








separation of about 2 s. The resolution time of
execution of the first command is about 0.5 ms. A
program of delayed commands can be stored for
continued reuse since they are not destroyed when
used but are recycled into storage. It is unneces-
sary to use all of the 15 commands available in
either of the storage systems; zero bits can be
inserted to fill unused words so as to occupy the
storage completely, thus recycling all bits to their
original positions.

The DCS is of special importance in operating
the SAS-3 attitude control system. It allows
changes in attitude, such as spin-axis precession,
and spin-rate changes to be performed at any time
in the orbit rather than only when in radio con-
tact with the control station. It will also, for ex-
ample, turn on heaters and other housekeeping
systems at certain times in the orbit, such as at the
beginning or the end of a sunlit period.

Power System

The SAS-3 power system includes the solar
collector array, a nickel-cadmium battery, and a
charge control system. The solar array provides a
minimum of 63 W of orbit average power. The
battery has a nominal capacity of 8 ampere hours.

The charge control system uses a digital coulom-
eter that meters the Amin discharge and charge.
It is adjusted so that when 110% or 125% (as
selected by ground control) of the discharge power
has been returned during the charge cycle, the
array current no longer needed for battery charg-
ing is shunted by transistor power switches to
reduce the voltage on selected sections of the
array. Array current is allowed to continue to the
battery at a trickle charge rate. The charge con-
trol circuits are redundant and can be chosen by
command switching. A low-voltage sensing switch
is used to remove the battery from the load line
when the battery reaches 13.2 V. The nominal
battery voltage is 16.1 V.

The solar array blades can be rotated by ground
command to collect the sun’s energy efficiently as
the spacecraft attitude changes with respect to the
sun. In this way a relatively constant array power
is available at all attitudes. The rotation com-
mands need not be executed frequently, since the
aspect angles for good attitude are quite broad.

Thermal Control

An active thermal control system was used in
SAS-3 in addition to passive thermal insulations.
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Thermal louvers were installed between heat-
emitting elements (e.g., the battery and electronics
books) and a thermal radiator. The louvers are
similar to venetian blinds that open and close in
response to the temperatures of the thermal sen-
sors. When the louvers are open, heat is released
through a low-resistance radiation path to the
radiator. When they are closed, the radiation path
resistance is increased and heat is conserved.
Thus a relatively constant internal temperature is
maintained with changing internal or external heat
loads. Ground testing during thermal vacuum and
in-orbit results show that the system is operating
well and within the design specifications.

Launch Operations

SAS-3 was launched from the San Marco Equa-
torial Range off the coast of Kenya. The launching
platform (San Marco) and the range control plat-
form (Santa Rita) are located about 3 miles off-
shore in Formosa Bay, which is 18 miles north of
the town of Malindi. The Range is operated by the
Italian Government through Centro Ricerche
Aerospaziali (CRA), the Italian Space Agency,
which is administered by the University of Rome.
The Scout launching vehicle was transported to
Kenya via commercial shipping and unloaded at
the launch platform. The spacecraft and asso-
ciated test equipment were flown to Nairobi,
Kenya, by commercial air cargo and trucked from
there to the launching site. The spacecraft field
crew consisted of about 20 people from the Ap-
plied Physics Laboratory, 6 NASA project rep-
resentatives, and 10 representatives from M.L.T.’s
Center for Space Research. The field operations
lasted about four weeks and were accomplished
without serious technical difficulties.

In-Orbit Operations

The SAS-3 satellite celebrated its first anni-
versary of operation on May 7, 1976. Since the
launch, all systems have operated flawlessly, and
the performance results described in‘“The SAS-3
X-Ray Observatory” section have been outstand-
ing. The satellite has been operated by the NASA
Space Control Center together with the STADN
station at Quito, Equador. Personnel from the
Applied Physics Laboratory are on call for consul-
tation during any unusual operational problems.
There have been no failures in any system, and the
attitude control system has surpassed expectations.
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