6/29 (Completed)
LOW GAIN ANTENNA BENDIX L/6/70 5/27, 28 7/15 (Completed)
1.25 MHZ VCO SCI L/3/70 5/13, 14 8/25 (Completed)
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SUBCONTRACTOR RELIABILITY STATUS

REVISED-REV, A*

TASK/DOCUMENT
SUBCONTRACTOR
REL, EVAL. REL. PROG., PLAN PART SPECS DERATING
PROG,
MOTOROLA COMPLETE REVISION B TO BE COMPLETE COMPLETE*
SUBMITTED, MINOR 6 BEING
CORRECTIONS* REVISED*
CONIC COMPLETE REVISION A COMPLETE COMPLETE EXCEPT
APPROVED* 7 BEING FOR JUNCTION
REVISED* TEMPERATURES *
SCI COMPLETE SUBMITTED AND IN COMPLETE COMPLETE
REVIEW CYCLE-REV, A* | 13 BEING
REVISED*
SONEX COMPLETE SUBMITTED, BEING COMPLETE COMPLETE

* DENOTES CHANGE SINCE T4
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SUBCONTRACTOR RELIABILITY
EVALUATION AND UPGRADING SCHEDULE

SUBASSEMBLY SUBCONTRACT | MAR | APR | MAY JUN JUL | AUG SEPT
S-BAND RECEIVER| MOTOROLA | P N E(9)
S-BAND CONIC — R N E(10)
14.5 KHz VCO SONEX — N E(12)
P
1.25 MHz VCO SCI l—.r'_- N* E(11)
A4
RCA — [«— NASA
GO-AHEAD CCA #6
TO SUB TO RCA
(5/1/170) (5/4/170)
LEGEND:

1 -SUBCONTRACTOR EVALUATION EFFORT
N -RCA EVALUATION EFFORT

P-PRELIMINARY ECP-RCA TO NASA
N-SUBCONTRACTOR NEGOTIATION

E-FINAL ECP TO NASA *DENOTES CHANGE SINCE TI4



RGA SUMMARY OF PARTS QUALIFICATION
SUBCONTRACTOR
USAGE
RCA CONIC MOTOROLA TOTALS
GENERAL
PART TYPE
CAPACITORS 0* 4+ 0* 4+
DIODES 2 ]k 0* 3*
- TRANSISTORS 3 T* 0+ 1.0*
1
RESISTORS 2 2% 0* 4*
INT. CKTS 2 0 2% 4*
MISCELLANEOUS B 3* 0* 8*
TOTALS 14%* 17* 2%* 33*

*DENOTES CHANGE SINCE TT #3
NON QUALIFIED PARTS
TOTALS:
33 RECOMMENDED BY RCA VIA ECP 20

13 APPROVED BY NASA
20 WAIVED BY NASA
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LCRU PART QUAL SCHEDULE

MILESTONES

1970 1971

AUG

SEPT

OCT

NOV DEC JAN

FEB

GO AHEAD

TEST PLAN PREPARATION

TEST PLAN SUBMISSION

PART ORDERING

PART DELIVERY CYCLE

FACILITY PREPARATION

CONDUCT TESTING

PREPARE FINAL REPORT

SUBMIT FINAL REPORT

EVALUATE MSC RIDS

—
—v

 (MALLORY)

71
~

(MALLORY)

*COMPLETION OF CRITICAL ENVIRONMENTS
L.E MECHANICAL, THERMAL & 300 HR LIFE
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S-BAND TRANSMITTER PART QUALIFICATION LIST

ECP
ECP ITEM
NO. NO. PART TYPE
20 1A Capacitor
B Capacitor
C Capacitor
20 2 A Capacitor
B Capacitor
C Capacitor
20 3 Capacitor
20 4 Filter
20 5 Transistor,
20 6 Resistor
20 8 Transistor
20 9 Diode
20 10 Transistor
20 11 Resistor
20 12 Transistor
20 14 Capacitor
20 20 Transistor
20 21 Transistor
20 22 Isolator

FET

-3

VENDOR
VENDOR PART NO.
Aerovox EF-5-1000
Aerovox EF-4-1500
Aerovox 7405-0110
Republic 11 &
Republic 1C
Republic 1U
ATC ATC-100
A-B SM FO-1
RCA 3N154
Caddocks MM-125
Motorola 2N834
Motorola 1N4109
T1 2N3036
Pyrofilm 125R500P
WEMS 16010099
Mallory MTPH-2,
Fairchild 2N5005
Fairchild 2N5151
E&M Labs 16010006

PAR.

NO. _

LC-38
LC-3
L.C-4

LC-40
LC-5

LC-6

LC-2

LC-33
LC-26
LC+19
LC-21
LC-13
LC-23
LC-20
LC-30
LC-44
LC-31
LC-32
LC-35

CCA APPROVAL
NUMBER

NOTES

13
13
13

13
13
13
13
13
13
13
13
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S-BAND TRANSMITTER PART QUALIFICATION LIST

|
(Cont'd)
ECP

ECP ITEM VENDOR PAR CCA APPROVAL

NO. NO. PART TYPE VENDOR PART NO. NO. NUMBER NOTES
20 23 Power Divider Adams-Russell HCH-3160 LC-36 --

20 36 Transistor RCA 40673 LC-27 --

21 1 Transistor RCA 2N5921 LC-25 10

TBD 1 Thermistor Kelvin HRL301 LC-45
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RGN S-BAND RECEIVER PART QUALIFICATION LIST

ECP
ECP ITEM
NO. NO. PART TYPE
20 17 Integrated Ckt
20 7 Integrated Ckt
TBD 1 Integrated Ckt

VENDOR

Fairchild
Fairchild

Advanced Micro
Devices

VENDOR PAR. CCA APPROVAL

PART NO. NO. NUMBER NOTES
U5B7741312UNQ LM-11 13

U5F7715312UNQ LM-10 13

USF7715312 TBD

Vendor Change

See ECP 20
Item No. 7
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RID STATUS — PARTS QUAL

PCDR Action Item RCA Comment Status
20-1 Check on Republic in-house Vendor conducting in-house search for Open
(Republic data on temperature life test data on TC part. RCA will

Capacitor) compensating capacitor. review when available.
20-2 Check on vendor testing Vendor testing not to MIL-C-11015 but Open
(Aerovox which results in qualifica- to in-house spec which is similar to
Capacitor) tion to MIL-C-11015 (except EIA commercial standards. Latter
for immersion). has reduced requirements from MIL-C-11015.
Data in transit. RCA will review.
20-3 Capacitor has successfully Vendor does not have subject life test Closed
(ATC met life test of MIL-C-23269 data. RCA requests MSC obtain same. (Reopen if
Capacitor) which RCA recommended to RCA will then review. data is
complete Qual testing. RCA obtained)
to obtain and review.
20-4 Obtain A-B in-house data Data is in transit. RCA will review. Open
A-B and review.

Filters)
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RID STATUS — PARTS QUAL (Cont'd)

PCDR Action Item RCA Comment Status
20-5 FSC has qual data Data in transit on first IC. RCA will Open
(FSC IC's) on one IC and testing is review.

in process on second. RCA Motorola has changed vendor on second
to obtain data and review. IC due to delivery problem. ALSEP will
qualify new vendor. RCA will check qual
test plan and if approved will delete from
ECP 20.
20-6 Vendor has data indicating Data is same as referred to in PAR, LC-21 Closed
(MOT 2N834) transistor meets MIL-S- included with ECP-20. Data is for 2N706
19500. which has lower (30 - 40%) breakdown
voltage and slower switching speed. RCA
considers original testing necessary.
20-7 Parts have met 1000 hour Parts do not meet 125° C temperature Closed
(Mallory testing and will meet requirements of MIL-C-39006. Due to
Capacitor) requirements of MIL-C- 85° C rating of part and application
39006. temperature close to rating RCA considers
life testing in 95° -100°C range necessary.
20-8 Qual data available on Specific devices listed seem inapplicable due Open
(Westinghouse similar devices. Reliability to differences in chip size or case size.
Transistor) report nearing completion. Data in transit; RCA will review. Also see
PCDR-21.




1YPL OF REVIEW Pre_c DR NUMBER PCDR—20

VEHICLE REV'EW |TEM DlSPOSlT'ON COORDINATION
vae 9/4/70
INITIATOR ORGANIZATION SYSTEM TEAM NAME
R. Sinderson MSC/EE16 LCRU R&QA
TITLE

DISCREPANCY /PROBLEM

Parts Qualifications Data

CCA No. 13 authorized qual testing on selected parts in the event existing test data is not
found. The attachments, to this RID describe the data MSC has obtained from parts

vendors. If it is valid, qual testing may be reduced or eliminated.

JUSTIFICATION

Cost saving.

‘ RECOMMENDATION

1. RCA to review information and contact vendors as required for

substantiation.
RCA to make statement concerning validity of data and consquence on planned

Do

qual program.

CONTRACTOR S COMMENT

See Attached sheets




P/N: IL/IU/IC (Item 2) PCDR-20-1
P’l_rt Capacitor
Vendor: Republic
Reference Source: Republic/W, Eisenberger
176 East 7th St,

Paterson, N, J, 07521
201-279-0300

Available Data: These "TC'" temperature compensating capacitors have
received equivalent MIL-C-200 testing ''in-house',

Test data on these TC capacitors is available from vendor,

Supporting Information:

CONIC has purchased large quantities of these '"thinline' radial lead
capacitors for several years in their equipment,

These capacitors have been used in numerous space application including
Bendix Apollo equipment,

The capacitors are of a high reliability-extremely low drift - temp,
compensating (30 parts per million/°C) type,

RCA Comment:

1. Republic has QPL listing on a general purpose ceramic capacitor and reports
life test with stability readings is available in house, Vendor could not give
data rcsults over phone but will conduct in-house search for data and forward
to RCA,

2. RCA will review data upon receipt and advise MSC,

Item remains _OPEN,L
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P/N: EF-5-1000/EF-4-1500/7405-0110 (Item 1) PCDR-20-2
Part: Capacitor

Vendor: AEROVOX

Reference Source: AEROVOX/Glen Woody

Myrtle Beach, S, C,
803-448-3191 ext, 241

Available Data: Component has been fully qualified per MIL-C-11015
(Report available from vendor) except for immersion cycling,

Support Information: Conic Corp, has been using this part for some time,
Used on a number of other space applications,

RCA Comment:

1, Aerovox testing was not per MIL-C-11015, but to an Aerovox drawing
MB2097, MB2097 is patterned after EIA commercial standards which
contain reduced requirements and broader tolerances,

2, Data is in transit and will be reviewed by RCA,

4. BASED ES Lener received h“ Ve sk
{voe Aevovok (ddlt a\dlno) ReR
recomwends Tha¥ quac Test ov o
e be onTinued pev ELR 20,

11-16
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11=17



|« TEMPERATURE CYCLING

; e WOGDY

YES CLHGIREER

D. OIRAHTOM

“ § o] oy - ) =
Al o UHAMPION L0
e FAYMER

= NN A
Le mONEZ

A. THAYER

11-18

MiL=-3T1D0=-202
McTHoD 102
Tesi ConDITION C

iierHoD |12
CoupirtioN A OR B



o e s, —.

! ' L ) '
4 a A
" a B A
‘i I ‘ : > f I
— = ! e ! A U ‘
! Y
;
ey, -
- ——
£ >, =
é i

=t

® L —

i / } FUSL ST =REACC
TUBE-CELAMIC
INSERT-BRASS

b ECTRICAL
TAVATLARLE CAPACITY 7o JOCOMMF; TOLERANCE ON CAPACITY +20% or GMV
LOWORKING VOLTAGE = 250 V.D. ..,
TFST VOLTAGE - 500 v,.». 7.
. INSULATION RESISTANCFE i C.0J0 MEGOHMS
. POWFR FACTOR - 2.7 MIXiMUA
T, MARKING: 3 DOT COLGR IGJE DN i ONG AXIS

.0
v

LS |

CTCHANICAL

CLMETAL OARTS ARE PR3O - SiAT PLATED.
MTTAL PARTS ARE SGLOERTS 0 “ILVER ELECTRODES ON CERAMIC BODY,

TOLERANCES UNLEKJY 8 ~EC.FIED — FRACTIONS. t DEBCIMALS - DEGRESS .

- .

0 B it ‘__u_t‘ _ Areamen  aam | HI.Q DIVISION OF AEROVOX CORP.
S B e i R = ‘ MYRTLE BEACH. 8. C.

Y S —

! | CAPACITOR EYELET FFED-THRU TYRE HOY

oflome—— . .. - R e S .*__._. } — PE——
si ! 1 =g e | pwe. wo. | 1seox
—— i { OR. BY L DATE _ - s ‘
¢ R Me—2lsy |
L Anp. @y Pl Sd, SR i

11-19




Pt . %
P =4 AND F=', WiLl M. EV .E REQUIREMENTS OF MiL=C=11015C UNDER THE
P L LOWING LONDITIONS.,

b. TYPE LESIGRAT CNS OF MiL=C=11015 Do NOT APPLY.
» . MARK G REGU(IEMENTS OF MiL=C=11015 po NOT APPLY.

: 3. STYLL ALD D1t _ECTRIC: FEED-THRU, TUBULAR BODY, THRU
| HOLE _(E~AD AT ACHMENT, FLANGE MOUNTED, CERAMIC DIELECTRIC

L. OPERATING TE: PERATURE RANGE -SSOC T0 /85°C.*~

[ THOD PARA. 5. WORKING ViLT. GS RATING = 250VDC MAXIMUM

4.6.2 6. DIELECT<iZ W TASTANDING VOLTAGE = 5S00VDC MAXIMUM

4.6.3 . BAROMET:IC PIiESSURE = AS REQUIRED, TEST CONDITION B.
L.e.b4 G, INSULATiON ki SISTANCE = (0,000 MEGOHMS MINIMUM

M.G.b 9. CAPALITANCE - AS SPECIFIZD BY USER

4.56.6 10. DiSc PATIGN "ACTOR = 2.5% MAX INITIAL, 5% MAX POST LIFF.

HiGH TUMPERATURE DISSIPATION FACTOR NOT APPLICABLE.

e L e e e
.

GROUP 1|
ot T . VOu TAG. TiM EZRATURE LIMITS DO NOT APPLY UNLESS A
‘ SPEZIF.C RE.U:REMENT 1S REQUESTED BY USER.
GROUP 111
4.0.8 . VIBKAT.O~, . IGH FREQUENCY AS REQUIRED.
L.6.9 €. TEMFERATURY CYCLING AND IMMERSION = IMMERSION PORTION (F
THIL Tos7 { 'AzA 4.6.9.2) 1s NOT APPLICABLE, TEMPIRATURE
CYCLINS AS EQUIRED.
h.6.10 3. SAL. LPKAY S NOT APPLICABLE.
GROUP 1V
T S . TER4IiAL STRLNGTH 1S NOT APPLICABLE.
b.6.17 2. MO.3T Rt R.5 STANCE AS REQUIRED EXCEPT THE CAPACITY

CHANG. A7T.3 THIS TEST (S NOT TO EXCEED 20% OF THE
IN: Tl VAU,
GROUP V o
4,601 4.1 . l1FE “E.% 5 REQUIRED, HIGH TEST TEMPERATURE IS O5 C.*

TOLERANCES UNLELS3 $°KCIF: ID — FRACTIONS—— _: DECIMALS—— _; DEGREES .

Soplonmmen (e e amenor | em] HI-Q DIVISION OF  AEROVOX CORP.
AW BT Bt | B MYRTLE BEACH. 8. C.
@ [ T El T ENVIRONMENTAL CAPABILITIES £F-5
SR i i e S QUALIFICATION, TABLE V, PAGE 7
G b ey S i M;L'r_‘,-’_;—IO-i")",
) Rl & L ez -} DRomYRT, | _DATR | WM | e
SHE "7 £
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P/N: ATC-100 (Item 3) PCDR-20-3
Part: Capacitor

Vendor: American Technical Ceramics (ATC)

Reference Source: ATC/Vincent Perna

Huntington Park, N, Y,
516-271-9600

Available Data: This capacitor has met and exceeds MIL-C-11272B and
MIL-C-11015D, It has also been subjected successfully to MIL-C-23269C
para, 4,7,20,1 (MIL-STD-202 Method 108A test cond F) - 2000 hr, life test,

Test data available from vendor,

Support Information: This component has been successfully qualified for
use in space application by several Aerospace Manufacturers including
Hughes Space Systems,

RCA Comment:

1, Vendor does not have test data showing qualification to MIL-C-23269C life
test, MSC is requested to forward data to RCA,

2, Original data submitted to RCA and referenced in PAR, LC-2, was test
report 68-2 performed by Sylvania, This test did not utilize number of
test samples required by MIL-C-11272, Only further data reported by
vendor is an ATL conducted test which covered only environmental and
not life,

3. Since no new data has been received or is known to exist by vendor, RCA
still recommends ECP-20 life testing,

4, Item is considered CLOSED, RCA will reopen if MSC forwards life test data
(LE 2000 Nour LIFE TEST OATA )
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‘ P/N: SMFO-1 (Item 4) PCDR-20-4

Part: Tilter

Vendor: Allen-Bradley (A-DB)

Reference Source: A-B/Joel Barbieri
Milwaukee, Wis,
414-671-2000

Available Data: Vendor has tested the filter to MIL-C-11015D, All tests
required by RCA have been conducted in-house at A-B,

Test data available from the vendor,

Supporting Information: This filter has been used extensively in military
and space applications by Boeing, Conic, Collins, Packard-Bell and others,

This RFI feed-thru Filter does have a slight disadvantage in that it requires
special care in soldering the feed-thru, The vendor prefers to recommend the
SMFB-A4 Bolt Mounted Filter Model, It has higher attenuation (-45db) at 125°C -

higher temp, - with max voltage of 500 VDC - as opposed to the SMFO-1: -35dh
‘ attenuation at 25°C, max voltage of 200 VDC,

RCA Comment:

1, Vendor would not confirm that filter is qualified to MIL-C-11015D,
2, Data in transit, RCA will review upon receipt,

3., Item is considered OPEN,

¢. NasA Te FailgAs) DATA
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P/N: U5F7715312UNQ and U5B7741312UNQ (Items 7 and 17) PCDR-20-5

Part: Intergrated Circuit

Vendor: Tairchild

Reference Source: TFFairchild/Gary Lane
464 Ellis St,
Mountain View, Calif,
415-962-5011

Available Data: Both parts have been qualified per MIL-STD-883, Reference
Fairchild general procurement specification no, UNIQUE 883,

The US5F7715312UNQ will be fully qualified to MIL-STD-883 (equiv) class "A"
including 1000 hr, life test in November 1970, Copies of test report completed
to date on file at Fairchild, Mountain View,

The U5F7741312UNQ is fully qualified to MIL-STD-883 (equiv) class "A"
including the 1000 hr, life test and test report is on file at Fairchild, Mountain
View,

RCA Comment:

1, FSC has forwarded U5F7741312 UNQ data to RCA, RCA will review and
advise MSC,

2, Due to lengthy delivery schedule on U5F7715312 UNQ Motorola has changed
from FSC to Mievowave—Semieondweior, Motorola reports ALSEP program

~~ will qualily new vendor, RCA will review qual test plan and if adequate
delete part from ECP-20,

3. Item remains OPEN,

- ADVAMCED MI(Ro DEVILEL
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‘ P/N: 2N834 (Item 8) PCDR-20-6

Part: Transistor

Vendor: Motorola

Reference Source: Motorola/Jack Sadler
Phoenix, Arizona
602-273-4747

Available Data: Part meets MIL-S-19500, Group B only,

Supporting Information: Vendor states that part selected is acceptable but
recommends use of either JAN-TX-2N706A or JAN-TX-2N706B, These parts
are high rel and fully qualified to MIL-S-19500,

RCA Comment:

1, As reported in PAR,LC-21, data available is only on generic type, 2N706,
The 2N834 has a higher (30-40%) voltage breakdown and faster switching
speed, Therefore Group A and steady state operating life of Group B are

required,
‘ 2, Due to wire bonding problems on MOT 2N2222 reported in NASA Alerter
MSFC-69-10 confidence is required that bonding problem no longer exists,
Therefore remainder of testing recommended in ECP-20 is required, viz,,
thermal shock, seal and internal visual,
3, Item is considered CLOSED,
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P/N: MTPH-2 and MTPH-3 (Item 14) PCDR-20-7
Part: Capacitor
Vendor: Mallory Capacitor Co,
Reference Source: Mallory/Bill Carrier
3029 E, Washington St,

Indianapolis, Ind,
317-636-5353

Available Data: Parts meet MIL-C-3965 including temperature rating of
-55°C to +85°C,

Vendor does not recommend higher than +85°C testing,
Parts will meet MIL-C-39006 requirements,

Parts have met 1000 hr, life test successfully,
Reports available from vendor

Supporting Information: Parts manufactured to non-standard dimensions, would
not meet MIL-C-3965 dimension specifications,

RCA Comment:

1, Parts are not qualified to MIL-C-39006 nor meet requirements included
therein which involve 125°C temperature,

2, Application temperature is very close to 85°C, Therefore RCA considers
previously recommended life testing at 95°C necessary to assure part
qualification for LCRU,

3., Item is considered CLOSED,
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P/N: 1768-1030 (Item 31) PCDR-20-5

Part: Transistor

Vendor: Westinghouse

Reference Source: Westinghouse/Bob Hedley; Rick Hamrick

Youngwood, Pa,

Electronics Communications Inc, ECI
Bill Mandakis

St, Petersburg, I'la,

813-347-1121

Data Available: Chip 1763 (same as 1768) tested per MIL-S/-19500, Group B,
Data available from vendor,

The 1776 transistor has the same case (T0O-63) as the 1760, It is a "Hi-Rel"
case and has high-reliability application; e, g, ARC-145 Airborne Communications
set (200 parts used - no failures) per ECI,

Supporting Information:
1768-1030

(a) In process of getting JEDEC in assignment

(b) 3 year old product with present production per quarter being 5,000 to
8,000 units,

(c) The group has undergone Groups A, B, & C, pre & post burn testing
MIL STD 19500,

(d) Reliability report is due out in two weeks on this family of transistor,
Report will show failures of transistors due to mis-application of units
in circuits, that is, improper biasing, etc, causing failure of units
due to high speed switching use, (See PCDR-21)

(e) Units in family have undergone 10G vibration testing,

Data obtained from ECI, St, Petersburg, Fla, - Reliability
(a) 1776-1210 power transistor used in ARC-145 transceiver
(b) The 1776-1210 transistor in the ARC-145 has undergone test -55°C to
+75°C temp,, 95% rel humidity per MIL STD 202,
(¢) In two years - no reported 1776-1210 failures

Units have been used in A7, F105, Airlock Program, ARC-145 airborne
transceiver,

RCA Comment:

1, The 1768 is a smaller chip size and has a higher voltage breakdown than 1776~
1210, The 1763 chip is in a TO-3 package; the 1768 is in a TO-63, Data on
1776 and 1763 are not applicable,

2, Only 200 units of 1768-1030 have been produced; 5000-8000 quantity is for all
can and all chip sizes,

3. RCA will review reliability report and advise MSC,

4, Item is considered OPEN,
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SUBCONTRACTOR PARTS EXCEEDING DERATING POLICY

CKT
SUB ASSEMBLY MODULE SYMBOL | PART NUMBER MAXIMUM RATING | DERATED LIMIT ACTUAL
S-BAND TRANSMITTER @ FM EXCITER R3 RNRGOC 125 MW 62,5 MW 135 MW @
R4 RNR60OC 125 MW 62,5 MW 135 MW
R16 RCRO7G 188 MW 94 MW 110 MW
R24 RCRO7G 170 MW 85 MW 140 MW
PHASE MOD Q1 3N154 20V 12V 21 V
Q2 3N154 20V 12V 21 Vv
XTAL OSC BUFFER Q1 3N154 20V 12V 21V
AMP DOUBLER Q1 3N154 20 vV 12 v 21V
175°C 100°C 108°C
POWER AMP Q1 2N5921 200°C 150°C 154°C
PRI. REG. Q1 2N5005 200°C 100°C 109°C
VR1 1N941B 175°C 100°C 102°C
SEC. REG. VR3 IN967B 175°C 100°C 110°C
MULTIPLIER CR1 HPA0300 200°C 100°C 117-€
DRIVER Q1 2N 5481 200°C 100°C 113°C
Q2 2N5482 200°C 100°C 128" C
S-BAND RECEIVER POWER ISOLATOR Q1 2N2222A 175°C 100°C 113°C

p W

RATED PART TO BE MADE

JUNCTION TEMPERATURE_INFORMA TION ON ALL SEMICONDUCTORS NOT YET AVAILABLE
SUBSTITUTION OF HIGHE
TEST SELECTION OF Vl)% FOR 30 VOLTS IS MADE.

AT A BASEPLATE TEMPERATURE OF 71 °C
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RID STATUS—DESIGN ITEMS

PCDR Action Item RCA Comment Status
16 Replacement of 3N138 Switching circuit requires high Closed
with 3N187 or 3N200 impedance of 3N138 for proper
timing constants. Handling and
installation precautions will be
controlled by drawings or pro-
cedures.
17 Replacement of 3N154 Circuit replacement under Open
with 3N187 or 3N200 investigation by Conic. Handling
& installation same as PCDR-16
18 Substitute Conic Transis- Substitute unknown. Sloan device Open pending vendor survey
tor 1601009 with higher is in TO-46 can. Only replacement
rel type. Survey of vendor | 2N3866 is in much larger TO-5 can.
Vendor will be surveyed by RCA
Central Engineering.
21 Check switching speed Circuit switching speed is over 30 times Closed
and derating to determine slower than allowable limit. Derating
if reliability problem is within LCRU derating policy.
exists.




NUMBER

1vee OF REVIEW Pre-CDR PCDR-16
i| VEHICLE REVIEW ITEM DISPOSITION COORDINATION
' oate 9 /4/70

INITIATOR

ORGANIZATION TEAM NAME

R, Sinderson MSC/EE16 LCRU R&QA

SYSTEM

DISCREPANCY/PROBLEM TITLE

Time Share Switch MOSFET 3N138

RCA Mosfet 3N138 is not considered to be a high reliability component

1 1, Part has had very limited previous usage,

| 2. Part does not contain zener diode protection and therefore is very susceptible to damage
during handling and installation,

3. RCA sales personnel do not recommend this part for hi-rel usage,

JUSTIFICATION

1., Planned qual testing will cost NASA $3585,

2. Qual testing cannot eliminate the handling/installation susceptibility to damage problems,

3. Since the use of MOSFETS with diode protection is customary for hi-rel application, it
is not understood why RCA selected the 3N138 part,

RECOMMENDATION
Substitute part with one which has diode protection and preferably a part with existing test

. | data and considerable previous usage, (SCI may be able to supply a qualified part from their
own stock since they are a large user of MOSFET units, RCA parts 3N187 or 3N200 may
be possible substitute,)

i CONTRACTOR'S COMMENT
| 1. RCA design required devices with hi-Z (long time constants required)

2, Diode protected MOSFETS characteristically have lower Z (3N138 Z is 5000 times
greater than suggested 3N187 or 3N200),

3. RCA is well aware of installation and handling problems and did not mean to infer that
Qual testing will eliminate these problems, Drawings will control installation in
circuitry,

Item is CLOSED,
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IVPUOF REVIEW Do DR NUMBE i PC_])R—] 7
VEHICLE REVIEW ITEM DISPOSIT'ON COORDINATION
vt 9/4/70
INITTIATOR ORGANIZATION SYSTEM 1E AM NAME
R. Sinderson MSC/EE16 LCRU R&EQA
MSCREPANCY PROBLEM TITLE
S-Band Transmitter MOSTET 3N15

Same as PCDR-16

JUSTIFICATION

Same as PCDR-16

'RECOMMENDATION
Same as PCDR-16. RCA sales personnel, Roger I'ournier, have indicated that
parts 3N187, 3N200, may be a good substitute since it has diode protection
and will be qualified shortly.

CONTRACTOR'S COMMENT
1. Conic application is amplifier circuit.
2. Rcplacement parts are being reviewed by Conic.
3. Item remains OPEN. FPREL} M Moy Vy3,aTIeN) shvous penmikie
Sukp aTITATION 4T Wil VYCau LT LN L ad e 1 CesT

wnpbbf.




1YPt OF REVIEW PI‘(—}—CDR NUMBE ¢ ])(?])—]{-_|
VEHICLE REVIEW ITEM DISPOSITION COORDINATION
DATE 9/4/70
INITIATOR ORGANIZATION SYSTEM 1€ AM NAME
R. Sinderson MSC/EE16 LCRU R&QA
DISCREPANCY/PROBLEM TUTLE
S-Band Transmitter Transistor 16010099

Part is not considered to be reliable.
1. Vendor, Sloan, has had limited experience.
2. Only one prototype of this unit has been produced.

JUSTIFICATION
1. Planned qual testing will cost NASA $5940.
2. Qual test results in six months will cause large impact to transmitter program
if the results are not favorable.

RECOMMENDATION
1. Make positive determination on whether part can be substituted with better unit.
(Conic proprietary barrier cannot be used in this case due to the potential severity

of the problem.)
2. If part cannot be substituted, then reliability /part specialist survey of Sloan should

be made.

CONTRACTOR'S COMMENT
1. No known substitute. Sloan device is a 2N3866 chip in a 4 lead TO 46 case with
isolated collector and case grounded for RF isolation. 2N3866 is in TO-5 can
and grounded collector configuration.
2. RCA will conduct vendor survey of SLOAN,
3. Item remains OPEN pending vendor survey.
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et ot keview Pre=CDR NUMBE 1 ‘P(‘,DR_zvi_
VEHICLE REVIEW ITEM DISPOSITION COORDINATION
9/4/70 .
INITTIATOR ORGANIZATION SYSTEM TE AM NAME
R, Sinderson MSC/EEL6 I.CRU R&OQA
(MSCREPANCY /PROBLEM TITLE
DC/DC Converter Transistor 1758-1030

Westinghouse sales personnel, Bob Hedley, has stated that transistor 1758-1030 failures
have occurred due to their misapplication in high-speed switching circuits, Does RCA usagc
of this part meet the customary reliability derating requirements, and is the application
within the switching speed limitations ?

JUSTIFICATION

Need to confirm that previous failures are not applicable for the LCRU circuit application,

RECOMMENDATION

Same as above block,

CONTRACTOR'S COMMENT
1, Switching speed limit of Westinghouse device is 1500 nanoseconds max, RCA application
takes 50,000 nanoseconds, Therefore well within spec,

2, Derating meets LCRU requirements,

3 Ttrewm Clos&d

11-32
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SINGLE POINT FAILURES

SUMMARY STATUS

TOTAL SINGLE POINT FAILURES

IDENTIFIED ELIMINATED ELIMINATED REMAINING
TO DATE TO DATE SINCE PDR
14 6 3 8*

*REMAINING SINGLE POINT FAILURES: REFER TO SUMMARY TABLE OF SINGLE POINT FAILURES




PE-11

SINGLE POINT FAILURE SUMMARY

SINGLE POINT FAILURE

C14 Feedthru Capacitor in +14VDC
Regulator

EFFECTS

e Loss of Up Link Communica-
tions capability in all modes

e Loss of LCRU Temp. Data in
all modes

e Loss of Down Link Communi-
cations Capability in following
modes:

PM1/WB
FM/TV

e Loss of TV Capability in follow-
ing modes:

FM/TV
TV/RMT

CORRECTIVE ACTION, REMARKS
AND RECOMMENDATIONS

e No Action Recommended
e Cl4 is necessary for Hi-Frequency
Filtering
e Part Type has Low Failure History

e Down Link Communications may still be
maintained in following modes:

PM1/NB
PM2/NB

C15 Feedthru Capacitor in +10VDC
Regulator

e Loss of Down Link Communica-
tions capability in all modes.

® Loss of Telemetered LLCRU
Status Data in all modes.

® No Action Recommended

e C15 is necessary for Hi-Frequency
Filtering

e Part Type has Low Failure History

e Up Link Communications may still be
maintained in all modes.
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SINGLE POINT FAILURE SUMMARY (CONTINUED)

SINGLE POINT FAILURE

Power Selection Switch

® Open or Damaged moving
Contact #2 (+29V)

® Open or Damaged moving
Contact #5 (+16.8V)

® Open or Damagesd moving
Contact #9 (Isolation)

EFFECTS

e Loss of Down Link Communi-
cations capability in all modes

when operating from battery or
converter

e Loss of Up Link Communica-
tions capability in all modes
when operating from battery or
converter

e Loss of Up Link and Down~
Link Communications capability
when operating from converter
only

CORRECTIVE ACTION, REMARKS
AND RECOMMENDATIONS

e Recommended Action
e Employ recommended screening of NASA
alerter # MSFC-70-6

e Employ heavy RCA Field QC monitoring
in view of NASA alerter.

Time Share Switch Circuitry, 14.5
KHz VCO, or Diode Attenuator

@ Loss of Telemetered LCRU
Status monitoring signals

(Temperature and Battery Voltagg)
in all modes.

® Recommended Action

e Installation precautions necessary for
3N 138 in time share switch.

e LCRU Status may be monitored via
monitor meter

Negative Voltage Supply (-6.2V)
circuitry within time share switch
Assembly

® Same as above
e Loss of Down Link Capability
in following modes:

FM/TV
TV/RMT

e No Action Recommended

e LCRU Status may be monitored via
monitor meter.
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SINGLE POINT FAILURE SUMMARY (CONTINUED)

SINGLE POINT FAILURE

VHF Antenna or VHF Triplexer

VHF Receiver Baseband Conditioner
or Down Link Signal Processor

VHF Transmitter or Up Link Signal
Processor

EFFECTS

e Loss of Up and Down Link
communications capability in all
modes .

e Loss of Down Link Communi-
cations capability in all modes.

e Loss of Up Link Communica-
tions capability in all modes.

CORRECTIVE ACTION, REMARKS
AND RECOMMENDATIONS

® No Further Action Recommended

e Hard-Line between PLSS and LCRU to bypass
VHF Antenna, Triplexer, Receiver and Trans-
mitter portiond LCRU Link has been proposed,
considered and rejected.

Mode Selector Switch: Contact #17
(Rotor of one deck) open or damaged

Contact #24 (Rotor of one deck) open
or damaged

® Loss of Down Link Communi-
cations capability in following
modes:

PM1/WB

PM1/NB

FM/TV

PM2/NB

e Loss of Up Link Communica-
tions in all modes.

e No Action Recommended
e Switching currents are low level
e Switch construction has been qualified for:

Peak Random Vibration @.4G2/HZ
50G Shock
20G Acceleration
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'

IREG I  SINGLE POINT FAILURE SUMMARY (CONTINUED)

SINGLE POINT FAILURE

Circuit Breaker (29V)

EFFECTS

e Loss of Down Link Communi-
cations Capability in all modes

CORRECTIVE ACTION, REMARKS
AND RECOMMENDA TIONS

e Recommended Action

e Alert QC and Manufacturing Operations

of Installation Precautions (Torque require-
ments, conformal coating, etc.) ALSs hi&h
TEMP Te4T AL PAYT of RCQ NS EcT 00
e Alert QC of need for Field QC
monitoring.

VOX Disable Transistor Collector
to Emitter Short

e Loss of Up Link CommunicationT
capability in all modes.

® Recommended Action

e Consider Toggle Switch selection of VOX
Disable Mode rather than Transistor
Operation.
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“ﬂ" NASA ALERTER STATUS

AL:RT MO, SUBJLCT APPLICABLE TO LCRU A O

——— — - —————— —— — —— — e - —

Transistors

GOFu=70-8 2%h12l, 2Mu126 lo plastic cased transistors
(09-031) iotorola D are used in LC:U.
K2-70-1.\ JANTX 2M2705, vo (2) JATTX 212203 "‘ransistors
Mo MR are us=d in the 2785 & LTy
equipments but are purcaased from
_otoroia,

MIsC,
1130=-61=-011 Hydra-set itenote

control Jonsoles,

oel lar .n;ineering 0
C6=70-1 aloia/Tunescic Indi-

cator, Vernitron Corp. 10
LaiC 70-)2 <iulb3, iltantic

lesearch ..orp. B
C1-70-01 urinpin: Toel, Tharas

2..d 3ates Co. Y
K5C-70=09 Lea': letection lui-s,

Jeta jon Process Inc, 0
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“ﬂ" NASA ALERTER STATUS

ALERT NO. SUBJECT APPLICABLE TO LCRU REMARKS

. —— ———

GSFC-T70-6
(10-015) SN5LO01, TI NO -
RelazE
GSFC-70-7 SRA-LC-2LB,
(06-015) Branson NO -
GSFC=70=9
(07-019) S102, Vishay NO -
Switches
KSC-70-L Flux Contamination
of Non-Hermetic
Seal Switches.
(Micro-switches) NO =
MSFC-70-75 1027-3, Kinetic's

(Power Transfer Switch -
Motor Driven) NO -
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ALERT NO.
Caggcitors
5G-70-01

J5=70-01-A

Connectors

GSFC-70-10
(02-021)

DL-70-3

D7-70-2

Integrated Circuits

R6-70-1

F7-70-01
WS-70-2

W5-70-1B

NASA ALERTER STATUS

SUBJECT

CV31B250, Lrie

CSR-13 (IUF, 100V),
Dickson

3431, 3L33, and
others, Hubell

DM=9611-37-2P,
Deutsch

L8 Series, Amphenol

L1207H, NSC

9316, Fairchild
SN5LLSL, TI
SNSLLXX, NSC

APPLICABLE TO LCRU

NO

NO

NO

NO

NO

NO

NO

NO

NO

REMARKS

LCRU FM/PM S-Band Xmtr.
uses Dickson, DIROT3SMI,
1 uf @ 35 VDC

LCRU uses a DSO9 which is
similar to DM Type, RCA is
aware of potential installa-
tion problems and will employ
manufacturer's recommendations.

LCRU uses a LM10l similar
to the LI207H. Units are
being screened by MNSC to
RCA's Yi-Rel Specification.
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SUBCONTRACTOR CONFIGURATION CONTROL STATUS

TASK/DOCUMENT
SUBCONTRACTOR
DRAWING TRACEABILITY
UG PROCEDURE * PROCEDURE

MOTOROLA REV, B REVIEWED & REVIEWED &

DUE 9/18/70*** APPROVED APPROVED
CONIC REVIEWED & R& A IN REVIEW

APPROVED*** CYCLE
SCI REV, B DUE R & A IN REVIEW

9/25/70 CYCLE
SONEX R&A R&A R&A
BENDIX N/A** R&A R&A
YARDNEY N/ A** R& A R&A
WAVECOM N/A** R& A R&A
RANTEC N/A** R&A R& A

* INCLUDES CHANGE BOARD
** AS PART OF QUALITY PROCEDURES

¥*¥* CHANGE SINCE TI3
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RCA RESPONSE TO NASA COMMENTS ON RCA

REGA CONFIGURATION CONTROL PROGRAM PLAN

LRPL-CC-1 REV. A DATED 20 MAY 1970

NASA COMMENT

FLOW DIAGRAMS SHOULD BE ADDED WHICH SUMMARIES THE BASIC SUBCONTRACT AND RCA SYSTEM
OPERATIONS WHICH ARE OSTENSIBLY DEFINED IN DETAIL BY A MYRIAD, OF OTHER INTERLOCKING
RCA DOCUMENTS. MSC WILL PROVIDE TO RCA OF THE FLOW DIAGRAM WHICH IS REQUIRED. THE
ENCLOSED DIAGRAMS SHALL BE USED AS A BASELINE FOR "ARRIVING AT THE FINAL MSC/RCA
NEGOTIATED DIAGRAMS WHICH ARE TO BE ADDED TO THE PLAN.

RCA ACTION
THE FLOW DIAGRAMS HAVE BEEN ADDED IN SECTION VII, "DRAWING AND CHANGE CONTROL FLOW
DIAGRAMS", BY REVISION B TO THE CONFIGURATION CONTROL PLAN.

NASA COMMENT

ADD TO PLAN THE FOLLOWING STATEMENT: CLASSI CHANGES SHALL INCLUDE THOSE CHANGES
WHICH WOULD REQUIRE A SPECIFICATION CHANGE NOTICE TO BE WRITTEN TO (1) THE MSC CONTRACT
SPECIFICATION OR (2) THE APPLICABLE ICD'S AND P & I SPECIFICATIONS REFERENCED IN THE MSC
SPECIFICATION OR (3) THE RCA SUBASSEMBLY SUBCONTRACT SPECIFICATIONS,

RCA ACTION
RCA AGREES WITH ITEMS (1) AND (2), BUT DOES NOT AGREE WITH ITEM (3), SINCE THE RCA SPECIFI-
CATIONS ARE NOT SPECIFICALLY INCORPORATED INTO THE CONTRACT.

THE CONFIGURATION CONTROL PLAN, AS MODIFIED BY REVISION B, CONTAINS A MODIFICATION OF
THE NASA COMMENT AS A NOTE TO PARAGRAPH 4.4.1.
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RCA RESPONSE TO NASA COMMENTS ON RCA

“c" CONFIGURATION CONTROL PROGRAM PLAN

3.

LRPL-CC-1 REV. A DATED 20 MAY 1970

NASA COMMENT
THE BASELINE DATE FOR MSC APPROVAL OF CLASS I CHANGES SHALL BE THE CDR RATHER THAN

FACI (30 DAYS PRIOR TO QUAL UNIT DELIVERY). (REFERENCE THE MSC SUPPLIED FLOW DIAGRAM
FOR THE DETAILS).

RCA ACTION
RCA AGREES. FIGURE 2-3 AND PARAGRAPHS 2.3.1,2 AND 2.,3.1.3 OF THE CONFIGURATION CONTROL

PLAN HAVE BEEN MODIFIED ACCORDINGLY BY REVISION B.

NASA COMMENT

ADD TO THE PLAN THE FOLLOWING STATEMENT: MSC SHOULD GIVE FIRST PRIORITY IN APPROVAL OF

CLASS I CHANGES AND SHOULD GIVE OFFICIAL RESPONSE VIA MAGNAFAX WITHIN 24 HOURS TO PRE-

CLUDE SCHEDULE IMPACT. EXCEPTIONS TO THIS TIME LIMIT WOULD BE:

(1) FOR CHANGES INVOLVING ICD'S, P & I SPECS, OR WEIGHT,

(2) FOR CHANGES OCCURING AFTER FACI, AND (3) FOR CHANGES INVOLVING COST OR SCHEDULE
IMPACT.

RCA ACTION

RCA AGREES WITH THE INTENT OF THE NASA COMMENT, BUT PREFERS TO EXPRESS IT DIFFERENTLY
IN AN RCA DOCUMENT. PARAGRAPH 2.4 HAS ACCORDINGLY BEEN ADDED TO THE CONFIGURA TION
CONTROL PLAN BY REVISION B,

NASA COMMENT

CLASS IT ECN CHANGES SHOULD BE IN A CENTRAL RCA FILE, WHICH IS AVAILABLE FOR MSC REVIEW,
IN PARTICULAR, THE REVIEW OF THE MSC FIELD REPRESENTATIVE,

RCA ACTION
THIS REQUIREMENT HAS BEEN ADDED TO PARAGRAPH 4.10 OF THE PLAN BY REVISION B.



RCA RESPONSE TO NASA COMMENTS ON RCA
JREJY  COVFIGURATION CONTROL PROGRAM PLAN LRPL-CC-
REV. A DATED 20 MAY 1970

6. NASA COMMENT
A REVISION COPY OF ANY OF THE PRIMARY ELECTRICAL/MECHANICAL DRAWINGS SHALL BE DISTRI-
BUTED TO THE MSC FIELD REPRESENTATIVE AT THE TIME OF REVISION RELEASE. AT FACI, A COM-
PLETE SET OF REVISED DRAWINGS SHALL BE OFFICIALLY SUBMITTED TO MSC.

RCA ACTION

ALL DRAWINGS USED FOR PRODUCTION OF LCRU EQUIPMENT WILL BE AVAILABLE FOR REVIEW BY
THE NASA REPRESENTATIVES. DISTRIBUTION OF COPIES OVER AND ABOVE RCA NORMAL IN-HOUSE
DISTRIBUTION, AND ANY FORMAL SUBMISSION TO NASA, IS NOT PLANNED (SEE PARAGRAPH 5.2g OF
SPECIFICATION SEC 0043). AT FACI A COMPLETE SET OF REVISED DRAWINGS WILL BE AVAILABLE TO
NASA.,

P11

7. NASA COMMENT
ADD COPY OF OFC FORM TO PLAN,

RCA ACTION
THE ON FLOOR CHANGE (OFC) FORM HAS BEEN ADDED AS FIGURE 4-4 OF THE PLAN BY REVISION B.

8. NASA COMMENT
THE SUBCONTRACTOR CON CON SECTION IS VERY MEAGER CONCERNING THE RCA IMPOSED REQUIRE-
MENTS ON THE ASSEMBLY/SUBASSEMBLY LEVEL. ADDITIONAL DETAILS MUST BE ADDED.,

RCA ACTION

APPENDIX B, "SUBCONTRACTOR/SUPPLIER CONFIGURATION REQUIREMENTS SUMMARY'", HAS BEEN
MODIFIED BY REVISION B OF THE PLAN TO PROVIDE THE REQUESTED INFORMATION, ALSO, RCA HAS
PROVIDED INFORMATION COPIES OF THE RCA DOCUMENTS INVOKED ON EACH SUBCONTRACTOR.
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RCA RESPONSE TO NASA COMMENTS ON RCA

“c " CONFIGURATION CONTROL PROGRAM PLAN

10.

LRPL-CC-1 REV. ADATED 20 MAY 1970

NASA COMMENT
PARA. 4.2.2 FOR OFC PROCEDURE IS NOT ALLOWED AFTER FACI.

RCA ACTION

RCA DOES NOT AGREE. A QUICK-REACTION CLASS II CHANGE CAPABILITY IS NEEDED IN THE FACTORY
TO MEET MINOR EMERGENCIES, AS INDICATED IN FIGURE 7-3, "ON FLOOR CHANGE (OFC) PROCES-
SING'", ADDED TO THE PLAN BY REVISION B, THE ON FLOOR CHANGE IS CLOSELY CONTROLLED AND
FULLY DOCUMENTED.,

NASA COMMENT
PARA. 4.7, ECP ARE REQUIRED AS INDICATED IN FIG. 1 ATTACHED.

RCA ACTION
RCA WILL PROVIDE ECPS AS INDICATED IN FIGURE 1 OF THE NASA COMMENT, THE FLOW DIAGRAM IS
SHOWN IN FIGURE 7-2, "CHANGE CONTROL PROCESSING'", ADDED TO THE PLAN BY REVISION B.
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RGN ON FLOOR CHANGE (OFC) PROCESSING
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“ﬂ" ENGINEERING CHANGE NOTICE (ECN) PROCESSING
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LCRU CON CON PLAN
“cll CHANGE PAGE

LRPL-CC-1

CONSULTANTS WILL NOT NORMALLY ATTEND REGULAR CHANGE BOARD MEETINGS. WHEN REQUESTED BY
THE CHAIRMAN, CONSULTANTS WILL ATTEND CHANGE BOARD MEETINGS AND ASSUME THE STATUS AND RE-

SPONSIBILITIES OF A MEMBER.

4.3.2 MEETINGS
THE CHANGE BOARD WILL MEET AT THE TIMES AND PLACES DESIGNATED BY THE CHAIRMAN. THE FREQUENCY

AND REGULARITY OF THESE MEETINGS WILL BE TAILORED TO THE PROJECT'S VARYING REQUIREMENTS; i.e.,
ONCE A DAY, ONCE A WEEK, OR IN ANY EMERGENCY.

4.4 DEFINITION OF CHANGES

4.4.1 CLASS I CHANGES (SEE NOTE BELOW) |
ALL PROPOSED ENGINEERING CHANGES IN END-ITEMS, ASSEMBLIES, SUBASSEMBLIES, OR PARTS THEREOF,
SHALL BE DESIGNATED CLASS I CHANGES IN DESIGN WHENEVER ANY ONE OF THE FOLLOWING ARE AFFECTED:

DESIGN CONTROL SPECIFICA TION REQUIREMENTS.

PURCHASE ORDER COST/FEE, WEIGHT, GUARANTEES, OR DELIVERY SCHEDULE.

PERFORMANCE STABILITY, RELIABILITY, DURABILITY, OR MAINTAINABILITY.

INTERCHANGEABILITY OF END ITEM, ASSEMBLY, OR COMPONENT THEREOF.

SAFETY

ELECTRICAL INTERFERENCE TO COMMUNICA TIONS - ELECTRONIC EQUIPMENT OF ELECTROMAGNETIC
RADIA TION HAZARDS.

£ GOVERNMENT OR CUSTOMER SUPPORT EQUIPMENT.

-0 Qa0 o

4.4.2 CLASS II CHANGES
ALL OTHER CHANGES SHALIL BE CLASSIFIED AS CLASS II CHANGES. CHANGES RESTRICTED TO CHANGES IN

QUANTITY OF GOVERNMENT OR INDUSTRY STANDARD HARDWARE ARE ALSO CLASS II CHANGES.

NOTE: CLASS I CHANGES SHALL INCLUDE THOSE CHANGES WHICH WOULD (1) REQUIRE A SPECIFICA TION
CHANGE NOTICE TO BE WRITTEN TO THE MSC CONTRACT SPECIFICATION, OR (2) REQUIRE A
SPECIFICATION CHANGE NOTICE TO BE WRITTEN TO THE ICD's AND P&I SPECIFICA TIONS
REFERENCED IN THE MSC SPECIFICATION, OR (3) RESULT IN A CHANGE TO AN RCA SUB-
ASSEMBLY SUBCONTRACT SPECIFICATION TO THE DEGREE THAT A CHANGE WOULD BE
REQUIRED TO ANY OF THE SPECIFICA TIONS MENTIONED IN (1) AND (2) ABOVE,




IREG S LCRUCHANGE CONTROL AND PROGRAM MILESTONES

CONFIGURATION CONTROL MANAGEMENT

DVT MODELS

QUALIFICATION 8 FLIGHT MODELS

————-———————————————i——-a—

CSD-01-0216

PROGRAM ! ENGINEERING
PHASES | MODELS
ly
!
— e
CHANGE I PRELIMINARY
CONTROL It >
PHASE [! DRAWING
II CONTROL
I
I
- I
] ||
()] |
=
l
]
I
I
_— W ]
I
I DWG.
wiesTones |l RELEASE

¥ DRAWINGS ARE CONTROLLED ON AN INDIVIDUAL BASIS WHEN

CHANGE CONTROL

CSD-01-0216/0213

CHANGE

ACCEPTANCE

DELIVERY

CONTROL
CHANGE CONTROL BOARD

ACTIVITY

ENGINEERING CHANGE
PROPOSAL

AND FLIGHT
MODELS
*

PRE-
LIMINARY

DESIGN
REVIEW

AND FLIGHT MODELS.

CLASS I CHANGES

FINAL 8
BASELINE
REVIEW
AFTER FA-
BRICATION OF
QUAL. MODEL

OFFICIALLY RELEASED FOR USE IN THE DVT, QUAL,




G6S-11

LCRU CON CON PLAN
A4

CHANGE PAGE

2.3.1 DESIGN AND BASELINE REVIEWS LRPL-CC-1

DESIGN AND BASELINE REVIEWS WILL BE CONDUCTED IN ACCORDANCE WITH FIGURE 2-3 AND MSC SUPPLE-
MENT #1 TO NPC 500-1, APPENDIX C, EXCEPT AS NOTED BELOW,

2,3.1,1 PRELIMINARY DESIGN REVIEW (PDR)

THE PRELIMINARY DESIGN REVIEW IS A FORMAL TECHNICAL REVIEW BY NASA OF THE BASIC ENGINEERING
DESIGN APPROACH FOR THE LUNAR COMMUNICATIONS RELAY UNIT, AND IS ACCOMPLISHED BY REVIEWING
THE CURRENT DESIGN OF THE LCRU VIA AVAILABLE HARDWARE, ANALYSES RESULTS AND DRAWINGS PRE-
SENTED BY RCA DURING THE REVIEW,

THE PURPOSE OF THE REVIEW IS TO REVIEW THE HARDWARE DESIGN IN RELATION TO THE REQUIREMENTS OF
THE LCRU SYSTEM SPECIFICATION (SE-C-0043), RCA WILL ACCOMPLISH THE ACTION ITEMS GENERATED DUR-
ING THE REVIEW SUBJECT TO CONTRACTUAL APPROVAL,

2,3,1,2 CRITICAL DESIGN REVIEW (CDR)

BASED UPON THE DESIGN PRESENTED AT THE PDR, RCA WILL MAKE RELEASES TO INTIATE THE FABRICATION
AND TEST OF THE DVT, QUAL AND FLIGHT MODELS, DURING DVT MODEL BUILD AND ACCEPTANCE TEST, THE
LCRU END ITEM SPECIFICATIONS WILL BE REFINED AND SUBMITTED TO NASA FOR APPROVAL AS THE BASIS
FOR THE DESIGN AND BUILD OF THE QUALIFICATION TEST MODELS, THE RESULTS OF ENGINEERING MODEL
TESTING WILL FORM THE BASIS FOR THE CRITICAL DESIGN REVIEW,

THE BASELINE DATE FOR NASA APPROVAL OF CLASS | CHANGES SHALL BE UPON COMPLETION OF THE CDR, I

2,3.1,3 FINAL AND BASELINE REVIEW (FACI)

THE FINAL AND BASELINE REVIEW WILL BE CONDUCTED AFTER FABRICATION OF THE QUALIFICATION TEST I
MODEL (QTM) TO REVIEW THE "AS BUILT" DESIGN OF THE MODEL TO BE QUALIFIED, INCLUDING PRELIMINARY

RESULTS OF DVT MODEL TESTING,

2,3,1,4 ENGINEERING RELEASE

ENGINEERING RELEASE FOR THE DVT, QUAL AND FLIGHT MODEL WILL BE IN ACCORDANCE WITH RCA/CSD-
01-0209, "ENGINEERING NOTICE",

2,4 PROCESSING OF CLASS I CHANGES
RCA AND NASA SHOULD GIVE PRIORITY TO ANY CHANGES BASED UPON THE POTENTIAL IMPACT TO THE PRO- ﬁ

GRAM SCHEDULE AND COST CONSTRAINTS, MAXIMUM USE OF QUICK-REACTION COMMUNICATIONS TECHNIQUES
SHALL BE USED TO EXPEDITE ANY CHANGES THAT MAY OCCUR (i.e,, MAGNAFAX, TELEPHONE, OR TWX),
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LCRU CON CON PLAN

“c" CHANGE PAGE

4,7 ENGINEERING CHANGE PROPOSALS (ECP) LRPL-CC-1

AN ENGINEERING CHANGE PROPOSAL WILL BE SUBMITTED TO NASA FOR ALL CLASS I CHANGES, AFTER PRE-
SENTATION OF A CHANGE PROPOSAL, THE BOARD WILL DETERMINE WHETHER THE PROPOSED CHANGE IS
CLASSTOR CLASSII, IFIT IS A CLASS I CHANGE, THE CHAIRMAN WILL ASSIGN THE RESPONSIBILITY FOR CRE-
ATING AN ECP FOR SUBMITTAL, AND THE CHANGE PROPOSAL WILL BE HELD IN ABEYANCE UNTIL SUCH TIME
AS THE RESULTS OF THE ECP ARE KNOWN, IT WILL BE NECESSARY FOR THE CHANGE BOARD MEMBERS TO
MAKE FULL RECOMMENDATIONS FOR THE ECP. ECP'S WILL BE PREPARED AND SUBMITTED IN ACCORDANCE
WITH MFC SUPPLEMENT 1 TO NCP 500-1, EXHIBIT IX (SEE FIGURE 4-2),

4,8 CUSTOMER-REQUESTED CHANGES

CUSTOMER-REQUESTED CHANGES WILL BE RECEIVED BY CONTRACTS ADMINISTRATION WHO WILL NOTIFY THE
PROGRAM MANAGER, THE PROGRAM MANAGER WILL ASSIGN THE TASK OF CREATING A CHANGE PROPOSAL
TO THE APPROPRIATE AREA REPRESENTATIVE,

4,9 VENDOR CHANGE PROPOSALS (RCA SUBCONTRACTORS/SUPPLIERS)

VENDOR CHANGE PROPOSALS WILL BE SUBMITTED FOR ALL CLASS I CHANGES, AFTER PRESENTATION OF A
CHANGE PROPOSAL, THE RCA CHANGE BOARD WILL DETERMINE WHETHER THE PROPOSED CHANGE IS CLASS I
OR CLASS II, IF IT IS A CLASS I CHANGE, THE CHAIRMAN WILL ASSIGN THE RESPONSIBILITY FOR CREATING
AN ECP FOR SUBMITTAL TO NASA FOR APPROVAL; OR FOR APPROVING OR DISAPPROVING THE PROPOSED
CHANGE IF IT DOES NOT REQUIRE NASA APPROVAL, VENDOR CHANGE PROPOSALS WILL BE PREPARED USING
THE FORM SHOWN IN FIGURE 4-3,

4,10 CHANGE BOARD RECORDS

THE CHAIRMAN WILL MAINTAIN A LOG OF ALL CHANGE PROPOSALS, AND ACTION TAKEN WILL BE NOTED, IN
ADDITION, THE CHAIRMAN WILL MAINTAIN A FILE OF ECN'S, VCP'S, ECP'S, RELATED DOCUMENTS, REPORTS,
AND CORRESPONDENCE, CLASS II ECN'S SHALL BE AVAILABLE FOR REVIEW BY NASA REPRESENTATIVES,
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RCA QUALITY ASSURANCE
LCRU PROGRAM DOCUMENTATION

CONTROL DOCUMENT REV.
DOCUMENT NUMBER LEVEL PURPOSE/STATUS
1. RCA QUALITY PLAN LRPL QA-1 9/l§/70 DETAILS RCA IN-HOUSE QUALITY SYSTEM
2. RCA EQUIPMENT SIT-QA-2 2/12/70 DETAILS THE PRODUCT BUILD PROCESS/
FLOW CHARY3 INSPECTION POINTS. FLOW CHARTS ARE
Revis&p | COMPLETE AND SUPPLIED TO NASA AND
9-14-70| DCAs
3. INSPECTION (PART II OF 2/12/70 THE DETAILED INSPECTION REQUIREMENTS,
INSTRUCTIONS SII-QA-2) WORKMANSHIP INSPECTION SHALL BE TO RCA
8030019 "MILITARY COMPLIANT", THE DE-
TAILED INSPECTION INSTRUCTIONS ARE CUR-
RENTLY BEING DEVELOPED WITH THE RE-
LEASE OF THE ENGINEERING DWG. PKG.
4, WORKMANSHIP 8551439 & LATEST | IMPLEMENTS NPC200-4 OF ASPO S6A FOR
(BUILD/ASSEMBLY) 8551440 SOLDERING AND ASSEMBLY
5. SUBCONTRACTOR LRSP SB/QA 1 A DETAILS THE GENERAL QUALITY PROGRAM
QUALITY 12/15/69 | REQUIREMENTS FOR MAJOR SUBCONTRAC TOR
SPECIFICATION & AMEND I
12/22/69
6, SUBCONTRACTOR LRSS MO/QA-1 A
QUALITY 5/19/70 DETAILS SPECIFIC QUALITY REQUIREMENTS
SUPPLEMENTS LRSS CO/QA-1 A PECULIAR TO EACH MAJOR SUBCONTRACTOR
6/22/70 PROCUREMENTS, I.E.,
LRSS SO/QA-1 A MO MOTOROLA
6/16/70 CcoO CONIC
LRSS SC/QA-1 A SO SONEX
6/17/70 Sc SCI
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SUBCONTRACTOR QUALITY CONTROLS

REVIEW STATUS

QA PLAN WORKMANSHIP

MAJOR SUBCONTRACTORS PROCUREMENT PRELIM FINAL PRELIM FINAL
MOTOROLA* S-BAND RECVR X X **% X X **
WAVECOM S-BAND DIPLEXER X X X X
SONEX * 14-5 KHz VCO X X X X
YARDNEY BATTERY X B X DGk
SCI* 1.25 MHz VCO X X ®k X X **
RCA MOORESTOWN HI-GAIN ANTENNA X X *% X X kX
BENDIX LO-GAIN ANTENNA X X *% X X *
CONIC i S-BAND TRANSMITTER X X X k%

*MAJOR SUBS

** DENOTES CHANGE SINCE TI #3

X = REVIEWED AND APPROVED
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“ﬂ" RCA FIELD QUALITY CONTROLS FOR LCRU SUBCONTRACTORS

SUBCONTRACTOR MECH. THERMAL ENG. DVT DVT FLIGHT
EQUIPMENT MILESTONE MODEL MODEL MODEL MODEL TESTING MODELS
1. RCA FIELD QA N/A N/A S S - S/M
IN-PROCESS
—t —
T 2. SUBCONTRACTOR N/A N/A SEE RCA RCA RCA
2 TEST PROCEDURE NOTE (2) APPROVED APPROVED APPROVED
BELOW ATP TP ATP
3. RCA FIELD QA N/A N/A N/A M S M
END-ITEM TEST
4, RCA (CAMDEN, SHIPPING & SHIPPING & PRELIM. APPLIES WITH = APPLIES WITH
N.J.) INCOMING MECHANICAL | MECHANICAL | INSPECTION FORMAL FORMAL
INSPECTION INSPEC TION INSPECTION INSTRUCTIONS | INSPECTION INSPECTION
ONLY ONLY INSTRUC TIONS INSTRUC TIONS
LEGEND NOTES: (1) QUAL TEST ON HIGH GAIN ANTENNA & BATTERY DELTA
N/A = NOT APPLICABLE QUAL WILL REQUIRE RCA-FQA MANDATORY
S - SURVEILLANCE (2) RCA ENGINEERING CONCURRED ON PARAMETERS TESTED

M = MANDATORY
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® ® | 4

“cn LCRU PARTS - APPROVED VENDORS/CONTROLS

APPROVED VENDORS SELECTED VIA:
e RCA VENDOR RATING SYSTEM
e NEW/NON-HISTORICAL DATA - RCA SURVEYS

e CASE DOCUMENT (COORDINATED AEROSPACE
SYSTEMS EVALUATION)

e UTILIZATION OF PARTS SUPPLIERS WHICH HAVE
PREVIOUSLY SUPPLIED RCA SPACE APPROVED HARD-

WARE/PARTS ON LM, CM, & EVCS PROGRAMS)
QA REVIEW OF ALL PURCHASE ORDERS

FIELD QA SURVEILLANCE (AS REQUIRED)






