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Abstract

The RCA Satcom space segment presently consists of two three-axis &tabil.zed
communication satellites which have been in orbit at gessyrichronous altitudes for
11 and 8 months respectively. Both satellites have experiénced two eclipse sea-
sons gince the begintilng of Operations. Neither spacé&ciaft hail exhibited any
sriomalousd behavior that car be attributed to thé effects of spacecraft charging.

A brief discudsion of the history, spacecraft cardcteristice and destgn techntques
is presented.

. HISTORY

THe RCA Satcom corhmunication satellites are owned and operated bv RCA
Americait Communicationis, lhc. Under a fixed-prtce contract RCA Astro-
Electronics Divislon developed and delivered the first fiighit spacecraft within
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24 montig, On 12 December 1975 thé F-1 gatellite was launched atd on 15
Decermbier 1913, the apogee motor placed the satellite ih Lt synchronous arbit.
The spacecraft achieved synchrorious altitude at 1379 W. long. and then was
commanded to drift at a 1.25° pbr day ta its position at 1199 W. long. iuring this
drift period and the time at station through commencement of commetecia! service
on 28 Feébrudry 1976, thé payload support subsystems and .1 anspondet payload
had successfully undergone extensive preoperational calibration and testing

On 26 March 1976, the second spacecraft was launched and also placed at
118° W. long. After verifying satisfactory performance of all payload suppoit
subsystems and that the antenna coverage patterns and the radiated power met the
requirements for CONUS and Alaska, traffic was switchéd.from F-{ to comthet ce
F-2 service bn 2 June 1976, The F-1 was commanded to drift at a 0. 3° per day
on Juhe 11 to a newly assigned location at 135.80 W. as an in-orbit spgare. Since
the first week of August 1976, the satellites have beent maintained at 135.8° W.
and 119°W. for F-1 and F-2 respectively.

Before, during. and after these maneuvers all subsystems are monitored via
telemétry on a continuous basis by dither or both RCA Satcom Telemetry, Track-
ing and Control facilities located on the East and West coasts,

2. SPACECRAFT CHARACTERISTICS

The orbital configuration of the spacecraft is shown in Figure 1. It features
a three-axis stabilization system, with a fixed eondeploying anténhna platfotrm
pointing to earth, and efficient power collection Via sua-oriented, flat-panel solar
arrays. Housekeeping and commdnicatiotis equipments are mounted on North and
South-facing equipment patiels which are always oriented to cold space, thereby
affording efficient thermal cbntrol. Earth pointing IS accomplistied via a bias
momentum -type contrdl system which provides pitch control ¥ia a momentum
wheel and mmaghetic torquing for yaw and roll control. Thé spacecraft is main-
ta{ned or station via a blowdown mdétiopropéllant Hydrazire reaction control system.
Capability ig provided for East/Weést and North/South drift corrections for 8 years,
and €or station relcatiott as required.

The artenna assembly directs all 24 channels to Alaska, as well as to the
lower 48 states. Hawaii can bé seiviced with up t0 12 channels by separate oifset-
fed spot bBeamnis,

Frequency reuse ifi the 4/6 GHz batide is employed id order to establish 24
{ndependeht 34 MHz bandwidth channels witkin the allocated 500 MHz frequency
band.
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Figure 1, Orbital Configuration of the Spacecraft

The charinels art? spaced on 20 MHz cehters, but are tran mitted via alter-
vately horizontal add Vertical polarizations in order to isolate a {acent chahnels.
A sumindary of the spacecraft performance features is given id Taule {.

Folr of the uniqué RCA Satcom developments which have been instrumental
in achieving a 24-channel service within the weight and volume capactty of the
Delia 3014 lauhch vehicle ate listed below. These developments are the keys to
providing an economical high-capacity spacecraft compatible wtth low -cost Thor
elta launches.
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Tavle 1. RCA Satcom Pépformance Features

Element

Communications

24 34-MH2 clahnels to Minimum EIRP 32 dBW
Conus and Alaska
12 34-MHz chonnels to Minimum EIFP 26 dBW
Hawnlt
Cross polarization Receive 33dnB
isolation Transmit 33dB
Frequency bands Receive 5925 to 6425 MHz
Transmit 3700 to 4200 MHz
Powet 550 W _at end of 8 years full eclipse
capability
Attitude Pointing: 0. 19° E/wo. $0.21° N‘{S
OIFRTRIRINY: 0038 BY W N/
Telemetry 128 channels for operational and
diagnostic inforrnation
Reliability P = 0.5 at 17 channels for 8 years

Full subsystem redundancy

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

(2) Microwave filters of lightweight graphite fibre epoxy composite (GFEC),
which provides sufficient weight saving to make the spacecraft cotnpatible with the
Delta launch vehicle.

(3) The three-axis atabilizatioh system, which provides the maximum power-
to-weight ratio for spacecraft that could operate in the specified payload-power
regime.

(4) High-efficiency, direct-energy-transfer power system developed for RCA
Satcom and utilizing one-third of the equivalent solar cells of dual spin spacecraft
mitimizes the weight of the electrical power geheratiott ahd regulation suhsystem,
while maximizing efficiency.

3. SPACECRAFT CHARGING APPROACH

RCA Astro-Electronics Divison performed an in-depth study on the possitility
of adverse effectson spacecraft operation at geosynchronous altitudes because of
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spacecralt charging es a result of the paper by Fredericks and Kendall. ! Qur
utideratanding of the problem was furthered by diseugsions with Mr. R, W, Ellisen
of the Martir Marietta Company, Dr, D,A, McPhergon of tht Aerospace Corpora-
tion, and Dr. A. Roscn end Dr, G, T. Inouye of ths TRW Systems Group,

‘THe RCA Sateoin spacecraft design was reexamined in light of tne deslgn prac-
tices réecommendoed in the literature of minimizo the poscibilitics of discharges and
their effects. 1+2  The three areas that werc given highest priorities were the
structural design, thermal blankets and electronic interface circuitry, bearing in
mtnd that any design changes made to the spacecraft had to be in consonance with
the weight conétraints p. sed by the launch of the 24 channel spacecraft on a Delta
3914. Testing was cons’Jdered but ot planned because of the inability to identify
valid criteria of acceptability.

4, SPACECRAFT DESIGN TECHNIQUES

The principal design features incorporated into the RCA Satedm spacecrnai. tn
minimize ite vulnerability to the effects of spacecraft charges are as follows

(1) The entire spacecraft is a cloged body except for the apettures requi. ed
for the horizon sensor, the solar array drive, and tlie apogee motor.,

(2) Evety section of the thermal blahket is grounded in two places.

(3) The outerlayer of the thermal blanket ia kaptoti

(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 selected interfaces and is functionally grouped into separate buandles.

(6) The electronic interface cifcuits were designed to have high noise im-
niunity.

5. STRUCTURAL N

The almost complete closure of the spacecraft minimized the possibilities of
interral differential charglng. All units on the clpacecraft have their cases
grounded to the structure via electrically conductive mountihg surfaces. In addi-
tiort, special mounting inserts ti:at cut ahd wedge into the honeycomb to provide
goad electrical continuity were used fof all unit mouiitings. All structural members
vere designed so ther electrical continuity between all sections of the spacecraft
and all uritt 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 drive,
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6. THERMAI

Kanton was sélected as the outer layer of the multilayer theriial blanket be-
Cause of the iniprovement of its conductivity when stressed and illuminated by
aualight. In nddition, each aluminized layer of the multilayér thermal blanket was
grounded i1t two places to the maln spacecraft structure, The harress from thé
solar array to the spacécraft is covered along the booms afld in the hinge areas.
The use of conductively coated solar cell cover glass or second surface mirrors
wag consgidered but rejected becausé of the weight penaity and it8 unknown radiation
affectsd,

7. ELECTRONIC

The RCA Satcom gpacecraft was initially designed with gsod EMC practices
forembst in mind, with attention given to wire selection and routing in the istérnal
harnesding, Thelspacecraft nardess is grouped and bundled by functioh: pbwer
and power returns, signal lines arid returns. arid telérmetry lines and returns. A
ginigle point ground system has been used throughout the spacecraft, with tne
exception of communications equipment,

COSMOS deviceg were selected for the comimand ihterface circuitry because
o thelr high noisé immunity and relatively law useful bandwidtis. Shielded
twisted pairs arid coaxial cables were Used to further reduce noise sensitivity for
gelected interfaces. Triaxial cables werh used for clack frequencies above
100 KHz.

8. CONCLUSIONS

The performance characteristics for the communications payload and support
subsystems have been analyzed and i= cohtinually being monitored for evidence of
anomalotis behavior. Gain changes, equipment switching or other unexplained
caused as expérienced by other satellites at gegosynchronous dltitide have ngt been
observed to date. Consequently, ria changes to the design of the RCA Satcom
series of gpacecraft is envigioned at this time.
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