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Abstract 

The RCA Satcom space segment presently cotlsists of two thfee-axis 8 t a b h e d  
communication satellites which have been in orbit at geodflchronous altitudes for 
11 and 8 rhonths respectively. lb th  satellite8 have expefienced two eclipse sea- 
sons dince the beginnhg of operations. Neither spacedfdt  hail exhibited any 
en0maloul;r behavior that can. be attributed to the effects af spacecraft charging. 
A brief dtscuciciiotl of the hibtory, spacecraft characteristics and destpn techntques 
is presented. 

The RCA Satcom corhmunicatioh satellites a re  owned and operated by RCA 
Americail Communicatiotls, Ihc. Under a fixed-prtce contract I K A  Astro- 
E:lec€ronics Divieion developkd and delivered the f irst  fllgfit spacecraft within 
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24 mantho. On 1': Decemhot 1975 the F - 1  satellttb wa6; launched ah1 orl 15 
December 1973, thb apagco motof placed the satcllito lh tto synchronous arbit. 
fit! opacecrdt achibved synctirodsue altitude at 1370 W. long. and tkPi waa 
commanded to d r ih  at B 1.25O pbr  day ta i ts  pasition at  1190 W. lond. i)uPinR !his 
drtft period and the tinie at stetton thfeugh commencement of comnrcrcial service 
on 28 February 1976, the payload support aubsystema and &I  dnsponder payload 
had successfully undergone extensive preoperatlonal calibration and tcsttng 

On 26 March 1976, the second spacecraft was launched and also placed at 
: 19' W.  long. After verifying satisfactory performance of all pilyload supp0i.l 
subsystems and that the antenna coverage patterns and the radiated power met the 
requirements fb r  CONUS and Alaska, traffic was switched.from F-1 to commei ce 

F-2 service bn 2 June( 1976. 
on June 11 to a newly assigned location at 135.80 W. as  an in-orbit spare. 
the f i rs t  week of Augubt 1976, the satellites have beea maintained at 135.8O W.  
and 11WW. fbp F-1 and F- 2  respectively. 

Before, during. and after these maneuvers all subsystems are  monitored via 
telemetty dn a continuous basis by dither o r  both FtCA Satcom Telemetry, Track- 
itlg and Control facilitieB located on the East and WeBt coasts. 

The F - 1  was commanded to drift at a 0.3O per day 
Since 

' he  orbital canfiguratibn of the spacecraft 16 shown in Fi@re 1. It features 
a three -axi$ stabilization sydtem, with a fixed eondeploying antenria p1atfbt.m 
pointing to earth, and efficient power collectiori Via sua-oriented, flat-panel solar 
arrays. Hausebeping and comnwnications bquipments are mounted on NoPth and 
South-facing equipment patlels which are always orieilted to cold space, thereby 
affording efficient thermal cbntrol. Earth pointing is accompliEihed via a bias 
womentub-tylje contrdl system which provides pitch control Via a momentum 
wheel and ihagnCtiC torquing for yaw and roil control. 
tafned od station via a blowdown mdftopf'opellarlt hydi-azine Ireaction control system. 
Capability id provided for East/West ahd North/Pouth drift corrections for LI years, 
an8 €or station relocattoti as required. 

a e  adtenna aflsembly directs all 24 channels to Alaska, as  well as to the 
lower 48 states. Hawaii can bii! serviced with up to 12 channels by separate dffeet- 
fed spat beanis. 

Frequency reuse iii the 4/6 Ghz baiidc is employed id order to establish 24 
ihdependeht 34 MHz bandwidth channels +iithii.l the allocated 500 n/ii.fz frequency 

Thb Bpacecrah is rtlain- 

band. 
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Pigur@ 1. Orbital Configuration af the Spacecraft 

The chatinel8 art? spaced on 20  MHz cehters, but are  trar.rmittkd via al ter-  
datelp horizontal add Vertical polarizations in order to isolate 8 ajaceht chahnels. 
A sumfriary of the spacecraft pedoi-mclhce features is given id Tavle 1. 

Four of the uniqu& fiCA Satcom developments which have been instruhiental 
in achieving a 24-channel setvice within the weight and volume capactty of the 
Dklta 3914 lauhch vehicle a t e  lieted below. These developments a re  the keys to 

ptoviding ah ecohrrniical high-capacity spacecraft compatible wtth low -cost Thor 
Delta launches. 
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2 4  34-MHz chahnsls to 
Conus and Alaska 
12 34-MHZ chsnnels to 
Hnwati 
Cross polarization 
isolation 
Frequency bands 

r 
Power 

Attitude 

Telemetry 

Reliability 

I- 

Midmum EIHP 32 dBW 

Minimum EIEP 2 6  d13W 

Heceive 33 dR 
Transmit 33 dl3 
Receive 5925 to 6425 MHz 
Transmit 3700 to 4200 M H z  

550 VI at end of P ycars full eclipse 
cap ability 
Pointing: fO. 19O E/W, fO. 2 10 N / S  
Stationkeeping: fO. 2B0 E W. N/S 

128 channels for operational m d  
diagnostic inform ation 
l? = 0.5 at 17 channels for 8 years 
Full hubsystem redundancy 

Offset Pointing: OOto *5 d 

(1) The Lightweight composite construction of the fixed antenna and feed 
assembly, which maintains accurate antenna beam alignment and requires no 
mechanical deployment. 

which provides sufficient weight saving to make the spacecraft cotnpatible with the 
Delta launch vbhiele. 

(3) The three-axis atabilizatioh system, which prsrideo t5k maximum power- 
to-weight ratio for spacecraft that could opet'ate in the specified payload-power 
regime. 

(4) High-efficiency, direct-energy-transfer power system developed for EICA 

Satcom and utilizing one-third of the! equivaledt solar cells of dual spin spacecraft 
mialinizes the weight ai the electrical power geheratioa ahd regulation suhsystem, 
while maximizing efficiency. 

(2) Microwave filters of lighmeight graphite fibre epoxy composite (GFEC), 

RCA Adro-Electronics Divieon performed an in-depth study on the possitility 
of adverse effects on spacecraft operation at geosynchronoua altitudes because of 
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npacecrbft charglhg aB f . ~  roflult of the papor" by Frcdcrtrka and kcndail. 1. Our 
undor!#tnt-tdtnll ~f the preblnm waa fhrtherad by discuowiaans with Mr. R .  W ,  Ellieort 
et the MePttr Martottn Csmpnhy, DP, B.A. MsPhcfasn of tho AePespaec Corpora- 
tion, and Br. A.  Ftoecn end Be. 0. T. Ineuyo of ths THW Systsms GFQU~). 

'Phe RCA Satoorn spacecraft design WELB raxemined UI light of tne deslgn prac- 
tices recemmcndbd in the  literature of m tntmize the poecibilitics of discharges and 
their effects. 
structural design, thermal blankets and electronic interface circuitry, bearlng in  
mtnd that any design changes made to the spacecraft had to be in con8onance with 
the weight condtreints pl. sed by the launch of the 24 channel spacecraft on a Delta 
3914. Testing was COhF'Jered but ;lot planned because of tlie inability to identify 
valid criteria of acceptability. 

The three arca~l that were given htghebt priorities wete the 

' h e  principal design features incorporated into the RCA SatcOm spacrc-qf, tn 

(1) f i e  entire spacecraft is a cloded body except for the apeptures requa-ed 

(2) m e f y  sectioh of the thelhnal blahket is grounded in two places. 
(9) The outerlayer of the thermcl blanket i3 kaptofi 
(4) The mechanical structure, including the wrappers of all boxes, has 

electrical continuity. 
(5) The hafness wiring contains shic'ded twisted pairs, coaxial and triaxial 

cables far delected interfaces an4 is functionally grouped into separate bundlks. 
(6) The electronic interface cifcuits were designed to have high noise im- 

nrunity. 

minimize its vulnerability to the effects of spacecraft charggs are a s  follow& 

fa: thk horizon sensor, the solar array drive, and tl'e apogee niotuk. 

The almost complete closure o€ the spacecraft minimized the possibilities of 
interml differential charglng. A l l  unite on the clpacecraft have their cases 
grounded to the stttwtbre via electrically conductive mourltitrg surfaces. In addi- 
tiotl, special mounting in8krte that cut ahd wedge into the honeycomb to provide 
goad elCctriCu1 continuity were used fof all unit mduiiti-g8, A l l  structural members 
P e r e  designed RO the.& electrical continuity between all sections of the spacecraft 
and all udit wrappers was obtained. The solar array panels were designed so that 
each structural section was connected together and grounded to the main spacecraft 
structure via the slip rihgs of the solar array di'ive. 
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I(aptaA was selecter! as the autet. lapet. bt the multilayer theirrial blanket be- 
cause of thb improvemeht bf it$ cdnducttvity when &reseed wid illrlrHlnatkd by 
simfight. In rtdditibd, each &luminited layer bf the multilajer thermal blanket was 
grounded iii two places to the main spacecraft tltfucttrfe. The hartiess fFom the 
solar array to the gpacecixaft is covered along tbe bootr,s afld in the hinge areas. 
The use of conductively coated solar cell Covei @am o r  second surfsce mirrors  
wa8 cdngidered but rejected beCa98e of the welght yehalty and i t B  unknown radiation 
effect& 

7 .  ELECTRONIC 

The RCA Satcom gpacecraft w.>s initially designed with good EMC practices 
fbrembst ill mind, wit5 attention gived to w i r e  selection and routing in the i n t e x a l  
harncs8iag. The! $pa&cidt  narfiesu is grabped and bundletf by functioh: pbwer 
and power return$, aigtial lines arid returns. arid tclerhetrjr line$ and return& A 
dingle point ground system has been Wed throdghout the spacecraft, with tne 
ekcdption of camhiunitMiarid equipmight. 

COSMOS device6 were selected for the conimarid ihterface circuitry because 
of their high hais6 'mmun!ty and relativ&lS. law useful b&ldwid'tHs. Stiielded 
twisted paifs arid coaxial cables -here Used tb further redbce noise bensitivity for 
eelected interfaces. Trialtial cables werh w e d  fbr clack €requen&ieB abbW 
100 KH2. 

T h b  performance characteridtics for the communications payload and support 
subsystems have been analyzed and i P  cohtinually being monitored fbr evtdedce of 
anonialoiis behavior. Gain changes, equipment switchin$ of bther unexplained 
c&SeB as exp&riei,ced by other ~n te l l i t e s  at  geosynchronbus atittlde %atre nut been 
observed to date. Consequently, ria chai1ge3 ta %e design o€ the RCA Satcani 
ser ies  of epacecl'dt is envilitrrred at this time. 
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