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SECTION 1

- INTRODUCTION

HITECH CANADA LIMITED




SECTION 1:

INTRODUCTION:

~ On the 27th of June 1974, HiTech Canada Limited was asked
~to assist the "UHF Communication System Feasibility Study" group in
two tasks:
- Examination of existing capabilities of
existing spacecraft and those currently
under development.
- Examination of costs of existing and
presently planned spacecraft, ground
control systems and launches.
Dr. S. Abmed of the Communciations Research Centre and
Mr. Allan B. Churgin of HiTech launched a survey to accomplish the
objectives of the tasks mentioned above. This report ddcuments the
results of the survey. Spacecraft programs considered are listed
in Table I. Section 2 of this report presents the detailed data gathered
for each program Tisted in Table I. Section 3 presents a summary of the
data in matrix form for ease of comparison.
Two of the programs surveyed (FLTSATCOM and RCA-DND) are
classified. Data for these two programs are presented in a classified

addendum to this report.




TABLE I

SPACECRAFT PROGRAMS SURVEYED

PROGRAM : PURPOSE STATUS
MARISAT Maritime Commercial Communications }', Development
ANIK : Domestic Commercial Communications Operational
SATCOM Doméstic Commercial Communications Development
EMBS Experimental Japanese Broadcast Development
Commercial Communications
EMCS Experimental Japanese Commercial Development
Communications
LES-6 Experimental Military Communications | Operational
TACSATCOM Military Communications Operational
AEROSAT Aeronatuical Traffic Control Planned
INTELSAT 4 Internatﬁona] Commercial Communications AOperationa]
FLTsATCoM(T) Military Communications Development
RCA HYBRID Government and Commercial Communications — Study
RCA—DND(]) Military Communications Study
 <=MAROTES-0TS Maritime-and Domestic European | - Study

Experimental Communications

TS Experimental Domestic Communications Development .

(1)  Classified programs presented in a classified addendum to this report.




SECTION 2

PRESENTATION OF DETAILED DATA

HITECH CANADA LIMITED

|



2.0  PRESENTATION OF DETAILED DATA

. : 2.1 MARISAT

SYSTEM OWNER:  COMSAT -~ See Note (1)

SYSTEM CONTRACT: ~Hughes Aircraft - Spacecraft, COMSAT - System
FREQUENCIES-UP: 300 MHz, 6.0 GHz, 1.65 GHz

FREQUENCIES-DOWN: 250 MHz; 4.0 GHz, 1.55 GHz

NUMBER OF CHANNELS: 5 See Note (3)

BW PER CHANNEL: 25 Kz, 500 kHz, 4 MHz - See Note (4)

EIRP PER CHANNEL: 28 dBW, 23 dBW, 26 dBW, 29.5 dBW - See Note (5)

ANTENNA TYPE: - Tri-Helix, Quad Helix, Conical Horn, Despun - See Note {
ANTENNA SIZE:  Tri-Helix-6', Quad Helix-3'
STABILIZING METHOD:  Spin
POINTING ACCURACY: +0.65°, Both Axes
‘ BEAMWIDTHS:  UHF-30°t035°, SHF-19°

. | ATTITUDE SENSING TECHNIQUES: Earth and Sun
Launch Vehicle Type: Delta 2914
LIFT-OFF WEIGHT OF S.C.: 1445 pounds - See Note (7)

- IN-ORBIT WEIGHT OF S.C.: Approximately 700 pounds

TOTAL DC POWER: 300 W EOL
ECLIPSE PERFORMANCE:  100% - See Note (8)
STATION KEEPING METHOD:  EW only hydrazene thrusters - see Note (9)
STATION KEEPING ACCURACY:  + 0.5° EW
DESIGN LIFE: 5 Years
ACTUAL OPERATIONAL LIFE REALIZED: = N/A
ACTUAL OBSERVED DEFICIENCIES: N/A

. ' S.C. DEVELOPMENT COSTS: Approxim'ate]y $13M

\



COST PER ADDITIONAL COPY OF S/C: 7.0 M - See Note (10)

GROUND CONTROL SYSTEM COSTS: 1 M (S///W»WL o i 1 [)"Mwﬁ‘—) :

COMM. CONTROL SYSTEM COST: - Included in Ground Control System Costs
COMM. TERMINAL COSTS: Not Available

. ORIGINAL QR DERIVED DESIGN: Derived from ANIK

COST CONTRACTING TECHNIQUES (INCENTIVES, ETC.): " Fixed Price Incentive
DEVELOPMENT PHASE: 12 Months - See Note (11)

FLIGHT HARDWARE PHASE: . 6 Months - See Note (12)

FIRST LAUNCH DATE:  February 1975 |

SOURCES OF.INFORMATION: COMSAT Briefing - E. Martin, 12 July 1974
BIBLIOGRAPHY:  None



MARISAT NOTES

(1)

(4)

COMSAT now owns the system, however the eventual owners will be a
consortium consisting of:

'RCA GLOBECOM (12.5%)

W.U.I. ( 4.0%)
IT&T - ( 3.3%)
COMSAT (80.2%)

The UHF 250 - 300 MHz band will be utilized by the U.S. Navy;
Commercial Maritime traffic will utilize the 1.55 - 1.65 GHz

band, and shore based stations will utilize the 4 - 6 GHz band.

3 channels, 250 - 300 MHz
1 channel, 1.55 - 1.65 GHz

"1 channel, 4 - 6 GHz

2 channels 25 kHz, (250 - 300 MHz band)
1 channel 500 kHz, (250 - 300 MHz band)
2 channels 4 MHz (1.55 - 1.65 & 4 - 6 GHz)

500 kHz channel EIRP 1is 28 dBW
25 kHz channels EIRP are 23 dBW

4 MHz channels EIRP are 26 (C-Band) and 29.5 (L-Band)

UHF-Tri-Helix
L Band-Quad Hetlix

SHF - Conical Horn




Hydrazene carried aboard to supplement apogee motor.

100% performance expected with 50% of batteries operating.

. Out of plane (inclination) perturbations will be tolerated. There

will be a 2° inclination bias. There may be some NS stationkeeping

if Hydrazene fuel availability permits.

Not including orbital incentives, approximately $1My or spares,
possibly $1M ‘

Hughes made some design changes prior to reeceiving contract; it
is estimated that their development effort (rotary joint and tubes)

took one year.

Hughes began making flight hardware before completion of development

‘effort which 1s the reason for this relatively short manufacturing phase.



2.2

ANIK

SYSTEM ONNER: Telesat Canada

SYSTEM CONTRACTOR:  Hughes Aircraft Corporation - Space Segment
FREQUENCIES—UP;‘ 6.0 GHz band

- FREQUENCIES-DOWN: 4.0 GHz band

NUMBER OF CHANNELS: 12 - See Note (1)

BW PER CHANNEL: 36.MHz

EIRP PER CHANNEL: 34 dBW.

ANTENNA TYPE:  3-horn fed parabd]ic disk- - despun
ANTENNA SIZE: 5!

STABILIZING METHOD:  Spin

POINTING ACCURACY: 0.1° EW; 0.35° NS

BEAMWIDTHS: 8° x 3°

ATTITUDE SENSING TECHNIQUES:  Earth and Sun -

LAUNCH VEHICLE TYPE: Delta 2914

LIFT-OFF WEIGHT OF S.C.: 1242 pounds

IN-ORBIT WEIGHT OF S.C.: 655 pounds

TOTAL DC'PONER: 250 W EOL

ECLIPSE PERFORMANCE : 100% - §§§_ﬂ9§§_ig)

STATION KEEPING METHOD: EW and NS, hydrazene thrusters.
STATION KEEPING ACCURACY 0.05° EW & NS

DESIGN LIFE: 7 years | .

ACTUAL OPERATIONAL LIFE REALIZED: N/A - See Note (3)

ACTUAL OBSERVED DEFICIENCiES Batteries - See Note (4)

‘1\»({

S.C. DEVELOPMENT COSTS: «Appwex1mately{40M
COST PER. ADDITIONAL COPY OF S/C: 7.6M
GROUND CONTROL SYSTEM COSTS:  Not available
COMM. CONTROL SYSTEM COST: Not available
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LOMM. TERMINAL COSTS: Not available
ORIGINAL OR DERIVED DESIGN: Derived - Intelsat 4 - See Note (5)

COST CONTRACTING TECHNIQUES (INCENTIVES, ETC.) Fixed Price Incentive -
DEVELOPMENT PHASE: 18 Months See Note (6)
FLIGHT HARDWARE PHASE: 18 Months

FIRST LAUNCH DATA: November 1972 (2hd01aunch April 1973)

SOURCES OF INFORMATION: . Telesat Canada briefing

BIBLIOGRAPHY: None.



ANIK. NOTES

(1) 12 channels are available -~ 10 of which are-operationally committed.

(2) 10 channels available during eclipse - in the event of 1 battery

failure, 5 channels would be available during eclipse.
(3) Spacecraft was Taunched in November 1972, still operating satisfactorily.

(4) 1 cell in NiCd battery leaking ~ requires periodic charging during

solstice seasons. Life of battery may be affected.

Spike noted periodically in received signal, not affecting users

satisfaction.

(56) Items designed for this spacecraft included rotary joint for
“antenna , light-weight antenna, 5 watt TWT, drive TWT, despin

system,

(6) Payment made by milestone, with in-orbit incentives on communications

performance and life-achieved. Eclipse performance not included.




2.3
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SATCOM - See Note (1)

SYSTEM OWNER:  RCA GLOBECOM

SYSTEM CONTRACTOR: . RCA Astroelectronics (U.S.) = Space Segment
RCA Limited (Canada) - See Note (2)

FREQUENCIES-UP: 6.0 GHz band
FREQUENCIES-DOWN: 4.0 GHz band
NUMBER OF CHANNELS: 24

BW PER CHANNEL:. 36 MHz

EIRP PER CHANNEL: 26 -dBW Wide Beam; 34 dBW Spot Beam
ANTENNA TYPE:  Fixed Parabolic Dish '
ANTENNA SIZE:  Approximately 7'

STABILIZING METHOD: 3 Axis Stabilized - See Note (3)
POINTING ACCURACY:  + 0.15° EW, + 0.21 NS

BEAMWIDTHS:  Widebeam 8° x 4°, Spot Beam 2.6° x 1°
ATTITUDE SENSING TECHNIQUES: Earth, Sun, Raﬁe‘Gyro
LAUNCH VEHICLE TYPE: _lDe]ta 3914

LIFT-OFF_WEIGHT OF S.C.: 2000 pounds

IN-ORBIT WEIGHT OF S.C.: 1092 - See Note (4)

TOTAL DC POWER:  Approximately 650 EOL - See Note (5).

ECLIPSE PERFORMANCE:  100%

STATION KEEPING METHOD: EW, NS, hydrazene thrusters
STATION KEEPING ACCURACY:  * 0.05° EW & NS

DESIGN LIFE: 8 years

ACTUAL OPERATIONAL LIFE REALIZED: N/A - See Note (6)

ACTUAL OBSERVED DEFICIENCIES: N/A - See Note (6)

15
S.C. DEVELOPMENT COSTS: -J8) - See Note (7)

- ¢
COST PER ADDITIONAL COPY OF S/C:  10M - See Note (9) .
GROUND CONTROL SYSTEM COSTS: 1 - 1.5M - See Note (8)
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COMM. CONTROL SYSTEM COST: 'LeSS than 1M

. | COMM. TERMINAL COSTS: __25k—Seg Wote (10)

ORIGINAL OR DERIVED DESIGN:  Derived - See Note (11)
COST CONTRACTING TECHNIQUES (INCENTIVES, ETC.): FP1
DEVELOPMENT PHASE: 15 - 18 Months - See Note (12)

FLIGHT HARDWARE PHASE: 12 Months
FIRST LAUNCH DATE:  November 1975 (SHF SATCOM)
SOURCES OF INFORMATION:  RCA Ltd. Briefing

BIBLIOGRAPHY: ~ "RCA Satcom Satellite Technical Description"

RCA Astroelectronics Div., Princeton, N.J.

Dec. '73f

Tebl #33m _ Bgp+ 3 FhH a
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RCA SATCOM NOTES

(1)

The manufacturer claims that spacecraft is designed as a "bus"

and may carry other.pay]oads.with a minimum of changes.
RCA Astroelectronics has prime contract, RCA Limited has approximately
$8M out of the $25M contract, thus representing a-]arge Canadian

content.

Active Nutation Damping, Mementum wheels Damping accomplished

through magnetic torquing.
Apogeemotor off-load capability of 10%.

BOL Power can range from 750 W to 1000 W by adding solar panels

" (rigid accordian). After 8 years EOL is 490 W for a 750 W BOL.

Number shown (650 W) EOL is estimated by the writer for

comparison purposes.

S/C 1s presently in design phase

$10M refers to the dollars estimated to redesign Antenna and

Transponder for UHF range, including military features, (i.e. Anti-jam)

IncTudes Earth Station fof TT&C, and control software.
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Does not include orbit incentives of approximately $1M.

Estimated production price in quantity.

Derived from TIROS M.

For redesign and requalification of UHF version.
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2.4  EMBS

. 4 SYSTEM OWNER:  Government of Japan
SYSTEM CONTRACTOR: - TOSHIBA - G.E. - System
FREQUENCIES-UP: 14 GHz band
FREQUENCIES-DOWN: 1§ GHz band
NUMBER OF CHANNELS: 2
BW PER CHANNEL: 50 MHz, 80 MHz
EIRP PER CHANNEL: 37 dBW - See Note.(l)

AANTENNA TYPE:  Parabolic Dish
ANTENNA SIZE:  Not available
STABILIZING METHOD:_ 3 Axis - Momentum Wheels
"POINTING ACCURACY:  + 0.1° EW, NS
BEAMWIDTHS:  Not available
ATTITUDE SENSING TECHNIQUES:  Pyesumed Earth, Sun
. ' LAUNCH VEHICLE TYPE: Delta 2914
| - LIFT-OFF WEIGHT OF S.C.: 1480 pounds
IN-ORBIT WEIGHT OF S.C.: 728 pounds
TOTAL DC POWER: 767 W EOL
ECLIPSE PERFORMANCE: Not available
STATION KEEPING METHOD: Not available
STATION KEEPING ACCURACY: Not available
DESIGN LIFE: 3 years.
ACTUAL OPERATIONAL LIFE REALIZED:  N/A
ACTUAL OBSERVED DEFICIENCIES: N/A
S.C. DEVELOPMENT COSTS: Not available
. GROUND CONTROL SYSTEM COSTS:* Not available
| COST PER ADDITIONAL COPY OF S/C:  Not available
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COMM. CONTROL' SYSTEM COST:  Not available

COMM. TERMINAL COSTS:  Not available

ORIGINAL OR DERIVED DESIGN:  Not known

COST CONTRACTING TECHNIQUES (INCENTIVES, ETC.):  Not known
DEVELOPMENT PHASE: 18 Months

FLIGHT HARDWARE PHASE: 12 Months

FIRST LAUNCH DATE:  Early 1977 or late 1976

SOURCES OF INFORMATION: Paper by Sonoyama, G.E. Contacts

BIBLIOGRAPHY: G. Sonoyama, Radio'Regu]atory Bureau, Japan

"Communications Broadcast Sate]]ites“
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EMBS NOTES

(1) 37 dBW quoted for Japanese Mainland; 28 dBW is quoted for all of 

Japan including Islands.




2.5
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EMCS

SYSTEM OWNER: Government of Japan

SYSTEM CONTRACTOR:  Mitsubishi-Philco-Ford - System
FREQUENCIES-UP: 28 GHz, 6 GHz bands
FREQUENCIES-DOWN: 18 GHz.band, 4 GHz band

NUMBER OF CHANNELS: 8 - See Note (1)

BW PER CHANNEL: 200 MHz

EIRP PER CHANNEL: 37 and 29.5 dbw

ANTENNA TYPE:  Despun, Horn Fed Flat Plates

ANTENNA SIZE: 2 - 3!

STABILIZING METHOD:  Spin

POINTING ACCURACY: + 0.3° EW, NC

BEAMWIDTHS:  4-6 GHz - 4° x 6°; 18-28 GHz - 1° x 3°
ATTITUDE SENSING TECHNIQUES: Earth and Sun

LAUNCH VEHICLE TYPE: Delta 2914

LIFT-OFF WEIGHT OF S.C.: 1490 pounds

IN-ORBIT WEIGHT OF S.C.: 770 pounds

TOTAL DC POWER: 420 EOL

ECLIPSE PERFORMANCE:  100%

STATION KEEPING METHOD: EW, NS - Hydrazene thrusters
STATION KEEPING ACCURACY:  +0.1°Ns, EW |

DESIGN LIFE: 3 Years

ACTUAL OPERATION LIFE REALIZED: N/A

ACTUAL OBSERVED DEFICIENCiES: N/A

S.C. DEVELOPMENT COSTS: No Quote Available

GROUND CONTROL SYSTEM COSTS:  No QQote Available
COST PER ADDITIONAL COPY OF S/C:  No Quote Available

COMM. CONTROL SYSTEM COST:  Not Available
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COMM. TERMINAL COSTS: Estimated 30K
ORIGINAL OR DERIVED DESIGN: Derived - See Note (2)

COST CONTRACTING TECHNIQUES (INCENTIVES, ETC.): Fixed Price Incentive
DEVELOPMENT PHASE:  Approximately 12 Months - See Note (3)

'FLIGHT HARDWARE PHASE:  Approximately 12 Months - See Note (3)
FIRST LAUNCH DATE: Fa]] 1976 A |

SOURCES OF INFORMATIONf Philco-Ford, Paber by Sonoyama
»BIBLiOGRAPHYi G. Sonoyama, Radio'ﬁegﬁ]atory Bureau, Jéban

"Communications Broadcast Satellites)".
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'EMCS NOTES
(1) 6 channels in the 18 - 28 GHz band and 2 channels in 4 - 6 GHz band.

(2) This spacécraft is almost identical in the Philco-Ford produced NATO-3,
except for Antenna and Transponder and as such may be considered a

"bus" ,NATO-3 to be launched late 1975.

(3) The Japanese contract calls for a total of 30 months, however
Philco-Ford estimates the time at 24 months under normal

conditions (Japan asked for stretch-out.)
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LES-6

SYSTEM OWNER - USAF

SYSTEM CONTRACTOR:  MIT-Lincoln Labs
FREQUENCIES-UP:  302.7 MHz '
FREQUENCIES-DOWN:  249.1 MHz

NUMBER OF CHANNELS: 1

BW PER CHANNEL:  switchable, 100 or 500 KHz

EIRP PER CHANNEL: (890 Watts) 29.5 dBW BoL
ANTENNA TYPE:  Electronically Despun - See Note (1)

ANTENNA SIZE: See Note (1)

- STABILIZING METHOD:  Spin Stabilized - See Note (2)

POINTING ACCURACY:  Spin Axis Held to + 0.16° -

BEAMWIDTHS:  (34° x 54°)

ATTITUDE SENSING TECHNIQUES: Earth and Solar Sensors - See Note (3)

LAUNCH VEHICLE TYPE:  TITAN III C
LIFT-OFF WEIGHT OF S.C.: 398 pounds
IN-ORBIT WEIGHT OF S.C.:  Same as 1ift-off weight - See Note (4)

TOTAL DC POWER: BOL .220 Watts
ECLIPSE PERFORMANCE:  Shut Down - See Note (5) -

STATION KEEPING METHOD: EW only - ion Engine - See Note (6)

STATION KEEPING.ACCURACY: + 2° EW

DESIGN LIFE: 5 Years

ACTUAL OPERATIONAL LIFE REALIZED: Still Operating, Almost Six Years
ACTUAL OBSERVED DEFICIENCIES: Solar Panel - See Note (7)

S.C. DEVELOPMENT COSTS:  $16M - See Note (8)

GROUND CONTROL SYSTEM COSTS: N/A - See Note (9)

COST PER ADDITIONAL COPY OF S/C:  16M + Inflation
COMM. CONTROL SYSTEM COST:  N/A
COMM. TERMINAL COSTS: N/A - See Note (10)
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ORIGINAL OR DERVIED DESIGN: Original |

COST CONTRACTING TECHNIQUES (INCENTIVES, ETC.): Cost Plus Fixed Fee
DEVELOPMENT PHASE: 12 - 18 Months

FLIGHT HARDWARE PHASE: - 12 - 18 Months

FIRST LAUNCH DATE: 26 July 1968

SOURCES OF INFORMATION:  Phil Waldron, MIT Project Mgr.

BIBLIOGRAPHY:  "Lincoln Experimental Satellites 5 and 6"
AIAA 3rd Comm. Sat. Conference, 6 - 8 April 1970



(1)

(2)

()

(6)
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LES-6 NOTES

Electronically.despun, circularly polarized. Dipole antennas radiate an
axial polarization and slot antennas (excited in phase quadrature)
radiate an orthangonal circumferential polarization to produce the circularly

polarized wave. 8 - 9 dB gain.

The spacecraft is spin stabilized, however it is noteworthy that

orientation was accomplished by a magnetic torquing system. Control -

is exercised through a cold ammonia gas reaction control system, using

earth and solar sensor inputs. (See Note 3)

The system uses the coincidence of narrow beam earth and sun sensor

| inputs which occur at points in orbit defined by the relative placement

of the sensors around the satellite view band.

The 5/C carries no orbital propulsion - it flew along with 3 other

spacecraft,
During eclipse, only an oscillator is kept alive by a smail battery.

The time of a given event (such as the coincidence of sun and earth
sensor observations) is compared to the time at which the event showed

have happened as seen by the on-board clock. The time difference

equétes to a longitude position error which is corrected by firing an

ion thruster.




(7)
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1 solar panel not delivering power, thought related to a spin

axis "wobble' of 2.2°.

The costs quoted, $16M, include the development of LES-5 as
well as LES-6. Approximately $12M may be attributed to LES-6
as an ROM cost. MIT was the system integrator and did most

of the work in-house.

MIT estimates that if they had to build a station, it would

cost less than $IM.

Digita]Asystem with sequential decoding.
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TACSATCOM

SYSTEM OWNER:  USAF
SYSTEM CONTRACTOR:  Hughes Aircraft Corporation - Spacecraft
FREQUENCIES-UP: 300 MHz band; 8.0 GHz band - See Note (1)

FREQUENCIES-DOWN: 250 MHz band; 7.2 GHz band - See Note (1)

NUMBER OF CHANNELS: 1 UHF; 1 SHF - See Note (2)

BW PER CHANNEL: 50 kHz to 10 MHz - See Note (2)

EIRP PER CHANNEL: 38 dBW for UHF; 31 dBW for SHF

ANTENNA TYPE: 5 Element-Helix for UHF, Conical Horn - SHF, Despun
ANTENNA SIZE: 4 Helixes 8', 1 helix 6'

STABILIZING METHOD:  Spin, Gyrostat

POINTING ACCURACY:  + 0.3° EW, NS

' BEAMWIDTHS: SHF Earth Coverage, 19° UHF

ATTITUDE SENSING TECHNIQUES: Earth Sensors

LAUNCH VEHICLE TYPE: Titan III C _

LIFT-OFF WEIGHT OF S.C.:  Approximately 1600 pounds

IN-ORBIT WEIGHT OF S.C.: Approximately 1600 pounds

TOTAL DC :POWER: 750 EOL - (Estimated)

ECLIPSE PERFORMANCE:  100%

STATION KEEPING METHOD: EW only, Hydrogen Peroxide thfusters.
STATION KEEPING ACCURACY:  + 5° EW

DESIGN LIFE: 5 Years

ACTUAL OPERATIONAL LIFE REALIZED: 3.8 Years -

ACTUAL OBSERVED DEFICIENCIES: UHF Loss of EIRP - No Explanation
| ' Nutation up to 1.2°
SHF TWT - 2 dB degradation
Brush on Despin Motor Failed

S.C. DEVELOPMENT COSTS:  $30M
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GROUND CONTROL SYSTEM COSTS:  Approximately 4M
COST PER ADDITIONAL COPY OF S/C: 15 - 18M
COMM. CONTROL SYSTEM COST:  Less Than 1M
COMM. TERMINAL COSTS:  Approximately 30K
ORIGINAL OR DERVIED DESIGN:  Original
.COST CONTRACT ING TECHNIQUES (INCENTIVES, ETC.): Cost Plus Fixed Fee
DEVELOPMENT PHASE: 18 Months
FLIGHT HARDWARE PHASE: 12 Months
FIRST LAUNCH DATE:  August 1969
SOURCES OF INFORMATION:  TACSAT Documentation HAC, Mr. Joel Emanuel HAC
BIBLIOGRAPHY: (1)SCF Familiarization Program/TACSAT 1;

(2)"The Tactical Communications Satellite"

Brandes, IEEE Transactions, Vol. AES-6

No. 4, July 1970.



TACSATCOM NOTES

(1)

UP Frequencies ére: UHF:

SHF:

Down Frequencies are: UHF:

SHF :

UHF/SHF cross-strap made available in both directions.

Variable bandwidths, 50 KHz to 10 MHz options. Number

- 28 -

303.4 and 307.5 MHz
7982.5 MHz

249.6 MHz
7257.5 MHz

of channels at wideband dependent upon terminal

characteristics.
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AEROSAT - See Note (1)

SYSTEM OWNER:  Consortium - Canada, ESRQ, U.S. Corporation
SYSTEM CONTRACTOR:  COSMOS - See Note (1)

FREQUENCIES-UP: 1.655 to 1.660 GHz; 5.0 to 5.125 GHz - See Note (2)

FREQUENCIES-DOWN:  1.540 to 1.545 GHz; 5.125 to 5.250 GHz - See Note (2

* NUMBER OF CHANNELS: 2 to 6ADepending on Configuratioh - See Note (3)

BW PER CHANNEL: 8 KHz; 50 KHz
EIRP PER CHANNEL: 35 dBW
ANTENNA TYPE: Varying Options - See Note (Note (4)

ANTENNA SIZE: Varying - See Note (4)

* STABILIZING METHOD:  Spin or 3 Axis - See Note (5)

POINTING ACCURACY:  See Note (6)

BEAMWIDTHS:  See Note (7)

ATTITUDE SENSING TECHNIQUES: See Note (8)

LAUNCH VEHICLE TYPE: Delta 2914

LIFT-0OFF WEIGHT OF S.C.: Approximately 1400 pounds
IN-ORBIT WEIGHT OF S.C.: Approkimate]y 700 pounds
TOTAL DC POWER: 360—400 W EOL

ECLIPSE PERFORMANCE:  50%

STATION KEEPING METHOD: EW Only - Hydrazene Thrusters
STATION KEEPING ACCURACY:  +2°EW

DESIGN LIFE: 7 Years

ACTUAL OPERATIONAL LIFE REALIZED:  N/A

ACTUAL OBSERVED DEFICIENCIES:  N/A

S.C. DEVELOPMENT COSTS: $60M Approximately - See Note (9)
GROUND CONTROL SYSTEM COSTS: $3.0M Including S/C Control
COST PER ADDITIONAL COPY OF S/C: $6.5 - 7.0 M



COMM. CONTROL SYSTEM COST: $1M
COMM. TERMINAL COSTS: §$70 - 80 K
ORIGINAL OR DERIVED DESIGN: Partial

COST CONTRACTING TECHNIQUES (INCENTIVES, ETC.): Fixed Price Incentive

DEVELOPMENT PHASE: 30 Months

FLIGHT HARDWARE PHASE: 15 Months
FIRST LAUNCH DATE:  Unknown

SOURCES OF INFORMATION: Study Report

BIBLIOGRAPHY:  "System and Design Study of a Preoperational
Aeronautical Satellite System", Phase I Report,
COSMOS, 1970 .
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AEROSAT NOTES

(1) This is one of 3 proposed configurations for thé Aerosat S/C, it

is not the Aerosat S/C and does not reflect the Tatest performance specs.

(2) 1.655 to 1.660 GHz to be utilized by mobile (aircraft) terminal for
upiink.
5.0 to 5.125 GHz will be utilized by the Earth Terminal for Uplink.
1.540 to 1545 for mobile terminals dowﬁTink.

5.125 to 5.250 for Earth station downlink.
(3)- Latest is 7 channels, not verified.

(4) Likely spot beam antenna will be a multiple feed parabolic dish

approximately 6', and a quad helix array for widebeam coverage.

(5) The COSMOS study does not recommend a specific stabilizing technique,
but the choice hinges on the capability of mobile terminals. If a
10 dB mobile terminal antenna is available, COSMOS recommends a

spinner; for a 4 dB antenna they prefer 3 axis stabilization.

(6) For a spin configuration, the accuracy requirements are 0.7° NS,
- 0.3° EW.

For a 3 axis configuration, the accuracy requirements 0.6° NS, 0.3° EW.

(7) No hard conclusion was reached by the study, however pricing was

based on one broad beam earth coverage plus seven -~ 6.1° spot beams.
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Discussion of sensors is limited in the study; for the spfn configuration
IR earth sensors are mentioned briefly. For the 3 axis configuration it
is presumed that both earth and sun sensors as well as a rate gyro will
be required.

Estimated in 1970 dollars.
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INTELSAT IV

SYSTEM OWNER:  Intelsat

SYSTEM CONTRACTOR:  Hughes Aircraft Corporation
FREQUENCIES-UP: 6.0 GHz band

FREQUENCIES-DOWN: 4.0 GHz band

NUMBER OF CHANNELS: 12 - See Note (1)

BW PER CHANNEL: 36 MHz per Transponder

EIRP PER CHANNEL: 23 dBW/Transponder, 34.5 dBW for Spot Beams
ANTENNA TYPE: 2 Despun, Steerable Parabolic Pish; Conical Horns
ANTENNA SIZE: APPROX 3.5' .
STABILIZING METHOD:  Spin

POINTING ACCURACY: ~ + 0.35° EW and NS

BEAMWIDTHS:  17°; 4,3° spotbeam

ATTITUDE SENSING TECHNIQUES:  Earth Sensors Only

LAUNCH VEHICLE TYPE: Atlas Centaur

LIFT-OFF WEIGHT OF S.C.: 3100 pounds

~ IN-ORBIT WEIGHT OF S.C.: 1610 pounds

TOTAL DC POWER: 365 W EOL

ECLIPSE PERFORMANCE:  100%

STATION KEEPING METHOD: EW and NS - Hydrazene Thrusters
STATION KEEPING ACCURACY: j_0.5°'Ew and NS

DESIGN LIFE: 7 Years

ACTUAL OPERATIONAL LIFE REALIZED: Not available

ACTUAL OBSERVED DEFICIENCIES: None as of December 1972
S.C. DEVELOPMENT COSTS: Not Available

GROUND CONTROL SYSTEM COSTS: Not Available

COST PER ADDITIONAL COPY OF S/C: Not Available

COMM. CONTROL SYSTEM COST: Not Avajlable
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COMM. TERMINAL COSTS: Not Available
ORIGINAL OR DERVIED DESIGN: Not Available

COST CONTRACTING TECHNIQUES (INCENTIVES, ETC.): ~Not Available

DEVELOPMENT PHASE: Not Available
FLIGHT HARDWARE PHASE: Not Available
FIRST LAUNCH DATE: - : Not Available
SOURCES OF INFORMATION: See Bibliography

BIBLIOGRAPHY:  COMSAT Technical Review, Vol. 2, No.2, Fall 72
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INTELSAT 1V NOTES

. (1) There are 12 transponders, allowing greater than 1000 multiplexed

voice channels per transponder for earth station G/T of 41.7 dB/K.
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2.10 FLTSATCOM - Classified - See Addendum
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RCA HYBRID

SYSTEM OWNER: N/A - See Note (1)

SYSTEM CONTRACTOR: . RCA Limited

FREQUENCIES-UP: 40O MHz; 2.7 GHz

FREQUENC]ES*DOWN: 300 MHz, 2.5 GHz

NUMBER OF CHANNELS: v33 UHF, 4 § Band ~ See Note (2)

BW PER CHANNEL: 20 kHz at 300f#00 MHz; 250 kHz at 2.5 ~ 2.7 GHz
EIRP PER CHANNEL: 27 & 17 dbw for UHF channels, 25 & 35 dbw

for SHF channels - See Note (3)

ANTENNA TYPE:  Despun, Parabolic 2 Feed Dish
ANTENNA SIZE: 130"

STABILIZING METHOD: Spin

POINTING ACCURACY:  * 0.5° EW, NS

BEAMWIDTHS:  4° x 8°

ATTITUDE SENSING TECHNIQUES: Earth Sensors. Only
LAUNCH VEHICLE TYPE: Delta 3914

LIFT-0FF WEIGHT OF S.C.: 1890 pounds

IN-ORBIT WEIGHT OF S.C.: 963 pounds

TOTAL DC POWER: 360 W EOL

ECLIPE PERFORMANCE:  100% - See Note (4)

STATION KEEPING METHOD: EW and NS - Hydrazene thrusters
STATION KEEPING ACCURACY: * 1.6° NS, EW |
DESIGN LIFE: 7 years |

ACTUAL OPERATIONAL LIFE REALIZED:  N/A

ACTUAL OBSERVED DEFICIENCES:  N/A

S.C. DEVELOPMENT COSTS:  $27.4M

COST PER ADDITIONAL COPY OF S/C:  $6.6M = $7.0M

GROUND CONTROL SYSTEM COSTS:  Approximately $3M
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COMM. CONTROL SYSTEM COST:  1.2M
COMM. TERMINAL COSTS: 25K in Quantity
ORIGINAL OR DERIVED DESIGN:  Derived
COST CONTRACTING TECHN ‘QUES (INCENTIVES, ETC.):  N/A
DEVELOPMENT PHASE : i} ' '
30 Months
FLIGHT HARDWARE PHASE : :
FIRST LAUNCH DATE:  N/A
SOURCES OF INFORMATION:  RCA Limited

BIBLIOGRAPHY : RCA Study -''Feasibility Study of a Z;Band UHF
Communication Satellite"

Report to DOC, DSS Contract P2 3610-1-0622 Dec 72
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RCA HYBRID NOTES"-

(1)

This S/C concept is a product of a study conducted by RCA under

“a DOC contract and is not actually a system in the sense of

‘the other systems reported in this document.

At 300 MHz there are 3 high power channels, 30 lower power
channels. In the 2.5 GHz band there are 3 high power channels
(program) and 1 wideband channel capable of 90 low power

channels (fixed).

3 UHF high power channels at 27 dbw
30 UHF low power channels at 17 dbw
3 SHF high power channels at 25 dbw

| Wideband channel at 35 dbw split to 90 channels at 15.4 dbw each
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2.12 RCA - DND CLASSIFIED - SEE ADDENDUM
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ots
SYSTEM OWNER: ESRO
SYSTEM CONTRACTOR: MESH

FREQUENCIES-UP: 14 GHz Band

FREQUENCIES-DOWN: 11 GHz Band

NUMBER OF CHANNELS: 5 - See Note (1)

BW PER CHANNEL: 40 MHz, 120 MHz, 5 MHz - See Note (1)

EIRP PER CHANNEL:  38.2 dbw, 47.6 dbw, 47.2 dbw - See Note (2)
ANTENNA TYPE: FIXED AND STEERABLE PARABOLIC DISHES - Sée Note (3)
ANTENNA SIZE: 6-7' |

STABILIZING METHOD: 3 axis - momeﬁtum wheels

POINTING ACCURACY:  +0.2° EW, WS

BEAMWIDTHS: 7 1/2° x 4 1/4°; 2.5° Spot; 5° x 3.5° - See Note (2)
ATTITUDE SENSING TECHNIQUES: Sun and Earth

LAUNCH VEHICLE TYPE: -Delta 2914

LIFT-OFF WEIGHT OF S.C.: 1500

IN-ORBIT WEIGHT OF S.C.: 714

TOTAL DC POWER: 520 W EOL

ECLIPSE PERFORMANCE:  25%

STATION KEEPING METHOD: Ew‘& NS Hydrazene thrusters
STATION»KEEPING ACCURACY:  + 0.1° EW, NS

DESIGN LIFE: 5 years

ACTUAL OPERATIONAL LIFE REALIZED: N/A

ACTUAL OBSERVED DEFICIENCIES: N/A

S.C. DEVELOPMENT COSTS: Not Available _

GROUND CONTROL SYSTEM COSTS: Not Available

COST PER ADDITIONAL COPY OF S/C:  Not hvaitaptel (2~ (S m
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COMM. CONTROL SYSTEM COST:  Not Available
COMM. TERMINAL COSTS: Not Available

ORIGINAL OR DERIVED DESIGN: Partial

COST CONTRACTING TECHNIQUES (INCENTIVES, ETC.) FPI
DEVELOPMENT PHASE: | !
30 months approximately
FLIGHT HARDWARE PHASE:

FIRST LAUNCH DATE:  March 77

SOURCES OF INFORMATION: - ESRO Wash. DC - Melors

BIBLIOGRAPHY:  The -OTS Spacecraft Description ESRO, Circa 72
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OTS_NOTES

| . (1) 2 channels 40 MHz

2 channels 120 MHz

1 channel 5 MHz

"(2) 40 MHz channels EIRP 38.2 dbw Antenna gain 26.5 db.
120 Miz channels EIRP 47.6 dbw Antenna gain is 35.5 db.
- 5 MHz channels EIRP 47.2 dbw Antenna gain 29.1 db.

(3) There are actually 6 antennas on the S/C. Thefe'are
2 redundant identical receive dishes for full European
coverage with beam width of 7.5 and 4.25° and 40 MHz
bandwidth. The Transmit " Eurobeam" antenna has a gain
' : ' of 26.5 db. The transmit antenna used to transmit the
‘ turn 120 Mz channels is steerable with circular beam-

width of 2.5°. The steerable antenna gain is 35.5 db.

Two fixed antennas, one receive and one transmit have
beanwidths of 5° and 3.5° and a bandwidth of 5 MHz.

The antenna gain is 29.7 db.
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COMMUNICATIONS TECHNOLOGY SATELLITE .

" SYSTEM OWNER:  DOC-NASA

SYSTEM CONTRACTOR:  CRC
Sub: RCA Ltd - Electronics
SPAR - Structure'
FREQUENCIES-UP: 14 GHz Band
FREQUENCIES-DOWN: 12 GHz Band
NUMBER OF CHANNELS: 2 channels (1 transponder)
BW PER CHANNEL: 85 MHZ

EIRP PER CHANNEL: 59 dbw, 49 dbw - See Note (1)

ANTENNA TYPE: 2 Steerable Parabo]ic-single feed-dishes
ANTENNA SIZE: 28" each

STABILIZING METHOD: 3 axis - momentum wheels

POINTING ACCURACY: #* .2 NS & EW

BEAMWIDTHS:  2.5° each dish

ATTITUDE SENSING TECHNIQUES: Earth & Sun - See Note (3)

LAUNCH VEHICLE TYPE: Delta 2914
LIFT-0FF WEIGHT OF S.C.: 1486 pounds
IN-ORBIT WEIGHT OF S.C.: 771 pounds o

TOTAL DC POWER 948 W EOL - See Note (4)

ECLIPSE PERFORMANCE - None S/C - Keep-Alive TT&C .

STATION KEEPING METHOD: EW only - hydrazene thrusters - See Note (5)

e}

STATION KEEPING ACCURACY: * 0.27 EW

DESIGN LIFE: 2 years

ACTUAL OPERATIONAL LIFE REALIZED: N/A




ACTUAL OBSERVED DEFICIENCES: N/A

S.C. DEVELOPMENT COSTS

GROUND CONTROL SYSTEM COSTS

Costs not readily amenable. to these

COST PER ADDITIONAL COPY QF S/C cost divisions

COMM. CONTROL SYSTEM COST

COMM. TERMINAL COSTS: N/A - See Note (6)

ORIGINAL OR DERIVED DESIGN: Original

COST CONTRACTING TECHNIQUES (INCENTIVES, ETC.) - Development cost plus
- fixed fee

Mfg phase - fixed price
incentive

DEVELOPMENT PHASE: 36 mos
FLIGHT HARDWARE PHASE: 25 mos

FIRST LAUNCH DATE: 17 Dec 75

- SOURCES OF INFORMATION: CTS Project
Systems Group, W.M. Evans

BIBLIOGRAPHY: 'Configuration Control Baseline Document' SY 0104
: 21 June 1974
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COMMUNICATIONS TECHNOLOGY SATELLITE NOTES

(1) 59 dbw achieved with 200 W TWT on one channel, 49 dbw achieved

with 20 W TWT on 2nd channel.

(2) Each dish is capablerf + 8.5° rotation in both azimuth and
elevation.
(3) There are two complements of sun & earth sensor - one for the

spin mode (transfer orbit), and one for the 3-axis stabilized

mode .

(W) DC power allotted to communications is 768 watts, 180 watts

reserved for housekeeping TT&C

(5) NS stationkeeping not required, however the inclination will
be biassed 0.90 and the ascending mode selected so that

+ime near zZero inclination degrees will be maximized.

(6) The CTS Terminals are for experimental purposes and the cost
involved are not applicable to this present survey. However
for the record, the following costs are involved:

Two 10%erminals | trailer traﬁsportab]e $430,000
1 air transportable $576,000
Seven 8'terminalg@593,000 each | A
Three 3'terminals@3$80,000 each
[t is to be noted that the above costs do not include spares

or redundancy features required for operational use.
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Section 3 - Summary

HITECH CANADA LIMITED
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3. SUMMARY OF DATA

Tables 11 through VI present the S/C capability and cost data in Matrix
form.

Table |1 lists system descriptive factors and program status.

Table |1l presents communication characteristics.

Table |V presents spacecraft characteristics.

Table V presents cost and cost associated characteristics of each

system.
Table VI presents schedule and contractual data.

From the Tables listed aboveit is possible to reach some generic
conclusions. These conclusions are reached without consideration of .
the question of Canadian content. In this regard only the RCA Satcom

presents an option of relatively high Canadian content.

AVAILABLE TECHNOLOGY

Development of technology for either a UHF or Hybrid (UHF - SHF)
qperationa] spacecraft system would not be extensive. This statement
extends to S/C housekeeping, transponder, antennas, and Earth station
subsystems, aﬁd includes both software and hardware. The launch vehicle

applicable could be the Delta 391k.
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COSTS AND DEVELOPMENT TIME

Non-recurring costs for development of a specific spacecraft from one

of the existing "Bus' designs (Satcom, NATO-3 for example) would not
exceed $10M including military features, and could be accomplished

within and not exceeding 18 months.

Recurring costs for a S/C system, (cost per spacecraft copy) would not

exceed $1IM including orbital incentives and the time From development
effort completion to delivery of flight models would not exceed 12

months.

The time from contract award to first launch would not exceed 30 months.

The costs for a ''partial or original S/C Aesign woufd range from $3OM to
$59M}inc1uding one flight copy. The lower end of the range would apply if
”gff-the-shelf” design components were integrated into a new strucfure;

the higher end of the range would apply to a design effort for most of the

s/cC.
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SYSTEM DESCRIPTION AND STATUS

S/C WI

SYSTEM : , S/C WT LAUNCH ~
NAME OWNER CONTRACTOR LIFT-OFF IN-ORBIT VEHICLE TYPE .| STATUS
LBS LBS
Delta Maritime
MARITIME COMSAT Hughes 1445 700 2914 OPT'L DVPT
. Delta Doimestic| In
MNIK TELESAT Hughes 1242 655 1914 oPT"1 Orbit
RCA RCA-US . Delta Domestic
SATCOM GLOBECOM | RCA-CAN 1890 " 963 3914 OPT'L DVPT
TOSHIBA Delta EXPT'L DVPT
EMBS JAPAN GE 1480 728 2914 Domestic
MITSOBISHI Delta EXPT'L
EMCS JAPAN PHILCO-FORD 1490 mn 2914 Domestic| DVPT'
.Titan(s EXPT'L In
LES-6 USAF MIT 398 398 I11-C MIL Orbit
. Titan Nil In
TACSATCOM USAF Hughes 1600 1600 111-C Opt 'l Oeb'ix
’ CANADA Not Delta Aeron.
AERQOSAT ESRO 1400 700 2914 OPT'L Plan
4 US CoRp. | Chosen
INTELSAT Atlas Int'l In
v INTELSAT Hughes - 3100 1610 _Centaur| OPT'L Orbit
FLEETSAT Atlas MIL
COM USN TRW 3900 1740 Centaur| OPT'L DVPT
RCA RCA ‘Delta | Domestic| -
HYBRID N/A Ltd. 1890 963 3914 OPT 'L Plan
RCA RCA Delta Mil
DND N/A Ltd. 2000 1000 3914 OPT'L Plan
Delta |Maritime Plan
01s ESRO MESH TayeYs) T4 3914 |opT'L
. Delta |Domestic ' | Dvpt
cTS poc CRC 1486 77 2914 | Expt'] .
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TABLE 11T

COMMUNICATIONS ASPECTS

FREQUENCIES  |BEAM- NO. OF EIRP/ BAND-
SYSTEM UP | DOWN [IDTH |CHANNELS |  CHANNEL WIDTHs | ANTENNA
(UEG-) dbw .
oo miz |250miHz [UHE 30 |3 UHF 2823 URFE 25 K+ 2 PESPON )
MARISAT coche o gtz | o [ comn |7 vl P
Les 62 | 1,55 ¢z | L BAvD Y muz com HOBN
R DEsPON
ANIK 606t | dobtz | §x 3 /2 34 3¢ Mg PaedBoLIc -5
Fxd R & -wIPEBEAM FIXED ,
‘SATCOM b.o6Hz | o 6Hz2 20 %1 2¥ 39 - SpoT 36 mMH2 PARAB oLsC ~ 7
. 37 _MAWIAND |TO HH 2 FiXED
EMBS - ~ FPARAB oL/
/4.0 6z | /4.0 6H 2 Z 25 TAPAY 56 miz oL |
ENCS 20 6Hz |/606Hz | 133 2 37 o DESPUV |
. _ , 0 MAE | FraT PLATES
L0 GHE | Y0 6 | 4y ZhIT iy
/00 A4/ 2
LES-6 So0 mifa | 260 MKz 68 / 295 e
. . : TCO A1/ 2
CSATCOM oo Mz | 260 ylz | UNF LG\ 1 oH 2T ens fpifﬁz ?‘E:;ij;ur//ﬂfx’
o
.'\ o 6H2 |72 6H2 |SHF 30 |1 sHF | T/ SHF 10 MK E 48, /-¢’
: 162 | LT GHR 7 £ AW ;
AEROSAT V&l 2706 5 ‘ PIRD KELIY, |
50 6z |52 6HE |0, sg% SO KA E PRRABILC |
%
INTELSAT oo | soons |77 2 mwe semmz | Sreseame
v 0 6Hz | Y 4.3 55 /Z F45- S5 PRRABoC, g
Cow. Kol ‘
FLEETSAT 4,0
COM CLtASYIFIED
RCA HYBRID Yootz | 300 mil BN | 2017 OHE | goiene |\ DRSS
2.7 GHZE | 2.5 6Ha xd 9 25,35 SHF 250 KMz -
RCA DND ciasdIFIED
_ |75 x 43 Yy mie TWO STEERATLE
0TS I 6Hz | 1) 6HZ& 5 5 /20 mie | PARABoLIC - 77
.v. X35 g MmHE
| 59 40 L. |2 SrEeenviE
CTS 1Y 6Hz |12 6Hz2 | 2.5 2 g £5 mHz | paRABAIC- 3.5
PSPswivs
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IV

TABLE

SPACECRAFT CHARACTERISTICS

_ , EOL
- SYSTEM STAB. POINTING ATT. SENS DC ECLIPSE STATION
. TECHN. ACCURACY TECHN. POWER PERF. KEEPING
Deg. Watts %
~ EW onty,
MARISAT SpPIin T 068 v, EW EARTH, SUN 300 100 | wyprhRENE
' =z 2.5 °
‘ . 0./ EW _ Ew, WS
ANIK SpP/a/ L35 NS EARTH, SUN 250 /00 M YDRAZENE
2 205°
SATCOM oxis Tor Ew EARTH, SuN . 6_0' EW, AS
3 l /OO HYOPRAZENE
STAB. .2 VS RHATE &Y RO YT
> AXIS F 07 Ew WS | Eaerw, Son
EMBS STAB. - 7 ’ 767 — —
. EW, #S
EMCS SPIN TO.3 Ew, NS | Earr sou 420 Joo | Hyoeazeve
. - =z 2,/°
LES-6 SPIn Z EBRTY S 22O o £ 2.0, /00 £
PR M pAl B_GA.
' - Fuw ony
CSAT SPin #
2.3 Fw, ¥s | 24 "
.SM GYROSTAT 7 7 750 /0 ity
_ APPRIX ©3 EFw EWw vty
AEROSAT W7~ CHOSEY prreox o7 s YT cHeSEN 3wo-Yop SO /1:\3,227354/5
. . Fw, ¥ S
%\'\;TELESAT sp/n 2 135 EWNS | E arTH 365 . M yDEA EEVE
, Zos5°
FLEETSAT '
COM CeASSrFITED
' . Z, EW NS
RCA HYBRID SPIw o5 Ew ws | FORTH 60 © |\ rirnreve
(.2, 5/5) A+ )40
RCA R
DND cCe ﬁ.§5/,s/fb
3 AXIS EARTH SUN EwW, ¥5
S A T o2 EW NS ’ 5 R0 28 | Hrveazene
j STAB. 400
CTS 3 AXIS . EpRTH , SUb Ew oWy
20 EWWNS /
<TAP. E&w, N PUL o) HIYDEAEEWE

+0.3°
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TABLE V

COST AND COST ASSOCIATED ASPECTS

IC)PPZIE:S Jo SHF‘Vf/?S/ON/' m'ﬂx. DVPT cosT FoRr UNF VERS'IO/U ESTIMATED A7 )5},46/11

_GROUND COSTS _ $M

DESIGN - LIFE S/C COST $M OBSERVED
‘SYSTEM LIFE REALIZED “DVPT‘ COPY COMM & CONTROL TERM| DEFICIENCI
. (YRS) - (YEARS) '
MARISAT 5 oy /3.0| 7.0 /0 — N /A
! / . . v ra .
ANIK 7 377;‘\/;’]’:85” o0 | 7e WOT AVAILATLE | eeRss
()
SATCOM Jo vy /3o | /0.0 /S ~om o5 | V/A
MNOT N7 . |we7
EMBS J A/ gvar. \pvarn, |07 AVAVATLE  \auny, v
_ ey wvor
- EMCS 3 Yy . | Avase, WIT AVANABLE | 030 N /5
: S7i e OPT ' SOLAL.
LES-6 o P ¢ o |mor W/ win | e
t 5) - E/IRP LrsS
T T . 3, _ WUTATION -
COM f IO, 0 /-8 4/ g 030 | 7w7 prsenss
. DESPIN MOTD)
AEROSAT 7 /O oo | T.0 4. o o075 | N/A
~Va7 Vo7 : Vo7 L NOT
INTELSAT )
1y 7 Vo7 ayanageE  \avaie. | avan., .| YT AVAVAGLE 400 | avare,
EBPE,IETSAT CLASKSIF 74D ‘
RCA
HYBRID 7 WAﬂ 274 7.0 Y-8 028 7
RCA " i
DND . CLAaSEsFIEID
. o7y | o7 NVor
.OTS . 5 /\//F) Ao | s, NVoT nmgmgzg VAL, .
cTS ' Nor Vo7 :5'/'
ye /\///f.) AVAIL. ayAiL. WOT AYAIADEE | 0 /ﬂ//)
: 09
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TABLE VI

SCHEDULE AND CONTRACT DATA

FLT

DUPT DESIGN CONTRACT
SYSTEM PHASE HW ORIGIN TYPE COMMENTS
o (Mos..) (Mos.) . ,
DERIVED FIXKED PRVCE | | auyen FEB 75 ,
MARISAT | 2 G ALK INCENTIVE PTHER Slc Dscw’s AVAIL.
DERVWED FIXED PRICE LRVNCHED Mov. 72,
‘ ANIK /8 /8 INTELSAT 1V (VCENTIVE
~ DERIVED FIYED PRICE LAUWEY - Moy 75
SATCOM /5~/§ /R TIRCS INCEVTIVE '
Vo7 )wr LAVHCY LATE 76 &R
EMBS '8 /2 Ay IL. AVALL. . EpreY 77
DERIVED FIXED PRICE LAY FRLLE 74
EMCS /2 z NATS -3 INCENTIVE
’ . | cosT— Pzes /Au/l/g’ﬁ/fﬂ VLY ég
LES-6 )2-18 I3 - 78 ORIGC /WAL FIXED FEs JON-EW G VE YSED
‘CSAT . COST PLU D MAAONCHED  pr6. 67
¢ Y, ORIGIVAL -
COM Vs R FIXED FEE
: FIXED PRICE RBFP NOT wWEITTED
AEROSAT FO /57| ARTIAL JweEOTIE | P00 wor SIGnED-8FF
Ve 7 No7 . Ao 7.
INTELSAT . N ONE
IV AyasL. Avare | ERIGwAC Avale.
FLEETSAT :
: COM ) CLe¥SS 7 FIED
D «— 30> PaRTIAL W /A FERSIBIITY STUDY
“RCA 5 e
LASSIFIED
DND <
Q _ _ : ‘F/QEQ PRICE | tavwel! MAR 27
- <30 g FAR7TIAL IWCENTIVE
CTS . Novp7r - CPFF . [/QV/V?// DEC F5
R85 [ oRIGINAL  |MFE - FFT :

Jé
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