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8.0 LCRU MECHANICAL INTERFACES 
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ncn LM INTERFACE 

OBJECTIVE: 

e TO DEF I NE THE RCA UN DER STAND I NG OF THE 

LM INTERFACE 

e TO DEFINE THE DIRECTION OF RCA DESIGN 

EFFORT 



ncn 
LMINTERFACE 

MECHANICAL 

• REPLACEMENT BATTERY STOWAGE - DIRECT MOUNT TO IN-
SIDE WALL OF MESA 

• LCRU STOWAGE - PALLET MOUNTED 

• ANCILLARY ITEM STOWAGE CONTANIER - MOUNTED IN MESA 

~ BY HANDLE AND RADIAL SUPPORT RINGS 
\ 
~ 

• ENVIRONMENT DEFINED BY ICD LIS 520-25163 PER MEETING 
5-14-70 AT GAC 

• MECHANICAL DIMENSIONS DEFINED BY DWG. LID 340-25162A 
PER MEETING 5-14-70 AT GAC 

• STOWAGE CONTAINER DEPLOYMENT- MESA WORK TABLE 
INTERFACE 

• EMERGENCY LCRU REMOVAL 

• PROBLEM AREAS 

NOTE: ICD NOT UNDER CONFIGURATION CONTROL. 



RCJI 
AZ-EL STORAGE ON PALLET 8 BATTERY 
ATTACHMENT TO INSIDE WALL OF MESA 
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ncn LMINTERFACE 

STOWED WEIGHT 

• LCRU UNIT 

• STOWAGE CONTAINER 

NOTE: REPLACABLE BATTERIES NOT INCLUDED 

WT. LBS. ICD 

54.790 

17.106 

71.896 

55.0 

18.0 



ICD LIS 520-25163 
LAUNCH I BOOST RANDOM VIIR&TION 

10 100 
o.,-- _ __ -_- _-+--_f ------==~=:, __ 
8:13----- ---·-···· · ---~9'T--
O.H --- -- -- -----1-+------

0.11-- ~ 
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11.,, ,,,,, 0.1 
APPLIED TfJ STOIIAIE 
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64 2J0140 440 100 

FltH1UENCY (Hz) 370 
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NOTE.' 
AS OF 5-U-70 
THESE LEYELS A/IE A!'l'-llll 
TO THE fiAC SIDE OF 
INTERFACE. 

THEREFORE EflUIPIIENT 
IIAY EXPERIENCE LARIEII 
LEYELS. 



GIi STORAGE CONTA tNER/WORK 
TABlE lMTERf ACE 
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S'fEP 2 (fl£,t!R WSW-) 
LA-Y \.ON!MtNER OH MESA WOIIK T.tel.£ 

STEP 4 (-- WEtft) 
ENGAGE flEtAIR \ELORO fMISll\Elllllt Te 
UNDERSIDE ·OF MESA WOM( l!A'9UE 

STEP 6 
ENGAGE .~ ·MONT V6L! , MS!f'tlllNERS TO 
UNOERStOE C!JF MESA WOtlk 'Nl8l.~ 
....,.caaww 



RCJI LCRU PALLET & STOWAGE CONTAINER 

ON WORK TABLE 
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ROIi · 

· REMOVAL SEQUENCE 

.COVER 

LEGS 
' .~·., '<.. ·.·.· .. -. ,di¾ 

· HIGl'f GAIN ~ANTE:'N'N~ 
t.iAST AND POtNTING 
ME;CHANISM 

' HJGH GAIN ANTENNA 

. LOW GAIN ANTENNA 

LOW GAIN ANTENNA 
POINTING MECHANISM 
ANO ·ARM 

MOUNTING POST 
a SALL JOtNT FOR 
rH GH GAIN .ANT EN NA 

STOWAGE CONTA1.NER 
UNSTOWING SEQUENCE . 

.. 

ANTENNA 8: CABLE 
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MOUNTlNG 
~RM a BALL 
JOINT FOR 
LOW GAIN 
ANTENNA 
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RCII 
LMINTERFACE 

PROBLEM AREAS 

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

• BATTERY HANDLE TIE DOWN - RCA WILL 
PROVIDE VFLCRO TAB ON WIRE HANDLE 

• THERMAL INFORMATION REQUIRED FROM RCA. 

TH ER MAL CAPACITANCE 
SOLAR ABSORPTANCE 
EMITTANCE 
COATING 

LCRU 
STOWAGE CONTAINER 
BATTERIES 
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RCJI LRV INTERFACE 

MECHANICAL 

• INTERFACE DIMENSIONS AND 11£VIS[D ENVIRON-
MENTAL DATA 

• · EMERG(NCY MODE 

• LCRU SUBSYSTEM MPLOYMENT PROCEDURE 

• DYNAMIC ANALY51S 

• LCRU MOUNTIN6 LEGS 

• TOLERANCE ANAL VS IS 

• VIBRATION TEST DATA 

• LOW GAIN ANttNNA 

• HIGH GA IN ANtENNA 

• INTERFACE CABLES 



ncn LCRU SUBSYSTEM 

tl:PLOYMENT PROCEDURE 

• MESA AND WORK TAIL[ IN DEPLOYED POSITION 

• IIPLOY LCRU/PALLET ON WOftK TABLE HOOK 

e IIPLOY STOWAGE CONTAINER ATTACH TO WORK TABLE 

• REMOVE STOWAGE CONTAINER COVER 

• DEPLOY LCRU MOUNT I NG LEGS ON LRV 

• ~PLOY HIGH GA IN ANTENNA MA ST AND PO INTI NG MECHANISM 

• IIPLOY HIGH GAIN ANTENNA ·· ATTACH TO POINTING MECHANISM 

• ASSEMBLE LOW GAIN ANTENNA TO POINTING MECHANISM 
AND ARM 

• 11:PLOY LOW GAIN ANTENNA ASSEMBLY ON LRV 



ANTENNA CABLE INTERFACE CONNECTIONS 

HIGH GAIN ANTENNA 
MAST 

LOW GAIN ANTErmA 
CONNECTOR 

VHF ANTENNA ----i 

PINCH-OFF TUBE 
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LCRU HIGH GAIN ANTENNA 
MOUNTING TURE 1.000 ! .oo5 INSIDE DIAMETER(l> .ooo .. 
{ LCRU HIGH GAIN <:_,_j 
ANTENNA MOUNTING HOLE .... LRV FORWARD CHASSIS FRAME 

----n----.11.---. 

1 
/LRV RH THERMAL OUST 

1 
I I COVER RF 

-y-----il4-2+~-±-0-
3
-.---4'.+'.\H- _j' LCRU ELECTRONIC PACKAGE MOUNTING 

ll
.' __ TUBE 1.000!·888 INSIDE DIAMETER 

03 TYPICAL 2 PLACES c;=> 
21. 50 ±.o, 1t.10 ± .010 

__ I : /\. LftV · 

LRV THERMAL---., 
BLANKET 

~ LCRU MOUNTING HOLE 

/ 
i TV CAMERA WITH/ 

Al-EL MOUNTING 
HOLE TV CAMERA WITH AZ-EL UNIT 

MOUNTING TUBE 
1.000 + .005 INSIDE 

-.000 
DIAMETER ()> / 

4, MOUNTING TUBES 

--~ /LRV I.II THERMAL DUS-T 

1
.--, COVER REF 

PLAN VIEW 
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HGA ENV . 
360° Al TRAVEL 
± 90• EL . 
( FROM VERTICAL) 

( 

l = IIO.OO-

38 IN, DIA,( REF) HGA 

I 
I 

-H:3--- - l=131.0 TO 149.0 , 
---=- X= 15.02 (REF) 

PLAN VIEW 

I 
- -llf-+--+= 1:. = 130.0 't_ CAMERA LENS 

V' r= 128.00 MAX . BATT COVER HEIGHT 

X = 6.87 
't 

0 MAX . 
NOTE : MAX . ENVELOP OF TV 

CAMERA WITH Ai!-EL 
UNIT-TBD 

TV SUPPORT 
I .,,,%Wt \ 

,---------'1'..,i __::-_-_:::..::::.:::..::! ---- l = 100.30 
---- -..___ x= 100 ,30 LCRU 

-- ----,, - -r=10300 
____ - - ___J -- r= 100.00 

r=9 .8 
X= 13.87 
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ATTAC-HtMENT P1110V1S10NS FOR 
LCRU LOW GA~tN ANTE·NNA 

.125 !.©OI DIA 
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C.G. GA IN ANTENNA _____ 1.....------- l MOUNTING HOLES / l HIGH GAIN ANTENNA 

(WT. IOLBS. MAX.) -=,-- / MOUNTING TUBE 

LCRU ELECTRONIC PACKAGE 
( WT. 58 LBS. MAX.) 

I 

r 
9.85± 3.0 

4.40 / l LCRU MOUNTING TUBE 

19.7 RE/l LRV REF 

l LCRU MOUNTING TUBE 

C.G. TV CAMERA WITH AZ-EL UNIT 
( WT. 35 LBS MAX . ) --------

- . _ i !(" UNIT MOUNTING TUBE 
~-f~O 4.40 / l TV CAMERA WITH AZ-EL 

PLAN VIEW 1.63 REF 

---f
5LBS rP' IOLBS LRV FWD CHASS IS FRAME REF NOTES : I. HIGH GAIN ANTENNA IS 
AX . MAX . ATTACHED TO POINT C --.---- TV CAMERA WITH AHL UNIT 

j_ T T...,..,_ IS ATTACHED TO POINT, 

T 
T ALTERNATE CASE IS HIGH 

, ~
7
.o ' _,.,/ l MOUNTING HOLES GAIN ANTENNA ATTACHED TO 

27.0 ~8 LBS MAX . I ✓ POINT D AND TV ATTACHED 
MAX. MAX. I TO POINT C. 

L 
' I 2· THE LCRU ELECTRONIC 

5

.0 r PACKAGE IS ALWAYS ATTACHED 

. MtX . j I / TOP OF LRV CHASSIS TO POINTS A ANO e. 

. --+-r-,, ----
1 I 
I I 

SIDE VIEW 
L_J ____ _ 
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RGII 

Pin Dia 

· Hole Dia 

Center Line 

Crew 

Max Looseness 

LRV-LCRU INTERFACE 

MECHANICAL TOLERANCEI 

SUM.MARY 

TIGHT TOLERANCES 

LCRU 

+.000 
-.005 

+. 006 • 
-.008 

+.010 

• 010 Min 

+. 005 
-.000 

+.010 

• 010 Min 

• 031 Diametral 

• 1 Hole in LCRU Longated 0. 0&2 for Temperature Variations 

Pin Dia 

Hole Dia 

Center Line 

Crew 

If.ax I..ooaeneN 

LOOSE TOLERANCES 

LCRU 

+.000 
-.005 

+.00& 
-.000 

+. 01-0 

• 030 Min 

LRV 

:t_.012 

+.030 

• 030 Min 

• 080 Diametral 



LCRU/LRV 

MECHANICAL INrERFACE 

Case ·I: Loose Tolerances on LRV 

Relationship between Pin (Leg) diameter and tolerances on holes for 

2 mated parts. 

L Manufacturing Variations 

Totalg_ Tol 
Pin Diameter (113.x) • (Min. Hole Dia.) - · 2 

TOLERANCES-~ HOLE SIZE·:l-
LRV LCRti NOM 1.000 -

Hole ,! .012 +.005 TOL - .012 
... ooo 

MIN .988 
t,t + .030 _:!:.010 -
Total Tolerance l -~ = .010 + .030 = .040 
Min. Hole Dia. a .988 

(1) Max. Pin Dia.= .988 
a .968 

.040 = 
2 

.988 - .020 

CD 

(2) Clearance between Pin & Hole a M-3.x. Hole Dia. - Min. Pin Dia. 



Clearance = 1.012 - .963 = .049 Dia. 

* Above tolerances include the effect on hole size & 'f variation of 
such deviations as perpendicularity 

~\! \~ t c, IV(~.- C \ i .. \f.. L·\ ~~ 

\.\ OL\L_. Q :~ 2) U c ... ·.~ ,:i Q:Y 
~ rv E1\Jt.~ fl..,,,~ / 

Effective t, altered by angularity: 

1. Temperature Variations 

Add temperature effect for A. T = 100°F 

Coe£ T P..LuM = 1.S x 10-6 in./in./°F 
F 

4:.- ct. • 15 X 10-6 X 19.70 X 100 = _:!: .03 

.06 
Max. Pin = .968 - 2 = .938 Dia. 

(Prefer to leave Pin at .968 & elongate one hole in LCRU + .030) 
(Ti&NiP\11V[;. '"t>fc.1~10~ .. !-(.E:. R.6.Cot.>aWl~-~'Dl:\TIOtJC C)ls) ~H:r £0 



Hole Dia. Variation • 15 x 10-6 x i.ooo x 100 

• + .001, -
Pin Dia. Variation • 15 x 1o-6 x 1.000 x 100 

• + .001, -

Max. Pin Dia. includin6 temperature effects 

- .968 - .003 - .965 

3. Special Requirements 

Add clearance .030 for~ 

Pin Dia. • .965 - .030 • .935 

4. Total 

Max. clearance between Pin & Hole after all manufacturing 

& temperature variations are accounted for: 

Clearance • (l.012 + .0015) - (.935 - .0015) -

___ ... ,_ .. -' ......... ~ .... ~ --~~ 



Recommendations: 

, 
) ·-=L 

. \ ~- 0.J'2 V,;i; -r D C..! .... ~'-"~'"11~ /\i c:. ~ 
}Sc~:r'v,..,;(;.,,.,..J J~\-1 ~~ ~H ... t'.: 

(1) Fiberglas Pin with provision for Quick-Release safety pins 

+ 000 
Pin Dia. 0.900 _ .oo5 

(2) Holes in LCRU 

1.000 
+ .005 
- .ooo 

19. 700 + .010 

Dia. 

1 
Dispense with elongated hole 



® 

3. Holes in LRV 

1.00 + .012 Dia. -
19. 700 .:!: .030 

4. Tolerances not to be exceeded & to include effect of such variables 

as perpendicularity. 

\Jc, ~\.\-6~\~ 
5. Above does not apply to Mghgr~ antenna which requires a 

rigi4 mount. 

6. Above design recanmendations are feasible as the result of the 

4test LRV vibration inputs (TI 5/13/70 at Huntsville) ·i.e. 10 Hz 

• • max. freq. & all levels below+ lg peak sine. There are no shock or -
steady-state acceleration inputs. Static-equivalent-dynamic loads 

are within the capability of structural epoxy fiberglas which also 

provides thennal & electrical isolation. 

4'! \-.)oT~ "~1 ,s. ,~~ t,p,.n.-iR -~..,,T~Nt 0"7 2'2.,l,. Fr)J~t"-. 



LCRU/LRV 

liECHAlITCAL II~rERFACE 

Case II: Tight Tolerances on LRV 

G) 

Relationship between Pin (Leg) diameter and tolerances on holes for · 

2 mated parts. 

; 
I 

1. 11anui'acturing Variations 

. Total_i Tol 
· Pin Diameter (Ha.x) = (Hin. Hole Dia.) - · 2 

TOL:2lAl\1CES-~ HOLE SIZE-l:· 
LRV 

I a 

LCltU NOH 1.000 

· Hole +.005 +.oos TOL - ..• ooo 
-.000 ..:.ooo 

NIN 1.000 

t ~ ct ,::.010 +.OJ.O -----
Total Toleran~e l-{ =- .010 + .010 • .020 
Hin. Hole Dia. ,.. 1.000 

(1) Hax. Pin Dia., = 1.000 
= .990 

•.02Q = 1.000 - .010 
2 

. 
~) Clea r ;.i.ncc bl!tween Pin & Hole c J1.-ix. Hole Dia. - Min. Pin Dia. 



Clearance c 1.005 - .985 = .020 Dia. 

* Above tolerances include the effect on hole size & f variation of 
such deviations as perpendicularity 

2. 

Effective t, altered by angularity 

Temperature Variations ___,, _______ _ 
Add temperature effect for A T = 100°F 

Coe£ TF ~LVM = 15 x 10-6 in./in./°F 

ct- <t. a 15 X 10-6 X 19. 70 X 100 = _:!: .OJ 

.06 
liax. Pin = •990 - 2 = .960 Dia. 

(Prefer to leave Pin at .990 & elongate one hole in LCRU .:!: .030) 



Hole Dia. Variation = 15 x 10-6 x 1.000 x 100 

.. + .0015 -
Pin Dia. Variation = 15 x 10-6 x l.000 x 100 

.. ..:!: .0015 

Max. Pin Dia. includin$ temperature effects 

• .990 - .003 = .987 

3. Special Requirements 

Add clearance • 010 for ~ 

Pin Dia. = •987 - .010 = .977 Max 

4. Total 

Max. clearance between Pin & Hole after all manufacturing 

& temperature variations are accounted for: 

Clearance = (1.005 + .0015) - (.977 - .0015) 

• .031 Diametral 



RecaTu~encl.:i.tions: 

(1) Fibergl~s Pin with provision £or Quick_c1elease safety pins 

+ 000 
Pin Dia. 5 .97 - .oo5 

(2) Holes in LCRU (1 hole elongated) 

+ .005 5 
1.000 . - .ooo Dia. & (1.000 + :ggo X l.OS2 ,: 005) 

19.700 + .mo 't: 



3. Holes in LRV 

1.000 + .oo, 
- .000 Dia. 

19.?QO ~ .010 

4. Tolerances not to be exceeded & to include effect of such 

variables as perpendicularity. 

S. Above does not apply to high-gain antenna which requires a 

rigid mount. 

6. Gauge/tool is required to assure that tolerances are held on LRV. 



RCJI 
LCRU/LRV INTERFACE FIXTURE 

PERft(N-91GULAR 

+.0015 
.9980 - . 0000 DI A 

WITHIN .081 TIR ~ 

SUftFACES IN SAME PLANE 
WITHlff .001 TIR 

PERPENDICULAR 
. WITHIN .001 TIR 

REF: DWG. NO. 1370835-501-XIOO 



ncn 
LRVINTERFACE 

LCRU/LRV STOWED WEIGHT, LB 

• LCRU UNIT 54.790 

• LCRU UNIT MOUNTING LEGS 1.200 

• HIGH GAIN ANTENNA 3.510 

• HIGH GAIN ANTENNA POSITIONING MECHANISM .600 

~ 
' • HIGH GAIN ANTENNA MAST 2.400 (w 

~ 
• LOW GAIN ANTENNA .820 

• LOW GAIN ANTENNA POSITIONING MECHANISM 
AND ARM .440 

• CABLES 
HIGH GAIN ANTENNA .680 
LOW GAIN ANTENNA .756 
POWER/TV INTERFACE 1.000 

TOTAL 66.196 



DIRECTION 

VERTICAL (2) 

FORE/AFT (X) 

& 
LATERAL (Y) 

~6 HOURS/AXIS 

V 18RATION ENVIRONMENT 

LCRU & HIGH GAIN ANTENNA 
( IC D 13MO7391) 

RANDOM VIBRATION Q 

0.2 TO 0.5 Hz, +9 db/OCT 
0.5 TO 1.0 Hz. 0.3g 2tHz 
1. 0 TO 10_ 0 Hz, -6 dB/OCT 
OVERALL RMS ACCEL. 
0.67g 

0.2 TO 0.5 Hz, +9 db/OCT 
0. 5 TO 1. 0 Hz~ 0. 042 g 21 Hz 
1. 0 TO 10. 0 Hz, -6 db/OCT 
OVERALL RMS ACCEL. 
0.25 g 

EQU I VALENT ~ '> 

SINUSOIDAL DWELL 

0.2 TO 0.6 Hz, 35.0 in DoA. 
0.6 TO 3.0 Hz. 0~64 g,PK 
3.0 TO 10. 0 Hz, Oo 32 g -PK 

0.2 TO 0.6 Hz, 13.() IN D.A. 
0.6 TO 3. 0 Hz, 0. 24 g -PK 
3. 0 TO 10. 0 Hz, 0.12 g · .PK 

~ ~36 MI NUTE DWELL AT EACH CR IT I CAL FREQUENCY; EACH AXIS 
IN FORE/AFT AXIS (X) DWELL 4.5 MINUTES AT 0c21 gPEAK FOR 
EACH OF 3 MOST PREDOMINANT RESONANCES BETWEEN 10 
AND 100 Hz 
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LCRU R,IGHT HAND CARRY MODE 
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ROIi LCRU LEFT HAND CARRY MODE' 
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RCJI 

' \ (.)a 

'ol\ 

LCRU 

LCRU EMERGENCY MODE 

HAND CARRY WEIGHT 

LO~ GAIN ANTENNA 

LOW GAIN ANTENNA POSITION ING 
MECHANISM AND ARM 

CABLE 

TOTAL 

54.790 

.820 

.440 

.756 

56.m6 

9. 5 LB MOON WE I GHT 



ncn LCRU/LRV INTERFACE LOAD CONCEPT 
(PER ICD 13M07391) 

0 
TENSION/COMPRESSION 

LCRU RIGID BODY 

MOMENT LRV RIGID BODY 

TENSION /COMPRESSION 

0 



RCJI 

Y-

LRV/LCRU INTERFACE LOAD ACTION 
( LRV INTERFACE) 

z+ 

z-

*Fx -55 L8S 
*Fy +28LBS 
*Fz + 80LBS 
*My -1320 INCH LBS (LtRU POSTS 

Mx ±1458 IWCH LBS (HIGH GAi~! .\NT) 

*ASSUMED RESONANT FREQUENCY OF LCRU 
GREATER THAN 40 Hz SOURCE ICD 13M07391 



e ROIi 
Vibration 

Kaxi::1u:n vibr.:?ticn e:1viron:icnt at sto~•:ed 
sho·.-m in Table I , 

Vertical 

.Fore/Aft 

Lateral , 

Short Dur.:?tio:1 * . ~~~ 
\~ J-

~ 

.2 to 3 Hz@ 2.2 In. D.A. 
3 to 9 Hz. @ + 1. 0 G .. 
9 to 50 Hz @-+0.3 C 

• 2 to 4 Hz@ 0.61 In. D.A. 
4 to 15 H:: Q +0.5 G 
15 ·to 50 Hz @-:'.ro ,'15 ·c 

• 2 t_o 4 ll z @ 0 • 31 In. D. A. 
4 to 15 Hz@ +0.25 G 
15 to 50 Hz @-+0.08 G 

LCRl!J /LRV interface is 

Lo"'g Duration** 

.2 to 1 Hz@ 3.5 In. D.A. 
1 to 9 Hz Q +0.18 G 
9 to 50 Hz@ +0.1 G 

.2· to 1.5 llz @ 0. 78 In. D.A • 
1.5 to 15 Hz@ 0.09 G 
15 ·to 50 P.z @ --+O. 05 G 

• 2 to 1. 5 Hz @ 0 • 4 3 In • D . -~- . 
1.5 to 50 Hz Q +0.05 G 

* Sine sweep through f rcqucncy spectrun (. 2 to 50 to • 2 Hz) t• .. :ice 
at a rate of 2 octave!'./win\.!te. 

** Sine sweep through frcqur:ncy spectrum (.2 to 50 to .2 Hz) twice 
at a rat,.? of 1/2 oct .. ves/:ninutc. 

TABLE I 

!-fz. 



i l M otQ..J,;:, "T ~il~t1..,; 

Fl8c-i'f Ll--1SJ 
(;J?,"10£ 6# 

-

• I 

' 

0 
0 

t 
10. 00 

. · 20. 00 L .(; 
/,5 DIA 
! 25 LBS 

\ 



non 

l-'IASS I 
,,,.- 5 ECT:OAJ 

• 
5 

$ECTl:)IJ 4 

MASS 5--a-i 
I 

X 

• I 

I y 

LC RU A NTE.N t.J A 5'( STE::!/'\ 

NODAL D'<NAMIC -MODE:. 
"1A S S DI ST R \ S !J T I O N 



non 

3 

4 

6 

7 

5 

- 8 

I I 
I I 
1,1 
I I 
I I 
I I 

'J ~ 

& 

,o 0 

- ., 

" 

0 
5 

l 

l 

1l 

l 

70.50 

55.60 

4,.so 
~ 

45.50 

42.75 

31.62 

20.50 

,~.70 

7 
6.80 

• , I 



e non 

E I G,F. f'I V A L U E 

1 1.1~410JE-03 2.~~lE 01 ___ 4.6647 
---2 - l.l32l~~E-Ol 2.~72E -Ol 4.7301--

3 1.73,.0lE-04 7.~AS~ 01 12.a763 
---.----.:·1744£5E:..05- l .1 C6E _02 ·--· · 17 .6032 __ _ 

5 7.551772E-05 l.151E n2 18.31~5 
----., -i-~-'1-u s n, r.E ~n 5- - ·· ? ~ r, 1 F 111. --- '3-t.. 4 ':> 7 2--

7 l .4i,;723 :"E-flr; l.. :- -1:;\•F r-.J 41. ?<,9'5 
---, ----·-·2.-ss2~24r-06·- t,.?'·'>~ 0.2 9Cl.nl54 ____ _ 

, ' 1.121~<;1E-0<> 9.•,42E (l2 l5l'.2739 
---10··-- . . 1. 7u,,20r:E-07 ? • 0:.21-E OJ - - 385. ~('44 --

L..CtlV ArJ7'1£rtllVA 



~ 
--t... 
~ 

RGJI LCRU ANTENNA SYSTEM 
NODAL DYNAMIC MODEL SINE SWEEP 

6.0 

5.0 

-.,. -
C) 

MASS POINT I - RE!>PONSE DIRECTION y 

~ 4.0 0 
INPUT DIRECTION y 

.=: 
C 
0:: 

~ 
w 
8 3.0 
C 

w .... 
:::> 
J 

i 2.0 

1.0 \ 
RESP5'NSE ( SOLID} 

.)--~ ~ INPUT LEVEL ( DASHED) / j_ 
,, I -, 

L_ ~-- --~-- ~-- --- ~---I ,_ 
0 

0 5 10 15 20 25 30 35 40 45 50 

I 
II 
I .. · ~ FREQUENCY ( Hz} I 

j...Q0~C+--±o.50G---•~---------±0.15G--------~ 
FORCING FUNCTION 



RCII LCRU ANTENNA SYSTEM 
NODAL DYNAMIC MODEL SINE SWEEP 

3.0 

2.5 -0 -
C) -z MASS POINT 3 
0 

2.0 .... RESPONSE DIRECTION z 
C 
~ 

INPUT DIRECTION . z 
LI.I _, 
LI.I 

8 
~ 

ci 1.5 
~ LI.I 
~ .... 

::J _, 
0 
en 
lb 

1.0 ci 

0.5 J J /'\ 

J V 
/ V "--

0 o 5 15 20 25 30 35 40 45 50 10 

~ 00ft ± 0.50G --i.,._ ___ F_R_Ea_u_E_Nc_v_( H_z_) -+ 0. 15 G __________ · .... ~ 
FORCING FUNCTION 



~ 
\ 

-.t.. 
~ 

non LC~U ANTENNA SYSTEM 
N·ODAL DYNAMIC MODEL SINE SWEEP 

3,0 

2,5 

MASS POINT 5 
RESPONSE DIRECT ION X - 2.0 !" 
lf4PlJT DIRECTION y - -• -

~ ... 
1,1 = ... 

-' 
~ u 
C 

1,0 ... ... 
:a 
-' s • 0.§ C --

J I I 0o 5 10 15 20 25 30 35 40 45 50 

~oi,~:.j.___ ± O.!IOG ---~t------F-R-EQ_u_E_Nc_v_<_Hz_>_ + 0.15G ________ __,..~ 

FORCING FUNCTION 



RCJI LCRU ANTENNA SYSTEM 
NODAL DYNAMIC MODEL SINE SWEEP 

3,0 

2.5 

MASS POINT 5 
RESPONSE DIRECTION y 

- 2,0 INPUT DIRECTION y 
flt • -
I 

~ 
.... 

~ I 
w 
.J 
II.I 
0 u 
◄ 1.0 
w .... 
::) 

~ • ◄ 0.1 (\ 
0 

0 5 10 15 20 25 30 35 40 45 50 

µ, q.__ ~ 
FREQUENCY (Hz ) 

0.II" +o.~0G _ _..,..,__ ________ ±0.15G 
DA -

FORCING FUNCTION 



RCJI 
.0175 

.0150 

-en -
(.!) .0125 

~ 
j:: • a: 

.0100 ..... 
...J 

-
L4J 
u 
u 

~ .. 
~ L4J 

> .0075 -
j:: 
c{ 
...J 

~ 

.0050 - - --- · 

.0025 -- · 

j 
0o 5 

~
0of+ 

/ 

. .. 

10 

LCRU ANTENNA SYSTEM 
NODAL DYNAMIC MODEL SINE SWEEP 

\ 
\ MASS POINT 10 

~ 
RESPONSE DIRECTION y 

INPUT DIRECTION y 

I 

' 
\ 

I \ 
~ -----

----- - - -

15 20 25 30 35 40 45 50 

I FREQUENCY ( HZ) I 
± 0.50G ---re-----------±0.15G ------- - ~ 

FORCING FUNCTION 



~ 
~ 

RCII LCRU ANTENNA SYSTEM 
NODAL DYNAMIC MODEL SINE SWEEP 

0.6 

" --
MASS POINT 10 -.,, 

-ca 
- 0.4 

I RESPONSE DIRECTION y 
' INPUT DIRECTION y 
I 

I I .... 
◄ • I 
"' ..J 0.3 
"' 0 
(J 

◄ 
l&I .... ::, o. 2 
g 
(I) 

~ 

-I 
I 
I INPUT LEVEL 

I ___ Ll::s~----, 
I -- - -

I 
0.1 I 

V 
0 

0 5 10 15 20 25 30 35 40 45 50 

~o~•i--±0,
5

0G ----i----FR-E-QU_E_N_CY_(_H_z>_ ±O,l5 G ------------~ 

FORCING FUNCTION 



RCJI 
LCRU ANTENNA SYSTEM 

NODAL DYNAMIC MODEL SINE SWEEP 
.001 

.006 

.005 

-z 
,:: .004 
z 
0 .... 
u 
ILi 

~ .003 
ILi 
0 

ILi 
> .... 
~ ,002 

w 

,001 

-
MASS POINT 10 

RESPONSE DIRECTION y 

INPUT DIRECTION y 

j 

) \_ /I/'---.. .......__ 

5 10 15 20 25 30 35 40 45 50 

~o~:4- ±o.~o ---+----F-R_E_Qu_E_N_cv_<_Hz_>_ :to.,5 ----------..~ 

FORCING FUNCTION 



~ 
t 

RCJI 

3.0 

-f() 

0 2.5 
X 
0 
.c 
a:: 

z 2.0 
0 
I-
u 
w 
_J 
LL. 
w 1.5 0 

a:: 
c( 
_J 
::) 
(!) 

z 1.0 <{ 

w 
> 
I-
c( 
_.J 

0.5 w 
j 

a:: 

LCRU ANTENNA SYSTEM 
NODAL DYNAMIC MODEL SINE SWEEP 

MASS POINT 10 
RESPONSE DIRECTION Bz 
INPIJT DIRECTION y 

) ~-~ v--.... ---0 
0 5 10 15 20 25 30 35 40 45 50 

Lo.61" L r oA -•M--r-- ! o.5o G ·l· FREQUENCY ( HZ) 
~0.15G ----------

FORCING FUNCTION 



non 

MODE I 

f = 4. 66 



-non 

MODE 2 
f = 4.-73 



ROIi 



X non 

MODE 4 
. f =- · I 7. 6 



')( non 



RUii 

. -...... 

Jt 

t ...,, z 

~'{ 

M -0 OE. ~ 

f ·c 36. 5 



non 
"' 

/40.DE. 7 

f., 41. 3 



non 



ncn 

MASS 
POINT 

l 

~ 2 
(i' 
u. 

3 

4 

5 

5 

6 

HIGH GA IN ANTENNA MAST SYSTEM 

PEAK ACCELERATION LEVELS - Y- & Z- DIRECTION 
INPUT SINUSOIDAL VIBRATION OF 0.5G 

RESPONSE FREQUENCY ACCELERATION 
DIRECTION 

y 4.5 Hz 5.58 G 

y . 3.07 

y 2.10 

y l. 79 

X 1.67 

y 1. 79 

y 4.5 Hz 1.48 



RCJI ANTENNA SYSTEM LOADING Ar 

LRV INTERFACE 

WORST CASE LOADING IN BOTH FORE/AFT AND LATERAL 

DIRECTIONS 

REACTION FORCE BENDING MOMENT 

Fy r. 10.2 LB M ., 569 LB. IN. 

NOTE: THESE LOADS ARE FOR A RIGID BASE ANTENNA 
MAST - THIS IS NOT ACTUAL CASE 



ncn 

MASS SE-C-()()43A 
POINT ± lG 
-· ·- . 

1 10.16 ' 

2 6.14 

3 4.20 

4 3.58 

5 3.34 

HIGH GAIN ANTENNA 

AND MAST LOADS ±G's 

LRV ICD 
LRV ICD 5 13-·70 
ORIGINAL MEETING AT 

REQUIREMENT HUNTSVILLE 
INPUT ±0. 50G INPUT ±0.12G 

5. 58 1.34 

3.07 0.74 

2.10 0.505 

1. 79 0.430 

1.67 0.401 

ACTUAL LOADS 
INCLUDING 
INTERFACE 

± AMPLIFICATION 

(TBD) 

ffBD) 

<TBD) 

(TBD) 

(T8D) 



00 
I 

O') 
O') 

RCII VIBRATION MOCK-UP MOUNTING POSTS 



CX) 

I 
0:, 
-::J 

VIBRATION MOCK-UP LCRU 



RCII VIBRATION MEASUREMENT 

LCRU EARTH WEIGHT MOCKUP 

FIBERGLASS MOUNTING POSTS/SOLID VIBRATION FIXTURE 

INPUT AXIS 
PR INCi PAL 

RESONANT FREQUENCY 

VERTICAL (Z) 15 Hz 
FORE/AFT (X) 20 Hz 
LATERAL (Y) 70 Hz 

HIGH GAIN ANTENNA MAST EARTH WEIGHT MOCKUP 
SOLID VIBRATION FIXTURE 

PRINCIPAL RESONANT FREQUENCY 
INPUT AXIS HIGH POSITION LOW POSITION 

VERTICAL (Z) 

FORE & AFT (X) 

LATERAL (Y) 

ALL RESPONSES LESS 
THAN 2:1 

5.6 Hz 

NOT MEASURED 

TYPICAL AMPLIFICATIONS 10:l 

OUT TO 100 Hz 

10.5 Hz 

NOT MEASURED 



ncn 
ENVIRONMENTAL LABORATORY 
CAMDEN, N. J. 

) 
'-...) 

RUN No._ h .... · _ PRoJEcT -LcR.u 
N\ 0 

TEST ITEM bl . C:r , AN:t VYf,S" )iTAPE NO. __ _ 

DATE OF TEST s -·2 L ·1 TRACK ------

2 

lt>O 
FREQUENCY (Hz) ~ 101-\ 1.,,, : 17 1 a '\] 

8-69 

\.-\ \ 6. \-\ ~J::.-... \ N A iJi f:.N N ~ Iv'\ PST 
Vi ~ fl.I'-:\TI Q,-...:) tv\ OC.,\.L..V (-' 

$.ot.. \ P \ "Tv R .. k . ~ 0v1\)"\1t.. O 
i=- c.:,R,.1 t Af"T \1-.)fh) ) 0.2..l'J
F o'2-\:: f.\~i ~€,.S()o NC~ ,-;'f" 
jll,,. NT~.._,,-..,p,. Q., . 



( 

ncn 
ENVl,RONMENTAL LABORATORY 
CAMDEN, N. J. 

2 

PROJECT LC.Q,y RUN NO. __s-
t'J\ O'...-K, \J ? 

TEST ITEM I:\'~ . r\t.cr 1/i!i&T TAPE NO., __ _ 

DATE OF TEST 5 · 15 -J o 

PLANE ~QnE·~AET Cx\ 
TRACK ___ _ 

FREQUENCY (Hz) 
foQ.~ -- ~f'T 
f=o().-ii,,, ~ A~1 
~K, C.G . 

tNf),ir') 

.t~ 

Low P,)c:,t,11>~,--.....,,,._.. 

8-70 



Cl) 

I 
-.:J 
I-' 

'ROIi HIGH G~IN ANTENNA MAST' 
_.,, ., ... 

VIBRATION MOCKUPILRV MOUNTED 

FREE VIBRATION - RESPONSE 

TO SINGLE PULSE INPUT, 

FIBERGLASS, FOOT -INDICATED 

DAMPJNG COEFF IClENT L.ES s A,f/b,V,?FJ'i'.FW/il 

THAN. 0. 05 - -
.. 



RCJI 

~ 
~ 

AMPLITUDE RATIO VS. FREQUENCY RATIO FOR 
DAMPED SINGLE DEGREE OF FREEDOM SYSTEM 

-
f 

I I 2 

'I 

i ! I 0 
!I -
[ ~ 0.8 

I Jo, 
0. 
0.4 

J OJ 

0. -

0.10 
0.5 l l.!> 2 2.S 

Rltio rtt""1 "~--(!!) 
Ulld.,,.pHMlllf.olt,..-r II 

Oanea ahowtns ratio of vlbr:,tlon amplitude to <'qulvalent a&atle deOec:tlon, u a fuaet._ _, 
the ratio or foreln, to und:impcd n:atural frcquc.-nrlt-11 . These curvea apply to the vlacwalf 
damped, atncle-MCreu-of-freedom ayatcm exc:llcd by lhe fore• F, coa wt. 

Eq. 4.22 Structural Damping Ratios~ • ,, _____ __:;__,;:;_ __ Cc 

~. ~ 1~(c:r 
Solid Beams 

Welded Frames 
Bolted or Riveted Frames 

Complex Riveted Structures 
Bending 
Torsion 

Masses on Rubber Sprln1• 

0.001 - 0.01 
0.005 - 0.05 

0.005 - 0.04 
0.01 - 0.08 
0.02 - 0.05 
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. t --.... 

C>:f ~ ~ ./4-- . _;t/L(!, 

~-~ //J ; ~ 
L 

A " 

~ ~4.Q.. /4 

- AA~~,, 

• I 

\ .. 

. 
, ,.-M. ;zk 



i e 

. J.. 

X. 

.,..._ 

. 
.A-4. 

:r, E. 

\ .. 

~ ~7- /}·,t.<?~ J //1. 

-J;;.f~ 

I 

" 



l. 
I 

.3 
I · #/_,f 

+ 2. £ I . 

= _L F.1."l. ML 
0 2. E.r + , EI 

c:::vlL 

·, 



• 

R == -F 

F ~ I.// .,,..,., fau~ ~ t' a,J. t!9 J 

F= 
<~ - 1. G) 

· _j_ 
3 

( t - 1/4 ) 

(~ - -iA0) 

;i~ ( ~ - ~) 

_.M\,, 

y 

-.3 
7.0'3I x.10 

E.r 

' -.3 
2,027 X /0 ~-

7 

/0 I= 
_, 

/, 785 X 10 

\ 

. ...._., L:::: t.ao.:.... 



• 

F= 
-3 I. eo · -'3) 

7,031-,.,0 - ~ (2.027 'l-10 

(~.80) 3 (ff.~°!,)1.10.,_) 
ID-, ( /, 785 X 10

1
) . fl 

/Ff= 10. 2 ,tt 

-3 2. /, -3) 
7 ,O 3 l>tl0 _ 3 6.80 \2,027 'f.10 

M = 
-, (. _,) 

10 /, 785 ~10 .,,t.l;.. ... I 
. ,. 

R. -= . /0, 2. fl 

.. .. 
3/~ a,~--£ ./~~~l A~-:t_ d ~ 

~ 
' . ..z/t.D.. a ·~~ ~~ ~~ ~1..--#;a, ,t:4,\.L 

\ 

~ ~ ~ ~ ~ ) ~ 

~ ~ 
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.. 
I 

i,....e.------- MASS '2. ------► 

~ 
I I . . -i..----
1 I 

3 (~ .,.,~ ~£CTJO>J 2. 

Fl G.URE • 

-~- ----- .,.,..,,, __ /SECTtO,.._l 3 

X 

II 
LC RU ANTENNA 5 '(STE Vt 

NODAL D'(NAM IC MODE!_ 
t-r\ASS DI ST R \ SUT I ON 



l 
23 APPF~X. 

I 

. 2,oO DI.A ---:""". : 
, tJt:, 2 71/Jt' it1/Ji L: 
/i l -:--o ,s,;.1.1~ -'C-
/J LY 606 I 

I 
I 
I 

! 

I 
I 

f- I G UK!::. ~ 
. . _- .... ~_,------

~CG AklT 
/ 3 1/2 LBS. 

0 
0 

10, 00 

t ' 

• 



- /... t Rt.I ~~ 57~'-' 
9u~ ~~~ '?1lc-r:IU 

o/k..A,_ ,1. ~ 
~~'.A,,-, ... ,,._,, ..J.,,, 

~l~A .$,lvt-J ~~~J.i.-
9u--, 

X y r 
' I 68,50_,i~~ 0 .,,: ,/4 0 .....:..eli. 

2 53.60 0 b 

3 47. 50 0 t:> 

4 45,50 0 0 

5" 45,50 /0.50 0 

~ 

42. 75 
~ 

0 0 0 

7 31, 62. · 0 0 

8 ~o . .50 0 0 

CJ /3, 70 0 0 

/0 6-~0 0 0 

II . 0 0 b . 

~ , 



TABLE 2 

- LCRV Cv,~ s~n\; 
~ 0r~~ ~t 

'17~..c-.v 

?lw<v 911~. ~ 9?Zc?rJ.,r ~ ~ 
°ll-<-7'i, Ix Iv Iz. 

;, 

o. 810 fi· O. 459 .,ti-,,,; .... 1 5.50 ..u-·'\. 5. sq .L,t- ~;., .. •· l,i 

2 o. 418 75 .4-0 37. 70 ;37. 70 

3 I. 3·1 o 2. 03 lb. 89 \/6, 89 

4 O. 248 0.073 O. I I 8 o. II S 

5 D .• IC) I /5,63 o.o-r4 ,.~ , ,., 
-=::, • 0.:, 

6 0, 0655 0.0934 o. 549 o.54-9 

- 7 -0. Jo 36 0.22B ./,.L>f:,D '1,080 

~ 0.330 o., 3 9 I. 15 B /. 158 

'j o. 286 o.245 /. I ~3 I, I 9 3 

JO 0.254 o.'238 /, 058 J,058 



2 

3 

5 

6 

TABLE 3 

L c R u a,J;:,vn-<v 5 ~nv 

~ 9;)~~ ~ 

/.767/ 

o. 0786 

O. /105 

0.0951 

o. 3804-

o. 4';180 0. 24-?0 

0.00334 0,00668 

t'J . oo I ? 4 o. o o o 9 7 

0 . 0406 t'J.02030 

o. 3570 0, /785 

6 -
/0 )C/0 ~ 

0, 24-'iO 

o. 00097 

0.02020 

o. 1785 

o. 33.2 



TABLE 4 

f,l\oD£ 

J . EIGFMVI\LUE FP.E OlJF.t!C: Y 

1 l.l641DJE-03 2.G31E 01 4.6647 
2 1. 1 3 2 1 ; ~- E - D l 2 • <, 7 2 E O 1 --- ----- 't • 7 3 0 r--
? 1.7369GlE- 0 4 1. ~r~~ n1 l?..~763 

------·-.4 - ·--·- · ii.11,,4·z:,E-o:; - · l. ll.t:'.: ~·2 ]7.6t:32 · ·--
5 7 • 5 S l 7 ·1 2 f: - GS 1 • I 5 1 = ;i 2 l :i • 3 l · t 5 

---6 - -- --L -ljU57hf: F.:... ii:> _ _ __ ?. ~ ?'1lF ll? 36 .4';,72 ·•--

7 1 • 4 o 7 2 3 •J F. - fl r; 2 • · •I " F ,') 7 4 1 • ;> (, ') 5 
---·· ·a·- --- ·2.552624:-ou·· li. ·~c.q; n2 9ll.nl54 ___ _ 

9 ' l.121h91E-06 9.~42E 02 150.2739 
---10·-- - · ·1.10020'.;.~-07 ?.'-12'.lE nJ -- - 3i;5.?i044 __ _ 

., 

ArJ7£r-lNA 

NA TUR.AL 



,/ 

L 
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RGII 

• 
• 

LRV/LCRUINTERFACE 
MECHANICAL PROBLEM AREAS 

LOADS SPECIFIED IN ICD SHOULD BE DELETED . 

DYNAMIC RESPONSE OF LRV MOUNTING TUBE IS UNKNOWN. RCA 
WILL SIMULATE FRONT FRAME AND MOUNTING TUBE OR LRV FOR 
USE IN VIBRATION TESTING. LRV DRAWINGS WOULD BE HELPFUL. 

• ALL MAN MACHINE INTERFACES HAVE BEEN DEFINED. CHANGES 
WILL IMPACT PROGRAM. 



non LCRU THERMAL INTERFACES 

THE LCRU THERM-AL INTERFACES TO BE DEFINED: 

1. SURROUNDING OBJECTS 

1.1 ROVER VEHICLE 

1.1.1 BATTERY COVERS 
1.1. 2 WHEELS AND FENDERS 
1.1. 3 LCRU MOUNTING FRAME 

1. 2 TV CAMERA 
1.3 HIGH GAIN ANTENNA 

~ 
\ l 2. SYSTEM PARAMETERS 

2.1 SIZE 
2.2 LOCATION 
2. 3 0 R I ENT AT I ON 
2.4 THERMAL FINISHES 

3. OPERATIONAL VARIABLES 

3.1 POSITIONAL TIMELINES 
3o3 TEMPERATURE/TIME PROFILES OR MINo - MAX. TEMPERATURES 
3. 3 LUNAR DUST EFFECTS 



RGJI 
PROPOSED ADDITION TO ICD 13M07391 

3. 3 THERMAL INTERFACE DATA 

THE THERMAL CHARACTERISTICS OF THE LRV AND PAY LOAD FOR THE LUNAR 
STAY ARE AS LISTED BELOW: 

3. 3.1 LRV 

3. 3.1.1 WHEELS 

A. GEOMETRY0
: TB D 

B. TEMPERATURE: MAX. TB D MIN. TB D 
C. THERMAL FINISH: 

(1) DUSTY a • 1.0 
• • 1.0 

3. 3.1. 2 FENDERS 

A. GEOMETRY: TBD 
B. TEMPERATURE - MAX. TBD MIN. TBD 

·:, SIZE, LOCATION, ORIENTATION 



RCJI PROPOSED ADDITION TO ICD 13M07391 (CONT'D.) 

C. THERMAL FIN I SH: TB D 
(1) CLEAN: a • TB D 

C • TBD 
(2) DU STY: a • 1. 0 

, ■ 1.0 
D. THERMAL MASS • TBD, BTU/Of 

3. 3.1.3 BATTERY COVERS 

A. GEOMETRY: TBD · 
8. LOCATION OF HINGE: AT REAR EDGE 
C. TIME OF OPEN-CLOSED CONDITION: 

(1) DURING EVA CLOSED: MAXIMUM 100%: MINIMUM TBD 
(2) BETWEEN EVA CLOSED: MAXIMUM TBD: MINIMUM TBD 

D. TEMPERATURE: MAX. TBD MIN. TBD 
E. THERMAL FINISH: TOP - BETA CLOTH 

BOTTOM - SECOND SURFACE MIRROR 
(1) TOP. CLEAN: a• TBO 

C. TBD 
(2) TOP. DU STY: a • 1. 0 

C ■ 1.0 
(3) BOTTOM, CLEAN: a • 0.1 

C ·■ 0.85 



ROIi PROPOSED ADDITION TO ICD 13M07391 (CONT'D.) 

(4) BOTTOM, DUSTY: a .. TBD 
C .. TBD 

F. THERMAL MASS = TB D, BTU/°F 
G. THERMAL CONDUCTANCE TOP TO BOTTOM: TBD 
H. ORIENTATION TO SUN (PARKED) 

(1) DUR ING EVA - SUN AT REAR OF LRV 
(2) BETWEEN EVA - SUN AT TBD OF LRV 

3.1. 4 LCRU MOUNTS 

A. TEMPERATURE: MAX. TBD MIN. TBD 
B. THERMAL FINISH: TBD 

(1) CLEAN: a .. TBD 
• • TBD 

(2) DUSTY: a• TBD 
• • TBD 

C. THERMAL MASS • TB D, BTU/°F 



non PROPOSED ADDITION TO ICD 13M07391 (CONT'D.) 

3.3.2 LCRU 

A. GEOMETRY: PER TI OF 5/13/70 
B. THERMAL FINISH: 

(1) LCRU-COVERED WITH MULTI LA YER THERMAL BLANKET: 
CLEAN: a · • 35 

• · . 55 
DUSTY: a 0

• .70 
• ,, . 85 

(2) RADIATOR - SECOND SURFACE TK:RMAL CONTROL MIRRORS (RADIATOR 
~ BLANKET OPEN): 
~ 
~ CLEAN: a ,. .10 

• ,. .85 
DUSTY: a " • 20 

• · . 85 
C. TEMPERATURE: 

(1) RADIATOR: MAX. 130°F, MIN 0°F 
(2) THERMAL BLANKET: MAX. 250oF. MIN. -280°F 

D. THERMAL CONDUCTANCE THROUGH THERMAL BLANKET =- 0 
E. THERMAL MASS - 13.0 BTUl°F 



ROIi 
PROPOSED ADDITION TO ICD 13M07391 (CONT'D.) 

3. 3. 3 TV CAMERA AND CONTROL ASSEMBLY 
. . -

3. 3. 3.1 TV CAMERA 

A. GEOMETRY: TBD 
B. TEMPERATURE: MAX. TBD, MIN. TBD 
C. THERMAL FINISH: TBD 

(1) CLEAN a • TB D 
C :t TB D 

(2) DUSTY: a • TBD 
C. TBD 

D. THERMAL MASS :t TB D, BTU/°F 

3.3.3.2 CONTROL ASSEMBLY 

A. GEOMETRY: TBD 
B. TEMPERATURE: MAX. TBD, MIN. TBD 
C. THERMAL FINISH: TBD 

(1) CLEAN: a • TBD 
C. TBD 

(2) DU STY: a = TB D 
E. TBD 

D. THERMAL MASS • TB D, B TU/°F 



RGJI PROPOSED ADDITION TO ICD 13M0739l (CONT'D.) 

3. 3. 4 HIGH GA IN ANTENNA 

A. GEOMETRY: FIGURES: PER TI OF 5/13/70 
B. THERMAL FINISH: 

(1) ANTENNA DISH-GOLD FLASH: a · .25 
• · .03 

(2) MAST AND ANTENNA MOUNTING - ANOD~ZED ALUMININUM: a , .3 

C. THERMAL MASS: 1.4 BTUl°F 

3.3.5 LOW GAIN ANTENNA 

~ A. GEOMETRY: FIGURES: PER Tl OF 5/13/70 
~ 8. THERMAL FINISH 

(1) ANTENNA - 3M WHITE VELVET NO. 202-Al0: 
a .2 
•.. 9 

(2) MOUNTING: 
a TBD 
• TBD 

C. THERMAL MASS: 0.26 BTU/of 

• .., .8 



9.0 LCRU MECHANICAL DESIGN 
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LCRU SUB SYSTEM 

MECHANICAL DESIGN 

• LCRU CONFIGURATION & PACKAGING 

• SUBASSEMBLY OUTLINE DRAWINGS 

• BATTERY REPLACEMENT 

• CASE, CONTROL PANEL AND COVER DESIGN 

• PRESSURIZATION DfS ION 

• WEIGHT ANALYSIS 

• HIGH GAIN ANTENNA, POINTING AND MAST 

• LOW GAIN ANTENNA POINTING AND ARM 

• STOWAGE CONTAINER 
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RCJI LCRU MECHANICAL MOCK-UP 
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non LCRU UNIT WEIGHT ANALYSIS 

SUBASSEMBLY WE I GHT, LB. SUBASSEMBLY WEIGHT LB. 

VHF TRIPLEXER 0.300 DC DC CONVERTER 2, 500 
VHF TRANSMITTER 0.500 VOLTAGE REGULATION 0.L50 
VHF RECEIVER 0.500 BATTERY 9_400 
SECS BAND RECEIVER 1.500 WAX PACKAGE 1 } PR I S-BAND RECEIVER I. 500 WAX PACKAGE 2 10.50· 
FM/PM TRANSMITTER 2.620 WAX p ACKAGE 3 
PMIPM TRANSMITTER 2.620 VHF ANTENNA .250 
DIPLEXER (1) 1.000 CASE. COVERS AND PANEL 14,000 
DI PLEXER i2) LOOO CONTROL PANEL PARTS L750 
UPLINK 0.500 THERMAL BAG 2.100 
DOWN LINK 1.000 INTERNAL CABLING l .000 

TOTAL 54. 795 
ESTIMATED 
WEIGHT: 

-'ORIGNAL DESIGN CRITERIA WAS 11.0 LB - FINAL DESIGN WEIGHT ESTIMATE IS LESS THAN 10.0 LB 

NOTE: PRESENT MECHANICAL MOCK UP IS 51.0 LB 
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LCRU PRESSURIZATION DESIGN 

• CRITICAL PRESSURE RANGE 60,000 (1.0 PSIA) TO 
150,000 FT. 

• GAS MIXTURE 10'/o NITROGEN 90% ARGON 

• PRESSURE 7.5 MIN. PSIA * 

• LEAK RATE 1130.5 ATM CC/YR He 

• PRESSURE DROP IN VACCUM 20Yo IN 10 MONTHS 

• WATER CONTENT AFTER EXPOSURE TO TOTAL ENVIRONMENT 

l MONTH TRANSPORTATION } 
36 MONTH STORAGE 12. 0 x 10-6 lb. 
1 MONTH LAUNCH PREP. 

R.H. AT 50°F - 14% 

*PRESURIZATION ANALYSIS BASED ON PREVIOUS RCA 
APPROACH OF 5. 0 PS IA 



CASE PRESSURIZATION AUALISIS 



LEAK RATE ANALYSIS FOR 

LCRU PRESSURE CASE 

The analysis is basically concerned with two problems: 

l. Reduction in pressure approaching critical range for electrical 

breakdown 

2. Increase in moisture content as a result of ~O leaking ~to 

case during stor~ge 

The characteristics of the case are as follows: 

Case Volume 

n.6 x ll.7 x 3.7 • 504 cu. in. 

504 X 16.4 • 8260 C.C. 

Assune 50% of volume is canponents. 

Gas Volume 

(504)(.5) • 252 cu. in. 

(8260)(.5) • 4130 c.c. 

Critical pressure region is 60,(X)() feet to 150,000 feet. 

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

@ 77°F 2. 7 to 8.0 ATM CC/IN/YB. He 

@ 176°F 8.7 to 26.0 ATM cc/m/m He 

Connectors - Two leak sources 

(a) Glass Seal 

(b) Rubber "O'' ring 



Selectro Conn. l x 10-8 ATM CC/SEC He (glass) 

Triplexer Conn. (3) l x 10-9 ATM CC/SEC. He (glass) 

Multipin - 3triplexers - 3 x 10-9 ATM CC/SEC He (glass) 

(3.14)(.25) • 0.185 

3(3.14)(.5) • 4.700 

1(3.14)(1.5) • 4.700 

10.185 in. of non Ring 

Equivalent to 3 x cover gasket leak rate (w. 

3(10.185) • 30.5 equivalent inches of gasket,so total gasket is 

45 + 30.S • 75.5 inches of gasket. 

Connector glass seal leakage: 

1.0 X 10-8 

•3 X 10-8 

e3 X 10-8 

1.6 x 10-8 ATM CC/SEC He 

Detennine leak rate at worst-case co~ditions on moon. 

AP~ 5.0 PSIA 

T • 140°F Case Temp. 

Gas Mixture 90% A 10% N2 

Gasket and 11 011 ring leak rate 

15 ATM cc/rn/m He 

15 (75.5) .. 1130. ATI1 cc/m He 

Glass Seals 0000.506 ATM CC/YR He 

Total • 1130.506 ATM cc/YR He 



-3-

Convert to the equivalent leak rate or Argon, nit.rogen,and water 

vapor: 

'¾•Qi~ 
~ • ll.30.5o6 6.25 

1.20 

Q • (ll.30.5)(.87) • 985.0 ATM CC/YEAR A@ 140°F 

Q • . (llJ0.5) 4.5 • 705. ATM CC/YEAR N2 @ 140°.F 
7.2 

Q • (ll.J0.5)(1• 7) • 266 ATM CC/YEAR H20 @ 140°F 
7.2 . 

-LT 
p • Po -

V 

For 1 month 

. 985.0/12(1) 
P • (5.o) e • 1.,'l iµ.)o cc 

P • (S.o) e -.0198 

P c (5.o)(.980) • 4.9 PSIA after 1 month in lunar vacuun 

·The pressure loss in one year assuming the leak -rate remains con

stant will be as follows: 

P • (5.o) e -985. 
4130 

P • (S.o) e. -.238 

P • (5.0)(. 786) = 3.93 PSIA after 1 year in lunar vacum 

Arter 100 months: 

P • (5.o)e. -~ (100) 

wo 
P • (5.o) e -8200 

4130 



-

P • (S.o) e. -1.99 

P • (5.0)(.1366) 

P • .68 PSIA 

-4-

Analysis of Screw Loa.ding on Pressure Cover 

Screws: # 6-32 stainless steel £lat head 

Minimum tension for screw;• 540 lb. 

Breaking torque .. 14.o in. lb. 

4(1,t safety factor is recanmended. 

540 = 38r:' lb 
1.4 ;) • 

14.o 
1.4 

• 10 in. lb. 

Clamping force should be 30-150 lb per in. of seal. Screws are on 

l.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 • ~ = (.30)(.138)(150) • .52 Ft. lb~ 
12 12 

T • 6.25 in. lb. per screw 

Determine the deflection of the cover flange between the screws. 

w • 150 lb/in. 

L 
1 l l l l lj s s 

/.(J 
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1 wi,3 
Maxy-• - -

384 EI 
~ .,2.s~ ..L 

I - LT .,~s 
I • !_ x .62S ( .125)3 = .625 (1.95 x 10-3 ) • 1.02 x 10-4 i.n4 

12 · 12 

7 • 150 • .39 
(384) (10xlo6) (1.02x10-4) ..... 10--.2-x-1on-, 

7 • - J.82 X 10-4 • .000)8 in • . 

No problem with deflection. 



TABLE 11-1 

GASK-O-SEAL VACUUM LEAK RATE 
at one atmosphere differential pressure*** 

Compound ( Bose Elastomer) 

77-545 (Fluorocarbon) 
8318-7 (Butyl) 
8591-8 I Butyl I 
8612-7 I Butyl I 
E515-8 (EPI 
S383-7 ( Silicone I 

Stabilized leak Rote Range 
(ATM cc/in/yr• He)•• 

Temperature ____ _ _ 
2s·c ,n·F1 s.o·c 1116°F1 1so·c 1302°F1 

2.0 to 6 .0 
1.8 t~_~:5 
2.7 to 8.0 
1.0 to 3.o 
6.3 to 19.0 

4.5 to 14.0 6.1 to 19.0 
8.0 to 24 .0 
8_.7 tQ 26.0 
3.0 to 9.0 

33.4 to 100.0 103.5 to 310.0 
49.3 to 150.0 125.6 to 380.0 269.2 to 810.0 

•Atinosph.ric cubic centimeters of Helium per lineal inch of ••al per year . 

.. Test results of 460-xxx-16 series Gask-O-Seal (302/304 Cres. Retainers). 

•••Tested wit II Helium ot one atmosphere pressure inside the seal, and on overage absolute pressure of 

3.5 x llt-7 torr. outside seal. 

The helium low limit leak rates noted in table II- 1 were measured under 
controlled laboratory conditions using ideal geometric flange design and 
seal style . 

Recent studies of actual applications indicate that allowances must be 
mode for the limit of accuracy of leak detection apparatus and normal 
variations which affect the seal such as bolt spacing, flange separation and 
surface finish, etc. 

Therefore, in most applications it is recommended that the high limit 
leak rote, as noted in table II- 1 (three times the low limit) be used as the 
predicted stabilized leak rate for actual service conditions. These values 
may be exceeded if the rr.::iting surfccc is too rough, if flanges separate, or 
if the components are not sufficiently clean. 

The estimated leak rotes of other gases con be found in relation to 
helium from 72°F to 165°F using the equation on page 2-6 and the curves 
of Figure 11-2. Also, the change in estimated leak rote of gas due to te_mper
_oture can be determined by this means. 

One wor~ of caution is in order. When applying the leak rote data of 
Tobie 11-1 to a specific seal design, multiply the linear inches of seal line 
by the diffusion rote. A two sided seal hos twice the seal length of a 
single seal. Also, for higher temperatures, greater pressure differentials, 
or compounds other than shown, the rates will change. In these coses, 
tolerable leak rates of gases should be specified. 

TABLE 11-2 
WEIGHT LOSS UNDER VACUUM AS A FUNCTION OF TEMPERATURE 

Compound Temperature Weight Loss Pressure 
(Base Elastomer) Of % torr 

8318-7 <1> (Butyl) 77 3.3 6x 10·8 

120 5.1 2 X 10·8 

165 6.8 3 X 10·8 

77.545 (2) (Fluorocarbon) 77 2.1 0.18 X 10·8 

Cll lFluorocorbon) 77 0 1.2 X 10·8 

120 0.7 4 X lQ·B 

165 1.3 5x 10·8 

E515-S <3> (EP) 75 0.4 4 X lQ·B 

Seporolc sets of sampl,., Wf!rc tested at each temperature: 

(I) Duration of tesr, 8 days. 

(2) 0uralion of lest, 8-4 hours. 

(3) Duration of tesl, 24 days. 
2-5 



tf.Ai, DETU;:ION :HN1~; 
1. MAKE certain that your kak detector is pcakcJ on 
helium h.!fore attempting to kak check an ohject. (Sec 
your O&M Manual for instruction:..) 

2. NEVER use the kak. detector to evacuate an external 
system. · Rough out the space between thc system and the 
leak dctc.:tor with an cxterm,I roughing pump before open
ing the throttle valve. 

3. REl\lEMDER to always recalibrate your leak detector 
jf you change the p.:,sition of the pumping specJ control 
valve. 

4. ALWAYS remember to shiclJ a helium pressurized 
object from Jrafts anu bre_ezcs when probing. 

5. If you arc opcrating "arounu the clock"' and th.: leak 
detector is not in .111 ;.ur conditioned room. it is advisable to 
calibratl! the instrumcnt at le,1,t J limes ;1 J ay. applying the 
temperature correct ion listeJ 011 the label of the standard 
leak each time. 

6. \Vhcn fabrica ting an external leak test system, make 
sure that all external lin.:s are as short as p..>s~iblc, ~nJ ar.:: of 
as large a diameter as possible. Rcmcmba that small long 

lines incrc:.ise pump down time. lin,it the Jcr-1.:c or va..:uum 
obtainable. :111<1 incrca,c rcspon'>c ;md dean up tim, ·. 

7. ALWAYS tit~hkn flanges evenly! Un.:vcn t1i:i,:,:ninl! ,,i 
a flange will di,tort the gasket or O -ring thl·rd,y en~vur
agins leakage. 

8. \Vhcn pn.:ssure leak tc~ting a large ohjcct ~ud a-. pipe 
line and tank fitting~. a sheet of pli,,tilm or vi,. I tapcd 
loosely around-the filling will providc :i ret;1inini-: nctiium 
for the helium Juring th.:: lest. 

9. ALWAYS TREAT YOUR \IAl,'- ET ( "ARI I Cl.LY. 
If the magnet is damageJ, its field ~trcn:•th m.iv hc ·han~nl 
thereby altering tht.: ~l'nsilivily or yu, ;r h·;,k d.:tcctor 

10. After rcasscmbly anJ re-adju~t111c111 foll cm in~ , m;,i :1-
lcnancc tcar-Juwn anJ cleaning, w,c y,,ur l.:;,k J.:1 :ctnr w 
leak check itself for leaks. 

11. FOR LONG. TROlJULE-FREF. 11 -,truml'nt i :c. SE~_ 
UP and FOLLOW a regular program n r \1AP,TI ·-A~CT 
AND SERVICE; a maintenance log will p;,y I ,r itsdf 
many times over. 

TABLE OF LEAt{ RATE CONVEl"<SION FACTOHS 

TO 

micron l:tcrs/ s:?c -
--!' __ 

·· mi::ron cu ft / hr 

T(?rr l!ters/sec. 

.: .. 
;'._:'\ . .t .. micron cu ft / ht •. · 

. :. 

Example , G ,v<>n : 0 .1 n,icron cu fl /hr. 
find : number of Alm cc/sec 

. I 

,:.. ' • 

• ·.: :·-. ... , __ 

. ·--· 

Torr liters/sec 

atm cc/sec 
m:cron cu it; hr 
Torr liters/sec • · 

atrn cc/sec 
micron liters/ sec 
micron cu it/ hr 

atm cc/sec 
micron liters/ sec 
T~rr liters/sec ... 

Solution : 0 .1 X 1.p4 X , 10·• := 1.04 X 10· • Alm cc/sec 

USEFUL FACTORS IN LEA:C DETECTION WORi{ 
I almo,;ph.:re = l-L7 psia = 760 mm II.,= 7.6 X 10·· microns 
I micron= IX 10- ,;nh.:tcrsofmcrcury= IX 10- :s mmH" 
I Torr = 1/760 of a :.tanJard :itmosphcre 
I milliTurr = I X 10- :1 Torr 
I microTorr = I X 10- ,; Torr 
I cu ft = '.!8.320cc = 28.3'.! liters = 7.48 gallons 
1 cu . .in == .16A .cc 
I liter= 61.U cu in == 0.0353 cu ft= 1.0567 U.S. qu.irt 
S..-condsin I year "-' 31,56 .l .OOCJ "' 3. 16 x 10• 
Pcrcc11tag.: of helium in air = 0.0004 % 
Partial pn.:ssurc of helium in ;,ir at STI' = 0 .0030-t mm Hi: -= 3.0-l microns 

MULTIPLY COlUf.1N 1 BY 

7.60 X 102 

i : -'> 9.66 X 10 .. 
,. ·-· 7 .60 X l0- 1 

;,> 1.32 
., ... ·i_oo X 101 

~ 1.27 X 10:. 

1.04 X 10-s 
7.67 X 10-3 

·l!' 7.87 X 10·6 
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VACUUM LEAK RATE COEFFICIENT OF VARIOUS GASES 

AS A FUNCTION OF TEMPERATURE AT ONE ATMOSPHERE DIFFERENTIAL PR[S~u:.t 

FIG. 11-2 
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TEMPERATURE 

I 
Where 0 = leak rote 

Equation: 0 =0. A.= Diffusion rote coefficient 
2 1'.. 1 

01 = Known !eak rate of test gas at a known tcmpcrnture 
02 = leak rote is to be calculated for any 

temperature between 72°F and 165°F 

DESIGNING FOR VACUUM 
For moderate temperature use and vacuum levels frpm slightly below 

atmospheric pressure to vacuums approaching 1 X 10-3 torr, special precau
tions in the Gask-O-Seal design are seldom necessary. If a standard catalog 
item seal will fit the application, it may be ordered "off the shelf" unless it 
is extremely important to reduce the leakage to the lowest possible rate. 

Usually, the very slight Gask-O-Seal leakage experienced on these mod

erate vacuum applications is not objectionable. 

In the "high vacuum" range, from 1 X 10-3 torr, to levels close to 1 X 
1 o-6 torr, special manufacturing techniques must be employed to assure on 
acceptably low leak rote. Be sure therefore, that Porker Seal is notified of 
the vacuum level for applications in this range. There will be on extra charge 
for this special handling and additional delivery time should be allowed. 
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Determination of relative hllllidity inside pressurized compartment after 

exposure to the following enviroment,: 

Condition l: 140°F 

Condi ti.on 2: 80°F 

Condition 3: 8o°F 

100% R.H. 

50% R.H. 

80% R.H. 

1 month 

36 months 

1 month 

(transportation} 

(storage} 

(launch, etc.) 

1.0 Weight of water vapor at the start of storage. Assune at the end of 

bake cycle that the entire volume is filled with water vapor 100 mic

rons pressure @ 140°.F. The weight of water present will then be: 

PV • WRT 

R • 1.542, • 8.5.8 FT -lb/lb -
0
R 

18 

V • 2.52 • +146 cu FT 
1728 

P • 100 microns • .1 l'l1Dl Hg 

~ • .!.!._ (14. 7) • · .00193 PSI 
760 

T • 46o + l.40 • 600°R 

W -· (.279)(.146) • .79 x 10-6 lb. of Water 

(8.5.8 }(600} 

2.0 Now we backfill with 90% A, 10% N2 (by weight} at .5.o PSIA at 70°.F. 

Calculate lbs of gas in container. 

Molecular weight of mixture 

(39.9)(.9) + (28.0)(.l) • 3.5.9 + 2.8 • 38.7 

PV • WRT 

R .. 1.54.5 • 39.9 FT - lb/lb 0R 
38o7 



V • .146 cu. FT. 

P • 5.0 (144) • 720 lb/FT2 

T • 46Q + 70 • 530°R 

W • (720).(.146) • 4.98 x 10-3 lb of gas 

(39.9)(530) 

The water content of the gas is assumed to be 10.5 PFM 

(10.5 X lo-6)(4.98 X 10-3) • 52.4 x 10-9 lb ~0 

3.0 So the total initial water in the unit will be: 

52.4 :z: 10-9 

790.0 X 10-9 

842.4 X 10-9 

From fill gas 

Fran initial purge 

lb ~0 

The initial relative humidity in the case at 70°F will be as follows: 

Partial pressure of ¾Oat 70°F 

Po• Wo RT• (.842 x 10-6)(85.8)(530) • 1.82 x lo-3 PSIA 

V (.146)(144) 

Saturation pressure@ 70°F = .3628 PSIA 

R.H. • 1.-82 x 10-3 (100) • 0.5% R.H • 

• 3628 

4.0 Water vapor leakage for Condition l. - 140°F 100% R.H., l month. 

Partial pressure ~O in air@ 140°F 

100% R.H. • (l~.0)(2.887) • 2.887 PSI 

The partial pressure of the ~O in the case at 140°F is: 

Po= WoRT • (.842 x 10-6)(8S.S)(60o) • 2.o6 x 10-3 PSIA -
V (.J.42)(144) 

Diffusion ~ P @ 140°F is: 

2.887 - .002 • 2.885 PSIA 



The leak rate £or ~o @ 140°F is 266 ATM cc /m J¼0 

So the leak rate of ~0 into the case for Condition l will be: 

2.885 ><- 266 -• 52.l ATM CC/IR ~0 

14.7 

in one month 

52.l-= 4.34 .ATM CC H20 
12 

• 52.i 
(36oo) (24) (365) (3.6 X lo3)(24)(3.65 X lo2) 

• 2.17 • .165 x 10-5 ATH CC/SEC. 

13.2 x lo' 

(.165 x 10-5)(9.66 x 1o4) • 1.6 x 10-l micron cu ft/HR 

• .16 micron cu ft/HR 

(30)(24)(.16) • 11.5 micron cu. ft. 

(11.5)(1.32 X 10-6) • 15.2 x 10-6 ATM cu ft. 

The weight of water: (14. 7)(144)(15.2 x 10-6) = .626 x 10-6 lb. ~ter. 
(85.8)(600) 

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

Partial pressure J½O in air @ 80°F 50% R~H. • (.5)(.5o66) • .253 PSIA 

The weight of water vapor at start of storage is: 

.626 X 10-6 + .842 X 10-6 • 1.468 X 10-6 lb. 

The partial pressure of the H20 in the case is now: 

Po "" Wo RT • (1.126 x 10-6)(25. 7) "' 3240 x 10-6 

V (.146)(144) 

Po"' 3.24 x 10-3 PSIA 



The partial pressure of the H20 outside the case@ 80°F • .253 PSIA. 

Diffusion AP @ 80°F is then: 

.2.53 - .003 • .25 PSIA 

-
The leak rate for 1½0@ 140°F is 266 A™ CC/IR H20• 

Corrected to 80°F 

.75 (266) • 125 ATM CC/IR ~O 
1.6 

So the leak rate of 1½0 into the case for Condition 2 will be: 

•
2
' (12.5) • 2.12 ATM CC/IR ¾O 

14.7 

~ • .67 x 10-7 ATM cc/SEC. 
3.16 X 107 

(.67 x 10-7)(9.66 x 1o4) • 6.47 x 10-3 Micron cu. ft./HR 

(6.47 x 10-3)(24)(36.5)(3) • 17 x 101 Micron cu. ft. 

• 170 micron cu. ft. 

(170)(1.32 X 10-6) • 224 x 10-6 ATl1 cu. ft. 

The weight of water increase will be: 

• (J.4. ?)(J.1+4)(224 X 10-6) • 10.3 X 10-6 lb. ~0 
(8.5.8)(540) 

6.0 Water vapor leakage for Condition 3: 

80°F 8(1,t R.H. 1 month 

Partial pressure fLiO in air@ 80°F 8(1,t RH 

(.8)(.5066) a .405 PSIA 

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

1.468 x 10-6 + 10.J x 10-6 • ll.7 X 10-6 lb. 



- The partial. pressure of the 82 O in the case is now: 

-

P0 • W0 RT• (11.7 x 10-6)(85.8)(540) 

V (. 146 )(144) 

The partial pressure or the H20 outside the case@ 80°F • .2.53 PSIA 

Diffusion AP @ 80°.F is then: 

.2.53 - .002.59 • .250 PSIA 

Leak rate corrected to 80°F is 125 ATM cc/m H20 

So the leak rate into the case for Condition,) will be: 

.2.5 (125 ) • 2.12 ATM cc/m ~o 
14. 7 

.2.5 • .67 x 10-7 ATM cc/SEC. 
).16 X 107 

(.67 x 10-7)(9.66 x 1o4) = 6.47 x 10-3 micron cu. ft./HR 

(6.47 x 10-3)(24)(30) = 4.65 mic.ron cu. ft. 

(4.65)(1.32 X 10-6) = 6.15 X 10-6 ATM cu. ft. 

The weight of water increase will be: 

= (l4.7)(l44)(6.15 X 16-6) • .282 x . 10-6 lb H20 
(85.8)(540) 

1.0 The total water vapor in the case and relative hmidity • 

Initial - • 842 X lo-6 lb. 

Condition 1 .. .626 X 10-6 lb. 

Condition 2 = 10.300 X 10-6 lb • 

Condition 3 .. • 282 X 10-6 lb. 

TOTAL 12.oso x 10-6 lb. 



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

P
0 

• W0 RT• (12.05 x 10-6)(8S.8)(510) • .025 PSIA. 

V (.146)(144) 

Saturation pressure@ 50°F • .1780 PSIA. 

R.H. @ 50°F • .025 (100) • 14% 

.1780 

8.0 Determine ~e dew point temperature. Tcy 4°.F. 

p • (12.0, X 10-6)(8$.8)(464) • .0228 PSIA 
0 

(.146)(144) 

Saturation pressure at 4°F • .0227 

R.H.• 0228 (100)-= 100% 
.0227 

Dew Point= 4<>.F. 



RCII SPACE EQUIPMENT PRESSURIZATION 

EQUIPMENT PRESSURE GAS LEAK RATE VOLUME SEAL LENGTH 
PSIA ATM CC/SEC He IN3 IN 

EVCS 5.0 90%. ARGON .019 X 10-4 115 36 
PER 8551463 10% NITROGEN 

LM P.A. 15.5 100% NITROGEN 1.8 X 10-~ 400 54.8 
PER 414683 
RAYTHEON 

S-BAND 15.0 90% NITROGEN 6. 7 X 10-4 740 42.6 
TRANSCEIVER 10% HELIUM 
MOTOROLA 

CM VHF 15.0 90% ARGON .016 X 10-4 

10% NITROGEN 

DRG 15.0 ~ ARGON .~ X 10-4 
95 76.0 

10. N ITROG£N 

LCRU 7.5 MIN 90% ARGON .358 X 10-4 504 45 
10% NITROGEN 
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~ 

VACUUM LEAK RATE COEFFICIENT OF VARIOUS GASES non ASA 
FUNCTION OF TEMPERATURE AT ONE ATMOSPHERE DIFFERENTIAL PRESSURE 

10 

9 

L\I 8 
~ 
a: 
z 7 
0 

~,< 6 
~~ -z 
C l.tJ 

0:: u ~ 
~~ 
..Jl4 
:::>O 

4 uu 
~ 
0 
2 3 

2 

1 

0 

60 

Equation: Q = Q 
2 I 

A. 2 
1'.1 

Reference: Porker Seal Co. 

00 120 
50 

TEMPERATURE 

Where Q = leak rate 
A == Diffusion rate coefficient 

Q. = Known leak rate of test gas at a known temp~rature 

Q, = leak rate is to be calculated for any 
temperature l?etween 72" F and 165°F 
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ncn FRONT WAX PACKAGE 
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.+24 HlioG:•TOI' 
ITEMS 
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(a'\ "\JJ""". "Lt..O'I" $1-fT 

,,,A-Y . OlO'ftoltC 

I Ml!"'""'' 

I ,~4=,. ___ +_._1s_o __ - _-____ -i __ ,3_.,_~_,o_~~~~J I t --- -----11 ?.0-t,o_i. ____ ________ _j 

l!iOT£ 
I. S'"\1"-•ACE •x- 1••n.~ a S.U..1 ""J11'1•hN . 01S "T,R. . 

Z.. •U1tr,,cE • y · -•• Ill HAT W.T,.,11 .01ST11l , 

:!I Wl(:V\/M T ... T -MU>'\~ RAT£ llMAl1, 
.,.._ - t Alc:AilflS CV," , /t v H r 1-1R 

~ R•-1.41. "" -Ci .. . . . .,, .. _, IIOT e,eiit, oot 

: ~~ ~"~~ c!~~El4~~en°-~1~ 
AM nft'IIWiliL Qt.&SIV1'1.E o~ ~Gt~SI G. 

dBDR, A:.A.,»IO • &l .-:iciH 
cvL111UJQ.1er::-.LMD. t:#i __ 1; I 

• 

MATaT?JAL 
PIILUH ~LL.DY SHT . 

. 020 '1MIC. 

® :~,oy SNT. 
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ncn 
8 7 

N o:e 
. Su ll.~cE '' i • SMALL 8£ J:LAT ,,.ni"'4,tt .o,snia 
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ROIi CONTROL PANEL STRUCTURE 

"' ... 
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I--------B,$1.Z--------~ 
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VIEW A-A 
r---------- IO.O,fS-----------.1 

+ 

+ 

" .. 

--- ---------•---• 



ROIi CASE DESIGN MODIFICATIONS 

• REDUCE WEB THICKNESS TO REFLECT PRESSURIZATION 
CHANGE FRCM 5.0 PSIA TO 7.5 PSIA MIN. 

• REVALUATE CASE STRUCTURAL FRAME 

- IMPACT OF NEW LRV DYNAMIC ENVIRONMENT 

- IMPACT OF RCA VIBRATION TEST DATA FROM 
AClUAL HARDWARE 

- IMPACT OF MESA QUALIFICATION TEST 
JUNE 1970 



non LCRU MOUNTING POST 



RCJI MAST HIGH GAIN ANTENNA 

L.&.I.IY~RD & LOCKING PII.I POS IT IOIJ 
FOR 6TOW-'C.E c!L lt.lSE.RilOW 
POSITION INTO LRV SOCl<E.T 

1----------- 28 .00 STOWED - -------- -----; 

---- - ------- - --- 4Co.0O EXiHIDE.D - ----- - ·· - - ·-
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.ncn HIGH GAIN ANTENNA MAST 

MECHANICAL MOCK UP 



ROIi 

8\S\\ ~7-

815114 ,-1 
NA5 l<o:,S • 3-5 
NA'a>l"-40-10 
:0-.32 Ti-lD 
3 PLACES 

\ 

81511 28 •1 _j 
NA5 l<o 35-0(o-S 

TELESCOPING MAST 
LOCKING MECHANISM 

VL\ER 'BALL 
PLl.)~<;£:R 
5SB-54-I-I 
55 Bl-54~ 
5SB\.I-S4N' 

. - 8 I :, 11 3B - J 

I 
1 \_ ~ASG. llC4 
\ NASl<..40-4 

\ t . 00.0' 

\_lll\S\4,07~01,1\t<,, - HOLE ':>11. E . 1'2 4- . 000 

8151134-1 

~ SET SC..1-~EW 
_.. - -··-- 4 • 4 0 T Ht) X 

• 0 5 L(; 
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LCRU ANTENNA POSITIONING MECHANISMS 

.. 
LOW GAIN ANTENNA POSJTIO~HNG 

MECHANISM 

.. 

HIGH GAIN ANTENNA POSITIONING 
MECHANISM 



Gn HIGH GAIN ANTENNA POINTING PRELIMINARY DESIGN 
IN RESPONSE TO NASA REQUEST 

---------

· ' 

HORIZONTAL -------=--------

MISSION 
DEPENDENT 
OPTIONAL 
LOCATION 

MAST 

I I 

• I 

I 

I 

\ 

I 
\ 

LOCK (FOR 
LRV TRAVERSE) 

MISSION 
DEPENDENT 

\ OPTIONAL 

I 

I LOCATION 

I 

\/ 
\ 

\ 

\ 

---HANDLE 



ncn STOWAGE TUBE WEIGHT ANALYSIS 

• LCRU UNIT MOUNTING LEGS (2) 

• HIGH GA IN ANTENNA 

• HIGH GAIN ANTENNA POSITIONING MECHANISM 

• HIGH GAIN ANTENNA MAST 

• LOW GAIN ANTENNA 

LB 

1.200 

3.510 

0.600 

2.400 

0.820 

• LOW GAIN ANTENNA POSITIONING MECHANISM AND ARM OL440 

e CABLES 

• STOWAGE TUBE 

HIGH GAIN ANTENNA 
LOW GA IN ANTENNA 
POWER TV INTERFACE 

TOTAL STOWAGE TUBE W/CONTENTS 

0.680 
0.756 
1,000 

5.700 

17.106 

I CD WT ~ 18. 000 
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STOWAGE CONTAINER 

MECHANICAL MOCK -UP 
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ROIi STOWAGE ANCILLARY ITEMS 

SU'TION A-A JECrlOK 8-B t'IEW C-C ~g C 
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4.IZS r,QIS Mr;; (), p. 
(.J OR MfJ1'E N/(;lr-J"OINTJ) 

.OJ MAX 
EITNE1' JIPE 

, <-; ---~,i !i 
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10.0 THERMAL DESIGN 
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non LCRU THERMAL BLANKET 

STRAPS 

VELCRO 
FASTENER 

REINFORCED 
STRAP HANDLE 
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ncn VIEW FACTORS TO THE LCRU RADIATOR 

FAR = VIEW FACTOR OF ANTENNA = .016 

FcR- = VI_EW FACTOR OF COVERS = .190 

FKR = VIEW FACTOR OF CAMERA = .077 . . 

TOTA( .283 



non 

HEAT BALANCE ON THE BATTERY COVER 

S z 0.9 W/in2 

8z 4s• 
etc= •c = 1.0 
•Ra .85 

FMC= .37 

FRC = .125 

SOLAR INPUT + LUNAR INPUT + RADIATOR INPUT == COVER RADIATION 
S x sin 0 x A Q + F x a T 4 ~ Q + F ~ (O'T4 _ crr4 ) E' C C MC M C C RC -c C R R 

== 0. 5 a T 4 ~ f 
C C C 

0. 9 X 0. 707 X 1. 0 + 0. 375 X 0. 591 X 1. 0 -1 • 125 (OT/ - . 393) (. 85) 
4 = 0.5 CJT0 x 1.0 

CJTC 
4 

= 1. 34 

T == 328°F 
C 

INPUT TO RADIATOR 

4 4 QcR ==FRC Ac PTc -<JTR) E'R 
== 50 (1. 34 - . 393) o. 85 
== 40. 4 WATTS 

----- ----



RCJI 

70 

SUN 60 
ANGLE 50 

TO 40 
LCRU 30 

(DEGREES) 20 

TOTAL 
INTERNAL 

POWER 
DISSIPATION 

(WATTS) 

LUNAR 
TEMP 
( Of ) 

10 
0 

80 

60 

40 

20 

0 

300] 

200 I 

100 

0 

-100 

-200 

LCRU Tl MELINE # I 

r~~ f-EvA l+-COOLING-+EVA 2+-COOLING-+EVA 3+TV STANDBY----jfMERATION 
70 -irnI1- HOTCASE ~g 

----wnD-------7uuJ1-------- LI COLD CASE ~~ 
----~-u 20 ----l__J ~o 

HOT CASE 

-
--, n _____ ___,~--:.,__~-n_ L.I"'7..l u- COLD CASE 

-----u,nJ u - ' 

80 

t
60 

40 
I 

~ 20 

~o 
~300 

~:: 
lo 

-100 

-200 

- 300 ...,___---,-=r=----r---.---.------.---r----=;==--,---,,---r---.---.------r=='r--,------,-----,,-----r--.-------L - 300 
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 

TIME - MINUTES 

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 

TIME - HOURS 
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ncn AVG. RAD. TEMP. VS MAX DUTY TIME FOR 67.5 HR MISSION 

WITH A 20° SUN ANGLE START AND HOT TRAVERSE 
LIFT OFF 

J/RECl.,.,
4 

SORTIE I .,.,
4 

140 

UNIT OFF UNIT OFF 

OPERATIONl 

.,.,
4 

SORTIE 3 "'1
4 

STANDBY MODE -j i 

120 

100 

80 

60 

40 

20 

0 

V) 
CD 
...J 

EFFECTIVE RAD. 
AREA = 196.0 IN.2 

65 % OPEN RAD. 
aR = .20 

FULL OPEN RAD. 

<& 
¾ 

(?o 
~ 

~t? 

-7 
::::::e ! RAD. AREA = 196.0 IN .

2 

~~~~351 ~ . /65 % OPEN 
a R = .20 

L'\. I I I ~ I 1/ 5::---'--:-10~---:'15=----='20=----;;:2';-5 ----:!-30=----'.!'35!:----,-l40!:----:'45!:-----'L,,l50~-_j5_5 _ __j60 __ ......l65~~70 
MAX DUTY TIME (HRS) 

-20L---~-~;;------:-=---~l::----=-'=--~l:----=-'=------,J,------L...---1 __ ___L_ _ __j __ _L_ __ 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 
MAX DUTY TIME (HRS) 



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

BEGINNING AT 5° SUN ANGLE WITH HOT TRAVERSE 
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Q. 

120 

100 
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ei 
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. AVG. RAD. TEMP. VS MAX DUTY TIME FOR 67.5 HR MISSION 

BEGINNING AT 5° SUN ANGLE WITH COLD TRAVERSE 
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ncn 
HOT CASE ANALYSIS CONDITIONS 

• STARTING TEMPERATURES ARE 90°F (32.2°C) AT TIME ZERO WHICH IS INITIATION 
OF THE FIRST EV A. 

• SEQUENCE OF EVENTS AND SUN ANGLE VERSUS TIME TABULATED IN THE TABLE 
FOR TIMELINE #1 - HOT CASE. 

• LUNAR SURFACE TEMPERATURE VARIATION WITH SUN ANGLE PER NASA 
M-DE8020. 008B, SE015-001-1. 

• NOMINAL SOLAR CONSTANT OF O. 9 WATTS/IN2 • 

• ALL THERMAL CONTROL SURF ACES COVERED WITH LUNAR DUST PER THE 
FOLLOWING VALUES: 

TYPE SURFACE 

RADIATOR MIRRORS 

INSULATION BLANKET EXPOSED 
SURFACE (SECOND SURFACE 
ALUMINIZED KAPTON) 

HIGH-GAIN ANTENNA DISH 
(GOLD PLATING ON MESH) 

HIGH-GAIN ANTENNA MAST 
(GRAY ANODIZE) 

CONTROL PANEL COMPONENTS 

METEH FACE (EFFECTIVE) 

S\\lTCHES (PSS) 

HOTARY S\\'ITCH (\'DA) 

CONTHOL PANEL PLATE 
(WHITE PAINT) 

\'HF ANTEt-,;NA (\ 'DA) 

- LCl1l' :'IU:SA BRACKETS (PSS) 

SOLAR ABSORPTANCE 
(a) 

0,20 

0,70 

0,52 

o. 90 

0,38 

0.60 

0.20 

0,40 

0.20 

ll.60 

EMITTANCE 
(E) 

0,85 

0,85 

0.20 

0.90 

0,43 

0,20 

0,20 

o. 90 

0,20 

0,20 



ncn 
l'OLf> CASE :-\ NA LYSIS CONDITIONS 

• STARTING TEMPERATURES ARE 50 ° F (10 '-' C) AT TIME ZERO WHICH IS INITIATION 
OF THE FIRST EVA . 

• SEQUENCE OF EVENTS AND SUN ANGLE VERSUS TIME TABULATED IN THE T ABLF 
F'OR TIMELINE # 1 - COLD CASE. 

• Ll'.NAR Sl'RFAC'E TEMPEHATPRE VARIATION \\'ITH Sl'N ANGLE PER NASA 
M-DE8020.00~B, S£015-001-1. 

• NOMINAL SOLAR CONSTANT OF O. 9 WATTS / INL , 

• ALL TEMPEHATl!HF CONTROL Sl'RFACES CLEAN (NO LUNAR DUST DEGRATION) 
PER THE FOLLOWING VALUES . 

TYPE SURFACE 

RADIATOR '.\1IHHOHS 

INS ULATIO N RLANKET EX POSE1J 
-.;1 ·1ffA<'E /SH'<''- I• S l l{J· ·\l . I· 

Al l'MINIZED KAPT<>\1 

HH;H- GAIN Al\TF:NNA OJSH 
/ !;(>LD PLATTNC l)l's \Tl<SH) 

HJ<;H - l,Af.\ ANTF'\'.\ :\ \IAS'I 
ll;HA) A."-1 >J)JZJ·:1 

\IF.Tri{ !-"ACF trTITCTT\"U 

~\\lTCIIFS (P:--S1 

! {1 >T A l{Y S\\TIT I! , \ ])A I 

l I 1\ l"I{\ ll P.\l\F l. PLATF 
1\\ Ill rJ- PAIN T> 

SOLAR ABSORPTANCE 

(a) 

U.10 

O.:l5 

0.26 

ll.1 0 

fl. :!O 

fl .11) 

11.:!(I 

'I . }ti 

ti . ;{ ,1 

EMITTANCE 

(E) 

0 . 85 

U.55 

0.04 

II. ~l3 

o. 10 

fl.05 

11, Cj(I 

II • 1)5 

I) • j () 



ncn 
POWER DISSIPATION VALUES 

COMPUTER POWER 
MODE IDENTIFICATION 23 27 31 35 40 45 

TRAVERSE TRAVERSE LIFTOFF 
POWER MODE WITH NEW WITH USED 

STOP STANDBY TV 
POWER IDE NT! FICA TION BATTERY BATTERY 

OPERATION TV OPERATION 
OFF FM/TV REMOTE FM/TV SU BASSE MB LY PMI/WB PMI/WB 

LIFTOFF 
BODY 7R 

VHF RECEIVER 1. 17 1. 17 I. 17 1. 17 1. 17 u 
BODY 77 

VHF TRANSMITTER 3 . 45 3 .45 :i. 45 n. :is :i 45 I) 

BODY 72 
S-BAND RECEIVER 2. 10 2 . 10 2. 10 2. 10 2, 10 () 

BODY 67 
PM TRANSMITTER :rn. R :rn . 8 0,29 0.29 0.29 0 

BODY 66 
FM / PM TRANSMITTER o. 29 o. 29 43. 7 0. 29 43. 7 0 

BODY 75 
UP-IJNK SIG NAL PHOCF SSc 1H fl. l :, II. 15 0, 15 0, 15 0, 15 () 

BODY 71:i 
DOWN-LINK SIGNA L PROCESSOR 1. 4fi I , 4H 1. 46 1. 46 1. 46 0 

BODY 71 
VOLTAGE REGULATOR :.!. 40 2, ,10 2,40 2,40 2.40 0 

BODY 70 
DC'-DC' CONVERTER II () () 2 . !J 17, 7 0 

BODY ti b Al\'D (,~, 
BATTERY 9. 3 7. !J4 11. 10 0 0 0 
TOTAL HEAT DISSIPATION nO, 12 5f-. 7n 65. 82 11. 11 72 , 42 0 

(W ATTS) 

TEMPERAT l! RE OF NODE 95 1 ,) 20 :10 40 50 (;() 
CORRESPONDING TO MODE" \ 'CJ 
(!NOE PENDENT VARlAB LE FOR 
Cl'RVES 71 AND 72) 



RCII 
EXTERNAL CONFIG(IRATION - LCRU THERMAL ANALYSIS 

COLOR TV 
z HIGH GAIN 

ANTENNA DI:-.:;H ~:.....-- 34 
TOP= 27 l4 
BOTTOM= 11 

REFFRENCE 1 8 
AXIS .... , --,----~ X 

I 15 

~ I LRV 
~ I BATTERY I(; -..;; 2~) I •)" _, 

I I · coVER 

I FRONT=l2 

~ ~l 
BAC'K=37 

----
I 
I 
I 4~ 

I<'Rt · 



MIRli'ORS 

FIXED 

INSULATION 

CONTROL PANEL 
.5TRUCTUR.f LCRU 

CHASSIS 

HE.AT S//\'I( CORE. 

INTERNA L 
2!:IK~ 

PRE.55Uli'E. 
fil.il 

LCRU CHASSIS 
ANALYTICAL THERMAL MODE.L 

NODAL LAYOUT 

INSULATION 

COVER 

INSULATION 



f~_-!,,~--
'. --~ 

,. ' -''i.,(tf~ 

f. t/ / :! ',,_< ,,-- LCRU CHA55l5 

I/ ~ -

Ir I / r-•1 • ~ ,, ..... 

1':c- I 'fl )s<> ' ',

1
1;( ----~~>', I I ~ /1 

0 I ' I I ,' ,,,_ // ' // , 0 

~ -- ''-( /~,~""ti~------ ;~ ' ll/ r ' ', ' /;;( "" v~ ',,' 
•.'-,, I (/ ",, r// -. .... .... , " , !' 

',,, I ,' 

I 

I 

DC-DC CONV£.KT£R 

VOL TAGE. REGULATOR 

FMXMTR 
RE.CE.IVER( Pt?IMARY) 

RE.CE/VER (SECONDARY) 

UL5 PROC.£.550.f! 

T1</PL£.XER 

VHF RE.CE. I V£.R 

VHF TRANSMI TTER 

LCRU CONPONE.NT 
ANALYTICAL THERMAL MODE..L 

N ODAL LAYOUT 

DIPL£.X£.R(I) 

DIPLE.XER ( Z) 



ROIi 
RADIATOR 

WAX HEAT 

SINK CORE 

WAX 

~ 
\ 

....... 
'-t.. 

CHASSIS 

BOTTOM 

COVERS 

LCRU THERMAL DESIGN 

TEMPERATURE PROFILE AT THE END OF THE LAST EVA 

MIRRORS 

NODE TEMPERATURES (°Fl 

FOR 

HOT CASE-Tl MELINE 1 
END EVA3 

NODE TEMPERATURES (°F) 
FOR 

HOT CASE-Tl MELINE 2 

END EVA4 

RADIATOR 

WAX HEAT 
SINK CORE 

WAX 

CHASSIS 

BOTTOM 

COVERS 



-~ 

RADIATOR 

WAX HEAT 

SINK CORE 

WAX 

\ CHASSIS 
" '-\ 

BOTTOM 

COVERS 

'------ -- - - - - -

LCRU THERMAL DESIGN 

TEMPERATURE PROFILE FOR COLD CASES 
AT THE ENDOFTHETHIRDEVA 

COLDCASE-TIMELINE 1 
AT END OF THIRD EVA 

COLD CASE-TIMELINE 2 
AT ENO OF THIRD EVA 

MIRRORS 

RADIATOR 

WAX HEAT 
SINK CORE 

WAX 

CHASSIS 

BOTTOM 

COVERS 



ROIi 
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2.. 
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DSC CELL 

CONVECTION SHIELD 

NUT .. kOCI &Wll[L .,u 

GAS PURGE COOlAlfT VACUUM 
CELL CROSS SECTION 



' ~ \ 
"' "\ 

0 
>< 
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<J 

0 
C 
z 
LU 

Pan ·.,n. .0S7S g 
P~n & Samnle ;·,t •• 0636 i; 

I SAMPLE: 

Si:::csanc - Pure REF. ____ D-S C _Sell 

SIZE _';>_P-:-a-i_ni :i r: _.G636 g: - -- _ ,ATM. _ _ 760_ ::ir.: He; - ---- IRui'J NO. 
' I I ---

- I !-- J _____ . 4 T ___ DATE _ _ __ 5.-2?c~7'J 
1SCALE , 

PROGRAM MODE !:e;,.t_ ' · ~oo: 'SETTiNG; _ 20 -~~ l __ ;$ OPERATOR .; • .,: • "':ri '-::-

1 

ORIG!N: ~ATE. - 1~ + i,':_ .SJ£'~X:10 °c ,SHIFT + 5 IN. -- ------ ----11 ______ H! __ := 5~-~~l/g 
1 ,,o"lin~ ,·.ar..e - S ,, ,,,i,. . _L_ 

,=:=:;==::;::=::::;====;::===,====;:======== ==-;::, = =, ---=;- ' ~1= ===r~====r,= =,=====,==.!_lr===r=11 ==, I ==, =-.c·-'--"--=: =,:__=-! 

'----~t-~ +~~=t::1 :=::t:-- -t-- ,-7- : : 
: I! ~ : /l ! l :j : ~ i 
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i I I , 
: I 
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I l , I 
l;- ! 
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i 
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. /1 I 
/ i I 

~,. ---t----'-----+-
I / 

; 
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l ___ 
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' / I ! 

I 
i i 

I I 

I 

' I 
I 

i 
I 

I 

I r -r 
I J y\ I 

I I 

i 
I 

I i 

I I I : 

I 
l i I I , __ _ __J 

i I i f--""' 
L/ 

I 

I : 
I :~ 900 I 

-120 -100 -80 -60 -40 -20 0 +20 +40 +60 +80 +100 

T. °C (CORRECTED FOR CHRO :ViEL ALUMEL THERMOCOUPLES) 



0 
>< w 

I-
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0 
C 
z 
w 

<ffll.1!1JID'.) :INSTR.~NTS -... _ .. 
,-------------Pan...Jelt._ Q.057~'7...__ __ ,------- -------.--------------, 

SAMPLE: Docosane Wax 

Closed sample 

.SIZF Pan & MH 0 0616 760 H 
1tem1tining wt. 6. 0616--- ATM. _ __ - - mm g -- -

REF. DSC --~ ! T - I .6. t 

RUN NO. ________ _ 

DATE __ S_/_l?_/~o_ 

PROGRAM MODE _ Heat __ SCALE ~ _lQ_ ~ _ __,__/_if- OPERATOR_!._ !_._!.7:_~_t_z_ 
SETTING 

ORIGIN: ~ RATE _ _!9 _ _ ;& ,START __ ?~~C 
~~ Coolin2 Rate: 5% Min. 

--- - - - ----~F m56.2 Cal/g 

' 
/i'J 
~ II 

\ '/ V 
I 
I 

V 

- \ 

} l)f~__...._1v ~, -L----1\ / 
f--+----+--+---.:t_=.::::--...p--;_.....l/-1---1-1, -+-__ -+---+-__ ,___.---\---vf--f ___ L---'---+-~-+-_,,,,.-+v--'),'"""~ ........ ----+H"--+-~-, - . -+-9-00--1 

0 - 4U L.-- ~U 60 7 IU lJ 90 10( 

T. °C (CORRECTE D FOR CHROMEL ALUMEL THERMOCOUPLES) 



ncn TEMPERATURE DISTRIBUTION IN 
WAX AT BEGINNING OF MELT 



0 
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LU 

I-
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0 
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z 
l,lJ 

I SAMPLE: 

j ~ocosane - 50t 

Sicosane - 50% (Pure) 

ORIGIN: 

I"-.. 

I 

f 

Pan wt •• 0576 g 
Pan &. Sample ·'t. .0650 g 

I 
ATM. 

REF. DSC Cell ____ _ ____ _ 

<Ull:e!ltID IN'STR.~ENTB 

760 mm Hg RUN NO. ________ _ 
I 

- -- 1 

DATE - - 5-25-70 ______ -1 
PROGRAM MODE Heat & Cc ql_ SCALE . • 10 

SETTING 
~ L l__ i:- OPERATOR _ _ J. X. _Fritz __ 

fF=49.0 Cal/g 
RATE .. 10 _ i,C. .START 19 ~C 
/';oolin;:: nate c;-0 c/min. 

--- ------·----- --- ----- . - -· - --- - -

V ~, r \ :l--l--4-~:-+----1----4---1.----4---1~---', 
\ /1' 

I A ,,,-

f---+....--i----!-----+----1--1--4--/ \ 

I I 
-------. -

i I J 

I / ,\ L/ 
' I--- - I 

-

(\ 
V I I I 

) (; 1 

I 

I 

I i I 
I 

,_ I ! I I 

i I ~ 900 

0 10 .o 30 40 50 60 ,u tu ';U lUl 

T . 0 c (CORRECTED FOR CHROMEL ALUMEL THERMOCOUPLES) 



l'~n & Sal'lfflle Wt. t>616e 

SAMPLE: SIZE Remtining Wt, .oa% g ATM. 760 llffll Hg RUN NO. 
Eieosane - Tltchnieal 

0 
)( .... 

t-

<J 

0 
Q 
z 
LU 

Fisher 

ORIGIN: 

-120 -100 -80 

REF. DSC Cell T 6t DATE 

MODE Heat & Cool 
SCA.LE 

PROGRAM SETTING _ ~0_ ¼. 1 if- OPEFtATOR 

RATE_l.0_·.ii- .,T1mT -20 °c SHIFT._ +5 IN. HF -
Coolin~ Rate • · ec min. 

----

' -

\ K1) 
I\ - / 

\ K \v ~ - · - - 1_ ·· ·· · -·--
-::'\. 

--- .. 
- / ~ 

~ ' ~' r 
®' I 

\ ~I 

t' 
I~ 

0\ .,. / 
/' 

Cz>r 
, 

/ I , '-- ('I) 
-

-60 -40 -20 0 +20 +40 +60 

T. 0 c (CORRECTED FOR CHROMEL ALUMEL THERMOCOUPLES) 

5-22-70 

J.. Xt h1t1 

36 .6 Cal/g 

t 
V 

~ 900 

+so +100 
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0 

Pan wt. • 05 74g ,..._ 
~ t'.'-~ 

f\t:.. I. -- -- 0 

SAMPLE: 50% Docosane SIZE Remaining wt • • 0655_g ATM. 760 mm H.g 
50% Mineral Oil ' t REF. DSC Cell -- - ·-- - ___ --·---J T 6 t 

PROGRAM MODE _ij~~t ¢t. ~Q.c :SCALE _ -~__J,Q_ ~ 1 ii:-
SETTING 

ORIGIN: RATE _ _g) - ~ ,STA'!t- .. ?_ ~C 
Cooling Rate• 5 /min - --·--· 

I J ir"\. - ~ \([) V l_<i) 
~ -- j --

"--. ~ 
---.... 

"' \ /; V 
r--- i-..... _,.,-

...... 

"' ~ \ VI 
~~ I\\ 

'\ 

\~ ' V 
--/ 

' 
. . ---G !') ../ -r 

/W 
/ 

~ 
V 

1----

10 20 30 40 50 60 70 
T. 0 c (CORRE CTED FOR CHROMEL ALUMEL THERMOCOUPLES) 

RUN NO. 

DATE _5-22__-~70 

OPERATOR J. x. Fritz 

HF - 26.6 Cal/g 
-

I 

___,,. --
~ 900 

80 90 100 
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SAMPLE: N a2H P 0 4 12 Hzo 
Sealed Pan 

ORIGIN: 

~ .....__ 
~ 

-,~ 

"-. 
\ \ 6- ~ 

'-., " -........ 

l 

I 
~ 

Pan Wt.: .0579 g - - ...... -~--
r ~u. \JC 1,. .a.uy • .vvLV C, 

SIZERemains: . 0620 g_ _ ATM. _ 760 mm Hg _____ RUN NO. _ _ ______ _ 

111!,. DSC _l T -~ DATE 5/14/70 __ 

PROGRAM MODE !!eat&Co?.~- $iALE _ _ J J._Q_ -ii 1-..!_ -i- OPERATOR J • X •- Fritz 

10 •c 18 o S TTING~ HT • 64 .2 Cal/gm ~fJtfii.g-Rate .~T1Bt7Min.c ----+'(J~- -----

-- I ~--- .,...__ 

--- / --.......... --i"-... , / 
I 

I \ 

N\ + I I --
" 7/ 

I Ir ✓ 
I '! 

V/ 

1 

I I 

1 _ ___.v A 

[/ 
~ 100 -~ ___ .i..,__.i..,__.i..,__.._ _ _..__...._ _ _ .:___....___....._ _ __,_ _ __._...___._ _ __. __ i......_,___ _._ _ ___. _ __,.._ __ _ 

0 10 30 40 50 60 70 80 90 lOG 
T, 0 c (CORRECTED fOR CHROMEL ALUMEL THERMOCOUPLES) 



RGJI 

CONTAINER STRUCTURE WT. WAX WT. TOTAL WT. 

RCA 19~4203 1. 93 LBS. 3. 72 LBS. 5.65 LBS. 

RCA 1953281 • 96 LB. 2. 05 LB Sc 3.01 LBS • 

RCA 1953282 • 31 LB. • 56 LB. • 87 LB • 

TOTAL 3. 20 LBS. 6.33 LBS. 9. 53 LBS. 



RCII 

. 55 HRS. 
110.8 

TEMPERATURE DISTRIBUTION 
OF FREEZING WAX CELL 

3.0 HRS . 
106.7 

112 

4.0 HRS. 
104.1 

4.6 HRS. 
100.2 



ncn SHRINKAGE VOLUME VS LEAK VOLUME 

CONTAINEIII 3 

22 

20 

18 

. 16 

~ 

B ~ 14 

I a 
w 12 

..,J 

~ ' 3 
..I 

~ ..., 0 10 
~ : > 

~ 
~ ◄ z l&J 

8 - ..I a: 
i: 
(/) 

6 

4 

2 

0 ·-
0 20 10 eo ,oo 120 140 110 

CONTAIN Eff VOWME CU. IN . 

LEAK RATE 2}.l CU FT/CU FT 



non LCRU CASE DESIGN ANALYSIS 

II 
Yl£L8 Si' II 

10 

• 4 --en 
- a: • E) 

Wt s 
~ 

I W0RKIN6 sri.EtS 
2. ::. I 
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IICn . WAX 
OOMTAINER 

a 
HEATER 

WAX 
PAC~GE 

a 
HEATER 

_CHANGE OF PHASE 
MATERIAL CHARGINI 
MCILtTY 



ncn 
A-

A.,__, 

CONTAINER CLOSURE 

WELD SEAM 

SECTION A-A 

I /4 MflT 
PLUG 



ncn BATTERY ASSEMBLY 
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ncn 
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TEMP. OF HOT SPOT vs TIME 
FOR VARIOUS HEAT SINKS 

COUPLING OF 3.0 iTU/OJ: (CASE TO SINK) 

1'3tU/HR o1<. 
o .. 53~ LB 
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non LCRU THERMAL BLANKET 

~::: 
,~FASTENER 

REINFORCED 
STRAP HANOLI 
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ncn PANEL OUTLINE 
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ncn ICRU THERMAL FINJSHES 

ITEM MATERIAL 

CASE & COVERS: AL 6061-1'6 

OVERALL 

INSIDE• 

TOP•• TEFWN 

MOUNTING LEG 

RF CONNECTOR: 
RECEPTABLE CRS••• 

PLUG 
(KCMC0-3) 

CABLE GLASS BRAID 
( LSC380~01-2) 

VHF ANTENNA•••• 

•EXCEPT MOUNTING & INTERFACE SURFACES 
• *AREAS NOT COVERED BY WAX PACKAGE 
••*CORROSION RESIST ANT STEEL 

FINISH 

-

ffilDITE. 1980135-1 

BLUE ENAMEL. 1985511 

SECOND SURFACE 
SILVERIZED 

MULTI-FILM INSUIATION 

GOI.D PLATH«) 

TEFLON COATIM; 

••••INSULATED FROM LCRU CASE BY GlASS EPOXY 

INSU l.A roR . mi MIN. THICKNESS 

a • WEIGHT 
LBS 

- -

.3 . 1 

. 85 . 92 

. 07 . 78 

. 35 .55 

• 25 . 03 -

. 2 . 9 ;,~ " .,a 

.25 

l 



ncn LCRU 111ERMA L FINISHES (CONT'D. ) 

ITEM MATERIAL FINISH 

CONTROL PANEL: - -
INSIDE PLATE AL 6061-Tti IRID(TE, 1980135~1 

OUTSIDE PLATE AL 6001-1'6 3M WHITE VELVET 
'ZO'i-Al0 

METER:• - -
FACE - BtACK PAINT 

BEZEL AL VAPOR DE POSITED 

BODY AL BLACK FINISH 

ROTA RY SWITCH: - -
BODY CRS PASSIVATED 

SHAFT CRS PASSIVATED 

KNOB EPOXY GLAS8 VAPOR DEPOSITED 
ALUMINUM 

•THERMALLY INSULATED FROM PANEL BY GL~SS EPOXY 

SPACER . oai MIN. THICKNESS 

AL 

a € WEIGHT 
LBS 

- - -
.3 . 1 

• 2 . 9 

- - .38 

-
. 1 . 05 -
.8 .9 -

- - .50 

.4 .1 -
- - .. 

. 1 ' 06 

I 

_J 



non l..CRU THERMAL FINISHES (CONT'D. ) 

ITEM MATERIAL FINISH a € WEIGHT 
LBS 

TOGGLE SWITCH : - - - - .:l 

(i3 ~ - 8) 
BODY CRS PASSIVATED .4 . 1 -
SHAFT CRS PASSIVATED . 4 . 1 -
HANDLE AL NJCKE L Ii BRIGHT . 1 . 05 .. 

CHROMIUM 

TOGGLE SWITCH: - - - - . 1 

(l::l LS2-7) 
BODY CRS PASSIVATED .4 .1 -
SHAFT CRS PASSIVATED . 4 . 1 -
HANDLE AL NlCKE L Ci BRIGHT . 1 . 05 -

CHROMIUM 

cmcuIT BREAKER: - - - - . 1 

BlJDY GLASS MELAMINE GRAY 

BUTTON GLASS EPOXY ,. 

CONNECTOR: ..• - - .. -
1u:c~PTAC LE AL t.iOfi 1-'lli CIIH<>MIUM PLATING . 1 . 06 . 24 

PLUG AL fiOO I ·· 'Tu CHHOMllJM Pl.A TING . 1 . 05 . JI 

.... 
J 



ncn LCRU THERMAL FINISHES (CONT'D.) 

ITEM MATERIAL FINISH a £ WEIGHT 
LBS 

H. G. ANTENNA : - ·- . - -
MESH CHROMEL-R GOLD PLATING . 25 . 03 . 4 

DISH STRUCTURE AL CLEAR ANODIZE. 1980037-l .3 .8 3.3 

POSITIONER AL 6061-1'6 CLEAR ANODIZE, 1980037-1 .3 . 8 .6 

MAST AL 6061-1'6 CLEARANODIZE, 1980().17-1 .3 .8 3.0 

L.G. ANTENNA: AL. MG Ii: G-11 3M WHITE VELVET . 2 . 9 . 8 
202-Al0 

P~ITIONER AL 6061-W CI..EARANODIZE, 1980037-1 .3 .8 . 4 
GLASS EPOXY 3M WHITE VELVET .2 .9 

20'i-Al0 

SUBASSEMBUES AL IRIDITE - < . 2 .. 
EXCEPT: 

S-B XMTR AL GOLD PLATING - . o.'3 2.6 

BATTERY. ~"=.21) - - 9 . 4 

CASE BL.ACK PAINT - 9 -
DIP LEXER AL SILVER PLATING - O:J 1. 0 

.. 



RGJI 
TEMPERATURES OF HIGHEST POWj_R J' 

DISSIPATING COMPONENT~/) ,l 
~ ~ . "' " .;.~ ~J .: ALLOW. 

DISSIP. 
0 
c-j 

4T 
c-j TEMP. TEMP. 

ITEM VENDOR COMPONENT w. ·· c/ w ' C 6 T. ' C ·· c ' C 

VHF XMTR RCA-DCSD Q4(2N3866) . 25 32 8 20 91 100 
Q5(2N3866) . 45 35 .5 16 32 ~,~· 100 
Q6(2N3375) . 8 15 12 21 92 100 

VHF RECEI\'ER RCA-DCSD l ' l(LMl0lH) . 05 45 3 100 

VOLTAGE RCA-DCSD VRl. VR2 (l1Z710) . 31 - - 10 81 31; 

REGrIATOR Ql (SJ16 82H) 3 . 0 4 . 3 13 22 93 100 
Q2(SJ1682H) 3 . 0 4.3 13 22 93 100 

DC-DC RC-\.-DCSD Q2(1768-1030) WESTING. 10. 0 1.0 10 100 
CO!\VERTER Tl(XT12434) 2.0 - - 8(, 

C2(29F3292) GE 1. 0 - - 8G 
Cl0(29F3292) GE 1.0 - - 86 
CR4(JANTX1N3891) .5 4 2 100 
CR5(JANTX1N3910) 1.0 4 4 100 
Q3(2N2 88 0) 1.0 3 . 3 3 10() 

I ·P- I.P.\"K <:;TG. RCA-DCSD 21-23(LM101H) . 05 45 3 100 
PR< >C . 21 (LMl0lH) . 05 45 3 100 

onw,- 1.1:----1, RC.-\.-DCSD 
SIC . PR<>(. 
14 -, KH7. \"('0 SO~'F.X CR! . 03 - - 14 85 8fi 
I .:. , :\111 7 \('ll SCI 2N'221 ~ . 13 50 7 1 f, "i 100 



RCJI 

ITEM VENDOR 

S-BAND RCVR MOTOROLA 

VHF TRIPLEXER RANTEC 

BATTERY YARDl\'EY 

H. G. AJ\TTENNA RCA-1\!S&R 

VHF ANTENNA MOTOROLA 

S- BAND XMTRS CONIC 

S-8 DIPLEXERS \\':\VECOM 

LC . :\::'\"1 F'.',;NA BENDIX 

TEMPERATURES OF HIGHEST POWf_R 
DISSIPATING COMPONENTS fl 

DISSiP. 
g 
c-j 

COMPONENT w. -- c 1w 

Q3(2N2857) RF CONV. . 035 880 

- - -

CELL CASE 10. 0 -

MESH - -

- -

Q2(2N5038) VOLT. REG. 11. 0 1. 25 
Q3(2N3720) VOLT. REG. . 6 29.3 
CR1-CR3(UT4020) VOLT. REG. .4 -
Q2(2N3036) SEC. REG. 1. 1 62.5 
Q1(2N5481) FM EXC . / MOD. .5 35.0 
Q1(2N5481) P.A. DOUBLER 1.2 35 . 0 
Q2(2N5482) P.A. DOUBLER 3.2 ® CRl(HP5082-0300)FR. MULT. 2.3 
Q1(2N5921) IPA 8. 1 

0 

·t 
Q1(2N5921) P.A. 10 2 ~~ 

- l. 9 -

- - -

AT 
c-j 

' C 

31 

-

-

-

-

14 
18 

-
69 
18 
42 
56 
4G 

~"' 1W ,. 
-

-

10 3 
l o 

. o .t 
\, -

'i 
.AT.' C 

43 

-

17 

-

-

33 

23 
42 
57 

46 J -~--.,,. 
3 

-

.v 
'V 

TEMP 
' C 

---~ -

GG 

2fi0 

..]..IW' 

8") 

94 

.J.JK'fe 
..u,g-, ... 

=>?~ 
.JJ,,i .. -.a ')c 

74 

~:3 

AI.WW 
TEl\lP 

·c 

iOO 

sr, 

i;;:i 

·-

100 
100 

t,(; 

100 
100 
10() 
1 tlll 
100 ... 
J:i() 

ISO 
~ 

tl(i 

121 
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LCRU THERMAL MOCKUP 

non SOLAR THERMAL VACUUM 
THERMOCOUPLE ASSIGNMENTS 

SWITCHING NUMBER OF THERMOCOUPLE 
BOX ITEM THERMOCOUPLE LOCATION THERMOCOUPLES NUMBER 

1 1 BATTERY 4 1 4 
2 VHF ANTENNA 1 5 
3 VHF TR I PLEXER 1 6 
4 VHF TRANSMITTER 2 7,8 
5 VHF RECEIVER 2 9, 10 
6 UP -LINK SIGNAL PROCESSOR 2 11,12 
7 OOWN ··LINK SIGNAL PROCESSOR 2 13, 14 

" ~ 8 S~ BAND DI PLEXER (PRIMARY) 3 15-17 
' 9 S ·BAND DI PLEXER (SECONDARY) 2 18,19 ~ 9A MOUNT ING SHELF 4 20~23 

2 10 S BAND PM/PM TRANSMITTER 5 26-30 
11 S BAND FM/PM TRANSMITTER 5 31 --35 
12 S~ BAND RECEIVER (PRIMARY) 3 36·38 
13 S-BAND RECEIVER ( SE CON DARY) 3 39~41 
14 DCI DC CONVERTER 4 42 -45 
15 VOLTAGE REGULATOR 2 46.47 

3 16 CONTROL PANEL 20 51 -~70 
CABLE 1 71 

17 LCRU MOUNTING LEGS 2 72,73 



LCR U THERMAL MOCKUP 

ncn SOLAR THERMAL VACUUM 
THERMOCOUPLE ASSIGNMENTS tCONT' D~) 

SWITCHING NUMBER OF THERMOCOUPLE 
BOX ITEM THERMOCOUPLE LOCATION THERMOCOUPLES NUMBER 

4 18 CASE: SI DE WALL - FRONT 5 76 --80 
SI DE WALL - REAR 5 81 --85 
SIDE WALL · END 3 86 88 
PARTITION 3 89-91 
COVER {BATL COMPT.) 2 92.93 
COVER (PRESSURIZED COMPT.) 4 94=97 

5 MOUNTING PLATE 12 101 -112 

~ RADIATOR 13 113-125 
I 

~ 6 19 THERMAL BLANKET 6 126~-131 
20 CABLES 8 132139 
21 HIGH GAIN ANTENNA. 

DI SH 4 140-143 
P.OSITIONER 1 144 
MAST 1 145 
CABLES 2 147 

22 TV CAMERA 2 149 



- - I 
I 

I 

LCRU THERMAL MOCKUP 
I 

RCJI 
I 

SOLAR THERMAL VACUUM I 

THERMOCOUPLE ASSIGNMENTS tCONT'D, ) I 

RAD IOMETERI I 

SWITCHING NUMBER OF THERMOCOUPLE I 

BOX ITEM THERMOCOUPLE LOCATION THERMOCOUPLES NUMBER I 

7 23 LCRU: 
I 
I 

TOP: THERMOCOUPLE 1 151 
I 

RADIOMETER 1 I 152 
I 

RADIOMETER 2 1 153 I 
END tFRONT PANEU: THERMOCOUPLE 1 154 I 

RADIOMETER 1 1 155 I 

RADIOflfTER 2 1 156 

END: THERMOCOUPLE 1 157 

RADIOMETER 1 1 158 

~ RADIOMETER 2 1 159 
\ SI DE(WAX PACKAGE): THERMOCOUPLE 1 160 

~ RADIOMETER I 1 161 
RADIOMETER 2 1 162 

SI DE: THERMOCOUPLE I 163 

RADIOMETER 1 I 164 

RADIOMETER 2 1 165 

BOTTOM: THERMOCOUPLE 1 166 

RADIOMETER 1 1 167 

RADOMETER 2 1 168 



ncn 
SWITCHING 

BOX ITEM 

24 

LCRU THERMAL MOCKUP 
SOLAR THERMAL VACUUM 

THERMO COUP LE ASSIGNMENTS tCONT' D, ) 

THERMOCOUPLE LOCATION 

CHAMBER. 
SOLAR SIMULATION BEAM: 

THERMOCOUPLE 
RADIOMETER 

STRAY RADIATION 
THERMOCOUPLE 
RADIO-V,ETER 

RADIOMETER/ 
NUMBER OF THERMOCOUPLE 

THERMCOUPLES NUMBER 

I 
I 

1 
1 

169 
170 

171 
172 



11.0 TEST PROGRAM 

I 
CZ: 
C, 
0 
CZ: 
A, 

t; 
w ... 
C? ... ... 



ncn TEST PROGRAM SUMMARY SCHEDULES 

TEST START COMPLETE 

THERMAL MOCK-UP 6/8/70 8/14/70 

ENGINEER ING MODEL 7 /13/70 11/5/70 

DESIGN VERIFICATION (DVT-1) 1/4/71 4f30nl 

QUALIFICATION 4/5/71 7/30/71 



~ 
\ 
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RGJI THERMAL MOCK-UP TEST PROGRAM 

HIGHLIGHTS 

1. MSC/RCA SR/TV T. I. COORDINATION MEETING 

2. SR/TV CHAMBER INTERFACES/REQUIREMENTS DEFINED 

3. PRELIMINARY TEST PLAN OUTLINE AND LIST OF 
TESTS DEFINED 

4. PRELIMINARY DRAFT TE~T PLAN AND PROCEDURE 
SUBMITTAL 

5. FINAL DRAFT TEST PLAN AND PROCEDURE SUBMITTAL 

6. THERMAL MOCK-UP ASSEMBLY COMPLETE 

7. START SR/TV THERMAL MOCK-UP TESTS 

8. COMPLETE SR/TV THERMAL MOCK-UP TESTS 

9. TEMPERATURE CALIBRATION TESTS COMPLETE 

10. EVALUATE TEST DATA VS. COMPUTED DATA 

16-17 APR IL 70 

24 APRIL 70 

5-6 MAY 70 

22 MAY 70 

26 MAY 70 

12 JUNE 70 

16 JUNE 70 

15 JULY 70 

14 AUGUST 70 

21 AUGUST 70 



ncn THERMAL MOCK-UP SOLAR RADIATION TESTS 

PURPOSE AND OBJECTIVE: 

I. OBTAIN THERMAL PERFORMANCE DATA FOR ENGINEERING DESIGN 
CALCULATIONS 

11. CORRELATE ASSUMPTIONS WITH TEST DATA 

111. ESTABLISH THERMAL PERFORMANCE TRENDS DUE TO SHADING 

IV. OBTAIN THERMAL PERFORMANCE CHARACTERISTICS DUE TO DUST 
SIMULATION 

TEST PLANS: 

I. CHAMBER CALIBRATION 

A. DETERMINE SOLAR BEAM CHARACTERISTICS 

l. DIVERGENCE ANGLE 
2. LOCAL POINTING VECTORS 
3. I RRAD IANCE VALUE AND UNIFORM ITV 
4. SPECTRAL DISTRIBUTION 



RCII 
THERMAL MOCK-UP SOLAR RADIATION TESTS (CONT'D) 

8. DETERMINE CHAMBER CHARACTERISTICS 

I. REFLECTIVITY FROM 0. 25µ TO 35µ 
2 •. ABSORPTIVITY (o<) OF CHAMBER TO SOLAR SPECTRUM 
3. EMISSIVITY(£) OF WALLS 

C. DETERMINE TEMPERATURE CONTROL OF 

1. SIMULATED LUNAR GROUND PLANE 
2. LURA IN TILT SIMULATOR 
3. CHAMBER SHROUD 

D. DETERMINE REMOTE TILT TABLE INDICATOR POSITIONS 
VS. RELATIVE TEST PLANE SUN ANGLE 

11. MECHANICAL SET ··UP 

A. VERIFY MECHANICAL INTERFACES OF LCRU AND SHADING 
SIMULATORS ON SIMULATED LUNAR SURFACE GROUND 
PLANE. 



RCJI THERMAL MOCK-UP SOLAR RADIATION TESTS (CONT1 0) 

B. VERIFY INTERFACE (RESISTANCE) CONTINUITY 

1. THERMOCOUPLES TO DATA REDUCTION FACILITY 
2. RADIOMETERS (LCRU AND CHAMBER) TO DATA 

REDUCTION FACILITY 
3. LCRU CONNECTOR OUTPUT TO HEATER (P. S.) 

CONTROL BOX 
4. SHAD ING SIMULATOR HEATERS TO CONTROL 
5. FIN HEATERS TO CONTROL 

C. INSTALL GUARD HEATER(S) ON CABLES TO ELIMINATE 
THERMALLY CONDUCT IVE COUPLINGS 

D. VERIFY CABLE CLEARANCE FOR REQUIRED TILT TABLE 
ROTATION 

111. INSTRUMENTATION CHECKOUT 

A. APPLY POWER (VIA HEATER CONTROL BOX) AND OBSERVE 
INTERNAL THERMOCOUPLE RESPONSE BY SCANNING DATA 
CHANNEL OUTPUTS. 

B. OBSERVE EXTERNAL THERMOCOUPLE RESPONSES UPON 
APPLICATION OF HEAT. 



RCJI THERMAL MOCK UP SOLAR RADIATION TESTS tCONT D) 

C. OBSERVE RADIOMETER RESPONSES AS STIMULATED BY 
IRRADIANCE FROM HEAT GUN. 

D. VERIFY REMOTE THERMAL BLANKET REMOVAL AND RE -
PLACEMENT. 

E. VERIFY TV CAMERA AND MONITOR OPERATION. 

IV. INITIAL TEST ENVIRONMENT 

A. REMOVE ALL SHADING SIMULATORS ·· ONLY THE LCRU IS 
MOUNTED TO THE LUNAR GROUND PLAN£ (THERMAL BLANKET 
COVERS RADIATOR) 

B. RAISE END BELL AND SEAL CHAMBER 
C, INITIATE PUMP DOWN SEQUENCE 
D. START TESTS UPON STABILIZATION: 

1. WALL SHROUDS AT -1700C 
2. LURAIN TILT SIMULATOR AT LN2 
3. VACUUM AT 1 X 10-S TORR OR LOWER 
4. LCRU RADIATOR BASEPLATE AT 700F ±5°F (CONTROLLED 

BY INTERNAL HEATERS DUR ING PUMP DOWN) 



RCJI THERMAL UO€KUP l!i61AR RAWA"flON/l'IIEllu,A L-VACUUM TEST IIATIUJ' 

~ 
en 

CONFIG URA TJON r< f; c:: 
s: ~ s; z 0 

trj ;ii II III JV !:ti 
!:t1 z t;; ;g ?1 I LCRU LCRU SAME AS I V en 

~ 
trj 0 '"d ;,,. 
i ls: LCRU RADIATOR RADIATOH WITH SAME AS I 

>,l c:: s: a trj ~ 
>,l 

ta 8 RADIATOR PARTIALLY FULLY SHADING WITH DUST 
en ~ t;; 0 COVERED SIMULATORS Sll\1:UIATORS >,l trj z trj t"I UNCOVERED COVERED 

A ON -ss° F LN2 7° lXl0-5 
FM/TV MONITOR MONITOR MONITOR 

TORR. BATT. THERMO- THERMO- THERMO-
COUPLES COUPLES ~ -- COUPLES 

~-'-

B ON +126°F LN2 27° lXl0-5 FM/TV MONITOR MONITOR Ml1NITOR 
TORR. BATT. THERMO- THERMO- TIIERMO-

COUPLES COUPLES 
- I-

COlfPLES 

C ON +126° F 20° 27° lXl0-5 FM/TV MONITOR 
TORR. BATI. THERMO-

COUPLES 

D ON +!96° F LN2 47° lXlO-li FM/TV MONITOR 
TORR. BATT. THERMO-

COUPLES 

E ON +196° F LN2 47° lXlO-S FM/TV MONITOR 
TORR. CONV. THERMO-

COUPLES 

F ON +196° F LN2 47° lXl0-5 
PMl/WB MONITOR 

TORR. CONV. THERMO-
COUPIES ·- --- --

G ON +196° F LN2 47° lXl0-5 
PMl/WB MONITOR 

TOM. BATT. THERMO-
COUPLES 

H ON +234° F LN2 67° lXl0-5 
FM/ TV MONITOR MONITOR 

TORR. BATT THERMO- THERMO-
COUPLES COUPLES 

J ON +234° F LN
2 

67° lXl0-5 
OFF MONITOR 

TORR. THEIIMO-
COUPI,ES 

K ON +238° F LN
2 

700 lXl0-5 
FM/ TV MONITOR 

TORR. BATT. THERMO-
COUPLES 

L ON +234° F 70 67° lXlO-S FM/ TV MONITOR 
TORR. BATT. THERMO-

COUPLES 

M ON ~234• F :lOO 67° lXlO-S FM/TV MONITOR 
TORR.. BATT. THERMO-

COUPLES 



ncn 'PHER¥A L W),3~UP 80 LIJl Mf)IA 'lJON/THRUAL-VAeoo M 1'£81£ MA 'FRIX (CONT'D. ) 

(/l 

i ; 0 t"' CONFIGURATION s: c:: 0 
~ M "d ::ti ~ 

IT m IV ., Ii: "d M 

f!l rd I LCRU LC Rl l SAME AS I V ~ 'd ;i,- ~ >-3 ~ ~ ~ 
(/l 

~ 
LCRl' RADIATOR RADIATOR WITll SAME AS I 

ta (/l 
M 

~ 0 RADIATOR PARTIALLY FULLY SHADING WITH DUST (/l &1 t 0 
>-3 L>l z t:I UNCOVERED COVERED COVERED SIMi llA TORS SIMULA TORS M 

N* OFF LN
2 LN2 70 IXl0-5 

OFF MONITOR MONITOR MONITOR 
TORR BASE Pl.ATE BASE PLATE BASE PLATE 

THERM. THERM. THERM. 
FROM +1200 F FROM ·+120°F FROM +120" F 

' 
TOO' F TO 00 F TO 0° F 

p OFF LN2 LN2 7° lXl0-5 
FM/TV MONITOR MONITOR MONITOR 

TORR BATT. THERMO- THERMO- THERMO-
COUPLES COUPLES COUPLES 
AND RADIO- AND RADIO- AND RADIO-
METERS METERS METERS 

Q OFF LN
2 

LN
2 

27° lXl0-5 
FM/TV MONITOR 

TORR BATT. RADIO-
METERS 

R OFF LN2 LN2 47° lXlO-S FM/TV MONITOR 
TORR. BATT. RADIO-

METER 

s OFF LN
2 LN2 sr lXl0-5 

FM/TV MONITOR 
TORR BATT. RADIO-

METER 

T ON LN2 LN2 27° lXl0-5 
FM/ TV MONITOR 

TORR BATT. THERMO-
COUPU:I 

u ON LN
2 

LN
2 

47° lXl0-5 FM/TV MONITOll 
TORR BATI'. TRl:JdiD. 

COUPI.ZII 

V ON LN2 LN
2 

67° lXl0-5 
FM/TV MONITOR 

TORR BATT. THERMO-
COUPLES 

*BASE PLATE MIN. TEMP. = +12<r F 



ncn ENG'R MODEL TEST PROGRAM 
4-30-70 

JULY AUG SEPT OCT NOV DEC 

5101520251 51015 20Z5 I 5 101520~ I 51015 ZOl5I 510152025 
DTV SELECTION KJ ~ I I l I I I I I I I I I I I --

00 NOTE: HI TEMP. ALIGNMENT 
I. INSTALLATION AND WAX 

LO TEMP. ALIGNMENT •~7 EFFECT TESTS NOT 
PRELIM. TEST PROC./ TECHNIQUE C/0 "v ~ INCLUDED. 

TEST ACCUR. VERIF. H,H 
2. NASA USEAGE TIME (ONE 

STE #I C/0 la 7 WEEK) NOT SHOWN. 
·-

CLOSE CASE '',; 

RADIATOR INSTALLATION 'll 

BAKE,PURGE I SEAL ~ .... 
LEAK RATE ~, 

I • -
STE#2C/0 .. , 
HI TEMP. PERFORMANCE V ~~ -
LO TEMP. PfRfOftMANCE 0.1 7 

-

STE# 3 C/0 ~ ~ - ·-,_ 
ENVIRONMENTAL CONFID. TEST V - V 

EM I CONFIO. TEST ':J ... 7 
QVERPRESSURE a L.R. TEST ·~, 

VOLTAGE VARIATION TESTS ~ 7 

MODE/OPERATING VARIABLES TEST QI ~ 



DVT PROGRAM MILESTONES 
1971 

JAN FEB MAR APR MAY 
I 31 I 2E I 31 I 30 I 31 

I LCRU ASSEMBLY I 
2 BENCH TEST 6~ l 
3 VIBRATION, RANDOM D. L. tr- Ii\ l 
4 VIBRATION, SI NE , E L/B f. f-i 4 
5 VIBRATION, SINE , DESCENT I~ 5 
6 VIBRATION , SINE I 1.5g DWELL H ' 7 LAUNCH DEPRESSURIZATION /'a 7 
I THERMAL - VACUUM, HOT CYCLE ~ f-l • 9 THERMAL - VACUUM I COLD CYCLE ,r~ • 10 SHOCK IL'll: hti 10 
II LEAK RATE ~'l II 
12 OPERATIONAL CHECK r,... ;,A ll 
13 ROVER VIBRATION ( OPER.) "'(I,. II 
14 SOLAR RAD. T - V (MSC) 14 
15 TIM ... LINE # I ( HOT) ~ --t. II 
16 TIME LINE# 2 (COLD) o- ~ 16 
17 LEAK RATE I}. 17 
18 OPERATIONAL CHECK j~ II 
19 EMI It 
20 DUST ( TBD) ~ 120 
21 HUMIDITY r,.,,_ 21 
22 Fl NAL FUNCTIONAL Ai 22 
23 23 
24 24 
2!5 LCRU STORAGE CYLINDER 125 
26 HUMIDITY t. t::. 126 
27 VIBRATION RANDOM D. L. r-r-~ zr 
21 VIBRATION, SINE I E L/8, DESCENT ir-h~ ze 
29 LAUNCH DEPRESSU R IZ ATION 'M Z'I 

30 SHOCK Ir- """11~ 50 
31 31 
32 32 
33 3! 
3'4 341 
3!5 3!) ,- -

3' 36 - · -- ---
37 37 
- · -- -- -
38 ~ --
39 39 
40 4C 



QUALIFICATION TEST PROGRAM MILESTONES 
1111 

: 
Aflillt MJY "VM L ., 

I I ..,1 I - II: I - 31 
I LC"U ASS£1n1LY 

.. -
: 1 sn uP ~ ~ 

, J Vl8R4TION, RANl:5(Uj D.L. b -, . 
4 VIBRATION, ROVER ~ & 
!I LAU NCR B£PRES$URIZ4TION 1./Ji 

• THERMAL - VACUUY, HOT CYCLE L - It. 

, 1 THERtt141- -V,\CUUlat, COLD CYCLE I!. ~ 

• SHOCK ~ 
t OPERATIONtL CHECK !kj 

10 LEAK RATE E 
II $OLAR RAE> . T-V ( ISC) 
IZ Tllff[LINE PI ( HOT) I. -; • 

115 Tl MELINE .. 2 ( COLD) ~ ~ 

:14 OPERAflONAL CRECK i-!'3' 
, 19 LEAK RATE l !\ 
,11 EMI •- .. -
' 11 Dust ( TBD) b. 
: II HUMIDITY !It 

ill FINAL,. FUNCflQ~AL ~ 
10 
II 
12 LCliiU $f()ft4_ .. E CVLINOEtt 
Z3 HUMIDITY t~H 
24 LAUNCH OEPRESSURIZATION j !t\ 
25 V1$.R~TIOA, BAl'iQ.0..8 , D,L. ~ ..... 
21 tH8Cft ~ a 
,u 
,ZI 
:21 
IJO 
'SI 
'52 
53 
54' 
35 -
36 
37 
31 
3, 
4'0 



,-

non LCRU SUB-SYSTEM ENVIRONMENTAL SPECIFICATION STATUS 

SE-C-0043A 
NAT. EARTH IND. EARTH LM VEHICLE LUNAR LM-ICD 
ENV. G.H. ENV. G.H. ENVIRONMENTS ENVIRONMENTS LIS-520-25163 
(4.64) (4.65) (4.66) (4.67) 5-14-70 CCSR 

LCRU UN IT APPL I CABLE APPLICABLE APPLICABLE APPLICABLE NOT 
T/V APPLICABLE 
VIBRATION 
DUSTf 

STORAGE APPLICABLE APPLICABLE NOT NOT APPLICABLE 
CONTAINER APPLICABLE APPLICABLE PER 

CCA-? 

HIGH/LO GAIN APPL I CABLE APPLICABLE NOT APPL I CABLE APPLICABLE 
ANTENNA APPLICABLE T/V AS MODIFIED 

VIBRATION BY STORAGE 
DUST ? CONTAINER 

--

BATTER I ES APPLICABLE APPLICABLE NOT APPLICABLE APPLICABLE 
APPLICABLE AS IN PER 

LCRU UNIT CCA-? 

PROBLEMS -

SE-C-0043A REQUIRES CLARIFICATION OF ABOVE (INCLUDING PRECEDENCE). 

CCA-? REQUIRED FOR SE-C-0043A, LIS-520-25163, 13M07391 AS REDEFINED. 

LRV-ICD 
M SFC-13M07391 
5-13-70 ICD MTG 

APPL If.ABLE 
VIBRATION 
NO ACCELERATION 
NO SHOCK 

NOT 
APPL I CABLE 

APPLICABLE 
VIBRATION 
NO ACCELERATION 
NO SHOCK 

APPLICABLE 
AS -IN 
LCRU UNIT 



~ 
I 

~ 

RCII [(SIGN VERIFICATION TEST PROGRAM PLANS 

I. LCRY AIIEMBLY (LEIS ANTENNAS) 

TEST 

1. BENCH TEST 

I. RANDOM VIBRATION, DESIGN LIMIT 

I. SINUSOIDAL VIBRATION, E L/B 

'• SINUSOIDAL VIBRATION LUNAR DESCENT 

I. IINUSOIDAL VIBRATION, 1. 5s DWELL 

t. LAUNCH DEPRESSURIZA TION 

t. THERMAL VACUUM 

•• IHOCK. LANDING 

•• LEAK RATE 

10. ROVER VIBRATION (LRV MOUNT) 

11. IOI.AR-RADIATION/THERMAL-VACUUM 

11. EID 

13. DUST (TBD) 

14. HUMIDITY 

Ii. FINAL FUNCTIONAL 

TEST PARAMETERS 

IPECIAL ELECTRICAL OPERATING PERFORMANCE 
AT AMBIENT 

u . .,, RMS (0. 2s,
1 

/Hz MAX LEVEL) FOR 3. 0 MIN./ AXIS 

1-100-5 Hz I 3 OCTAVE/MIN/ AXIS (3. 71 MAX) 

S-100-5 Hz I 1 OCTAVE/MIN/AXIS (l.4& MAX) 

I Hz FOR 10 SECONDS 

14.'I PSIA TO 1 X 10-l IN 3.5 MINUTES@ AMBIENT 
TEMP. 

10-S TORR PER LM MESA HOT TEMP.-TIM:::: ~URVE 
toR 168 HOURS 
10-S TORR PER LM MESA COLD TEMP. -TIME CURVE 
FOR 158 HOURS 

•1AW1'00nt 11 PEAK WITH 14 MSEC f't AND 1 MSEC 
rt PER AXIi 

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

LRV-ICD LE~LS IN PMl/WB OR PMl/NB MODE. 

TIMEUNE fl - HOT CASE - 63. 5 HOURS 

TIMEUNE f2 - COLD CASE - 65. 5 HOURS 

RADIATED INTERFERENCE; ANTENNA-CONDUCTED: 
RF RADIATED SUSCEPTIBILITY; INTERMODULATION 
IUSCEPTIBIUTY: RECEIVER FRONT-END REJECTION: 
POWER-LINE CONDUCTED SUSCEPTIBILITY 

TBD 

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

ELECTRICAL OPERATING PERFORMANCE AT AMBIENT 

•EQUlVALENT TO LM ICD REQUIREMENTS (RESONANT FREQ ABOVE 30 Hz) 



ROIi DESIGN VERIFICATION TEST PROGRAI\l PLANS 
(Continued) 

II. LCRU STORAGE CYLINDER (Stowed) 

Test 

1. Humidity 

2. Random Vfuration, E I/B 
Random Vfuration, Lunar Descent 

3. Sinusoidal Vfuration, E 1./B 

4. Launch Depressurization 

G. Shock 

Test Paramdcrs 

3-day (72 hour) e..'<J)osure at 95~~ RH 

22. 35 g rms (0. 9 g
2 
/Hz ma..x level) for 2. 5 min/axis 

13. 7 g rms (0. 2 g2 /Hz ma..x level) for 12. 5 min/axis 

5-100-5 Hz @ 3 Oct/min/axis (3. 0 g max) 
-1 

14. 7 psia to 1 x 10 torr in 3. 5 minutes at Ambient 
Temp. 

•Sawtooth 9 g peak with 14 msec Rt nnd 1 mscc Ft 
per tlXis 

•EquivrLlent to LM ICD Requirements (Resonant freq. to be determined) 

III. HI GAIN ANTENNA 

Test 

1. Random Vibration, D. L. (Stowed) 

2. Sinusoidal Vibration, (Deployed) 

3. Launch Deprcssurization (Stowed) 

4. Thermal - Vacuwn (Stowed) 

5. Solar Radiation-Thermal Vacuum 

6. Dust (TBD) 

7. Flexing Test 

Test Parameters 

12. 7grms (0. 25g
2 
/Hz max level) for 1. 0 mi,1/axis 

5-80-5 Hz @ 1 uct/min for 24 minutes (non-radiating) 

14. 7 psia to 1 x 10-l torr in 3. 5 minutes at Ambient 
Temp. 

1 x 10-5 torr for 120 hours incl. 60 hrs @ 35°F ancl 

60 hrs @ 120°F 

60 hour exposure (non-radiating) 

TBD 

Deployed and Unclcploycd (llt times minimum) 



non DESIGN VERJFICA TION TEST PROGRAM PLANS 
(Continued) 

IV. LO GAIN ANTENNA 

Test 

1. Random Vibration, (Stowed) 

2. Sinusoidal Vibration (Stowed) 

3. Sinusoidal Vibration (Stowed) 

4. Sinusoidal Vibration. operating 

5. Solar-Radiation/Thermal-Vacuum 

V. BATTERY 

Test 

1. Vibration , Random E L/B 

2. Vibration, Sinusoidal, E L/B 

3. Vibration, Sinusoidal dwell 

4. Thermal 

5. WET Stand/Thermal-Vacuum 

Test Parameters 

2 
19grms (0.5g /Hz max l e vel) for 10 minutes/axis 

5-100-5 Hz @ 3 Oct/min/axis (10g max level) 

1. 5g dwell at 6 Hz for 10 seconds 

5-80-5 Hz (cil 1 Oct/min. for 24 minutes (3. 7g peak) 

60 hour exposure (non-operating.) 

Test Parameters 

22. 35grms (0. 9g
2 
/Hz max. level) for 2. 5 minutes/axis 

5-100-5 Hz @ 3 Oct/min/axis (3. 0g max.) 

1. 5g at 6 Hz for 10 seconds 

80 ''F to 130"F under full-load discharge 

13 days Temp. cycle between 50"F and HO UF. 
5 days at 10-4 torr (min.) Temp. cvck l:Mtween :J 5 " F' 

and 120 ' F electrical performance. 



ncn QUALi FICA TION TEST PROGRAM PLANS 

I. LCRU ASSEMBLY (less antennas) 

Test 

. 
1. Random Vibration, D. L. 

2. Rover Vibration (LRV mount) 

3. Launch Depressurization 

f. Thermal-Vacuum 

S. Shock, Landing 

I. Leak Rate 

7. Solar-Radiation/Thermal-Vacuum 

8. EMI 

9. Dust (TDD) 

10. Humidity 

11. Final Functional 

Test Paranwkrs 

2 
O. 25g /Hz max. level (12. 7grms) for 3. O minutes/axis 

LRV-ICD levels in Pl\l 1/\\'D or P~I1/NT3 mode. 

14. 7 psia to 1 x 10-l torr in 3. 5 minutes at Ambknt 
Temp. 

-5 
(A) 10 torr per LM MESA Hot Temp-Time Curve for 

158 hours 
-5 

(B) l O torr per LM MESA Cold Temp-Time Curve for 
158 hours 

• Sawtooth 9 g peak with 14 mscc Rt and 1 msec Ft per 
axis 

Mass Spectrometer measurement with 90% Argon, 10% 
Nitrogen mixture 

(A) Timcline fll-llot case, 63. 5 hours 

(D) Timdine fl~-r,old case, 65. 5 hours 

Hadiakd Interference; Antenna-Conducted; HF radiat_?<I 
susceptibility; Intermodulation Susceptibility; Ikcei v<.· r 
Front-End Rejection; Power-Linc conducted 
susceptibility. 

TDD 

3-day (72 houl'} exposure at 95% JUI 

Electrical operating performance at ambient 

*Equivalent to LM ICD Requirements (Resonant freq. above 30 Jlz) 



II. 

III. 

~ 
~ ...... 

IV. 

non QUALIFICATION TEST PROGRAM PLANS 
(Continued) 

LCRU STORAGE CYLINDER (Stowed) 

Test 

1. Humidity 

I. LaUBeh Depressurization 

J. Random Vibration, D. L. 

4. Shock 

HI GAIN ANTENNA 

Test 

1. Sinusoidal Vibration (Deployed) 

•• Launch Depressurization (Stowed) 

3. Thermal - Vacuum (Stowed) 

~TTE_RY 

Test 

1. Random Vibration E L/B 

2. Sinusoidal Vibration E L/B 

3. Slnsusoidal Vibration, 1. 5g dwell 

Te~t raramctcrs 

3-day (72-hour) exposure at 96% RH 
-1 

14. 7 psla to 1 x 10 torr in 3. 5 minutes at Ambient 
Temp 

12.35grms (0. 9g
2 
/Hz max. level) for 2. 5 min/axis 

•Sawtooth 9g peak with 14 msec Hi and 1 msec Ft per axis 
*Equivalent to LM-ICD Requirements (Resonant freq to be determined 

Test Parameters 

5-80-5 llz@)l Oct/min for 24 minutes (non-radiating) 
-1 

14. 7 psia to 1 x 10 torr in 3. 5 minutes at Ambient 
Temp. 

10-S torr for 120 hours incl • 60 hours @ 35°F and · 
69 hours@ 120°F 

Tesi Parameters 

2 
22. 35grms (0. 9g /Hz max level) for 2. 5 minutes/axis 

5-100-5 Hz @ 3 Oct/min/axis (3. 0 g max.) 

1. 5g at 6 Hz for 10 seconds 



non QUALIFICATION TEST PROGRAM PLANS 
(Continued) 

4. Sinl!lusoidal Vibration (operating) 5-80-5Hz @ 1 Oct/min (2. 5g peak) for 24 minutes/axis 

Sawtooth 60g with 10 msec Rt, 1 msec Ft per axis 

Sawtooth 78g with 10 msec Rt, 1 msec Ft per axis 

5. Shock, Landing 

6. Shock, Rupture 

7. Launch Depressurization 14. 7 psia to 1 x 10-l torr in 3. 5 minutes 

8. Altitude (Vacuum), operating 14. 7 psia to 10 -
9 

torr (or chamber limitation). 



non 
ACCEPTANCE TEST PROGRAM PLANS 

I. 

n. 

LCRU Assembly (less Antennas and Battery) 

TEST 

1. Random Vibration 

2. Thermal 

3. Leak Rate 

4. Electrical 

5. Mechanical Inspection 

LCRU System 

TEST 

1. Mechanical Interface 

2. Electrical• 

' 

•after LCRU Assembly Electrical Testa 

III. LCRU Stora1e Cylinder 

TtST 
1, Mechanical Inapectlon 

TEST PARAMETERS 
' 2 8 . 4 grms (. 036g /Hz max level) for 1. 0 min/axis 

0 
Operating at T = +120 F 

Baseplate 

Operating at TB l te = +40° F asep a 

Mass Spectrometer Measurement with 90% Argon, 
10% Nitrogen mixture 

Operating Performance at Room Ambient 

Size, Weight, M~SA outline and LRV mounting dimension• 

TEST .PARAMETERS 

Antennas, legs, cables and mast mounting 

Antenna GO/NO-GO radiation 

TEST PARAMETERS 

Size, weight, MESA mounting dimenatona 



non ACCEPTANCE TEST PROGRAM PLANS 

IV. BATTERY (at subcontractor) 

TEST 

1. Visual/Mechanical 

2. Pressure Check 

V. Hi Gain Antenna (at Subcontractor) 

TEST 

1. Electrical 

2. Thermal-Vacuum 

3. Random Vibration 

4. Electrical 

5. Mechanical Inspection 

VI. Lo Gain Antenna (at Subcontractor) 

TEST 

1. Random Vibration 

2. Thermal-Vacuum 

3. Electrical 

VII. VHF Antenna (at Subcontractor) 

TEST 

1. Mechanical Inspection 

2. Electrical 

TEST PARAMETERS 

Size, weight, outline and mounting dimensions 

5 PSI 

TEST PARAMETERS 

Operating Performance at Room Ambient 
~ 0 0 

10 torr for 4 hours at -40 F and 4 hours at +200 F, 
deployed, non operating 

2 grms, l. 0 minute/axis, undeployed 

Operating Performance at Room Ambient 

Weight, size, outline and mounting dimensions 

TEST PARAMETERS 

2 grms for 1. 0 minute/axis 
-4 0 

10 torr for 6 hours .:!:,200 F, non-operating 

Operating Performance at Room Ambient 

TEST PARAMETERS 

Size, weight and . dimensions 

V&"WR and Gain Meaaurementa 



non . ELECTROMAGNETIC INTERFERENCE AND COMPATIBILITY (EMI/EMC) CONTROL 

I. PURPOSE 

1. Insure Self-Compatibility for LCRU 

2. Consider Compatibility with EMI usage environment 

3. Determine Interference Emissions and Susceptibility in accord with NASA SPEC. 

IESD Doc. 19-3 Rev. A. 

4. Determine Antenna Conducted Interference in accord with Telemetry Standards 

IRi3 106-69, 

II. CONTROL MEASURES 

1. EMC Control Plan 

Define: a) Management Controls and Responsibilities 

b) Design Techniques and Methods 

c) Test approach 

Analysis of Electrical and Mechanical EMI Design Features. 

2. Management Organization. 

3. Design Reviews, shall include EMI/EMC 

4. Testing 

a) Evaluation Testing: Subassembly level where required for analysis support 

b) Confidence Testing: Engineering model level, where required 

c) DVT EMI Test 

d) Qualification EMI Test 



non 

DESIGN 
ENGINEERING 
J. CONNELLY 

DIRECTION 

SUBMITTAL$ 

EMI/EMC CONTf~OL ORGANIZATION 
,--------, 
I NASA MSC LCRU I 
I TECHNICAL I 

MONITOR I 
I R. L. SINDERSON 
L---- ..---' 

DIRECTION ·suBMITTALS 

SPECIFICATION CONTROL 
----1"--_......._ __ .,. AND DIRECTION ..--------. r- - -- - -

LCRU .,_ _______ ~-~ 1 

PMO MANAGER SUBCONTRACT M:QUIREMENTS • 
H.J. HAMLIN SUBMITT4LS PMO -

l---------1".,_ _______ "1MANAGEMENT SUBMITTALS ! SUBCONTRACTORS 
SYSTEM* 

PROJECTS MANAGER DIRECTION D. ORENDAC L. 

R. VIROSTEK 

• I 
I 
I 

SYSTEMS 
ENGINEERING 

B.TRACHTENBERG 

I 
I 
I ______ _J 

.-INCORPORATE EM 
FEATURES 

.-PREPARE TEST PLANS, 
PROCEDURES 8 
REPORTS 

--PERFORM DVT TESTS 

I f DIRECT 
DIRECTION SUBMITTALS L 

7 8 EMI 
RECOMt.fENDATIONS I I CONSULTATION a 

1 
coqRDINATION 

L_ ____ _.., 

>-INCORPORATE 
EMI FEATURES 

.. SUPPORT CONTROL 
PLAN, TEST PLAN PREP. 

'"SUPPORT EM EVAL ., 
DVT, a QUAL. TESTING 

' 

EMI 
ENGINEERING 

CONSULTANT 
G.HOUCK 

___ _J 

TEST DATA -----

EMC 
ENGINEERING 

SUPPORT 
M. KOZAK 

-PREPARE EMI CONTROL PLAN, TEST PLANS, 
TEST PROCEDURE:; 8 TEST REPORTS ,--PERFORM EM, DVT. 8 QUAL. 

EMI TESTS 
- REVIEW SUBCONTRACTOR EQUIP. 

SPECIFICATIONS (EMI) PLANS -FURNISH SUPPORT AS REQ'D 

8 TEST RESULTS 

-- INFORM PMO REGARDING 
PROBLEM AREAS * EMI/EMC COORDINATOR 



ROIi 
ELECTROMAGNETIC INTERFERENCE AND COMPATIBILITY (EMI/EMC) CONTROL (Con'd) 

III. DESIGN FEATURES 

1. Shielding 

a) Pressurized area provides effective two-way shield 

b) Battery Area - access door affords minimum shielding (Signal Leads to be shielded) 

c) Individual subassemblies shielded (SCD's Invoked) 

d) Apertures - shielding effective by external shield ground and locations of Input/ 

Output Ports 

2. Groupdµig 

a) Bonding Subassemblies to chassis. 

b) Multipoint ground 

1) Enhances RF Compatibility 

2) Signal leads are coaxial cables or shielded wires. 

3) TV control signal (70 kHz) is shielded twisted pair 

4) No external chassis ground with LRV in LCRU Battery mode. 

5) LCRU ground is connected to LRV battery common in External power mode. 

6) LCRU ground is connected to TV chassis ground (Assume TV chassis is not grounded 

to LRV) 

3. Power Distribution 

a) Internal battery or LRV battery 

b) Remote Control TV compatibility in TV RMT mode (Filters if req'd for compatibility to be 

at TV Camera) 



ROIi 
ELECTROMAGNETIC INTERFERENCE AND COMPATIBILITY (EMI/EMCJ CONTROL (Con'd) 

c) Power line filtering included in all subassemblies. 

d) Voltage Regulator Similarity to EVC's Supply (MET IESD Doc. 19-3 Conducted 

Interference Requirements) 

e) DC/DC Converter contains filtering and LRV interface is low impedance. 

4. Cabling and Layout 

a) Separation between VHF and S-Band Inputs and Outputs. 

b) Semi-Rigid Coax used between S-Band Diplexer and RCVR/XMTRS. 

c) Miniature Coaxial Cabling used between VHF Triplexer and RCVR/XMTR. 

d) Separation of Uplink and Downlink signals and functions. 

e) Twisted shielded pair used for TV control signal balance. 

f) Internal DC/DC Converter power lines are Twisted shielded pairs. 



12.0 TEST EQUIPMENT DESIGN 

z 
c:, 
iii 
w 
0 ... z 
w 

l 
:> a 
w 
t; 
w ... 
0 
N ... 



non ELECTRICAL TEST 

110D 
METER 

SPEC TRUii --- -1 I 

ANALYZER 

POWER ie- CPLR 
METER 

I DC 
P.S, 

1 

PM 
- S16, 

GEN. 

-
..__ 

AF 
osc. 

- TRI- DI-
,....... PLEXER __.. LCRU ~ PLEXER ~--, 

3,9 
osc. 

5.4 
osc. 

7.35 
osc. 

_, 

10.5 _ 
osc. 

All 
GEN ~ 

II 

FUNCTION_ 
GEN. 

~ 

I 
I 

' WAVE 
ANALYZER 

70 KHz 
VTVM 

CPLR ~ POWER 
METER 

I~ 
SPECTRUM 
ANALYZER 

PM I..,_. Rx -
I 
I ► L_ FM 

Rx 

70KHz 
osc. 

124 KHz 
vco 

AF 
osc. ---

--

1,25MHz 

_ WAVE 
ANALYZE" 

NOTCH t-----1VTVM 
FILTER 



ncn 
END ·· ITEM TEST PARAMETERS 

I. UPLINK PERFORMANCE 

1. UPLINK INPUT SENS IT IV ITV 

2. 70 KHz OUTPUT LEVEL, BANDPASS, FREQUENCY RESPONSE 

3. 70 KHz OUTPUT SIN, INTERMODULATION DISTORTION 

4. SQUELCH LEVEL AND VOX OPERATION 

5. VHF POWER OUTPUT 
'-

"" 6. VHF OUTPUT FREQUENCY ' "' 7& VHF AUDIO SIN, DISTORTION 

8. VHF AUD 10 FREQUENCY RESPONSE 

9. AM MODULATED LEVEL 

10. RECEIVER SIGNAL STRENGTH METER CHECK 

11. TV REMOTE MODE CHECK 



RGJI END ITEM TEST PARAMETERS (CONT'D) 

11. DOWNLINK PERFORMANCE 

1. DOWN-LINK SENSITIVITY 

2. S-8AND POWER OUTPUT 

3. S ~-BAND OUTPUT FREQUENCY 

4. 1.25 MHz SUBCARR IER FREQUENCY CHECK 

5. TELEMETRY ANO VOICE SUBCARRIER DEVIATIONS 

' 6. TELEMETRY AND VO I CE SUBCARR IER SIN ,-.. 
I 

(.., 

7. FM DEVIATIONS, FREQUENCY RESPONSE AND SIN 

8. BATTERY/TEMPERATURE TELEMETRY CHECK 

111. LCRU ASSEMBLY PERFORMANCE 

1. DC INPUT CURRENT (EACH OPE~ TING MODE) 

2. METER CHECKS 



ncn LCRU SPECIAL TE ST EQUIPMENT 

TXP•l SYSTEMS NEW BUILD"'" 

TXP-2 VENDOR SUBASSEMBLY NEW BUILD 1ft 

TXP-3 VHF/AM TRANSMITTER EVCS VHF/AM 

TXP-4 VHF /AM RECEIVER MODIFY AND TIS WITH EVCS RX 

TXP-5 VOLTAGE REGULATOR MODIFY AND TIS WITH EVCS VR 

TXP-6 UP LINK SIGNAL PROCESSOR MODIFY AND TIS WITH EVCS PROC. 
~ TXP .. 7 DOWN LINK SIGNAL PROCESSOR/ NEW BUILD ' ~ 

MODULES 

TXP-8 U.L. S.P. MODULES TIME SHARE WITH EVCS CORDWOOD 

TXP-9 CONTROL PANEL NEW BUILD 

TXP-10 DC-DC CONVERTER MODIFY CM/VHF VR TE ST POSIT I ON 

-,r- FROM CM/VHF, EVCS GSE AND GFP 



ncn SYSTEM TEST POSITION - PRELIMINARY LAYOUT 

FREQ COUNTER 
: CABLE ENTRY-EXIT KRON-HITE LP/HP 

AUDIO OSC #I } FUNCTION FILTER MOD 3700R 
HP5245L 

HP-200 CDR ; GENERATOR 
CABLE ENTRY-EXIT HP - 3310A 

AM SIGNAL CABLE ENTRY EXIT BLANK 
GENERATOR DIGITAL VM WAVE ANALYZER 

GR-1026 AM MODULATION HP-3440AR HP-3 IOA 
POWER METER CONTROL PAN EL HP-434AR RCA A-1 55I984-50I 

AUDIO OSC #2 
HP- 200 CDR AUDIO PATCH 

SIGNAL GENERATOR ATTENUATOR PANEL MODULATION METER WAVE ANALYZER PANEL 
RCA- A- 1551274 MARCONI TF -2300 CABLE ENTRY-EXIT HP-302A RCA HP-86l4A HP-355C a HP-355D 

CABLE ENTRY-EXIT CABLE ENTRY- EXIT FM MOD 
COMBINER 

RMS NOTCH FREQ M/ RCA-Al55198 5- 501 FILTERS 
PM RECEIVER VM DEi Nf-1\1, FM DIS DC METERING 

OEI -TR71 I HP DEi NF-1111 5210A 8 CONTROL 
DSCI LLOSCOPE SIGNAL 3400A (HP) PAN EL 

TEK R M547 GENERATOR AUDIO OSC #3 
HP - 606-AR HP - 204BR RCA 

PM SIGNAL ILIO PLUG - IN FM RCVR 

GENERATOR RHG ELEC LAB 
DEI ACT-4A BLANK FMR 2.2 W94 

S-BAND VHF PATCH 
CABLE ENTRY-EXIT TEK FREQ TABLE TABLE 

TYPE TEK CONV PATCH PANEL PANEL 
IL20 HP PS #I 

RCA RCA w 5254B TE ST OIPL EXER NJE RCVR -36 - 5 BLAN K FREQ RF TUNER 
TEST TRIPLEXER DIG VM CONV PLUG-IN 

DIRECTIONAL AC CONTROL PLUG-IN HP DEI 
COUPLER BLANK PANEL PS #2 HP-3444.Q 52 53B T-7II -B 

BLANK 
RCA NJE SY -60 -12 

BLANK 

BLOWER BLOWER BLOWER BLOWER BLOWER BLOW ER 



13.0 PROGRAM SUPPORT 



• 
RCII PROGRAM SUPPORT ORGANIZATION Ra oA , 

LCIUJ PROGRAM 

H. J. HAMLlN, 
MANAGER 
A.M. BURKE 
IEPUTY MANAGER 

PROORAM SUPPORT 

W. L. CA.RLlNO 

r------~- ..... 
I I I-----, 

---
CENTRAL 
INOIHDRDfO 

-------
• Part.a, Mtla. 

Evaluation 
and Teat.inc 

-CO JOUm CHlIRIU 

RELIABil,ITY 

J. NAVlNS 

H. Farcua 
R. Walker 

•Rel.Program 
Control 

• Parts Progre.m 
•Rel.Evaluation 
• Deaicn ScrNninc 
• Subcontractor 

CONF IOURATIOH 
CONTROL 
J. 0 1 :.X,NNELL 

• CC Plan 
• Subcontractor 

CC Specs 
• Subcontractor 
• Traceability 

£roblems & 
.1.mplement. Porma 

• CC Board Secretary 

Rel. Speoa • Control 

QUALITY 
ASSURANCE 
o. FLOYD 

• All In-Hou•• Qu&l 
• Subcontractor Qual Spec• 
• Subcontractor Qual 

Monitor 
• Field Ql Rap. 



RCJI 

IQ 

IVI/ 
UHDOI 

R 8 QA REQUIREMENTS IMPLEMENTATION R a.-.,r 

KASA CONTRACT 

SlS'IEM ~ 

• Pertorm,.nce 

RELIABil.ffl 

~UIRE?-gITS 

QUALM CONFIGURATION 
CONTROL 

~UmEMEN'.IS ~UIRF»:NTS 
• Teat 

r 

RCl DRAWIHCli 
RCA PLANS AND PROCEDURES 

nF.L IA D IT, ITY ---------~c.;.;; Mild. 
QUALITY 
Mod. 

CON CON 
Mod. 

VEMDOR 
IDDULE 
SPECIFICA.TIONS 

SCD 

• Pertonrance 
• Test 
• ReliabilitT 
• QA 
• Con Con 

Triplexar 
Dipl.cxer 
J3attery 
Antennu 

llPC 2$0-1 

I 

NPC 200-2 
NPC 200-4 

SUDCONTHAC'roR 
SU B\S.:Z?-IDLY 
SPECIFICATIONS 

SCD 

HPC S00-1 

• Pertonance 
• Test --f Sub. Ral Spec. 
• Gen 

~ Sub. Ql Spec. 

1. R./r>e1 • Bff • I Part SCI) 

I 
KIL-Q-98S8 
KIL-BTD.-454 

In-house 
S-Band Rcvr 
S-Band Iatr. 
VCO'a L...{ Sub. Con Con Spec. I °"i• Proc. 

and Al a.ult. 
lloorda 



RCJI 
RCA RELIABILITY PROGRAM STATUS 

TASK/OOCUMENT NAME NUMBER STATUS 

PROGRAM PLAN LRPL-RC-1 SUBMITTED 
REV A 4/15/70 
4/1/70 

ELECTRICAL PARTS LIST LRRA-EPL-1 SUBMITTED 
5/8/70 5/13/70 

PARTS SPECIFICATIONS VARIOUS 70% COMPLETE 

~ 
t:. PARTS APPLICA DON REVIEWS 70% COMPLETE (PRELIMINARY) 

PARTb QUALIFICATION PRELIMINARY EVAL UA 110M 
CONTINUED-EPL 

FAILURE MODE AND EFFECTS LRTR-FMEA-1 PRELIMINARY SUBM IT"'":t:D 
ANALYSIS 20 MAY 1970 26 MAY 1970 

RELIAlULITY EVALUATION REPORT COMPLETE-SUBMITTAL WITH 
(OFF-THE-SHELF MODULE) SUB- ECP-6/30/70 REVIEW CONDUCTED 
CONTRACTORS WITH NASA AT EACH SUBCON-

TRACTOR. 



RCJI SUBCONTRACTOR RELIABILITY STATUS 

TASK/DOCUMENT 

SUBCONTRACTOR REL. EVAL. REL. PROG. PART DERATING 
PROG. PLAN SPECS 

MOTOROLA COMPLETE PRELIM. SUB- COMPLETE 70% COMPLETE 
MITTED EXCEPT FOi1 (ALSEP) 

5 

CONIC COMPLETE · DUE DUE 60% 
&11no 7/1/70 COMPLETE 

80% 

SCI COMPLETE DUE COMPLETE COMPLETE 
&11no (IN HOUSE 

PROCEDURES) 

SONEX COMPLETE DUE COMPLETE COMPLETE 
&11no 



non RELIABILITY EVALUATION P.ROGRAM FLOW R BQA - 6 

- -· --

SUBCONTRA.C'IDR SCHEMATia3 PARlS LIST 
UNIT 

SUPPLIED 'IEST 

DATA HJSTORY 

~ / 
' 

; ·, ~ 

PART APPLICATION EVALUATION 

ZV.lLUlTICII 
Thermal and Electrical Streaa 1Ul3 

' PART SELECTION sum T I'lUTICli 
APPLICATION IDE®lCY - -i - REQUIRED 

AND • 
MSIC SUITABILITI ONE-FOR..oNE MAJOR 

OR 
MINOR KID : IMPACT . . 

SLAT 
OR 

VCP/ROA QUAL ~. I 
m-/lAM I 

PART OK PART OK PART OK 

• ~ • ~r 
I SCREmING/BJRN-.1N DEFINITION I mP.lCT • .. DD'INITIOH -PART SPECIFICA.T!ON EFFORT FOR UPGRAD:IliO 

QA. AHD TM "ZABll.ITY uPORADINO DD'llfITIOH 



non SUBCONTRACTOR RELIABILITY 
EVALUATION SCHEDULE 

SUBASSEMBLY SUBCONTRACT FEB 

S-BAND RECEIVER MOTOROLA 

S-BAND CONIC 

14.~KHz VCO SONEX 

1.2~ MHz VCO SCI 

LEGEND: 
--i-SUICONTRACTOR 

•-RCA EVAl.UATION 

C-SUICONTRACTOR 

P-PRELIMINARY ECP-RCA TO NASA 

N-SUBCONTRACTOR NEGOTIATION 

E- FINAL ECP TO NASA 

C 

MAR 

C• 

C r 

C I 

APR 

p 

p 

-
p 

RCA ----
AHEAD 
TO SUB 
(5/1/70 

MAY 

N 

-

~NASA 
CCA#6 
TO RCA 
( 5/4/70) 

JUN 

E 

N E 

N E 

N E 



ncn 
SUMMARY OF PRELIMINARY PARTS QUALIFICATION STATUS 

~ RCA CONIC MOTOROLA SCI TOTALS L 
E 

CAPACITORS 1 17 3 0 21 

DIODES 2 7 2 0 11 

TRANSISTORS 3 11 1 1 16 

RESISTORS 2 4 1 0 7 

INT. CKTS 1 0 5 0 6 

MISCELLANEOUS 6 3 3 0 12 

TOTALS 15 42 15 1 73 



RCJI 
APPROVED PARTS LISTING 

Qualification Status 

(a) The qualification status for each part is given 
by a three digit code as follows: 

Qualification Status 
Code (first digit) Explanation 

0-- Basis of qualification or approval not identified 

1--

2--

3--

4--

5--

6--

7--

8--

9--

Qualification or materials approval not required 

Qualification as part of higher assembly 

Qualification by similarity 

Qualification by test 

Data from other applications 

Approval by evaluation (materials) 

Qualification by combination of codes 3 & 4 

Qualification by combination of codex 4 & 5 

Vendor/Design deleted 

Second and Third Digit of Status Code Definition 

Code Explanation 

~ Status or similarity unknown 

;~<i) Limited qualification or approval 

-20 Qualification or approval incomplete 

-30 Test or evaluation not begun 

-40 Test completed - results unknown 

1 __ ~!~ Not qualified or not approved 

-60 Qualified or approved 

-70 Approved (Materials) 

-80 In test or evaluation 

-90 Not otherwise cla111ified 



PR ELI~ INARY PARTS QUALIFICATION STATUS 

I . 
LCRU E< U lPMENTS 

. "PART MANUFA C'IURER QTr SCD 
PART TYPE & NAME MANUFAC'IURER PART NU.;,IDER NUMBER VHF S-BAND S-BAND DC-DC 1.25 

SP XI~TR. RCVh CONV. :-:HZ - - vco 
CAPACITORS 

1. Fixed Ceramic Aerovox HMC70C 3 710 

2. Fixed Ceramic Afrco Speer JMll0 3 050 

3. Fixed Ceramic West Cap G508BX 3 050 

4. Fixed Ceramic JFD Elec UY0l 23 050 

5. Fixed Ceramic ATC ATCl00 8 050 

6. Feed Thru Aerovox EF-4 18 050 

7. Feed Thru Aerovox EF-5 30 050 

8. Varinble Afr Johanson JMC4700 3 710 

9. Varfnble Air Johanson JMC4640 19 710 

10. Varinble Air Johanson JMC6148A 6 710 
l 

lll. \'arin">le Air Johanson JMC5201 12 710 
u·2. T.C. Ceramic Erie 8101 15 050 

tl3. T.C. Ceramic Erie 8111 15 050 

114. T. C. Ceramic Eril. 8121 7 050 

llr. Tantalum Dickson DIROT~Ml 3 050 

16. Fixed MICA El Menco DM-5 3 710 

17. Fixed MICA Erie 2933 21 050 

18. Fixed l'vl ICA El Menco M2DM-10 19 710 

19. Fixed Cer,amic ~erovox HRMC/HRSC ' 30 21-Pll257B 710 

20. Feed Thru MICA Erie 2953-000 1 21-P16065A 710 

21. Tantalum GE 29F 2 ' 7i0 



PRELIMINARY .PARTS ~UALIFICATION STATUS 

• 
. " PART MANUF AC'IURER SCD LCRU E(' U ll'MENTS 

QTr 
PART TYPE & NAME MA.NUF A C'IURER PART NUMBER NUMBER VHP' S-BAND S-BAND DC-DC l. 2.5 

SP XMTR. RCVR COKV. • ''-17 ~:.... - vco 

DIODES 

22. Silicon Zener Motorola 1N4108 4 050 

23. Silicon Zener Motorola 1N4109 2 710 

24. Silicon Signal GE 1N4156 4 050 

25. Silicon Signal GE 1N4157 4 050 

26. Step Recovery HPA 5082-0300 2 050 

27. Tuner ITT BA141 1 050 

28. Rectifier Unitrode UT4020 4 710 

29. Step Recovery HPA 6082-0112 1 48P16069A 710 

30. Schotky HPA 6082-2401 1 48P16070A 710 

31. Silicon Zener TRW 1N4670 1 000 

32. Silicon &vitch TRW PDQ104 2 000 

~ 



PRELIMINARY :P~RTS QUALi FICATION STATUS 

. 
. " PART MANUFACTURER SCD 

LCRU EC U IPXENTS 

PART TYPE & NAME MANUFACTURER PART NU;1BER 
QTr 

NUMBER VHF S-BAND S-BAND DC-DC 1. 25 
SP XHTR. RCVR CONV. I·f:IZ - VC(J 

TRANSISTORS 

33. FET RCA 3Nl38 2 8555251 010 

34. Silicon NPN Motorola 2N834 6 050 

35. Silicon NPN Motorola 2N3720 2 710 

36. Silicon NPN TI 2N3036 4 710 

37. Silicon NPN RCA 2N5038 2 050 

38. RF Power RCA 2N5921 6 050 

39. :MOS FET • RCA 3Nl54 12 050 

40. FET RCA 40673 1 050 

41. Silicon NPN TRW 2N5481 3 050 

42. Silicon NPN · TRW 2N5482 2 050 

43. Silicon NPN TRW 2N5483 2 050 

44. Silicon NPN WEMS Inc. 16000217-1 4 050 

45. Dual' NPN TI, Fairchild 2N3049 1 472-0542-006 510 
(Minuteman) 

46. Silicon PNP RCA 2N4036 2 000 

47. Silicon NPN Westinghouse 1768-1030 1 000 

48. FET Almelco 2N4093 1 050 



PRELIM INARY PARTS QUALIF1CATION STATUS .. 
• 

. " PART MA.N'JFAC'IUHER sen LCRU ~UIPMENTS 

PART TYPE & NAME ?-'.ANUFACTURER PART NU~ffiER 
QT:r 

NUMBErR VHP' S-BAND S-BAND DC-DC :..25 
SP XMTR. P..CVR CON1!. : :::z - . \'CJ 

RESISTORS 

49. Thermistor Keystone RL 1 8555252 510 

50. Fixed Oxide Ftm Caddock Elect, ML-114 10 050 

51. Power Mepco P80 6 050 
' 

52. Microwave Pwr Pyrofilm 1258500P 4 050 

53. Thermistor EPi0 Keluin Elect 1 050 

54. Sensistor TM 1/4 TI 2 710 

55, Sensistor TO 1/8 .. TM 1/8 TI 2 06-P14404A 710 

; 

' 
I 

• 
I 



PRELIMINARY ,PARTS QUALIFICATION STATUS 

. 
. " PART MANUFACTURER sen LCRU E<' U JPMENTS 

PART TYPE & NAME MANUFACTURER PART NUXBER 
QTr 

NUMBER VHF S-BAND S-P.AND DC-DC 1.25 
SP XMTR. RCVR cm:v. ,., .. .., 

!'Ji ... - VCJ 

MISCELLANEOUS 

56. S.vitch, Rotary Daven 37025 1 8555253 510 

57. SW itch, Toggle TI 23LS2 1 8555254 510 

58. Switch, Toggle TI 12LS2-7 1 8555254 510 

59. Circuit Breaker Mechanical Prod. 7000-085-5 1 8!155264 510 

60. Meter, Panel Weston ME-432-0170 1 8151104 510 

61. Crystal Piezo 2 050 

62. Hybrld Pwr. Ilv Adams Russell MTV-50 2 050 . 
63. Filter Allen Bradley SMF0-2 16 050 

64. Connector, RF Americon 1 710 

65. Transformer Motorola 1 710 

66. Inductor Motorola 2 710 

67. RFI Filter F.rie 9009 3 000 

. 



P~ELI~INARY PARTS QUALIFICATION STATUS 

. 
. "PART MANUFACTURER QTr SCD LCRU EC!UIPMENTS 

PART TYPE & NAME YiANUFACTURER PART NU:-IDER NUMBER VH1" S-BA.ND S-BAND DC-DC l. 25 
SP XHTR. RCVR CJNV. • -.:? 

.... • L-- - . vco 
INTEGRATED CIRCUI rs 
68. Voltage Regu- Motorola MC1561G 2 8555259 050 

la tor 

69. Amplifier Motorola MC-159 5 51-Pl60711A 830 

70. Multiplier Motorola MC-238 3 51-P16073A 830 

71. Discriminator Motorola SO-4057 1 51-P16073A 830 

72. OP Amp Fairchilc! UA715 4 U5F7715312 710 

7J. OP Amp Fairchild UA741 1 Y5B7715312 710 



ncn 
POTENTIAL PART APPLICATION PROBLEMS 

JUNCTION ALLOW. 
DISSIP. 8c-j T . 

C-J TEMP. TEMP. 
ITEM VENDOR COMPONENT w. OC/W oc T,°C oc oc 

S-BAND RCVR MOTOROLA 03 (2N2857) RF CONV. .035 880 31 43 .Jlll'9A, 100 

DC-DC RCA-DCSD 02(1768-1030) WESTING. 10.0 1.0 10 100 
CONVERTER T1(XT12434) 2.0 - - 86 

C2(29F3292) GE 1.0 - - 86 
C10(29F3292) GE 1.0 - - 86 
CR4(JANTX 1 N3891) .5 4 2 100 
CR5(JANTX1 N3910) 1.0 4 4 100 
03(2N2880) 1.0 3.3 3 100 

BATTERY YARDNEY CELL CASE 10.0 - - 17 66 63 

$-BAND XMTRS CONIC 02(2N5038) VOLT. REG. 11.0 1.25 14 33 18ff a9 100 
03(2N3720) VOLT. REG. .6 29.3 18 100 
CR1 -CR3(UT4020) VOLT. REG .4 - - 86 
REG. 
02(2N3036) SEC. REG. 1.1 62.5 69 100 
01 (2N5481) FM EXC./MOD. .5 35.0 18 23 94 100 
O1(2N5481) P.A. DOUBLER 1.2 35.0 42 42 ~96 100 
02(2N5482) P.A. DOUBLER 3.2 GIT\ 56 57 .la&" II 3 100 
CR1(HP5082-0300) FR. 2.3 ,· 46 46 117 100 
MULT. ~,,t; O1(2N5921) IPA 8.1 la.ifJ 4- .. , wra 150 
01 (2N5921) P.A. 10.2 ~, •·i .,,,_ _ _.,,o 150 



PROSLEM: 

2N~Q:'l 
TRA NSISl OR l \/ALUATIOt 1 

Page 1 of~l, 

lesting of 2N~21 power transistor:> by RCA-So"Tlerville 
indicated tn:J• Conic - impo:,ed/re :::; :Jired RF e ffi ciency 
requirements were unc a oinoble. 

APPiOACH; Conic ordered end eve luated ten (10) 2N592 t ransistors 
from RCA-Somervi lie, with their da ta. The ~· n (10) tran
sistors sel e cted were those which indicated the best 
efficiency, of 125 tested. 

TEST M.:THOD: The ten (10) tronsistc;s were individvc tly tested under the 
following inpu~ conditions: 

Drive: 
Ve: 

1.5 wans 
26VDC 

. 
The output power and collector cu rrent were meosured, 
and the do•o tabulated. 

TEST p-su:.TS: Table 1 is a ta'.:>ulc~ion of the ~est results 

CONCLUSlONS: Preselcc"t>d 2N:921 power tra:-:sist ors can Se . ')duced 
hy RCA-Somerville which meet Co , ic require:-n ents for 
the lCRU S-Band transmitters. 

-

NOTE: Further checks/ compcriso:i~ -:,f test ~t : -up ci:id 
equipmen~ co!ibroi~o;1 are be ing performed to 
1ubstcntiote the sto~;?d con e lusior.s. 

,. 



non 2N5921 EVALUATION RESULTS 

,in 
Ve 
f 

= 
= 
= 

1.5 watts 
26.0 VDC 
2.3 GHz (RCA); 2.2725 GHz (Conic} 

0
-f 1-

Page 2 -

XSTR le p OIJ~ b/ Sink T 
NO. RCA co~-dc RCA CON:C IC P ovt (Of) 

1 520 560 4.55 5.6 +40 +1.05 120 
3 550 550 4.55 6.2 0 +1.65 120 
5 540 560 4.50 5.7 +20 +1.2 110 
1 C) 520 550 4.80 5.5 +30 -+-0.7 120 
16 520 560 4.60 5.4 +40 -t-0.8 120 
7 540 550 4.70 5.7 -10 +1.0 120 
8 530 550 4.70 5.9 +20 +l.2 120 
11 590 560 5.10 6.0 -30 +.9 103 
12 585 550 4.75 5.9 -35 +1 .15 120 
15 530 550 4.80 5.6 +20 +0.8 120 

*3 550 550 4.55 6. 1 0 +1.55 120 

6 P out = +1 .0 .... 

NOTE: Transistors 7, 8, 11, 12 and 15 wc?rc ~elected from a group 
tested by RCA-Somerville with Pin= 2.0 watts 

* Transistor 3 was tested at 2 .3 GHz to provide more direct co·rrelation 
with the RCA-Somervi I le data. 

I Thc6's ore indicaied relative ~o the P.CA-Sornerville data; i.e., 
a positive nurr.~er indicates that a higher reading was obtained by 
Conic. 

All currents ore expressed in milliamperes, and power in watts. 

Difference in readings are attribllted to test fixture and measurement 
frequency differences. 

/.3-/7 



ncn 
2N5921 EVALUATION RESULTS 

Conic Specification for RCA Transistor 2N5921 

Power Output 

Drive Level 

Collector Voltage 

Collector Current 

-
= 

= 

4. 5 Watts Minimum 

1. 5 Watts Minimum 

26 voe 

550 MA. Max 

• Wlll yield satisfactory units fur S-Band Transmitter 1n terms of 
power output and efficiency 

• Presently negotiating with RCA to supply 
0
units with 9 JC • s0c/W 

versus normal specification of 8 JC = 12 C/W 

• Differences exist ln thermal resistance measurement techniques 

RCA 

.Conte 

Utilizes static test method 

Utilizes dynamic test method 



RGJI CONFIGURATION CONTROL RELATIONSHIPS 

ReAponsible for all Phases of 
Program and Activities 

Contro! Policies 
Contract Requirements 

Program Objectives 

Request for Deviation Approvals 
Enginee .. ing Design Change Notices 
Engineering Change Notices 
Priority 
Approval or Rejection 

-

CUSTOMER 
(CONTRACT).,._ __ 

r-----1 MARKETING 11------1 

CHANGE 

PROGRAM 
MANAGER 

CONFIGURATION 
CONTROL 

MANAGEMENT 

CONTROL BOARD .,.__.,_. ___ __ 

-

Change Records and Acco\Dltability 
Class I and II Changes 
Re-Identification 

r---------~-------, 
I DESIGN & DEV. __ DRAFTING : 

Effecbvity 
I ENGINEERING OPERATIONS i 

Customer Contract Relations 
(ECP) Contractual Change■ 

Changes of Scope 

Policy Procedures 
Engineering Instructions 
System Ac,sembly Drawing 
CCB Documentation 
Records Accountability 
Serialization 
Scope of Work 
Design Freeze (Base Line) 
Type of Drawing Control 
Change Approval (Customer 

Level) 
Activate and Chair CCB 

Disposition of Material 
Effect on Schedule and Cost 

II PROCUREMENT ~...,_. RELIABILITY II 
AND STANDARDS H I ·--------, _____ I 

I 
I CONTRACTS MANUFACTURING I 
I ____ ____, ----...... I 

Controlled 
By 

Procedures 

I ..-....... VALUE 
I QUALITY ENGINEERING I 

L------------~ 



RCJI 

PROGRAM 
PHASES 

I I 
II 

LCRU CHANGE CONTROL AND PROGRAM MILESTONES 

cON,iGuRATION CONTROL MANAGEMENT 

It---+----.... .., ___________ ..,. 
ENGINEERING 
MODELS 

DVT MODELS I' 
I I ,,, 

QUALIFICATION I FLIGHT MODELS ACCEPTANCE 
- - - -Ir- - - - - - - - - - - - - - - - - - - - a 

CHANGE It PRELIMINARY cso-01-021&______ DELIVERY ~~:::OL 1
1

1-I --+D_R_A_W_I_NG---..t~---CH-ANGE CONTROL 

PROGR~M 
MILESTONII 

I CONTROL CSD-01 -0216/0213 
11 CHANGE CONTROL-------+-----4_,. 
11 CHANGE CONTROL BOARD 
I I ACTIVITY ,, 
,: ,, 
II 
II 

II 
II 
II 
II 
11 
I I ,1 
11 ,, 
II 
II ,, 

--------

ENGINEERING CHANGE 
PROPOSAL 

CLASS I CHANGES 

---------

BASELIN 
REVIEW 

AYS PRIOR 
ELIVERY 

* DRAWINGS ARE CONTROLLED ON AN INDIVIDUAL IASIS WHEN OFFICIALLY RELEASED FOflt USE IN THE DVT, OUAL. 
AND 'LIGHT MODELS . 



ncn SUBCONTRACTOR CONFIGURATION CONTROL STATUS 

SUBCONTRACTOR TASK/DOCUMENT 

CC PLAN DRAWING TRACEABILITY 
PROCEDURE• PROCEDURE 

MOTOROLA REVISION TO REVIEWED REVIEWED 
PRELIMINARY & & 
DUE 6/15/70 APPROVED APPROVED 

CONIC DUE r.&A DUE 
6/1sno 111no 

SCI DUE R&A DUE 
s11sno 7/1/70 

SONEX DUE 6/1no R&A R&A 

BENDIX N/A •• R&A• R&A 

YARDNEY N/AH R&A R&A 

WAVECOM N/A •• R&A R&A 

RANTEC N/A .. R&A 
' 

R&A 

*INCLUDESCHANGEBOARD .. AS PART OF QUALITY PROCEDURES 



ncn 

CONTROL 
DOCUMENT 

! 1. RCA QUALITY PLAN 

2. RCA EQUIPMENT 
FLOW CHA rrrs 

3. INSPECTION 
INSTRUCTIONS 

4. WORKMANSHIP 
(BUILD/ ASSEMBLY) 

5. SUBCUNTRACTOR · 
~UALITY 
SPECIFICATION 

ti. SUBCONTRACTOR 
QUALITY 
SUPPLEMENTS 

RCA QUALITY ASSURANCE 

LCRU PROGRAM DOCUMENTATION 

DOCUMENT REV. 
NUMBER LEVEL PURPOSE 

LRP l.rQA-1 B DETAILS RCA IN-HOUSE QUALITY s·rsTEM 
5/6/7 0 

S11- ·QA l .. DETAI IB THE PRODUCT BUILD CYCLE , INSPEC · 
l/ll/70 TION POINT~ & INSPECTION INSTRUCTIONS 

(EITHER REFERENCED BY NUMBER OR INCLUDED) 

VARIOUS -· DETAILS FOR EACH INSPEcTION THE DETAILfD 
(PART II OF INSPECTION RE(JUIREMENTS. #ORKMANSHIP 
SIi -QA-·l) INSPECTION SHA LL BE TO RCA 8030019 "MILITARY 

COMPLIANT" 

H5Gl43!l & LATEST IMPLEMENTS NPC:W0··4 OF ASPO 95A FOH 
HGG 1440 SOLDEHl~G AND ASSEMBLY 

LRSP-BB/QA · l A DETAILS THE GENERALQLT ·\LITY PHOGRAM 
ll/ 15/70 RE(JUIREMENTS FOR M,\JOR SUBCONTRACTOR 

LRSS··MO/QA 1 A DETAILS SPECIFIC QU,\ LITY HE()UlHEMENTS 
5/l0/70 PECULUR TO EACH M:\JOR SUBCONTRACTOR 

LRSS.,CO/QA 1 PROCUHEMENTS. I, E •. 
:3/15/70 MO MOTOROLA 

LRSS SO/QA ·· 1 co CONIC 
;j/15/70 so SONEX 

LHSS ·SC/Q.\ ·l SC SCI 
:J / l ~/:.rn 



e 

0 ~ Flo., Clwrl 1004 Shcc:t 4:J D,~.._ __ _, 

[QU lf'MUIT UtHT 
Qltul/Flighl Models •zcc belCY., ---

OPERAT I 011 ASSlt\OLY 

CONtl. DIA. DATE 
2/11/70 ---------------~ SCH[HATIC 
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Kit Inspection 
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Chassis Bonding 
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Install Press-Fit 
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Final Assembly & Test 
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· I Cable Harness 
I Assembly . I 
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SOlUIAT IC 

Purchased Material 

RCA PMI 

Controlled Stock 

Connector wiring and 
Solder operation 

Quality Control 
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TEMP. MANDATORY 

Connector/Assembly/ 
Solderi ng 

QuaU ty Control 

Assembly of Cable Harnes s 

Control 

OCAS-PVI 
TEMP. MANDATORY 
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Pre Close Test 

Selective Strapping 

Ou~lity Control 

· DCAS-PVI 
TEMP. MANDATORY 

Final Assembly 

Quality Control 
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Final Acceptance 
Testing 
Quality Control & DCA 
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tion Review 

DCAS-PYI 

-- DATA REVIEW 
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tERA Tl O~I 

ASSY/POTTING/TEST 

EVC-1 
EVC-2 

8358757-501 
8358758-501 

APPLICABLE DOCUMENTS: 

ASSEMaLY 
8358750-501 

1. RCA 8551439 - Assembly Standards 
2. RCA 2020723 - Manufacturing Specifications. 
3. RCA 8551440 - Cordwood, Aasembly Standards. 
4. Design Drawings. · · 
s. RCA 2020691 - Manufacturing Specifications. 

INSPECTION AIDS: 

1. Dental Mirror. 
2. Minimum 3X - Maxiaua 7X Glass 

INSPECTION PACKAGE SUBMISSION SHALL CC.SIS~ OF: 

1. Subassembly. 
2. Unit Performance Records (Asseably)._ 

SCHEKATIC -

3. List of Materials - Assembly drawings, with latest revisions attached. 
4. Unit Performance Records (Test). 

SPECIAL NOTE: 

1. Wires shall not be bent or pulled to determine strength of connections 
2. Picks shall not.be used to probe within the subassembly. 
3. Inspect to NASA requirements, accept to RCA 8030019 criteria. 

WIRING (Stranded & Bus) 

1·. Wiring color code is correct (stranded wire only). 

2. Wires are dressed to avoid strain or stress at solder connections. 

3. Wires are not pressed against adjacent terminals or other aetal parts 
causing a cold flow condition. 

4. Wiring has been routed in accordance with drawing requirements. 

5. Strain relief has been provided at all aolder connections. 

6. The ends of the shielding or braid are terminated properly to avoid 
fraying. 

, 
• Buss wire (solid) is secured every 5/8 of an inch. 

1.3-.z.7 



OPERATION 
ASSY/POTTING/TEST 

SIGNAL PROCESSOR 

ASSEHBLY 
. 8358750-501 

. 
SLEEVING & CONDUCTOR INSULATION: 

SCHEKATIC -

1. Insulation does not ex~ibit excessive damage clue to heat (alight 
discoloration due to thermal stripping penniasU>le. 

2. Insulation trill is clean: no atring. ~,riJt 
3. Sleeving i• free of crack• and/or aplita. ~~ 

• 
4. Sleeving is free of foreign aatter, i.•., solder flux, etc. 

s. Sleeving i• used where required by drawing. 

CRIMPING AND LEAD CONDITIONS: 

1. Crimped leads ·are in contact with the terminal; no apace between 
lead and terminal shank. 

2. Crimping on solid turret or atraight post type terainal• exhibit 
a 1/2 to 3/4 wrap for wires larger than 26 AWG & 3/4 to 1-1/2 wrap 
for wires 26 AWG and smaller. . . 

3. Stranded wires are free of nicks - broken strands and tool.marks. 

SOLDER CONNECTIONS: 

1. All solder joints exhibit a ••ooth flow - not irregular or waved, 
which is evidence of a disturbed joint. • 

2. All solder joints are bright - not dull grey - which i• evidence 
of a cold joint or excessive heat. 

3. All solder joints are free of pit• - holes - poroslty and solder 
points. 

4. Solder joints and terminals are not contaiminated by any foreign 
matter or solder flux. 

s. Slight solder fillets are present on the top and bottom of each 
solder lead. 

- 6. Solder must be smooth - free of pits and voids. 

1. g~flli~e~io~f;arance between soldered terminals to prevent. any short 

/.3-Z8 
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PROGRAM BULLETIN 

TITLE ASSWY Ula& CI:BM RO<»l COll'!l"llOLS NO. __ QB-=---1_1_0_-_2 __ _ 

,.ROGRAM SPACB PROGMIIS .-AGE l OF_l ____ _ 

11:L 11:C TIIOtotlC .. IIOOUCT■ ISSUED __ J/_2_0_/_6_B __ SUP£1tSEKS_l_2/_2_/_6_9 __ REVISED S/l/70 

INTRODUC'l'IOS 

This Quality Aaauranee lkllletia i• ••tabli•hed to asaure the Space 
Programs Assembly Clean Roan Areas are kept clean and compliant 
with specified contamination limit•. It contains the rules to be 
followed by all peraonmel entering or leaving the area. The Quality 
Assurance activity will provide continuoua 110nitoring of the facil
ities to assure compliance to aaae. 

FORM 

QB-110-2 PODI - Clean Jloca COfttrOl Chart. 

MAJOR SEC'l'IONS CO!ffAIIR) HBREDI 

I. Clean Roca Jtule•. 
II. Environmental Condition■• 

III. Facilities Jtequireaent•. 
IV. Clean ROOlll Schedule. 
v. Clean Rooa Maintenance. 

The followin9 rule• apply to all personnel entering the 
designated clean rooa areu: 

l. Clean Shoes thoro.ghly on n19 prior to enterin~ room. 
2 • Mo Smoking in the Clea,n aoo.. 
3. !!!.!_ ~ wehn enterin9 Clean aoo.. 
4. Clean !l.E, around all work areas prior to leaving position. 
S. Dust and Clean all equipment prior to delivery into Clean Koen. 
6. 1!2 Eating in Clean Roan. 
7. Newspaper (during workincg hours)~ Outer Clothing must be 

deposited outside the Clean aoom. 

II. Environmental Conditions 

1. Temperature au.st be -intained at 75°F t10°r (65°P' to 85°F). 
2. Relative Buaidity J11Ust be .._intained at 60% maximum. 

,tial must be maintain•- - · · -
/.3-Z.1 



PROGRAM BULLETIN 

e Communications Systems Division OB-110-2 
NO.---------
PAGE __ 2 __ OF 3 

__ .;;..3/L-2;::..0.;;.a/:....6;;;..;8;;.._ ___ SUPERSEDES--=1=2...,/=2.._/-6 __ 9 ___ _ R£VISED ___ _.5""-/~l..._/_.7_.0,.__ __ _ 

III. Facilities Requirements 

IV. 

1. Lighting fixtures shall provide a minimum of 100 foot
candle of illumination on working surfaces. Individual 
light fixtures may be utilized by assembly operators, 
i.e., Luxo LMtp Magnifier (JX) or equivalent). 

2. Exhaust requirement• 111Uat he adequate to prevent contam
ination of part• &nd reaove toxic or volatile vapors as 
they are generated. 

Clean Room Schedule 

The following cleaning achedule applies to the Clean Room Areaa: 

1. Oil Mop daily. 
2. Clean tops of test equii;aent each month. 
3. Clean lights in test cag-ea monthly. 
4. Scrub and clean off old dirt and wax floor monthly. 
5. Air Conditioner filter• &nd louvers !!I.ill.~ cleaned and/or 

replaced aa required. 

v. Clean :Room Mainten4nce 

Maintenance of the Clean Roca will be-docuaented as follows: 

l. The Clean Rooa Control Chart (QB-110-2 Form) will be posted 
in a conspicuous area &nd will be signed by responsible 
Manufacturing supervision aignifying that the required tasks 
were accomplished in accord&nce with the preacribed schedule. 

2. Quality Assurance will audit the maintenance adequacy and 
JQke necessary change• to the schedule where warranted. A 
Quality Assurance ataap will be affixe~ to the Control Chart 
on the specific date• that the QA Audit was performed. 

3. At the start of each work day, Quality Aaaurance will document 
the relative huaidity and t-perature on the Control Chart. 

/.3-.30 
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~onth ------- CLEAN ROOM CONTROL CHART (FORM 0B-110-2) 

!Test Equipment Filter• Cleaned 
Date :& Cage Lights Scrub Floor or Replaced Q.A. Q.A. Audit . 
Date (Each Month) (Each Month) (As Req 'd) Audit Humidity Temp. 
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ROIi 
SUBCONTRACTORS CONTROLS 

REVIEW STATUS 

QA PLAN WORKMANSHIP 
MAJOR SUBCONTRACTORS PROCUREMENT PRELIM FINAL PRELIM FINAL 

MOTOROLA~ S-BAN D RE CVR X X 

WAVECOM S-BAND DIPLEXER X X X X 

SONEX" 14-5 KHz VCO X X X X 

YARDNEY BATTERY X X 

SCI~ 1.25 MHz VCO X X 

RCA MOORESTOWN HI -GA IN ANTENNA X X 

BENDIX LO-GA IN ANTENNA X X 

CONIC~ S-BAND TRANSMITTER X X 

~MAJOR SUBS 
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ROIi 

RCA FIELD QUALITY CONTROLS FOR LCRU SUBCONTRACTORS 

SUBCONTRACTOR 
EQUIPMENT M ILESTON·E 

1. RCA FIELD QA 
IN··PROCESS 

2. SUBCONTRACTOR 
TEST PROCEDURE 

3. RCA FIELD QA 
END-ITEM TEST 

4. RCA (CAMDEN, 
No J.) 
INCOMING 
INSPECTION 

LEGEND 
NIA ·· NOT APPLICABLE 
S ~ SURVEILLANCE 
M • MANDATORY 

MECH. THERMAL ENG. DVT DVT FLIGHT 
MODEL MODEL MODEL MODEL TESTING MODELS 

NIA 

NIA 

NIA 

X 

NIA s s - SIM 

RCA RCA RCA 
NIA NIA APPROVED APPROVED APPROVED 

* ATP TP ATP 

NIA NIA M s M 

X X X - X 

NOTE: QUAL TEST ON HIGH GA IN ANTENNA & BATTERY 
DELTA QUAL WILL REQUIRE RCA-FQA MANDATORY _ 

~ Q, ti\ t hi.,, N g a ,t tN ~ ~~ ,,, c L,t "" • ~,c •• 
CN t" A ~ ~ t.~ I! , I ti\ To 'la 'T·~ f'tf P 
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ncn 
LCRU PARTS - APPROVED VENDORS/CONTROLS 

APPROVED VENDORS SELECTED VIA: 

• RCA '✓ENDOR RATING SYSTEM 

• NEW/NON-HISTORICAL DATA - RCA SURVEYS 

• CASE DOCUMENT (COORDINATED AEROSPACE 
SYSTEMS EVALUATION) 

• UTILIZATION OF PARTS SUPPLIERS WHICH HAVE 
PREVIOUSLY SUPPLIED RCA SPACE APPROVED HARD
WARE/P,\RTS ON LM, CM, & EVCS PROGRAMS) 

QA REVIEW OF ALL PURCHASE ORDERS 

FIELD QA SURVEILLANCE (AS REQUIRED) 




