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9/15 / 70 
9:00 AM 

AGENDA 
LUNAR COMMUNICATIONS RELAY UNIT 

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

Genera l Session - Chairman: 
Co-Chairman : 

W. Speier - Minutes : 
H.J. Hamlin 

1. 0 GRO UND RULES/ INT ROD UC TION 

1. 1 Purpose 
1. 2 What we were to do 
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2. 1 Organization 
2. 2 Schedule 

Design Status 
Manufacturing Status 
Material Sta tus 

2 . 3 Problems 
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4 . 0 CIRC UIT MARGIN SUMMA RY 

5 . 0 CONFIGURATION OVERVIEW 
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Room ( 

7.0 ELECTRICAL DESIGN - Chairman : 
Co-Chai rman : 

7 . 1 System Design 

7. 1. 1 Circuit '.\1argins 
7. 1. ~ Signal Design 
7. 1. 3 Link Analyses 
7. 1. -1 Sub-System Configuration 

7. ~ Electrical Interface Design 

7 . ~. 1 LCRl" Design 
7.~.~ D1 Test Sta tus 
7. ~. 3 D1! & Grounding 

7. 3 LCRl" Internal Electrical Design 

7. :l. 1 \ "HF . .\ntenn:1 Triplexer 
7 . 3. ~ S-B:rnd Diplexers 
7'. :i . ~i \.HF Recei \·er 
7. :, . -1 \ "HF Trans mitter 
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7 . :, . l l B :lt t e ry 
7.3 .1~ Lc1w l'i-ain . .\ntenna 
7 . :,. L, Hi~ G:,in ..\ntenn:1 

7. -1 . 1 C:,se Elt'c'tr ic :11 Integration 
Si,:n:11 Flc1w :rnd Grounding 

7. 4 . ~ (c)!1ll"c)\ P:.rnel 
7. 4. :, C:,bling 
7.4 . -. Ll~Rl" f\1we r l'tili z:ltion 

7 . :'> . 1 LCRl. LR\. T\. C,tles 

7 . S . ~ H G . .\ L G . .\ C :1 bl es 

'." ii 
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\'. J. Carita 
H. E. Hawlk 
0. Ramanis 
R. Erdman 
D. \'. Howard 
D. \'. Howard 
F. J. Xangle 

H. Comfort 
H. Comfort 
H. Comfort 
H. Comfort 

H. Comfort 



AGENDA 

non LUNAR COMMUNICATIONS RELAY UNIT 
CRITICAL DESIGN REVIEW 

SEPTEMBER 15, 16, 17, 18, 1970 

9/15/70 
1:00 PM 

to 
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Room ( 

Splinter Meeting - Chairman: 
Co-Chairman: 

H. Schultz 
- Minutes: 

J. Liggett 

8. 0 MECHANICAL DESIGN 

8. 1 Mechanical Interface Design 

8. 1. 1 LCRU/LRV 
8. 1. 2 HGA/LRV 
8. 1. 3 LCRU-LM-MESA 
8. 1. 4 Battery - LM-M ESA 

8.2 LCRU Mechanical Design 

8 .2.1 Subassembly Arrangement 
8.2.2 LCRU Weight Analysis 
8 .2.3 Subassemblies 

8 . 2. 3 . 1 VHF Receiver 
8. 2. 3. 2 VHF Transmitter 
8 . 2 . 3. 3 VHF Triplexer 
8.2.3.4 Down Link Signal Processor 
8 .2.3.5 Up Link Processor 
8 . 2. 3 . 6 Voltage Regulator 
8. 2. 3. 7 Battery 
8.2.3 . 8 S-Band Receiver 
8.2.3.9 S-Band Transmitt~rs 

8.2.3.10 Diplexer 
8.2.3.11 VHF Antenna 
8.2.3.12 DC-DC Converter 
8.2.3. 13 Antenna Connector 
8.2.3.14 High Gain Antenna 
8.2.3.15 Low Gain Antenna 

8.2.4 Case Design 
8.2.5 Cover Design 
8.2.6 Wax Package Assembly 
8.2.7 Control Panel Design 
8.2.8 LCRU/LRV Mounting Design 
8.2.9 HGA Mast and Interface Design 
8.2.10 Stowage Container Design 
8. 2.11 Vibration and Stress Analysis 

v iii 
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R. Holston 
R. Holston 
L. Krawitz 

L. Krawitz 

L. Krawitz 
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9/ 16/ 70 
9:00 AM 

to 
9/16/7 0 
5:00 PM 

Splinter Meeting - Chairman: 
Co-Chairman: 

E. Chimenti 
- Minutes: H. Rosenthal 

G. Grube 

9. 0 THERMAL DESIGN 

9. 1 Design Analyses 

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 

Radiator 9. 2.1 
9.2.2 
9.2.3 
9.2.4 

Thermal Blanket 
Thermal Finishes 
Component Temperatures 

9. 3 Thermal Testing 

9.3.1 Test Approach 
9. 3. 2 Test Results 

Splinter Meeting - Chairman: 
Co-Chairman: 

10. 0 TEST PROGRAM 

10. 1 Thermal 
10. 2 Engineering Model 
10. 3 DVT 
10. 4 QTP 
10.5 ATP 
10. 6 Test Equipment Design 

J. Miller 
R. Virostek - Minutes: 

10. 7 M SC/KSC Test Program 
10. 8 MSC Special Test Program 

ix 
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G. Grube 
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9:00 AM 

to 
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9/17/70 
9:00 -
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to 
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5:00 

9/17 / 70 
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to 
12 :00 AM 

9/ 18/ 70 
9:00 AM 

to 
12:00 

9/ 18/ 70 

1:00 -
ON 

Splinter Meeting - Chairman: 
Co-Chairman: 

11. 0 PROGMM SUPPORT 

11. 1 Reliability 

11. 1. 1 RCA Status 

D. Becker - Minutes· 
W. Carlino · 

11. 1. 2 Subcontractor Status 
11. 1. 3 Reliability Design Status 
11. 1. 4 Parts Qual. 
11.1.5 Parts Usage: APL, Derating 
11. 1. 6 FMEA 

11. 2 Configuration Control 

11. 2 .1 Program Control and Status 
11. 2 . 2 Response to MSC Con Con Comments 

11. 3 Quality Assurance 

11. 3.1 RCA Quality Program Status 
11. 3. 2 Subcontractor Controls and Status 
11. 3. 3 Equipment Flow Charts 

12. 0 GENEML SPLINTER & RID REVIEWS 

Chairman: W. Speier - Minutes: A.M. Burke 
Co-Chairman: H.J. Hamlin 

12. 1 Electrical Design Splinter Review 
12. 2 Mechanical Design Splinter Review 
12. 3 Thermal Design Splinter Review 
12. 4 Test Program Splinter Review 
12. 5 Program Support Splinter Review 

13. 0 DEMONSTM TION 

14. 0 CDR REVIEW BOARD 

15. 0 MINUTES REVIEW AND SIGNOFF 

X 

W. Carlino 

W. Carlino 
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G. Floyd 
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W. Carlino 

B. M. Trachtenberg/ 
J. J. Connelly 

R. Johnston 

W. Speier 
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H.J. Hamlin 
A.M. Burke 
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W. Carlino 
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AGENDA 

LCRU CREW STATION REVIEW 

MSC/ BLDG. 5, SEPTEMBER 21, 1970 

DELTA CDR 

LCRU Crew sta tion Re view 

xi 

H.J. Hamlin 
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ELECTRICAL DESIGN 

LCRU MECHANICAL DESIGN 

ORGANIZATION 

LCRU SUBSYSTEM 
PMO 

H.J. HAMLIN, MANAGER 

LCRU SUBSYSTEM 
DESIGN 

J. J. CONNELLY, LEADER 

MECHANICAL DESIGN 
R. HOLSTON, PROJ. ENGR. 

I 
CASE DESIGN 
MOUNTING LEGS 
HGAMAST 
HGA POINTING 
LGASTAFF 
LCRU SUBASSEMBLIES 
DRAFTING LOR. 
ANALYST 
STOWAGE CONTAINER 

INTERFACE COO.RDINATION 
J. LIGGETT 

THERMAL DESIGN 

R. HOLSTON 
M. HOLBREICH 
M. HOLBREICH 
W. BABCOCK 
W.BABCOCK 
L. KRAWITZ 
F. CANNON 
D. LIVINGSTON 
W. BABCOCK 
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VOLTAGE 
REGULATOR 
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CON.TROL PANEL 
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ONTAINER 
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Al 
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CONT ROL 
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CAPACITOR 
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SCH : SEE ASSY 
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S· BAND LO·GAIN 
ANTENNA 

• 1&51110-1 

HI-GAIN ANTENNA 

--------+-------ASSEMBLY 

CABLE ASSY 
!LO-GAIN ANTENNA) 

e INDICA T ES SPE C C0PHi.0L 0WG . 
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COMPLETE 
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LCRU DRAWING STATUS 
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LCRU (LAVI 
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SUBSYSTEM 

ASSY : 8370855-502 

CABLE ASSY 
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INT WIR OIAG 837878 

ASSY : 86 70 99 3 · !501 ASSY : H 70 957 -!iOZ 

ADAPTER , 
INTERFACE 
Hl•GAIN ANT ( L AVI 

ASSY : 8179]7 3 - 501 

El Al 1 

Al 

\/HF ANTENNA 
• 8 151111 

RECEIVER, AM 
( 2!59.7 MHZ ) 

ASSY 83708!50 - !502 
SCH 8 7 7930!5 

\/HF TRIPLEXER 
1-------+-------i 

• 83 ◄7878 - 1 

A3 

SIGNAL PROCESSO 
(UP LINI() 

1-----+-------i455y : 8 370852- !502 
SC H . 8670923 

Al 

BLANKET, 
THERMAL 
• 8151112 

AMPL,RF/ MIXER AMPL,IF/AUDIO 
1259.7 MHZ I 

CORDWOOD ASS 
AUDIO XF MR FL TR 

ASSY : 8670 938-502 
SCH : 8670996 

CORDWOOD ASSY 
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XMTR f----+------;XMTR 
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Al2 

VOLTAGE 
REGULATOR 
ASSY : 837087 2 - 502 
SCH : 8670922 
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CONTAINER 
(HEAT OF FUSION) DC/DC 

CONVERTER 
ASSY 8670941- 502 
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Al 
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ASSY . 86 70962 · 502 
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ASSY : 86 70963·502 
SCH : SfE ASSY 
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WI 
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ROIi ENGINEERING MODEL TEST PROGRAM 

1970 1971 
CONFIDENCE TESTING 

AUG SEPT OCT NOV DEC JAN FEB MAR APR 

ANCILLARY ITEM STOWAGE CONTAINER 

1. PRE-ASSEMBLY ~~ 

2. INTEGRATION VERIFICATION H 
3. RANDOM VIBRATION H 
4. SHOCK 1-1 
5. LAUNCH DEPRESSURIZATION H 

HYDRAULIC PRESSURE VESSEL 

1. LEAK RATE/PRESSURE VERIFICATION H 
2. OVERPRESSURE VERIFICATION I- -I 

MESA VIBRATION - LCRU MOCK-UP 

1. RANDOM VIBRATION, E L/8 H 

HGA ASSEMBLY 

1. SINE VIBRATION, LRV MOUNT H 

LGA ASSEMBLY 

1. SINUSOIDAL VIBRATION, LRV MOUNT I-y 
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RCII LRVINTERFACE 

PROBLEM ARE.AS 

1. TO COMPLETE STRESS ANALYSJS AND WEIGHT 
REDUCTION RCA REQUIRES THE FOLLOWING: 

A. FINAL LRV DYNAMIC ENVIRONMENT FROM MSC 

B. COMPLETE RCA INHOUSE VIBRATION TESTS ON 

ENGINEERING MODEL. (SCHEDULED FOR SEPT, OCT 1970) 

2. INTERFERRENCE BETWEEN TV/LCRU/HGA - RCA MOCKUP EVALUATION 

A. TV CAMERA INTERFERES WITH HGA DEPLOYMENT 

B. TV CAMERA INTERFERES WITH LCRU REMOVAL FOR HAND CARRY 

C. TV CAMERA INTERFERES WITH HGA AT LOW MAST EXTENSION 

D. VHF ANTENNA INTERFERES WITH HGA AT LOW MAST EXTENSION AND LOW POINTING ANGLES 

_J 
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ROIi 

• LCRU STOWAGE 

• BATTERY STOWAGE 

• ANCILLARY ITEM STOWAGE 

LMINTERFACE 

ICD LID 340-25162 

ICD LID 340-25162 

NEED REVISED ICE FOR NEW 
LOCATION (LM ERECTABLE LOCATION) 

• STOWAGE CONTAINER DEPLOYMENT NOT REQUIRED - CONTENTS REMOVED 
DIRECTLY 

• LCRU DEPLOYMENT 

• ENVIRONMENT 

• RCA/GAC INTERFACE MEETING 
8-25-70 

• POTENTIAL PROBLEMS 

LCRU DEPLOYED WITHOUT PALLET 

ICD LIS 520-25163 
NEED RESULTS OF MESA QUAL TEST 

GAC ACTION ITEMS 

VIBRATION 
BATTERY REMOVAL 
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RCJI 
AZ-EL STORAGE ON PALLET & BAITTRY 

ATTACHMENT TO INS I DE WALL OF MESA 
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LMINTERFACE 

ROIi STOWAGE CONTAINER CONTENTS 

• HGA ASSEMBLY (COMPLETELY PREASSEMBLED) 

HGA 
MAST 
POINTING 
CABLE 

• LGA ASSEMBLY (COMPLETELY PREASSEMBLED) 

LGA 
STAFF 
POINTING 
CABLE 

NOTE: STOWAGE CONTAINER REMAINS IN MESA WHEN 
CONTENTS ARE DEPLOYED 
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non LM . INTERFACE 
LCRU STOWAGE CONTAINER LOCATION 

STOWAGE CONTAINER 
MOUNTING POINTS 



ROIi 

SUPPORT 
POINTS 
FOR HIGH GAIN 
ANTENNA 

MAIN 
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ICD LIS 520-25163 

LAUNCH AND BOOST RANDOM VIBRATION 

N 

10 100140 500 1000 2000 
0 .9 .::================➔==================ir==+===::..--~--r-----, 

0 .50 t-----------+------------lr-·~ .............. ----r.__---1 

0 .35 t-----------+----
0 .30 t------------t------------.....---1Hi"""1~ 
0 .25 t-----------+----,-+--------~....._➔ ... ,-.......i 

0.1 
2.5 MIN/AXIS 
22 .8 g rms 

19.6 g rrns 
SPECIFIED TO SUBASSEMBLY 
SUBCONTRACTORS 

::c --
APPLIED TO STOWAGE 
CONTAINER AND 
REPLACABLE 
BATTERIES 

NOTE: 
N 

I?' 
z 
0 
~ 0 .03 t-----------+----+---H'-+--• .. -+---++--+-+-++H1--~+---i-~ 
<{ 
a: 
w 
...J 
w 
u 
u 

1.0 MIN/AXIS 
12.7g rms 
APPLIED TO 
LCRU 

<t 0.01 ----------+---, 

o .001------------------------------------___,...__ 
10 20 30 40 50 80 100 

64 

FREQUENCY (HZ) 

150 230 
620 1200 2000 

440 800 
340 
370 

400 

AS OF 5-14-70 
THESE LEVELS ARE APPLIED 
TO THE GAC SIDE OF 
INTERFACE. 

THEREFORE EQUIPMENT 
MAY EXPERIENCE LARGER 
LEVELS. 
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INTERFACE MEETING RCA/GAC 8-25-70 
SUBJECT; LCRU BATTERIES AND ANCILLARY EQUIPMENT 

MINUTES 

I. BATTERY INTERFACE 

11. 

1) GAC WILL UPDATE THE STOWAGE ICD SHOWING THE TRACK WITH SHIMS VS BATTERY INTERFACE. 
DUE AUGUST 31, 1970. 

2) WITH THE PRESENT MOUNTING FIXTURE, IF THE BATTERY IS COCKED IN ANY DIRECTION UPON 
REMOVAL, IT WILL BIND. TO REMOVE THE BATTERY JIGGLING OR CAREFUL ALIGNMENT IS REQUIRED' 
RCA/GAC FEEL THIS MAY BE A POTENTIAL CREW PROBLEM AND SHOULD BE BROUGHT TO MSC'S 
ATTENTION. 

ANCILLARY EQUIPMENT 

1) RCA STATED THAT AT A RCA/MSC MEETING A DECISION WAS MADE TO REMOVE THE ANCILLARY 
EQUIPMENT FROM ITS STORAGE CONTAINER WHILE STILL ON THE MESA. THE EMPTY CONTAINER 
WILL BE REMOVED TO GET AT THE EQUIPMENT STOWED BEHIND THE CONTAINER. 

2) GAC WILL CHECK TO SEE IF THE S-BAND ANTENNA MATING TOOL IS AVAILABLE FOR USE. IF NOT 
AT LEAST THE DETAILED DRAWINGS WILL BE AVAILABLE TO RCA. PRINTS DUE AUGUST 31, 1970. 

WITH THIS TOOL, RCA STATES THEY CAN COMPLY WITH THE INTERFACE. 

3) ON THE STOWAGE ICD, GAC WILL CLARIFY THE FORCE REQUIRED TO REMOVE THE ANCILLARY EQ. 
CONTAINER AS: FRICTIONAL PLUS WEIGHT AND DIRECTION. 

4) GAC WILL DETERMINE THE MAXIMUM ENVELOPE (WITHOUT STRUCTURAL IMPACT) THAT RCA CAN 
USE FOR THE ANCILLARY EQUIPMENT. DUE AUGUST 31, 1970. 

5) GAC WILL UPDATE LID 340-25162 TO REFLECT RELOCATION OF ANCILLARY EQ. TO THE S-BAND 
ANTENNA STOWAGE LOCATION. 

6) GAC PRESENTED RCA WITH DRAWINGS: LOW 340M15018 PG. 1, 2 & 3 AND LOW 380-54201 PG. 5.00. 
THESE DRAWINGS DEFINE THE MOUNTING HOOKS FOR THE S-BAND ANTENNA/ANCILLARY EQ. 
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POTENTIAL PROBLEMS 

• IMPACT OF POTENTIAL INCREASED VIBRATION LEVELS 
AS A RESULT OF MESA TEST AND RCA TESTS 

• LCRU BATTERY REMOVAL FROM MESA 
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MECHANICAL STATUS 

• INTERFACE DIMENSIONS PER BAC CHASSIS DWG 
LRV MOUNTING TUBES NO CHANGE 

• DEPLOYMENT PROCEDURE COMPLETE PREASSEMBL Y 
OF HGA& LGA 
MINIMUM CREW OPERATIONS 

• BATTERY REPLACEMENT PLUG IN MODULE 

• LCRU HAND CARRY HANDLE REVISED PER 
CSR 8-17-70 

00 
I 

N) • VIBRATION ANALYSIS HGA & MAST REVISED TO ..,. 
E. M. CONFIGURATION 
LCRU MOUNTING LEG PRELIMINARY 
ANALYSIS COMPLETE 

• VIBRATION TESTING LCRU SUBSYSTEM MECHANICAL 
MODEL AT BOEING KENT 
FOR LRV VIBRATION TEST 

• LGA AND MAST ASSEMBLY E. M. COMPLETE W/MSC MAST 
VIBRATION ENVIRONMENT NEEDED 

• HGA AND MAST ASSEMBLY E. M. COMPLETE 
COMPLETE PREASSEMBL Y 
WITH MAST AND POINTING 

• LCRU MOUNTING LEG PREASSEMBLED TO LRV 
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LRV/LCRU MOUNTING INTERFACE 
TOLERANCE ANALYSIS 

MOUNTING CONFIGURATION 

LCRU 

POST 

LRV 

' 

0 BOLT 

I I 
@ ® INTERFACE 

F.W HARDWARE 
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LRV/LCRU MECHANICAL INTERFACE 
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RCII TOLERANCE ANALYSIS 

INTERFACE DIMENSIONS 

4_ DISTANCE A IN. DIAMETERS, DIN. 

LRV TUBES 19.700 ± .010 1.000 ~~~~ 

LCRU HOLES 19.700 ±.010 1 000 +oo5 
. -000 

BOLT 0.998 ~:~~~ 
.,._ _________ B ________ ___,.. 

,..__◄ ---A----~, 
l 

1 D 

l 

DIMENSIONS REFERENCES 
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TOLERANCE ANALYSIS 

VARIABLES 

1 LCRU HOLE DIA TOL 
2 LCRU HOLE t TOL 
3 LRV HOLE DIA TOL 
4 LRV TUBE t_ TOL 
5 BOLT DIA TOL 
6 POST ASSY TIR 
7 TEMPERATURE EFFECT 

±.024 POTENTIAL INTERFERENCE 

RECOMMENDATIONS 

1. ASSEMBLE TUBES TO LRV WITH INTERFACE FIXTURE 
RCA DWG NO. 8370835-501-X100 

2. INSPECT FOR DIMENSIONS B, C, & D 

3. REDUCE WIDTH OF UPPER PORTION OF POST 

◄ 
LATERAL 

MIN STRESS 

REMOVE MATERIAL--J.-------~ 

FORE-AFT 
MAX STRESS 
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+.0015 
.9980 - .0000 DIA 

PERPENDICULAR 
WITHIN .001 TIR ~ 

SURFACES IN SAME PLANE 
• WITHIN .001 TIR 

PERPENDICULAR 
WITHIN .001 TIR 

NOTE: THIS FIXTURE IS INTENDED TO 
BE USED AS AN ASSEMBLY TOOL 
FOR THE LRV TUBES. 

REF : DWG. NO. 8370835-501-X100 
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REVIE W l l [U OISPOS ITIO~ coo~:, ,, .. ,11 'JN ,,,,I .,, 
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T , H, Chase llCJEING/PD'..i LCkU Mcc:lw!lical 

OISC~{Pi~CY l ,RO!L ( M Tl 1 L ( 

LHV/LCHU ;.'.ountinr- Inter.face To) C'r:incc· !tna]yzi;, 

The tolerance analysis used a vulue of 0,01 for the tolc:r~nce en the sp~icin~ r,f' 
the holes on the LRV ctw:; j s on which t!1c LCHU wil l be mou11ted , This ir, 
consistent with m:,r H-6 e:i' 13;.;07391 , the contr ollinG I CD , Jlo·,,evcr, the use: of 
RCA tooling to attach the holes should result in u lOWC'r tolerance by C! n orde:r 
of maGnitude . 

JUSTtrlC ! TIOH 

The t olerance onalysis does not represent the actual c:onfitw·-1t ion v:i1i.c:h will 
be controlled by the RCA toolinG. 

R[CO"'~Eh Ull lO~ 

The tolerance [J:7:.::.1:,sis s'.· . ..:;1_1J Cl :.:,~ re;ie~"ed usir~~ a :·.c: rc· !'Ctt l i s :·2 c !J'.!.!::1 , (:!" fo:r L'. ,2: 
tolerunce . 7lw 2.CD's [l~ ;·i e:n :_-.i:~cc=-ri 1:::; cir[,',•.'i :: c; ::; s!·.,;u J.ll te [lt.: ;- !': ~) i.. Cd to i r.c.l) c :: :.e: 
that the di!::c ns i 0 :1!.i t.~.'C con:2· 01 1. c:c. b·· 

J Lhe ji c; . 

COH lUC.tQR' ~ ( C'!I.M ( 1-11 

THE ASS!:.M~LY TOOL IS DES IGNElJ TO PROD UC E AN ASS EMllLY CONFIGURATION SAFELY WITH Iii 
THE 0.01 TOLERANCE PERMITTED BY THE CONTROL LI NG I. C. D. HOWEVER, THE L C. D., NOT 
THl: ASSE.MsLY TOOL, SETS THE CRITERIA FOR ACCEPTANC!:.. IF A CHANGE (AS RECOMMENDED BY 
THE REVIEWER) IS MADE IN THE llOE! iiG ENGINEERI NG DRAW INGS AND THE CONTROL LI liG I. C. D, 
Tt-J E TOLERMCE AilALYSI S WILL bE REVIS ED ACCORDINGLY . 

- ··--•-I[ ~LI C 1,;, i l I~ I. , CO"·~ll;Q ~ 11 [h 

CJ. l c c.c ,;. Y f· l 1.! ., k,._ S 

:.c TI c,·, 
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LRV INTERFACE 

DEPLOYMENT PROCEDURE 

MESA DEPLOYED 

LRV DEPLOYED 

DEPLOY LCRU ON LRV 

DEPLOY HGA ASSEMBLY ON LRV 

DEPLOY LGA ASSEMBLY ON LRV 

MATE ANTENNA AND TV/POWER CONNECTORS 
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BUSHING TEST ASS Y 
LOW GAIN .ANTENNA 

HAND CARRY MODE 
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ROIi LCRU UNIT DESIGN 

• SUBASSEMBLIES 

MECHANICAL DESIGN STATUS 

OUTLINE CHANGES 

• LCRU CASE CONFIGURATION 
AND PACKAGING 

• CONTROL PANEL 

• PRESSURIZATION DESIGN 

• CASE STRESS ANALYSIS 

INTERNAL CONSTRUCTION DETAILS 
THERMAL ANALYSIS 

TOP ASSEMBLY DWG COMPLETE 
BATTERY THERMAL INTERFACE 
ADDED. 

REVISED TO PROVIDE INCREASED 
CLEARANCE FOR ZERO-G 
CONNECTOR. 

100% NITROGEN 

PRELIMINARY DATA ON 
PRESSURE TEST CASE 
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BATTERY COVER 

BATTERY THERMAL 
INTERFACE 

UPLINK SIG. PROC. 

ZERO-G 
CONNECTOR 

BATTERY 

CONTROL PANEL 

DOWNLINK SIG. PROC. 

LCRU 
ENGINEERING MODEL 

BOTTOM VIEW (COVERS REMOVED) 

PRESSURE COVER 

TRIPLEXER 

VHF TRANSMITTER 

VHF RECEIVER 

S-BAND RECEIVER 

DIPLEXER 
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DOWN LINK SJG. P~OC. 

LCRU 
ENGINEERING MODEL 

BOTTOM VIEW (COVERS REMOVED) 

--VHF TRANSMITTER 

VHF RECEIVER 

S-BAND 
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DIPLEXERS 
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ROTARY SWITCH 

MONITOR SWITCH 

BATTERY DOOR 
LATCH 

BATTERY 
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LCRU 
ENGINEERING MODEL 

BOTTOM VI EW (COVERS REMOVED) 
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FILTER 
HOUSING 

BATTERY 
CONNECTOR 

VHF ANTENN A 
CONNECTOR 

BULKHEAD 
CONNECTOR 



ROIi COMPONENT TEMPERATURES 

LOCAL 
11 l\ T LOCAL LCrtU :::Lti·IE~!T 1Il1IT 

DL.::;:;:p , c-j c~j : ,O:; lfu T:-:::p . * T::'liP . TZHP. 
ITEM VENDOR COl1PONiNI' 1_,J . ocj;: ~ AT 0 c OC OC oc 

V 

VHF Transmitter RCA--C ::iD l.,/h ( 2N3666) .25 32 8 5 70 e3 100 
Q5 ( 2r:3866) .L,5 35.5 16 7 70 ,I) 100 
cJ,6 (2:3375) . 80 l S 12 7 70 b9 100 

VHF Receiver RCA-C~ll Ul(Li l OlH) . o5 1,5 3 5 n 76 100 

Voltase HCA-c..;o ViU , 122(1J'.?.710) .20 - - 20 60 60 66 
Regulator ~l ( :.iJ1682!1) 3 . JO Li . 3 13 6 60 7) 100 

Q2 (2!'.2905) .Ob 58 5 2 60 -S7 100 

DC-DC 'i.CA- CSD Ql(l768-1030) ·-!es tin-; . 11.3 1.0 ll 24 !JO 95 100 
Converter Tl( XT12l.i3l.i) 1.32 - - ;J ')0 68 06 

C2( 29F3292) GE 1.00 - - 9 60 69 b6 
cJ(29rJ2n) JE 1.00 - - t -so 58 66 
CRl ( 1N3 691 ) l. Y) 2 3 .~ ::So 71 100 
CR2(1N3910) 5 .23 1 5 C So 73 100 
·~2 (2N2 880) .uo 3.3 1 7 so 68 100 

Up-Link Signal il.CA-CSD Zl-ZJ (Ll'J.OlE) . 05 u5 3 0 7J 73 100 
Processor 

Do,m-Link Signal i1CA-CSD Ql(21\2219A ) .22 50 ll 0 70 87 100 
Processor 

14.5 KHz VCO SONE:< CRl(ll\'821) .OJ - - 13 70 83 86 
1.25 MHz VCO SCI Q2(2N2222A) .o6 83 5 14 70 89 100 

Q9(2N250l) .08 145 12 11 70 93 100 

* Worst Case Temperature at End of 3rd EVA. 
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ROIi LCRU BATTERY THERMAL INTERFACE 
8670997 

~OTE~: 

I . SOLDE!lc' ITeMS 'Z B. 3 TO ITEM I WSIUG 
ITet.-1 5. 

4 (TYP 20 Plla.CES) 
3 (TYP 9 PLACES) 
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IMPACT OF FINAL VIBRATION TESTING ON SUBASSEMBLIES. 
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ROIi LCRU UNIT WEIGHT ANALYSIS 
ENGINEERING MODEL 

ITEM 

LCRU UNIT ENGINEERING MODEL 

LESS: WAX PACKAGES 
THERMAL BLANKET 
BATTERY HEAT SINK 
VHF ANTENNA 

WAX PACKAGES 

THERMAL BLANKET 

BATTERY HEAT SINK 

VHF ANTENNA 

WEIGHT, LB. 

43.000 

9.270 

.875 

.750 

.250 

TOTAL LCRU UNIT 54.145 
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ROIi LCRU UNIT WEIGHT ANALYSIS 

\VF.IGIIT, LnS. 

fl'EM Su BASS EM III. Y l'HOI' TI-1 Tl-2 PDH TI- :1 Tl-4 C llH 

1 VIIF THIPLEXEll 0.:J0 0.:10 0.:J0 o.:rn PAHT OF 0.:10 0.25 
2 VHF THANSMITTEH 0.40 0.50 0.50 0.50 ITEi\! 30 0.50 0.40 
:1 Vll F HE CEIVEH 0.50 0.50 0.50 0.50 0.50 0.40 
4 PHIS UANI> HECEIVEH 1.50 1.50 1. 50 1.50 1.50 1.40 
5 SECS BANI> HE CE IVER NONE 1.50 I. 50 1.50 1.50 1.40 
Ii FM / PM TRANSMITTEH :i.12 2.(i2 2.(i2 2 .<i2 2.fi2 2 .fi7 
7 PM / PM THANS!\IITTEH :1 .12 2.li2 2.li2 2.fi2 2.G2 2 .li4 
R DIPLEXEH (1) 1.50 1.00 I.00 1.00 0.78 0.7fl 
!) DIPLEXER (2) 1.50 1.00 1.00 1.00 0.7R 0.78 

10 UPLINK SIG. PHOC. 0.30 0.50 0 . 50 0.50 0.50 0.30 
11 DOWNLINK SIG. PROC. 0.30 0.80 1.00 1.00 1.00 1.00 
12 IJC-DC CONVEHTEH NONE NONE 2 . 50 2.50 2 .00 2.00 
1:1 VOLTAGE REGULATOH 0.20 0.25 0.25 0.25 0.25 0.25 
14 UATTEHY 9.25 9.40 9.40 9.40 9.00 9.00 
15 WAX PACKAGES (:I) NONE NONE 11.00 10.50 9 .27 9.27 9.27 
l G VHF ANTENNA 0.25 0.25 . 19 0.25 PART OF .25 0.25 
17 CASE > 15. 80 14.00 \14. 00 14.00 ITEI\1 30 11.25 11.25 
18 PRESS COVER 1.44 1.44 
19 COVEil . GO 0.G0 
20 RAILS !Gl .44 0.25 
21 SHELF .45 0.45 
22 DATT. CONN. BRACKET . 2S 0.2 '< 
23 FRONT PANEL .50 0.50 
24 TRIPLEXER BRAC KET 0.01 
25 OOOR AND LAT CH .45 0.45 
2G PANEL OVERLAY 1, . 13 0 . 1:J 
27 CONTROL PANEL CO:\IPON E NTS 1. 75 1 .75 I. 75 

, 
1. 75 1. 75 

28 THERMAL BLANKET 1. Gfi 1. Gli 2 . 10 2 . 10 0. '18 0 . 'l8 0. 9,'< 
29 INTE RNAL CABLING, 1. 30 IN ITE!\ l 1 7 (1.00 r 1.00 f 1. 00 1.00 1.00 

CONNECTORS AND IIARDWAH E 
30 MECHANICAL MOC K- UP } 43 . 72 

LESS \VAX PAC KAGES AND 
THERlvlAL BLANKET 

:n DATTEHY THERMAL 0.75 
INTERFAC E 

T OTAL 41. 00 40.1 5 55 . 23 54. 79 54.'<7 52. :, I 52.5:l 

'ESTIMATED 
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ROIi 

ASSEMBLY 

LCRU MOUNTING L EGS (2) 

HIGH GAIN AN TENNA ASSEMBLY 
HIGH GAIN ANTENNA 
POINT ING 1\1 EC HA NISJ\1 

J MAST 
CABLE 

LOW GAIN ANTENNA ASSEJ\IBL Y 
LOW GA IN ANTE NNA 
P OINT ING MEC HAN ISI\I 

J STA FF ASSE MBLY 
CABLE 

POWER/TV INTERFACE CABLE 
STOWAGE CONTAIN EH 

TOTAL 

* ESTil\lATI·: - DESIGN INC'Ol\lPLJ-:TI•: 

LCRU ANCILLARY ITEM 
WEIGHT ANALYSIS 

WE IGHT, LBS . 

P HOP TI-1 Tl-2 PDH 

1. 40 NO 2 .00 1. 20 
ESTIJ\IATE 
P H ESENTED 

4 . 73 3 . 51 :3 . :31 

1. 1 G 0 . G0 0.G0 
3.00 2 . 40 
0 . GG 0 . GG 

0 . 98 0 . 82 0 . 82 
0 . 74 0 . 4-1 0 . 44 

NOKE KONE 
0 . 7G 0.76 

-- 0 . 80 1 . 00 
:! . 80 

I 
J. 70 .J . 70 

12 . 83 1 8 . 31 1 7 . 11 

**WE IGII TS AHE AC'Tl 1ALS FOH ENGINEEHIKG :\I ODEL ITE:\I S 

T I-3 Tl-4 CDR ** 

2 . 00 2. 00 1. 75 

4 . 1 0 4 . 00 -1 . 30 
0 . 80 0 .78 
2 .00 1. 01 2 . G9 
0 . GG 0 . 66 0 . 56 

0 . 82 0 . 82 0. 82 
0 . 44 -- - -
1. 0G 1. 36 1. 00 
0.87 0. 8 7 0 . 68 
1. 4:3 1. 3.3 1. 35 
7 . 00 7 . 00 * 7. 00* 

n . -12 20 . 97 20 . 1 .3 



ROIi LMINTERFACE 

STOWE I> \VEl(a[T 

WEl(;t[ 'I~ 

• LCl{U UNfl' 

• STOWAGE CONTAINEit W/CONTENTS 

TOTAT, 

[>1)1{ 

S4. 790 

17. 1 O<i 

71.8!)(; 

NOTE: 1. l{EPLACEAnLE IJATTEHIES NOT INC LUIJtD 

2. LCHU MOUNTJNG LEGS, POWEi{ CABLE 

AND MAST INSEHT NOT INCL UDED IN TI-:l, 

4 AND CDH TOTAL. 

TI-:l 

S4 .14:l 

I 7 . 9<iS 

72 . I 08 

TI-4 

S2 .S4 

17. (i 2 

70. l<i 

ICIJ 

:,5 . 0 

18 .0 

7:1.0 

Cl)I{ 

S4 .145 

1 ~ .995 

7:3.140 



ROIi LRVINTERFACE 

LCRU/LRV STOWED WEIGHT WEIGHT, LB 

ITEM PDR Tl-3 Tl-4 CDR 

• LCRU UNIT 54. 790 54.143 52.540 54. 145 

• LCRU UNIT MOUNTING LEGS (2) 1.200 2.000 2.000 1.750 

• IDGH GAIN ANTENNA 3.510 4.100 4.000 4.200 

• HIGH GAIN ANTENNA POSITIONINS 
00 

MECHANISM . 600 0.800 0. 780 1.860 I 
CJl 
0) 

• HIGH GAIN ANTENNA MAST 2.400 2.000 1. 910 2.690 

• INSERT FOR MAST o. 250 

• LOW GAIN ANTENNA . 820 0.820 0.820 0.720 

• LOW GAIN ANTENNA POSITIONING 
MECHANISM AND ARM/MAST . 440 1. 500 1.360 1. 000 

• CABLES 

HIGH GAIN ANTENNA . 680 o. 880 0.880 . 620 
LOW GAIN ANTENNA . 756 0.865 0.865 . 680 
POWER/TV INTERFACE 1. 000 1. 450 1.350 1.350 

TOTAL 66.196 68.558 66.505 69.265 

*WEIGHTS ARE ACTUALS FOR ENGINEERING l\IODEL ITEI\IS 
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ROIi LCRU HAND CARRY MODE 

HAND CAHH Y WEIGHT 

WEIGHT LB 

PDH TI-:3 TI-4 

LCHl l 54. 790 54.14:J 52.540 

LOW < ;AIN ANTENNA .820 .820 • 820 

LOW CAIN ANTENNA POSITIONIN<.; .440 .440 .440 
MECIIANl.SM AND AHM 

CABLE • 75(i . 8(i5 • 8(i5 

TOTAL 5(i . 80(i 5(i. 2fi8 54. (i(i5 

l\1OON\VEIGIIT 9.5 9. 4 9.1 

. \\'EICIITS !\IU: !\C'J'l l/\LS FOH EN<;JNEEIUN(; l\1ODE L ITEl\1S 

CDH' 

54 .145 

0.720 

0 . 250 

I 

0.G80 

55 . 795 



ROIi CONTRACT WEIGHT ADDITIONS LCRU (SHEET 1) 

ECP NO. CCA DESCRIPTION 6 WEIGHT ACCVM WT LBS 

SEC-0043A PAR 4. 5 CONTRACT BASELINE WEIGHT 50.00 

2 1 S-BAND REDUNDANCY, vco, 24 oz 51 LB 8 OZ 
DIPLEXER 

:1 3 TV REJ\IOTE CAPABILITY AND 8 oz 52 
CONTROL PANEL CHANGE 

4 4(2) INTERNAL DC-DC CONVEH.TEll 40 oz 54 LB 8 OZ 

6 5(2) PHASE CHANGE l\lATEH.IAL (\VAX) 11 LBS 65 LB 8 OZ 

00 THERMAL DESIGN 
I 

c.n 
00 8 TNC CONNECTOll - DIPLEXE!l 2 oz 65 LB 10 OZ 

14 9(A) !CD LCRl: ENVIRONJ\IENTAL POSSIBLE FL'TL'RE I 65 LB 10 OZ 
CRITERIA 

15 9(C) LCRU/GCTA-ICD CHANGES 7 oz 66 LB 1 OZ 
9(G) 

ADD VIDEO AMP, llEl\lOTE CONTROL 
OF VCO AND VHF XTJ\IH CAIU{IER 
INHIBIT. DLSP, ULSP & DC WIRING 
MODIFICATION 

26 WAITING PHESSURE SENSOR ADDITION POSSIBLE 2 oz I 

16 NOT SUBMITTED LCRU RIGID HANDLE & S BAND POSSIBLE 6 oz I 
RECV SUBCARRIER SQUELCH 

(SHEET 2) ANCILLARY ITEJ\IS 7 LB 12. -1 OZ 73 LB 13.4 OZ 

TOTAL 6 WEIGHT ADDITION 23 LB 13.-1 OZ 

LCRU/LRV STOWED WEIGHT AC TUAL 69 LB 4. 2 OZ 

PRESENT SUBSYSTEM WEIGHT SA YING -1 LB 9.2 OZ 



■1111 CONTRACT WEIGHT ADDITIONS - ANCILLARY (SHEET 2) 

ECP NO. CCA DESCRIPTION ~ WEIGHT-OZ 

4 4(2) DC-DC CONVER TEH CABLE 13 oz 
LCRU/LRV 

5 4 (1) LH.V INTERFACE CHANGE HGA 2 LB 2 OZ 
MAST & POSITIONING MECH. 
LHV POWEH CABLE. LCRU 
LEGS 

8 TNC CONNECTOR-ANTENNA 2 oz 
00 CABLES 
I 

CJ1 
w 

17 LGA POINTING ASSl\I AND LRV 1 LB 3. 2 OZ 
INTEH.FACE 

18 9(h) HGA REAH. MOUNTED OPTICAL 12. 8 oz 
SIGHT 

19 11. 2 CHANGE OF STOWAGE CONTAIN- 2 LB 6. 4 OZ 
ER LOCATION IN L 1\1 MESA AND 
PREASSEl\IBLY OR ANCILLARY 
ITEl\IS 

28 CSH. LCRU/LRV SHORTEN 5 oz 
HANDLES,HAND WHEEL TELE-
SCOPING CONTROL, LENGTHEN 
HANDLE FOR RF CO:K:KECTOH.S 

TOTAL 7 LB 12. -1 OZ 
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.17 -1◄------- 5 .340 

___ L I~------~ 

JJ 
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.32--------- 5.04 REF 

.136 DIA.,3 HOLES 

·36 TYP 

SEALECTRO 
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co -

WEIGHT : 0 .50 lb 

~-~--''' 41 
i.---------5.68----__J 



00 
I 

m 
N) 

-
RGII 

L 1.1s _J I MAX · 
. I 

- - 0 -

-- 1i-

l 
~ 

N 
9+ , 
0 
~ 

+ 

.062 DIA VENT HOLE 
. - (2 PLACES) 

WEIGHT: 5 OZ. MAX. 

-
VHF TRIPLEXER 

---- 2.635±.020 

◄ 

1------ 1.805±.0l 

----· . TNC TYPE CONNECTOR 
~ ...., 
CX) 
I+ 
0 
~ 

' 



00 
I 

O') 

w 

ROIi 

J r 
~ 

I i 
0 .,, 

0 ., 

i: 
I 

I· 
j: ,, 
:, 

! OI 

.,c. - -

I ff -'(tJI 
-,,i-

i 

i- ·"'° "o -

DOWNLINK SIGNAL PROCESSOR 

·-·:!.! ~ :a_ : 
~ -:___: , 

:~-

~ -U - ~:::~ ~ 

- .40 - '?>• -

• . C· . t: c . 

- :.1 _ ,t.s,• ~~-
1 :1 

------ ---- - - - -- -

--r· i~.- 1~• t~• t!·· ·~ -•~ 
,v @ •! I • •1! 11$1 

i 
0 

... ?>• ?. -

- i 

I 

. 
> 
" 
~ 

7 

• D 

-.1Z & Dui,. 1 
4 """"0\...~'5,. _· 

, 
D • l 

:, 
~ 

' ~~ - - .0 2 -,-.,.p 
Qc 

- 005 

"2 000 
1 -...i.-. , 0 ~ 

~ .. ::: 
5, .000 

Q 
----' 



00 
I 

en 
Ho-" 

-
OUTLINE DRAWING 

-
ROIi SIGNAL PROCESSOR (UP LINK) 

.16± .01 r 2.880 

·1 .128 DIA 
4 HOLES 

-
.320 TYP 

@ 

0 
(§) 

2 .120~:ggg 2.400 
(§) 0 

@ 

0 0 
@ @ 

.020R 

WEIGHT: 0.50 lb 
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PREASSEMBLED ON LRV LOWER MAST ASSEMBLY --

• 
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ROIi HGA MAST 

MECHANICAL MOCK UP 

-UPPER MAST 

LRVINTERFA<;E 
COUPLING 

"'---LOWER MAST 

~LOCKING WHEEL 
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non HGA MAST AND TV MOUNT 
LRV INTERFACE COUPLING 

COUPLING PINS 

~LRVINSERT 

KEYING PINS 

COUPLING HAND GRIP 
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ncn LOWER MAST ASSEMBLY HGA 
MECHANICAL MOCK-UP 

LOCKING SLEEVE 

LOCKING SLEEVE SPRING 
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CRITICAL DESIGN PARAMETERS 

5.1.1 WEIGHT - 3.5 LB SPEC. 

5.1.2 

5.1.3 

5.1.4 

5.1.5 

3.0 LB DESIGN GOAL 

MAX. DIAMETER - 38 INCHES 

DEPLOYMENT CYCLES - 100 

POINTING ACCURACY - 0.8° MAX. 

VIBRATION - -LUNAR ENVIRONMENT 

5.1.5.1 

5.2.5.2 

DEPLOYED - 1.0 G 

STOWED - 3.7 G 

5 -80 HZ 

20 - 100 HZ 

5.1.6 DEPLOYMENT FORCE - 10 LBS MAX. 

5.1.7 INTERFACE CHARACTERISTICS 

5.1.7.1 

5.1.7.2 

BOOM - 1-1/2-6NC NUT TNC CONNECTOR 

SHIPPING CONTAINER - 5-1/2" DIA. X 24-2/4" LONG 
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--non WEIGHT SUMMARY 

SPECIFICATION WEIGHT 

DESIGN GOAL 

CALCULATED WEIGHT (LESS OPTICAL SIGHT) 

MEASURED WEIGHT OF ENGINEERING MODEL 

ANTENNA (LESS SIGHT) 

MEASURED WEIGHT OF MOCK-UP OPTICAL 
SIGHT 

MEASURED WEIGHT OF SIGHT SUPPORT 

TOTAL 

3.5 LB 

3.0 LB 

2.71 LB 

2.75 LB 

1.29 LB 

.17 LB 

4.21 LBS. 
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2) 
3) 
4) 
5) 
6) 
7) 
8) 

00 
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13) 
14) 
15) 
16) 
17) 
18) 
26) 
27) 
28) 
29) 
31) 
32) 
34) 

LCRU ANTENNA - WEIGHTS 
(CALCULATED WITHOUT OPTICAL SIGHT) 

WT PER QTY WT 

ANTENNA SUPPORT .1760 1 .1760 
INTERFACE NUT .0385 1 .0385 
LOCKING CAM .1163 1 .1163 
RIB LIFTER .1891 1 .1891 
ANTENNA HUB .1138 1 .1138 
SPECIAL NUT .0374 1 .0374 
RIB .0721 12 .8652 
RIB LIFTER LINK .0145 12 .1740 
PIVOT PINS .00263 36 .0946 
NON-METALLIC WASHER .000247 24 .0059 
SPECIAL WASHER .000312 36 .0112 
VLIER INSERTS .0180 1 .0180 
BALL .000288 14 .0040 
BALL .000975 3 .0029 
PINS .00022 86 .0190 
MESH GORE .0102 12 .1224 
TEFLON TAPE .00315 12 .0378 
GORE SEAM TUBE .00423 12 .0508 
PERIMETER CABLE .000659 12 .0079 
RIB TIP PROTECTOR .000643 12 .0077 
CONNECTOR .05 1 .0500 
FEED ASSEMBLY .5666 1 .5666 

TOTAL 2.71 LB 



00 
I 

00 
c., 

RCII 
HGA ENGINEERING MODEL 

ON TEST RANGE 
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ROIi ANTENNA IN STOWED CONFIGURATION -

24.25 

PUSH-PULL 
DEVICE 

15 

- ~-- ---- 5.50 MAX . DIA . 

5 .50 

ANTENNA RIBS 

OPTICAL SIGHTING l6 DEVICE 

INTERFACE 
NUT 



ROIi ANTENNA IN DEPLOYED CONFIGURATION 

f/0= .382 
OPEN MESH 

ANTENNA RIBS (12) 

r RIB 
SUPPORT 

00 
I 

00 -.,7 
FEED 

CABLE 
(OCSO) 

~ 24 

5.75 
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ROIi DEPLOYMENT MECHANISM & LOCKING DEVICE 

SEE 
DETAIL A 

/ 

ANTENNA R 1B 
✓ STOWED 

/, /\.,'.\, 
ANTENNA 

I RIB DEPLOYED 
I 

I 
1 --- , ---
, - - - ,r -

. " 

\ 
\ 

LOCKING 
CAM & ACTUATION GRIP 

INTERFACE 
NUT 
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MESH 

L 

SECTION A-A 

REFLECTOR CONSTRUCTION 

TEFLON 
TAPE 

GORE SEAM TUBE 

.-------PERIPHERAL 
TENSION WIRE 

INNER TENSION 
WIRE 

.,,,,---- MESH RETAINER 
RING 
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RUii OPTICAL SIGHT AND BRACKET 

. 
I • 

/ / 
LJ 

OPTICAL 
SIGHT SUPPORT 
BRACKET 

SUPPORT 

DETENT 
SPRING 
PLUNGERS 

DETENT 
SLOT ON 
OPTICAL HOUSING 

OPTICAL 
SIGHTING 
DEVICE 

SHAFT RETRACTABLE 
HOOD 
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RGII REAR-MOUNTED OPTICAL SIGHT 
LCRU BORESIGHT ANALYSIS 

PEAK 

A. RF BEAM SHIFT DUE TO FEED GRAVITY DISPLACEMENT .143° 

B. THERMAL DISTORTION .010° 

C. BEAM POSITION CENTER MEASUREMENT& BORESIGHTING 
ACCURACY .200° 

D. FEED AXIS TO RF BEAM AXIS ALIGNMENT .100° 

E. OPTICAL DEVICE ACCURACY 

1. INTERNAL CENTERING OF LINE OF SIGHT .150° 

2. MOUNTING INACCURACIES 

a) SUPPORT AXIS ALIGNMENT TO FEED AXIS .100° 

b) BRACKET MOUNTING ACCURACY TO SUPPORT AXIS .250° 

c) BRACKET MOUNTING AXIS PARALLELISM TO 
OPTICAL MOUNTING AXIS .250° 

d) BRACKET GRAVITY DISPLACEMENT .053° 

3. ROTATIONAL ACCURACY .114° 

F. RE -DEPLOYMENT ACCURACY .100° 

1. RMS ERROR= ± .255° 

3 ERROR + ±.765° 

3 ERROR+ ANTENNA SUPPORT DISPLACEMENT = ±.765° , ±.500° 

ERROR (MAXIMUM= ± 1.265° IN ALL DIRECTIONS. 

THE MAXIMUM ERROR PERMITTED BY THE RCA SPECIFICATION 8555262 IS 0.8° . 

1 RMS 

.048° 

.006° 

.067° 

.033° 

.050° 

.033° 

.145° 

.145° 

.018° 

.038° 
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ROIi LCRU ANTENNA 

MATERIAL TEMPERATURES 

ALLOWABLE 
MATERIAL TEMPERATURE 

POLYURETHANE FOAM 275' F CONTINUOUS 
(E&C TYPE SH) 325° F SHORT TIME 

GLASS-TEFLON 500°F 
LAMIN"ATE PC BOARD 

ALUM ALLOY 
STRUCTURE 400' F (l) 

(CHROMATE IRIDITE 
FlliISH) 

OPTICAL SIGHT 212- F 

COAX CABLE ( >200 F) 
CONNECTOR 

(1) TEMP. FOR 50% OF ROOM 
TEMP. ULTIMATE STRENGTH 

PEAK TEMP. 
EXPOSURE 

270-F 

160 F 

280-F 

180' F 

200F 
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8.00 

-
BOOM TRANSMISSIBILITY 
AT ANTENNA COUPLING 

I 

- ,._ -- •-

A 

I' 
I 

\ 

\ LCRU 
J ANTENNA I \ (33 Hz) 

\ 

- - i-- ~ .__ -- - -· .__ ,,1- .,__ 1-- ..__ - ...... ~- - -
r--..... ... -

I 

16.00 2q.oo 32.00 qo.oo qe.oo 56.00 611.00 
FREQUENCY CHZJ 
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-LCRU ANTENNA 

DYNAMIC ANALYSIS MODEL 

BEAM 

BAR 

RIGID CONNECTION 

• MASS POINT 

o ELASTOMECHANIC POINT 

'~, 

_l 
\ 
I 

7 
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MODE 1 - 33 HZ 

DESCRIPTION : 

TORSION OF TOTAL DISH 
ABOUT FEED AXIS 

LCRU ANTENNA 
PRINCIPAL MODE SHAPES 

MODE 2 - 34 HZ 

\ • . \ ' \ 
\ 

' 

' 
\ 

v 

DESCRIPTION : 

I 

i 
f 

ROCKING ABOUT AN AXIS 
PERPENDICULAR TO FEED. 

MOTION OF DISH AS A UNIT. 

MODE 3 - 35 HZ 

DESCRIPTION : 

ELLIPTICAL DEFORMATION 
OF DISH CONTOUR . 
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LCRU ANTENNA 

MAXIMUM STRESSES IN MEMBERS 

WORST CASE 

DEPLOYMENT DYNAMIC STOWAGE MAXIMUM F.S. - YIELD 
PART STRESSES STRESSES STRESSES STRESS (PSI) ACTUAL 

2) ANTENNA SUPPORT 4920 4920 6.1 

3) INTERFACE NUT 2920 2920 11 

4) LOCKING CAM 134 324 324 107 

C1J 5) RIB LIFTER 929 255 2226 2481 13 
I 

(.D 6) ANTENNA HUB 247 2060 98 2307 14 H'" 

7) SPECIAL NUT 1180 1180 29 

8) RIB 2040 3500 688 5540 5.3 

9) RIB LIFTER LINK 30 72 57 129 332 

10) PIVOT PIN 71 173 137 310 112 

11) PIVOT PIN 114 255 162 417 83 

12) PIVOT PIN 134 348 258 GOG 57 

17) BALL 725 1737 1737 20 

20) RETAINING RING 26 62 62 645 

23) RF FEED ASSEMBLY 18078 18078 5.G 

24) OPTICAL BRACKET 2630 2630 12 

29) PERIMETER CABLE 5388 5388 5.5 
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LCRU ANTENNA ROIi REAR MQ·UNTED OPTICAL SIGHT 

I- I 56 DIA _j 
• I 

OBJECTiVE I 
11 11 

+ .000 
LENS -- i AREA A DIAMETER=l .560- 001 

' t I 

I 00 

' -+-

6 03 

AREA 
IIAII 

100 

♦ 

ROOF 
. PRISM 

GROUND GLASS 
VIEWING SCREEN 

_.,, 

RETAINING RING NOTCH, 
./ ',,,,. TWO PLACES 

I 
2 38 

/ 
'I 

I 
I' 
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ROIi HGA SIGHT 
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ROIi RETICLE 

U-.262 (TYP) 

~ -----1.938-----­
( 1 NSIDE LINE) 

.015 

.262 DIA 
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ROIi SECTOR MASK (Not to SCALE) 

.5 - 1.0°l .................................................. 

T 

SECTOR MASK (ROTATABLE ABOUT OPTICAL 
AXIS) TO ALLOW SUN'S IMAGE TO BE SEEN 

RETICLE 
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ND4 FILTER SECTOR MASK 

HIGH GAIN ANTENNA SIGHT 
SUN OUTSIDE FIELD OF VIEW 

OPAQUE SECTOR l\IASK 
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HIGH GAIN ANTENNA SIGHT 
EARTH SUN ANGLE > 4° 
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ND4 FILTER SECTOR MASK 

HIGH GAIN ANTENNA SIGHT 
EARTH SUN ANGLE< 4° 
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ROIi HIGH GAIN ANTENNA SIGHT 
SUN PARTIALLY ECLIPSED BY EARTH 
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ROIi SEAL REQUIREMENTS 

1. EARTH ENVIRONMENT 

• DUST EXCLUSION 

• SALT EXCLUSION 

• MOISTURE AVOIDANCE 

2. BOOST/ASCENT 

• DEPRESSURIZATION TOLERANCE 

3. LUNAR ENVIRONMENT 

• DUST EXCLUSION 

• MOISTURE/ICE AVOIDANCE 
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non SEALING PLAN 

1. SEAL WITH GASKETS AT LENS AND RETICLE 

2. PROVIDE POROUS PLUG WITH BAFFLE IN HOUSING WALL 

3. ASSEMBLE IN CLEAN DRY ATMOSPHERE 

FEATURES 

• ALL GASKETS AND PLUGS WILL BE EFFECTIVE IN EXCLUDING DUST 

• POROUS PLUG WILL PERMIT SMOOTH PRESSURE EQUALIZATION 

• MOISTURE INFLOW IMPEDED BY DESICCANT IN PLUG 

• MOISTURE DEPARTURE NOT IMPEDED 
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111111 SEALING PLAN ·FOR HGA SIGHT 

GASKET 



11011 OPTICAL SIGHT MOCK-UP WEIGHT SUMMARY 

Wt/Oz 

Reticle Assembly (total ) .97 

SK7019 Ring Clamp, Glass .18 
SK7017 Ring Holder .29 

Reticle .so 

Lens (total) .31 

Mirror Assembly (total) 3.19 

SK7001 Mirror Assembly 2.16 
Mirrors (2) .9S 
Clips 6i Screws .08 

Baffle Assembly {total) 2.33 
00 
I 

I-" SK7003 Washer .06 
0 SK7004 Lens Holder .13 
-::i SK700S Baffle, Light .045 

SK7006 Spacer .21 
SK7007 Clamp .32 
SK7008 Holder .27 
SK7009 Spacer .10 
SK7010-l Baffle .03 
SK7010-2 Baffle .045 
SK7011 Housing 1.12 

Housing Assembly (total) 10.88 

SK7002 Cap .10 
SK7024 Housing Body 9.29 
SK7029 Housing Cover 1.41 
SK7028 Baffle .04 
SK7027-3 Shim .04 

"C" Ring .10 
Retainer Ring .OS 

Shield Assembly (total) 2.81 

SK7023-S01 Shield Assembly 2.16 
SK7021 Holder .31 
SK7018 Ring Sector Mask .24 
SK7020 Slide .10 

TOTAL ASSDIBLY 20' .64 oz . 
( 1. 29 lbs .) 
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DESIGN CHANGES PLANNED -
RCII MOCK-UP/ENGINEERING MODELS TO DVT'S 

1. SURFACES TO BE ROUNDED 

2. SURFACE FINISH TO CHANGE (TO BLACK ANODIZE, PROBABLY) 

3. LENS TO BE ACHROMAT WITH NO PLANAR SURFACE 

4. SEAL SYSTEM TO BE INCORPORATED 

5. BEARING SURFACE TO BE HARD COAT TREATED 

6. EYE SHADE TO BE REDESIGNED TO AVOID SHARP EDGES AND TO 
IMPROVE RING SNUBBING 

7. SECTOR MASK TO BE GLASS (ND 4), ATTACHED TO METAL RING 

8. MIRRORS TO BE QUARTZ, WITH INVAR MOUNTING SLEEVES 

9. BASIC REDESIGN OF HOUSING TO PROVIDE EFFICIENT INSERTION 
OF MIRRORS, TO PROVIDE IMPROVED LIGHT MASKING, AND TO 
PROVIDE MINIMUM UNIT WEIGHT. 
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ROIi SPECIAL EXPERIMENTS 

1. SPRAY TECHNIQUE FOR BLACK VELVET PAINT 

2. RETICAL SURFACE GRINDING AND COATING 

3. CEMENT EFFECTIVENESS VERIFICATION 

4. TESTS OF STRUCTURAL STABILITY 
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LENS ASSEMBLY 

RETAINING RING 

HGA SIGHT-DVT MODEL 

/ 
, 

; 

EXTENDED 
LOCATION OF 
SHADE 

SECTOR 
MASK 

VIEWING SCREEN SHADE 

GLASS (VIEWING SCREEN) 
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LCRU LGA AND STAFF ASSEMBLY 
MECHANICAL MOCK-UP 
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.125 DIA 
HOLE 

REF 
4.7 

LGA STAFF STRENGTH 

.50 DIA 
R&C = .25 

BENDING 
AXIS 

PULL 
- 100 LBS 

X = 3.1 " 

! SUPPORT 

ALUM. 7075-T6@211 ° F 

Ftu 88% X 75,000 = 66,000 

Fty 80% X 75,000 = 60,000 

66 000 . 
~ = 44,000 p.s.1. allowable 

% 
11 

I .50 DIA = 4 R4 = .785 X .0039 = .00306 

s = M£. 
I 

44 000 = (lOOX) .25 
' .00176 

= .125 X .0104 = - .00130 

= .00176 

X = 44,000 X .00176 = 3 .1" 
25 
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ROIi LCRU PRESSURIZATION DESIGN 

• GAS MIXTURE 

LEAK RATE CHECK WITH 10% N 90% A. 

PURGE AND BACKFILL WITH 100% N - NO LEAK CHECK 

• PRESSURE 

7.5 PSIA 

• PRESSURE MONITOR - KULITE XT-190 SERIES PRESSURE SENSOR 

SPECIFICATION COMPLETE 

PARTS ON ORDER 8553610 

• CASE STRUCTURAL DESIGN - NO CHANGE 

• HYDRAULIC TEST CASE - ·· PRELIMINARY TESTS COMPLETE 

• PRESSURE PURGE VALVE - BEING INVESTIGATED TO REPLACE 

PINCH OFF TUBE. 

PARTS HAVE BEEN ORDERED. 
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8.0 
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3.0 

2.0 
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LCRU CASE PRESSURE DROP 

10 

CRITICAL PRESS 

50 

TIME - MONTHS 

AT 140° F B-591-8 GASKET 
6P = 7.5 PSIA 
12Ho ATM cc/YR He 
800 ATM CC/YR N2 

1130 ATM CC/YR A 

100 1000 

J 



non LCRU PRESSURIZATION DESIGN 

ANALYTICAL ANALYSIS SEE HANDOUT - LCRU CASE PRESSURIZATION 
STRESS ANALYSIS 6-30-70 

CASE & COVER MATERIAL 6061-T6 AL 
Fty (TENSIL YIELD STRESS) FROM MIL-HDBK-5A = 35,000 psi 
SAFETY FACTOR 1. 5 APPLIED TO LIMIT LOAD 
MAX PRESSURE LOADING 14. 7 PSI EXTERNAL 
S max ALLOWABLE = (. 98)(1. 5)(35, 000) = 22. 2 x 103 PSI 

! MAX TENSIL STRESS OCCURS AT TOP OF RIBS 
I-' 
u) 

PRESSURE TEST RESULTS (PRELIMINARY INFORMATION ONLY) 
METHOD OF TEST - VACUUM AND HYDRAULIC 
INSTRUMENTATION - "STRESS COAT" AND STRAIN GAGES 
PRELIMINARY DATA - "STRESS COAT" CONFIRMS LOCATION OF HIGH 

STRESSES ALONG EDGES OF WEBS. 
STRAIN GAGES INDICATORS 6,000 PSI 
IN CENTER OF WEBS. (THIS IS LOW STRESS 
AREA ACCORDING TO THEORY) 

TEST TO BE COMPLETED BY NEXT TI 
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non LCRU MOUNTING LEG 
VIBRATION ANALYSIS 

ANALYTICAL STUDY SEE LCRU MOUNTING SYSTEM DESIGN STUDY 22 AUG. 1970 

THIS ANALYSIS OBTAINS AN APPROXIMATE INDICATION OF THE RESPONSE OF THE LCRU 
ELECTRONICS CASE TO A SINUSOIDAL FORCING. ATTENTION IS GIVEN ONLY TO THE 
VIBRATION CHARACTERISTICS OF THE CASE MOUNTING POSTS; THE CASE MAY REALISTICALLY 
BE CONSIDERED A RIGID MASS, AND THE VEHICLE MOUNTING TUBES, WHILE NOT STRICTLY 
RIGID, ARE CONSIDERED SO IN THIS FIRST ANALYSIS. 

THE MOUNTING POSTS ARE CONSIDERED AS A BI-LINEAR SPRING SYSTEM CONNECTING THE 
CASE MASS TO THE VEHICLE. AS THE CASE OSCILLATES WITH RESPECT TO THE VEHICLE, 
THE INDIVIDUAL SPRINGS ARE ABRUPTLY COUPLED INTO THE MOUNTING SYSTEM, RESULTING 
IN A NON-LINEAR SPRING RA TE. PRINCIPLE DEFLECTION OF THE CASE IS RA TIGNALL Y 
ABOUT THE VEHICLE; THIS LEADS TO A ONE-DIMENSIONAL STUDY. MINOR TRANSLATIONAL 
DEFLECTION IS TO BE NEGLECTED FOR SIMPLIFICATION. 
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ROIi LCRU MOUNTING LEG 
VIBRATION ANALYSIS 

THE ANALYSIS IS TO BE CONTINUED UTILIZING THE BASIC RELATIONSHIPS AND SPRING CONSTANTS 
OBTAINED HERE. 

ONE BASIC MODIFICATION TO THE POST CONFIGURATION IS TO REPLACE THE LOWER SPRING/ 
ROLLER POST ASSEMBLY WITH A BOLTED CLAMPING TO THE VEHICLE MOUNTING TUBE. 

RESULTS OF THE CONTINUED ANALYSIS WILL INCLUDE THE FREQUENCY AT AN MAGNITUDE OF 
WORST VIBRATION RESPONSE FOR CHOSEN VALUES OF INPUT VIBRATION LEVEL AND DAMPING. 
BENDING MOMENTS IMPRESSED IN THE POST AT WORST VIBRATION RESPONSE WILL LEAD TO 
DETERMINATION OF POST STRESS. A CORRELATION OF VIBRATION RESPONSE AND POST STRESS 
TO POST CONFIGURATION WILL BE USEFUL FOR POSSIBLE WEIGHT REDUCTION. 

THE GENERAL MAGNITUDE OF NATURAL FREQUENCY IS 12. 6 HZ. 
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* LUNAR ENVIRONMENT 

LCRU HGA ANTENNA 

APPROX. NATURAL FREQUENCIES (FIRST MODES) 

FOR TIIE ANTENNA IN A TRAVELING CONFIGURATION 

20. Hz 

5. 7 Hz. 

0. 6 Hz* 11. Hz 

(1. 4 Hz FOR EARTH ENVIRONMENT) 
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TRAVELING CONFIGURATION MODEL AND PARAMETER VALUES 
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E 
1 

11 

t2 

E2 

12 

M2 

t 
3 

E 
3 

I 
3 

= 20. IN. 

= 10 
7 

PSI 
4 

. 043 IN. 

= 25. IN. 

= 10 
7 

PSI 
4 

= . 025 IN. 

= 1.0 LB 

= 5. 0 IN. 

= 10 
7 

PSI 
-1 

= • 050 JN_ 
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SEATTLE VIBRATION MODAL ANALYSIS 
PRELIMINARY RESULTS 

NOTE: PURPOSE OF THIS TEST WAS TO DETERMINE THE 
VIBRATION MODES OF THE LUNAR ROVER VEHICLE 
CHASSIS AND ANCILLIARY EQUIPMENT. THIS WAS 
NOT A VIBRATION TEST AT DESIGN INPUT LEVELS 
TO DETECT FAILURES OR DETERMINE STBESS LEVELS. 
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LCRU ACCELEROMETER LOCATIONS 

LRV VIBRATION TEST 9-4-70 

ENDEVCO ACCELEROMETERS 
XX - - = MODEL 22210 
XN - - = MODEL 2222B 

0 X-AXIS 1 
XX-68 \ 

Y-AXIS -­
XX-691 

XX -67 

Z-AXIS 

BATTERY 

BOTTOM VIEW 

READ IN SHAKE PLANE 
NOTED ONLY 

MOUNTING HOLE 

X -AXIS 

ARROWS INDICATE SENSING DI RE CTI ON FOR INTERNALLY MOUNTED ACC. 

6 

TOP VIEW 

MOUNTING 
HOLE 
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LRV VIBRATION TEST 9-4-70 

X y z 
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Xi\ 2G Xi\ 2') 
,) xx 66 

.JC -19 .JC -!!J .JC -! 9 
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(:dB 78) BOEI:KG - -
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SEATTLE VIBRATION MODAL ANALYSIS 
PRELIMINARY RESULTS 

I \ LOW FREQUENCY / J6 \ 
11 
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"X" AXIS INPUT VIS. =2 

I \ : . I \ 
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X HGA TOP FEED (2) •• ~ r I \ 
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SEATTLE VIBRATION MODAL ANALYSIS 
PRELIMINARY RESULTS 

LOW FREQUENCY 
RESPONSES "x " AXIS INPUT VIS. :: 1 

______ ______ X LCRU SHELF (2) '------x LC~U BAT (5) 
---XHGATILT(l) 

-....::~-~~ X LAV BUMPEH (;$) 

--------......_, __ - _ ....c' --- XHGAMID(6) 

------~ /""' 
- - - ' -- YHGATILT(4) 

o o~~--;;--~~~~-~-~-L----1.._----1..... _ __1__1__--1 _ __L _ _1__.J____J 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 I 7 

FREQ Hz 
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SEATTLE VIBRATION MODAL ANALYSIS 
PRELIMINARY RESULTS 

LOW FREQUENCY 
RESPONSES 

,,.___ ____ X HGA MID (6) 
I 

I 

FREQ Hz 

"Z " AXIS INPUT VIS. = 1 

/ • Z LCRU BUMPER (3) 
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PRELIMINARY RESULTS 
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INTERFACE CONTROL DRAWING VIBRATION 
EQUIPMENT AT LCRU, HIGH GAIN ANTENNA, AND 
TELEVISION CAMERA INTER. (PAR 3. 2. 7 .1 IBN#8) 

DIRECTION EQUIVALENT SINUSOIDAL D\VELL 

VERTICAL 0.2 TO 0.6 Hz @ 35.0 IN. D.A. 
0.6 TO 3.0 Hz @ 0.64 g- pK 
3.0 TO 10.0 Hz @ 0.32 g- pK 

FORE/ AFT AND 0.2 TO 0.6 Hz @ 13.0 IN. D.A. 
LATERAL 0.6 TO 3.0 Hz @ 0.24 g- pK 

3.0 TO 10. 0 Hz @ 0.12 g- pK 
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SEATTLE VIBRATION MODAL ANALYSIS 

PRELIMINARY RESULTS 

TRANSMISSIBILITY VALUES FOR UNDAMPED SUSPENSION SYSTEM HAVING 
NATURAL FREQUENCY OF. 7 Hz. 

FREQ. TRANSMISSI BILITY 

1 .9 
3 .05 
5 . 02 
7 • 01 
9 .004 

11 .003 
13 .002 
15 .0008 
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PRELIMINARY RESULTS 

RESPONES IN 20 -100 Hz SWEEP "X" VIS # 1 

G /G 
o 1 

FREQUENCY Hz ~ 48 61 64 70 79 90 

LOCATION 

(1) X HGA TILT 1.6 .9 .6 
(2) X LCRU SHELF 2.2 1.9 3.8 1.7 
(3) X LRV BUMPER 1.0 1.1 1.4 
(4) Y HGA TILT . 8 .5 .4 
(5) X LCRU BAT 3. 8 2.6 2.9 
(6) X HGA MID 3.3 1.2 2.2 .9 .3 
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PRELIMINARY RESULTS 

RESPONES IN 20-100 Hz SWEEP "X" VIS #2 

~/G1 

FREQUENCY Hz ~ 23 29 33 41 47 60 64 65 68 76 79 87 92 

LOCATION 

(1) XHGA BASE 4.3 .4 1.4 3.9 1.2 2.1 1.5 

(2) X HGA TOP FEED 1.5 3.5 9.0 1.6 4.7 3.1 4.6 .3 2.2 

(3) X LCRU PINS . 8 1.9 .6 .8 2.2 1. 7 3.0 4.9 

(4) Y LCRU FRONT .5 .3 1.2 . 7 1.8 . 8 1. 7 

(5) X LGA BASE 1.1 13.2 9.6 1. 3 8.5 5.2 1.6 6.6 4.5 1. 7 2.6 

(6) X LGA JOINT .8 6.1 8 . 8 .1 .1 3. 8 1.0 4.7 1. 2 

100 

.6 

.3 

1. 8 

.4 

.5 

.5 
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PRELIMINARY RESULTS 

Go/Gl 

FREQUENCY Hz 26 43 50 70 90 

LOCATION 

z HGA TILT (1) 1.6 1 9.5 

z LCRU SHELF (2) 1 .4 3.2 
z LCRU BUMPER (3) 1.7 1.3 9.5 
y HGA TILT (4) 1.6 3.1 4.3 
z LCRU BAT (5) 1 .6 3 
X HGA MID (6) 4 .6 1.5 
z LCRU FRONT (7) 1.3 2 
y HGA MID (8) 8.6 2 3.4 
X TV TOP (9) 1.2 
y TV TOP (10) 1.6 
X HGA MID (11) 1 3.7 1.4 
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DI= . THE 

CASE. T#E. . CASE RE ALISTICAL.L.Y 

.MASS > . AND . Tl-IE VG ti I C LIZ i ·ae 

.MocJN.TIN Q 

~o,JSJDERED 

. , ; t 

TUBES J WHIL.~ _'. _ f'/OT : ~TAIC.T'l..'f RICIO) . AIU!! -·---! 

. so ·•.· IN J:Tl-/lS · '· Fl~ST . Af<IAl-'(SIS ~· . 

PoS ;s : ARE CON.SIDER ED AS A IVIOVNTIA/4 

Bl - 1-.INIZ AR SVSTAIJI C0/'1/AIEC.T /A/4 , THE CA5£ 

.MASS 

WITH 

S'-(S ,1=-NI ' > 

~ATE'. 

' 

Pl!INC'IPLI!. IS 

~07/!ITtOl'/ALL Y A40UT ... VEHICLE ·j: , THIS 

Tl!/tlt.JSLA TIONAL 
I 

l)E Ft.EeT10N IS ro . se µEt:LE.CTED, . FD~. ... ; I.. I 

8-159 

To '. 
I· • • . . - · • 



DEFENSE ELECTRONIC PRODUCTS 
MOORE8TOWN, Nll:W JERJIE\• 

EN6R ......... P. . .K.~ ........... ............. CHKO 

DATE ................................................ REV • .. ....................... ... ..... 

su1JECr: ........ .. L.c .re.u ....... ..... fzL.E'cTR.o Nt.c.~t ........ CA.SE ..................................................................... .. 
. . I , . 

ITEMs ................ .. . ........ _ .... ····- ··: .................................. ; ............. 
1
.-·-·-...... _ .. ~ .. -······ ......................... r ...................... _ ...................... . 

. . . . .. l . . .. . •-. '. ---. ·-· ----· .. . -· ~. ~-- -•··- . - -.. 
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---- --- - -.-- - - ' ·----- -----·--- .... . -- - --

8-160 



COMPUTATIONS 

DEFENSE ELEC'rROKIC PRODUCTS 
MOOREl'JTOWN. JISW n :RIIE\" 

s.o. Ne. ..... , ................. N•-·· .. ·· .. ·"···'A&E ······--·····~············· . 

. EH6l ........ 1?..K.6-......................... CHKD .............................. . 

DAn ................................................ lEV • ................................... 

sulJEc, . ....... J. ... ~ .. R..v. ........ ~.h.~.c TR..o/\./..1c.s ...... " .. cAs.E .............................................................................. . 
ITEM, ........ ............ ··· ········- ··· ................ -.................................................. ............ " ................................................. " ................................. . 

TH£ Bl - LINEAR SPRIN~ COr.lSTA/1/T . Fote THE MOt.JrJT1N4 

5'{.ST~M IS SJ-JoWN 
.• 

11'/ THE SJ<.ETCI-I BELOW.. ·_ · , 

·· ·· · ···· · · ·-·· - · · Po Si a,eAv1-rv , Tri~ SYSTE'NI WOULD . 

• 

I 

KE. 

AS 

A/110 

I 

A~OCJT THE I. Cl=JIJT!e.AL. !eE~T l°OS/710,J 

SJ-I oww F/~U~E. A.; APPL I CA Tit:>/\/ oF A i 
! 

BENOIN'i oF 
·Low e.ie 

THEV . POST 

POST ; .. 

,s 
COCKS 

UNT/t. 

E c:tv ~ L I c- ~ D I A r · :· . "",.,, I e 1-1 

'"' THE ecteE - - Wlit-1 NO 

Tl/VIE n-1£ 

JN 

AFTER. ccw,A CT VI TH THE. BO~€. V JqLLS J 

Dc.FL£C7✓or./ -~€.Q.Ul~ES 

CDC/IC.IN~ IS teE.PEl"tTED 

~ASS 

TH~ 

·· oF . E41.JJl..l'l-.14TION />OST SPRINC: PleELOAO• .. 
I 

I 
I 

I 
i 
I . .... ... __ _ , __ ___ 1"·····r- . . 

i 

N\ 

"" 1" t 1o o o - -. .. 
>' ,c. )< 

. i 
I 
! • 
I 
I . ! 
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i 
I -

' I 
( 

i 
·- -- ·--- ·---i --- ·· ·- •··- - . -1 --·---- ... . - ·--··· ·- -,-.-...- •-·------· .. . ·---·-· ·····• .. . •·---- ·--· -- -· 
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' I 
. I 

I 
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. I 
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1· 
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'· 
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I . i 

.I . I · 
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. 1· 

--· ... ··· · ·- __ .., ... ... . . .. ~.-. •·•- ·- -•-- - · - ·- • --- ·· · - ... · - ··-··· .. · · · ·· 1 ··· --· ---· - ··~ - ·- · • - - - -i I . . - ; , . -·---- . j- --- - - -
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COMPUTATIONS 
. ·4 S.0. N-. ............................................ l'A6E ............................ . 

DEFENSE ELECTRONIC PRODUCTS EN&l .......... "P..~.b ........................ CHKO ................................. :· 
MOORE8TOWN, NEW JERIIE\' 

DATI ................................................ lEV • ..................................... 

su1JECT: ....... J,..~.R .. V. ......... ~ ~.e:.c. T .R.o.N.1 c.s ...... c A.Se. ..................... ...... ...................... ...................................... . 

ITEM1 ................. ................. .......................................................... - ............................................................... · ................................................ . 

WHEN LUNAR. a~A\/IT'( ,s APPLIEI) TO Tl-le SYSTE~ 

A AIE.W ~ESi posrr,o,J SI-IIFTS ,Tl-IE. OE.FLE cr,ow 

CU!ltVlit To A NON- SVMM E;,e1C ! t CJt-lOITIOW, 
: i I---•--•·--------~---•--- ·-• -••-----· • •••• t • • • • •-••• - - •· --• · •---•--• - • · ..,. • - - •· 

' . I .,. . 
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. . ~ 

----. ----~- : ·~-·---•- ·--··- ·· · .. -L ... .. .. . I 
· + ·-··- ·· - · . 
' 

11.0 

,v,A<N 1-rvDES 

. . . ' I . • i 
I . . . . '! ' 

. . , I : 
. : . 

----- ·- - ----·---·-- ·· - . . 

.. I : 
; - .. 
I 

• • 

A e -rvr,L 

E..SSrlVTIA~I... Y 

CJ-IA t:.Acr ee.,s TIC~ 

/N!IPOSS/81...£ "41'ITHDV7 

/Mf>lt.,:jCTICALLY T~,.,,,E. CDNSCJli'IIIV'1; . ANALYSIS ,1 TIN.5 
· 1 1-4£ µA-r&Jll£ oF 

srvi,y w1LL. · D.RTAlw v t!JEA/El!/IJL" te.EsPow.SE AND C:HAAl<E.S 

TO BE. · EXP~~T'EJ) 

i 
I 

. I 

wrnl µ,o.DJF/CAT/ON..$ JAi DESJ<w. 

; 
. ! 

I 

I· 

I . 

! 
I 

. I . . . I . 
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COMPUTATIONS 

DEFENSE ELECTRONIC PRODUCTS 
IIIOORHTOWJf, MSW .n:.-a1:1• 

S.O. H .. ..... :····· ............ -.................. .PAGE ... .... $.. .... :..c~I_J 
· EHGl ........... P..~.~ ...................... CHKD ................................ . 

DATE ........ ....................................... lEV • ..... ................................ 

LCRV ELECT~ONICS CASE SUIJECT1 ........... .............. ..... ................ ......................... ................................................................................................................................. . 

1Tflii41 ....................... .. .. ....... ................. ............................ · .................. · ..................... - ................................................................................... .. 

l:.VA LVf\TIOI\/ OF SPRtl\14 COrJSTANT ~ I 

WHEN Tl-IE. CASE. ~ AS 

THE WALL.S '- , f!>F TJ:JE 

BoRES , 

FcJ RTHEII. 

AS 

OE~LE CTIOW. 

Ro7A,tOI-JALl.'f 

CASE . AtvD 

IN , THE. 

OEF"LE CT~D TO 

POST Col'J,Ae-rs 

MO VWTIIV4 TU8E 

S"'-1:TC H 8~LOW J 

POST,, THE · 

- . - --· ♦ ·•- · pos, ACT1S SPR.ltvt:: I OF THE MASS- 'SPRIN~ 

A 

MOVNT/We; 

LINEAR. 

pos, IS A 

015'. F LECTJOI\I 

OBTAJIJED • 

itEL.ATIO/\/S 

. C.ON $ 7 ~ /IJT' ,s. 

I 
. I 

-- ·--- .. --· •- ·--- - --·- --- . ; . -- ----·----... 

·! 
I .. i r 

... I' 
I I • - ~ I . . ------- --- . ----· . -- . - : 

. . . . . 

' i ' . 

•. ·- ·- ··•--·-·· .. ··--· . . 
; 

. I 
! 

1- . 
i 

. I 

J., 

-·· VE FL E c--r, o,J ABOUT : . 
1A' 

BF.Jtl~) AII/D 

,H &: ... SPP.lf.lt;, 

. . . - .. . _ ... _.., ... . l. •.. 

d. 

' . --·-·•- ···- - . --- -~ ·- · . 

.. -•· - ---·- - ·---- · . . . 
! 

JS peo P el({T-

/Ori/AL TD 
_, -~ ,.,, .. DEFLEC'TIO,v /:JI= . ·/>OlrvT. o 

i 
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COMPUTATIONS 
S.O. Ne. ....................... - .. - ...... - ...... .PJ.CiE ...... :.~ .... .. (~_g) 

DEFENSE ELECTRONIC PRODUCTS . ENCil .......... P..~S .. ~ ............. _ ....... CHICD ···-··· .. ··· .......... - ..... .. 
MOORE8TOWH • NIIW .IEA8E\• DATE ................................................ lEV • .................................... 

SUIJECT: ... .... L....C .R V ........ E.L.f=. .. C TR.ON 1.c.s .. _ .. _ ....... C.A.SE ......................................................................... . 
. . 

ITEMt ....................... .. ..................... -.......................................................................... -.......... - ........................................................................ . 

I \ 
DEFLECTION oF THE . POST AT POINT 8 IS 

DETER.. IJIIN-ED A PIVOT . AT , POINT , ' A WHEN 
.. 

A t,JNIT MOW/ENT IS 8 ':( THE. C/d.SE • . 

-· . -. --·--_1_._ ... - ·- ..... . :. - - . ·· ·-•-.- • ~ -·--··--- · .. -·- -- - - ..... ···· - ·- · ·- • · ~ ---
I . 1 

; I 
• I ' 

(' . : 
. l . I . ! 

. -···-·--- ..:__ . . ____ [ ---- -· . ___ _ ] -------- . . 
I 

. ... - ·····----t--··---·-- -----,-------· . 
~ . : ' •Jr, l l. 

.. ! 

I • 

---- ·-·-----1---.--------· I ' ! . I . '. 

i 
! 

I 
I 

I 
. i i . ·. 

• I 

! . .v, =. F, J, 
f IS Tfl~ ' SHE-AR . DEFLECT✓O~ 

Fore~ FPi C TOte. 

,I-IE. RoTr-1 TION/4 l. t:> El ~Le: CTIOW OF , ' 
8 AOcuT 

Po1WT 

THE 

.... ·-

. I \ 
A 1S · 

<Ps c · 'a /d 

. I 
. i 

! 

SPR1wt: CON57AI-IT ,1 wt YI-/ 

Je. I I: F1 d (- F, ) d 1. 

. 'Pa = 'JJ 
.. 
I 

i • 
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COMPUTATIONS 

. DEFENSE ELECTRONIC PRODUCTS 
MOORE9TOWN, NSW IER■ET 

s.o. Ne. ..... , ................. H.-.... - .. "'.PA6E ....... 7 ....... ..c~-~) 
. OKL EN6l ................................................ CHKD .............................. . 

DATE ....... H .............................. ; ........ lEV, .................................. . 

suuEcr: .. ... .. LC.RV ..... EL.E.c T~.otJ.1c.s .......... CA.S.E ............................................................................. . 
ITEM, ··················· .. ··· ·· ····· .. ······ ............................................... h .................. - . ............ ~ ..... ......... .... ................. : ............ .................................... . 

PA R,A"1~ TIER. VALVES AIU!=. LISTED BELOW: 

:SEC Tr ON ). (~) : .. c(,W.C:.) ~ cd· : re~¢) A(~'-1 
; 

6 i -'l. 

: j ___ . ' 5.oo : CJ., 'ltlO' -s. e ~,o I 4, 31 ~10 . ,:s7 
I 

~ . ' l . - - ... 
I 

I 

2 

. 3 

..,, . 
/.'Iii ~ 

2.50 : ,.,~,o' 
al . PROPf:·RTI 5;$ 

L.l'\M IWATE 

. E~:r'- = 

j 
l 

I 
' . ;v ,v ,v 

3,fllt/0 6 -~ .637 · 4, '!I v.10 

! 

' . - .... - -~ ·- - ·· - .. . 

+ 25. (1,ee) _,. 
/, 01 ~ I() 6 

- .... - · -- --·-·--- - ·- -- . - - ·-· -· - - ......... --•-·· . 

'3, g >c10 6 ( ,637) 

S, o o ( lo/ "I) 

t 

! 
j 

... . - ·~ . .... . _; ___ _ ,A' 
I 

i 

• 
-·-

__ 5,0o ( ~--54-} 
3 (1.01 x,o') 3. '2. Z. '>< , o ~ 

(1,. ·8g) S,oo ( 6,Z5) , ..,. 
~ 3 ( 1. 'I v,o.') 4, 31 uo•'t. · 

2. ~6 x,o➔ ,;..,,/_,d.. 

,. 9t ~ 5 ; . . . . 
---

4
- · ____ =..:_ 2.10 x,o __ __ __ ,o...,,,..., ___ · ./J,"'Y. ~ - ... .. ···- ··• ·· 

l ,. ? 6 ')t Io- · · · · 

j 
I 

I 
. I 

· I 
I 

I • i . i . 

• 

I • 
I 

. . . .. - --- •· -- .... ------··-··• -·-- --•··--- . ·- ·- .· - ----.--------!--- - ·-···· 

.... ·-

i 
I 
i 
i 

I 
{ 
I 

I 

i 
I 

8-165 I 
I . 
I 

! 
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I .. . , 

~ ~ 

~ ~ ,,a-J­
~ /4 ~ ~' ~..;. .z/J 
k, l ~" ,t, . ~ ~ ~ ..-/fu±-

d,i ·-=- . /. 25 · 

d4- -= I, 3 8 

. -\. + 
/, 53 >llO ~ 

I, ,o ,c, o 
_, 

:r :r. 
C. 
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Er. ::. 47, 1 'J<~O' ( l,S3 .,_S,7?) x,o-'- ~ 6( -A 2.+x10 /,'2.0 ~,o J 
'C. 

S' s 
7, 25 .,.,o +- · 2. 99 ,,,,o - s ~/ . '-/0. I '3 X 10 ,,,,u-~ . 

1 8 ')I IO ' (. 31,3 + , 1. 6 7) + , , 2. XI O ' (, 7 8 6) 
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• 

• 

I . 
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s.o. Ho. ....................... " ............. "_.,A6E ...... .1.9. ...... l~~ 
DEFENSE ELECTRONIC PRODUCTS ·EH6l ......... P. .. !S:.h ...................... CHKO ................. ............ . 

JWOORE~ TOWN, NSW IEJISE\• 
DATE ................................. ............... lEV • .................................. 

sulJEcr: ......... t... .. c .. ~ .. ll. ....... J$:.1...E c r ~. o."' .1. c. .s ...... "~-c A . .s. E .................... " .................................. · ..................... . 

ITEM• ............... ......... ... .. .......................... _ ............. -............................ .. - ." ................................................................................................... .. 

EvALUA1ION t:>F ~P~JAI~ CONSTAWT ,k2. ANO ,,k 3 

THE. VP PE.ft ANO LOWER. POSTS , AR E. 

AS SHOWN ,,., THE. SCl-l~MATIC.. D/At:;~M S 1 BE-LOW. 
; I 

. i·- : .. .... ·--- ·- 1 ··- •• 
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i . V£t<TtCAL 
! LOAV . 

. i TRAN~FER. 
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. I . I . , 
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- · - - ····. ·· ·- ·- ••. 1 ·- -- · ·--•··· 
I ' - ,·--- ·-----------·-•·------·--·-·-- - •· ·-
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• • I I 
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1 

; 
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B . 

I 
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t 

\ 
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I 

·. _. , l . . , ,·: '· 
• ·· 1 

· ·-- ---4• - ·----•-- --- ·- ~-- - . • 

! 1 · 1 . 

I ; • I . . I 
: • .. . · 1' . .,, ! ' \ -

I • 

. - ·-·-~·"1" ·----- --- - ... - . 
I 

' 

i• 
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i ·t 

-· - ------- - -· _i ___ · ·---· .. . ·- ··• . - _______ j ___ _ ___._ 

I 
- - -•-----·--: ·-·- .. ' . 

. ! 

OIMI• 

. i 
I 

l . . - -- ·---·~------4---

i. 
I 

I 
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! . i . ..... _____ . - --,--~- .. -- -··--~--- -- '. - ---· ... 
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DEFENSE ELECTRONIC PRODUCTS 
• IWOOIU!!,TOWN, N&W .IERIIE\. 

S.O. Ne. ............................................ PAGE ....... }J.. ..... (5_~) 
· OKL.. EN&R .......................... .................. .... CHKD .................. ............ . 

DATE ................................................ REV • ................................... 

SUIJECT1 ... · ...... l .C.R .U ........ EL.E.C.TR. .. orJ.IC.s ...... ,CASE. ................................................................................. .. 

ITEti.41 .. .................................................................................... ................... - ................................................................................................... . 

SPR.INQS PRESS ROLLERS OUTWARD 

~LL • ALL ~oL.L£R.S A~O VNO Tl-IE 

CARR.'( AN EQtJAL. ·. pR.E:LOAD .- ,AND C.EN'Tlc/!. . T/1£ POST V\lliHIN 

. : Tl-IE BORE ,. . upo,J APPLIC~ T10AI CF A BEfl/OIAle. /JIOM ~N7j ·. L PRELOA0 ·. 15 · T1'Al'\/SFERED . ,o Tl-IE, 1=a.v1VALENT oF -rwo 

···--·-- ·-- ·- · ROLLERS , A.S SI-IOWN l"1 Tl-IE. DtAt:R.JetM, -,;:./Ef!E. 15 

TO 

. T~ANSFEle THE. PRELOAD, Ar./ INCREASE.. IN Tl-IE. 

__ .. · ___ J_ . .. Bt;/\IOIN~ MOMfiNT AFTER. P~ELOAD TllAIJS F'ER.. flESULTS 

I IN COCK IN" tr>F THE POST /N Tl-IE SOR~ WI ,I-I 

j DE PRESS/ON · OF. Tl-IE R.OLl.ER.S > A/1/D 8£_/\IDIN4 oF 

I POST J TO THE. POINT l+T WHICH Tl-/£ POST 
: 

---···-·--r----·· corJ ,ACTS 
! 

THE I T . ! I S TI-/ I S /JI o M t tv T _ .. 

DIMIW 

I %>EFL.E c:no,J 

2. ' AA/ D 3 · D F . · THE 
' 
' . - - -·• · ·- ·---t- - ·-·· - -

i 
' 

AL.L v~t'lTICAL.. . L.011\0INt: IS CO/IISIOE~EI) ro BE; 

CA~RIEO AT . TI-JE 't:ND · oF'i VI-IE · PDST~S C~rlTl:R. 

SECT/ON J AS 

TIie ve:.ATI C Al.­

AS 

. 
LOAD . BEAe11\1~ ScJ 'R.FA CE'S ARE rAJCEtJ 

I 
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s.o. Ho. .... ............................... - ..... .PAGE ...... .. J.1.-...... .CK~) 
DEFENSE ELECTRONIC PRODUCTS .EHGl ......... D..KJ .... .. ...................... CHKD ... ....................... ... .. .. . 

MOORE8TOWN. NSW JERIIE\. DATE ........................................... ..... REV • ..................................... 

SUIJECT1 ......... LC 'RV ...... E LECT .. RO.N .1.C.S ........ ~AS.E ...................................................................................... . 

ITEM1 

' 
• 1 

I 
i : 

· - - - -· - · •••• 1 • • - -· - - · --· · - - · 
,,.rr_ENTIONALL. y . llLAAIK -· -- - ···--···-- -.. ----- --··- ·-•--· 

' 

I -- --·-· __ ._ .. .. .... . ... _ ~ ·------ - -- ···· • ; 

I ------.. --.... - --·-• ·· .. --
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I e I 
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I I· 
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! I : I , .. ·. . ,i . . ; 

I f . . . . . I : • 

- - - -------- • t - - - -- - ----- - - - -- _ _ ,. _ --- .. ---~- - - - - - · ♦ · •-- -- ·---,--- -- - • _ _ 1 _ ___________ __ __ J _ _____ __ _ 

DIM 1• 
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s.o. No. ............ ............................ " .. PAGE ······:L3. ..... C>;.?.) 
DEFENSE ELECTRONIC PRODUCTS 

MOORESTOWN, HEW .u:mm,· 
. EN61l ......... P..K.b ....................... CHKD ................................ . 

DATE .......... ...... ................. .... ........... REV • ..................................... 

SUIJECT: ........ l.. .. ~ .. 8 .. V. ......... f; .. ~ .. g .. c..T.~ .. t? .. r:!. .. 1.~ .. ~ ........ £.f.t§..§: ...................................................................................... . 
ITEM• .. ... .. ........ ............... .................... · ...................... ................................ ·-·············· ............................. .. ................................. ............ .......... . 

... BASE'D ON THIE. ASSUMPTION Tl-/14-T ~OLLER. O£PRESSION 

IS S IV1ALL ANl> J SO > ROLLER FO~C£S f£M AIN ESStNTIAlL't . . 

EQ.VA-L . TO· Tl-IE 

.. .. . .. : .. : DEPR~ss,ow IS 
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:t Ii 
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- · • - ·· -·----~-----· -- -- • --· ---·-- · . 
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DET.E R.MIWEO : . • _ _ _____ _ .. i .. : .. __ _ . 
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PRELIMINARY ANALYSIS 

RIB AND WEB DIMENSION DETERMINATION FOR LCRU CASE 

The two pressure conditions are: 

on earth 14. 7 external* 7. 5 internal 

on moon 0 external 7. 5 internal 
I 

safety factor applied to limit load is 1. 5 ,+ Fty (tensil yield stress) from MIL-HDBK-

5A. For 6061-T6 is 35,000 psi* (heat treated and aged)* Transverse grain loading, 

basis is 99% of values fall above with 95% confidence. For 6061-T4 heat treated only 

Fty = 16,000 psi. We will use Fty = 35,000 psi. 

Determine temperature effect - from Fig. 3. 2. 6. 2. l(a) · of MIL-HDBK-5A for 200 °F 

worst case we have 92% of room temperature Fty for the modulus E @ 200 °F we 

have 98% 

E = 9. 9 x 10
6 

psi at room temp 

E = 9. 9 x 10 
6 

(. 98) = 9. 7 x 10 
6 

psi 

Fty = 35,000 (. 95) (1/1. 5) = 22,200 psi. 

Stress and deflection formulas are from Formulas for Stress and Strain by R. J. Roark 

Determine the web thickness required for the following conditions 

Fty = 22,200psi 

E = 9. 7 x 10 
6 

psi 

*Experienced during purge and fill. 

8-183 



-
I For the side of the case 

s 

t 

1-- 10.7 

a/b = 10.7/3.33 = 3.22 
I 

B = . 50, a = . 0284 

(. 5) (14. 7) (3. 22) 
2 

22.2 X 10 

a 

= (.5) (14.7) (10.4) = 76.5 
3 3 

(22. 2 X 10 ) 22. 2 X 10 

= 34.4 X 10-
4 

-2 
= 5. 87 ,: 10 = • 0587 in. 

-3 
= 3.44xl0 

~1 

7 
b 3.33 

J 

this is approximately 1/16" thickness the deflection for 14. 7 psia is as follows 

y 
(. 0284) (14. 7) (3. 22) 

4 

6 -3 
(9. 7) X 10 ) (. 239 X 10 ) 
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-
(. 417) (108) -3 

y = 3 = 19. 4 X 10 
(2. 32 X 10 ) 

y = • 019 in 

For the 7. 5 psia pressure condition we have the following. 

s 

y 

(1) (7. 5) = 

(. 062) 
2 

11,300 psi 

(. 0284) (7. 5) (3. 22) 
4 

6 -3 
(9. 7 X 10 ) (. 239 X 10 ) 

= • 0097 in. 

II Determine the pressure cover web size and structural requirements 

Assumed Conditions 

S = 22. 2 X 10
3 

psi 
max 

E = 9. 7 x 10 
6 

psi 

web thickness, t = • 0625 in. loading 14. 7 psia delta in both directions. 

Cover is square. 

...1 .. ►·----11.2 -----1 .. ~1 
I 5.6 l 
I 56 I . 

----+---- 11.2 

---------..l 
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The panel must be divided in quarters a.t least. 

a/b = 1, B = .3078, a = .0138 

s 

s 

2 2 
= B wb _ = (.3078) (14.7) (5.6) 

t
2 

(. 062) 
2 

= 
(4.5) (31) 

-4 
(38;5 X 10 ) 

= 139.5 
-4 

38.5 X 10 

4 
= 3. 62 X 10 

S = 36,200 psi this is too large 

Let us divide the cover into eight webs 

A B C 

1 2.s 

0,010:0 
I I I 5.6 

D ---L----~---1--- E 

I I I 
"5\1~1010 \.::_}I\::.) I I 

I I I 
I I I 
F G H 

b = 2.8 
a 5.6 

a = 5.6 - = - = 2 
b 2.8 

B = . 4974, Cl = . 0277 
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wb

2 z 
B 

(. 4974) (14. 7) (2. 8) s = --= 
t2 -4 

(38. 5 X 10 ) 

(7. 123) (7. 8) 55.5 s = = = 1.44 X 10 
-4 -4 

(38. 5 X 10 ) 38. 5 X 10 

S = 14,400 psi 

the deflection w:ill be 

y 
(. 0277) (14. 7) (61) 

6 -3 
(9.7 X 10) (.239 X 10 ) 

y = 
24.8 

3 
2. 32 X 10 

-3 
= 10, 7 X 10 = , 0107 in 

+4 

Ill Determine the beam structure required to support the webs. The total load on any 

web is 

W = (2. 8) (5. 6) (14. 7) = 230 lb. 

the edge loading in shear is 

230 230 = 
5.6+11.2 16.8 

= 13. 7 lb/in. 

we will assume a center support point. 

The beam from 0 to E will have a distributed load and a concentrated load. 

The distributed load is (13. 7) (2) = 27. 4 lb/in 

The concentrated load is ll. 
2 <27 · 

4
) = 153. lb 

2 
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153 lb: W 

so the m will be 

m = ! (153) (5.6) +
1
~ (27.4) (5.6)

2 

m = 107 + 71. 6 = 178. 6 in/lb 

I 178.6 8 X 10-3 
= = 

C 3 
22. 2 X 10 

I 
. 008 in 

3 
for the primary beam c = 

- (8 X 10-3) (. 562) = -3 
I = 2. 24 X 10 

2 

let us use . 0625 thick sections for the I beam. 

t 7 
X X h 

,_J 
b ►I THICKNESS = t 
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about the x-x axis 

I 
1 3 

= 12 b h 2 2.... b-t (h-2t) 3 
12 2 

Let I = (. 008) ( 
5

:
2
) 

h = (.562) 

-3 4 
= 2. 24 X 10 in 

t - (. 062) 

solve for b 

-3 __ b(. 562) 
3 

(2. 24 X 10 ) 
12 

(b-. 062> [ . 562 - . 125] 3 

12 

-3 
(2. 24 x 10 ) = (. 0148)b - (b-. 062) (. 00694) 

-3 -3 
(2. 24 x 10 ) = . 0148 b - . 00694 b + . 43 x 10 

-3 -3 
2. 24 x 10 = • 00786b + • 43 x 10 

-3 -3 
1. 81 X 10 = 7, 86 X 10 

b = 
-3 

1. 81 X 10 
-3 

7, 86 X 10 

use a . 25 in wide flange 

= . 23 in 

IV Determine rib thickness if no flanges were used (this would simplify the machning) 

7 I _!.... bh3 
= 12 

. 562 h .562 C = --= .281 

_J 2 

~ ~ b (. 177) -3 
b = 22. 6 X 10 

12 (.281) 
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b 
-3 

= ( 22. 6 X 10 ) (12) (. 281) 
. 177 

-3 
= 76 X 10 = 430 X 10 -3 

.177 

b = • 430 in it is better to use the I beam 

V Determine the flange width for the secondary beams from O to Band so forth. 

w = 27. 4 lb/in. 

! ! ! ! ! ~ 
... 18 

5.6"--------.. ... 

max m at points A & B 

1 1 
m = 12 Wl= 12 (27.4)(5.6)(5.6) 

m = 71. 5 in lb. 

s m 3 
= I/C = (22. 2 x 10 ) 

71.5 
= I/C 

I 
C 

= 
71. 5 

-3 
22.2 X 10 

~ = . 00322 in
3 

-3 
= 3. 22 X 10 

Let us use . 0625 thick sections for the I beam 

8-190 



.062----.t 

about the x-x axis 

I 3 -3 (' 562) -3 = ( , 22 X 10 ) 
2 

= . 905 X 10 

-3 -3 
. 905 x 10 = . 00786b + • 43 x 10 

-3 -3 
.475x10 =7.86x10 b 

b = 
.475 X 10-3 

7, 86 X 10-3 
= .0605 

Conclusion the flange is not required on the secondary ribs. 

VI Determine reaction loads of cover 

The total load on the cover is 

(14. 7) (11. 2) (11. 2) = 1840 lb 

Now determine the reaction loads at the end of the beams. For the beam 0-E 

153 + 27.4 (5.6) 
2 

For the Beam 0-B 

= 153 lb at reaction 

153 
2 = 76. 5 lb at reaction 
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So total load on center screw will be 153 + 153 + 76. 5 + 76. 5 = 459. lb. 

This requires a number 6 screw. A #6-32 CRS screw is good for 540 lb. min. 

VII Check for buckling 

m 

m(-1 --1) ' .5 

t --0--062 
... 1 .. 1------s.6 ------t .. ~I 

Critical bending moment m 1 

2 'TT b 
3 

d ✓ E G ( 1-0. 6 3 : ) 
I 

ml = 61 

b = . 062, d = . 5, 1 = 5. 6 

6 6 
E = 9. 7 x 10 G = 3. 75 x 10 

-4 ✓(9. 7) (3. 75) X 10
12 

(1-0. 63 (. 125)\ 
I 

1 (6. 28) (2. 38 X 10 ) (. 5) 
m = . 6 

✓(36. 4 X 10
12

) 
-4 

(. 921) 1 (7. 5 X 10 ) 
m = 33.6 

-4 6 2 
2 1 (7. 5 X 10 ) (5. 8 X 10 ) 43.5 X 10 

m = 33.6 = = 1.3x10 
33.6 

1 
130 in lb m = 

The max m for the secondary beams is 71. 5 in lb so we do not need a flange 
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Figure 3. 2. 6. 2. l(a). Effect of temperature on the ultimate tensile strength (Ftu) of 

6061-T6 aluminum alloy (all products). 
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1 

2 

~ 

LRV/Lcnr ~lOl'~Tl};G ~TERFACE 
TOLERANCE A~ALYSIS 

LCRU 

POST 

LRV 

BOLT 0 
I I INTERFACE 

® ® F.W. HARDWARE 
~ 

I 

® L.W 
I I 

[jjj (ED NUT 

Figure 1. LRV /LCRU l\lechanical Interface 

B 

A -I 
T 

D 

* C 

Figure 2. Dimension Hcfcrcncc8 
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3 

4 

4 a 

4 b 

LHV Tubes 

TABLE 1. PHESENT INTEHFACE DDIEW:3IO~S 

A 

19.700±.010 

D 

+. 005 DIA 
1. 000 - • 000 

LCRU Holes . 1!}. 700 ± .010 
+ .005 DIA 

1. 000 - • 000 

Bolt 

A 

B 

C 

A 

B 

C 

+ .ooo 
0. 998 - • 002 DIA 

TABLE 2. TOLEHANCE VARIABLES 

FOR LCHU l\IINI:\IUl\I HOLE, 1. 000 DIA 
& 19. 700 ± • 010 CENTERLINE 

1Iinimum 

19. G90 

20.G90 

18.G90 

Nominal 

19.700 

20.700 

18. 700 

TABLE 3 

FOH LRV l\IAXL\IU:\I TUBE, · 1. 005 DIA 
& 19. 700 ± .010 CENTEHLINE 

l\linimum 

19.690 

20.G!}5 

18.G85 

Nominal 

19.700 

20.705 

18. 695 
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l\Iaximum 

19. 710 

20.710 

18. 710 

l\laximum 

19. 710 

20.715 

18.705 



4 c Cont. 

5 

19.71!) + .010 = 19.729 l\Iax 
PoS t = 1!>. G81 - • 010 =- 1°9. G71 l\Jin 

• 058 Tot 

or± • 029 

B 
OUTSIDE 

Fig-ure 4. 

For Post DIA :\lax = • 97G 

B (Post) = ct, Post+ • 975 

= 19.729 + .975 = 20.704 l\lax 

C (Post) = 't_, Post - • 975 

= 19. 691 - • 975 = 18. 696 Min 

6 Potential Interference 

Outside: B (Post) - B (LRV Tube) 

l\lax: 20. 704 - 20. G95 = • 009 Interference 

Inside: C (LRV Tube) - C (Post) 

Max: 18.705 -18.G9G =- .00!) Interference 

NOTE D&C (LR\5 Tube) From T:.ible :3 
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7 

8 

-

Tcmper:1lu1·c l•:Hc<'l (Assutllccl) 

Between LHV & LCHU at Time of 
Assembly or Disassembly in Lunar 
Environment 

. 009 + • 015 = ± • 024 Potential Interference 

Recommendations 

I-
LL 
cl: 

I 

w 
a:: 
0 
LL 

a. Dimension LCRU Holes & LRV Tubes in Accordance 
with the A, B, C, D System of Figure 2. 

b. Establish Fixed Orientation For l\Iounting- Pos ts & Heduce 
Lateral Dimension While Maintaining Fore-Aft Dimension 
as Pcrmilled by Weight Vs Stress Analysis. 

c. Consider ~lighl l•:longalion of LCRU Holes in tho 
Lateral Direction 

(/) 
(/) 

w 
a:: LATERAL I-
(/) ◄ ► 

MIN STRESS 
X 
cl: 
~ 

EXAMPLE POST 

EXAMPLE LCRV HOLE 
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4 C 

4 d 

4 e 

Fon DOLT IN LHV TUBE 

i A 
l BOLT 

BOLT 

LRV TUBE 

Fi~ure 3. 

LRV TUBE = 1. 005 DIA 

+ • 000 DIA • 998 1\1::ix 
Bolt = • 998 - • 002 = • 99G l\lin 

A (Bolt) l\1ax = B (Tube) - • 99G 

A (Bolt) l\lin = C (Tube) + • 996 

l\lin 

For A (LHV Tube) = 19. G90 19.700 

(See Table 3 For LHV Tube B&C) 

A (Bolt) = 

Er, Bolt= 19. 719 Max 

19. 681 Min 

{

19. G99 

19.G81 

• 038 Tot, or ± • 019 

19.709 

19.G91 

Assumed: Let Eccentricity (TIR) Post Assembly 

= .010 

Then i Post Assy = <t Boll ± • 010 · 
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19.710 

19. 719 

19.G91 

Max 
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LCRU CASE LEAK RATE ANALYSIS 

1. 0 SCOPE 

The purpose of this analysis is to analytically predict the leak rate character­
istic and the moisture content of the LCRU pressure case 8370854-501 after expos­
ure to the specification environment of the LCRU subsystem RCA Dwg. No. 8370855. 

2. 0 APPLICABLE DOCUMENTS 

LCRU Specification 
Case Assembly 
Cover 
Sealing Tube 
Connector Receptable 
Specification Sealing 
Specification, Gasket 

3. 0 DETAIL ANALYSIS 

SE-C-0043A 
8370873-501 
8670921-1 
8659204-501 

8555261 

3. 1 PHYSICAL CHARACTERISTICS OF CASE AND COMPONENTS 

The characteristics of the case, cover and connectors are as follows : 

Case Volume 

11, 6 X 11. 7 X 3. 7 = 504 CU. in. 
504 X 16. 4 = 8260 C. C. 

Assume 50% of volume is components. 

Gas Volume 

(504} (0. 5) = 252 cu. in. 
(8260} (0. 5} = 4130 C. C. 

Gasket material B-591-8 45 in. long from Parker Handbook, leak rate is 

@ 77°F 2. 7 to 8. 0 ATM CC/IN/YR He 
@ 176°F 8. 7 to 26. 0 ATM CC/IN/YR He 

Connectors - Two leak sources 

(a} Glass Seal 
(b} Rubber "0" ring 
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Glass Seal Leak Rates 

Selectro Conn. (1) 1 x 10=: ATM CC/SEC He 
Triplexer Conn. (1) 1 x 10 _

9 
ATM CC/SEC He 

Diplexer Conn. (2) 1 x 10 _
9 

A TM CC/SEC He 
Multipin Conn. (1) 3 x 10 ATM CC/SEC He 

Total 1. 6 x 10-
8 

ATM CC/SEC He 

O-Ring Leak Rates 

Connector O-Ring Length, Inches 

Selectro Conn. (3.14) (0.25) = o. 785 
Triplexer Conn. (3.14) (0.50) = 1. 570 
Diplexer Conn. (2) (3. 14) (0. 50) = 3. 140 
Multipin Conn. (3.14)(1.5) = 4.700 

Sub Total 10. 195 

Pressure Cover 

Screw O-Ring (3. 14) (0. 5) = 1. 570 
Fill Tube O-Ring (3. 14) (0. 5) = 1.570 

Total 13.335 

The O-ring leak rates according to Parker Seal Co. are approximately 3 times 
that of the molded in place "Gask-o-seal" used in the pressure cover. 

3 (13. 335) = 40. 0 equivalent inches of gasket. 

So the total gasket length is 45. 0 + 40. 0 = 85. 0 inches of gasket. 

The glass seal leakage is 

(1. 6 x 10-
8

) (3.16 x 10
7

) = 0. 506 ATM CC/YR He 

The gasket and O-ring leak rate is 

15 ATM CC/IN/YR He 

15 (85. 0) = 1280 ATM CC/YR He 

The 15 ATM CC/IN/YR He leak rate is the average value for the B591-8 butyl 
compound at 80°C from the Parker Seal Handbook (see Appendix). 
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Total leak rate for the case 
gasket and o-rings 
Glass seals 

total 

3. 2 PRESSURE DROP DETERMINATION 

1280. 000 ATM CC/YR He 
• 506 ATM CC/YR He 

1280. 506 ATM CC/YR He 

Gas content 100% nitorgen internal pressure 7. 5 psia case temperature on 
moon 140°F max., 

Convert the leak rate to the equivalent leak rate for nitrogen: 

where • Q = Leak rate 

A = 1\-Iolecular diffusion rate coefficient 

(see chart in Appendix from Parker Seal Co.) 

Q2 = 1280;.-: = 800 ATM CC/YR N2@ 140°F 

The pressure after a period of time in the case can be calculated as 

-LT 
P = P e -

o V 

Assume the leak rate is constant to simplify the calculations. (It actually 
decreases) convert the leak rate to CC/MONTH 

800 AT?.I CC/YR N
2

@ 140°F@ 1 ATM ~p 

For 1 month 

p = (7 5) -800/12 (1) 
· e 4130 

p (7• 5)/e" 0161 7. 5 
7. 4 psia = = = 

1.0162 

For 12 months 

-800 
P = (7.5) e 

4130 
= (7.5) e 

P = (7. 5)/1. 214 = 6. 18 psia 
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For 50 months 

p = (7 5 ) e -800/12 (50) 
. 4130 

P = (7. 5) e -. 
81 = 3. 34 

For 100 months 

p = (7 5) . -800/12 (100) 
• e 4130 

P = ;: ~5 = 1. 49 psia 

This data is shown in graph form in Figure 1. The graph shows that the criti­
cal pressu i.·e for corona of approximately 1. 0 psia will not be reached until after 
150 months of exposure to the· vacuum of space. 

Analysis of Screw Loading on Pressure Cover 

Screws: # 6-32 stainless steel flat head 

Minimum tension for screw: = 540 lb. 

Breaking torque = 14. 0 in. lb. 

40% safety factor is recommended. 

540 = 385 lb 1. 4 • 

14• O - 10 · lb 1. 4 - in. • 

Clamping force should be 30-150 lb per in. of seal. Screws are on 1. 0 inch centers 
so we have one screw per inch of seal. The #6 screw will easily carry the load of 
150 lb. 

The torque required will be approximately: 

T _ KDW 
12 

= (. 30) (. 138) (150) 
12 

= O. 52 ft. lb. 

T = 6. 25 in. lb. per screw 
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Determine the deflection of the cover flange between the screws. 

w = 150 lb/in. 

-----------1.0--------..,i 

Maxy = 
1 WL

3 

384 EI 

~ .,2s~ J.. 

I - I 
T .,e.s 

I = l x • 625 (. 125? 
12 

= , 625 (1, 95 X 10-
3

) = 

12 

150 
y = 

-4 
y = -3, 82 X 10 = • 00038 in, 

No problem with deflection. 

3. 3 Relative Humidity Determination 

= 
,39 

4 
10, 2 X 10 

-4 4 
1, 02 X 10 in 

The following analysis predicts the moisture content in the LCRU pressurized 
compartment after exposure to the total environment. 

Condition 1: 

Condition 2: 

Condition 3: 

140°F 100% R.H. 

80°F 

80°F 

50% R.H. 

80% R.H. 

1 month (transportation) 

36 months (storage) 

1 month (launch, etc.) 

3. 3. 1 Weight of water vapor at the start of storage. Assume at the end of bake cycle 
that the entire volume is filled with water vapor 100 microns pressure @ 140°F. 
The weight of water present will then be: 

PV = WRT 
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R 

V 

p 

p 

T 

w 

1545 85. 8 FT-lb/lb - 0 R = = 
18 

252 .146 cu FT = = 
1728 

= 100 microns = • 1 mm Hg 

= _.!...!.. (14. 7) = . 00193 PSI 
760 

= 460 + 140 = 600°R 

= (. 279 ) (. 146) = 79 x 10-6 lb of Water 

(85. 8) (600) • • 

3. 3. 2 The unit is filled with 100% nitrogen at 7. 5 psia at 70°F. Calculate lbs. of 

gas in container. 

PV = WRT 

R = 
1545 = 55 O ft-lb/l6°R 
28. 0 • 

V = • 146 cu. ft. 

p = 7. 5 (144) = 1080 lb/ft
2 

T = 460 + 70 = 530°R 

w = 
(1080) (. 146) = 5 42 10-3 lb 

(55) (530) • X • 
of gas 

The water content of the gas is assumed to be 10. 5 ppm. 

(10. 5 x 10-
6) (5. 42 x 10-3) = 57. 0 x 10-

9 
lb H 0 

2 

3. 3. 3 So the total initial water in the unit will be: 

-9 
57. 0 x 10 lb 

790. 0 x 10-9 lb 

84 7. 0 x 1 o- 9 lb 

from fill gas 

from initial purge 

total H
2
0 
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1 The initial relative humidity in the case at 70°F will be as follows: 

Partial pressure of H
2
0 at 70°F 

p 
0 

= _w..:;.oR_T_ = 1. 847 x 10..:6) (85. 8) (530) 
V (. 146) (144) 

-3 
P = 1. 83 x 10 psia 

0 

Saturation pressure @ 70°F = • 3628 psia 

-3 
R.H. = l. ~!

6
~:o (100) = 0. 505% R.H. 

3. 3. 4 Water vapor leakage for Condition 1. 140°F 100% R. H. , 1 month 

Partial pressure H
2
0 in air @ 140°F 

100% R.H. = (1. 0) (2. 887) = 2. 887 psia 

The partial pressure of the H
2
0 in the case at 140°F is : 

p 
0 

= WORT = (. 847 x 10-6) (85. 5) (600) 
V (. 142) (144) 

-3 
P = 2. 13 x 10 psia 

0 

The diffusion l)p @ 140°F therefore is : 

2. 887 - • 00213 = 2. 885 psia 

The diffusion leak rate for H
2
0 @ 140°F is 266 ATM CC/YR H

2
0 

So the leak rate of H
2
0 into the case for Condition 1 will be: 

2. 885 X 266 ---- = 52. lATM CC/YR H
2
0 

14.7 

In one month 
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--=5~2-~1=---=----~5~2~-~1-----= 

(
36

00) <
24

) (365 ) (3. 6 X 103) (24) (3. 65 X 102) 

= • 165 x 10-5 ATM CC/SEC. 

2. 17 
5 

13. 2 X 10 

(.165 x 10-
5

) (9. 66 x 10
4

) = 1. 6 x 10-l micron cu ft/HR 

= • 16 micron cu ft/HR 

(30) (24) (. 16) = 11. 5 micron cu. ft. 

-6 -6 
(11. 5) (1. 32 x 10 ) = 15. 2 x 10 ATM cu. ft. 

. (14. 7) (144) (15. 2 X 10- 6) . -6 
The weight of water: (85_ 8) (

6
00) = • 626 x 10 lb. water. 

3. 3. 5 Water vapor leakage for Condition 2. 80°F 50% R.H. 36 months 

Partial pressure H
2
0 in air@ 80°F 50% R.H. = (. 5) (. 5066) = • 253 psia 

The weight of water in the case at the start of storage is: 

-6 -6 -6 
• 626 x 10 + • 847 x 10 = 1. 473 x 10 lb. 

The partial pressure of the H
2
0 in the case is now: 

p 
0 

= W oRT = (1. 473 x 10-
6

) (85. 8) (540) 
V (. 146) (144) 

-3 
P = 3. 24 x 10 psia 

0 

The partia l pressure of the H
2
0 outside the case @ 80°F =. 253 psia. 

Diffusion ~ P @ 80°F is then: 

• 253 - • 003 = • 25 psia 

The leak rate for H O @ 140°F is 266 A TM CC/YR H 0 2 2 • 

Corrected to 80°F 

/! (266) = 125 ATM CC/YR H
2
0 

So the leak rate of H
2
0 into the case for Condition 2 will be: 

i4~~ (125) = 2. 12 ATM CC/YR H
2
0 
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2. 12 = • 67 x 10-
7 

ATM CC/SEC. 
3. 16 X 10

7 

-7 4 -3 
(. 67 x 10 ) (9. 66 x 10 ) = 6. 47 x 10 Micron cu. ft. /HR 

(6. 47 X 10-
3

) (24) (365) (3) 
1 

= 17 x 10 Micron cu. ft. 

= 170 Micron cu. ft. 

(170) (1. 32 x 10-6) = 224 x 10-G ATM cu. ft. 

The weight of water increase will be: 

(14. 7) (144) (224 X 10-6) -6 = .... ----'------'--'-----~ = 10. 3 x 10 lb. H2O 
(85. 8) (540) 

3. 3. 6 Water vapor leakage for Condition 3: 

80°F 80% R. H. 1 month 

Partial pressure H
2
O in air@ 80°F 80% R.H. 

(. 8) (. 5066) =. 405 psia 

The weight of water vapor at start of Condition 3 is: 

-6 -6 -6 
1. 473 x 10 + 10. 3 x 10 = 11. 8 x 10 lb. 

The partial pressure of the H
2
O in the case is now: 

p 
0 

W RT 
0 =--v 

= (11, 8 X 10-
6

) (85, 8) (540) 
(. 146) (144) 

-3 
P = 26. 0 x 10 psia 

0 

The partial pressure of the H
2

O outside the case @ 80°F =. 253 psia 

Diffusion t,p @ 80°F is then: 

. 253 -. 0026 = • 250 psia 
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Leak rate corrected to 80°F is 125 ATM CC/YR H
2
0. 

So the leak rate into the case for Condition 3 will be: 

~(125) = 2.12 ATM CC/YR H
2
0 

14.7 

• 25 
7 

= • 67 x 10-7 ATM CC/SEC. 
3. 16 X 10 

-7 4 -3 
(. 67 x 10 ) (9. 66 x 10 ) = 6. 47 x 10 micron cu. ft. /HR 

-3 
(6. 47 x 10 ) (24) (30) = 4. 65 micron cu. ft • . 

-6 -6 
(4. 65) (1. 32 x 10 ) = 6. 15 x 10 ATM cu. ft. 

The weight of water increase will be: 

-6 
= (14. 7) (144) (6. 15 x 16 ) = 282 10-6 lb H O 

(85, 8) (540) • X 2 

3. 3. 7 The total water vapor in the case and relative humidity. 

Initial 
-6 = • 847 x 10 lb. 

Condition 1 
-6 

= • 626 x 10 lb. 

Condition 2 
-6 = 10. 300 x 10 lb. 

Condition 3 
-6 = • 282 x 10 lb. 

Total 
-6 = 12. 055 x 10 lb. 

The final partial pressure inside the case at 50°F: 

p 
0 

= _w_oR_T_ = (12. 05 x 10-
6) (85. 8) (510) = 

V (. 146) (144) 

Saturation pressure @ 50°F = • 17 80 psia 

R.H. @ 50°F = '
025 

(100) = 14% 
• 1780 
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3. 3. 8 Determine the dew point temperature. Try 4°F. 

p 
0 

= (12. 05 X 10-
6

) (85. 8) (464) = 
(. 146) (144) · 

Saturation pressure at 4°F = • 0227 

0228 
R.H. = .• 

0227 
(100) = 100% 

Dew Point = 4°F. 
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LCRU LEAK RA TE ANALYSIS 
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GASK-O-S[AL Y1\CU UM Li:/\K RATE 
al one otmo~l)lw 1c differential !) rr•~su rc•· .. * 

Compou n d ( Bose [lo ~lo mc>r) 

77 -545 (f-luornco rbon) 

8318 -7 (Bulyl) 

8591 -8 (Butyl) 
8612-7 (B utyl ) 

E515 -8 (EP) 

5383 -7 (Sil icone) 

Stubili7.C:d Lenk J:ole 1/ongc 
(ATM c(/in/yr ' He)•' 

Tcmpc>roturc> 
2s·c 1n ° r-1 ao "c 1176°FJ 15o•c (302°Fl 

2.0 to 6 .0 

1.8 lo 5 .5 
2.7 to 8.0 
1.0 to 3.0 
6 .3 lo 19 .0 

4.5 lo 14.0 6 .1 lo 19.0 
8.0 to 24 .0 

8.7 to 26.0 
3.0 to 9.0 

33.'1 to 100.0 103 .5 to 310.0 
49 .3 to 150.0 125.6 to 380 .0 269. 2 to 810.0 --------------------- -----

•Atrno ~phcric cvhic ce11timch.- rs of Hc-li um p1: r lirl(•ol inch of s<•ol r•rr )'C'C1r . 

.. T c sl r csults of 460-r.xx- l 6 ><•r ics G a,k-0-Scul (:iO? /30~ C res . P. e1,,i 11cr1). 

•••icstcd with Hr livm ct onC' ctmc!phcrc rrc-'..iure i;,-'icL .. the sc•n ll ond on a\'crouc C1b-'olutc preBvrc of 

3.5 r. J0- 7 torr . oul1idc ,cal. 

The helium low limit le ak roles no1 ed in toL!c 11-1 were measured under 
con1rolled laboralory conditions using ideal geometric flans_, e design and 

seal s1yl2 . 

Recent studi es c1f acl ua l oprlicolions indicate that allowances must be 
mod e for the limi t of accu rac>' of leak de1ecticn apparn1u~, and normal 
varia i"ions which affec1 the ~eal such as bch ~pacing, flange separation and 

surfoc-e fi nish, etc. 

The ref ore, i11 mos1 oprlico fr:rns ;; :s 1 .:commended tho1 1he high limit 
leok rn1e, os noted in tabk 11 -1 (1hrcc limes llic low limi t) be used as 1hc 
predicted sl ob ili;_ ec.l leak rate for oc1ual service conclilions. Th ese values 
mo)' Lie excecde:d i f the moling surf ucc is loo roug h, if flang r- s ~.s porole , or 
if llie componen1s ore no1 sufficicn11y clean. 

The estimated lcok re.ties of oth0r ga ses can be found in relation to 
hel ium from 72 '- r- to 165~F using 1he equaiion (Jll page 2-6 c-:n d the curves 

of r-i 9u re 11-2. Al so, 1he chcm~e in e~i'irno1c-d leak role of gm clue 1o 1c:mper-· 
ature: can b ,~ dc1ermined by this mecrns. 

011e wore! of co u1ion is in ord er. \A/h en opplyi11g th e leok rn1e do1a o f 
Tab le 11-1 1o a 5pcc.if ic secil d es ign, n-,uliiply ihc, lin co r incl, c:s of sea l li ilc 
b)' the diffusion roie. A 1wo sided ~eo l hw twice th e SN,I lenglh of a 
single seal. ,\l ~o, for hig her lcmpcralures , greater pressure d1f ferentia ls, 
or co mpounds oth c· r Hiu n s hov✓ n, the roles ,·.1 ill c.liunge. 111 1hese coses, 
tol crnble look rat f! S of ga s('S shcu!d Lie \pcc:ificd . 

'[/\C,l l: ! 1-2 

WE!G~ii LOSS UI--JDER Y /\CULi!/, l.S J.,,_ FUI-KTIOI..: OF T[/-i,Pi:1,'.ATUR[ 

C0:npuurid 
(fln ~c rl m!L,mcr) 

8318-i' (ll (Dut)'I) 

77-51.5 (2) (Fl uorocorLon ) 

(IJ (Fl uor0r:c11 hon) 

[515-8 <3l (IT) 

Te1nperc:!L'I e 
Gf 

77 
120 
165 
77 
77 

120 
165 
75 

W (.' i~,l ii Lo,s 
% 

3.3 
5.1 
6.fl 
2.1 
0 
0.7 
u 
0.4 

·-·-------· 
Srpo rcd ... k l ~ of ~o r ,plc• s \'lf•1 c tc ~lt•d Cit ('(1d1 k mpr rC1 tu, c: 

()) Ou,u! ion or tc:.t, u dl,p. 

!?) Dt>r<1li~n of t ,·< I, f<~ '" ' " " · 
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VACUUM LEAK RATE COEfi ICIEI-J'.. Or VARICUS G/1S[S 

AS A FUNCTIOI,! Of TEMPERATUf;E AT ON[ .\T!/;OSPH tf;E DlffEREt-..lTI/\L PRESSU RE 

FIG. 11-~ 
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TEMr'ERt,TURE 

Where Q = Lcok rotP. 

Q == 0 
2 

A.. 2 )\.. = Diffusion rote codf icirnt 

Q1 = Known leak ml •:) of lc$t ~.ias at Ci knovm ternp ern1ur~ 

Q 2 = Leak rate i~ lo be colcu!:i tc d for ony 
ternpern iure bE.,twccn 72 ::i f and 165'-'F 

DESIGNlhlG FOR VACUUM 

For rno(lcratc 1cmpero1urc u se and YClcuum leve ls from sl i9htly below 

atmos::ih(,ric pressure lo vccuums Oj"J proac;hing 1 )( 1 o-3 torr, special pr<: co u­

tion s in il1c Cask-0-~ (:. ol df-s ign arc sc lc::Orn necc ~, rnry. If o siur:cla rd co!cdc.,9 
item ~rni wi!i fit the opp!ication, it may bc> ordcreJ ''oft the shelf" unl c.;'.,S it 
is extreme!)' importcm1 to reduce ihc lcc1kagc to 1hc- lowesi pv.siblc rule. 

Usuc.dly, 1lic very !.l it,h1 Gusk-0-Sual lcclwge experienced on 1hesc mod­
erohi v.ocuum applicoti0ns is no1 obj(ic.fi(moblc:. 

In 1110 11 liiah von1um" range, from l >~ l 0 - 3 1orr, to levels close 1o l X 

l O_c, 1 ~-,., <>··r- - : -a l "", ,, · · r , .. -'• • .: "-, ·' ,-. - 11 r1: _, . · • ·,, I"'" t IJ " c11·1 •)loy"d 1 o c ssur· , c 11 ., ...... . , . .... • .--- ..... 1 · , · .,:, •. , ·1-...:, .... , -.. ;1 ...,11 , 1~ t, , L1 ,...,\..C:- ltli .) ~ 1- (.,.. .. J C J 

acccp1obl~, low leal; rule. Be sure ihcrdorc-, 1hot ror ku Seal is noii fi cc! of 

1hc vacuum le:vcl for c1pp1ica1ions in ihis rnn~J0. 1 ht:rc wi ll be un c >:1ra clwiuc 
for 1hi~ spcciol lwnc!linq and oclditio11cl c!cliv.iry lime sho uld !.1e allowed. 
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LEAi< DETECTION HINTS 

I. MAKE certain that your kak dt· t,·c tor is peaked on 
helium before allemplinr, lo kak check an ohjcrt. (Sc~ your 
O&M Manual for instrnctiuns.) 

2. NEVER use the kak tlc-tcctor to evacuate an external 
system . Rough out the space between th ,· system and the 
leak detector with a n external roui;hinr, pump before opening 
the th1 oil le valve. 

3. RE~!"c~IBER to always recalibrate your leak detector if 
you change. the po~i1ion of the pumping ~peed control valve. 

4. ALWAYS remember to shirld a helium pressurized 
object from drafts and breezes when probing. 

5. If you arc operating "around the clock" and the leak 
detector is not in an air conditioned room, it is advisable to 
calibrate the inslrnmcnt a t least 3 times a day , ap plying the 
tempcra tu1e correction li sted on the label of the standard 
leak each time. 

6 . When fabricating an external leak test system, make sure 
that all external lines are as short as possible, and are of as 

TABLE OF LEAK RATE CONVERSION FACTORS 

TO CONVERT TO 

large a diameter as possible. Remrn1bcr that small long line~ 
increase pun1p down time, limit the dl'grce of 1·ao1uw 
obtainable, and increase response and dean up time. 

7. ALWAYS Lii;hten flanges evenly' Uneven tightening 0f" 
flange will di stort the gasket or O ring lhrrd>y encou , ~:.: ::• 
leakage. 

8. When pressure leak testing a large object ~uc h as pip r 
line and tank fittings, a sheet of pliofiiln or vinyl tap,.: 
loosely around the fitting will provide a retain ing medium fo; 
the helium during the test. 

9. ALWAYS TREAT YOUR ~IAGNET CARHULL Y . If 
the magnet is damaged, its field strength may be ch;1ngcd 
thereby altering the sensitivity of your leak detector. 

I 0. After reassembly and re-adjustment following a maink­
nan.ce tear-down aml cleaning, use your leak detector to lea~ 
check itself for leaks . 

11. FOR LO NG, TROUBLE-FREE instrument life, SET l ' P 
and FOLLOW a regular program of MAINTENA 'CE ,\;-sr:, 
SEHVI CE; a maintenance log will pay for it self many times 
over. 

MULTIPLY COLUMN 1 BY 

atm cc/sec micron liters/sec 7.60 X 102 
micron cu ft/hr 
Torr Ii tcrs/sec 

micron liters/sec atm cc/sec 
micron cu ft/hr 
Torr I itcrs/scc 

Torr liters/sec atm cc/sec 
micron liters/sec 
micron cu ft / hr 

micron cu ft/hr atm cc/sec 
micron liters/sec 
Torr liters/sec 

Example : Given : 0.1 micron cu ft/hr. 
Find : number of Atm cc/sec 
Solution: 0 .1 X 1.04 X 10·5 = 1.04 X 10-G Atm cc/sec 

USEFUL FACTORS IN LEAi< DETECTION WORK 

I atmosphere = 14. 7 psi a = 760 nun II = 7 .6 X I o5 microns 
I micron= I X I o·6 meters o f mercu1{ = I X I o-3 mm H 
I Torr= 1/760 of a standard atmosphere g 
I milliTorr = I X Io-~ Torr 
I microTorr = I X I o·6 Torr 
I cu ft= 28.320cc = 28.32 liters= 7.48 gallons' 
I cu in = I 6.4 cc 
I liter= 61.0 cu in= 0.0353 cu ft= 1.05 67 U. S. quart 
Second s in 1 year = 31,563,000 = 3.16 X IO 7 
Percentat:r of helium in air= 0.0004% 
Partial pressure of helium in air al STP = 0.0030~ nun Ilg= 3.04 microns 
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9.66X 104 

7.60 X 10·1 

1.32 X 10·3 

1.27 X 102 

1.00 X 10·3 

1.32 
1.00 X 103 

1.21x105 

1.04 X ,o-5 
7.87 X ,o-3 
7.87 X 10·6 




