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MILITARY COMMUNICATION SATELLITES

VIRGIL W. WALL
The Aerospace Corporation

Los Angeles, CA.

During the last decade military communication satellite systems have slowly evolved from
experimental programs to become an essential part of vital military communications. The
satellites now in the design and production phases for two major United States programs
will become an essential part of the United States Worldwide Military Command and
Control System.

Satellite communication offers several advantages that are not all found in any other
system. These advantages are:

• High capacity broadband services between any points on the earth within view of the
satellite.

• Rapid extension of service into remote areas without requiring large amounts of fixed
equipment on the ground.

• The high degree of survivability against physical or electronic attack.

The satellite communication systems about to come into being consist of two main major
types. The first, the Defense Satellite Communication System, is designed to handle
relatively large amounts of traffic between fixed and mobile ground stations. This program
has been implemented in two phases. Phase I, known as the Initial Defense
Communication Satellite Program, involved the launch of twenty- six small, lightweight
(100 lb.) spacecraft into near-synchronous orbit. Four launches using the Titan IIIC vehicle
placed twenty-six satellites in orbit, with the first seven satellites being launched in June
1966. The final launch for this program placed eight additional satellites in orbit in June
1968.

This program proved the feasibility and the usefulness of a satellite communication system
to handle unique and vital military traffic.

In order to simplify the design of the Phase I satellites, no provisions were made for
commanding them from the ground. Their orbital attitude depended upon the spin imparted
to each as it was released from the transtage. This spin stabilization has proven adequate



for orbital life times of up to six years without requiring ground commands. It was initially
planned to have no telemetry on board these satellites, but because of the crucial nature of
this initial program and the necessity for gaining information for the design of future
satellites, a simple telemetry system was specified. This system transmits on 400 MHz and
can be received by the remote tracking stations of the Air Force Satellite Control Facility.
Simplicity was a primary goal in the spacecraft design. Toward this end, the satellite
contained a single channel X-band repeater, together with a minimum state-of-health
telemetry capability. Power was provided by a solar array, but no batteries were utilized
for eclipse operation.

Of the twenty-six satellites developed and launched during this program, twelve remain
active. The initial design life requirement for these spacecraft was one and one-half years,
with a goal of three years life on orbit. The calculated mean mission duration at the present
time is six years.

Each of these satellites normally supports only one communication link connecting two
earth terminals. Each link has a capacity of from one to five duplex voice channels.

The second phase of the Defense Satellite Communication System employs spacecraft
much larger than the Phase I spacecraft. Each spacecraft is nine feet in diameter, ten feet in
height, and weighs approximately 1,350 lb. They are launched two at a time on the same
Titan IIIC vehicle used for orbiting the Phase I satellites. In order to concentrate the
transmitted power from the spacecraft on the earth, the satellite uses a platform which is
despun with respect to the outer rotating solar array and which is kept constantly pointing
at the center of the earth. In addition to antennas which cover the entire visible surface of
the earth, the satellite contains two “spot beam antennas” which produce beams of
approximately 2 - 1/2E. These antennas are steerable by command and can be made to
illuminate any portion of the earth visible from orbit. In addition to greater power, these
satellites have wide band repeaters, occupying the entire 500 MHz allocated for satellite
utilization. Figure 1 is a drawing of this spacecraft.

Because of this higher power and greater bandwidth, each Phase II satellite can be shared
by several earth terminals and many communication links can be established through each
satellite. This feature is called “multiple access” and permits the netting of many terminals
through the same satellite. Command control of the satellite is achieved by means of an on
board tracking, telemetry, and command (TT&C) subsystem which is compatible with the
Space-Ground Link System employed by the Air Force Satellite Control Facility located at
Sunnyvale, California. Most of the components of this S-band equipment are located on
the spinning platform; however, certain elements, chiefly those associated with the
communications and attitude control functions, are contained on the despin platform. The 



Figure 1

TT&C antenna is deployed from the aft end of the satellite and is attached to the spinning
section.

The first pair of Defense Satellite Communication System Phase II spacecraft were
launched in November of 1971. Both spacecraft worked well for a limited period.
However, one month after launch, a loss of power to the despun platform in the Number
Two spacecraft caused the despun platform to spin up and rotate at the same speed as the
body of the spacecraft. Because of the unbalance of the despun platform, the spacecraft in
this “spun-up” mode tipped 11E from its normal attitude. Because of a dynamics problem
not understood at the time of launch, it was found that this spun-up mode was an ultra-
stable minimum momentum vector configuration. The normal power to the motor
despinning the platform could not provide enough torque to bring the spacecraft back to
normal operation. Extensive analytical effort and many computer simulations determined
the problem and finally enabled the re-erection of the spacecraft to an operational
orientation. Following this sequence of events, other deficiencies appeared in the
spacecraft, and it subsequently failed. A major re-design activity was started on the
remaining four spacecraft in production. This re-design has been completed, and two of
these spacecraft are in final preparations for a launch in the fall of 1973.

AIR FORCE SATELLITE COMMUNICATION SYSTEM

As the result of research and development over the past several years to better utilize
military communication satellites, the Air Force has developed a program that employs
satellites with aircraft and mobile terrestrial forces.



The spaceborne portion of the communication system is the outgrowth of the LES-6
satellite orbited in 1966. This satellite had low data rate capacity in the UHF frequencies
but investigated the feasibility of aircraft to satellite communications. That experiment was
followed up in 1969 by the TACSAT I spacecraft, which expanded the experimental use of
the UHF band and went on to be used as an “operational” satellite. TACSAT enabled both
the Air Force and the Navy to develop procedures and evolve sensible requirements for
tactical satellite utilization. These experiments led to studies for further utilization of the
UHF band and provided the information for a “survivable satellite” implementation.

The UHF frequency, although obviously congested and continuously competing with the
commercial for frequency allocation, provides a means for early implementation with
operational military forces. Its military deficiencies are recognized for the long term but
are considered to be sufficiently understood to warrant operational system implementation
as soon as possible.

The backbone of the spaceborne portion of this Air Force system will be a portion of the
Navy FLTSATCOM spacecraft, as shown in Figure 2. This spacecraft is essentially
designed to satisfy a major portion of the Navy operational requirements (as discussed in
Capt. Reid’s paper on Navy FLTSATCOM program). The Air Force will use a portion of
the satellite capability to communicate with aircraft in the lower latitudes. The Air Force
program will supplement the FLTSATCOM capability by a family of piggyback
communication packages placed on appropriate mission satellites to provide
communications in the northern polar region.

The FLTSATCOM spacecraft will be controlled from the Air Force Satellite Control
Facility in Sunnyvale on an assigned S-band channel. The Air Force portion of the satellite
will consist of narrow band -use and will have a capability for Air Force/DOD wide band
users.

The non-orbiting segment of this Air Force program consists of terminals that are being
specially developed for aircraft installation. These same terminal modules can be
assembled and coupled with a suitable terrestrial antenna for small transportable earth
stations. The development of these terminals constitutes a major advancement over the
equipment that has been in the inventory almost since World War II.



Figure 2

U. K. AND NATO PROGRAMS

In the early 1960’s the United States and United Kingdom agreed that their military
communication requirements were similar and that it was in their mutual best interests to
cause the specific designs of their communication systems to converge. Particular
emphasis was placed on the future use of military communication satellites. Toward this
end, the U.K. signed a Memorandum of Understanding with the U. S. to utilize the drifting
IDCSP spacecraft. Thi s operation provided to the U.K. both operational traffic capability
and allowed them to determine more precisely, their long term communications
requirements. The outgrowth of their experiments led to the Skynet program. A similar
activity with the U. S. drifting satellites by NATO caused NATO to come to the same
conclusion. The outgrowth of that NATO experiment was the NATO II spac ecraft
program.

SKYNET I/NATO II PROGRAM

In 1966 the U.K. decided it was timely to procure an operational spacecraft. They
conceived a simple fully operational communication satellite system that would eliminate
much of their terrestrial HF equipment and would permit rapid deployment or removal of
terminals at hot spots in the Empire. SKYNET I was designed and developed to be the
space link in this plan. The first satellite was launched in November 1969. A second



satellite was launched in August 1970; this satellite failed when the apogee kick motor was
fired and exploded after three days of successful operation in the transfer orbit. The first
spacecraft suffered traveling wave tube failures and went out of operation in late 1971.

The U.K. also was interested in controlling its own SKYNET I spacecraft and requested
assistance from the U. S. to develop a station for this purpose. The Aerospace Corporation
developed specifications for a Telemetry and Command Station at Oakhanger, England,
which was fabricated by Radiation, Inc. The station successfully operated with
SKYNET I.

A spacecraft very similar in design to SKYNET I was procured for NATO with minimal
design changes that direct the antenna power towards the NATO area of interest rather
than providing worldwide coverage and adjust power to support the large NATO terrestrial
terminals. The first NATO spacecraft was launched in March 1970 and lasted until the
spring of 1972. The second spacecraft was launched February 1971 but has been
inactivated. Both U.K. and NATO operate their terrestrial terminals and their space
communication service with operational military personnel.

SKYNET II

The natural evolution of SKYNET II was a larger spacecraft with more communications
capability. It is very similar in design to SKYNET I. It is being fabricated under the control
of the Ministry of Defence (PE). The prime contractor is GE-Marconi Space and Defence
Systems at Portsmouth, England. A major portion of the design is being done by Philco-
Ford at Palo Alto, California. The Aerospace Corporation has a direct contract with
MOD(PE) for SETD support. This spacecraft is scheduled for launch in fall of 1973.
Figure 3 is a drawing of this spacecraft.

The United Kingdom Telemetry and Command Station at Oakhanger, England, developed
under the SKYNET I program, was modified to operate at the S-band telemetry and
command frequencies for SKYNET II. The technical aspects of this design modification
were developed at The Aerospace Corporation, and again the contract was managed by
SAMSO with Radiation performing the fabrication.

Follow-on activity to SKYNET II is now under way in the United Kingdom. This follow-
on activity centers around two courses of action: (a) a SKYNET III slightly larger and with
more capacity than SKYNET II, and (b) the utilization of the U. S. DSCS Phase II
spacecraft.



Figure 3

NATO III

As a result of the NATO experience with U.S. drifting satellites and the. increased
capability provided by their own NATO II spacecraft, it was decided in 1971 to proceed
with a NATO III spacecraft development. While continuing to operate in the 7 and 8
gigacycle range, the requirements for this spacecraft have been more specifically tailored
to satisfy the shipborne and terrestrial military requirements while attempting to minimize
the frequency conflict of the large microwave facilities that exists in the European nations.
The long haul NATO military requirement was satisfied by an earth coverage antenna that
encompasses terrestrial NATO, as well as the eastern portion of Canada and the United
States. This continues to tie together the headquarters organization in a manner similar to
that developed with the NATO II spacecraft and the European consortium forty foot earth
terminals. To improve small terminal capability with particular emphasis on
transportability and mobility, a second antenna requirement was placed on NATO III to
increase the radiation power in the terrestrial area and the adjacent coastal waters. In the
housekeeping aspects of the spacecraft design, it is essentially a slightly larger but very
similar NATO II spin stabilized design, as shown in Figure 4. The X-band communication
system has been tailored to accommodate to both the large point-to-point coordination
required among capitol cities, as well as military requirement for mobility. The frequency
assignment was a point of major effort; this was resolved by maximum utilization of the
exclusive satellite communication band. The remainder of the spectrum was distributed so
as to allow transportable units reasonable flexibility without disturbing established
commercial X-band channels. This satellite is planned for launch in the summer of 1975.



Figure 4

SUMMARY

In the last decade the status of military communication satellites has slowly evolved from
experimental to operational. True operational status has not yet been achieved but the
spacecraft now in the design and development stages are fully intended for that purpose.
Within this decade the transition must be made from glamorous orbital communications
experiments to routine dependable space communications. A major factor in this transition
is long term dependability and a confidence and understanding on the part of the
operational organizations.

 


