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ROIi LCRU CRITICAL DESIGN REVIEW 

PURPOSE -

• To review Program Status 

• To demonstrate the EM functional modes 

• To review test data and the general design 

• To review action item and RID status 

• To review the quality and reliability programs 

• To highlight problem areas and agree in a course of action 

and response time 

• And to conclude that the design as presented is suitable for flight 

unit assembly and Lunar operation 
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RGII LCRU CRITICAL DESIGN REVIEW 

WHAT WE WERE TO DO -

• Build the Engineering Model 

• Conduct Subcontractor CDR' s 

• Complete drawing package 

• Continue LM/LCRU/LRV Interface support 

• Release DVT (DVT #2 being held as long as possible) 

• Update Subcontractor SCD's 

• Commence reliability and parts qual program 

• Participate in CSR's 

• Proceed with rear mounted sight and new stowage container design 

• Complete thermal testing 

• Incorporate various CCA and Post PDR changes 

• Complete STE design 

• Answer Action Items as required 
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ROIi LCRU CRITICAL DESIGN REVIEW 

WHAT YOU WILL SEE -

• Engineering Model Demonstration (With TV & EVCS) 

• EM Subassembly test data 

• Drawing package (less stowage container) 

• Program status 

• Thermal Design Report 

• Review of Interface Design 

• Review of EMI Design 

• Implementation of CSR items 

• Updated Subcontractor SCD' s 
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ROIi LCRU - EQUIPMENT MILESTONES 
AND DELIVERIES 

I T ll l-: 11 ~1,\1. M()( ' " l ' I' ( l!C A) 

2 

~ ~I t-:1 ' 11 ,\ NITIT.~· p illC A) 

~ 
....1 ,-.J.1!~ ;1r-:1,:i: 111;-,:( ; "()l) f,, J. (H C .1\1 

6 

7 1-: N(: INl•: l•: IIIN I; ~u,nn . 1\ISC - I w k, 1 

8 
9 IJVT i i IH CJ\) 

..!.2. 
II ( )\ 'T • > ( ~ISC) 

E F I.lGIIT IIA C KU P MO IJ " L -· 13 _ _ , .' l ; I\ J. Tl :ST ~H >f1 E J. <UC,\l -14 - - F LI G HT ;•,fO OE L 15 •1 
16 
17 •2 
18 
19 ~3 
20 
2 1 #4 

22 
2J #~ (HOLD) 
24 
25 
26 

27 

.?~ 
29 
30 
31 
J2 

33 
3◄ 
35 
36 
~7 

38 
39 
40 

MODIFIED THROUGH CCA- 3 4/2/70 
MODIFIED THROUGt' CCA-5 5/4/ 70 

-
I_ 1970 19 7 1 

MIIY ,IUN JUL ,.ur; SEJ> OCT NO V OE C JAt.! fEfl M,\fl APq MAY JUN JUL AUG ~EP OCT 

'\}SCHEDULE -0 ~ --::i• I 
◊POTENTIAL -2 .. - -SLIP ..l ,_ 
♦SLIP ' 

4 .. ~ COMPLET E ...1 

V (a SPECIAL EVENT~ 
,., ...._ a ., I:;' 9 -- 10 -

,L V II 
I • i- -'I I p 12 

0 < .... u 13 
~ 14 

15 
n 16 

IT 
a 18 ,,, 19 

20 
7 2 I 

?2 
~ 23 

~~ 

25 
2 6, 

27 
"8 -
2S 

--~ 3 1 --32 
33 
34 
35 - -- 3E 

31 
38 
39 
4C 

MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG Si.P OCT 

UPDATED THRU Tl-3 7-8-70 UPDATED THRU 7-22-70 
UPDATED THRU 7129 / 70 
UPDATED THRU 9/10/70 
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ROIi LCRU MAJOR PROGRAM MILESTONES 

19i0 

MAJOR PTIOGRAM (1) FEB MAR / ,rR ~!IIY JU'I JUI. AUG SEP 

~-
I SUB - CONTR GO AIIF.AD -
2 
3 ,-. SYSTEM SPECS/lNTERFACt:S 
4 
5 SURCONTHAl'TOR SPECS 
6 

7 RCA SUBAS.'iY DES. ,., nnEAllilOARD 
_, 

e 
9 LCRU CASE & THERMAL BL:\NKET DESIGN 

10 

II TII F.HM MOCK UP . ~~ ..I • 

12 
13 EM ENG ilE LEASE I, PRoc,mE /RCA\ ,_ 

I ◄ /CONTROL PANF.Ll ~ ,J, 
I~ PDR • .,. 
16 

17 EM SUJIASSY MFG (llCA) 
18 
19 EM HECV SUBCONT SUDASSY & TEST • ♦ 1• •1• 
2G 
21 EM LCRU ENG REL & PROCURE ICASE ETCI - - ... ... 
2Z 

23 F.M LCRU ASSY 0 • 
24 

25 EM TEST l'HOGitAl\I -- · 
26 F..A;fnTF:ST l'RQiIB.t.,~_RT~SC H tJJl ; L.f 

16 ,, 
..?.I. _J,:D - -- - - -- ---
28 
29 llVTl El'iG REL. & l'HOCUHE {RCA) --30 
31 I>VTl SUB,\~SY MFG - -
32 DVTl IlECV SUUCONT SUBASSY & TEST -
33 

34 DVTl C.-\SE & THERMAL BLANKET FAB -
3j DVTl ASSY & WIRE ILCRtn 
36 DVTl PREL & ACCEPT TEST -
37 DVT TEST PROGRAM 
38 
39 
40 

MODIFIED THROUGH CCA-3 4/2/ 70 ,.[8 MAR APR MAY JUN JUL AUG Sf:I' 
MODIFIED THROUGH CCA-5 5/4/ 70 UPDATED THRU Tl-3 7-8-70 

1971 

OCT ~mv OE~ JAN HA MAR ArR IAAY JUl•i!JUL~ 
I QSCIIEDULE 

f- ◊POTENTIAL __ ,_,_ 
SLIP 

♦sLIP 
- TCOMPLETE 

-

~_,1 --

- -

I 
: 

OCT NOV DEC JAN FEI MAR APR ,.A~ JUN JUL 

UPDATED THRU 7122 / 70 
UPDATED ·rHRU 7/29/70 
UPDATED THRU 9/10/70 

>-
...!. 
.l 

3 .,_ 
4 

'5 ,-
6 
7 

I 
9 

10 

II 

12 
13 
14 

I~ 

16 
17 
18 
19 

"' 
21 

22 

23 
24 
~ 
?.6 
>--
27 
28 

12~ 
30 
31 

32 
33 

3◄ 
3:) 

36 

~ 

38 
59 
Ill 



non LCRU MAJOR PROGRAM MILESTONES 

1970 1971 
MAJOR PROGRAM(.!) FEB IIAH APR !'tlAY JUN JUL AUG SEP OCT NOV ore JAN FEB MAR APRIMAYIJIJOI JUL 

I I I I I I 
I lu~NT Jl A CT ASSF. MB 1,n>_c: 0 

\] SCIIEDUJ ,E J._ -2 ovT:.: si :n- ss~:MnT.v ◊POTENTIAL .£. -~ 3 nu·r· ? SCH· CONTllA(" I' (FJ ,IGIIT BACK-UP) , 
cl. SLIP 4 DVT 2 ASS\'&, wmt: (LCRU) 

♦SLIP 
4 - -· --5 L•VT 2 PREL «, ACCEPT TEST 

.COJ\IPLEl 1: ~ 6 PIIC!Dl .' CTION F:NG RELF.ASE - 6 
1 J\1AT'L PIICX'llllF. IOUAL &, Fl.JGIITI - ,~ --· • ►- ... * SPECIAL EVENl S -8 ,.· vn,,• n,-rr.- n cr,r•''"ll , F. J 9 
9 Ql'M SIJDASSY (MF\.:) 9 

10 ~ 
II IHJ\I HEC V &'UllCONT SUUASSY C. Tt:S1' ►- >', II -.E 12 
13 ()Ti\! C,\S F: & TIIERMAL BLANKF.T FAD 13 

·-14 '" 15 (HM LCIIU ASSY IASSY «, WIRF.I 15 
16 16 
17 OTM PIIEL TEST~ ACCEPT TEST - >- IO 17 
18 ,.- ~•nc-ru:am SCII F()l1LE t'l 18 

~ __g_uAJ. Tl-:ST l'IIOGHAM (llEUtJCF.m ....... 
~ 19 

lf L' nllf'T,' n ~. L•vn,cn1r11,n 2 C 
21 FLT SlJLl,\SSY 111 FG 21 
22 r: X J.>Fl)J'J' F11Zllf.I!l.!!.,.F. II 22 
23 FLT 1 RECV SUllCOOT Sl'llASSY I, TEST 23 
24 24 
25 FLT! ASSY C. WIRE (LCRUI . ?~ 
26 I ' VDl>nlTll,1\ ~ClJJ:l!..i.;j,E ltl 26 

~ - FLT 1 PREL TEST«, ACCEPT TEST .~:-
~ u :xetUITED SCIII:.;QllLI,; I) 2/l 
?.9 2':1 
30 30 
31 31 
32 32 
33 . 33 
34 34 
35 35 
36 36 
37 37 
39 38 
39 

3~ 
40 « 

I 
MOOIFIED THROUGH CCA-3 4/2/70 FEe MAR IA~II •v JUN JUL AU8 lu~ OCT NOV DEC JAN FU MIi """ MAY """ JUL 
MODIFIED THAOU8H CCA-1 9/4/70 UPDATED T~RU Tl ·3 7·8·70 ~TED THRU 7-22•70 

UPOATEC, ntRu 7/29/70 UPDATED THRU 9/10/70 
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ROIi LCRU SUB-CONTRACT 1 

1970 1971 
LC'flU SiJD-CC'tffRACT 

FEB •,~AP A?H MAY JUN JULIAIIG SE P OCT r~ov DEC JAN n :EI MAR IIPR~•lY JUN J UL 
S-llANO RF.CETVER - MOTOl?OLA START 1• M8 f ~ -Jd~L I---- L- - ...... _ ._ v 3CllECULE 

J\IC'l'KL'PS - EM '. ◄ ~- ;. 2 2 2 2 ? 2 11 
◊ POTFNTIAL - ~i~~ y 7">1 7' ,, ,1 '~ ~t· UVT «, FL!GIIT MODELS 12 PER SYSTEM I 

SLIP 
EM WITII SCO SOUELCII ,- ♦ SUP 

\ ·llF T!Ul'LEXEH \11,\NTECI STAIIT ◄ ► 1'9 T COJ\!J'L £TE ..=,r.l09illf_:_ •~M . - -- 1, ·>--17 z 2 21 , . --i, .Q =?'r -
._l!YJ:..!0'.!4.GIIT MODE!.,S ·--- - r -
i,.--• .• ·-· --------- -- ·- -L- - . . 

IIATTF.HY (YAHDNEY) i:il'AHT ' ► ', M T I --L- -·- - - L-
f,!Ol'KUI' - EM !. . ' ,o ◄ ►' 2 2 " 2 ~ ? '2 0 2 

[)VT I, FLIG!t-fr.tnl!ELS ~ 
-

.S.~ (.__ ~7 ,., v \, Vv >---- . - . ,- ~ 

w- - . - - .... ..... ....._ 
14. 5 KIi Z VCO (SON l>X) STARf M ! -- ---..... '- - 1- ---MOC'KUP - EM I"' ,,. - ~ J_ ~ 2 ----- ~ -- •- ·- ---· --DVT &, fl TGJIT MOr»:i.s ◄• -~-:"{;<:;:;, 

- -- . ·•-------· - - ·--- - . ..... -,- ... - f- I-
I 

S-Hft.Nll DIPI ,F.XER (WAVEl'fll\l) - -- - ~~ 

START !' -- MIIT L.... L-~ L..... L.....L-·-- -.=,~ ~ - I 4 'MOCKUP - EM 4 4 4 " L..... ~VT &, FJ J(;Jl'r MOiJE LS 
--

'i: '"' ' 
., . , . 1• '\} - - ·f-I S-HANO :U.!T llS l '~ITM PMi'PM (COt/JC ) START 
'-L- ..__._ L- ... ... _ .__ ,__ ., 

M!IT 

-1'• ,- ii 1-- ._ .. 
MOCKIJI' -- Pf.I EM - REWORK ·1 0 '.' !65.5 ,, ,,, .. ~ ~ -~f L--- ~ 1- .~ 

1--~ ..... 
2 2 .,_._ _____ ,.____ - --- ---·· - -- --

►- .... ,. ... - r>(),,/~f ~- Q D . DVT & FLIGIIT MOUELS- Oi'EN - MIJ/i' i' RE'>CltU)ULE -- ------------ - t- --.,_ 
>-I- .,_ .... . 

t7 t7 t7 
... I-

__ ....._ 
DOWN LINK FREQ. CHANGE ~~ - -L--~- [l [7 J ,_ - ~ -,. -- --I-.,_ ,_ - -VJJ !" ANT. (f,lCTO:lOLA/ START I 

L..... \_ 

,_ _________ 
·---- ..... - L- .... f-- ,_ 

L.....- - ·--~ ·· - ►- - L- _ ..._ '- ..... L ... -.· MOCKUP - HI ' •---.s.c - DVT & FJJ(,IIT ~ODELS ·- - •-- -- 'i ' '.--h ,--~ ~ •. &.-. -._ ,Y(°1 1, • ... ·--~------ ----- ,,_..___ . L.. '- '-

- ...... L.....- ;,- >- - . .... • -1- I- f- L. .... .. ,_ ,._ L-- L... . - ~~ ~ -L- - L-
III GAIN Alff. (r.1S&II) s·fAm .. D I 

~~ -

~i0(:K1JP - DI ·--n -N..= [J ·=·-+-- --[1" 1'1 ", ', < ' 1"7• " llVT & Fl Jt,;ffl' MOOL;;,S- Ol'EN - MUST RESCIIEDUl.l ' ~ 'Cl I 
~)('f...lll' - FM . WJ'I II KEA!{ SIGIIT -·-- ·--· - ' L.... L... 

LOW GA IN 11:fr. (B!<NOIX) !:'.TA H1' ..___ 
.... - Ii I, •- ·- ,- - •- ~ - L-- L--

M I, - -L... 
- ______ ,_ 

f--
,_ ..... 

' 
..... . .......... -- - -L- - ~ --M0C1Wl' - n1 ...__ ______ 

. . . ' . 
IJVT I, FLlr.llT MODELS 7 ' ~ L..... 2 _2 Jl:2~ - .... ...... ,- -- ,- ... ,- ... --~ L- ... ... 1 - · - . --~-._ I- '--· 

~l:..25 WIZ VCO_J:~~1 __ 
..... . ....._ 

STAHT f! .. 8T ....... t-[Y. - ,- ,_ - L- -'- L..... L- - .... ,.__ 1--L- --. ffi,n,;:iJJ> - F.:M .. 2 2 2 " 2 2 2 2 
ov-r & FLIGii'r -~iWi,;Ts 'v ~ Vo ~ ~ - - L..... 

-·-------·--------- --- ,-. I rv __ ._ --
DC-DC' CONVERTF.R START 1 , 

118T I --------- - ·--- -- -----MOCKUP- EM T ... I 

UVT ~T MODELS "v • 0 t' \:' Q Q 17 

UPDATf:D THRU 7- 22- 70 UPDATED TH~ll '/ ~9/ "~ UPDATED THRU 9/10/70 
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ROIi DESIGN ST A TUS 

l. ENGINEERING MODEL 

Operation capability is established for all five modes for both uplink and downlink operation. 

Performance evaluation over temperature range will start after CDR. 

2. MECHANICAL MOCK-UP LCRU AND ANCILLARY ITEMS 

Complete LRV vibration test support at Kent, Washington. Data will be used to support in-house 

vibration testing . Mock-up will be converted to crew training model. 

3. THERMAL MOCK-UP LCRU 

Supporting solar Radiation Tests at MSC. Data to date confirms thermal analysis projections, 

and confirms acceptability of battery heat sink design. 
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ROIi DESIGN STATUS 

4. LCRU DRAWINGS 

a. LCkU case and subsystem drawings complete. To be signed-off and released after CDR approval. 

b. LCRU subassembly drawings signed-off final. 

c. Stowage Container drawings are preliminary. To be finalized after CDR. 

5. DVT #1 STATUS 

a. LCRU subassemblies near completion of fabrication. Test will start this week on cordwood 

assemblies. 

b. Case fab will start after CDR when drawings are signed-off. 

6. FLIGHT STATUS 

a. Electrical components are released for all LCRU subassemblies. 

b. Fab will be released after CDR. 

7. LCRU SYSTEM TEST 

First system test position in operation. It is supporting EM test program. 
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non LCRU CRITICAL DESIGN REVIEW 

MANUFACTURING PROGRESS -

• DVT Chassis fabrication in process 

• DVT Subassembly has started 

• Test Equipment build underway 
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LCRU HI-REL ELECTRICAL 
COMPLEMENT 

QTY BUY DIVERT REL ORD 

Bead 

Ferroxcube 1 1 0 X X 

Capacitors 

Aerevox 21 9 12 X X 

Corning Glass 28 0 28 

Electro-Motive 5 5 0 X X 

Erie 2 0 2 

Gen 11 Elect. 3 3 0 X X 

Johanson 3 0 3 X X 

Kemet 10 6 4 X X 

Sprague 25 13 12 X X 

Vitramon 1 0 1 

98 36 62 

Circuit Breaker 

Mech. Prod. 1 1 0 X 

Chokes/Coils 

Delevan 6 0 6 

RCA 1-4 18 4 14 X X 

24 4 20 

Connectors/Plt:_gs 

Americon 2 2 0 X 

Bendix 4 4 0 X 

Deutsch 3 3 0 X 

Sealectro 7 6 1 X 

Teledyne 2 2 0 

2-10 
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RCII LCRU HI-REL ELECTRICAL 
COMPLEMENT (CONT.) 

QTY BUY DIVERT REL ORD 

CrystalsLFilters 

McCoy 3 2 1 X X 

Erie 2 1 1 X -----
5 3 2 

Diodes 

Dickson 6 2 4 X X 

Gen 11 i lect. 2 2 0 X X 

H/ P 1 0 1 

l-1otorola 5 2 3 X X 

T. I . 1 1 0 X X 

T. R.~-J • 4 2 2 X X 

Unitrode 1 0 1 

20 9 11 

Fuse 

Littlefuse 1 1 0 X 

I~teJrated Circuits 

Motorola 2 1 1 X X 

N.s .c. 2 2 0 X X 

4 3 1 

Heter 

Weston 1 1 0 X 

Cable 

Rockbestes 1 0 l (GFE supplied non-payback) 

2-11 



ROIi 

Resistors 

Allen Bradley 

Dale 

I . H.C. 

Mepco 

S-,dtches ----
Daven 

T.I. 

- Tr ansistors 

Amelco 

Viotorola 

N.s.c. 

itCA 

T.I. 

Westinghouse 

Thermistors 

Keys tone Garb on 

Transformers 

U.T.C. 

'T'/'Yl' dT .. c; 

LCRU HI-REL ELECTRICAL 
COMPLEMENT (CONT.) 

QTY BUY DIVERT REL ORD 

92 9 83 X X 

1 1 0 X X 

3 3 0 X 

196 102 94 X X 

292 ll5 177 

1 1 0 X X 

2 2 0 X -
3 3 0 

1 1 0 X X 

5 3 2 X X 

2 2 0 X X 

5 2 3 X X 

2 2 0 X X 

1 1 0 X X 

16 ll 5 

4 1 3 X X 

2 0 2 

490 2o6 284 

2-12 



acn LCRU HI-REL ELECTRICAL 
COMPLEMENT 

,/ _________________________________ _ 

VENDOR 

Mech. Prod. 

American 

Bendix 

Deutsch 

Sealectro 

Teledyne 

Erie 

Littlefuse 

·.-Je s ton 

IRC 

T.I. 

OH.Or~tl PLI\CEi-~NT SC!IB UULE 

BALAr-l::E DUJ AS OF 9/10/70 

DESCnIPI'ION PART smc. If 

Circuit Breaker 8555264-1001 

Connector 8555286-1002,2 

Connector 8555282-1001,2,3,4 

Connector 8555283-1001 

8555291-1001 

8555292-1001 

Connector 8551446-1002 , 5, 6,7 

8555280-1001 

8555287-1001 

Connector 8555284-1001,2 

Filter 8555281-1001 

?use 6555285-1005 

Meter 8151104-1001 

Resistor 8555208-1001,2,3 

Switch 8555254-1001,2 

PLACE SCHEDULE - ---·- -----

9/18 

9/10 

9/10 

9/18 

9/25 

9/25 

9/9 

9/18 

9/18 

9/24 

9/25 
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ROIi HARDWARE ORIENTED SPECIAL TEST SCHEDULES 

TRAINING SUBSYSTEM 

LCRU/LRV Crew Review 

LM 10 Descent Stage c2 
F

2 

LM/LRV CCSR 

Crew Training 

Engineering Model 

LCRU/GCTA Interface Test 

LCRU/LRV EMI Test 

LCRU/MSFN Performance Analysis 

*LRV / LCRU Thermal Vacuum Test 

Thermal Battery Mock-ups (2) (MSC Fabricated) 

LM 10 MESA Therma l-Vacuum Test 

Therma l Model 

*LRV /LC RU Therma l Vacuwn Test 

DVT No. 2 Unit 

LCRU/MSFN Performance Analysis 

LM 10 C
2

F
2 

MSC 

GAC 

MSC 

MSC 

MSC 

MSC 

TBC 

GAC 

TBC 

MSC 

MSC 

Sept. 21 , 1970 

Sept. 25 - Oct. 6, 

Oct. 15, 1970 

Dec. 15 

Sept. 14 - 19 

Dec. 16 - Jan. 8 

Jan. 8 - Feb. 1 

Dec. 1 - Dec. 15 

Oct. 9 - Jan. 15 

Dec. 1 - Dec. 15 

Mar. 1 - Apr. 1 

Apr. 9 

1970 

*Engineering Model Antennas and Thermal Model LCRU will comprise the LCRU thermal subsystem for 

the LRV /LCRU TV test. 
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ROIi LCRU CRITICAL DESIGN REVIEW 

PROBLEMS -

• LM and LRV Vibration Test results 

• Vibration inputs to LGA Mast 

• Handling of procedures for subcontractor qual/DVT approval 

• Slortage of test hardware 

• S-Band Transmitter humidity 

• SR/TV test cha1nber down time 

• P & I Specification 

• LRV /LC RU/TV Interferences (1"1£cl/tfrJ 1G11~) 

• Stowage Container design 

• Subcontractor procedure approval 

• CDR drawing sign off 



3.0 SUBCONTRACT SUMMARY 
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non SUBCONTRACT PROJECTS 

NASA 
LCRU 

I 
I -- -

LCRU I SUBCONTRACTS 
PMO PROJECTS SUBCONTRACTORS 

I -- -
I 

PROVIDES MANAGEMENT AND TECHNICAL DIRECTION OF 

SUBCONTRACTOR CONSISTENT WITH LCRU PMO AND OVERALL NASA REQUIREMENTS 

AND FUNCTIONS AS AN INTEGRAL PART OF THE LCRU PMO. 
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ROIi LCRU SUBCONTRACT PROJECT ORGANIZATION 

PURCHASING DEPT .1-------1 

SUBCONTRACT 
ADMINISTRATION 

H. SCHNEIDER 
F. NICHIPORUK 
D. HOUSEMAN 

LCRU PROGRAM 
H.J. HAMLIN 

MANAGER 

SUBCONTRACT 
PROJECTS 

D. A. ORENDAC 
--~ V, CARITA 

S-BAND XMTRS 

D. V. HOWARD H. HAWLK S- BAND DIPLEXERS 
VHF TRIPLEXERS 
VHF ANTENNA 

F. NANGLE 

BATTERY 
LOW GAIN ANTENNA 
1.25 MHZ VCO 

S-BAND RCVRS HI GAIN ANTENNA 
14. 5 KHZ VCO 

SUPPORTING 
ACTIVITIES 

• SYSTEMS ENG . 

• DESIGN ENG . 

• RELIABILITY 

• QUALITY 

• CONFIGURATION CO?\TROL 

• DOCUMENTATION 

• FINANCIAL 

• l\lFG . 

• DIVISIONAL & 
CORPORA TE OPERA TIO NS 

• SYSTEl\l PROJECTS 
11\IPLEI\IENTA TION 

• EMI/El\IC COORDINA 1DR 

• CENTRAL ENGINEERING 



ncn LCRU SUBCONTRACT CONTROL DOCUMENTATION 

1. PURCHASE ORDER RCA PO G9-829 -0001-80-D71 

2. EXHIBIT "A" (fO THE P. 0.) LRPO - __ -1 

3. EQUIPME T SPECIFICATION (SO URCE CONTROL DRAWING) 

w 4. SUBCONTRACTOR RELIABILITY CO l\1T RO L SPECIFICATION LRSP - SB/ RL-1 
I 
w 

4a. SUBCONTRACTOR RELIABILITY CONTROL REQUIREl\IENTS 
SUPPLEMENT LRSS - __ / RL-1 

5. SUBCONTRACTOR QUALITY CONTROL SPECIF ICATIO N LRSP-SB/ QA-1 

5a. SUBCONTRACTOR QUALITY CONTROL REQUIREMENTS 
SUPPLEMENT LRSS - __ /QA- 1 

6. SUBCONTRACTOR CONFIGURATION CONTROL SPECIFICATION LRSP-SB/ CC-1 

6a. SUBCONTRACTOR CONFIGURATION CONTROL SUPPLEl\'1ENT LRSS - __ -/CC-1 



ROIi LCRU SUBCONTRACT OVERALL STATUS SUMMARY 

ACCOMPLISHED 

• VENDOR ENG. MODEL PHASE COMPLETE INCLUDING DELIVERY TO RCA OF S-BAND 

RCVRS WITH SQUELCH AND S-BAND XMTRS WITH FREQUENCY CHANGE. 

• VENDOR PDRS AND CDRS COMPLETE 

• ACTION ITEM CLOSE OUT CONTINUES 
• SPECIFICATION ECN'S PROCESSED INCLUDES KNOWN FEEDBACK FROM LCRU ENGR MODEL, 

VENDOR ENG MODEL AND LCRU PROGMM INTERCHANGES (DR'S TI, ETC.) 
• VENDOR REL UPGMDE PROGMMS IMPLEMENTED (CONIC, MOTOROLA, SCI AND SONEX). 

IN PROCESS 

• VENDOR DVT PROGMM IMPLEMENTATION 

• MODELS BEING MANUFACTURED 

• TEST PLANS AND PROCEDURES IN REVIEW 

• TEST MONITORING BEING IMPLEMENTED 

• FEEDBACK FROM LCRU ENGR MODEL COORDINATION 

• VENDOR FLIGHT MODEL PROGMM IMPLEMENTATION 

• PROCUREMENT IN PROCESS 

• MANUFACTURING BEING ESTABLISHED 

• FEEDBACK FROM LCRU TESTING AND VENDOR DVT IMPLEMENTATION 

• TEST MONITORING IMPLEMENTATION 
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ITEM 

S-BAND RCVR 

VHP' TRIPLEXER 

BATTERY 

14 • .5 KHZ VCO 

HIGH" GAIN ANTENNA 

S-BAND IMTRS 

VHF ANTENN~ 

S-BAND DIPLEXERS 

UM GAIN ANTENNA 

1.25 MHZ VCO 

LCRU SUBCONTRACT STATUS 

PDR CDR 
VENDOR 00 AHEAD COMPIETION DATF.S 

MCYrOROIA· 2/17/70 .5/18, 19 8/27-28 (Comoleted) 

RAN'I'EC 3/13/70 NA NA: 

YARDNEY 3/19/70 .5/8 7/28 (Completed) 

SONEX 3/19/70 4/22 7/16 (Col'IJ)leted) 

RCA: J6&1t 4/1/70 .5/8 8/24 (Completed) 

CONIC 3/30/70 4/30, .5/1 8/24-25 (Completed) 

MCYrOROU 3/24/70 NA' NA'. 

WAVECOK 3/23/70 5/4 6/29 (Completed) 

BENDIX 4/6/70 .5/27, 28 7/1.5 (Completed) 

SCI 4/3/70 .5/13, 14 '5 / :l5 (Completed) 
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SUBASSEMBLY 

S-BAND RECEIVER 

VHF TRIPLEXER 

BATTERY 

14. 5 KHZ VCO 

S-BAND DIPLEXER 

S-BAND XMTR (FM / PM) 

S-BAND XMTR (PM / FM) 

VHF ANTENNA 

HI GAIN ANTENNA 

LOW GAIN ANTENNA 

1. 25 MHZ VCO 

LCRU SUBCONTRACT DELIVERY SCHEDULE 

QTY/ MECH. THERMAL ENGR. DVT FM 1 FM 2 Fl\'! 3 

LCRU MOCKUP MOCKUP MODEL MODEL QUAL 

RCVD 
2 RCVD RCVD -S-i-4-/~ .al< 9-18 11-30 12 -15 12-30 

RCVD RCVD 
1 - - RCVD 8-H -9---l.;'- 9-17 10-16 

1 RCVD RCVD RCVD 10-2 1-4 2-15 3- 15 

1 RCVD RCVD RCVD 9-15 9-21 9-21 9-28 

2 RCVD RCVD RCVD 9-2~ 10-19 10-19 11-18 

RCVD** 
1 RCVD RCVD NhT- ~=2{i 10-12 12- 18 1-20 :2-20 

RCVD** 
1 RCVD RCVD N-I.r J:: -S -2-G 10-12 12- 18 1-20 :2-20 

1 - - RCVD RCVD 8-½5 9-½5 9-½5 
RCVD RC\'D RC\' D 

1 RCVD RCVD RCVD 12-11 2- 15 3- 15 4 - 1 

1 RCVD RCVD RCVD 9-15 1-4 2-1 :2- 1 

2 RCVD RCVD RCVD 10-5 12-24 1- 7 1-21 

*SUBCARRIER ~ UEL CH ADDED 

**XMTR FREQUENCY CHANGE INCORPORATED 
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non LCRU SUBCONTRACTOR SPECIFICATION ECN'S 

ECN STATUS 

In Change ECN Spec. 

UNIT SCD REV. Process Board Release Release COMMENTS 

6-Band Receiver 8151100 - Completed 9-10-70 Rev. A 

VHF Triplexer 8547878 - - - - -

Battery 8 151103 - Completed 9-10-70 9-11-70 Rev. A 

vco 14.5 KHz 8555256 - Completed 7-30-70 7-31-70 9-11-70 Rev. A 
A Completed 9-9-70 9-9-70 Rev. B 

S-Band Diplexe r 8151102 - Completed 9-10-70 9-11-70 Rev. A 

S-Band Xmitr. 
(FM/PM) 8151101 - Completed 9-10-70 9-11-70 Rev. A 

S-Band Xmitr. 
(PM/PM) 8 151116 - Completed 9-10-70 9- 11-70 Rev. A 

S-Band High Ga in 
Antenna 8555262 - Completed 8-1-l-70 8-19-70 Rev. A 

A Completed 9-10-70 9-11-70 Rev. B 

SCO 1.25 MHz 8555255 - Completed S-l-l-70 :3-19-70 Rev. A 

8-Band Low Gain Completed 9-0-1-70 9-06-70 Rev. A 
Antenna 8555260 J -
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RGII SUBCONTRACT TECHNICAL STATUS SUMMARY 

WAVECOM 

S-Band Diplexers No Major Problems 

MOTOROLA 

VHF Antenna 

SCI 

1.25 MHz SCO 

MOTOROLA 

S-Band Revr 

SONEX 

14. 5 KHz VCO 

All Antennas delivered to RCA 

No Major Problems 
CDR Completed 
DVT - All Parts Revd. 
FM - All Parts ordered 

CDR Completed 
Engr. Models with Squelch Ckt revd by RCA 
AGC Problem Resolved 
DVT - All Parts Revd. 
FM - All Parts ordered 

No Major Problems 
CDR Completed 
DVT - All Parts Revd. 
FM - All Parts Revd. 
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RCII 

RANTEC 

VHF Triplexe r 

BENDIX 

Lo Gain Antenna 

YARDNEY 

Battery 

SUBCONTRACT TECHNICAL STATUS SUMMARY 

No Major Problems 
DVT Models Revd. by RCA 

• No Major Problems 
• CDR Completed 
• Minor Delay in Receipt Ground Planes from Manufacturer 

Does not affect RCA / NASA Schedule 
• All other materials Revd. 
• Xmtr Frequency Change to be verified on 1st DVT :\iadel 

• No Major Problems 
• CDR Completed 
• Vibration and Temp. Changes Incorporated into DVT 

Test Program 
• Velcro strap across handle being incorporated. Yardney 

to RCA Schedule affected 2 wks on DVT models. No impact 

on NASA Schedule. 
• Impedance measurement test in process at Yardney 

• Low Temp. Cell Test Evaluation in process at Yardney 

• Extended wet life (21 days) Evaluation Test started at 

Yardney. 
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ROIi 

*CSM DATA DUMP 

-~ -

LCRU IN MOBILE 
OPERATION ON LRV 

_S,. _ -,,,_ -

.._ 2287.5 MHz 

2265.5 MHz 2101.8 MHz 

--
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*CSM DAT A DUMP 
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- -

' ~-
........ 

- ·--- -
-- -

-

LCRU IN FIXED BASE 
OPERATION ON LRV 

~~--
- -------

- -- F r-

----------
TO AND FROM 
LUNAR MODULE 

---------
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2287. 

*CSM DAT A DUMP 
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LCRU IN OPERATION 
DURING LM ASCENT 

-- ------ -



ROIi NOMINAL CASE LINK MARGIN SUMMARY 

LINK PARAMETER PMI/WB PMI/NB* FM/TV UPLINK 

TRANSMITTER POWER: 7.4w 7.4w 9. lw l0kw 
EFFECTIVE ANT. GAIN: 9.5db 9.5db 23.5db 50.5db 
EFFECTIVE RADIATED POWER 14. 9dbw 14. 9dbw 31. 4dbw 90. 5dbw 

(EIRP INCI ALL CKT LOSSES) 
TOTAL RECEIVED POWER: 

(INCL ALL CKT. LOSSES) 
85 FT. DISH (52.5 db) -142. 9w -142. 9w -1 27.7w 

.... 210 FT. DISH (60.0db) -120. 2w I 

.p.. 
LCRU L.G. (6. 5 db FOR ±30 °) -118. 5dbw 

LCRU H. G. (18. 5db FOR ± 5 °) -101. 5dbw 
MARGINS (db): 
CARRIER +19.5 +29 . 4 +10 .0/+2 .5 +28 . O/ +1 1. 2 
1. 25 MHZ SUBCARRIER +3 .9 +3 . 5 
124 KHZ SUBCARRIER +40 .0/+23 .3 
70 KHZ SUBCARRIER +34 . 4 
VOICE CHANNEL +12.2 +3.3 +11. 8 +54.4/+34.8 
3. 9 KHZ SUBCARRIER +14.9 +4.4 +14. 5 
5. 4 KHZ SUBCARRIER +11.6 +3.9 +1 1.2 
7. 35 KHZ SUBCARRIER +9.9 +4. 7 +9 .5 
10. 5 KHZ SUBCARRIER +6.6 +4.6 +6.2 
14. 5 KHZ SUBCARRIER +6.5 +3.6 +6.1 
VIDEO CHANNEL +11. o/+3. 5 
* PM2/NB ALL MARGINS 1. 0db GREATER THAN PMI/NB 
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5.0 CONFIGURATION OVERVIEW 
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ROIi LRVINTERFACE 



C!1 
I 

N 

non 

-· 
_,,. .. . ' 

--- -

LCRU HAND CARRY MODE 

-
-·· . 

---------

- -



C)l 

I 
w 

RCII 

• 
• 
• 

LRV INTERFACE 
DEPLOYMENT PROCEDURE 

MESA DEPLOYED 

LRV DEPLOYED 

DEPLOY LCRU ON LRV 

• DEPLOY HGA ASSEMBLY ON LRV 

• DEPLOY LGA ASSEMBLY ON LRV 

• MATE ANTENNA AND TV/POWER CONNECTORS 
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LCRU CASE REMOVAL 
PRIME MODE WITHOUT PALLET 

... 
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ROIi LCRU MOUNTING LEGS 
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ROIi 

SUPPORT 
POINTS 
FOR HIGH GAIN 
ANTENNA 

MAIN 
STRUCTURAL 
FRAME 

ANCILLARY ITEM STOWAGE CONTAINER 
HGA IN STOWED POSITION 

CAGE 

LOW GAIN 
ANTENNA 

\

&STAFF 
ASSEMBLY 

CONTOURED 
SUPPORT 
BLOCKS 

FRONT 
NTERFACE 

MOUNTING 
POINTS 
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MAIN 

SUPPORT 
POINTS ' 
FOR HIGH GAIN I 
ANTENNA 

STRUCTURAL I 

FRAME 

STOWAGE CONTAINER/ANCILLARY 
ITEMS CON FIGURATION 

/ 

REAR ~ 

INTERFACE--+' 
RING 

,,,,,---.._' 

5-7 
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non LRVINTERFACE 
HGA DEPLOYMENT 



ROIi 

LCRU MOON WEIGHT 
MOCK-UP 

HGA AND MAST ASSEMBL V 
MECHANICAL MOCK UP 

SIGHT__/ 

LCRU MOUNTING . 
LEGS 

--POINTING ASSEMBLY 

•--LOCKING WHEEL 

MAST/LRV INTERFACE 
COUPLING 
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THERMAL 
BLANKET 

LCRU SUBSYSTEM 
MECHANICAL MOCK-UP 

MAST 

LCRU MOUNTING LEGS 
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- RADIATOR COVER 
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non LCRU BATTERY REPLACEMENT 

BATTERY 

BATTERY THERMAL 
INTERFACE 
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ROIi LCRU UNIT 
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VHF RCVR 

VHF XMTR 

VHF TRIPLEXER 

UP LINK 

DC - DC CONVERTER 

VOLTAGE REGULATOR 

SECONDARY S- BAND RCVR 

PR IMARY S- BAND RCVR 

PM /PM XMTR 

FM/PM XMTR 

BATTERY -

LCRU SUBASSEMBLY 
ARRANGEMENT 

COVER 
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LCRU DRAWING STATUS 
ROIi FAMILY TREE- LCRU FLIGHT 

LCRU 
SUBSYSTEM 
ASSY 1no,.,,- ~2 

I 
I - I I - I - I Bl I 

LCRU UNIT POST ASSY TEST CABLE, LCRU CABLE ASSY ADAPTER, STOWAGE BATTERY 
LC"U ILlltY } LCftU /L IIIV / TV INTERFACE CONTAINER 

Ht-GAIN ANT (UIYI ANCILLARY ITEMS e IUUIOS - Z. 
ASSY '. H701!!4·50l A,s,y · 1170ttS· SOI ASS 't' 117131S- 50l ASSY '. 1170191' - !!02 ASST 177t)7J- 5O1 UST 1)70157· 502: 
INT W'91 DtAO 131111 

El ,--------------, 
Al I 

VHF ANTENNA I BLANKET, 

I 
I ANCILLARY ITEMS I IHI-GAIN ANTENNA I VHF TRIPLEXER STOWAGE ASSEMBLY 

e 1i,1111 e 1347111 -1 THERMAL CONTAINER I l•sSY 1s101t1-so2 e 11,1112 ASST H 70Ml-501 

A2 A3 
RECEIVER , AM SIGNAL PROCESSOI' 'LO-GAIN ANTENNA I I 

'MAST a POINTING I is-BAND HI-GAIN I 1259.7 MHZI (UI' LINK) AND STAFF ASSY MECH ASSY ANTENNA ASST : IS701SO-S02 un: 1no1sz- so2 
ASST H10tt4 -!02 I IHl·GAIN ANTENNA) 

SCH 177tS05 SCH : 117O1U 
.USY: ISTOlll- 501 ■ HHZIZ - 1 

I I I I 

Al I A2 Al AZ I I WI I 
I 

I AMl'L,RF/MIXER I IAMPL,IF/AUDIO I I CCRDWOOD:~ CORDWOOO ASSYI 1 S- IIAND LO-GAIN I ~TAFF ASSY I I CABLE ASSY I 
rciiiits-,v--1 

1251.7 MHZ I AUDto Xf'111Ut FL TIit YOX/AQC ANTENNA 0 ·8AIN ANT[NNAI ILO · GAIN ANTENNA ! JcH1-u ... ANTlNNAI l 
•HY: IJ70111- 50Z ASST : 8570114-502 ASSY :1170IJl· 9i02 ASST . HTOIJ7· 502 I I 
NII: HTOIH SCH: H70104 SCH : 1170111 SCH : N5Ml4 .... ,.,o-, HY . lll'Ot7►,01 ASST H70H7· 504 l~~: 81?011?- IOJ I 

A4 AS 
~I I A2 I I I 
IAMl'L,AUDIO/ I I BASEBAND I 

S-IIAND FM 
IOUELCH CONDITION Ell RECEIVER IMAST ASSY I r~T~G MECH 

1 

IHANDLE . I (Hl · GAIN ANTIENNA} ASSEMBLY POINTER 
AISY : 8JTOHT-50Z. ASSY : 81TON8·90Z e 1111100- z IHHalN ANT(NNAI 
SCH : H70901 SCH: 1170904 

AHY :H?OII0-501 AHT '. IJTONl- 501 ANT'. 1?11SH- 90t 

Al.AT AB 
Dll'LIHll,S-IIAND SIG PIIOCESSOII 

(DOWN LINkl 
e111uo1-1 AHY : IJ1015J-,Ol 

SCH : H?OIIS 

Al I 
Al I ,z ll3 I XMTII, AM 
I SHAPE FIL TEii I TIME SHAIIE I VIDEO AMPL / I (IH.lltNZ, e INOICAT[S 9,-[C CONHIOL DWG . 

AUY : IJTOIII-ISOZ SENSOR SW MIXER . IN OICAT[S IT[MS ,ofl ASST TO 
KM : H?Ollt AHY : H70114-SOI. AIIY :1110111 - 502: AHT :111ota1- 101 LflV IY IO[ING CO. 

ICN: 1170113 ICM : 1170117 SCH : IITOIII 

AIO All ,.Ott ,..MILT Tfl[[·LCfl\J OVT sec 117011.4 
S-IIAND FM/PM S-IAND PM/PM 
XMTII XMTII 

* IISltOl- 1. e 1151111 - Z 

Al2 Al3 
VOLTA8E CONTROL PANEL 
REGULATOR 
AIIY :IJTOl71-SOZ AUT '. 1170149- SOZ 
ICM : 117011:Z SCH : 1170141 

PSI I I COMPLETE - SIGNED OFF 
DC/DC l~ONTAINER 
CONVERTER NIAT OF FUIIONI 

I • 11su,1-so1 I ASST : H7014H50Z • 11541:0S- 501 COMPLETE - NOT SIGNED OFF SCH : N70142 e IISJlal-501 

I I I INCOMPLETE Al AZ I 
IIIEGULATOR 11 CAPACITOR I CONTIIOL ASSY 

AIIY :al70111 · 501. ASSY : 117011J·SOI 
KN : H?OIII ICM : HI AIIT 
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VHF 
RCVR 
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TEMP. 
SENSOR 

BATTERY 

VHF XMTR 
296 .8 
MHz 

LCRU BLOCK DIAGRAM 
PM1/WB 

,------~-7 
I S-BAND 

BASEBAND SHAPE '- 25 MHz I PM XMTR 
COND. FILTER VCO -----<.i 8dBW 

I NO. I I 2272 . 5MHz S-BAND 
DIPLEXER 

J2 

LOW 
GAIN 
ANT 

__ _j I 
I 

r-
1 

I 
I 
I 
I 
I 
I 
_ __..___ 

TIME 
SHARE 
SWITCH 

DOWN 
LINK 
SIGNAL 
PROC . 

TEMP. 

VOLTS 

UP LINK 
SIGNAL 

PROCESSOR 

,-----_J 

I 
I 

PRIMARY 
S-BAND 

FM RCVR 
2101.8 MHz 

AGC 

METER 

DOWNLINK 

VOICE-EVA-I OR EVA-2 ]FM 
EKG-EVA-2 AND EVA-I ON 

EMU STATUS-EVA-2 AND EVA-I 1.25MHz 
LCRU STATUS-TEMP. AND BATTERY SC 

1.25 MHz SC PM ON S-BAND CARRIER 

UPLINK 

VOICE ON 124 SC 

SC-PM ON S- BAND CARRIER 

VOICE - FM ON SC 



ROIi 

VHF 
RCVR 
259 .7 
MHz 

c.n 
I a: 

f--' · l,J w )< 
l,J 
...J 
~ 
a: 
t-

TEMP. u. 
::c: SENSOR 
> 

BATTERY 

VHF XMTR 
296.8 
MHz 

LCRU BLOCK DIAGRAM 
PMt/NB 

: BASEBAND 
S-BAND LOW 

PM XMTR GAIN 

1 COND. 8 dBW ANT 
2272 .5MHz S-BAND J2 

DIPLEXER 

r-- ----7 
I I 
I I 
I I 
I 

PRIMARY DOWNLINK 
DOWN I S-BAND 

I LINK FM RCVR VOICE-EVA-I OR EVA-2 

I SIGNAL 2101. 8 MHz EKG-EVA-2 AND EVA-I 

I I PROC. EMU STATUS-EVA-2 AND EVA-I 

I I LCRU STATUS-TEMP. OR BATTERY 

I TIME I AGC BASEBAND PM ON S-BAND CARRIER 

SHARE 
I SWITCH I 
L _____ _J UPLINK 

TEMP. VOICE ON 124 SC 

VOLTS METER SC-PM ON S-BAND CARRIER 

VOICE-FM ON SC 

UP LINK 
SIGNAL 

PROCESSOR 



y 

a: 
w 
X 
w 
J 
a. 
a: 

CJ1 t-
I 

I:\:) ~ 
0 X 

> 

VIDEO 

70 KHz 

LCRU BLOCK DIAGRAM 
FM/ TV 

,---7 
VHF I I ..-----, I 
RCVR I BASEBAND r-J... SHAPE I 
259 . 7 1 COND . I Fl L TER 
MHz I I I 

, - - - _J _......._ ___ I 
I DIODE 1.25MHz I 
I A TTEN . vco I 
I NO. 2 I 

I 14.5KHz ....------.1-
1 vco SIGNAL I 
I MIXER I 

TEMP. 

SECONDARY 14--------1 S- BAND rel HIGH 
S-BAND 
FM RCVR AGC DIPLEXER GAIN 

2101 . BMH ANT. 
~ 

SENSOR I .-------------, DO w N I I 
I TI ME ----, t-----, 

SHARE LINK 
_._.., SIGNAL .-----1-----1--__. 

I SWITCH PROC . I 
L: __ , ______ J 

TEMP 

VOLTS 

BATTERY 

VHF XMTR 
.,.__ 296.8 t--

UP LINK 
SIGNAL 

PROCESSOR MHz 

METER 

S- BAND 
X MTR 9 dBW t--t-----' 
2272.5 MHz 

DOWNLINK 

VOICE - EVA- I OR EVA-2 J FM 
EKG - EVA- 2 AND EVA - I ON 

EMU STATUS - EVA-2 AND EVA-I 1.25MHz 

LCRU STATUS -TEMP. OR BATTERY SC 
VIDEO 

VIDEO AND 1. 25 MHz SC FM ON S-BAND CARRIER 

UPLINK 

VOICE ON 124 KHz SC 

TV COMMAND ON 70 KHz SC 

sc's PM ON s- BAND CAPR I ER 
VOICE /TV COMMAND FM ON sc' s 



ROIi 

y 

a: 
w 
X 
w 
_J 
ll. 

a: ... 
LL 
:I: 
> 

LCRU BLOCK DIAGRAM 
PM2 / NB 

VHF I 
RCVR I BASEBAND-------
259.7 I COND. 
MHz I 

' .... -----'~-----.- - - -, 
I DIODE I 
I ATTEN . I 
I I 

TEMP. 
SENSOR 

I --------- DOWN I 
14.5 KHz LINK 

I vco SIGNAL I 
I PROC. I 
I ___..___ I 
I TIME I 

SHARE 
)-.-,-i SWITCH I L-=,lT ___ _J 

TEMP 

VOLTS 

BATTERY 

VHF XMTR 
296.8 ..,__ 
MHz 

UP LINK 
SIGNAL 

PROCESSOR 

--

METER 

SECONDARY i.-------1 
S-BAND S-BAND ~I HIGH 

FM RCVR AGC DIPLEXER GAIN 
2101.8 MH ANT, 

.....-

S-BAND 
XMTR 9dBW 1-----....1 

2272 .5 MHz 

DOWNLINK 

VOICE- EVA-I OR EVA-2 
EKG - EVA- 2 AND EVA- I 
EMU STATUS - E'./A-2 AND EVA-I 
LCRU STATUS - TEMP. OR BATTERY 
BASEBAND PM ON S- BAND CARRIER 

UPLINK 

VOICE ON 124 SC 
SC -PM ON S- BAND CARRI ER 
VOICE - FM ON SC 



CJl 
I 

l'v 
l'v 

ROIi 

TEMP. 
SENSOR 

LCRU BLOCK DIAGRAM 
TV RMT (STANDBY) 

BASEBAND 
COND. 

r----7 

I SHAPE 
FILTER 

r- - __ J 
I 
I 
I 
I 
I 
I 
I 

1.25 MHz 
vco 

NO. 2 

I _ __.__..... DOWN 

SECONDARY ------~S-BAND 
S-BAND 

FM RCVR DIPLEXER 
2101.BMH 

DOWNLINK 

HIGH 
GAIN 
ANT. 

1 TIME LINK 
--~ SHARE SIGNAL 

I SWITCH PROC . 
LCRU STATUS - TEMP. OR BATTERY 

FM ON 1.25 MHz SC 

L __ -----

BATTERY 

VIDEO 

__ _J S-BAND 
XMTR 9 dBW -1-----
2272 . 5 MHz 

70 KHz -----------------------.....J 

VIDEO-

VIDEO AND 1.25 MHz FM ON 

S-BAND CARRIER 

UPLINK 

TV COMMAND 

LCRU S-BAND TRANSMIT COMMAND 
LCRU 1.25 MHz SC DISABLE COMMAND 

COMMAND FM ON 70 KHz SC 

70 KHz SC PM ON S-BAND CARRIER 

*VHF TRANSMITTER DISABLE 



C)1 

I 
N) 
C.v 

non LCRU THERMAL CONSIDERATIONS 

Thermal Design Includes: 

• Radiation cooling - Secondary surface mirrors. 

• Thermal ~dsorption capability - Thermal Phase change material. 

• rhermal Bl~nket - o, 35, 65, 100~ opening. 

• Temoerature monitoring and telemetry. 



ncn LCRU THERMAL CONSIDERATIONS (CONTINUED) 

Analyses shows that: 

• LCT'.?.lT on LRV maintained within design temperature range for: 

• 

A. Worst-case hot and cold mission traverse 

B. Worst expected mission time lines 

LCRU in ha.ndcarry mode within design temperature range for minimum 

3.5 hour walk at high sun. Extendable with pre-wa.lk cooldown. 

• LCRU has minimum one hour walk capability in event, of LRV failure. 

• LCRU on Lunar surface within design temperature range for at least 

15 minutes at worst-case hot conditions. 

• Solar Radiation Thermal Vacuum tests preliminary evaluation support~ 

computer thermal analysis. 

• Nominal use of TV Standby can be had between sorties but not over 

worst ranges. Must have clean radiator. 
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RCII LCRU THERMAL CONSIDERATIONS (CONTINUED) 

Operational Requirements are: 

• Astronaut interaction required to ~djust blankets only before and 

after sortie 

• For walk mode, Astronaut removes thermal radia.tor cover and keeps 

radiator surface ~way from sun wherever possible. 

• LCRU prefers Ll1V part between sorties with sun in rear hemisphere 

of LRV. (LRV has parking constrai nts resulting in net acceptable 

parking attitude at right side of the LRV. 

• LCRU has no parking constraints during sortie. 
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ROIi LCRU PARKING ORIENTATION CONSTRAINTS 

80° 

SOLAR 
VECTOR 

180° 

270° 

SHADED AREAS INDICATE THE LRV PARKING ATTITUDES 
ACCEPTABLE FOR THE LCRU. 
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non LCRU/LRV PARKING ORIENTATION CONSTRAINTS 

FOR SUN ELEV. 
A NG LES GREATER 
THAN 12° 

110 ° 

FOR SUN ELEV . 

SOLAR 
VECTOR 

REF 13MO7391 

IRN-R-13 
180 ° 

"--- ANGLES 5° -12 ° 
(LCRU RADIATORS COVERED) 

SHADED AREAS INDICATE THE PARKING ATTITUDES ACCEPTABLE 
TO THE LRV AND THE LCRU. 
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ROIi 

Pressurized Case 

Redundancy 

Power 

Operational Modes 

Deployment 

Human Factors 

Crew Action Requirements 

Thermal Design 

Weight (including antennas 
and cables) 

Size (LCRU Unit) 

Mechanical Compatibility 

LCRU SUBSYSTEM DESCRIPTION 

GENERAL 

MECHANICAL 

7.5 PSIA/100% Nitrogen 

Duplication of Critical Subassemblies (Except VHF) 

Internal or External Option 

Five Modes 

Quick Simple Deployment of Preassembled Units 

Clearly Marked Functions, Positive Lock/Unlock, 
Positive Action Detents. 

Minimized due to Pre-Assembly - Limited to Antenna 
Pointing, Mode Switching, Occasional Blanket Adjustment. 

Enables Operation in Lunar Environment Over 5°to 60° 
Sun Angles. 

70 lbs. maximum 

22 X 13 X 5.625 

LM/LRV/TV 
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ROIi LCRU SUBSYSTEM DESCRIPTION (CONT.) 

DOWNLINK 

VHF Input Frequency 

VHF Input Power 

S -Band Transmit Frequency 

S-Band Transmit Power 

Antenna Gain (high gain) 

Antenna Gain (low gain) 

Data 

UPLll~K 

S-Band Receive Frequency 

S-Band Receive Sensitivity 

VHF Transmit Frequency 

VHF Transmit Power 

VHF Antenna Gain 

Data 

ELECTRICAL 

259.7 MHz 

0 dbm to -90 dbm 

2265.5 MHz 

8 W or 6 W to Antenna 

23 db (5° beamwidth) 

6.5 db (60° beamwidth) 

TV, EVCS Voice, EVCS Subcarriers, 

and LCRU Telemetry. 

2101. 8 MHz 

-98 dbm 

296.8 MHz 

0.5 W to Antenna 

-3 db 

Voice & TV Commands 

• 
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ROIi LCRU SUBSYSTEM DESCRIPTION (CONT.) 

Temperature 

Vibration (operational) 

Vibration (stowed) 

Shock (stowed) 

ENVIRONMENTAL 

35°F to 120°F (Modules Tested 0°F to 160°F) 

.25g sine 2-20 Hz 

22.8g RMS 

30g Sawtooth 
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non LCRU POWER REQUIREMENTS - WATTS 

SUBASSEMBLY 

VHF RECEIVER 
VHF TRANSMITTER 
S- BAND RECEIVER 
PM/PM TRANSMITTER 
FM/PM TRANSMITTER 
UP LINK SIGNAL PROCESSOR 

PMl / ::--i B 
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ROIi LCRU UNIT WEIGHT ANALYSIS 
EN-GINEERING MODEL 

ITEM 

LCRU UNIT ENGINEERING MODEL 

LESS: WAX PACKAGES 
THERMAL BLANKET 
BATTERY HEAT SINK 
VHF ANTENNA 

WAX PACKAGES 

THERMAL BLANKET 

BATTERY HEAT SINK 

VHF ANTENNA 

WEIGHT, LB. 

43.000 

9.270 

8.875 

.750 

.250 

TOTAL LCRU UNIT 54.145 
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ROIi LMINTERFACE 

STOWED WEIGHT 

WEIGHT, LB 

PDR TI-3 

• LCRU UNIT 54.790 54. 143 

• STOWAGE CONTAINER W/CONTENTS 17.106 17.965 

TCYI'AL 71. 896 72.108 

NCYI'E: 1. REPLACEABLE BATTERIES NOT INCLUDED 
2. LCRU MOUNTING LEGS, POWER 

CABLE AND MAST INSERT NOT INCLUDED 

IN TI-3, 4 AND CDR TOTAL 

TI-4 ICD CDR 

52.54 55.0 54.145 

17.62 18.0 18.995 

70.16 73.0 73.140 



LCRU HAND CARRY MODE 

HAND CARRY WEIGHT 

WEIGHT LB 

PDR TI-3 TI-4 CDR* 

0) 

LCRU 54. 790 54. 143 52.540 54. 145 I 
w 

LOW GAIN ANTENNA . 820 . 820 . 820 . 720 

LOW GAIN ANTENNA POSITIONING 
.440 .440 .440 . 250 

MECHANISM AND ARM 

CABLE • 756 . 865 .865 . 680 

TOTAL 56.806 56.268 54.665 55.795 

MOONWEIGHT 9.5 9.4 9.1 9.3 

*WEIGHTS ARE ACTUALS FOR ENGINEERING MODEL ITEMS 



ROIi LCRU PERFORMANCE CAPABILITY 

SUBASSEMBLY COMPATIBILITY DESIGN 

LCRU is constructed and tested to optimize "end to end" relay 

~ subsystem performance over operational temperature range . 
..... 
0 

TV INTERFACE COMPATIBILITY 

A. LCRU design is capable of meeting TV ICD performance requirements. 

B. Close coordination with RCA AED offers maximum TV compatibility. 
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ROIi LCRU PERFORMANCE CAPABILITY, CONT. 

LM INTERFACE COMPATIBILITY 

a. LCRU design meets LM ICD requirements. (Except vibration maybe a problem) 

b. LCRU, spare batteries, and stowage container mounting provisions on LM MESA 

have been coordinated with GAC and are satisfactory. 



RCII LCRU PERFORMANCE CAPABILITY (CONT.) 

LRV INTERFACE COMPATABILITY 

A. Mechanical, thermal, and electrical design conforms with known LRV 

ICD requirements. 

B. EMl/grounding scheme eliminates ground currents. 

C. Operation from LRV power is an optional capability. 

D. Pre-assembly of High Gain Antenna assembly and Low Gain Antenna 

assembly minimizes crew operations. 

E. TV mounting on LRV is identical with HGA mounting for maximum 

design similarity. 

F. Quick release of LCRU fr.om mounting legs and provision of handle 

permits minimum deployment time for hand carry mode. 

G. Quick disconnect mechanism on LGA permits rapid deployment on 

LCRU for hand carry mode. 
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RE.QUIREMENT 

-
LC-RU-PERFORMANCE CAPABILITY, CONT. 

LCRU EM PERFORMANCE COMPATIBI LITY 

WITH LCRU SUBASSEMBLY SPECIFICATION 

PM/PM Transmitter Performance (6 Watt$, m,n. power output) 

FM/PM Transmitter Performance (8 Watts, min. power output) 

VHF Transmitter Performance (.5 Watts, min. power output) 

VHF Receiver Performance (-106 dbm sensitivity) 

VHF Triplexer Performance (Tx/Rx isolation) 

S-Band Diplexer Performance (Tx/Rx isolation) 

Downlink Signal Processor Performance 

Telemetry Requirements (temperature and voltage) 

Uplink Signal Processor Requirements (VHF transmitter control) 

VHF Antenna Performance 

Low Gain Antenna Performance 

HGA Performance (23 db gain) 

ACHIEVED 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



RCII LCRU PERFO.RMANCE CAPABILITY, CONT. 

Although the LCRU packaging is tight and consistent with space 

packaging techniques, manufacturability of the LCRU and its 

~ subassemblies has been implemented to the maximum extent and 
f--1 
~ 

maintainability provisions ( test point accessibility, DTV 

accessibility, etc.) has been optimized. LCRU fail u·re modes 

have been analyzed and eliminated to the maximum extent possible 

consistent with program requirements. 
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*CSM DAT A DUMP 

--

2265.5 MHz 

--~ -~ - -

LCRU IN MOBILE 
OPERATION ON LRV 

2101.8 MHz 

-- ---------- ----
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*CSM DAT A DUMP 
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non SIGNAL DESIGN MODULATION PARAMETERS, DOWN LINK 

A. 1. 25-MHz SUBCARHIER DEVIATIONS 

VOICE (4. 35) 6. 6 kHz ±15% EACH CHANNEL 

3. 9-k.Hz SUBCARRIER (1. 0) 2. 7 kHz FOR LCRU, 

5. 4-k.Hz SUBCARRIER (1. 1) 3. 0 kHz ±25% EACH CHANNEL 

7. 35-kHz SUBCARRIER (1. 93) 5. 2 kHz FOR EVCS/ LCRU 

10. 5-kHz SUBCARRIER (2. 26) 6. 1 kHz OVERALL TOLERANCE* 

14. 5-kHz SUBCARRIER 7. 6 kHz 

B. CARRIER DEVIATIONS - PRIMARY 
PM MODE 

--.;J 1. 25-MHz SUBCARRIER 1. 85 RAD ±10% 
I 

CJl 

► c. CARRIER DEVIATIONS - SECONDARY 

PM VOICE MODE 
VOICE (4. 35) 0. 98 RAD 

±15% EACH CHANNEL 
3. 9-k.Hz SUBCARRIER (1. 0) 0. 23 RAD 
5. 4-k.Hz SUBCARRIER (1. 1) 0. 25 RAD 

FOR LCRU, 

7. 35-kHz SUBCARRIER (1. 93) 0. 43 RAD 
±25% EACH CHANNEL 

10. 5-kHz SUBCARRIER (2. 26) 0. 51 RAD 
FOR EVCS, LCRU 

14. 5-kHz SUBCARRIER 0. 40 RAD 
OVERALL TOLERANCE* 

D. CARRIER DEVIATIONS - TV MODE (COLOR) 

TELEVISION 1. 7 MHz ±4S'c (±99c TV / LCRU) 
1. 25-MHz SUBCARRIER A.loo -8%kHz ±10% 

*Based on nominal ratio signal set received from EVA-1 shown in parentheses. 
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A. 

B. 
C. 
D. 

SIGNAL DESIGN MODULATION PARAMETERS 
UP LINK 

CARRIER DE VIA TIO NS 
(1) 124 KHz - VOICE SUBCARRIER 1.1 RAD ±10~ 
(2) 70-kHz COMMAND SUBCARRIER .8 RAD ±1011 
(2) 124-kHz VOICE SUBCARRIER .8 RAD ±10';[ 
(3) 30 kHz VOICE SUBCARRIER 1.1 RAD ±10';[ 
(3) 70 KHz COMMAND SUBCARRIER 1.1 RAD ±10~ 

124-kHz SUBCARRIER DEVIATION ±7 .5 kHz ±t ··. } 

70-kHz SUBCARRIER DEVIATION ±5.0 kHz ±10';{ 
CARRIER MODULATION (VHF) 70% ±tor:; 

NOTE: 
(1) UP LINK VOICE MS FN TO LCRU 
(2) UP LINK VOICE MSFN TO LCRU 

AND UP LINK COMMANIB MSFN TO LCRU/LM 
(3) UP LINK VOICE MSFN TO LM 

AND UP LINK COMMANDS MSFN TO LCRU/LM 
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non DOWN LINK ·VHF SPECTRUM 

~__.,.-........ 1 

m I II J J II I 111 

f c • 2,.. 7 MHz CARRIER EVC-1 TO LCRU 

i • IASEIAND VOICE, EVA-I OR EVA-2 

j • J.t KHz SUICARRIER, EVA-2 EKG DATA 

k • 5.4 KHz SUICARRIER, EVA-I EKG Dt\TA 

I • 7.35 KHz SUBCARRIER. EVA-2 PLSS STATUS l)\TA (PAM) 

m - 10. 5 KHz SUBCARR IER, EVA-I PLSS STATUS DATA (PAM) 
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ROIi DOWNLINKS-BAND SPECTRUM 

PRIMARY MODE (FM/PM) 

p p 

fa • 2265.5 MHz CARRIER LCRU TO MSFN) 

p • 1.25 MHz SUB CARRIER 
EVA-1 OR EVA-2 VOICE, AND EMU/LCklJ DATA BASEBAND, 
FREQUENCY MODULA TED ONTO SUBCARR I ER 
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RGII 
DOWNLINKS-BAND SPECTRUM 

SECONDARY MODE (PM) 

V U t I r r s tu v · 

fa ~ 2265.5 MHz CARRIER (LCRU TO MSFN) 

Q =- BASEBAND VOICE, EVA-I OR EVA-2 

r O 3.9 KHz SUBCARRIER, EVA-2 EKG DATA 

s • 5.4 KHz SUBCARRIER. EV A-1 DKG DATA 

t -: 7. 35 KHz SUB CARRIER, EVA-2 PLS S STATUS DATA (PAM) 

u • 10. 5 KHz SUB CARRIER, EVA-I PLS S STATUS DATA (PAM) 

v • 14.5 KHz SUBCARRIER, LCRU STATUS DATA (TIME SHARED) 
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non DOWNLINKS-BAND SPECTRUM 

TV/VOICE MODE (FM/FM) 

Z.--~----+-----1--~z 
~ 

p p 

fa • 2265.5 MHz CARRIER (LCRU TO MSFN) 

p ., 1.25 MHz SUB CARRIER 
EVA-1 OR EVA-2 VOICE, AND EMU/LCRU DATA BASEBAND, 
FREQUENCY MODULATED ONTO SUBCARR IER 

z .. COLOR TELEVISION VIDEO BASEBAND 
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RCII UPLINK S-BAND SPECTRUM 

(FM/PM) 

LM 

l W W l y l 

fb • 2101. 8 MHz CARRIER, MSFN TO LCRU OR MSFN TO LM 
AND LCRU 

w • 30 KHz SUB CARRIER, UP'-INK VOICE TO LM 

LCRU 

. ., 

x ., 70 KHz SUB CARRIER, UPLINK COMMAND DATA TO LCRU 
AND/OR LM 

y .. 124 KHz SUBCARRIER, UPLINK VOICE TO LCRU 



-:i 
I 

i,... 
0 

> 

ncn 
UPLINK VHF SPECTRUM 

f d • 296.8 MHz CARRIER, LCRU TO EVC-1 AND 
EVC-2 

n .. BA SE BAND VO I CE. FROM M SFN 
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EVA PORTION OF 

DOWN-LINK EVA-2/EVA-1/LCRU/MSFN 
COMMUNICATIONS SYSTEMS 

TO LCRU 
u 

259 .7 
(AM) 

MHz 

f EVA-2 
--

7 I EVA-I 
-- 7 

I I 
EKG DATA -----

I 
30Xl.5 

COMMUTATED 
EMU STATUS 

DATA 

L 
__.., 

VOICE 

3.9 KHz S.C. 
FREQUENCY 

MO DUL ATOR 

7.35 KHz S.C. 
FREQUENCY 
MODULATOR 

--

~ 

VHF C I 
FREQUENCY 

I MODULATOR/ 
TRANSMITTER 

I 
_.., 

279.0 MHz I VHF C - VHF B 
RECEIVER/ 

-
(FM) 3. 9 KHz S.C._ AMPLITUDE 

I 
FREQUENCY 

7.35 KHz S.C.:.. MODULATOR/ 
DISCRIMINATOR TRANSMITTER 

I ' 
VOICE --

I 5.4 KHz S.C. 
EKG DATA--+ FREQUENCY -

I MODULATOR 

I 
I 

30Xl.5 
10.5 KHz S.C. COMMUTATED__. FREQUENCY 

EMU STATUS MODULATOR 
DATA L _____ _ 

I 
I 
I 
I 
I 
I 



ROIi SYSTEM COMMUNICATIONS LINKS 
(EVCS BACK UP) 

OPERATIONAL NOTE: 

. I COH,1GUIUTION IHOWS [ VA- I IN IACK UI' 
MOOE AHO [VA - Z IN ,.,. ... A,.Y MOO[ 

.a 2tl .l MHr CHANN[L TIM [ IHAIHO 
l[TWE[N [VA-I ANO LCIII u 

. s ws,H VOICE AVA IL AIL[ TO [VA-I ONLY • 
f\'.l-2 MUST IN,OIIM [VA · I o, W,SN 
M[SSAGES. 

. 4 IACIC UI' CONflGUII ATION A VAILAIL[ WITH 
[VA-Z ANO [VA-I ITATUI IUV[IIHO. 

FREQUENCY ASSIGNN ENT: 

LCIIU 

I RA I 
VOICE/ 
DATA 

I TA I 
T1 

I 
I . 
I 
I 

IIA, TA - l!l!IS.SMHr 

111, Tl - 2101. I MH1 

11,,T, -1v&.IMH1 

llz,Tz -z&t.1MH1 

IIJ,TJ -1111.0MHa - ~ - - .. ,.~ :!._0~[- _ J 
It I --
1, 

I 
-

It z 
-

Tz 
VOIC[/[VA-Z DATA 

-
ls -EVA-2 

MSFN 

RA TB I 
VOICE/ 
COMMANDS 

' 
TA "• I COMMANDS 

I 70 KHz S .C. 

It z 

C GCTA 

HAIIDLIIIE TO TA I 

II I 

VOICE 
T1 

"z 

Tz 

115 

[VA-I 



ROIi LCRU/MSFN PORTION OF DOWNLINK EVA-2/EVA-1 
LCRU/MSFN· COMMUNICATION SYSTEM 

FROM 
EVA-I 

259 .7 
(AIII) 

~ -- V-0-IC-E A-NO--

I r-::Y~F e 4 EMU 
RECEIVER/ 1-s'-._c ·-~ L \__,.___,,,.... 
AMPLITUDE 

DEMODULATOR 

~- --7 

I 
14.5KHz S.C. I 
FR[OUENCY I 
MODU LATOR 

I ______..____, I 

L

I SWITCH I 

- _ J 

I ~~:~ 
~ 

BA TT[RY 
VOLTAGE 

TELEVISION 
CAMERA 

PM 

FM 

EVA - I ANO 
[VA - 2VOICE 

--, 
I 

S- SANO 2265.5 
PM C ARRl[R MHz 
MODULATOR / 
TRANSMITTER 

I I 
12265.5

1 

MHz 

S- BANO 
FM/PM CARRIER 

MODULATOR/ 
TRANSMITTER_J I 

I 

3.0 KHz 
L PF 

1.25 MHz 
S.C .O. 

F~EQUENCY / 
OISCR IM IN ATOR 

S-- 8ANO PM 
RECEIVER / 

OEMODUL A TOR 

S- BANO 
FIii / PM 

RE CEIVE R/ 
DEMODULATOR 

586 Hz 
BPF 

810 H: 
BPF 

1102 Hz 
SPF 

1576 Hz 
SPF 

2175 HZ 
BPF 

40 KHz 
BPF 

5 3 MHz 
BPF 

3.9 KHz 
FREQUEIICY 

DISCRIMINATOR 

5 .4 KHz 
FREQUENCY 

DI SCRIM IU TOR 

7 35 KHz 
FREQUENCY 

DISCRIMINATOR 

10.5 KHz 
FREQUENCY 

01 SC RIMI NA TOR 

14.5 KHz 
FREQUENCY 

DISCRIMINATOR 

PHASE 
DEMODULATOR 

FREQUENCY 
01 SCR IMINA TOR 

20 KHZ 
BPF 

I 7 MHz 
BPF 

--- --- --- --- ~ 
I I 25 MHz 

S C 0 

L ___ --- --- --- ---- ---ePF~{;~ic ~ 

EVA - 2 
EK, DATA 

EVA -I 
EKG DUA 

EVA - 2 
PAM DA TA 

[VA - I 
PAM DATA 

LCRU 
TIME SHARED 
DATA 

COLOR 
TV VIDEO 
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ROIi 

EVCS/LCRU VHF LINK 

SYSTEM CONFIGURATION DOWN LINK 

·EVCS/LCRU/MSFN 

• LCRU VHF TERMINAL DESIGN BASED ON COMPATIBILITY WITH EVCS DUAL MODE DUPLEX: EVA-2 AT 
279 MHz TO EVA-1; 259. 7 MHz TO LCRU; AND 296.8 MHz LCRU TO EVA-1 AND EVA-2. 

• LCRU VHF TERMINAL DESIGN COMPATIBLE WITH (EVCS BACKUP SIMPLEX MODE: EVC-1 TO EVC-2) 
TRANSMIT 296. 8 MHz AND RECEIVE 259. 7 MHz (OR EVC-2 TO EVC-1 SAME FREQUENCIES); IN EITHER 
CASE, LCRU TRANSMIT CHANNEL 296. 8 MHz IS DISABLED, VOXED OFF IN ABSENCE OF MSFN VOICE. 

• LINK DESIGN BASED ON EVCS/LM VHF AM LINK, BUT MODIFIED FOR PATH LOSS TO 105 - EVCS/LM 
119 db; THIS PROVIDES COMPATIBILITY WITH RF AND SNR INTERFACES EVA INPUTS TO LCRU 30 DB 
MINIMUM SNR. 

• BASEBAND BANDWIDTH - LCRU EMPLOYS EVCS 259. 7 MHz RECEIVER (FROM EVC-2) MODIFIED FROM 
3 KHz BANDWIDTH TO 20 KHz BANDWIDTH TO ACCEPT BOTH VOICE AND EMU DATA SUBCARRIERS. 
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ROIi SYSTEM CONFIGURATION DOWNLINK EVCS/LCRU/MSFN 

LCRU/MSFN S-BAND LINK 

• SIGNAL DESIGN BASED ON COMPATIBILITY WITH MSFN BASEBAND COMPLEXX 
FOR VOICE, THE FIVE DATA SUBCARRIERS AND COLOR TELEVISION. 

• LINK DESIGN BASED ON COMPATIBILITY WITH MSFN GROUND STATIONS fc = 
2265.5 MHz AND IF NOISE BANDWIDTHS OF 40 KHz AND 5.3 MHz. 

• VOICE/DATA LINK EMPLOYS A HELICAL ANTENNA ADJUSTABLE FOR AZIM'L'TH 
AND ELEVATION OVER A NOMINAL 60° CONE. ANTENNA GAIN 6.5 DB MINIM'L'M 
OVER PATTERN ±30° OFF BORESIGHT ALL VOICE/DATA LINKS VIA LCRl' HELICAL 
ANTENNA AND MSFN 85 FOOT DISH. 

• TV - VOICE/DATA LINK EMPLOYS 23 DB DEPLOYABLE DISH ANTENNA. 

• THE TV LINK CAPABILITY IS PROVIDED FROM A STATIONARY PLATFORM, 
BETWEEN THE LCRU DISH AND THE MSFN 210 FOOT DISH. 

• FM/PM - VOICE/DATA VIA 1.25 MHz SUBCARRIER 

• PM - VOICE/DATA VIA BASEBAND 

• FM/FM - TV AND VOICE/DATA FREQUENCY MULTIPLEXED (V/D ON 1.25 
MHz S. C.) 

• REMOTE TV ALLOWS FOR SELECTION OF INDIVIDUAL DOWN LINK CHANNELS, 
TV ORV/DON 1 0 25 MHz S.C. 



non 

FROM 
EVA-1 

'-------_ -_ --V-0-ICE __ _ 

I 3.9 KHZ SC 

VHF 8 
RECEIVER/ 5.4 KHZ SC 
AMPLITUOE 
OEMOOULATOR~7~.3~5~K~H~Z~SC=--.,.,-

10.5 KHZ SC 

EMU SUBCARRIERS 

I 

VOICE 

259.7 
1AM) 

TAPER 
CIRCUIT 

I 
....-----L--
VHF B 
RECEIVER/ 
AMPL ITUOE 
DEMOOULATO 

r:==-~ 
I 

14.5 KHZ S.C. 
FREQUENCY 
MODULATOR 

I 
I 
~ 

I ~~IIIJ 

L:. 
BATTERY 
VOLTAGE 

TELEVISION 
CAMERA 

DOWN-LINK COMMUNICATION SYSTEM 
EVCS/LCRU/MSFN AND LM/LCRU/MSFN 

1.25MHz SC 
FREQUENCY 
MOOULATOR 

S-BANO PM 
CARRIER 
MOOULATOR/ 
TRANSPONOER 

S-BANO FM 
CARRIER 
MOOULATOR / 
TRANSMITTER 

S-BANO 2265.5 

r- --- --,.~~~--_ -_ -_ -_ -_ --==~::_::====-------~~--_ -_ -_-_-_:_-_-_---~I-+ EVA-1 I EVA-2 

S-BANO PM 
RCVR/ 
OEMOO 

S-BANO 
FM/PM 
RCVR/ 
OEMOO 

1.25 KHZ 
s.c.o. 
FREQUENCY/ 
OISCRIMINATOR 

586 Hz 
BPF 

810Hz 
BPF 

1102 Hz 
BPF 

1576 Hz 
BPF 

2175 Hz 
BPF 

3.9 KHZ 
FREQUENCY 
OISCRIMINATOR 

5.4 KHZ 
FREQUENCY 
OISCRIMINATOR 

7.35 KHZ 
FREQUENCY 
OISCRIMINATOR 

10.5 KHZ 
FREQUENCY 
OISCRIMINATOR 

14.5 KHZ 
FREQUENCY 
OISCRIMINATOR 

VOICE 

EVA-2 
1--------+• EKG OATA 

EVA-1 
1-------➔- EKG OATA 

EVA-2 
t--------+• PAM OAT A 

EVA-1 
PAM OATA 

LCRU 
t--------+• TIME SHAREO 

OATA 

PM CARRIER 
MODULATOR/ 

MHz S-BANO PM 
1-ji---'--+_.RECE IVER/ 

n------,4 TRANSMITTER DEMODULATOR LCRU 

PM 

FM 

2285.5 S-BANO 

.-------6--M_H_,_+-_. FM/PM 
RECEIVER/ 
DEMODULATOR 

S·BANO 
FM/PM CARRIEH 
MOOULATOR/ 
TRANSMITTER 

I 

PM 

40 KHZ 
IIPF 

5.3 MHZ 
BPF 

PHASE 
DEMODULATOR 

FREQUENCY 
DISCRIMINATOR 

20 KHZ 
BPF 

1.7MHZ 
IIPF 

I '---------------~ 1.25MHZ 

L 
s.c.o. 
BPF/NOTCH 

LCRU --- ---- ---- _ _,; ___ ...;_..., 
FIL TEA 

_________ MSFN I 
COLOR 
TV VIDEO 
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IMSFN 
I UI 

I VOICE 

I 
I 
I COMMANDS 

L 

S-BAND 
RECEIVER/ 

DEMODULATOR 

-
UP-LINK MSFN/LCRU/EVA-1 /EVA-2 

COMMUNICATIONS SYSTEM 

30 KHz S.C. 
FREQUENCY 
MODULATOR LM 

124 KHz S.C. 
FREQUENCY 

MODULATOR 

70 KHz S.C. 
FREQUENCY 

MODULATOR 

2101.8 MHz 

BPF 
124 KHz 

FREQUENCY 
DISCRIMINATOR 

3 KHz 
LPF 

7 
S-BAND P.M. 

CARRIER 
MODULATOR/ 
TRANSMITTER 

I 
I 
I 
I 

_J 

VHF A 
AMPLITUDE 

MODULATOR/ 
TRANSMITTER 

_J 

" OFF" - "ON 
II 

COMMANDS TO LCRU 

!FcOIIMANO I DECODER 
SERSl 

I 
70kHz 
FRfO. ~1s::_ 

TV 

--CA~;i1 

I EVA - I 

I VHF A 
RECEIVER 

AMPLITUDE 
MODULATOR 

296.8 MHz 

f EVA-2 

I VHF A 
RECEIVER 

AMPLITUDE 
DEMODULATOR 

L 

u 

7~ 
I~ 3 KHz 

BPF I 
_J 

VOICE 

7 
3 KHz I 
BPF I 
_J 
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ncn SYSTEM CONFIGURATION UPLINK 

MSFN/LCRU/EVA-1, EVA-2 

• SIGNAL DESIGN BASED ON COMPATIBILITY WITH MSFN BASEBAND COMPLVX AND Fl' LL 

TIME SHARING OF LM UPLINK CARRIER OF 2101. 8 MHZ. 

• LCRU VOICE / DATA LINK EMPLOYS HELICAL ANTENNA TO ACCEPT SIGNALS FROM MSFN 

85 FT. DISH. LCRU HELICAL ANTENNA PROVIDES MINIMVM GAIN OF -5 db OVER 115 ° 

CONE AND AT LEAST -7 db OVER 120° CONE. 

• FM/ PM - LCRU l 1PLINK VOICE ON 124 KHz SUBCARRIER AND COMMAND DATA ON 70 KHz 

SUBCARRIER. 70 KHz SUBCARRIER TIME SHARED BETWEEN LM AND L C Rl1. 

• VPLINK VOICE FROM LCRU TO EVA-1 AND EVA-2 PROVIDED VIA VOX. TRANSMISSION 

OVER VHF LINK LIMITED TO MSFN VOICE "ON" AND "OFF" DtTTY CYCL E. 

• VHF TRANSMISSION DISABLED DURING STANDBY OPERATION. 

• AUTOMATIC SQUELCH PROVISION EMPLOYED ON S-BAND LINK, TO PROVIDE RECEIVER 

QUIETING DtTRING ABSENCE OF S-BAND CARRIER OR SUBCARRIER 

• STANDBY OPERATION - PROVISION FOR REMOTE LCRU TV OPERATION VIA l'PLINK 

COMMAND ON 70 KHz SUBCARRIER. 

• SYSTEM HANDOVER FROM LM TO LCRU OR LCRU TO LM PROVIDED SWITCHING OF 30 KHz 

AND 124 KHz SUB CARRIER AT MSFN. 
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ROIi LINK ANALYSIS 
PRIM-ARY VOICE MODE (FM/PM) 

A. RF POWER 
VALUE SOURCE 

TRANSMITTER POWER OUTPUT 8.4 db W RCA SPEC 
TRANSMIT CIRCUIT LOSSES (CABLE LOSS, VSWR, 
DIPLEXER, CONNECTORS 2.2 db CALCULATED 
TRANSMIT ANTENNA GAIN (BORESIGHT) 9. 5 db VENDOR DATA 
ANTENNA POINTING LOSS (±30 OFF AXIS) 3.0 db VENDOR DATA 
EFFECTIVE ANTENNA GAIN 6. 5 db RCA SPEC 
EFFECTIVE ISOTROPIC RADIATED POWER (EIRP) 
(REQUIRED MINIMUM = 12. 0 db W) 12. 7 db W CALCULATED 
SPACE LOSS (215,000 N. MI. AND f = 2265. 5 MHz) 211. 6 db CALC ULATED 
MSFN 85-FT ANTENNA GAIN (INCLUDES CIRCUIT AND 
POLARIZATION LOSSES) 52. 5 db P&ISPEC 
TOTAL RECEIVED POWER -146.4 db W CALCULATED 

B. CARRIER PERFORMANCE: 
MODULATION LOSS (2. 04 RADIANS PEAK) 14. 0 db CALCULATED 
CARRIER POWER -160.4 db W CALC ULATED 
NOISE SPECTRAL DENSITY -205. 4 db W /Hz P&ISPEC 
NOISE BANDWIDTH (50 Hz) + 17.0 db Hz P&ISPEC 
NOISE POWER -188.4 db W CALCULATED 
ACTUAL CNR + 28.0 db CALCULATED 
REQUIRED CNR 12. 0 db P&ISPEC 
CARRIER MARGIN + 16.0 db CALCULATED 



ROIi 
LINK ANAL VSIS 

PRIMARY VOICE MODE (FM/PM) (CONT.D.) 

VALUE SOURCE 

c. 1.25 MHz SUBCARRIER PERFORMANCE: 

MODULATION LOSS (1. 67 RAD) 1 0 8 db CALC ULATED 

SUBCARRIER POWER -148 0 2 db W CALC ULATED 

NOISE SPECTRAL DENSITY -205. 4 db W /Hz P&ISPEC 

NOISE BANDWIDTH (48 kHz) 46 0 8 dbHz P&ISPEC 
-;J NOISE POWER -158 0 6 db W CALCULATED 
I 

NI ACTUAL SNR + 10.4 db CALC ULATED 0 

REQUIRED SNR + 10.0 db P&ISPEC 

SUBCARRIER MARGIN + 0.4 db CALCULATED 

D. VOICE CHANNEL PERFORMANCE (DEVIATION 4 0 95 kHz) 

1. 25 MHz SUB CARRIER POWER -148.2 db W CALCULATED 

FM IMPROVEMENT (3 /3 2) 9.1 db CALCULATED 

PEAK/RMS CORRECTION (1/2 p2) - 8. 8 db CALC ULATED 
VOICE POWER -147.9dbW CALC ULATED 

NOISE SPECTRAL DENSITY -205. 4 db W /Hz P&ISPEC 
NOISE BANDWIDTH (3 kHz) 34 0 8 db Hz P&ISPEC 
NOISE POWER -170 0 6 db W CALCULATED 
ACTUAL VOICE SNR 22. 7 db CALCULATED 
REQUIRED SNR 14. 0 db P&ISPEC 
VOICE MARGIN + 8. 7 db CALCULATED 



ROIi LINK ANALYSIS 

PRIMARY v ·o1cE MODE (FM/PM (CONT'D.) 

E. 3.9 kHz SUBCARRIER CHANNEL PERFORMANCE 
VALUE SOURCE 

(DEVIATION 2. 02 kHz) 
1.25 MHz SUBCARRIER POWER -148.2 db W CALCULATED 
FM IMPROVEMENT ( {3 2 ) - -5 7 db • CALCULATED 
PEAK/RMS CORRECTION (1/2) - 3.0 db CALCULATED 
3.9 kHz SUBCARRIER POWER -156.9 db W CALCULATED 
NOISE SPECTRAL DENSITY -205. 4 db W /Hz P&ISPEC 
NOISE BANDWIDTH (720 Hz) 28.6 db Hz P&I SPEC 

-.;J NOISE POWER -176.8 db W CALCULATED I 
N) 

ACTUAL SNR 19. 9 db CALCULATED t--' 

REQUIRED SNR 8.5 db P&ISPEC 
3. 9 kHz SUBCARRIER MARGIN + 11.4 db CALCULATED 

F. 5.4 kHz SUBCARRIER CHANNEL PERFORMANCE 
(DEVIATION 2. 25 kHz) 
1.25 MHz SUBCARRIER POWER -148. 2 db W CALCULATED 
FM IMPROVEMENT ( /3 2 ) - 7.6 db CALCULATED 
PEAK/RMS CORRECTION (1/2) - 3.0 db CALCULATED 
5.4 kHz SUBCARRIER POWER -158.8 db W CALCULATED 
NOISE SPECTRAL DENSITY -205.4 db W /Hz P&ISPEC 
NOISE BANDWIDTH (995 Hz) 30. db Hz P&ISPEC 
NOISE POWER -175.4 db W CALCULATED 
ACTUAL SNR 16.6 db CALCULATED 
REQUIRED SNR 8.5 db P&ISPEC 
5.4 kHz SUBCARRIER MARGIN + 8.1 db CALCULATED 



RCII LINK ANALYSIS 

PRIMARY VOICE MODE (FM/PM) (CONT'D.) 

VALUE SOVRCE 

G. 7.35 kHz SUBCARRIER CHANNEL PERFORMANCE 
(DEVIATION= 3.9 kHz) 
1.25 MHz SlJBCARRIER POWER -148. 2 db W CALCULATED 
FM IMPROVEMENT ( f3 2) - 5.5 db CALCULATED 
PEAK/RMS CORRECTION (1/2) - 3.0 db CALCULATED 
7. 35 kHz Sl.}BCARRIER POWER -156. 7 db W CALCULATED 
NOISE SPECTRAL DENSITY -205.4 db W/Hz P&ISPEC 
NOISE BANDWIDTH (1355 Hz) 31.3 db Hz P&ISPEC 

--l 
I NOISE POWER 174.ldbW CALCULATED ~ 
~ 

ACTUAL SNR 17.4 db CALCULATED 
REQUIRED SNR 11. 0 db P&ISPEC 
7. 35 kHz SUBCARRIER MARGIN + 6.4 db CALCULATED 

H. 10.5 kHz SUBCARRIER CHANNEL PERFORMANCE 
(DEVIATION= 4. 57 kHz) 
1. 25 MHz SUB CARRIER POWER -148.2 db W CALClTLATED 
FM IMPROVEMENT (/32) - 7 .2 db CALCULATED 
PEAK/RMS CORRECTION (1/2) - 3.0db CALCULATED 
10. 5 kHz SUBCARRIER POWER -158.4 db W CALCULATED 
NOISE SPECTRAL DENSITY -205.4 db W/Hz P&ISPEC 
NOISE BANDWIDTH (1939 Hz) 32.9 db Hz P&ISPEC 
NOISE POWER -172.5dbW CALCULATED 
ACTUAL SNR 14.1 db CALCULATED 
REQUIRED SNR 11.0 db P&ISPEC 
10. 5 kHz SUBCARRIER MARGIN + 3.1 db CALCULATED 



ROIi LINK ANAL VSIS 

PRIMARY VOICE MODE (FM/PM) (CONT'D.) 

VALUE SOURCE 

I.14.5 SUBCARRIER CHANNEL PERFORMANCE 
(DEVIATION= 5.7 kHz) 
1. 25 MHz SUBCARRIER POWER -148.2 db W CALCULATED 
FM IMPROVEMENT ( (j 2) - 8.4 db CALCULATED 

-;:J 

I PEAK/RMS CORRECTION (1/2) 3.0 db CALCULATED l"' -c,, 

14.5 SUBCARRIER POWER -159.6 db W CALCULATED 
NOISE SPECTRAL DENSITY -205.4 db W/Hz P&I SPEC 
NOISE BANDWIDTH (2680 Hz) 34.3 db Hz P&I SPEC 
NOISE POWER -171.1 db W CALCULATED 
ACTUAL SNR 11. 5 db CALCULATED 
REQUIRED SNR 8.5 db P&I SPEC 
14.5 SUBCARRIER MARGIN + 3.0 db CALCULATED 



RCII LINK ANALYSIS 

SECONDARY VOICE MODE (BASEBAND PM) 

VALUE SOURCE 
A. R.F. POWER 

TRANSMITTER ·POWER OUTPUT 8 .4 db W RCA SPEC. 
TRANSMIT CIRCUIT LOSSES (CABLE LOSS, VSWR, 2.2 db CALCULATED 

DIPLEXER, CONNECTORS) 
TRANSMIT ANTENNA GAIN (BORESIGHT) 9.5 db VENDOR DATA 
ANTENNA POINTING LOSS (±30 OFF AXIS) 3.0 db VENDOR DATA 
EFFECTIVE ANTENNA GAJN 6.5 db RCA SPEC 

--;J 

EFFECTIVE ISOTROPIC RADIATED POWER (EIRP) 12.~db W CALCULATED I 
Nl 
~ (REQUIRED MJNIMUM 12. 0 db W) 

SPACE LOSS (215,000 N. MI AND f = 2265. 5 MHz) 211.6 db CALCULATED 
MSFN 85 FT. ANTENNA GAIN (INCLUDES CIRCUIT 52. 5 db P&I SPEC 

AND POLARIZATION LOSSES) 
TOTAL RECEIVED POWER -146.4 db W CALCULATED 

B. CARRIER PERFORMANCE 
MODULATION LOSS (WORST CASE) - 4.1 db CALCULATED 
CARRIER POWER - 150.5 db W CALCULATED 
NOISE SPECT_RAL DENSITY -205.4 db W/Hz P&I SPEC 
NOISE BANDWIDTH (50 Hz) 17. 0 db Hz P&I SPEC 
NOISE POWER -188.4 db W CALCULATED 
ACTUAL CNR 37.9 db CALCULATED 
REQtJmED CNR 12.0 db P&I SPEC 
CARRIER MARGIN 25.9 db CALCULATED 



non LINK ANALYSIS 

SECONDARY VOICE MODE (BASEBAND PM) (CONT'D.) 

VALUE SOURCE 

C. VOICE PERFORMANCE 
MODULATION LOSS P = 1.95 AND f3 = • 73 RAD) - 10.4 db CALCULATED 
VOICE POWER -156. 8 db W CALCULATED 
NOISE SPECTRAL DENSITY -205.4 db W/Hz P&I SPEC 

NOISE BANDWIDTH (3 kHz) 34.8 db Hz P&I SPEC 
NOISE POWER -170.6 db W CALCULATED 

--.J 

13. 8 db CALCULATED I ACTUAL SNR l:'v 
CJl 

REQUIBED SNR 14. 0 db P&I SPEC 
VOICE MARGIN - 0.2 db CALCULATED 

D. 3.9-kHz SUBCARRIER PERFORMANCE 
MODULATION LOSS (0.17 RAD) - 21. 0 db CALCULATED 
3. 9-kHz SUBCARRIER POWER -167 .4 db W CALCULATED 
NOISE SPECTRAL DENSITY -205. 4 db/Hz P&I SPEC 
NOISE BANDWIDTH (720 Hz) 28 .6 db Hz P&I SPEC 
NOISE POWER -176.8 db W CALCULATED 
ACTUAL SNR 9.4 db CALCULATED 
REQUIRED SNR 8.5 db P&I SPEC 
3.9-kHz SUBCARRIER MARGIN + 0.9 db CALCULATED 



ROIi LINK ANALYSIS 

SECONDARY VOICE MODE (BASEBAND PM) (CONT'D.) 

VALUE SOURCE 
E. 5 .4-kHz SUBCARRIER PERFORMANCE 

MODULATION LOSS (0.19 RAD) - 20.1 db CALCULATED 
5. 4-kHz SUBCARRIER POWER -166.5 db W CALCULATED 
NOISE SPECTRAL DENSITY -205.4 db W/Hz P&I SPEC 
NOISE BANDWIDTH (995 Hz) 30.0 db Hz P&I SPEC 
NOISE POWER -175.4 db W CALCULATED 

-;J ACTUAL SNR 8.9 db CALCULATED I 
N) 

en REQUIRED SNR 8.5 db P&I SPEC 
5.4-kHz SUBCARRIER MARGIN + 0.4 db CALCULATED 

F. 7. 35-kHz SUB CARRIER PER FORMAN CE 
MODULATION LOSS (0.32 RAD) - 15.5 db CALCULATED 
7. 35-kHz SUBCARRIER POWER -161.9 db W CALCULATED 
NOISE SPECTRAL DENSITY -205.4 db W/Hz P&I SPEC 
NOISE BANDWIDTH (1355 Hz) 31.3 db Hz P&I SPEC 
NOISE POWER -174.1 db W CALCULATED 
ACTUAL SNR 12.2 db CALCULATED 
REQUIBED SNR 11. 0 db P&I SPEC 
7. 35-kHz SUBCARRIER MARGIN + 1.2 db CALCULATED 



ROIi LINK ANALYSIS 

SECONDARY VOICE MODE (BASEBAND PM) (CONT'D.) 

VALUE SOURCE 
G. 10.5-kHz SUBCARRIER PERFORMANCE 

MODULATION LOSS (0.38 RAD) - 14. 0 db CALCULATED 
10.5-kHz SUBCARRIER POWER -160.4 db W CALCULATED 
NOISE SPECTRAL DENSITY -205.4 db W/Hz P&I SPEC 
NOISE BANDWIDTH (1939 Hz) 32.9 db Hz P&I SPEC 
NOISE POWER -172.5dbW CALCULATED 

-;:J 

12 .1 db CALCULATED I ACTUAL SNR Nl 
-;:J 

REQUIRED SNR 11. 0 db P&I SPEC 
10.5-kHz SUBCARRIER MARGIN + 1.1 db CALCULATED 

H. 14.5-kHz SUBCARRIER PERFORMANCE 
MODULATION LOSS (0.30 RAD) - 16.1 db CALCULATED 
14.5-kHz SUBCARRIER POWER -162.5 db W CALCULATED 
NOISE SPECTRAL DENSITY -205.4 db W/Hz P&I SPEC 
NOJSE BANDWIDTH (2680 Hz) 34.3 db Hz P&I SPEC 
NOISE POWER -171.1 db W CALCULATED 
ACTUAL SNR 8.6 db CALCULATED 
REQUIBED SNR 8.5 db P&I SPEC 
14.5-kHz SUBCARRIER MARGIN + 0.1 db CALCULATED 
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non LINK ANALYSIS TV/VOICE MODE (TV FM; VOICE FM/FM 

A. RF POWER 
TRANSMITTER POWER OUTPUT 
TRANSMIT CIRCUIT LOSSES (CABLE LOSS, VSWR, 

DIPLIXER, CONNECTORS) 
TRANSMIT ANTENNA GAIN (BORESIGHT) 
ANTENNA POINTING LOSS (±2.50 OFF AXIS) 
EFFECTIVE ANTENNA GAIN 
EFFECTIVE ISOTROPIC RADIATED POWER (EIRP) 
(REQUIRED MINIMUM = 30. 0 dBw) 

SPACE LOSS (215,000 N.MI. AND f = 2265.5 MHz) 
MSFN ANTENNA GAIN (INCLUDES CIRCUIT AND 

POLARIZATION LOSSES): 
85-FT 
210-IT 

TOTAL RECEIVED POWER: 
85-FT 
210-IT 

NOISE SPECTRAL DENSITY 
PREDETECTION NOISE BANDWIDTH (5.3 MHz) 
NOISE POWER 
RECEIVED PREDETECTION CNR: 

85-FT (REQUIBED 8.0 dB) 
210- FT (REQUIRED 8. 0 dB) 

VALUE SOURCE 

9.4 dBw RCA SPEC 
2. 0 dB CALCULATED 

23. 5 dB VENDOR DATA 
0.5 dB VENDOR DATA 

23. 0 dB RCA SPEC 
30.4 dBw CALCULATED 

211.6 dB CALCULATED 

52.5 dB P&I SPEC. 
60. 0 dB EB69-2004(U) 

-128. 7 dBw CALCULATED 
-121.2 dBw CALCULATED 
-205.4 dBw/Hz P&I SPEC. 

67.2 dB Hz P&I SPEC. 
-138. 2 dBw CALCULATED 

9.5 dB CALCULATED 
17 .O dB CALCULATE-D 



• 
ROIi LINK ANALYSIS 

TV/VOICE MODE (TV FM; VOICE FM/FM (Continued) 

VALUE SOURCE 
B . COLOR TV PERFORMANCE (210-FT): 

RECEIVED PREDETECTION S/N 17. 0 dB CALCULATED 
REQUIRED PREDETECTION (THRESHOLD) S/N 8.0 dB LCRU SPEC. 
PREDETECTION CIRCUIT MARGIN 9.0 dB CALCULATED 
FM Th1PROVEMENT (.1f = 1. 6 MHz) 6.0 dB CALCULATED 

-::i 
RECEIVED POSTDETECTION S/N (1. 7 MHz NBW) 32.0 dB CALCULATED 

I REQUIBED POSTDETECTION S/N (PEAK-PEAK/RMS) 22.0 dB LCRU SPEC. I:\:) 

<D 

POSTDETECTION cmcuIT MARGIN + 10.0 dB CALCULATED 
c. COLOR TV PERFORMANCE (85-FT): 

RECEIVED PREDETECTION S/N 9.5 dB CALCULATED 
REQUIRED PREDETECTION (THRESHOLD) S/N 8.0 dB LCRU SPEC. 
PREDETECTION CffiCUIT MARGIN 1.5 dB CALCULATED 
FM Th1PROVEMENT (~ = 1.6 MHz) 6.0 dB CALCULATED 
RECEIVED POSTDETECTION SNR (1. 7 MHz NBW) 24. 5 dB CALCULATED 
REQUIRED POSTDETECTION SNR (PEAK-PEAK/RMS) 22.0 dB NASA DESIRED 
POSTDETECTION CffiCUIT MARGIN + 2.5 dB CALCULATED 
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non LINK ANALYSIS TV/VOICE MODE 

(TV FM·; VOICE FM/FM) (Continued) 

VALUE 

D. 1.25 MHz SUBCARRIER PERFORMANCE (85 FT.) 
RECEIVED PREDETECTION CNR 9.5 dB 
REQUIBED PREDETECTION (THRESHOLD) CNR 8. 0 dB 
PREDETECTION CIRCUIT MARGIN + 1.5 dB 
FM IMPRIVEMENT 3.0 dB 
RECEIVED POSTDETECTION SNR (48 kHz) 12.5 dB 
REQUIBED POSTDETECTION SNR 10.0dB 
POSTDETECTION cmcurr MARGIN + 2.5 dB 

E. BASEBAND PERFORMANCE * 
VOICE CHANNEL MARGIN + 10. 8 dB 
3.9 kHz SUBCARRIER MARGIN + 13.5 dB 
5. 4 kHz SUBCARRIER MAR GIN + 10.2 dB 
7. 35 kHz SUBCARRIER MARGIN + 8.5 dB 
10.5 kHz SUBCARRIER MARGIN + 5.2 dB 
14.5 kHz SUBCARRIER MARGIN + 5.1 dB 

• 

SOURCE 

CALCULATED 
LCRU SPEC. 
CALCULATED 
CALCULATED 
CALCULATED 
P&I SPEC. 
CALCULATED 

CALCULATED 
CALCULATED 
CALCULATED 
CALCULATED 
CALCULATED 
CALCULATED 

*NOTE: SINCE THE 1. 25 MHz SUBCARRIER POST DETECTION cmcurr MARGIN IN THIS MODE IS 2. l dB BETTER 
THAN FOR THE PRIMARY VOICE MODE, THE BASEBAND MARGINS RESULT AS SHOWN. 
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ROIi LINK ANALYSIS 

UPLI-NK VOICE MODE (FM/PM) 

VALUE 
A. RF POWER 

TRANSMITTER POWER (10 KW) 
TRANSMIT ANTENNA GAIN (INCLUDES CIRCUIT LOSSES) 
EFFECTIVE RADIATED POWER 

40 dBw 
50.5 dB 

+ 90.5 dBw 
211.0 dB SPACE LOSS (215,000 N. MI. AND f = 2101.8 MHz) 

RECEIVED ANTENNA GAIN (BORESIGH T) 
ANTENNA POINTING LOSS 
RESULTANT ANTENNA GAIN 
RECEIVE CIRCUIT LOSS 
TOT AL RECEIVED POWER 
RECEIVER NOISE TEMP. (INCL. ANT NOISE) 
NOISE SPECTRAL DENSITY 
CARRIER PREDETECTION SIGNAL-_TO-NOISE: 

PREDETECTION NOSIE BANDWIDTH (4"0<kHz) 
NOISE POWER S&S 
PREDETECTION SNR 
REQUIRED PREDETECTION SNR 
CIRCUIT MARGIN 

HIGH-GAIN 
21.5 dB 
3.0 dB 

zz..o~aB 
- 2.3 
-101. 5 
1602°K 
-196 .4 dBw /Hz 

56.9 
-139.5 

38.0 
10.0 
28.0 

SOURCE 

P&I SPEC. 
P&I SPEC. 
CALCULATED 
CALCULATED 

LOW-GAIN 
9.5 dB 

14.5 dB 
- 7.0 dB (±60°) 
- 2.5 dB 
-130.0 dBw 
1537°K 
-196.4 dBw/Hz 

56.9 dB Hz 
-139. 7 dBw 

9.7 dB 
10. 0 dB 

- 0.3 dB 

RCA 
RCA 

• 

RCA SPEC. 
CALCULATEr 
CALCULATED 
RCA 
RCA 

RCA SPEC. 
CALCULATED 
CALCULATED 
RCA 
CALCULATED 
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ROIi LINK ANALYSIS 

UPLINK VOICE MODE (FM/PM) (Continued) 

VALUE 

HIGH-GAIN LOW-GAIN SOURCE 
B.124 kHz SUBCARRIER PERFORMANCE 

124-kHz SUBCARRIER PREDETECTION SIGNAL-TO-NOISE 
FM IMPROVEMENT (M = 87 kHz) 5.7 5.7 CALCULATED 

-:i PREDETECTION SNR 43.7 15.4 dB CALCULATED 
I 

REQUIRED PREDETECTION SNR (29 kHz) 10. 0 10. 0 dB RCA c.,,:, 
N> 

PREDETECTION cmcurr MARGIN +33 . 7 + 5.4 dB CALCULATED 
124-kHz SUBCARRIER POSTDETECTION SNR 

FM IMPROVEMENT (M = 7.5 kHz) 10.4 dB 10.4 dB CALCULATED 
POSTDETECTION SNR (3 kHz) 54.0 25. 8 dB CALCULATED 
REQUIRED POSTDETECTION SNR (3 kHz) 14.0 14.0 dB P&I SPEC. 
POSTDETECTION CIRCUIT MARGIN 40.0 11.8 dB CALCULATED 

C. 70 kHz SUBCARRIER PERFORMANCE 
70-kHz SUBCARRIER PREDETECTION SNR 

FM IMPROVEMENT ( Af = 50 kHz) 6.4 dB CALCULATED 
PREDETECTION SNR (24 kHz) 44.4 dB CALCULATED 
REQUIRED PREDETECTION SNR . 10.0 dB LCRU SPEC. 
PREDETECTION CffiCUIT MARGIN +34.4 dB CALCULATED 



ROIi WORST CASE LINK MARGIN SUMMARY 

LINK PARAMETER PMI/WB PMI/NB* FM/TV UPLINK 
TRANSMITTER POWER 7.1 w 7.1 w 8.7 w 10 kw 
EFFECTIVE ANT. GAIN: 6.5 db 6.5 db 23. O db 50. 5 db 
EFFECTIVE RADIATED POWER 13.0 dbw 13.0 dbw 30. 7 dbw 90. 5 dbw 

(EIRP INCL. ALL CKT LOSSES) 

TOTAL RECEIVED POWER: 
(INCL ALL CKT. LOSSES) 
85 FT. DISH (52.5 db) -146. 4 dbw 

-.::i 
-146. 6 dbw -128. 7 dbw 

210 FT. DISH (60. 0 db) -121.2 dbw I 
w 

LCRU L. G. (-7 db FOR ±60°) w -130.0 dbw 
LCRUH.G. (18.5 db FOR± 5°) -104.3 dbw 
MARGINS (db): 
CARRIER + 16. 0 + 25.3 +9. 0/+1. 5 + 25.2/-0.5 
1. 25 MHZ SUBCARRIER + 0.4 + 2.5 
124 KHZ SUBCARRIER +37. 3/+11. 8 
70 CH Z SUBCARRIER + 31.6 
VOICE CHANNEL + 8.7 - 0.2 + 10 .8 +51.3 / +25. 8 
3.9 KHZ SUBCARRIER +11.4 + 0.9 + 13.5 
5. 4 KHZ SUBCARRIER + 8.1 + 0.4 + 10.2 
7.35 KHZ SUBCARRIER + 6.4 + 1.2 + 8.5 
10.5 KHZ SUBCARRIER + 3.1 + 1.1 + 5.2 
14.5 KHZ SUBCARRIER + 3.0 + 0.1 + 5.1 
VIDEO CHANNEL +10.0/+2.5 
* PM2/NB ALL M\RGINS 1. 0 db GREATER THAN PMI/NB 



RCII NOMINAL CASE LINK MARGIN SUMMARY 

LINK PARAMETER PMI/WB PMI/NB* FM/TV UPLINK 
TRANSMITTER POWER: 7. 4w 7.4w 9. lw l0kw 
EFFECTIVE ANT. GAIN: 9.5db 9. 5db 23.5db 50.5db 
EFFECTIVE RADIATED POWER 14. 9dbw 14.9dbw 31.4dbw 90. 5dbw 

(EIBP !NCI ALL CKT LOSSES) 
TOTAL RECEIVED POWEH: 

-.J (INCL ALL CKT. LOSSES) 
I 

c.:, 85 FT. DISH (52. 5 db) -142.9w -142.9w -127. 7w ..,. 
210 FT. DISH (60.0db) -120.2w 
LCRU L. G. (6. 5 db FOH ±30 ~) -118. 5dbw 
LCRU H.G. (18.Sdb FOH ± 5 u) -101. 5dbw 
MARGINS (db): 
CARRIER +19.5 +29 .4 +10.0/+2.5 +28.0/+11.2 
1. 25 MHZ SUBCARRIEH + 3 . 9 +3.5 
124 KHZ SUBCARRIEH +40.0/+23.3 
70 KHZ SUBCARRIEH +34.4 
VOICE CHANNEL + l 2. 2 +3 .3 +11.8 +54 .4/+34.8 
3. 9 KHZ SUBCARRIEH ➔ 14. 9 +4 .4 +14. 5 
5. 4 KHZ SUBCARRIER ➔ l 1. G +3.9 +11.2 
7. 35 KHZ SUBCARRIEH +9 .9 +4.7 +9.5 
1 0. 5 KHZ SUBCARRIEH +6 .6 +4.6 +6.2 
14. 5 KHZ SUBCARRIEH +G.5 +3 .6 +6.1 
VIDEO CHANNEL +11. 0/+3. 5 
* PM2/NB ALL MARGINS 1. 0db GREATER THAN PMI/NB 



non LCRU HIGH GAIN ANTENNA 

EARTH/SUN VIEW ANGLES 

LUNAR SURFACE 

NOTE: 

I. CASE SHOWN IS PRE EARTH/SOLAR ECLIPSE WITH MAXIMUM 
SOLAR ENERGY VIEWED BY ANTENNA . 

2. VIEW ANGLES DENOTE CONES 



non -~ LCRU SYSTEM NOISE TEMPERATURES (SUN CASE) 

ANTENNA GAIN 

20 dB 14 dB 23 dB 

(1) (2) (3) 

NOISE SOURCE CONTRIBUTIONS 

0 
Sun (100,000 K at S-Band) 14 1140 112 

0 
Earth (2 90 K at S-Band) 4 120 11 

Moon (Back Spillover, 24°K) 35 36 35 

-.;J 
0 I 4 4 w lpace (4 K) 4 

m 

T, 
e 

total effective nolN temperature: IT 1411 112 

(1) No chan1• to ayatem temperature; ne1lllfbl• 

0 0 
(2) Adda 1150 K to ayatem temperature o( 1531 K; reducu marpa ltJ 

approximately 2. 5 dB 

(3) No change to ayatem temperature; ne1Ulfbl• 



-
ROIi 
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SUN CASE T
8 

For h/R ~ 3, and G z.. 3, 
I I 

GT 
4 [jh/R) + lJ 2 

h • 
8 

Distance from anteMa to the ■urface of the planet (1.50 xlO km to sun) 

R• 5 
planet radius (6. 96 xlO km, ■un) 

(! • Antenna Ga in 

T = Planetary temperature 

T = Effective Noi■e Temperature • 

Reference: 11.Referencr Data for Radio En&inNr■", ITT, Fifth Edition; p. 34-2, 811"· (&), 
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ROIi LCRU SUBSYSTEM CONFIGURATION 

OMNI 

VHF 
TRIPLEXER 

" OFF " 
COMMANO FROM f"\-____ ____, 

GCTA 

TV 
CAMERA0--------------------.1 
INPUT 

•PRIMARY RCVR IDENTICAL TO SECONDARY 
BUT 70 KHZ OUTPUT UNUSED AND TERMINATED 

8 dBw 
EXC/ 
PA 
2265.5 
MHz 

I 
I 
I 

I ~___, I 
L ______ _J 

RCVR 
SIGNAL 
STR . 

,--------------- -
1 

MHz 
I 
I 
I 
I 
I 
I 
I 
I 

_ _ _ _ _ _ _ _ _ SECONDARY S-BAND RCVR j 

r-------7 

I ~~ I 
'--+----------------1----..i I 

"ON" COMMAND 
FROM GCTA 

9d8W 
EXC/ 
PA 

I 

22&5.5 I 
MHz I 

I W.B. 

L - - - _!!!/PM XMT~ 

S-BAND 
DIPLEXER 

S-BAND 
DIPLEXER 

LOW 
GAIN 

HIGH 
GAIN 
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RCII LCRU SUBSYSTEM BASELINE DESIGN 

PH.ll\JAHY DOWN-LIN!-: F:\1/Pi\l 

• VlIF SIGNAL FH.Oi\1 EVC-1 l{ECE IVED OVEH 0:\11'1 AI\TEI\N,\ 

• VIIF HE CE I VE!{ EVCS Ol.TPCT COI\IRINED \\ 'ITII I.CHC ST,\ TL·s D,\ TA 

• l. CC H STATCS D.-\T,\ B:\SEPL ,\TE TDlPElL\TUlE ,\I\D Br\TTEl{Y VOLT:\GE TD IE SHAH.ES 1-1. 5 KHZ 

\/CO FOl{ DO \Vl\ LIN!-: TELEi\lETHY 

• 13,\SEI3A:KD SlG:K ,\1. LEVELS FllO:\I 1-:\'CS DEPENDEI\T ON \' IIF ,\:\I HE CE I\'El{ ,\ GC (±1 DI3). :KO 

,\DDITlONr\I. PllE-COI\l)(TIONING PHOVIDED TO HESET :\IODL. l. ,\ TIO!': II\DE X H:\ TIOS 

• BASEI3.'\ND FII.TEl{EJ) TO 20 KIIZ B.- \:1\])\\"IDTII 

• Fi\! :\!ODE VO ICE :\t-:D D,\ T,\ B,\SEB,\I\D Sll ,\PED TO HEC~UHED F:\1 INDICES, VOICE CHANNEL 1.E \ .EL 

H.EDL' CED :i DB HELATIVE TO 700 IIZ . 

• BASEBAND - VOICE ,\ND DAT,\ S IGI\ ,\LS FHEC~l-EI\CY i\lODCL\ TED ON 1. 2:i :\I IIZ SCBC. \l{HJEl{. 

BASEBAND LEVEL SET TO INDI CES l{E(~CIHDJENTS OF SCBCAlUlIEH OSCII.L:\ TOH. 

• 1. 25 '.1IHZ SCl3CA1lHIEH PHASE i\lODl'J .,\ TED ON S -B,\ND 22(i3. 5 i\111 Z C.-\H.HJEH 

• SEPAHATE 1. 25 l\ lllZ SU3C/\l{l{IEH OSC ILLATOHS Ei\lPI.OYED TO SDIPLIFY SIGNAL S \\lTCIIIN G, 

i\ lJNJ i\ llZE SINGLE POINT F ,\11.l'HE .-\ND ENABLE :\l:\TCIIII\G OF i\ lODCI.ATION I.E\'EI.S OF \\.IDE B.\:KD 

Pl\1 THANSI\IITTEH AND F:\I TH ,\NSi\l ·ITTEH INDI VTDL',\LI.Y. 

• SIGNAL SWITCIIING PHOVIDED VIA DC LINES TO INDIVIDL\ L l\lODU ,1\ TOHS :\ND TO 1. 23 :\IIIZ st·n
CAHHIEH OSCILLA TOH.S 

• Fl\! l\10DE 1. 25 MHZ SUBCAHHIEH. COl\ll\lANDED ON-OFF Dl'HING HE:\IOTE TV. 

• S-BAND TRANSCEIVERS AND ANTENNAS HAHDLINED TO COl\lPANION DIPLEXEHS TO ,\ VOID CO.-\XI.-\I. 
SWITCHING 

• VHF l\10DlJLES AND Vl!F Ol\lNI II AHD LINED TO VlIF DIPLEXEH TO .-\ VOID CO.-\Xl..\i . S \r!TCHIN C 



non LCRU SUBSYSTEM BASELINE DESIGN 

SECONDARY DOWN-LINK PM BASEBAND 

• VHF SIGNAL FROM EVC-1 RECEIVED OVER OMNI ANTENNA 

• VHF RECEIVER EVCS OUTPUT COMBINED WITH LCRU STATUS DATA 

• LCRU STATUS DA TA BASEPLATE TEMPERATURE AND BATTERY VOLTAGE TIME SHARES 14. 5 KHZ 
VCO FOR DOWN LINK TELEMETRY 

• BASEBAND SIGNAL LEVELS FROM EVCS DEPENDENT ON VHF AM RECEIVER AGC (±1 DB) PRE
CONDITIONING PROVIDED TO RESET MODULATION INDEX RATIOS. 

• BASEBAND FILTERED TO 20 KHZ BANDWIDTH 

• BASEBAND (VOICE-DA TA) SIGNAL LEVEL SET TO NOMINAL INDICES BASED ON PM MODULATION 
SENSITIVITY OF S-BAND TRANSMITTER. 

• BASEBAND PHASE MODULA TED ON S-BAND 2265. 5 MHZ CARRIER 

• BACK-UP MODE (PM MODULATOR OF FM/PM TRANSMITTER, SAME MODULATION CONFIGURATION 
AS SECONDARY MODE 
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non LCRU SUBSYSTEM BASELINE DESIGN 

TV /DAT A DOWN- LINK FM/FM 

• VHF SIGNAL FROM EVC-1 RECEIVED OVER OMNI ANTENNA 

• VHF RECEIVER EVCS OVTPUT COMBINED WITH LCRU STATUS DATA 

• LCRU STATUS DATA BASEPLATE TEMPERATVRE AND BATTERY VOLTAGE TIME SHARES 14.5 KHz VCO 
FOR DOWN LINK TELEMETRY 

• BASEBAND SIGNAL LEVELS FROM EVCS DEPENDENT ON VHF AM RECEIVER AGC (±1 db) 
NO ADDITIONAL PRE-CONDITIONING PROVIDED TO RESET MODULATION INDEX RATIOS 

• BASEBAND FILTERED TO 20 KHz BANDWIDTH 

• FM MODE VOICE AND DATA BASEBAND SHAPED TO REQl1IRED FM INDICES, VOICE CHANNEL LEVEL 
RED UC ED 5 db RELATIVE TO 700 Hz 

• BASEBAND - VOICE AND DATA SIGNALS FREQUENCY MODlTLATED ON 1.25 MHz Sl1BCARRIER. BASE
BAND LEVEL SET TO MODULATION SENSITIVITY OF 1.23 1\THz Sl'BCARRIER OSCILLATOR 

• BASEBAND FREQL'ENCY MODULATED ON COMPANION 1.25 MHz SCRC:ARRIER OSCILLATOR OF Fl\1 
TRANSMITTER 

• TELEVISION BASEBAND AND 1.25 MHz SUBCARRIER COMBINED IN PREMODLTLATION MIXER 

• COMPOSITE TV AND SUBCARRIER FREQUENCY MODULATED ON 2265.5 MHz CARRIER 

• FM/FM MODE TRANSMISSION HARDLINED TO HIGH GAIN ANTENNA 



ROIi LCRU SUBSYSTEM BASELINE DESIGN 

UPLINK 
• S-BAND 2101. 8 MHZ CARRIER FROM MSFN RECEIVED VIA LOW GAIN OR HIGH GAIN ANTENNA 

• S-BAND RECEIVER INPUT DIVIDED INTO TWO SUBCARH.IERS, 124 KHZ AND 70 KHZ 

• 124 KHZ SUBCARRIER DEMODULATED BY SECOND DISCRIMINA TOH. 

• BASEBAND VOICE FILTERED TO 3 KHZ . 

• SQUELCH CONTROL GATES OUTPUT BASED ON LOWS . C . SNR, OR LOW CARRIER SNR 

• 70 KHZ SUBCAH.RIEH. HARliLINED TO GROUND CONTROLLED TELEVISION ASSEMBLY 

• VOICE BASEBAND OUTPUTS BOTH RECEIVEH.S CONNECTED THROUGH 3 DB COUPLER 

• VOICE BASEBAND IS AGC'D AND LEVEL GA TED BY VOX 

• VOICE CLIPPED 12 DB FOR COl\IPA TIBILITY Ll\1 / EVCS VHF LINK 

• CLIPPING NOISE FIL TEH.ED 

• VHF TRANSMISSION CONTH.OLLED BY VOX KEY, VOX OPERATES BASED ON PRESENCE OF CPLJNK 

VOICE 

• VOICE AMPLITUDE MODULATED 70% AM FOR COl\1PATIBILITY WITH EVCS 29G. 8 I\IHZ H.ECEIVEH.S 

• VHF TRANSMITTER HARDLINED TO TH.IPLEXEH. TO A VOID COAXIAL SWITCHING 

• RECEIVED SIGNAL STRENGTH HAH.DLINED TO LCH.U CONTROL PANEL INDICA TOH. 

• TRANSMISSION TO EVA-1 AND EVA-2 OVER VHF 01\T NI 



ncn DEGRADATl"ON FACTORS DOWN LINK: FM 

FREQUENCY INTE R- ~IOD 
LEVEL, ± 'c FREQl: ENC Y DE\"L-\TIOJI: 

TOLERANCE DISTOHTION 
LINEARITY 

RESPOJl:SE SEJl:SITl\"ITY 

AM ±0 . 003 '1/; 23 DB BELO\\" DE- NI A ±1.3 DB VS. T\t,ERA- \\"!THIN 0. 3 DB AND K I A 
RECEIVER NIA sm I-:D TONE TURE, 0 ° F TO F; - 1. 4 DB OVER 300 

PRACTICAL VARIATION : HZ TO 20 KHZ 
±1.0 DB BAND\\"IDTH 

BB 
CONDITIONER NI A 40 llB BI-:1.n\\· DE - NI A NI A -0 .4 DB AT 300 HZ; K l.>. 

STT!l::ll T< >Jl:E 0 DB \\"ITHI},; 1. 0 K II Z 
TO9K HZ;-1 . 0DB.-\T 
15 K HZ 

SHAPE NI A NF.GLIGlilLE NIA NEGLIGIBLE EFFECT" ±0. ;; DB FRO:\I 300 11 Kl .-\ 
FILTER EFFECT TO 3 K HZ; ~o. 2 DB 

FRO~I 3. G K HZ TO 
l G KHZ 

1.25 MHZ NO INPUT SIGNAL: 30 DB BELO\\" LEVEL .r0.1 :, '"; FROI\I THE 3. 0 \ " PEAK-TO-PEAK• \\"ITHIN ±1. 0 DR on:n 1;; K H Z 1 \ "O LT ±5"-
vco ±0.25 17r, OF 1. 251\IHZ OF APPLIED TON E BEST STRAIGHT LINE ,, ;; •·, \\ "HEN TER~IINATED :J OO HZ TO 15. G K HZ; 

OVER DESIGN BAND- FOi! DEVIATIONS t:P IN A 50 0 8:\1 L OAD \\"!THIN ±0. 5 DB O \ "E R 
WIDTH: ±0. 5% TO ±13 KHZ 3.G KHZ TO 15 . G KHZ 

FM LONG TERM STABILITY :14 DD DELO\\" Tl-I E ±3r; FRO~I TH E BEST NI A ±1. 0 DB O \ "E R DC TO 2 . 0 :\IH Z 1 \ " ±I O'- FOR 
TRANSMITTER ±0. 01 'J FOil HI l\lODE PEAK OF EITII EH STRAIGHT LIN E t.:P 3 ~IHZ DE\"U TIOKS l"I-' T O 

TONE \\'HEN Tl-IE TO ±2 . 5 l\lHZ DE\'IA- 2. :; :\IH Z 
CA HRIEH IS DE- T IONS 
VIA TED TO A PEAK 
OF ±2. 5 :\IIIZ 

14.5 KHZ !RIG STANDARD ±7. s •·; NI A NI A 3.0 V PEAK - TO- PEAK• I I I\ NI .-\ 
vco ±5"; \\'H EN TERMINATED 

IN A 47 K OHi\! LOAD 

WB NI A NEGLIGIBLE EFFECT NEGLIGIBLE EFFECT NEGLIGIBLE EFFECT• FLAT \\"!THIN ±0 .2 Dn K l . .\ 
MIXER FROl\1 DC TO 3 ~I HZ 

*ADJUSTABLE 



ROIi DEGRADATION FACTORS DOWN LINK: PM, WB OR NB 

FREQUENCY INTF.H-~10O 
LF.V I-: L, ± '7 

FREQL"ENCY OE\"IATIO:--: 
TOLERANCI-: DISTO RTION 

LINEA HI TY 
R ESPONSE SENSJTI\TfY 

AM ±0 . 003 7, 2:J OB BELO\\" OE- N/A ±1. 3 DB VS . THI P EHA- \\TrHIN 0. 3 OB ANO N/ A 
RECEIVER N/ A smi:;o TONF. Tl' RF., 0 " F TO l00 " F; - 1.4 OB OVE R 300 II Z 

PRACTICAL VARIATION: TO 20 KHZ BANO\\"IDTH 
±1. 0 DB 

BB N/ A 40 OB BELO\\" OE- N/A N/A -0.4 DB AT 300 HZ N/A 
CONDITIONER SIRED TONE 0 OB \\"!THIN 1. 0 KHZ 

TO 9 KHZ; -1.0 OB AT 
15 KHZ 

SHAPE N/A NEGLIGIBLE N/A N EG LIGIBLE EFFECT* NEGLIGIBLE F.FFF.CT N I A 
FILTER EFFECT 

1.25 MHZ NO INPUT SIGNAL: 30 DB BELOW LEVEL ±0.15% FROM THE 3 .0 V PEAK-TO-PEAK• WITHIN ±1. 0 OB OVER 15 KHZ PER \"OLT. 
vco ±0 . 25% OF 1.25 MHZ OF APPLIED TONF. BEST STRAIGHT LINE ±51 WHEN TERMINA TEO 300 HZ TO 1 5.6 KHZ; ±5 'c-

OVER DESIGN BAND- FOR DEVIATIONS UP IN A 50 OHM LOAD \\lTHIN ±0. 5 DB OVER 
WIDTH: ±0 . 5% TO±l 5 KHZ 3.6 KHZ TO 1 5.6 KHZ 

PM ±0 . 003 % TOTAL 26 DB WITHIN ±3 "; FRO~! BS L UP TO N/ A ±0. 5 DB OVER 200 HZ N/ A 
TRANSMITTER 0.3 KHZ TO 20 KHZ ±2 . 5 RAO TO 20 KHZ BANO\\"IDTH 

BANDWIDTH 

14.5 KHZ IRIG STANDARD ±7. 5% N/ A N/A 3 .0 V PEAK-TO-PEAK• N/ A N/ A 
vco ±5% WHEN TERMINA TEO 

INTO A 47 K OHM LOAD 

*ADJUSTABLE 
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non .DESIGN STATUS 

1. ENGINEERING MODEL 

Operation capability is established for all five modes for both uplink and downlink operation. 

Performance evaluation over temperature range will start after CDR. 

~ 2. MECHANICAL MOCK-UP LCRU AND ANCILLARY ITEMS 

Complete LRV vibration test support at Kent, Washington. Data will be used to support in-house 

vibration testing. Mock-up will be converted to crew training model. 

3. THERMAL MOCK-UP LCRU 

Supporting solar Radiation Tests at MSC. Data to date confirms thermal analysis projections, 

and confirms acceptability of battery heat sink design. 



ROIi DESIGN STATUS 

4. LCRU DRAWINGS 

a. LCkU case and subsystem drawings complete. To be signed-off and released after CDR approval. 

b. LCRU subassembly drawings signed-off final. 

c. Stowage Container drawings are preliminary. To be finalized after CDR. 

5. DVT #1 STATUS 

a. LCRU subassemblies near completion of fabrication. Test will start this week on cordwood 

assemblies. 

b. Case fab will start after CDR when drawings are signed-off. 

6. FLIGHT STATUS 

a. Electrical components are released for all LCRU subassemblies. 

b. Fab will be released after CDR. 

7. LCRU SYSTEM TEST 

First system test position in operation. It is supporting EM test program. 



Pressurized Case 

Redundancy 

Power 

Operational Modes 

Deployment 

Human Factors 

Crew Action Requirements 

Thermal Design 

Weight (including antennas 
and cables) 

Size (LCRU Unit) 

Mechanical Compatibility 

LCRU SUBSYSTEM DESCRIPTION 

GENE.RAL 

MECHANICAL 

7. ~ PSIA/100% Nitrogen 

Duplication of Critical Subassemblies (Except VHF) 

Internal er External Option 

Five Modes 

Quick Simple Oeployment of Preassembled Units 

Clearly Marked Functions, Positive Lock/Unlock, 
Positive Action Detents. 

Minimized due to Pre-Assembly - Limited to Antenna 
Pointing, Mode Switching, Occasional Blanket Adjustment. 

Enables Operation in Lunar Environment Over 5°to 60° 
Sun Angles . 

70 lbs. maximum 

22 X 13 X 5.625 

LM/LRV/TV 
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RCII LCRU SUBSYSTEM DESCRIPTION (CONT.) 

DOWNLINK 

VHF Input Frequency 

VHF Input Power 

S -Band Transmit Frequency 

S-Band Transmit Power 

Antenna Gain (high gain) 

Antenna Gain (low gain) 

Data 

UPLil~K 

S-Band Receive Frequency 

S-Band Receive Sensitivity 

VHF Transmit Frequency 

VHF Transmit Power 

VHF Antenna Gain 

Data 

ELECTRICAL 

259.7 MHz 

0 dbm to -90 dbm 

2265.5 MHz 

8 W or 6 W to Antenna 

23 db (5° beaJJMidth) 

6.5 db (60° beaRMidth) 

TV, EVCS Voice, EVCS Subcarriers, 

and LCRU Telemetry. 

2101.8 MHz 

-98 dbm 

296.8 MHz 

0.5 W to Antenna 

-3 db 

Voice & TV Corrvnands 



non LCRU SUBSYSTEM DESCRIPTION (CONT.) 

Temperature 

Vibration (operational) 

Vibration (stowed) 

Shock (stowed) 

ENVIRONMENTAL 

35°F to l20°F (Modules Tested 0°F to l60°F) 

.25g sine 2-20 Hz 

22.Sg RMS 

30g Sawtooth 
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ncn EM TEST STATUS 

l. EM tests started 9/1/70. 

2. Gross adjusted VHF output DTV for downlink subcarrier deviation 

and ran amplitude response over range of VHF input levels. 

3. Gross adjusted uplink levels for 70% modulation from VHF 

transmitter. 

4. Verified operation capability of PM l narrowband, PM l wideband, 

PM 2 narrowband, FM TV and TV standby modes for both uplink and 

downlink operation at room temperature. 

5. Ran RF frequency response of FM/TV vs DC input level. 

6. Verified satisfactory TV downlink performance and TV/LCRU com

patibility. 

7. Verified satisfactory EVCS/LCRU performance compatibility . 

8. Temperature test data and finalization of level and deviation 

adjustments will be performed after cor . 



-;J 
I 

CJ1 
I-' 

ncn LCRU PERFORMANCE CAPABILITY 

SUBASSEMBLY COMPATIBILITY DESIGN . 

LCRU . is constructed and tested to optimize "end to end" relay 

subsystem performance over operational temperature range. 

TV INTERFACE COMPATIBILITY 

A. LCRU design is capable of meeting TV ICD performance requirements. 

B. Close coordination with RCA AED offers maximum TV compatibility. 



ROIi LCRU PERFORMANCE CAPABILITY, CONT. 

LM INTERFACE COMPATIBILITY 

a. LCRU design meets LM ICD requirements. (Except vibration maybe a problem) 

b. LCRU, spare batteries, and stowage container mounting provisions on LM MESA 

have been coordinated with GAC and are satisfactory. 
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ROIi LCRU PERFORMANCE CAPABILITY (CONT.) 

LRV IIHERFACE COMPATABILITY 

A. Mechanical, thermal, and electrical design conforms with known LRV 

ICD requirements. 

B. E~il/grounding scheme eliminates ground currents. 

C. Operation from LRV power is an optional capability. 

D. Pre-assembly of High Gain Antenna assembly and Low Gain Antenna 

assembly minimizes crew operations. 

E. TV mounting on LRV is identical with HGA mounting for maximum 

design similarity. 

F. Quick release of LCRU fr.om mounting legs and provision of handle 

permits minimum deployment time for hand carry mode. 

G. Quick disconnect mechanism on LGA permits rapid deployment on 

LCRU for hand carry mode. 
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LCRU PERFORMANCE CAPABILITY, CONT. 

ROIi LCRU EM PERFORMANCE COMPATIBILITY 

WITH LCRU SUBASSEMBLY SPECIFICATION 

REQUIREMENT 

PM/PM Transmitter Performance (6 Watt~, min. power output) 

FM/PM Transmitter Performance (8 Watts, min. power output) 

VHF Transmitter Performance (.5 Watts, min. power output) 

VHF Receiver Performance (-106 dbm sensitivity) 

i VHF Triplexer Performance (Tx/Rx isolation) 

S-Band Diplexer Performance (Tx/Rx isolation) 

Downlink Signal Processor Performance 

Telemetry Requiren~nts (temperature and voltage) 

Uplink Signal Processor Requirements (VHF transmitter control) 

VHF Antenna Performance 

Low Gain Antenna Performance 

HGA Performance (23 db gain) 

ACHIEVED 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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non LCRU PERFO-RMANCE CAPABILITY, CONT. 

Although the LCRU packaging is tight and consistent with space 

packaging techniques, manufacturability of the LCRU and its 

subassemblies has been implemented to the maximum extent and 

maintainability provisions ( test point accessibility, DTV 

accessibility, etc.) has been optimized. LCRU fail u-re modes 

have been analyzed and eliminated to the maximum extent possible 

consistent with program requirements. 



ROIi LCRU EMI CONTROL REQUIREMENTS 

1. MSC-IESD 19-3A 

POWER LINE CONDUCTED EMISSIONS, 30 Hz TO 25 MHz* 
RADIATED EMISSIONS' 150 kHz TO 10 GHz* 
R.F. RADIATED SUSCEPTIBILITY, 150 kHz TO 10 GHz 
A.F. CONDUCTED SUSCEPTIBILITY, POWER LINES, EXCEPT MODIFIED TO 0.6 VOLT RMS (L.R.V. 

RIPPLE REOUI REM ENT) 
,1 RECEIVER TWO-SIGNAL INTERMODULATION (SUSCEPTIBILITY) 
CJ1 
0:, 

2. IRIG 106-69 

* 

ANTENNA CONDUCTED SPURIOUS EMISSIONS 
RECEIVERS (TRANSMITTERS KEY-UP) 
TRANSMITTERS 

RECEIVER FRONT-END REJECTION (SPURIOUS RESPONSES) 

DEVIATIONS FOR SHORT DURATION INTERFERENCE EMISSIONS PER MSC-IESD 19-3A, APPLICABLE AS FOLLOW 

1) POWER ON/OFF, S-BAND PRIM/SEC RCVR. SWITCHING; NO LIMIT 

2) MODE SWITCHING, PANEL METER SWITCHING; + 20 dB. 



-;J 

' C)l 
-;J 

non LCRU EMI DESIGN FEATURES 

1. 

2. 

SHIELDING 

SUBASSEMBLIES ALL INDIVIDUALLY SHIELDED CASES 
LCRU CASE: SHIELDED EQUIPMENT AREA, PRESSURIZED COMPARTMENT 

HOGGED OUT ALUMINUM, 5 SIDES 
BOTTOM COVER: 1/8 INCH ALUMINUM 

1 INCH FASTENER SPACING 
CONTACTS 0.15 INCH PERIPHERAL SURFACE 

SHIELDING EFFECTIVENESS MAINTAINED AT APERATURES 
RF CONNECTORS--STAR WASHERS 
31 PIN CONNECTOR--STAR WASHER 

BATTERY/FRONT PANEL AREA, PRESENTLY SHIELDING NOT 
MAINTAINED, ONLY SOURCES SWITCHES AND CONTROLS 

CABLES, INTERNAL WIRING: LRV/TV CABLE, OVERALL SHIELD 

FIL TERI NG 

VIDEO, 70 kHz SIGNALS SHIELDED 
SEMI RIGID COAX, S-BAND 
COAX VHF 
SHIELDED WIRING INTERCONNECTING SIGNALS 
ROUTING, MINIMIZE COUPLING 

SIGNAL CONTENT ROLLED OFF AT CIRCUIT LEVEL 
DC POWER INPUT TO SUBASSEMBLIES FIL TE RED AT SUBASSEMBLY LEVEL 

DC/DC CONVERTER EMI FILTERS ON INPUT AND OUTPUTS 

LRV/TV INPUT/OUTPUT LINES BARRIER MOUNTED FILTERS AT FRONT PANEL CONNECTOR 
TRIPLEXER/DIPLEXERS BARRIER MOUNTED 
SERIES REGULATOR 
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RCII LCRU EMI DESIGN FEATURES (CONT.) 

3. GROUNDING/BONDING/INTERFACES 

GROUNDING - BASED ON APPROACH USED ON EVC'S 
LCRU CHASSIS ISOLATED FROM LAV EXCEPT BY DC POWER RETURN 
ELIMINATES POSSIBILITY OF EXTERNAL GROUND LOOPS 
DC RETURNS AND SIGNAL RETURNS GROUNDED TO LCRU CHASSIS 

SEPARATE DC AND CHASSIS GROUND WIRES 

BONDING - LCRU CASE AND SHELF: CLEAN SURFACE IRIDITE 198135 
SPOT WELDED GROUND TERMINALS 

CONNECTORS: STAR WASHERS 
SUBASSEMBLIES: THREADED MOUNTINGS 

IRIOITE, TIN PLATED, GOLD, SILVER 
EVALUATION TESTING, ENGINEERING MODEL 

INTERFACES - LRV - CABLE SHIELD AND DC RETURN GROUNDED AT LAV 
TV - CABLE SHIELD ISOLATED CHASSIS ISOLATED - LAV 
ANTENNAS - ISOLATED FROM LAV 

4. EMISSION AND SUSCEPTIBILITY CONTROL 

EMISSION SOURCES 
DC-DC CONVERTER 
S-BAND TRANSMITTER 
VHF TRANSMITTER 
SIGNAL PROCESSORS 

SENSITIVE SUBASSEMBLI ES 

VHF RECEIVER 
S-BAND RECEIVERS 

SPURIOUS EMISSIONS ANO RESPONSES 

VHF 

$-BAND 

TRIPLEXER 
TRANSMITTER 
RECEIVER 
DIPLEXER 
TRANSMITTERS 
RECEIVER 

} 
--EXISTING EVC'S DESIGN, EMI TESTED, 

KNOWN CHARACTERISTICS. 

} --EMISSIONS, RESPONSES, ISOLATION, ADEQUATELY SPECIFIED 
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ncn LCRU/LRV/TV INTERFACES AND GROUNDING 

+ 
LRV 
BATTERY 

LRV GND. 

TV 

VIDEO 

70 KHZ 

+14 VDC 

1.25 MHz CONT. 

FM TX CONT. 

+29 VDC 

*ISOL FROM LRV 

n 

~ 

400 UF I I 
MIN. 

-----~ 

-++---

NC 

I 
I 
I 
I 

NC 

DC-DC-CONV 

LCRU 
BATTERY 

VHF RCVR 
DOWN LINK 

S-BAND RCVR 
VHF RCVR/XMTR 
UP LINK, DOWN LINK 

S-BAND XMTRS 

LCl1U SUB-ASSYS. 

*ISOL. FROM LRV 

+10 ,-, 

I +14 

I 
+29 

HI GAIN 
t-tt-_,__ ANT. ISOL. 

FROM LRV 

LO GAIN 
ttt---w-- ANT. ISOL. 

FROM LRV 
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0 

non 

+ 

400uF 

70 KHz 

VIDEO 

+14 voe 
1.25 MHz 
Control 
FMTX 

N.C. 

ERIE 1250-003 

N.C. 

LCRU EMI CONTROL FEATURES 

ERIE 9000-103-0000 

a: 
w 
X 
w 
...J 

LL. 0. 

:i:::ii: 
> I-

VHF TX 

VHF RX 

r 

I 
I 
I 
I 
I 
I 

...Jl. ________ :.J 

....il. ----------

+10 

S-BAND RX 

S-BAND TX 

a: 
w 

OX zw 
ct .J 
111!!: 
chO 

CONTROL -------f..:.....,41-----------+-
+29VDC 

-~ 
DLSP 

29VRET 

INTERNAL WIRING 1. 14.5 KHz OSC. OUT, TEMP, VOLT, FM MOD IN: SHIELDED, 
WITH SHIELD GROUNDED AT BOTH ENDS 

2. S-8AND RCVR TO UP-LINK; SHIELDED WITH SHIELD 
GROUNDED ATS-BAND END ONLY. 



-l 
I 

en 
~ 

non S-BAND EMISSIONS AND RESPONSES 

200 

180 

---- RCVR RESPONSE LEVEL AT ANT. PORT 

"' 160 ~ 
A 
ID 
"D 

140 

.. J' 
w 120 > w 
..J 
w 100 
en z 
i 80 
w 
a: 60 a: ---0 
z 40 0 

~ 20 :E w 

0 

1.8 1.85 

- XMTR EMISSION LEVEL AT ANT. PORT 

t ,, ,, ________ _ 
IRIG 106-69 

SPURIOUS RESPONSES LIMIT -- --- ---

I I IRIG 106~9 ..,.J l.. 
,,.. ....._ SPURIOUS EMISSION 

\ ..,.. ..,.. 2.2655 ' ....._ LIMIT 
\ / / ~ ..,.. / Fx ' ...._, J' , 

--- \I.,,"' ', -,i,( ' I I 
I I 

FREQUENCY. GHz 

1.9 1.95 2.0 2.05 

LJ 
2.1018 
Fr 
2.1 2.15 2.2 2.25 2.3 2.35 2.4 



non EMI TESTING 

1. EVALUATION TESTING 

INFORMAL, LIMITED TO SPECIFIC TESTS OF CONCERN 
CONFIDENCE, EARLY PROBLEM AWARENESS 
ENGINEERING MODEL 

2. DESIGN VERIFICATION TESTING 

FORMAL, COMPLETE 
TEST PROCEDURE, REPORT SUBMITTAL 
SUBASSEMBLIES, REQUIREMENTS SPECIFIED 

PLANS, REPORTS 

LCRU-SUMMARYINCONTROLPLAN 
PROCEDURE DRAFT COMPLETION FOLLOWING EVALUATION TEST 
REPORT, SPECIFIC RECOMMENDATIONS REGARDING NON-COMPLIANCE 

3. QUALIFICATION TESTING 

FORMAL, LIMITED BASED ON RESULTS OF DVT TEST 
TEST PROCEDURE, REPORT 
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ncn EMI SUMMARY 

• • • ' • r • 1 .., I. • • • ' • .- , T • • • • , • , .• •' 

1. EMI REQUIREMENTS DEFINED 

MSC-I ESD 19-3A 
I 106-69 

2. EMI DESIGN FEATURES 

UNIT AND SUBASSEMBLY SHIELDING AND FIL TERINO 
GROUNDING, BASED ON PREVIOUS PROVEN APPROACH, COMPATIBLE WITH HEAT TRANSFER REQUIREMENTS 

COMPLETELY ISOLATED INTERNAL BATTERY OPERAT!ON 
SELF COMPATIBILITY 

3. TESTING 

VHF EQUIPMENTS, EXISTING DESIGN 
S-BAND EQUIPMENTS, EMISSIONS/RESPONSES/ISOLATIC:" ADEQUATELY SPECIFIED 
VHF/S-BAND 

EARLY INDICATION OF DESIGN ADEQUACY 
DEMONSTRATE COMPLIANCE WITH REQUIREMENTS 
BASED ON OVERALL PROGRAM SCHEDULES 

4. ANTICIPATED EFFECTIVENESS 

COMPLIANCE WITH MSC-IESD 19-3A AND IRIG 106-89 ANTICIPATED 
NO INCOMPATIBILITY 

DESIGN TECHNIQUES FLEXIBLE ENOUGH TO INCOllPORATE MODIFICATIONS IF REQUIRED 



non TRIPLEXER 
RANTEC P/N MT-329 RCA P/N 8547878 

TEST 
PARAMETER LII\1IT S/N 34 

-::, VSWR @ 259. 7 MHz 1.30 MAX < 1.2 
I 
m 

@ 296.8 MHz H- 1.30 MAX < 1. 2 
LOSS @ 259. 7 MHz 2 DB MAX 1.7 DB 

@ 296.8 MHz 2 DB MAX 1.3 DB 
ISOLATION 
ANT /REC @ 296. 8 35 DB l\tIIN >45 DB 
TRAN/ ANT @ 259. 7 35 DB MIN >45 DB 

WEIGHT 5 OZ MAX 4 oz 



RGII 

TEST 
PARAMETER 

VSWR @ 259 • 7 MHz 

-:i @ 296 .8 MHz 
' O') 

C}l 

GAJN 
@ 259.7 MHz 
PATTERN PEAK 

90 DEG 
@ 296.8 MHz 
PATTERN PEAK 

90 DEG 

WEIGHT 

VHF ANTENNA 
MOTOROLA, INC. P/N 85-25933K03 

LThIIT S /N 1 s 
/N 2 

1.25 MAX 1.20 1.18 
2.30 MAX 2.20 2.25 

-0.5 DB MIN 1.7 DB +1. 9 DB 
-3. 0 DB M1N -2.1 DB -2.3 DB 

-1.0 DB MIN +1. 3 DB +1. 3 DB 
-5. 0 DB MIN -2.9 DB -2.9 DB 

4 OZ MAX 3.24 oz 3.24 oz 

SIN 3 

1.17 
2.25 

+1. 7 DB 
-2.3 DB 

+1.5 DB 
-2.6 DB 

3.23 oz 



ROIi 
DIPLEXER 

WAVECOM P/N S218-E RCA 8151102 (EM) 

TEST 
PARAMETER LilVIIT S/N 15 S/N 16 

VSWR @ 2101. 8 
--.;J ANT PORT 1.3 MAX. 1. 06 1. 06 J 
m 
m 

REC PORT 1.3 MAX 1.09 1. 09 
VSWR@ 2265.5 

ANT PORT 1.3 MAX 1.05 1.05 
TRAN PORT 1.3 MAX 1. 04 1. 03 

ANT/REC LOSS 0.85 DB MAX 0.60 DB 0. 60 DB 
TRAN/ ANT LOSS 0.60 DB MAX 0.40 DB 0.40 DB 
ISOLATION 
ANT/REC@ 2265.5 80 DB 90 92 
TRAN/ANT@ 2101.8 60 DB 69 69 



non LCRU VHF AM RCVR 

Frequency 

Operating Frequency 
W Stability 
IF Frequency 
IF Bandwidth. !i dB 

no dB 

Input Signal AM Modulation 

Audio. 200 Hz to 3. 0 KHz 
3 . 9 KHz Sub-carrier 
5 . 4 KH z Sub-carrier 
7. 35 KHz Sub-carrier 
10. 50 KHz Sub-carrier 

General Requirements 

Audio Sensitivity for 3 or; 1 KHz AM in 17 KHz nw 

Harmonic Distortion r., 70S AM 
2 Tone IM @ 90'1; Total AM in Audio Band 
Dynamic Range, 
RF Input CoDDector 

Signal Outputs 

WB-PM MOD to Downlink Sig . Processor 

Connector 
Drive Impedance 
3. 9 KHz Sm-carrier Output 

NB-PM MOD to XMTR's (Two) 

Connector 
Drive Impedance 
3 . 9 KHz sub-carrier Output 

14 . 5 KHz Sm -carrier Input 

Input Impedance 
Input Connector 
Sub-carrier Input NB-PM 
Sub-carrier Input WB-PM 

DC Power Requirements 

Input DC Voltage 
Input DC Voltage 
Input Current. 14 VDC 

10 VDC 
ON/ OFF Control 

Volume 

Max Design En velope Excluding Connectors 
Volume 

Weight 

Projected Weight 

7- 67 

259. 7 MIiz 
0. 003 ~·; 

30. 0 MIi z 
70 KH z Min . 
240 KHz Max. 

36. 5~; 
8. 4~/ 
9. 3o/, 
1fl . 2r; 
19. or;; 

-132 dBW with a l0dB S I N Min. 
-9fi dBW with a 35dB SI N M in. 

., ''1 :L,, 
23 dB below audio 
-139 dBW to -23 dBW 
Sealectro. right nngle, male 

Through term . 
100 ohms 
81 MV In' 30K ohm load rms 

Through term . 
100 ohms 
81 MV fl 1 K ohms . 30 pf load 

rms 

47 . OK ohms 
Through term . 
15 MVrms 
30 J'vTVrms 

14. 0 VDC ±0. 1 volts 
10. 0 VDC ±0. 1 volts 
.J O. 0 \I:\ \l ax . 

85 . 0 \IA \lax. 
Prime Power 

5 . 04 X 1. 54 X 1. 6 0 in . 
12. 4 cu. in. 

8.0 OWIC8S 
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RGII 

259. 7 ::\'IHZ 

259.7 MHz VHF AM RECEIVER 

XTAL 
osc. 

114. 850 ::\IHZ 

~ 
X2 
:\Il. LTI 

-0.5 d-:10 t8"' +]2 dB-9,T"'•l2 dB-~'f"' . -7,1 r .. 11-)x---4T_A_d_BL_-_75 !" .. 11_1 _____ -or 
DIODE ~ RF HF +15 dB ~ +75 dB .__ 

:\ID< FILTER fF Al\JP 
ATTEN :\ :\IP .\:\IP ;lQ :\IIIZ 

AGC ._ ____ ---il_._ ____ ._ ______________ _.~AGC ~ 

A::\IP / DET 

14 voe 33 MA NOM. 

10 voe 29 MA NOM. 

TOTAL POWER 753 :\IW 
AUDIO __., 
GATE 

---

A UDIO 
DET 

son:LcH i.---,• 

14.5 kHz Sl'BCARRIER 
I .... INPl'T 

l r+ WB-PM :\fOD 

__J TO DL/ SP 

i-------., BASEBANDr.----~ NB-PM :\TOD . TO 

COND. ---, S-BAND #1 X:MIT 

L..,. NB-P::\I ::\10D. TO 
S-BAND /F2 Xl\JIT 



non 

14.5 kHz PAO 
IUICAftRIER e>----et I SOL 

tN,uT 

AUDIO/ DATA ,Ao 
IN,UT o----- IIOL 

DOWN LINK BASEBAND CONDITIONER 
BLOCK DIAGRAM 

IC 
AMP 

EMIT WIDEBAND - ,M MOO. 
,oLL --·ro DL / s, 

LPF EM I T NAftflOWIANO - ,M MOO. 
20 KC ~---_,. FOLL 1-----0 TO I - IANO # I XMIT. 

(MIT NA""OWIAND- , .. MOO 
,oLL 11-----0- TO 1-IAND 1/11 XMIT. 
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ti ., .., 
UIIJHA 

IT•IOLI JtQ T UHP 
IIIH . •tt ? 

. .. 
)to 

4 

I I •UtriOC. 
. ,. •cw, . 

UP J I 

TO~NG .... 



non VHF. AM. RECEIVER (259.7 MHz) 
ENGINEERING MODEL 

TEST DATA 

FUNCTION REQUIRED 0° F ROOM 160° F 

POWER 
+14V 40MAMAX. 33MA. 
+10V 35 MA MAX. 29MA. 

AUDIO OUTPUT 350MV 
(-90 dbm INPUT) -0.8 db 
(-40 dbm INPUT) LIMIT (0 to -90 dbm) 0 REF. 0 db. -0.5 
(0 dbm. INPUT) ±1.5 db - +0.8 db -

SQUELCH OPER. LIMIT (109 ± 3 dbm) 
"OFF" -110.5 dbm -110 dbm -109 dbm 
"ON" -109 dbm -108 dbm -107 dbm 

SENSITIVITY LIMIT 13 db MIN. 
3 KHz, L.P.F. AT OUTPUT (-106 dbm INPUT) 14.8 db 14.0 db 14.0 db 
20 KHz, L.P.F. AT OUTPUT (-106 dbm INPUT) - 8.0 db -
(30%, 1 KHz MOD.) 

BANDWIDTH (6 db.) 70 KHz MIN. 88 KHz 

RESPONSE 
300 Hz MOD. -0.3 db 
1 KHz MOD. LIMIT± 1 db. REF. 0 db 
10 KHz MOD. +0.2 db. 

HARMONIC LIMIT 5% 4% 4% 4% 
DISTORTION 

(-55 dbm INPUT) 



ncn OVERALL VHF REC. (ENG.MODEL) 

TO COUNTER ATT. + TRIPLF:XEH 

SIG 
ATT. VHF 3 KHZ 

GEN REC. LPF 
2K 

+5 DBM. 0-100 DB -5 DB 

-= 

r 
E-
;::, 

AF OUTPUT 
p.. 
E-

+2 
\'S INPUT (J\IV) 400 ;::, 

0 

+l 300 ~ 
AF Ol'TPL'T 

0 
VS. !NPl.:T (DB) 

--;i ---I U) 
--;i 

II 
-1 '- AUDIO Ol'TPL'T VS. TEMP. 

1:-.:l ~ 
0 ~1.3 DB @ 0 TO 90 DBM. 
;;., --2 u 

E- C) 
;:., --:: 
p.. 
E- -3 5 

(160 F) 
::..i 
0 
I'.'-< 
< -4 4 

-5 3 
AGC VS . JNPL1T 

-6 2 I-- sqn:LCJI 4 nn CHANGE 
VS. TEMP. (OT TO • 160 F) 

-7 i,.- SENS!TJV IT\' 1 DB CHANGE 
VS. TE~IP. (0' F TO , 160' F) 

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

lNPl 'T (DI3i\f) 



ncn 

+l 

0 

- 2 . 

-3 

100 

OVERALL VHF RECEIVER ( ENG. MODEL) 
FREQUENCY RESPONSE 

1000 10000 

FREQ. HZ. 



ncn LCRU VHF AM TRANSMITTER 

Frequency 

Operating Frequency 
Frequency Stabillty 

RF Output 

Connector 

Output Impedance 
OC and SC protection 
RF Power (CW) 

C/N (al 30% AM, 1 kHz in 20 kHz BW 
Output Control 

AM Modulation 

Percent modulation 
Range 
Sensitivity 

Input Impedance 
Frequency Response, 1 kHz Ref. @I 300 Hz 

@ 3.0 kHz 
Modulation Linearity 
Harmonic Distortion (al 70o/c , AM, 300 Hz-3 . 0 kHz 

DC Power Requirements 

Input DC Voltage 
Input DC current CW 

70%, 1 kHz AM 

Volume 

Volume 
Max Design Envelope excluding cormectors 

Weight 

Projected Weight 

296.8 MHz 
±0.003°/r 

Sealectro Bulkhead female Rec. 
50 - 043 - 0000 
50 ohms nominal 
4 hours no damage 
0 . 580 watts nominal 
0. 500 watts minimum 
40 dB min. 
VO X ope rated 

70% AM (1 . 14 Vrms) 
300 Hz to 4. 0 kHz 
1. 6 Vrms Sine wave input , 100~ AM nominal, 
subject to DTV adjustment 
10 K ohms nominal 
±2 dB 
:1 1 dB 
±109{ of BSL 
10% Max. 

+14.0 voe ±0 . 1 volts 
280 MA Max. 
360 MA Max. 

9. 2 cu. ln. 
5.0 X 1.19 X 1.55 ln. 

8.0 ozs . 
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non VHF AM TRANSMITTER ( 296.8 MHz) 

02 4MW XTAL OSC. 
( COLPITS) 

' 98.933 MHz 
-

VOX KEY 

Z STAGES 
AUDIO 
AMP 

t 
VOICE 
INPUT ( 300 Hz TO 3 kHz) 

2 .2~ V / 100•1• AM 

CLASS A 
BUF AMP 

03 

I 

95MW 
I 

05 
O"IV[R 

CLASS C 

MOD 
Xf'Mfl 

40MW CLASS C 
185UW 

vco 
RF AMP X3 MULTI -

04 (CURRENT ~) 

EF, 40 

340MW o• l'OOWIW I . ft. P'. 
ftA -

CLAU C ( O.Je IL) 

' l 
OUTftUT 
•IOMW 

HAMIION I Cl - 40 
DISroftTION 10% 

♦14VOC IIO MA MA)( I cw 
MO MA tMK TO~ IMt1 AM 

dB 
MAX 
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FUNCTION 

KEVER OPERATION 

POWER OUTPUT 

CENTER FREQUENCY 

DC CURRENT 

MOD. LINEARITY 

VHF. AM. TRANSMITTER (296.8 MHz.) 
ENGINEERING MODEL 

TEST DATA 

REQUIRED 0° F ROOM 160~F 

CHECK ✓ ✓ ✓ 

500 MW. MIN. 700 640 520 

296.8 MHz ± 9 KHz +3.9 +1.8 -0.7 

360 MA. MAX. 235 245 240 
(260 NOMINAL) 
V REF. (50%) 0.89 0.81 0.75 
22.5 to 27 .5% 25% 0.45V 25% 0.405V 25% 0.36V 
67 .5 to 82.5% 76.4% 1.3V 76.4% 1.21V 76.4% 1.13V 

HARMONIC DISTORTION 10% MAX. 
1 KHz 7.0 4.1 2.8 
3 KHz 2.9 3.9 2.4 

SIGNAL TO NOISE -40 db. MIN. -50 -50 -50 

FREQ. RESPONSE 
3 KHz ±1 db 0 0 +0.3 
300 Hz ±2 db -1 -0.8 -1 .1 
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1. 4 

1. 2 

1.0 

0.8 

0.6 

0.4 

0.2 

0 
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VHF AM TRANSMITTER ( ENG. MOD.) 
(AUDIO INPUT VS. % MOD.) 

+1.14 @ 70% MOD. 

25 50 75 100 

PERCENT MODULATION 
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ROIi 

(I 
100(\PF 

• 1•11oc 1PR11 
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J 
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•19 %._,0C 

IIET 

•l<H 

0 CNOC 0411 
, ! • voe SH. 6 
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1f1t O M MOD I sw, 

"" 

r ,. 
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+ ~-------------------' 
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I 
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0 
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~ ----1--~;:' __ ______ : ::;,, 
I - ~~-1 , I 

Alt 1IP] 1 
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i 
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non SIGNAL PROCESSOR, DOWN LINK 
ENGINEERING MODEL 

ASSY 8370853 SCH 8670925 

TEST DATA 

FUNCTION REO. 0° F ROOM 160° F 

POWER 
14 V 140 ma ± 10% 130-148 130-148 130-148 

10 V 7 ma MAX 5.5 5.7 5.8 

TIME SHARE SW. 
TEMPERATURE ON 10 ± 1 SEC. 9.8 10.6 10.8 

BAT. VOLT. ON 20 ± 2 SEC. 18.7 20.3 21.1 
(AT ROOM TEMP. ONLY) 

VOLT. SEN. OUT 
4.75V 33.0 ± 0.5 VIN 33.338 33.404 33.379 
2.50V 29.0 ± 0.5 VIN 29.374 29.355 29.290 
1.40 V 27.0 ± 0.5 VIN 27.367 27.288 27.121 

THERMAL SEN. 
160° F 4.77 - 5.00 V 4.956 
80° F 2.40 - 2.50 V 2.467 
30° F 0.85 - 0.95 V 0.930 

0° F REF. ONLY 0.401 
14.5 KHz VCO 
OUTPUT LEVEL 

ovsw. 50 MVP ± 8.5% 52.5 50.2 51.0 
+14 V SW. 20 MVP ± 8.5% 20.8 19.95 20.1 

FREQ. 
0.00V MOD. 13.390 - 13.434 13.400 KHz 13.403 KHz 13.411 KHz 
2.50 V MOD. 14.478 - 14.522 14.497 KHz 14.490 KHz 14.496 KHz 
5.00 V MOD. 15.566 - 15.610 15.586 KHz 15.572 KHz 15.570 KHz 
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FUNCTION 

PM 1/WB OUT. 
FREQ. 
LEVEL 

RMS DEVIATION 
@ 1 KHz 
@3.9 KHz 

FM/TV OUT. 
1.25 MHz VCO 

LEVEL 
FREQ. 

RMS DEVIATION 
@1 KHz 
@3.9 KHz 

TV OUT (0-1 VN) 
D.C. OUT 
VOLTAGE GAIN 
LINEARITY 
NOISE OUTPUT 

FREQ. RES. 
100 KHz 

1 MHz 
2 MHz 
3 MHz 

SIGNAL PROCESSOR, DOWN LINK 
ENGINEERING MODEL 

TEST DATA 

REQ. 0° F ROOM 160° F 

1.25 MHz ± 0.15% 1249950 1250930 1248520 
1.01 VP NOM. 0.96 VP 0.98 VP 1.06 VP 

4.5 KHz @ 0.545 VN. 0.513 V 0.513 V 0.513 V 
1.97 KHz @0.127 -VN 0.119 V 0.119 V 0.119 V 

400 mv P-P NOM. 410 mv 412 mv 434 mv 
1.25 MHz ± 0.15% 1249750 1250330 1248660 

4.5 KHz @ 0.545 VN 0.513 V 0.513 V 0.513 V 
1.97 KHz @0.127 VN 0.119 V 0.119 V 0.119 V 

0.550 V NOM@ 0.5 VIN 0.422 0.471 0.515 
1.70 NOM. 1.732 1.727 1.726 
±3%@2MHz ±2% ±2% ±2% 
10 mv RMS MAX. < 3 mv < 2 mv < 2.5 mv 

REF. REF. REF. REF. 
±1 db +0.20 +0.26 +0.36 
±1 db +0.60 +0.60 +0.60 
±1 db +0.60 +0.71 +0.71 
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REGULATOR -· ... , 
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ROIi 
REGULATOR,VOLTAGE,REDUNDANT 

ENGINEERING MODEL 
SCHEMATIC NO. 8670922 ASSEMBLY NO. 8370872 

TEST DATA 

FUNCTION REQ. 0° F ROOM 160° F 

l0V OUTPUT 
15. 6V IN 

50 MA LOAD +10 + 0. 1 V 9.94 10.02 10.07 
100 MA LOAD +10 + 0. 1 V 9.90 9.99 10.03 

19. lV IN 
50 MA LOAD +10 + 0. 1 V 9.94 10.02 10.07 

100 MA LOAD +10 + 0. 1 V 9.90 9.99 10.03 

14V OUTPUT 
15. 6V IN 

.250 A LOAD +14 + 0. 1 V 14.05 14.06 14.09 
• 500 A LOAD +14 + 0. 1 V 14.02 14.02 14.04 

1.00 A LOAD +14 + 0. 1 V 13.98 13.98 13.99 
19. lV IN 

.250 A LOAD +14 + 0. lV 14.06 14.08 14.10 

.500 A LOAD +14 + 0. l V 14.03 14.04 14.06 
1.00 A LOAD +14 + 0. l V 13.99 14.00 14.02 

TEST POINTS* 
16V@ TER. #1 

TER. #6 >10 V 10.5 V 10.5 V 10.5 V 
TER. #7 ov ov ov ov 

16V@ TER. #2 
TER. #6 ov 0 0 0 
TER. #7 >10 V 10.5 V 10. 5 V 10.5 V 

*USE VOLTMETER WITH INPUT RESISTANCE EQUAL TO OR GREATER THAN 10 MEG OHlVIS 
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ROIi LCRU FM/PMS-BAND EXCITER 

,u 
MOD 

INPUT 

HVDC 

l'M 

PM 

1-- ==----__ -:_-_~-.... - - -F;-;X~ER- - ~~::_ -.... - ~~:: __ - ~~::_7-, 
I FREQ BUFF X2 POWER BAND I 

I 
I 
I 
I 
I 

INPUT MOD MOD osc AMP MULT AMP PASS I 
FILTER VARICAP 2N5481 \ 40673 2N2857 ' 16000217-1 FILTER I 

BIAS 
&TEMP 
COMP 

188. 792 MHz 377. 583 MHz j 
377.583 MHz 
80MWI 

I L __________ _ _ _J 

VOLTAGE 
RGLTR 22 V CONTROL 

LINE SIGNAL 

FILTER COMBINER 

VOLTAGE CONTROL 
RGLTR 22V 377. 583 MHz 

80MW 

r-:_-_--.- -~::_-__ - -~~-==-PMEXCITER. NARROWBAND--r--~--==-r-----~~=- - --, 
PM I BAND f> X4 MULT BUFF X2 tlp~ BAND II 

MOD 0---:-t~ ATTN PASS MOD (2 ) 3N154 AMP MULT x2 MULT PASS 
INPUT I ---- FILTER VARICAP ----- 3Nl54 2N2857 16000217-1 FILTER I 

I r------. 23. 5989 MHz I 
1, AMP BUFF i XTAL I 

3N 154 AMP osc I 
I ---- 2N834 2N834 I 

L-----------------------~ 



ROIi LCRU FM/PMS-BAND TRANSMITTER POWER STAGES 

.... 
voe 26.5 

25 OMA 

__., 

X2 
MULT 

2 N 5481 

t 

IPA 
2N5921 

f 
26.5VOC 
4OOMA 

755 . 167 
MHz _ 

-

3.2W _ -
-

-'\'VY-

FROM FM 22V REG 

FROM PM CONTROL LINES 

29 voe :: -

_J_ 

REJ 
FILTER 
377. 583 

MHz 

I .SW 

------POWER 
SPLITTER -

I.SW 

• It 

LINE 
FILTER 

755.167 
MHz 

PWR 
- AMP 

3.5W _ 

2N5482 

t 

(p~----7 

I AMP I . 2N5921 
I I 
I f I 
I 

26 .5VOC 
I I.I AMP 

I ~ I 
I AMP I 

2N592 I 

I I 
L _____ _J 

- VOLTAGE 
REGULATOR - 26 .5V 

--

2265.5 
X3 MHz _ ISOL 

MULT BPF 

5 .3W 

~ 
POWER -

COMB INER - ISOL ...... -
5.3W -i\Vv-

26 .5V 
l .77AMPS 

2265.5 MHz 1.2 w 

...... LPF ~ 2265 .5 MHz 
OUTPUT 
9 . 4 WATTS 
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ROIi LCRU PM/PMS-BAND EXCITER 

PM 
MOD 

INPUT 

29VDC 

FM 

PM 

PM 
MOD 

INPUT 

,----------------------------7 
I ..------. .----, .-----. p M EXCITER I NARROW BAND ..----. .------, .-------. I 
I BAND </i BUFF X2 PWR BAND I 

>--+ti.,. ATTN PASS MOD (~~ 3~~;~ AMP MULT X~M:tLT PASS I 
I Fl LTER VARICAP 3Nl54 2N2857 

16000217
_
1 

Fl LTER 

1--~ ~-----J --- ~--~-- -- --- ------1 

I .----'-----. BUFF23.5\89 M::AL 377. 5813 MHz 

AMP t I 3NI54 AMP osc 80 MW I 
2N834 2N834 

I --~ --~ -~ I 
L ____________ -------------~ 

VOLTAGE 
RGLTR 22 V CONTROL 

LINE SIGNAL 

FILTER COMBINER 

VOLTAGE CONTROL 

RGLTR 22V 377.583 MHz 
80MW 

,------------ -------------~ 
I .--------, .----~ .-------, PM EXCITER ' WIDE BAND 

PWR ___ ......... _ I 
I BAND </i X4 MULT BUFF X2 A .. P/ BAND I 

ATTN PASS MOD AMP m 

I ... 
__ _, FILTER VARICAP (2)3Nl54 MULT X2 MULT PASS I 3NI54 2N2857 16000 217_1 FILTER 

I I 
I 23.5989 MHz I 
I AMP BUFF i XTAL I 
I AMP OSC 

3 N154 2N834 2N834 I 
I I 
L ___________________________ , 



ncn LCRU PM/PMS-BAND TRANSMITTER POWER STAGES 

X2 
MULT 

2N5481 

755 . 167 
MHz 

PWR 
AMP 

2N5482 

755 .167 
MHz 
3.5W 

26.5 voe -----"--------------.....J 
250MA 

r;:;-----7 
P.A . 

I ......--- I 
AMP 

2N5921 I 

X3 
MULT 

2265 .5 
MHz ISOL 

BPF 

IP A 1--3_W _ __,. POW ER 
2N5921 SPLITTER 

26 .5VOC 
1.0AMP 

PCWER 
COMBINER --- I SOL 

26.5 voe 
320 MA 

FROM FM 22V REG 

FROM PM CONTROL LINES 

LINE 
FILTER 

I 

AMP 
2N5921 

4 . 2W 

L ______ _J 

VOLTAGE 
REGULATOR---- 26 . 5 V 

t-------49'4 26. 5V 1.57 AMPS 

2265 . 5 MHz IW 

LPF 2265 .5 MHz 
OUTPUT 
7. 4 WATTS 
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ROIi FM/PM TRANSMITTER CHARACTERISTICS 

FREQUENCY 
OPERATING FREQUENCY 
FREQUENCY STABILITY, EITHER MODULATOR, ONE YEAR 
RF BANDWITH 

RF OUTPUT 
OUTPUT CONNECTOR 
OUTPUT IMPEDANCE 
OUTPUT VSWR 
RF POWER 

S-BAND MODULATORS 
FM MODULATION 
CONNECTOR 
RANGE 
SENSITIVITY 
INPUT 

NOMINAL DC INPUT 
INCIDENTAL AM 
INCIDENTAL FM, MAX. NOISE DENSITY 
INCIDENTAL FM, TOTAL 
2 TONE IM@ 2.5 MHZ COMBINED DEVIATION 
FREQUENCY RESPONSE 
DEVIATION LINEARITY 
HARMONIC DISTORTION 

PM MODULATION 
CONNECTOR 
RANGE 
SENSITIVITY 

INPUT IMPEDANCE 
PHASE NOISE 
INCIDENTAL AM 
2 TONE 1M@ 2. 5 RAD COMBINED DEVIATION 

POWER SUPPLY 
POWER SUPPLY VOLTAGE 
DC CURRENT REQUIREMENT 
FM/PM MODULA TOR CONTROL 
REVERSED POLARITY PROTECTION 

VOLUME 
WEIGHT 

2265.5 
0.003%(PM), ± 0.02% (FM) 
(15 MHZ MIN.) 

MOD. AMERICON 2054-0000 
50 OHMS NOMINAL 
1.3 TO 1 
10 WATTS (8.4 WATTS MINIMUM) 

± 2. 5 MHZ PEAK 
SEALECTRO 50-075-0019 
OC - 3 MHZ 
2.0 MHZ/VOLT PEAK± 10% 
100 OHMS± 10% + 50 PF MAX., 
OC COUPLED 
.55 VOLTS OC) 
5% MAX. 
1 KHZ RMS/200 HZ 
5 KHZ RMS 
34 DB MIN. 
± 1 DB DC - 3 MHZ 
3% UP TO 2.5 MHZ DEV. 
2% 

± 2 RAD PEAK 
SEALECTRO 50-075-0019 
200 HZ - 20 KHZ 
2 RAD/VOLT ± 10% UP TO 2 RADIANS 
PEAK 
1000 OHMS± 10% + 50 PF MAX. 
4 • RMS NON VIBRATING 
5% MAX. 
26 DB MIN. 

27 - 33 VOC, 29 VDC NOMINAL 
1.85A MAX. 
PRIME POWER, 29 VOC, 10 MA MAX. 
INCLUDED IN UNIT FOR TEST ONLY 

44. 5 CUBIC INCHES MAX. 
44 OZ. MAX. 
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ncn PM/PM TRANSMITTER CHARACTERISTICS 

FREQUENCY 
OPERATING FREQUENCY 
FREQUENCY STADILITY, ONE YEAR 
RF BANDWIDTH 

RF OUTPUT 
CONN EC TOH 
OUTPl:T ll\lPEDANCE 
OUTPUT \'S\\'R 
RF POWER 

INCIDENTAL AJ\I 

NB-PM l\lODULATION 
CONNECTOR 
RANGE 
l\lODCLATION SENSITl\'ITY 

INPCT ll\lPEDANC E 
FREQL"ENCY RESPONSE 
DEVIATION LINEAHITY 
PHASE 1'UISE 
2 TONE l!\I tu 2. ,; HAU. CO!\IUINED DE\' IATIO~ 

\\'B-Pl\l :\1ODt..:LATIO1' 
CONNECTOR 
RANGE 

FREQt..:ENCY HESJ>ONSE 

DEVIATION LINEARITY 
INPUT Il\lPEDANCE 
MODULATION SENSITIVITI' 

2 TONE ll\l \Q, 2. 0 RAD. DEV. rN 200-20. 000 HZ IlAND 
PHASE NOISE 

POWER SUPPLY 
POWER SUPPLY VOLTAGE 

DC CURRENT REQUIREMENT 
MODULATOR CONTROL 

REVERSED POLARITY PROTECTION 

VOLUME 
WEIGHT 

2265. 5 MHZ 
0.0031 
(15 MHZ MTN.) 

l\lOD. A!\IEHICON 2054-0000 
50 Olll\lS NOI\IINAL 
1 .:1 TO 1 
8.0 \\XrTS (G.G \\'ATTS l\lTN.) 
s ·; :\!AX. 

SEA LECTHO 50-075-0019 
200 IIZ - 20 KHZ 
:! HAIHA1'S/ \'OL T PEAK± 10 '"; L'P 

TO 2 RADIANS PEAK 
1000 Oll:\IS ± 10' ;, ~-PF :\IAX. 
co0 .5UO, 200-20, 000HZ 
:i •·; l'I' TO 2. 5 HADIANS PEAK 

-t H:\IS NO1'-\'IBHATION 

2G DD :'IIIN. 

SEA LECTHO 50-075-0019 

1.19 :'IIHZ TO 1. 31 :\IIIZ 
± 0.5 DU 1.19-1.31 :\UIZ 
:1•·; t·p TO 2. 0 RAD1£iNS Pl::AK 
:;o O111\IS ± Io •; , 501'lllP' l\lAX. 

1. 85 HADlA1'S/VOL T ± 1 O'"; l'P 
TO 2 HADIANS PEAK 

-t'.l DB MIN. 
4" RMS NON -V IBRATING 

27 - 33 voe, 29 VIX' NOI\ITNA L 
1. 65 Al\lP !\JAX. 

PRII\I E POWER, 29 voe, 10 MA :'llAX. 
INCLUDED rN UNIT FOR TEST ONLY 

44 . 5 CU IN MAX. 
44 OZ. MAX. 
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ROIi S-BAND TRANSMITTERS 

AREAS OF INTEREST 

1. Critical Design Review 

2. DVT parts procurement. 

3. Procurement of Flight Model Parts 

4. Engineering models delivery. 

5. Hurni di ty - Transmitters exhibit a drop of . 4 dB 
in power output when subjected to high humidity 

6. Assembly of Transmitters - The design of the PA 
necessitates workmanship practices which are 
contrary to NASA specifications, i.e., five leads 
to a terminal - leads soldered directly to a 
solder joint of a Johanson Capacitor - low temp. 
solder, etc. 

COMMENTS 

a. Completed. 

a. All parts are in house and assembly is in process. 

a . All parts ordered. Personal attention by RCA 
personnel in the Conic Purchasing Dept. is taking 
place with calls to vendors as to meeting promise 
dates and in house screening when date goes beyond 
safe limits . 

a. Units have had the frequency change to 2265 . 5 MHz 
and are in the ~eRU unit. 

Recommendations are to do one of the following: 

a. Entirely seal Transmitter unit. 
b. Bake Transmitter at 85°C for 12 hours 

prior to sealing LCRU unit. 
c. Keep Transmitters in controlled 

atmosphere until sealing of LCRU . 

Recommendations are to do the following: 

a. Wherever these practices can be eliminated, 
it shall be changed . 

b. A critical inspection shall be made following 
vibration oVI testing of the S-Band Transmitter 



RCII ENGINEERING MODEL CHARACTERISTICS 

FM NBPM NBPM WBPM 

-;J 

I INPUT CURRENTS 1. 83 AMPS 1. 83 AMPS 1. 65 AMPS 1. 67 AMPS c.o 
0 

OUTPUT POWER 9. 7 WATTS 10.0 WATTS 9.3WATTS 9. 3 WATTS 

INPUT POWER 53. 0 W. 53. 0 W 47. 8 W 48.4 W 

EFFICIENCY 18. 2% 18. 8% 19. 4% 19. 2% 
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non S-BAND TRANSMITTER 
POWER VS TEMP 

10.00 

9.00 -------

Cl) 

I-
I- 8 .00 
ct 
~ 
a: 
w 
~ 
0 
CL. 

7 .00 

6.00 

5 . 00 L--_ _.___......__ _ __.__ _ _.___ _ _..__ _ __.__ _ ___._ _ ___._ _ __. __ L.___.....___ _ __.__ _ _.___ _ _,__ _ __.__ _ ___, 
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TEMPERATURE °F 
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MIN 

MIN 

' WB PM 
NB PM 
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2265 .600 

.500 

.400 

.300 

.200 

2265 .100 0 

S-BAND TRANSMITTER 
FREQUENCY VS TEMP 

i__ ____________________ rM 1.;,,~-, + .01 % 

FM 

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 
TEMPERATURE °F 
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ROIi 

.300 

.200 

S-BAND TRANSMITTER 
FREOUEhlCY VS TEMP 

+ .003% 

NB PM 

WB PM 

- .003% 

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 
TEMPERATURE °F 
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2.20 

2.10 
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:i:: 2.00 
~ 

1.90 

-
5-BAND TRANSMITTER 

DEVIATION SENSITIVITY VS TEMPERATURE 
FM TRANSMITTER 

+10% LIMIT 

-10% LIMIT 
1.80~--------------------------------

I. 70 ____ ....__..,____..,____..,____..,____,.i..__--'------'----.....L..---'---......L.--......L.-----L..-----L..-----L.---' 
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 

TEMPERATUE ° F 



non S-BAND TRANSMITTER 
DEVIATION SENSITIVITY VS TEMPERATURE 

2.20 

)( 2.10 

~ 

~ FPT-1 

\!! 
NBPM 
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non REVIEW ITEM DISPOSITION - S-BAND 

FM/PM TRANSMITTER - PCDR-3 

ITEM 

1. Provide rationale on use of an IFM spec. rather 
than an IPM spec. for WB PM 

2. ECN needed for frequency change 

3. Provide failure analysis rationale of Low Power 
Output vs 80% humidity spec. 

4. Provide rationale for 2. 0 rad peak in para. 
3.4.6.3.2 but 2.5 rad peak in para. 3.4.6.3.3 

COMMENTS 

This was a direct result of following the 
Motorola specification on the LEM Trans
ceiver. 

ECN Complete. 

The humidity affects the beryllium wafer heat 
sink to which the Power Transistor 2N5921 
is mounted. 

The 2. 0 radians peak was chosen as a practi
cal peak value since the total of all sub
carriers comes to 2. 8 radians when all sub
carriers are in phase but this in an unlikely 
situation. The need for 2. 5 radians in J:Xira. 
3.4.6.3.3 is to check beyond the 2.0 limit 
for fall off. 

S-BAND FM/PM TRANSMITTER - PCDR-5 

1. Need ECN on frequency change and . 01 % 
FM frequency stability. 

2. Need max. design limitation for FM deviation 
and fequency response under tolerances somewhat 
wider than allowed in para. 3. 4. 6. 3 and 3. 4. 6. 4 

ECN Complete. 

Conic Corp. has been contacted for this in
formation and will be forwarded as received. 



ROIi S-BAND TRANSMITTER DEVIATION LINEARITY 

NBPM MODE SPT-3 W13P.M S PT-3 
Freg. 5 KHz 2 KHz 10 KHz 20 KHz 1.25 KHz 
Vin V out V out V out V out Vin V out 

6 .6 .6 .6 .6 .3 J.0 
~ .s .5 .5 .5 .2 2.0 
4 .h .h .h .4 .1 1.0 
3 .3 .3 .J .3 .o~ .5 
2 .2 .2 .2 .2 .02 .2 
1 .1 .1 .1 .1 .01 .098 
.5 .os .os .05 .o5 .005 .046 
.2 .02 .02 .02 .02 

-;:J 
.1 .01 .01 .01 .01 

I .05 .005 .005 .005 (0 
-;:J 

PM MODE FPT-1 FM MODE FPT-1 

Freg ~ KHz 2 KHz 10 KHz 20 KHz Freg. 2.~ KHz 2~ KHz 2~0 l(Hz 2.~ MHz· 
JJ in V out V out, V out V out Vin I out V out V out V out 

6 .6 .6 .6 .6 0.1 .10 .10 .10 .10 
5 .s .s .5 .5 0.2 .20 .20 .20 .20 
4 .4 .4 .L .4 o.J .JO .30 .JO .30 
.3 .3 .3 • .3 .3 o.4 .40 .40 .40 .40 
2 .2 .2 .2 .2 o.5 .so .~o .50 .50 
1 .1 .1 .1 .1 o.6 .60 .60 .60 .60 
.5 .05 .05 .05 .o5 0.1 .69 ~68 .69 • 70 
.2 .02 .02 .02 o.B .78 .78 .78 .Bo 
.1 .01 .01 .01 
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FREQUENCY 
LOCAL OSCILLATOR STABILITY 

SENSITIVITY 

NOISE FIGURE 

AUDIO OUTPUT LEVEL 

HARMONIC DISTORTION 

SQUELCH 

70 KHZ OUTPUT LEVEL 

70 KHZ OUTPUT IMP EDANCE 
POWER REQUIREMENTS 
VOLUME 

WEIGHT 

TEMPERATURE 

MAJOR SPECIFICATION REQUIREMENTS 

SPECIFICATION 

2101.802 MHZ, ±0.0015% (NASA) 
±0. 003 % 

26. 7 DB S+N AT -128 DBW (RCA) 
N 

1. 5 VRMS ±10 % (NASA) 

3 ';{. MAX. (RCA) 

ON DECREASING SIGNAL - 131 DBW OR BELOW (RCA) 

ON INCREASING SIGNAL -127 DBW OR BELO\\' (RCA) 

MAX. UNSQUELCHED NOISE -21 DBM MAX. (RCA) 

O. 7 V TO 3. 5 V PEAK-TO-PEAK 2. 0 V NOM. (NASA) 
5 K LOAD 

75 TO 115 OHMS (RCA) 
14 V ±0.1 VDC LESS THAN 150 MA (RCA) 
35 CU. IN. (NASA) 

24 OZ. (NASA) 

OPERATING 0 ° F TO 160 " F (RCA) 
STORAGE -65°F TO 185° F (RCA) 

ENG. MODEL MEASURED 

±.0018 % 

32. 6 DB S+N/N 

8 DB NOMINAL 

1. 57 VRMS 
-128 DBW TO -95 DBW 

1.81 % 

-131 DBW 
-129 DBW 
-22. 5 DBM 

2.5 V p-p 

89-93 OHMS 
138 MA 
27. 5 CU. IN. 

22. 5 oz. 

DVT TEST 
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ROIi · LCRU RECEIVER BLOCK DIAGRAM 

I -- -- I I -- --
I 2101.I02 MHz 120.758MHz 

I 
I 10.7 MH1 

PRE- 1, AM,L 2ND OSCRM 

I AMP 
FLTR FLT" 11T OSCR AUDIO 

XI L _ ~/AUDIO MODULE_ - J 
-:i 120.111 

110.051 MHz I IIH1 
tO 

I I tO 

· X2 osc 
I I 
l flP CONVERTUI MODULE I -- --
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• 
SECOND I.F. FILTER RESPONSE 

DEVELOPMENT 
MODEL #4 

.40 ..___ __ ....__ __ ~ __ __,__ __ .......J_ __ ---'-__ __J 

10.1 10.3 10.5 10.7 10.9 11.1 11.3 

FREQUENCY IN MEGAHERTZ 
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ROIi 

-:i FRO 
~ Iii LI 
0 ..... 

- FIRST DISC _...., 

M IF AMP 
MITER 
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• 
BLOCK DIAGRAM LCRU RECEIVER (SUBCARRIER-AUDIO) 

INTEGRATOR AMP. - ISOLATION 
70 KHz OUT. AMP. -

SUBCARRIER 
PRESENT 
DETECTOR 

' 
AUDIO 

BP FILTER SECOND BUFFER OUT. 

124 KHz. -- INTEGRATOR - LIMITER - DISC. - LP FILTER - AMP. -

f 
I 

BP FILTER - AMP. - FILTER - SCHMITT 
170 KHz DET. TRIGGER 
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ROIi 

RMS OUTPUT 
LEVELSdbm (RELATIVE) 

0 

- 5 

- 10 

-1 5 

-20 

- 25 

- 30 

-35 

-40 

SOU ELCH ANAL VSIS 

I 
I 

CURVE E - AUDIO OUTPUT 
NOISE WITH 124 KHz 
SUBCARRIER ABSENT 

j 

' I 
I 

CURVED 'J 
NOISE IN 124 KHz ___,,-'\_ 

CURVE A 124 KHz Channel S + N 

CURVE B AUDIO OUTPUT NOISE 
WITH 124 KHz SUBCARRIER PRESENT 

SUBCARRIER CHANNEL ~ 

1 "x 
CURVE C 170 KHz. NOISE CHANNEL 
FOR SQUELCH DET 

: ~ 
X 

- 45 ~ - --1~10---_~105----~10_0 ____ 9,._5 _ _ __ _.._90 __ ___,_ 85 

RF SIGNAL LEVEL IN dbm 

• 



-.J 
I 

f--' 
0 
w 

ROIi 

FROM IF 
~MP 

ft I ST, DISC 

RI C4 
IK. 220 

TO 170 KH~ 
B,P FILTEA 
¢. NOISE CHANNE.L 
SQUE.LCt-1 

REVISED CIRCUIT FOR SUB-CARRIER SQUELCH 

12.4 KH~ 
B.P. Fl LTER 

CIO 
100 

LI c1 cg 

Z.e.4 I& 1210 L4 Cl5 C?O ?.B4I£I ~90 

- -- -

SYMETRICAL LIMITER 

TP3 

'1" C87 
..l.. I UF 

CZl 
3' 

CR7 C% 
IU4e3B I .01 ~ RTZ 

- +IIV~) :- 1001( 

C94 
::to.lUF 

& C95 I-OIUF Re.& 

ZZIC Rlt 
l.61C. 

--

R73 
JOI( 

C4+ TO 
T' 0.I UF 12.4 KHr 
~ DISC . 

!. 
AUDIO 
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ROIi SQUELCH PERFORMANCE DATA 

ENG. MODEL #1 
1. 0 Radian Deviation 
0 ° F Ambient a1160 ° F oe- o•~ 11111eiotr -,.11.0•~ 

-tNCREASING RF -103 -102 -102 dbm 
INCREASING RF -101 -100 - 99 dbm 
HIGHEST NOISE LEVEL -25. 5 -24. 6 -22. 5 dbm 

ENG. MODEL #2 
1. 0 Radian Deviation 
0 ° F Ambioflt 160 ° P 

o•~ ~,,o,iMr -r 11,,1J'~ 
-101 -101 -102. 5 dbm 
-100 - 99 -100 dbm 
-27. 5 -30. 1 -23. 5 dbm 

1. SQUELCH DESIGN ALLOWS OPERATION TO AT LEAST -131 db W 
2. PREVENTS HIGH NOISE LEVELS FROM BEING TRANSMITTED TO CREW 
3. MAINTAINS RF, IF, AND 1ST DISCRIMINATOR COMMONALITY TO ALSEP 
4. IMPLEMENTATION CAUSED MINIMUM SCHEDULE AND COST IMPACT. 
5. MAINTAINED SAME CASE OUTLINE DIMENSIONS AND ELECTRICAL INTER

FACES 
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9.0 

J: 7.0 

~ 

5.0 

+3.0 

AUDIO FREQUENCY RESPONSE EM-2 

0 AMBIENT 

6. 0°F 
0 165° F 

SPEC. MAX. 

□ 

SPEC. MIN. 

__ -A.. ____ __,____._..._....__....__ ___ '--_--'-_ ____._ _ __, 

300 500 1000 2000 3000 

MODULATING FREQUENCY IN HERTZ 
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ncn 70 KHZ BAND PASS CHARACTERISTIC EM-2 

al 
C 
...J 

SPEC. LIMIT 
+1 --------------------

w O 
> w 
...J 

I-
::) 
CL 
I-
::) 
0 

O - AMBIENT 
A- 160° F 
□ - 0°F 

SPEC. LIMIT 
-1 ------------------

60 65 70 75 80 
FREQUENCY IN KILOHERTZ 
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BAND PASS CHARACTERISTIC 

70 KHz SUBCARRI ER CHANNEL EM-2 

2 4 6 8 10 20 40 60 80 100 200 400 

FREQUENCY IN KILOHERTZ 
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1. 

-105 -100 -95 

SIGNAL STRENGTH OUTPUT 

-90 

X UNMOD CAR 0°f 
0 UNMOD CAR 70° F 
D UNMOD CAR 160° F 

-85 -80 -75 

RF SIGNAL STRENGTH dBm 

-70 -65 -60 
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non REVIEW ITEMS PCDR-4 

S-BAND RECEIVER 

ITEM COMMENT 

A. 1. AUDIO OUTPUT LEVEL IN CORPORA TED BY ECN 
2. DYNAMIC RANGE CHANGE WOULD CA USE SIGNIFICANT 

ALLIED DOCUMENTATION REWORK 
RECOMMEND LEA VE AS IS. 

3. SQUELCH CHANGES INCORPORATED BY ECN 
4. 70 KHZ IMPEDANCE IN CORPORA TED BY ECN 
5. 70 KHZ OUTPUT LEVEL IN CORPORA TED BY ECN 
6, SIGNAL STRENGTH RANGE IN CORPORA TED BY ECN 
7 • SIGNAL STRENGTH CAL DA TA ACCURACY IN CORPORA TED BY ECN 
8. POLARITY REVERSAL IN SPEC 
9. AUDIO OUTPUT FREQ. RESPONSE IN CORPORA TED BY ECN 

10. 70 KHZ OUTPUT FREQ. RESPONSE IN CORPORA TED BY ECN 
11. UPLINK MODE COMBINATION 

e.g. $±10% 1.1±10% RADIANS IN CORPORA TED BY ECN o.• 
B. 1. PARAMETERS IN 3. 4. 4. 2, 3. 4. 4. 3, 3. 4. 5.1 -95 dbw RF INPUT LEVEL PERMITS 

ARE TO BE MEASURED IN NON-MISSION RF ACCURATE TEST MEASUREMENT OF 
INPUT LEVELS PARAMETERS INDEPENDENT OF S/N RA TIO. 

2. EMI CONDUCTED SUSCEPTIBILITY DOES LCRU SYSTEM CONFIGURATION 
NOT INCLUDE REDUCED LEVEL AUDIO PRECLUDES RECEIVER AUDIO SUSCEPTIBILITY 
NOISE e.g., S-BAND RECEIVER FILTERING/REGULATOR 

LCRU FILTERING/REGULA TOR TO BATTERY/ 
DC-DC CONVERTER COMBINATIONS 
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ncn UP-LINK SIGNAL PROCESSOR 

11 .. -ON"-= +2-9V□-c -- -----=-------------- --,I 
" OFF" = 0.CIRC . 

l--+-t------------- vox t-------... I 
VOX DISABLE 25 INV 

PTT 

TP 

PAI AF IN 

SEC AF IN 

TP 

GND 

+14VDC 

]---+-------------------~ 
" ON" = GND 
"OFF"= O.CIRC . 

1.5VRMS 

200 HZ - 3 kHz 

1.5VRMS 

200 HZ - 3 kHz 

MATCH 

NETW 

14 DB 

vox 
AMP 

AVC 

I AMP 
I VOX THRESHOLD = 220 MVRMS @1 kHz ~-~ 

I AVC THRESHOLD = 620 MVRMS 

vox 
KEY 

vox 
GATE 

I 
I " ON" = NMT 3 voe 
I "OFF" = NL T 11 .5 voe 

1-----------------+~6 KEY 
vox RELEASE TIME 1.0 SEC I 
VOX ATTACK TIME 10 M SEC 

TO VHF XMTR 

••--1--1 ® GND 

I 
I 
I 

12OB 
CLIP 

300 Hz-3kHz 

FLT 
OUT P 
AMP 

I 
I 
I 
I 
I 

0 I I ., AVC RELEASE TIME 15 SEC 

I - AVC ATTACK TIME 10 MSEC 

TP 

AF OUT 

G) I - .. I 
L _______________________ ~ TO 

VHF XMTR 

4.3 Vp.p 

@ 10 K OHMS 



non UPLINK SIGNAL PROCESSOR CHARACTERISTICS 

i\l 'DIO CNJ> l' TS ('l' \\'0) 

Input Connector 
Input Impedance 
i\ F Input Lt•vel (11 I 000 ll z 

/\ F Drive Impedance 
AF Hangc 

Input Attenuation 

VOX OPE TIA TION 

VOX Threshold, I k llz Tes t S ihrn:tl 
VOX Release Time 
i\ F / VOX Attack Time 

AF OPEHATION 

AVC Release Time 
AVC Knee, I kHz 
AVC Range 
Nominal Clipping 
Frequency Hesponse. I k ll z Hcf. 

300 Ilz 

3 kllz 

6 kllz 

Harmonic Distoriton (u kllz 

AF OUTPUT 

AF Output Level. C'l ipped 12 db 

@ 1 kHz, 1. 5 Vrms input 
Output Drive Impedance 

Noise Output for VOX Disabled 
Output 

TRANSMITTER KEY 

Type of Operation 
Output Volt. for Transmitter "ON" 
Output Volt. for Transmitter "OFF'' 

Input Voltage to Disable VOX 

DC PO\\'ER REQl1ffiEMENTS 

Input DC Voltage 
Input DC Current 

SIZE 

Maximum Design Envelope Including 

Terminals And l\Iounting Feet 
Volume 

WEIGHT 

Measured Weight W / O Cover 

7- 112 

ThrouJ,!;h t<·rminal 
NLT 1000 ohms 
1 . !i V rms , 1 o•·; ,,, I :w1, ohms 

:w ohms max . 
~Oil l lz to :1.0 kllz 

14 db 

0. 22 Vrms , 1 db &~ input 

l 10 . 4 sec. (over temri. limit s) 

10 msec max. 

15 sec. 15 sec. 

0.fi20 Vrms 11. 0 dh (c+ input 
!i Vrms (a input 
12 c!b 

NMT -1.0 clh 
Nl\1T -:1.0 db 
NLT-3.0clb 
8' '; max. 

4.3 o0 . 6 Vpp @ 10 K Ohm load 
Approx. 10 ohms. capacity coupled 

-35 db below audio 

VOX operated 
NMT + 3.o voe 
NLT + 11.5 voe 
+29 VDC 

14 voe ±0.l Volts 
18 MA max. 

2. 72 X 3. 20 X 1. 06 in. 

9. 22 cu. in. 

O. 30 lbs 
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+10 

+S 
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10 

AUDio OUTPUT 

REL DB 

( ""D13M /60oJl) 

bOOMI/ 

:;001-111 

15DMI/ 
15 

0 
Z.SMV 
' -25 

UPLINK SIGNAL PROCESSOR 

-211)6M 
( NOtSE) 

SPE"C UM 
CLI PPi~& LEVEL-

- l<i 08M 

o,,ssv 
, ______ 12 Df> (LtPl>tN6 

+- ACTUAL MEASUR ED 
VOX TtiRfStiOL.I) 

SPfC.LiM 
VOX H1Rf<;~ 
-ii 0~ 

o.nov 
'1i> IO00Hi 

MEASURED DATA 01.J EM - I UN ir 

I00Mv 15OMI/ 300Mv 600 MIi 
' 

- 20 - 15 - 10 -5 0 

S-7-70 
OR 

NOMi~AL HPECTED 
AUDiO ! NPVT 

I _51/R~S 

15\/ 

-+ to Rt:L[DBJ 
(,;::: D8M/ 60o.ll.) 
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RCII 

RE.LATil/E 
4 LEIIEL-

[D&J 

l 

u 

l 

6 

l-8 

/0 

12 

14 
UPL Si6 

PROC. ALotlt 
@iNTftfAC£ 
I l<ONIII R~, 
OMiTTtl> 

50 
200 

100 

UPLINK SIG. PROC AF RESPONSE 

500 I I<. ( REFF J 

FM RCVR- un SIG PROC 

j 
llirERVACE . "" 100 

cgo/11 

~ 60 lMfp 
1:2..K 

ZN22ZZ (1 

'1-12-70 
O. R. 

FREQUENCY 
7 K 

15vt)C 
S,b MFD 

I 

Slo 

1. UPL Si& Pf?ll( 

~ C.oRDWOOJ> 

IOI( 

FM RC\/R !H?1\/€~ ~ 
( MOroRO t-A ) RRC\JR 

( C() L} ) 

UPL 51 G PROC 
( RCA) 

ALL M~S. MAOE l,T MOTOiOL.A PLANT; 
SCOTTSDALE' , Afli2 . 

INPUT 0 .1 llc,o 
1101- n,it - 100&,., 

1\1/C Tl-\~ - O.~ O&M 
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RCII 

· I . D 

-2 .o 

lfSS SfNSirivE 
THAN a, I ODO IV 

VOX THRESHOLD 

RfLATiVE LEI/EL 

[ DB J 

• 

VOX THRESHOLD RESPONSE 
MOD EM-X3 

IK 

1000 tv RE.F 

IOK 

AUDIO FREQUENCY 
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ROIi 

i NPUf RfSiSTA/IJCE 

[OHM'S] 

1000 

I/DO 

1600 

1500 

1400 

IODO 

500 

0 100 

UPLINK SIGNAL PROCESSOR 
INPUT RESISTANCE 

8 - 1-10 
0 -R . 

~ MEASURED 

L_CALCULATED 

Fl'tE D MATCH. NETW. ; RCVR LOAD 

R2~RIO =220..12, 

R 3 ~ R 9 = I ooo Ji 

R 16 -= 560 .n.. 
C 3 = 5.6 NFD 

MOD EM- X4 

I .SVR~S INPUT FRECJU£NCY [ Hz] 

\000 10000 
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ROIi 

VOX THRESH 

MV 

300 

280 

260 

240 

220 

200 

DBM ( 600.12. LOAD EQU . ) 

-0 
2 .B D.B 
A DJtJSfMEN T 
RANGE 

-II 

1000 
- -12. 

UPLINK SIGNAL PROCESSOR 
VOX THRESHOLD RANGE 

MOD EM - X4 

RANGE 01= VOi- THRESH . ADJUSTMEN T RZ 

CORDWOOD SET FOR -IODBM NOM OPff?ATi~ 

• 

. 

i 
NOMINA L PNT FOR E1P. MOD . 

MATCH . RESISTORS R 2(DTV) + R3 (1000.Jl..) [OHMS] 

1100 1200 1300 1400 1500 
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TOTAL HAR 
Di ST. 

2 .5 [%] 

2 .o 

/ .5 

/,0 

0.5 

0 

UPLINK SIGNAL PROCESSOR 
HARMONIC DISTORTION VS FREQUENCY 

100 

MOD EM -'1.5 

CL! PPI NG REMOVED 

• 

iN Pur LEVEL I .5t/R.MS 

R6 = 9 . 4 K J2. FOR. 

4 .4 Vpp OuTPUi 

INPUT 0. ?JV RMS 

----------- ------- 1?6 =271<..Jl. 
300 1000 IOK 

FREQUENCY [ Hz.] 



--:i 
I 

I-' 
tv 
tv 

RCII UP-LINK SIG. PROCESSOR EM-1 
TEST SUMMARY 

TEST 

TEMPERATURE 

INP UT CURRENT 

VOX THRESH PR! (SEC. O.C.) 

VOX THRESH SEC (PR! 0. C) 

AVC TIIHESH f'KNEE") 

VOX HE LEASE Tll\lE 

VOX ATTACK Til\1E 

CLIPPING LEVEL (ii 400 Hz 

AF OUTPUT 

FHEQUENCY RESPONSE 

1 kHz 
300 Hz 

3000 Hz 
6000 Hz 

HARMONIC DIST 

PTT/ KEY "OFF" 
"ON" 

VOX DISABLE, AF OUT 

TEST POINTS 

MEASUREMENT 

ROOM AMBIENT (+23 ° C) 

11 MA 

o. 235 Vrms 

0.232 Vrms 

0. 590 Vrms 

0. 9G SEC 

2 mSEC 

0.lG0 Vrms 

4.5 V 
pp 

0 DB 
-0. 3 DB 
-1.2 DB 
-4.4 DB 

+13.4 VDC 
+ o. 6 VDC 

17.5 mV 

CHECK 

LIMITS 

18 MA MAX 

0.245 V MAX 
0.195 V MIN 

0.245 V MAX 
0.195Vl\1IN 

0. 695 V MAX 
0.550 V l\11N 

1.0 :: 0 .4 SEC 

10 rnSEC l\1AX 

.195 V MAX 

.125 V l\IIN 

4.3V c± 0.6V 
pp 

REFF 
NMT -1.0 DB 

NMT -3.0 DB 
NLT -3.0DB 

+11.5 VDC MIN 
+ 3.o voe MAX 

25 mV MAX 



ROIi DC-DC CONVERTER SPECIFICATIONS 

SPECI FICA Tl ON 

INPUT VOLTAGE 

OUTPUT VOLTAGE REGULATION 

EFFICIENCY 

FREQUENCY OF OPERATION 

RIPPLE 

OVERLOAD PROTECTION 

AMBIENT TEMPERATURE 

VOLUME 

WEIGHT 

LIMITS 

32-44V (LAV BATTERY) 

+28.5V ± 4% @ 1.0 TO 2.7 AMPS 

+16.5V ± 4% @ 0.3 TO 0.6 AMPS 

80% MINIMUM @ 28.5V + 2.7 AMPS AND 16.5V + 0.6 AMP OUT · UTS 

17 kHz MINIMUM 

28.5V OUTPUT - 80 MV P TO P 

16.5V OUTPUT - 50 MV P TO P 

REQUIRED (WITH AUTOMATIC RECOVERY). 

0° F TO + 160° F 

35.3 CU. IN. MAXIMUM 

40 OZ. MAXIMUM 



ROIi 

DC 
INPUT 
32-44 V 

DC-DC POWER CONVERTER, BLOCK DIAGRAM 

INDUCTOR 
TRANS
FORMER 

TRANSISTOR 
SWITCH 

+----< 

BLOCKING 
DIODE 

BLOCKING 
DIODE 

REGULATED 
+16.5 V OUTPUT 

ENERGY 
STORAGE 

REGULATED 
28.5 V OUTPUT 

ENERGY 
STORAGE 
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Nl 
CJ1 

ROIi 

Rl4 

LI 

+ + 
Cl C2 C3 

INPUT 
( 32-44) 

LCRU DC-DC POWER CONVERTER 
SCHEMATIC DIAGRAM 

C6 

R4 

CR4 

R6 
Rl2 

+ + + 
C7 ca C9 CIO 

3 5 

L2 

II 
L3 

II 
-

2OOµ.H 5Oµ.H 
Cl2 Cl3 

+ 
2 

Rl3 COM. 

Cl7 ~ 3 }1SOLATION L---------------------;=--~4 CONTROL 



RGII DC-DC CONVERTER BREADBOARD TEST DATA 

LTh1ITS +160°F 72°F 0°F 

TEST PARAMETER 

REGULATION - 32 VIN 

28.5 V OUTPUT@ MIN. LOAD ±4% (27. 36 to 28.83 28.84 
29.64 V) 

28.5 V OUTPUT@ MAX. LOAD 28.49 28.51 28.44 
~ 

I 

"""' 16. 5 V OUTPUT @ MIN. LOAD ±4% (15. 84 to 15.99 16.00 NJ 
O':, 

17.16 V) 

16. 5 V OUTPUT @ MAX. LOAD 16.37 16.33 16.23 

REGULATION - 44 Vrn 

28. 5 V OUTPUT @ MIN. LOAD ±4 % (27. 36 to 28.84 28.83 
29.64 V) 

28.5 V OUTPUT@ MAX. LOAD 28.53 28.55 28.50 

16.5 V OUTPUT@ MIN. LOAD ±4% (15. 84 to 15.97 15.95 
17.16 V) 

16.5 V OUTPUT@ MAX. LOAD 16.35 16.32 16.22 
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ROIi ENGINEERING MODEL 
DC TO DC CONVERTER - CHARACTERISTICS 

-~ -> 
(.J 
z 
w -(.J -LL 
LL 
w 

100 

90 

80 

70 

60 

50 

ENGINEERING MODEL 
DC TO DC 
CONVERTER 
CHARACTERISTICS 
EFFICIENCY -VS- LOAD 

@+72°F 
---- 32V INPUT (WORST CASE) 
---- 44V INPUT 

I 
I 
I 
I 
I ---------- ___. - -- - ---- + ___. - ----

~ I ,, 

C 
<t 
0 
..J z -
~ 

I 
I 
I 
I 
I ·1c X <t 

<tic ~ ..J 

I 
I 
I 

400~-~10--2~0----'~--1--___..,_ __ L-_-1...,_ _ _,1._-'-.J..._ _ _..1,_ _ ___JL...-
30 40 50 60 70 80 90 100 110 

TOTAL OUTPUT POWER (WATTS) 
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ROIi DC-DC CONVERTER ENGINEERING MODEL 
TEST DATA (ROOM TEMPERATURE) 

TEST PARAMETER 

REGULATION: 

28.5 V OUTPUT@MIN. LOAD 

28.5 V OUTPUT@ MAX. LOAD 

16.5 V OUTPUT@ MIN. LOAD 

16.5 V OUTPUT@ MAX. LOAD 

EFFICIENCY @MAX. LOAD 

FREQUENCY OF OPERATION 

OUTPUT RIPPLE 

28.5 V OUTPUT @ MAX. LOAD 

16.5 V OUTPUT@ MAX. LOAD 

WEIGHT 

LIMITS 

±4% (27.36 TO 29.36V) 

±4% (15.84 TO 17.16) 

80% 

17 kHz MIN. 

80 MV P-P 

50 MV P-P 

4002. 

32 V1NPUT 

28.90 V 

28.60 V 

16.06 V 

16.43 V 

80.0% 

20.8 kHz MIN. 

40MV 

35MV 

3002. 

44 V INPUT 

28.90 V 

28.61 V 

15.98 V 

16.45 V 

81.7% 

20.8 kHz MIN. 

35MV 

30MV 
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RCII LCRU BATTERY 
ENGINEERING AND THERMAL MODELS 
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RCII 

VOLTAGE : 

PEAK VOLTAGE: 
RATING 
NOM VOLTAGE 
NOM CURRENT 
NOM POWER 

CAPACITY 

BATTERY CHARACTERISTICS 

29V +4 TAP AT 16.8V +2·3 
-2 -1.2 

35.10V MIN 24 HRS AFTER ACTIVATION 
FULL TAP 
29.0V 16.8V 
3.10A 0.6A 
90W 10W 

400 WH FOR 27.0/15.6V MIN 

AMB PRESSURE DRY 

ACTIVATED 

14.7 PSIA NOM 
10-4 MM HG TO 21.0 PSIA 14~1 PSIA · 13 DAYS 

OPERATING TEMP 

STORAGE DURATION DRY 
ACTIVATED 

TEMP DRY 
ACTIVATED 

1u· MM HG -8 DAYS 

35° F TO 130° F 
NOT TO EXCEED 100°F FOR 1ST 30 MIN 
TURN-ON AT 35°F 

3 YRS MIN 
21 DAYS8 HRS 
25 TO 105°F 
13 DAYS CYCLED OVER 50° F TO 80° F 
FOLLOWED BY 158 HRS WITH THE TEMP 
LINEARLY RISING FROM 80 TO 120 AND 
42 HRS AT 120° F 

CONNECTOR TYPE 

SIZE 

DEUTSCH DM5606 125-689 

4.7 X 9.4 X 4.65 

WEIGHT (WET) 9.4 POUNDS MAX 
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ROIi 

10 

10 

10 

I 10 

i 
I ,o 

40 

30 

CELL CAPACITY AND DIP 
VOLTAGE vs. TEMPERATURE 

DATA TAKEN FROII Pll5-13 CELLS 
DISCH, AT +5o•F AND+ 90•F INVERTED 
AFTER 12 DAY WET STAND, 

%DIFF: +90°F TO PROJECTED +30•F 
1) OUTPUT CAPACITY: t4, I% LOWER 

~) DIP VOLTAGE : 6, 9 % LOWER 
__ ClLL 

CAPACITY 

11,0AN 

1,441 V/C (11,1 V) 

NOT(: 
DIP YOl.TAI( ONLY SHOWN 
PLAT[AU AT 50• ANO to•r 
IS I. 50 V/C ANO I. 52 Y/C 

( AMPERE HOUR OUTPUT TO 1,45V/C CUT-OFF) 
14,0 15.0 16.0 17,0 

1,31 1.39 1,40 1.41 1.42 1.43 1.44 1.45 1.41 1,47 1.41 

( MINIMUM VOLTAGE AT 3.45 A LOAD)( ON 'Ell CELL IASIS) 

(Zl,ZY) 
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l.!53 

1.92 
C 
~ I.II 

~ 1.10 

..J 1.49 

tit 
O 1.48 

1.47 

1.41 

l.4e 

30 

. 

~ 

___... -

40 

-
PLATEAU VOLTAGE CHANGE VS TEMP. 

PM 5-13 CELL 

-

-----~ --
~ -

50 60 70 80 90 100 110 120 130 

TEMP. °F 
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1.8 

1,7 
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J--l 
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> 1.6 

1.5 

1.4 

0 

YARDNEY PM5-13 CELL 
VOLTAGE VS TIME 

DISCHARGE RATE 
1,66 AMP ht 15 MIN 
2,75 AMP TO CUTOFF ( 1,42V) 

2 

l 

4 

TIME HOURS 

"" 

5 

33 

29 

27 

6 



non PRIMARY BATTERY TEST 
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RCII BATTERY IMPEDANCE 

CPS OHMS 

"6.T Fresh. 1 Hr . 8 Days . 5 Hr. • 5 Hr • • 5 Hr . 24 Hr. . 5 Hr. 

10 . 137 .53 . 33 . 19 • 16 • 15 .18 .16 

100 • 166 .46 .22 . 16 . 15 .13 • 17 . 15 

-1 
1000 . 137 .41 .21 .16 • 16 • 15 . 17 .16 I 

f--' 
c..:, 
CJl 

10,000 • 324 .46 .29 .24 .26 .26 .28 .23 

100,000 . 460 . 87 • 86 .86 • 88 . 88 . 88 

Impedance based on 1 cell measurement multiplied by (19) 

DC Resistance . 5 .I\.. Oxide Phase 

1. 5 J\- Peroxide Phase 



RCII LCRU BATTERY - PCDR 14, 23, 24 

14-1 WET STAND CONDITIONS: Para. 3.2.1.3.2 

Corrected by Rev. A 

14-2 TURN ON AT +35°F 
0 

Rev. A procedure requires turn on at +35 F as part of Qual Test 

(Para. 4. 1. 3c) 

14-3 MIN. OF 35.10 VOLTS 

14-4 

14-5 

Yardney will accept req for 5 days - Main concern appears to be instru
mentation and stabilization. 

Para . 3. 2. 2 . 4. 2 

2:'1; -2 will be corrected to +4, -2 in Rev. B 
Entire para. is not required. 
RCA willing to delete 2.2.2.4.2 

DIELECTRIC REQUIREMENTS 

PLSS originally not hard potted therefore there was a dangerof spillage short to 

case between the cell cases to the side and bottom. We are hard potted, com

pletely sea ling the terminals and cell cases except for valves - more than 20 megs. 

14-6 Para. 3.2.2.7.1 - "ZERO LEAKAGE" 

No bubbles over a 10 min. period 

14-7 Para. 3.2.2.7.1 - FLOW OF .000723 LBS/MIN. 

1. Part is a qualified valve from PLSS Battery - This establishes the test 
flow rates. 

2. Evaluation during T. I. with Yardney specifically covered this area to establish 
the flow rate is adequate. 
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ROIi LCRU BATTERY - PCDR 14, 23, 24 

14-8 BURST PRESSURE 

14-9 

14-10 

Cell - Calculated at 30 psi· during cell ATP - Tested at 16 psi 

Case - Calculated at 52 psi - tested to 8. 1 psi during ATP 

PLSS Case is similar. burst pressure about 50 psi tested/calculated 

SIMULATED MISSION PROF1LES: 

Rev. A provide time and temp. profiles. DVT Procedure provides a 
simulated load profile. 

CELL LOT TESTING 

The PLSS Cell has a lot acceptance procedure. However, wet stand and 
environments are not used. 
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non PRODUCTION INSPECTION TEST PROCEDURE 
FOR 

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

1. MECHANICAL INSPECTION 

EACH CELL MUST: 

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

1.2 BE TESTED FOR AIR LEAKAGE (APPLY AIR PRESSURE OF 16.5 PSIG THROUGH CELL 
VENT). PRESSURE SHOULD NOT DROP BELOW 16.2 PSIG ONE MINUTE AFTER PRES
SURE CONNECTION IS CLOSED. 

IMPORTANT: CELL(s) MUST BE PHYSICALLY RESTRICTED PRIOR & DURING LEAK TEST. 
2. ELECTRICAL TEST 

2.1 SELECT CELLS FOR TEST ACCORDING TO FOLLOWING SCHEDULE: (A LOT IS CONSID
ERED THE ENTIRE PRODUCTION OF A SINGLE TYPE OF CELL WITHIN A PERIOD OF 
30 DAYS.) 

SIZE OF PRODUCTION LOT 

UNDER 100 CELLS 
BETWEEN 101 AND 500 CELLS 
BETWEEN 501 AND 1000 CELLS 
OVER 1000 CELLS 

NUMBER OF CELLS FOR TESTING 

1 PER 50 CELLS OR FRACTION THEREOF 
1 PER 100 CELLS OR FRACTION THEREOF 
1 PER 200 CELLS OR FRACTION THEREOF 
1 PER 500 CELLS OR FRACTION THEREOF 

2.2 ADD 17.0-17.SCC OF YARDNEY ELECTROLYTE TYPE "B" TO EACH TEST CELL. 
SOAK FOR FOUR (4) HOURS. 

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

3. THE LOTS OF CELLS SHALL BE CONSIDERED ACCEPTABLE FOR SHIPMENT IF ALL CELLS PASS 
THE REQUIREMENTS OF PARAGRAPH 1 AND THE ELECTRICAL TEST CELLS PASS THE REQUIRE
MENTS OF PARAGRAPH 2. 
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non S-BAND LOW GAIN ANTENNA CHA RACTERISTICS 

FREQUENCY BAND TRANSMIT 
RECEIVE 

VSWR TRANSMIT 

AXIAL RATIO 

POWER CAPABILITY 

CONNECTOR TYPF. 

GAIN 

RECEIVE 

AT 2265.5 MHz 
AT 2101.802 MHz 

ELECTRICAL AXIS RELATIVE 
TO MECHANICAL AXIS 

SIDELOBE LEVEL 

WEIGHT 

DIMENSIONS 

2265.5 MHz ± 10 MHz 
2101.802 MHz ±10 MHz 
1.5 MAX 
2.0 MAX 

2.0 db ON AXIS 
4 db MAX ±30 DEG OF AXIS 
15 WATTS 

TNC 

6.5 db MIN ±38 DEG 
6.0 db MIN ±30 DEG 
-5 db MIN ±57.5 DEG 

±3 DEG FOR 60 DEG CONE 
±5 DEG FOR 115 DEG CONE 

MORE THAN 12 db BELOW MAIN 

0.82 POUNDS MAX 

9.5 IN MAX VERT/5.2 IN MAX HOR 

7 
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GA IN AT 60 DEG BW 
AT 115 DEG BW 

BORES IGHT ERROR 
AT 60 DEG BW 
AT 115 DEG BW 

AXIAL RATIO ON AXIS 
±30 DEG 

S BAND LOW GA IN ANTENNA 

(MEASURED DATA) 

2272 MHz 

• 

2101 MHz 
MEASURED SPEC MEASURED SPEC 

6.9 db 6.5 db MIN 6.8 db 6_.0 db MIN 
NIA NIA -4.1 cl> -5.0 cl> MIN 

-3 DEG ±3~GMAX -3 DEG ±3 DEG MAX 
-3DEG ±5 D£G MAX -3 DEG ±5 DEG MAX 

0.8 db 2.0 di' MAX 1.0 db 2.0 db MAX 
3.0 cl> 4.0 db MAX 2.8 db 4.0 db MAX 
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PERFORMENCESUMMARY 

LCRU ANTENNA, ENGINEERING MODEL 

BRL 

R. C.A. Measur ed 

Spec. FT FR 
I 

FT FR -lOMHz 0 +lOMHz -lOMHz 0 

Gain, R.H. Cir. Polar . +6. S +6.0 7.0/ 6.9/ 6.8/ 6.6/ 6.6/ 
60° Cone o0 :!: 3o Axis Shift Min. Min. 7. 3 7.1 7.0 6.9 7.0 

Gain, R.H. Ci r. Polar. - -5 - - - 4.0/ 4.1 / 
11S°Cone o0 :!: 5o Axis Shift Min. 4.3 4.6 

Axial Rati o on Axis 2.0 2.0 .S/ . 5/ .5 / .4/ .4/ 
Max. Max. 1.0 1.2 1.3 1.1 • 8 

Axial Ratio Within 60° Cone 4.0 4.0 2.9/ 3. 4/ 3.3/ 2.2/ 2.1/ 
Max. !-I.ax. 2.6 2.3 2.5 3.0 3.0 

Sidelobe Level R.H. Circ. -12 -12 20. 1/ 19.9 / 19. 7 / 19/ 19.2/ 
Polar. Min. Min. 22.6 22.S 22.6 21. S 21.3 

Beam Squint - - -1/ -1/ -1/ -1.5/ -1.5/ 
-2.S -2.S -2.S -3.0 -3.S 

VSWR Input Impedance with 1.5 2.0 1. 21 1. 22 1. 23 1.20 1.19 
SO Ohm Reference Max . Mnx. 

Gain R.H . Circ. Polar. at - - 11.0 10.9 10. 8 10.2 10. 3 
Optical Boresight 

Dimension , Overall Length 9.5 Max. 9 . 315 

Ground Plane Dia. s.s Max. 5.081 

Weight Overall .82 Max. .64 

Note 1. Max./Min . values are shown of four pattern cuts, every 45 degrees 

around the boresight direct ion. 

+lOMHz UNIT 

6.8/ DB 
7.0 

4.2/ DB 
4.6 

.4/ DB 

. 9 

2.0/ DB 
3.1 

19.9/ DB 
21.9 

+.S / DEG. 
3.5 

1.17 -

10.3 DB 

Inch. 

Inch. 

Lbs. 

Note 2. The 60° cone gain is defined as th e maximum gain at the edge of a 60° cone 

centered within 3 degrees of the mechanical boresigh t direction of the antenna. 

Note 3. The 115° cone gain is defined as the maximum ga in at the edge of a 115° cone 

centered within S degrees of the mechanica l boresight direction of the antenna. 
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9-1 

9-2 

9-3 

22-1 

LOW GAIN ANTENNA PCDR-9, 22 

RECONNECTOR 

Rev. A/O&M - Reference (GRFF 4080-0027, Bendix PT 2175452) 

Establishes Straight Connector. 

Rev. B will pick up details. 

TRANSMIT FREQUENCY CHANGE 

Rev. A provide update. 

DELETION OF T. V. ATP 

RCA considers this a pertinent test. 

Sec. 3.1.7 of 8555260 

+250° /90° Sun Angle will be changed to 220° /60° Sun Angle 

to consistant with para. 3. 4. 4. 1 and para. 4. 1. 4. 2 
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ncn LCRU HIGH GAIN ANTENNA SCHEDULE 

19~'0 1971 
'EP OCT NOV DEC JAN FEB MAR APR MAY 

1 ENGINEERING MODEL .. 1 
2 2 
3 DVT TEST ...,_ 3 
4 4 
5 DVT RFPORT ";; 5 
6 6 
7 DVT Ji:2 ~ 7 

• 8 

9 DVT #3 '\ t 
10 10 
11 011~1 TEST V 0 11 
12 12 
13 n1 IA( TFST unnF1 'v 13 
14 14 
15 rn ·~· Tl=ST Rl=PnRT 

,, 15 
16 16 

17 FLIGHT unnE1 # 1 ' 7 17 
II 111 
19 # 2 ' 7 19 

20 20 
21 # 3 '7 21 
22 22 
23 # 4 1 23 
24 24 
25 # 5 I 25 
26 26 
27 27 
28 28 
29 29 
30 30 
31 31 
32 32 
33 33 
34 34 
35 35 
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ITEM NO. 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

-

LUNAR COMMUNICATION RELAY UNIT 
ACTION ITEM LOG 

HIGH GAIN ANTENNA 

ITEM DESCRIPTION / AC TION REQl' IRED RESP. Dl' E DATE C LOSE DATE REMARKS 

C HANGE SC D A555262 TO REFLECT ELLIPTICITY CSD ~ 9/1 0 ECN REV. B 
- TRAN$II ~ 3 db 1/ , 2 ! 0 BW 0 RECE IVE of 5 db P 9/6/ .t2½ 0 BW. CHANGE GAIN. TRANSMIT TO 23 db 
MIN @ .t2½ ·aw AND GAIN, RECEIVE TO 22 db MIN 
@ • 2½ ' BW. 

Fl ' RNISH lltAXllltl'M DIMENSIONS OF STOWED M& SR 9 / 2 9 /2 
ANTENNA. 

C HANGE TO MECHANICA L INT ER FA CE DRAWING CSD 9 / 4 9/10 ECN REV. B 
OF 8555262 TO INC Lt:DE ANGl'LAR RELATION 
BETWEEN KEYS. SIGHT AND MAST. SHOW IN-
CREASE IN LENGTH Dt:E TO SIGHT BRACKET 
AND SHOW LOCATION OF BRA C KET. 

SPECIFICATION AND MEC HANJCAL INTERFA C E CSD 9 / 4 9 / 10 ECN RE\', B 
T O BE UPDATED TO REFLECT NEW STOWA G E 
CONTAIN ER MEC HANICAL INTERFA CE. 

DESIGN GOAL AND DESIGN Ll~tlT WEIG HTS FOR M&SR 9 / 2 912 4,3 LBS. 
ANTENNA AND SIGHT TO BE Fl' RNISHED. 

INVESTIGATE PaiSIBILITY O F C OMBINING ALL C SD 9/15 9 / 4 
PRE-ASSEMBLY ITEMS IN STOWAGE CON-
TAINERS AND Rl'N ONLY ONE TEST. 

REQl'EST SPEC. CHANGE TO INCREASE MAX. CSD 9 /4 9 / 10 ECN RE\', B ISSl' ED 
DIAMETER OF DEPLOYED ANTENNA TO 3~•5/•" . 

DETERMINE STRAIN RELIEF REQl'IRDIENTS CSD 9 14 9 / 9 
ON CABLE ATTACHED TO ANTENNA . ASCER-
TA IN POSSIBLE CHANGES TO \'IBRATION AND 
Fl' RNISH M & SR. 

DETERMINE EFFECT OF CABLE STRAIN RE- M &: SR 9 / 1 , 
LIEF ON \lBRATION ANALYSIS 

l'PDATE \'IBRATION ANALYSIS TO INC Ll'DE ~I & SR !-j '11 Resc-hed. \ ' ERIFICATIOI', OF NEW MAST 
REAR MOl'NTED SIGHT. 9 / 1 • INTERFACE \ ' IBRATION RE-

Ql'IRED FOR INPl'T \ ' IBRA-
T ION LE\'ELS 

CONFIRM TIME LINE TEMPERATl'RE PROFILE. CSD 9 '4 9 12 -~ LSO ECN RE\' , B 

Fl'RNISH TIME· TEMPERATl'RE ct· :'. \ ' E FOR ATL 9 4 9 /4 
ND4 FILTER FOR Sl' N HEATING EFFECT. 

INVOKE REV. A OF ~555262 TO lit & SR OFF!· CSD .. '2j , / 2 ~ 
C IALLY. 

Sl' PPLY DELIVERY .~ND CaiT INFOR~I.~ TIOS .~TL 9 4 9 4 NO r.11PACT 
TO OCSD TO Jl'STIFY THE REQl'EST TO 
CHANGE TO OB,IECT l\' E LENS FROM A CE-
MENTED COlltPaiITE TO AN AIR GAP LENS. 
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ROIi PCDR-10 ITEMS 

ITEM ACTION TAKEN 

SCD HAS NOT BEEN UPDATED 8555262 CHANGED 

1. WEIGHT 3.75 LBS (INCLUDES SIGHT WT. OF 1.25 LBS) ECN REV. B ISSUED (4.3 LBS INCLUDING 
SIGHT AND MOUNTING BRACKET) 

2. FREQUENCY CHANGE 2272.5 TO 2265.5 MHZ ECN REV.AISSUED 

3. AXIAL RATIO 3.0 DB MAX@ FT. 5.0 DB MAX. @ FR ± 2.5°BW ECN REV. B ISSUED 

4. GAIN BEAMWIDTH ± 2.5° MIN. ECN REV. B ISSUED 

5. MAX. DIAMETER 38-5/8 IN . ECN REV. B ISSUED 

6. DELETION OF THERMAL-VAC FOR ATP ECN REV. A ISSUED 

7. RECEIVE GAIN 22 DB MIN. ECN REV. B ISSUED 
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ROIi SPECIFICATION 

PARAMETER 

DIAMETER 

FREQUENCY, TRANSJ\IIT 

FREQUENCY, RECEIVE 

POLARIZATION 

ELLIPTICJTY, TRANS:'IIIT 

E LLIPTICIT Y, RECEIVE 

GAIN, TRANSJ\IIT 

GAIN, RECEI\'E 

SIDE LOBE LE\'EL 

VS\\'R, TRANS:\IIT 

VS\\'R, RECEIVE 

IJ\IPEDANCE 

POWER HANDLING 

INTERNAL PERFOR:'IIANCE SPECS 

OVERALL 

EFFECTIVE F/ D 

EFFICIENCY 

REFLECTOR 

EFFECTIVE DIA. 

SURFACE TOLERANCE 

FEED 

10 DB BEMI\\WTH 

ELLIPTICITY 

PRESENT 

Jil -5 /', II 

2265. 5 :::10 :'IIHz 

2101. 802 =10 :'IIHz 

rrn 

3 dB, =2 . 5°B\\" 

5 dB, =2.5°B\\ ' 

23 dB, =2. 5 °B\\' 

22 clB, .= 2 . 5 °B\\' 

l G dB 

1. 2 

1. 5 

50 OH:'11 

15 \\" C \\. 

PRESE;:-.;T 

0.-! 

0 .5 

3G .-! " 

0.HG" R:'IIS 

135° 

1 dB 

FORMER 

2272.5 ±10 :'IIHz 

2 dB, :::2 ° B\\' 

2 dB, =2° B\\' 

23 dB, :::2 . 2 ° B\\. 

13 . 5 dB, :::2.5° B\\. 

FOR:\IER 



RCII ANTENNA IN DEPLOYED CONFIGURATION 

f/D• .382 
OPEN MESH 

ANTENNA RIBS (12) 

("" SUPPORT 
-..:i 
I 

I--" 
c.n FEED w 

CABLE 
(DCSD) 

~-24 

5.75 
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REFLECTOR~ 
FOCAL 
PLANE 

LCRU FEED ASSEMBL V 

V REFLECTOR I VERTEX PLANE 

I 

14---------14.5 _______ ____.,. 
CUP GROUND 
PLANE 

Bl FILJ HELIX 
r1 

.J I 
RIB 
SUPPORT __ _11,ll!~~~~~~~~~~~~~~=--=-~•,, 

MICROSTRIP 
CIRCUIT 

3.41 

.50 DIA COAX 

.187 
MOUNTING 
COUPLING 

SUPPORT 
INTERFACE 
PLANE 

LJ 

TNCJACK 
CONNECTOR 
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Pattern No. 20 Date 18 Aug. ' 70 
Project LCRU I . 

: '! 

f J 
Eng rs . RJD & WM 

Remarks 
f = 2091 MHz 
EM 12 Ant. & Feed 
H Plane Pattern 
I 1/2" hole No Tilt 

14. 750 focus 
MAX & Ml N AR Pat. 

r_ 
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Sidelobe Spec 
MAX level f_ 

Sidelobe level 
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.,tJf 'k'Aij/ i j ; ~MP~;n~"::.i~:~ecl 
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1 
,d 1
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22. 5 dB GAIN , 2. 5o 
22. 0 dB GAIN Spec min 

19.15 dB GAIN RH . 
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Pattern No. 6 Date 19 _August '70 
Project LCRU 
Eng rs. Ron John & WM 

REMARKS 
f .. 2255 MHz 
Circular Polarization Pattern 
EM f 2 Ant. & Feed 
1-1/2" hole No Tilt 
MAX. & Min. AR Pat . 
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Pattern No. 10 Date 19 Aug. '70 
Project LCRU 
Engrs. RJD & WM 

REMARKS 
f • 2255 MHz 
38" Parabola and 

--- + EM f2 Feed with Foil 
I on Rib Nest 

Focus 14. 59 " 
MAX. & Ml N. AR Pat. 
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RCII 
PRELIMINARY 

LCRU ANTENNA PERFORMANCE TABLE 

RECEIVE TRANSMIT REMARKS 

FREQ MHz 2091 2112 2255 2275 

EM #2 
dB GAIN AT t2. 5° 23.3 22.5 24.0 23. 7 

FIGURE 4-3-1-1 TO 4-3-1-4 
PROPOSED SPEC 22 22 23 'l3 

' dB AR, ~2.&.0 BAND 2.8 2.8 2.0 2.8 
FIGURE 4-3-1-1 TO 4-3-1-4 -.J 

I PROPOSED SPEC 5.0 5. 0 3. 0 3. 0 ,.... 
m ,.... 

dB SI DELOBE LEVEL 22 23 24 22 
FIGURE 4-3-2-1 TO 4-3-2-4 

PROPOSED SPEC 16 16 16 16 

VSWR TBM• TBM• 1.1 1.1 BREADBOARD MATCH 
PROPOSED SPEC 1.5 1.5 1. 2 1.2 

BORES IGHT FM•• FM•• FM•• FM•• SIGHT TO BE MOUNTED 
PROPOSED SPEC ~0.8° ~0.8° ~0.8° :o.8° 

• TO BE MATCHED 
• • FUTURE MEASUREMENT 
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ROIi LCRU 

HIGH GAIN ANTENNA 

POLARIZATION 
ELLIPTICITY COUPLING LOSS 

GROU1~D FIELD 
STATION STATION MAX. 

DB DB DB 
2 1 0.13 
2 2 Ooll { o. 25 
2 3 fl DB 0036 0.43 
2 4 0.50 fl DB 
2 5 0.68 
2 6 0.85 
2 7 1.05 

ANTENNA GAIN FROM 2. 5° BEAMWIDTH TO 

2.2° BEAMWIDTH =- 0.2 DB. 

MIN. 
DB 

0.01 
o.oo 
0.02 
0.05 
0.10 
0.20 
0.30 
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Project LCRU . · · i 
- --r-----RH-HIIH-l:,__--1- . -r Engrs. JRB 

I , s - --- ---~..,,• 1----;----· J. - .. --· REMARK 
: : I f = 2102 MHz 

4 .. i____ · . -~ - - -1 EM# I Circular Polarization 
I j Feed Pattern 

. . 1 · i 90° Plane ' 
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Pattern No. I 
Project LCRU 
Engrs. JRB/CC 

REMARKS 
f = 2262 MHz 

Date 10 July '70 

EM# I Circular Polarization 
Feed Pattern 
9a° Plane 

I c, . i 

: 9. 4 dB 

-----:·---··: -- -4-· 
' . i 

• I 

--- - - - r- - --- - -I~ --
• 
I ------ -... -··· ---1 ·- --·--
I 

. I 
I 
' 

' • I 

i 
I. 

...;o 
I __ .._ ___ ·--·---·-J. - - -

6 

2 

4 

i 6 
..:::, 

'- 8 
L., 

:-;: RIGHT 
;_) 
c.. . :._ (J-- - -

:.... 
> 
f-· 
·.:t 
_J ... 
Ct: 

<: 

f; 



non 

MAX. 
ELLIPTICITY 
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ROIi EXPERIMENTS TO SOLVE A.R. PROBLEM 

I VERTEX HOLE S I ZE 
I GEOMETRY OF VERTEX REG I ON 
I RADIAL WIRE REFLECTOR AT VERTEX REGION 
I DIPOLE COMPENSATOR 
I MODIFYING HELIX PITCH 
I CHANG I NG CUP REFLECTOR SIZE 
I REFLECTOR BEHIND PRIMARY FEED 
I CHANGING DISTANCE OF FEED FROM VERTEX 

FINAL DESIGN 

I FILLING VERTEX HOLE WITH MESH HAVING 
PAR~OLIC CONTOUR 

I OPTIMUM FEED LOCATION 
I REFLECTOR BEHIND FEED 
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Pattern No. 8 Date 19 Aug. '70 
Project LCRU 
Eng rs. Ron John & WM 

REMARKS 
f = 2091 MHz 
Circular Pol. Pattern 
EM 12 Ant. & Feed 
I 1/2" hole No Tilt 
14. 750" focus 
MAX . & MIN. AR Pat. 
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Pattern No. 7 Dat-e 19 Aug. '70 
Project LCRU 
Engrs. Ron John & WM 

REMARKS 
f = 2112 MHz 
Circular Pol. Pattern 
EM #2 Ant. & Feed 
I 1/2" hole No Tilt 
14. 750" focus 
MAX. & Ml N. AR Pat. 
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Pattern No. 5 Date 19 Aug. '70 
Project LCRU 
Engrs. Ron John & WM 

REMARKS 
f z 2275 MHz 
Circular Pol. Pattern 
EM #2 Ant. & Feed 
I 1/2" hole No Tilt 
MAX. & Ml N. AR Pat. 
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Pattern No. II Date 19 Aug. '70 
Project LCRU 
Engrs. RJD 

RS::MARKS 
f ,. 2112 MHz 
38'' Parabola and 
EM f2 Feed with Foil 
on Rib Nest 
Focus 14. 59" 
MAX. & Ml N. AR Pat. 
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Pattern No. 9 Date 19 Aug. '70 
Project LCRU 
Engrs. RJD 

REMARKS 
t = 2275 MHz 
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Pattern No. 2 Date 19 Aug. '70 
Project LCRU 
Engrs. JRB 

REMARKS 
F = 2102 MHz 
EM #I Circular Polarization 
Feed Pattern 
Bifilar Plane, CW 
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ROIi LCRU BLOCK DIAGRAM 

· J, 
TV/[XT 

l'OW[II 
CONNICTOII 

1.25 MHz 
VCO NO. 2 
CONTROL 
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70 IIH1 

VIDEO 
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CONT 
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II 

29V ASC[NT TV ,1101111 TV CAlll[IIA 
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1.25 MH1 

VCO NO. I 
(INDLSP) 

FM/TV 

II TVRMT 

1.25 MH1 

VCO NO. 2 
(IN DLSP) 
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MODE SWITCHING 
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TO ULSP 
VHF VOX 

DISABLE 

14V 
FROM 
VOLTAGE 
REGULATOfl 

L, ...... 29V FROM 
-..-., ........... --CIRCUIT BRF .IKER 
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RCII INTEGRATION TECHNIQUES 

1 - EMI FIL TEAS IN SUBASSEMBLIES AND ZG FILTER BOX. 

2 - SHIELDED WIRE AND COAX CABLE. 

A- AUDIO AND RF 

B- TEMPERATURE AND VOLTAGE OUTPUTS TO METER (IN PRESSURIZED 
COMPARTMENT). 

C - VIDEO AND 70 KHz 

§ D - EXTERNAL POWER TO DC/DC CONVERTER 

3 - SEMI-RIGID CABLE FOR LOW LOSS ATS-BAND 

4- CARBON GREASE FOR GOOD BONDING OF SUBASSEMBLIES 

5- BONDING VERIFICATION USING SHALLCROSS BRIDGE 

6 - RF CABLES - SPECIFICATION CONTROL DRAWINGS - CONTROL 
ATTENUATION AND VSWR 

7 - MAIN GROUND TERMINAL E2 WELDED TO CASE 

8 - SECONDARY GROUND TERMINALS E3 and E4 
WELDED TO MOUNTING SHELF AND WIRED TO E2. 

9 - GROUND LEAD FROM E4 TO EACH SUBASSEMBLY IN SEOUENC ~. 
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ROIi RLFRONTPANELCOVERPLATESTATUS 

• Drawing complete for procurement of Cover Plate . 

• certification required from vendor for: 

Brightness 

Color 

Amount of Radio-Activity 

Wipe Test 

• Specification Control Drawing for Radioluminous Paint and 

its Application has been prepared. 



ROIi RLSTATUS 

• RCA Radiological Personnel have been familiarized with LCRU RL requirements. 

,New Jersey State Radiation Protection Code and AEC Regulations will apply in 

handling of RL material in Camden plant. 

• RCA Personnel will be indoctrinated in applicable safety measures. 

•Special precautions will be in force during environmental testing. 

•QA Plan will include Requirement for MSC Form 1625 - Radioactive Material 

Transfer Receipt - with each LCRU as part of Data package. 
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I 

nca RLSTATUS 

MSC has notified RCA AEC-license number is 42-09388-01 CMA Amendment 

18, allowing licensee to possess a maximum of 500 Curies of PR 147 . 

~ MSC has provided to RCA MSC Radiological Health Manual and MSC 

material Transfer Forms. 

RCA AEC by-product material License number is 29-07325-04 allowing 

l curie of radio-active material in plant. 

Amendment to increase quantity to 5 curies is in process. 



non 

SENSITIVITY 

SCALE MARKING 

SEALING 

-::i ACCURACY I ...... 
00 
00 

TERMINALS 

NUMERALS, INDICES AND 
LIGHT BAND BEHIND 
POINTER 

SIZE 

WEIGHT 

VENDOR 

-
MONITOR METER 
RCA 8151104-1001 

5 VDC/0.2 MA FULL SCALE 

0, 1, 2, 3, 4, 5 OVER 225 DEG 

HERMETIC 

+5% OF FULL SCALE 

SOLDER TYPE 

RADIO LUMINESCENT 
MATERIAL 3M PROMETHIUM 
147 MICROSPHERE MIXTURE 

1.735 IN SQ X 2.90 IN LONG 

0.47 POUNDS 

WESTON INSTRUMENTS 



-.;J 

I 
I-' 
00 
CD 

ROIi 

NUMBER OF POLES 

OPERATION 

CLASSIFICATION 

MONITOR TOGGLE SWITCH 
(AGC/RAD TEMP/POWER) 

RCA 8555254-1002 

2 

ON-ON-ON 

30 voe RESISTIVE 15 AMP 
INDUCTIVE 10 AMP 

CONTACT RESISTANCE 0.06 OHM MAX 

LEAK RATE NO GREATER THAN 10-8 CC/SEC 
AT 1 ATMOS DIFFERENTIAL 

OPERATING FORCE 1 POUND MIN/8 POUND MAX 

VENDOR TEXAS INSTRUMENTS 22LS2-7 

SIZE 1.203 X 1.358 X 2.700 IN. LONG 

WEIGHT 0.15 POUNDS MAX 



-
POWER TOGGLE SWITCH 

ROIi (INT/OFF/EXT) 
RCA 8555254-1001 

NUMBER OF POLES 3 

OPERATION MAINTAIN-OFF-MAINTAIN 

LOCK CENTER (OFF) POSITION 

CLASSIFICATION 30 Vdc RESISTIVE 15 AMP 
INDUCTIVE 10 AMP 

--;J 

I 
CONTACT RESISTANCE 0.06 OHM MAX ,... 

to 
0 

LEAK RATE NO GREATER THAN 1 X 10-8 CC/SEC 
@ 1 ATMOS DIFFERENTIAL 

OPERATING FORCE 3-7 LBS POUNDS 

PULLOUT TO CHANGE POSITION 0.09 POUNDS MAX 

VENDOR TEXAS INSTRUMENTS/PT NO 13LS3-41 

SIZE 1.400 X 1.500 IN X 3.010 IN. LONG 

WEIGHT 0.2 POUNDS 



• 
ncn 

NUMBER OF POLES 

NUMBER OF POSITIONS 

NUMBER OF DECKS 

DETENT ANGLE 
-.;J 

I LEAK RATE ,.... 
C.D ,.... 

OPERATING FORCE 

CIRCUIT RESISTANCE 

CURRENT CARRYING CAP 

MAKE/BREAK RATING 

VENDOR 

WEIGHT 

SIZE 

ROTARY SWITCH 

RCA 8555253-1001 

6 

5 

3 

36 DEG WITH STOP 

1 X 10·8 CC/SEC AT lATMOSPHERE DIFF 

48-96 IN-O2 (3-6 INCH POUNDS) 

40 MILLIOHMS MAX 

28 VDC/3 AMP RESISTIVE 

28 VDC/2 AMP RESISTIVE 

DAVEN 37010 

0.5 POUNDS MAX. 

1.25 DIAM/2.75 LONG 



• 
ROIi CIRCUIT BREAKER 

RCA 8555264-1001 

NUMBER POLES 

NOMINAL AMPS 

VOLTAGE DROP 

ULTIMATE TRIP CURRENT MAX 
MIN 

TRIP TIME AT 77 DEG F (MIN-MAX) 

MANUAL OPERATE FORCE 

VENDOR 

WEIGHT 

SIZE (REAR PROJECTION) 

TRIP INDICATOR 

1 

7.5 

0.2V 

10.9/11.2A AT77DEGF 
8.63A 

15-40 SEC AT 200% NOM CURRENT 

PULL OUT 8 LBS MAX/2 LBS MIN 
RESET 10 LBS 

MECHANICAL PRODUCTS 700-085 -7.5 

1.6 OZ MAX 

1.09 X 0.687 X 1.84 INCH 

CLOSED 0.86 IN/OPEN 1.06 IN 



non LCRU POWER REQUIREMENTS -WATTS 

TV RMT 
SU BASS EM I3L Y PMl /N B PMI / W B FM / TV (STA >! DB YJ PM Z / :'\B 

VHF RECEIV ER I. 17 I. 17 I. 17 I. 17 I. 17 
VHF TRANSMIT TE R 4. IO 4. IO -+. I 0 . 35 4 . IO 
S- BAND R ECE IV ER I. 00 I. 00 1. 00 1. 00 I . 00 
PM/PM TRA NSMI TTER 47.8 47.8 ~ ~ ~ 

FM/ PM TRANSMITTER ~ ~ 5 3 . 7 0 . 29 S 3. 7 
-;J UP LiNK SIG AL PROCESSOR 0 . 15 0 . I ') 0 . I ') 0 . 1 S 0 . IS 
I 

I-' DOW N LI NK 
,, l . 7(, Z . 4(, 2 . --t(, 2 . -t 6 l. ,o 

(.!) 
c,,:) VOLTAGE REGU LA TOR Z.29 Z . 4 ? Z .4 2 1. 6 7 2. ? 9 

CAMERA ASSEMBLY (STILL) ( Z 1. 0) G. 00 
CAMERA ASSEMBLY (I MOTION) Z I. 0-'-Z. 0 

TOTAL Sf.) s,,, 8/.0 I J. O'J •.J-1.. 
WATTS AT NO MI NAL BATTERY ~ ~ ~ ~ ~ 

VOL TAGE 
POWER REC'UIREME >!TS US I NG EXTERNAL POWER 

51,.J 59,J ,,.o 
~ 

t./.L 
LCRU ~ ~ ~ ~ 

DC DC CO NVER TER +-t-:-'T ~ ~ ~ -kr.-t 

14.11 /~., z.z..o .J,Z.I 
'"' . 0 

TOTAL WA TTS ~ ~ +Ht-:--+ ~ ~ 

1z.1 7~.'J /Jt).0 J",J 1 10.z. 



ROIi 

NOTE: 

TV / EXT POWER INTERFACE 

....... 
~ 

~ 

•_o 

CONHECTOR 

J:S ZGOE17 17- 26 PO 
PJ ZGIE 17 17- 26 SO 

} 32-44 voe U<TERNAL PCWER 

} COMMON 

( 10 SPARES- P,R,S,T,V,W,X,Z,b,~) 

VOLT. REG. NO. I TEST 
VOLT. REG. NO. 2 TEST 

14V TO CAMERA } 1.25 MHz VCO NO. 2 

14V FROM CAMERA ON COMMAND CONTROL 

VI DECI f',tOM TV CAME,tA ( 11G 171 COAX) 

70 KH1 CONT,tOL TO TV CAMERA 

21 V TO TV CAM[,tA 

21 V f'"0M TV CAMERA ON COMMAND ( ASCENT TV) 

COMMON 

OVERALL CABLE SHIELD NOT GROUNDED AT LCRU Ofl 
TV CAMERA, BUT GROUNDED AT LRV, 

* TEST POINTS. NO WIRES 
IN CABLE .. 
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8 6 
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C 

CABLE ASSEMBLY 
LCRU/LRV/TV 

5 4 

4 1 00 !" .100 

,., 
,N.sc, r 111.rA4.ltSE.-.c"111i£1//f r 
v 1£ w ro WM',,.,t; S it¥ 

B [_ __________________ /f.00 ! . ,00 
,.~ 

I /IIS£Jr r ~,tt,,K£N£Nr 
,,,,weo ,.,~,,,,• r,N 

FOR ._ ,sr ,:;r Pt9R TS SE« 

8670957 

2 

,, . . ... J } 

D 

C 

B 

Pt.. a, 709 5 7 
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CD 
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• 
LCRU/LRV/TV CABLE CONSTRUCTION 

IA -1- B -1 
C-·--

E BRAN<. H :; J: 
B 

BRANCH 

F DIMENSIONS D B 
A INC S MIN. 

A MIN. B 

IN B 
BRANCH 2 ANO BRANCH 3 A AREl:ONTINUOUS THROUGH 

TWISTED QUAD( TABLE"! ITEM5) 
BRAIDED UUTER SHIELD ( PARA 3.1.2) 

METALLIZED POL YI Ml DE BINDER (PARA 3.1.3) 

COAXIAL CABLE ( TABLE I ITEM 6 ) 

TWISTED TRIPLE SHIELDED AND JACKETED ( TABLE I ITEM4) 

TWISTED PAIR SHIELDED AND JACKETED (TABLE I ITEM 3) 

TWISTED PAIR( TABLE I ITEM 21 

BRAIDED OUTER SHIELD (PARA 3.1.2) 
METALLIZED POLYIMIDE 81NDER I PAIIA 3.1 .J) __ ..., 

BRAIDED OVERALL JACKET(PARAl.1.4) 
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Pl 

~L.LC rlll1C,t.L. 

c..• OIJ,- :S 

._TTEAIUAT1o,,(dt,_ 

V5~ 

FREQ (Ml-42) 

ltEQU••E.HE4J": 5-
Jo, /~0.!5 50'2 /!:$04 

1.10 ltfA'( 1.-40 -x 
1,10 _.,AX ,.,, "'"x 

z,00.~n ... ~ 1100.•·Z2'4-~ 

CABLE ASSY ANTENNA 
S-BAND HI & LOW GAIN 

8670967 

t::,O(./,a I ISIPOVP 
SOl/50~ 602/.504 

s4.oot 1.ool~oot 1.00 

• 




