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PREFACE }

The Seasat satellite was launched at 01:12:44 GMT on 27 June 1978 from the
Western Test Range at Vanderberg Air Force Base, Lompoc, California. The space-
craft vas injected into Earth orbit to demonstrate techniques for global monitor-
ing -t the dynamics of the air-sea interface and to explore operational applica-
tior.,. To achieve these objectives, a payload of sensors emphasizing all-weather,
active and passive microwave capabilities was carried on the satellite. The
mission was prematurely terminated on 10 October 1978 after 106 days of operation
by a catastrophic failure in the satellite power subsystem.

Major mission accomplishments were:

(1) Demonstration of the orbital techniques required to support the
mission and sensor operations.

(2) Demonstration of the simultaneous operation of all senmsors for
periods of time significant to global monitoring.

(3) The collection of an important data set for sensor evaluation and
scientific use.

The early mission termination precluded:

(1) Demonstration of the planned operational features of the end-to-end
data system.

(2) Collection of a global data set to meet overall geodetic and sea-
sonal objectives and plans.

This report, in four volumes, includes results of the sensor evaluations
and some preliminary scientific results from the initial experiment team activi-
ties. Scientific and applications studies will continue through FY 80, and will

be included in the final version of this report.

)
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ABSTRACT

The Seasat Project was a feasibility demonstration of the use of orbital
remote sensing for global observation. The satellite was launched in June 1978
and was operated successfully until October 1978. At that time, a massive elec-
trical failure occurred in the power system, terminating the mission prematurely.

Volume II of the Final Report treats the Flight Systems used in the mission.
Included are descriptions of the satellite and launch vehicle and a discussion
of the satellite test program, the GFE plan, and launch operations. This is
followed by a system performance sectinn and a contract summary. Finally, each
sensor and the associated algorithms are described, and the techniques for sensor

management are explained.
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SECTION 1

INTRODUCTION

This vplume contains descriptions of the elements that formed the Seasat :
flight systems. Included are sections devoted to a description of the satellite, 3
details of the satellite development and acceptance test program, and information
concerning the utilization of the Government Furnished Equipment (GFE). Also
part of this volume are descriptions of: (1) Seasat launch operationms; (2) per-
formance of the satellite after launch; (3) sensors that collected data for the
Seasat experimen*s; and (4) the launch vehicle that placed the satellite into
Earth orbit.

The Seasat flight vehicle (Figure 1-1) was launched from Space Launch
Complex-3 West (SLC-3W) an the Vandenberg Air Force Western Test Range (VAFBWIR)
at 01:12:44 Greenwich Mean Time (GMT) on 27 June 1978. The flight vehicle con-
figuration consisted of a modified Atlas F booster, a mission-peculiar inter-
stage adapter, a refurbished 305-cm (120-in.) diameter nose fairing, and the
Satellite Vehicle System (SVS). The SVS (Figure 1-2) included a booster adapter,
Agena, sensor module, and Sensor Module Support Structure (SMSS). The Agena
functioned as the upper stage of the launch vehicle and also as the satellite
bus.

The launch vehicle objective was to deliver the SVS to a pre-determined
state vector, separate itself and the booster adapter from the remainder of the
SVS, and then back safely away. All aspects of the launch vehicle objective
were successfully accomplished, /fh\

L
4

SENSOR MODULE
(LMSC)

120-inch FAIRING
e—" (LMSC)

SENSOR MODULE SUPPORT STRUCTURE

(LMSC)
AGENA
(LMSC)
BOOSTER ADAPTER ;
INTERSTAGE ADAPTER
(LMSC) 3 / (GDC)
MODIFIED ATLAS F BOOSTER
e (G0C)
{
-,V

B

Figure 1-1, Flight Vehicle Elements
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STA 495

SATELLITE BUS
ASSEMBLY

STA 47

STA 164

' /

TANK SECTION

FORWARD SECTION

SENSOR MODULE
SUPPORT STRUCTURE

BOOSTER ADAFTER

Figure 1-2. Booster Adapter, Agena, and Sensor Module Support Structure Details

The objective of the Agena orbit injection system was to deliver the SVS
from the separation state vector to the desired final orbit conditions in the
correct orientation (Figure 1-3). This objective, which required a 90-deg roll
maneuver and two burns of the Agena main propulsion system, was also success-
fully accomplished.

The Seasat nominal orbit was selected to completely survey the Earth's
surface in 5 month's time with a near-repeat of the orbit trace on the Earth's
surface every 3 days. On~orbit attitude control was provided by a combination
of gravity gradient stabilization, horizon scanners, and momentum wheels with
magnetic desaturation. The mission objectives included: (1) demonstration of
techniques for global monitoring of oceanographic phenomena and features from
space; (2) provision of oceanographic data for application and scientific users;
and (3) determination of key features of an operational ocean dynamics monitor-
ing system. These Seasat objectives were derived from overall National Aero-
nautics and Space Administration (NASA) applications objectives and, in particu-
lar, from the objectives of the NASA Earth and Ocean Dynamics Applications
Program (EODAP).

1-2
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To accomplish the stated objectives, the Seasat spacecraft carried five
sensors. With their individual objectives, these sensors were as follows:

(1) The Radar Altimeter (ALT) measured wave height at the subsatellite
point and the altitude between the spacecraft and the ocean surface.
The altitude measurement was precise to within 210 cm (4 in.). The
altitude measurement, when combined with accurate orbit determination
information, produced an accurate image of the sea surface topogra-

phy.

(2) The “easat Scatterometer System (SASS) measured sea surface wind
speeds and directions at close intervals from which vector wind
fields could be derived on a global basis.

(3) The Scanning Multichannel Microwave Radiometer (SMRR) measured wind
speed, sea surface temperature to an accuracy of *2°C, and atmos-
pheric water vapor and liquid water content.

(4) The Synthetic Aperture Radar '(SAR) was an imaging radar that provided
images of the ocean surface from which could be determined ocean
wave patterns, water and land interaction data in coastal regions,
and radar imagery of sea and fresh water ice and snow cover.

(5) The Visual and Infrared Radiometer (VIRR) objective was to provide
low-resolution images of visual and infrared radiation emissions
from ocean, coastal, and atmospheric features in support of the
microwave sensors. Clear air temperatures were also measured.

The sensors and their mounting structure comprised the sensor module. The
sensor module was supported above the Agera by the SMSS. The Agena functioned
as the upper stage of the launch vehicle and as a bus for the satellite. The
Agena included provisions for furnishing electrical power, attitude control, and
orbit adjust capabilities for the SMSS for the duration of the mission.

The Seasat launch was scheduled to permit the collection of data coincident
with a variety of oceanographic research activities using ships, aircraft, and
instrumented buoys. Data from these various sources were correlated in a "sur-
face truth" operation to verify the accuracy of the Seasat data and to assist
in the development of appropriate algorithms for converting the Seasat measure-
ment data into useful physical information.

While the horizon scanners experienced sensor anomalies, pointing accuracy
was maintained to the degree required to meet most sensor requirements most of
the time, The SASS requirements, were met more than 60 percent of the time.
Flight anomalies included:

(1) Failure of two pairs of thermostats.

(2) A power management problem that resulted in battery voltages below
acceptable levels for a portion of an orbit.

(3) Failure of the VIRR at the end of 52 days of operationms.

1-4
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(4) The flight-terminating failure that appears to have originated in,
or near, the solar array slip rings.

Other activities of this project are documented in separate volumes of
these sources:

Volume I Program Summary
Volume III Ground Systems
Volume IV Attitude Determination

Abbreviations and acronyms used in this volume are defined in the
appendix.

N R 2 P T S P v OO e 4

R i il

o Y




- ~ e B

SECTION II

SATELLITE DESCRIPTION

A, GENERAL

This description has been grouped into four parts: (1) the spacecraft or
bus (basically the Agena and SMSS with attendant subsystem elements); (2) the
sensor module (exclusive of the sensors); (3) the SAR antenna; and (4) the
fairing. The sensors and other payloads, including the ALT, SASS, SMMR, VIRR,
SAR, SAR data link, Tranet (tracking network) beacon, and Laser Reflectometer
Asgembly (LRA) are described in the GFE plan presented in Section IV. Although
the NASA standard transponder was also GFE, its functional description is given
in this section. Each sensor is also individually described in Section VII.

The spacecraft bus used an Agena to perform the ascent propulsion and
attitude control functions. Orbital functions were provided by appropriate
structural, communications, command, data handling, attitude sensing, attitude
control, electric power, and thermal control subsystems for long term support of
the sensor payloads (Figure 2-1). The basic Agena is a multistart upper stage
vehicle using a pump-fed liquid bipropellant rocket motor. Figures 2-2 through
2-4 show the major components of the Orbital Insertion System (0IS), Ascent Con-
trol System (ACS), and Orbit Adjust System/Reaction Control System (OAS/RCS),
respectively. Two Agena rocket motor burns were required for this mission. The
booster was an Atlas F strengthened to accommodate the heavier upper stage loads.
A 3-m (10 ft) diameter fairing was used that covered the complete payload/Agena
upper stage. The Atlas used radar tracking and radio guidance to correct a pre-
programmed autopilot and to provide various guidance discretes.

The Agena used a pre-programmed sequence of events with first and second
burns terminated by a velocity meter. The first burn placed the Agena into a
Hohmann-type transfer orbit with the perigee at 185 km (100 nm) and the apogee
at 790 km (426 nm). The second burn, at transfer orbit apogee, essentially cir-
cularized the orbit. The ascent sequence was a pre-launch nominal sequence that
was stored in and executed by the Command Processor and Central Timing Units
(CTUs), both of which were used for active redundancy. Operation of the CTU was
initiated in flight by an Atlas discrete to compensate for pre-launch uncertain-
ties in flight-time-to-booster apogee. The satellite remained in the pre-
launch-stored CTU command control during the first approximately 4000 s on orbit.
During that time, the satellite was maneuvered from the ascent horizontai
attitude to the vertical orbital attitude and the planned deployments completed
(see Section V). Subsequent satellite control was achieved by commands trans-

mitted from the ground.

Figure 2-5 is a functional block diagram that shows the major components
of the Atlas F, booster adapter, fairing system, bus, and sensor module. In
general, the GFE components were mounted on the sensor module with the two
NASA standard transponders (NSTs) being mounted on the SMSS (a part of the
bus). The two Ithaco scanvheels (orbit attitude sensors) and the two orbit

antennas, although a part of the bus, were mounted on the sensor module.
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B. BUS

The following paragraphs describe each of the bus subsystems. In general,
the bus consisted of that structure and equipment that extended from the Agena
engine cone forward to, but not including, the sensor module (Figure 2-1). The
major structural components were the aft rack, tank section, forward rack, and
SMSS.

1. Electrical Power Subsystem
This subsystem consisted of the following major components:
(1) Solar array assembly (2).
(2) Solar Array Drive Electronics Unit (SADE).
(3) Main Power Control and Distribution Unit (MPCDU).
(4) Charge controllers (2).
(5) Batteries (2).
(6) Power Conditioning and Logic Assembly (PCLA).
(7) Aft control and instrumentation box.
(8) Bus pyro control unit.
(9) SMSS pyro control unit.

These components are discussed in the following paragraphs. Photographs of
selected components are shown in Figure 2-6.

a. General Description. Electrical power of from 24.5 to 32 V dc was
provided to the satellite subsystems and sensors using solar arrays and recharge-
able batteries. Figures 2-7 and 2-8 are block diagrams of the power system and
MPCDU, respectively. During ascent, satellite power was totally provided by the
two batteries. Once normal vehicle orbital attitude was achieved, the two solar
arrays were deployed on command and assumed the load, including battery charging
until eclipsing occurred. A Charge Current Controller (CCC) was provided for
each battery to control the charging rate and maximum voltage as a function of
battery temperature. Commands were available to provide manual charge control.
Solar tracking by the array was powered by the Solar Array Drive Electronics
(SADE), which used the error signal generated by the sun sensor on each wing to
control the array drive motor speed.

Power, instrumentation, and sun sensor signals were' brought in from each
solar array wing through a slip ring assembly (power transfer unit), which was
coupled with the drive motor assembly. Commands controlled the rotation direc-
tion, dark angular rate, and initiation of fast rate. Power to the satellite ,
subsystems and sensors was distrik .-=d, fused, and controlled in the main power
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transfer switch, which connected the batteries to the 28 V dc bus, the 115-V rms,
400-Hz, single-phase inverter for the velocity meter counter and the necessary
current and voltage monitors. Also located in the MPCDU were the solar array
panel disconnect relays and the CCC backup manual charge control relays. Regu-
lated *28 V dc power for the ascent guidance system, sensors, and instrumentation
was provided by four dc-dc converters. The coatrol logic for these units was
also in the MPCDU. The converter distribution and control logic is shown in
Figure 2-9.

The aft control and instrumentation box contained the engine control logic
and instrumentation signal conditioning. It also contained the engine start can
pyro control logic, fusistors, and safe/arm plug. The bus pyro control unit
contained the pyro control logic, fusistors, and safe/arm plugs for the solar
array deployment pin pullers, fuel and oxidizer dump valves, helium control
valve, Tranet beacon antenna and orbit antenna 2 deployment pin pullers and
the VIRR deployment pin pullers, pin pullers for the four SASS antennas, SAR
data link antenna deployment pin pullers, and the SAR antenna deployment
restraint and rotation release mechanism pin pullers.

The PCLA contained signal conditioning circuits to provide compatibility
between the satellite analog and bilevel instrumentation and the Telemetry and
Sensor Interface Unit (TSU). The instrumentation included sensor external
temperature monitors, other non-sensor temperature monitors, deployment position
potentiometer outputs for antennas and solar arrays, voltage monitors, -and
bilevel monitors for command verification of satellite housekeeping functions.
The PCLA also contained the tape recorder control logic steering diodes and the
SAR data link power relays contrclled by the SAR Enable/Disable (S<i) 3-day
timer.

b. Primary Power System. The primary power source for the satellite
was the solar array, which consisted of two modules (wings) mounted on either
side of the aft rack. With the vehicle in the normal orbital attitude (sensor
module pointing toward Earth) and the solar array deployed in the X-Y plane, the
wing axes were aligned 40 deg ahead (toward the direction of flight) of the
+Y axis and 40 deg behind the ~Y axis (see Figure 2-10). The wings tracked the
sun through 360 deg about each axis and, in addition, could be commanded to
rotate either clockwise or counterclockwise.

Each wing contained 11 panels (Figure 2-11). The average power output
capability of the solar array was expected to vary during the life cof the
satellite because of the seasonal intensity of the sun, the angle to the sun
(beta angle), eclipse periods, and various factors that would tend to degrade
the power output capahility of the solar cells. During full sun the solar
array supplied power to all the loads as well as charging the two Type 40
nickel-cadmium batteries. The batteries supplied the total satellite load
requirements during eclipse and also supplied the surge loads that exceeded the
solar array instantaneous capability. As the charging process was approximately
90 percent efficient, the solar array had to provide for this additional loss.
All of these factors were considered in the solar array design. Figure 2-12
shows the power system's average load support capability during the 1-year
mission.
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Figure 2-10, Solar Array Rotation Definition

Charging for each battery was controlled by the corresponding CCC, which
was configured to charge at two rates by the use of two relays, K1 and K2.
Relay K1 connected a maximum of four solar array panels to the battery and
relay K2 connected a maximum of five panels to the battery. Each relay had a
driver circuit that sepsed battery temperature and terminal voltage. The relays
were normally closed, permitting the battery to charge. The relay K2 circuit
was set to open at a lower voltage than that of relay K1, decreasing the charge
rate as the battery approached full charge. The relay K1 circuit was set to
interrupt all charging at a slightly higher voltage. The temperature-sensing
circuit had the effect of lowering these voltage set points as the battery
temperature increased, so that at cooler temperatures the battery could be
charged to a higher voltage without excessive oxygen generation with its atten-
dant pressure and heat buildup.

The maximum operating temperature was 98°F and a separate temperature-
sensing circuit terminated charging irrespective of voltage. A similar rela-
tionship existed for relay drop-out (resumption of charging). When the space-
craft enicered an eclipse, the batteries would assume the load and start to
discharge, and the voltage would drop. First relay K1 would close and, as the
discharge continued to drop the voltage, relay K2 would also close. As the
spacecraft emerged from the Earth's shadow, the solar array became illuminated,
charging was initiated, and the cycle repeated. Figure 2-13 shows the CCC
operating curve and the temperature/voltage relationship for the operating
points of relays K1 and K2.
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Figure 2-14 is a simplified schematic diagram of the primary power control 5
system (solar arrays, batteries, CCCs, and power switching logic). The assign-
ment of solar array panels to the K1 and K2 relays of each CCC {s shown. It can
be seen that panel 1 of each solar array was connected directly to the Ki relay
of its CCC, while panels 9 and 10 were wired through separate disconnect relays
(K28 and K34) directly to the battery diode bus, bypassing the CCC and the
battery isolation diodes. The latter four panels furnished power to the satel-
lite loads (unless their relays were open), but could not charge the batteries.
Of the remaining eight panels that were controlled by both the CCC and discon-
nect (on/off) relays, four plus panel 1 were from one array and five were from
the other. The net result was that Zn each CCC, relay K1 controlled from one
to four panels and relay K2 controlled from zero to five panels, depending on
the position of disconnect relays K29, K30, and K37 for CCC 1 and K31, K35, and
K36 for CCC 2. 1In this way, part of each solar array supplied each battery.

Because the solar array output could vary over its 1-year mission by as
much as 37 percent of its beginning of life (B0OL) output, the solar array was
configured to generate at BOL 1.37 times a’s much power as was actually required.
This excess power could charge the batteries at an excessively high rate and
cause them to reach maximum voltage too early. For this reason, the panel dis~
connect relays were provided. Using these relays, it was possible to reduce the
number of panels supplying the K1 and K2 relays early in life, during the season
of high sun intensity and periods of low load demand. In this manner, the
disconnect relays could effectively trim or balance the power available with the
load. The design intent was for the batteries to reach essentially full charge
just before going into an eclipse. During eclipse, the batteries would normally
be discharged by an additional 12.5 percent of capacity.

C. Power Management. Analysis techniques, augmented by real-time (R/T)
and full-revolution flight data, were the basis of power management. Satellite
activities were pre-planned based on analytical results that determined the
sensor duty cycles that could be safely maintained, as shown in Figure 2-15,

The power profile program was used to calculate the maximum load that could be
supported as a function of solar beta angle (date}, as shown in Figure 2-12.
Satellite and sensor orbit average loads were determined by on-orbit measure-
ments. The criterion for satellite operation was that the power available was
to exceed the power required by the margin of the combined uncertainties of both
calculations. In actual practice, this system of management experienced criti-
cal limitations that resulted in an undervoltage condition during the first low
power period. This situation is discussed in the following paragraphs.

Battery State-of-Charge Determination. The R/T statusing of satellite
voltage and current, and battery voltage, current, and temperature measurements
provided only a coarse check of the batturv capacity. This was because of a
characteristic of nickel-cadmium batteries where voltage does not appreciably
change as a function of battery capacity unless the battery is almost fully
charged or discharged, as shown in Figure 2-16. For example, the difference
in battery voltage from a 25- to a 75-percent discharged battery was approxi-
mately 1.0 V. The change in voltage for a change in load from 7 to 15 A at a
constant capacity was 0.5 V. For a change in temperature, a different set
of curves was required, as was the case for batteries being charged. Also,
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Figure 2-15. Power Management Functional Flow Diagram
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after a battery had been operated over a certain capacity interval for a period
of time, the state-of-charge for a given voltage generally decreased, resulting
in overall lower capacities as a function of voltage. However, if a K2 relay
was open during a R/T pass, a more accurate estimate of capacity was posaible
and, in fact, this condition prior to eclipse entrance would indicate a normally
operating system. Because, however, the R/T passes often did not cover the
period just prior to eclipse entrance, quick turnaround data was required on a
daily basis during critical power times (e.8., low power periods and satellite

maneuvers. The availability of this data was planned for within 6 h of ground
capture.

K1 _and K2 Set Points. The opening and closing set points for relays K1
and K2 are shown in Figure 2-13 for a battery tcmperature range of from 30°F to
90°F. These set points were changed from the origirally proposed design, which
had the minimum operating temperature of 40°F. The batteries were to be main-
tained at or above this tomperature by heaters. Subsequent analysis of maximum
voltage effects, power consumption, and thermal design showed the following:

(1) The maximum voltage at the sensor interface could exceed 32.0 V
(specification 1limit) by approximately 0.2 V fcr the ALT, SAR elec-
tronics, and Tranet beacon at 40°F at the K1 open set point.

(2) Power consumption essentially matched power availability at the
fourth low power point (Figure 2-12),

(3) Power could be saved by lowering the battery operating temperature
to 30°F, reducing the heater duty cycle.

The decision was made to extend the CCC operating range to 30°F using the
K1 and K2 set points originally set for 40°F, and to maintain the same slope for
all four curves. This approach had the advantage of requiring a minimum change
to the existing CCCs that were planned for the program. It was additionally
shown that for most solar beta angles, the expected battery temperatures were
greater than 40°F, and that battery temperatures less than 40°F, which would
require a larger battery heater duty cycle, would occur when excess power was
available. Finally, operating temperatures of 30°F were never expected, elim’-
nating the concern for overvoltage conditions. However, the result € shift’ue
the K1 and K2 curves and maintaining the same slope was that at the .:pected
operating range of 40°F to 45°F, the maximum state-of-charge possible was
reduced from the proposed values. The original intention was that relay K2
would open at 90 percent state-of-charge at 40°F. For the adjusted conditions,
the corresponding state-of-charge was 80 to 85 percent with relay K1 opening at
approximately 90 percent.

Power Profile Program. This program had been originally used in .%e power
subsystem design analysis, which determined the need for addition of t'e eleventh
panel to each solar array wing. This program was rewrit®en to incorpor:i. a
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battery model that had been developed from initial development funds by the
Electrical Power Systems Department at LMSC. This model used the latast
laboratory-measured battery charact:ristics to determine charging and discharging
efficiencies as a function of battery temperature and charge current. Power
system condi’ fons were calculated for 2-deg steps around the orbit. Energy was ;
added to or taken from the batteries depending on the calculated power available, |
with satellite loads specified as variable., Array tracking was simulated for i
each step to provide correct available power. The operation of relays K1 and K2
was also simulated. By an iterative process starting with a condition of excess
power, it was possible to determine for a specified date (the correct solar beta
angle was automatically calculated) the maximum capability of the system; i.e.,
that load which would result in relay K2 opening just at eclipse entrance. | :
Iteration (using an i ¢ 2asing load) was necessary as it had been determined ‘
that calculated avails" .e power was reduced as the load increased and approached
capability (less power was available as the average system voltage decreased,
all cther things being cqual).

2. Attitude Determination and Control Subsystem

The attitude determination and control subsystem consisted of the
following:

ai oy o

(1) Scanwheels (2).
(2) Gyro Reference Assembly (GRA).

(3) Augmented Electronics Assembly (AEA).

(4) Reaction Control System (RCS). 2 i
(5) Control Logic Assembly (CLA).
(6) Roll Reaction Wheel (RRW).

(1) Pitch Momentum Wheel (PMW).

(8) Magnetic Control Assembly (MCA).
(9) Electromagnets (3).

(10) Magnetometer.

(11) Sun aspect sensor assembly.

Attitude control required two modes of operation: (1) a mass expulsion
system for ascent and orbit adjust and (2) a gravity gradient and momentum bias
system with magnetic desaturation for long term orbital use. Attitude determina-
tion for sensor data use was obtained by ground processing of the appropriate
attitude control inputs®and the sun aspect sensor outputs. The two attitude
control modes are discussed in the following paragraphs. Attitude determination

B T ST N SR 7
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for sensor use is described in Volume 1 of this report. A block diagram of the
attitude control system is shown in Figure 2-17.

a. Ascent and Orbit Adjust. This mode of operation used hydrazine
thrusters for attitude control. A description of the hydrazine thruster modes
and control during Agena main engine burn-in is given in Paragraph 4. Attitude
determination for control purposes was provided by the horizon scanners, which
output a continous pitch and roll error signal. As shown in Figure 2-17, these
signals (error voltages) were input to the AEA along with the output signals
from the GRA (roll, pitch, and yaw attitude errors). The AEA also provided the
scanwheel pitch and roll errors to the respective gyros as gyro torquing com-
mands. The roll error was summed with the roll gyro output and with the sign
reversal, and was input to the yaw gyro as a torquing command. This gyro
compassing mode provided a bound on yaw gyro drift because roll and yaw errors
were coupled, when the vehicle was pitching over at a constant rate (the orbit
rate) necessary to keep one coordinate of the vehicle pointed to the center of
the Earth. The vehicle response to these commands provided for removal of
these errors. This response was obtained by the AEA, which received the gyro
error signals as inputs and provided pulse commands as outputs to the appro-
priate hydrazine thrusters (Figure 2-18). The AEA integrated the horizon
sensors (outputs), GRA (inputs and outputs), and the hydrazine thrusters
(inputs). Mode change commands and manual hydrazine commands (e.g., orbit
adjust thruster burns) were also provided from the Command Processor Unit (CPU)
through the AEA. Figure 2-19 is a sketch of the guidance module assembly.

b. Orbit Attitude Control. Orbit attitude control was pertormed by a
momentum management system that used wheels and electromagnets (Figure 2-20) to
maintain the orbit attitude of the satellite with the long axis locally vertical,
providing gravity gradient restoring torques abou* the pitch and roll axes
(Figure 2-21). Disturbance torques caused the vehicle to accumulate angular
momenta. These were absorbed by massy wheels, oriented with their spin vectors
along orbit axes, executing rotation speed changes (Figures 2-22 and 2-23).
Photographs of selected components are shown in Figure 2-24.

Seasat carried a 20.3 n-m/s (15 ft-1b/s) momentum wheel on the orbital
pitch axis (Figure 2-22). The PMW rotated at 2210 rpm in a direction that
extended its momentum vector in the minus pitch direction; i.e., the same sign
as the orbit rate vector. The PMW was modulated $10 percent about the 2210 rpm
point to dampen pitch disturbances.

Pitch and roll attitude errors were detected by a combined conical-scan
horizou sensor and momentum wheel termed a scanwheel. Two scanwheel assemblies
were used, designated as the Left Scanwheel Assembly (LSWA} and the Right
Scanwheel Assembly (RSWA). These assemblies were mounted and operated so that
their spin vectors were in the plane containing the pitch axis and additive in
the negative pitch directicn. The vehicle pitch momentum bias was therefore
the sum of that created by the PMW and the pitch components of the scanwheels.
The term component is appropriate since the scanwheels were canted 26 deg down
from the local horizontal. The momentum vector of each scanwheel therefore
could be resolved into a pitch and yaw component. Because of the cant angle
and the rotation direction that created a common pitch vector, the scanwheel

2-21

—— I - - - . w -

e e e & st & o Rbe aa oo - P s i ey et L R S R b g B e teey L. . g il o




wa3sLs TOIjuo) SPpnITIIV

*L1-g 2and14

NOILVYNIWY13Q

aniily

m
w
m.,
w _
; WIdL OGNV
W , NOHVINLYS XD TYMLIOS
& SIINOYW _ —.l ANNO¥S
! SATWIBSY _ () 133HMm | | (mwa) 133Hm e e | s e s
i 1INOYWOULDITI i 133 | |wninawow | [Raanmeewos | [asmmvas| [2enusty
- 10y HOLI4 1HON [¥E) | jm« NOUVIO1
m _ , ] HOL1d NnS
" SINOUL
w (voW) _ w13) _ $JINO¥IDIN b4
m AMWISY ATBWISSY _
M $1IWOL TO¥LNOD 1901
w SINOVW NIINOVW J0¥INOD _ —t ——
W X _ 1 | [
J WISAS FALINOLINOVW _ - — —
; SYOSN3S 1D3dSY NNS
il |
10UINOD WNINIWOW NVWWOD
(q1 ¥) SUILSNBHL Id
1SNFAV 119%0
Koy ||
| ) ok e I e
NOILDINNI 5INO¥IOINI 10N ‘HO1ld
” QIUNIWONY JRS—— _
: YOSNIS
” 30N11LLY 170¥
V_HJMLA ANV HOIld NOZISOH |
3
| TR r————-
M AOUINOD JOLVNLDV :
.m SHOLVYNLOV i
m INION3 SINIAD _ ] |
INton3 ¥AUNNOD  |od  ¥ILIW ALIDOTIA [ | unnomiwiL
VN3OV ANYWWOD WAQ wviola | pire
4JOLNHS 3950%
IO 1 ] SRwwwos
¥3L4IANOD |
2a-2a

TO¥LNOD NOILDIMNI GNV INIISY

2-22




T

ke

x

bttt aaits

.- TS

wa3s{s TOIJUO) JUDOSY

*81-¢ 2an3d1yg

:3 cs T -
sslm oz, s M ) NOILV¥TIIDIV
< __ Z._. 1+5%2 L+ 2o WNOIS _
= = o N JOLVINWN DDV WNIGNLIONOT
: ™ Lash by z;%%_%uw. -~ AV lad 1220V JI. TIDIHIA
. a3NIvo 38-01
VA mmu - L “ A1DOTIA
|.|N 1 Hnav._ ~ i\n L+ $1 23y
. hy 7 {+ 10 MvA 1im 1oy |
¥ °ON O¥AD + - H i
IAVA SVO A O1INI X '
I~ - '._ vy | 9+ KT+ ]
z A0 N $3BWISSY
u_.lq 7 e - Nt — H TIIMMNYIS
- - M N .
1°ON ' "
IATVA SVO Lot 1
3y, —o—a _ HOLId
N DOQ _ |\ — + mL. %
€ ON Y e A L+ 1D 110Y b | ‘
IAWA 8 “ _ _
svO - To¥ a
! |
(4 90 | 1+ 52 i
S *ON > /1 L+ 12
IATVA SVO WSH
1
-!._ﬁ — HOLd e | |
bea | 4 5y O¥AD +
: s o—{4) (o
m>~<>.mww % /1 [+ 10 Owwﬂ__ AN L H O HOId  [Tof
A F— &
FOLVNLOV HOLId
Ym |, Ym
z +5 N+Nm —+w¢.~. _.+m—h. ‘o
" 1+l t+slyls .

2-23




- i i e e b L e e
A W TN TR ————

174 5
2

REFERENCE
ASSEMBLY

GYRO

VELOCITY
METER
COUNTER

Guidance Module Assembly

;E s >
Yo = Z .
=
=0Qwao Oxa
0250 NO=
a%=s3 x24 .
O5wv o
Ing Pty
[
~
[}
v
2
-
au fx
52
SES
OuUE
-l ]
TT<




-

—

PITCH MOMENTUM WHEEL (PMW)

SCANWHEEL
ASSY (SWA-B)

TORQRODS

S m&NHOMETER
CONTROL LOGIC ASSY (CLA) MAGNETIC CONTROL ASSY (MCA)

YAW

Figure 2-20. OACS Block Diagram

yaw momentum components were opposite in sign. Then, if the scanwheels were
equal in speed, the net yaw momentum was zero.

To optimize their attitude determination functions, the scanwheels had an
operating point of 900 rpm, and the nominal excursion was +300 rpm with a
500-rpm lower limit. At 900 rpm the scanwheels each had 2.6 n-m/s (1.9 ft-1b/s)
of momentum. Given the 26-deg cant, each wheel developed 2.3 n-m/s in pitch and
1.1 n-m/s in yaw.

Roll torques were produced by speed changes in a reaction wheel (2.3 n-m/s
(1/7 ft-1b/s) at 1800 rpm) sited with its spin axis along the vehicle orbital
roll axis. 1In an ideal vehicle, the RRW would be at zero rpm for zero roll
attitude error, and would accelerate in either direction as appropriate if an
error was detected. The Seasat RRW was intended to operate at a biased operating
point of 300 rpm counterclockwise (as viewed by an observer looking in the +X
divection) to compensate for an expected principal axis offset. Fifteen other
pre-set bias speeds wure available and could be commanded in flight to compen-
sate for possible other bias torques.

As previously stated, pitch and roll attitude errors were detected by the
horizon scanner function of the scanwheels and were automatically used in the
control of the vehicle, as well as being telemetered. The sun sensor system was
only used as telemetered data to provide a ground computation of yaw attitude.
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Figure 2-21. O0ACS Component Configuration
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8 = 26° i pc
Ms
+Z ORBIT YAW
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RIGHT SCANWHEEL

MAGNETOMETER

-—-—Q 8

(PITCH)

(ROLL)

R B, (YAW)
X +Y
Xt axis % +X AGENA BODY - rena
(FLIGHT DIRECTION) +2 ORBIT 8ODY

AXIS

e —————

LEFT SCANWHEEL

+Z AGENA BODY
~Y ORBIT AXIS

ELECTROMAGNETS
ASSEMBLY TRIAD

1. ORBIT ROLL AXIS MAGNET

2. ORBIT PITCH AXIS MAGNET

3. ORBIT YAW AXIS MAGNET

4. CONNECTORS AT POSITIVE AXIS END )

THE SPIN AXES OF THE PMW AND THE RRW ARE PARALLEL TO THE SATELLITE ALIGNMENT REFERENCE AXES AS
SHOWN WITHIN 0.07 degree, THE MAGNETS AND THE MAGINETOMETER ARE MOUNTED WITH THEIR AXES
PARALLEL TO THE VEHICLE AXES WITHIN 0.5 degree. IDEALLY, THE MAGNETS SHOULD BISECT EACH OTHER
AND BE ORTHOGONAL, THE MAGNETOMETER AND MAGNETS MUST BE AT LEAST 150 inches APART,

THE CONVENTION FOR THE WHEEL SPIN DIRECTION 1S: WITH THE OBSERVER LOOKING INTO THE FLAT
FACE WITH THE MOUNTING FEET, CW ROTATION OF THE WHEEL IS POSITIVE, IN ACCORD WITH THIS
CONVENTION THE PITCH MOMENTUM WHEEL SPINS CW, THE ROLL REACTION WHEEL IS SHOWN CW

(1T CAN SPIN EITHER WAY), THE RIGHT SCANWHEEL ROTATES CCW, AND THE LEFT SCANWHEEL ROTATES CW,

Figure 2-23. Orbit Attitude Control System Component Orientation
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Twelve electronics modules, wired together and physically bolted together,
: . formed the Control Logic Assembly (CLA) as shown in Figure 2-20. The name of
[ each electronics module indicated its function:

1 Signal processor 1 (left scanwheel).
(2) Signal processor 2 (right scanwheel).
(3) attitude computer.

(4) Pitch shaping logic.

(5) Roll/yaw command logic.

(6) Power supply 1.

(7) Power supply 2.

(8) Command and interface.

(9) Left scanwheel motor driver.

(10) Right scanwheel motor driver.

(11)  Roll reaction wheel motor driver.
(12) Pitch momeatum wheel motor driver.

The signal processors conditionad the horizon scanner outputs for the atti-
cude computer, which generated analog voltages representative of pitch and roll
attitude information. These signals were applied to the telemeter, ascent
system gyros, and pitch shaping logic and roll/yaw command logic. A detailed
description of the function of these logic elements is available for reference.*

Referring to Figure 2-25, the pitch attitude angle and rate of change was
processed into a signal applied to the PMW motor driver. The signal was propor-
tional to a corrective torque required to remove the sensed pitch attitude error.
The ability of the pitch wheel to accumulate or absorb vehicle pitch momentum
was limited by electrical design parameters of the motor driver electronics.
Total pitch momentum was maintained within wheel limits by the magnetic desatura-
tion sysiem. Because of gyroscopic effects, vehicle roll attitude errors
resulted in a yaw displacement proportional to the torque and inversely propor-
tional to the gyroscopic stiffness provided by the spin vector of the PMW and
scanwheels. The roll attitude error from the attitude computer was simultane-
ously applied to two separate integrators in the roll/yaw control logic. Each
integrator output was applied back through an orbit period (100 min) T network
to the input of the other. The integrator output for the RRW motor driver was
of opposite sign to the roll attitude error and represented a torque command to

*Weiss, R., Rodden, J. J., and Hendricks, R. J., "SEASAT-A Attitude Control
System," AIAA Paper 77-1057, Hollywood, Florida, August 1977,
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the RRW motor driver of 0.005 ft-lb/deg. The output connected to the scanwheel
motor drivers was the same sign as the roll error and represented a torque
command to the motor drivers of 0.001 ft-1b/deg. At the LSWA motor driver, this
signal was applied so that a plus voltage caused a decredase in speed below

900 rpm; at the RSWA motor driver, a plus voltage caused a speed increase.
Summaries of the wheel systems' response to attitude errors and the electro-
magnetic system's response to wheel speed are shown in Tables 2-1 and 2-2,
respectively.

-

i{ ey

T T e

Two power supplies were carried for redundancy, although one was sufficient
for CLA operation. The unused power supply could be left off for power saving;
the outputs were hard-wired through isolating diodes. Each power supply was a
dc-dc converter that produced regulated :10 V for operating the elactronics on
the circuit cards anc #45 V for biasing the bolometers in the scanwheels. Speci-
fied power supply performance was obtained with a vehicle bus voltage between 24
and 33 V.

The command and interface module facilitated operation of the contzol
system, although in a degraded mode, if the RRW failed; i.e., stopped rperatingy
or had to be turned off, or if one of the scanwlieels ceased to function. Only
one such component failure could be sustained. A backup mechanization was also
available for the case of the PMW failing. No command and interface circuits
were involved. The scanwheels would be commanded to operate at a 1700-rpm bias
point to augment their contribution to the pitch momentum vector, and the output
of the pitch shaping logic would be applied directly to the scanwneel motor
drivers. A 2300-rpm excursion was still maintained for yaw momentum management,
as the output of the roll/yaw command logic was also applied.

The previously assumed RRW failure would have been compensated for by
controlling the scanwheels through a different control law to provide sufficient
changes in yaw momentum to absorb roll errors. For the one scanwheel out case,
the gain to the remaining scanwheel would be doubled and a bias applied to the
attitude computer. This would provide a nominal roll attitude reference, suffi-
cient for control purposes, even with the vehicle at the 1,13-deg roll attitude
caused by the unbalanced yaw momentum from the remaining wheel. None of the
reconfiguration for a failed wheel was automatic, as commanding was required.

The mctor driver circuit cards for each wheel were inverters, changing the
vehicle 28-V dc¢ power into the ac energy required to operate the squirrel cage
induction motor of the PMW (800 Hz) and the RRW and scanwheels (650 Hz). All of
the wheels were equipped with electromagnetic tachometers. These signals were
used in the motor drivers for internal speed feedback and also applied to the
Magnetic Control System (MCS) and the telemeter, as they were an indication of
wheel momentum.

1t was a characteristic of the MCS that the momentum absorbing wheels
reached a speed limit determined by the design of the motor driver electronics.
This speed limit was the synchronous speed, where the wheel was rotating at the
same rate as the magnetic field of the motor windings. Because the motor could
not go faster than its synchronous speed, the wheel could not absorb more momen-
tum and was saturated or loaded. Th. wheel was desaturated or unloaded by
driving it in the opposite dir~ction. This, of course, created a torque on the
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vehicle that had to be overcome if unacceptable rates were to be prevented.
These necessary counter torques were generated by solenoid-wound magnets react-
ing against components of the geomagnetic field. Three magnets were carried,
one for each axis. The roll axis magnet was used only to nullify the magnetic
momenta of vehicle residual magnetism. This function was also performed by the
pitch and yaw axis magnets, along with wheel desaturation. All three magnets
were true electromagnets with the core material chosen for minimum retentivity.

Setting of the magnets to nsutralize the effects of residual momenta was a
ground command function. Each magnet, once selected, was stepped 200 pole-cm
for each command, to a limit of 12,800 pole-cm. At the 65th step, the magneti-
zation changed sign and decreased with subsequent steps. Reset or initializa-
tion was achieved by deactivating the MCS. A machine program had been devised
to assist the setting of the magnets, based on observed attitude behavior.

The MCS was composed of the following four modules:
(1) Momentum shaping and power supply.

(2) Magnetic control logic 1.

(3) Magnetic control logic 2.

(4) Electromagnet drivers.

In addition to the MCS, a 3-axis fluxgate magnetometer was carried as an
essential part of the desaturation function. It was a self-contained subsystem,
requiring only the vehicle 28-V dc power for operation. It operated continuously
and applied its outputs (the magnitude and direction of the components of the
local field) to the magnetic control logic 1 module.

The momentum shaping and power supply module provided the switchable inter-
connect between the magnetic control logic 2 and electromagnet drivers circuit
cards to enable and inhibit wheel desaturation. It also contained a dc-dc con-
verter to provide regulated 10 V dc for the other modules in the MCS. The 10-V
busses of the CLA could be switched to those of the MCS if the MCS power con-
verter failed.

Magnetic control logic 1 conditioned the magnetometer outputs to 0- to 5-V
dc levels for the telemeter, and also converted them to 5-kHz square waves for
use in the magnetic control logic 2 module. It was here that the signals repre-
senting the natural field (B1, B2, and B3) and the wheel momenta (H1, H2, and
H3) were combined as solid-state analog multiplers to generate desaturation
commands (Vm2 and Vm3) to the pitch and yaw magnet drivers. The subscripts 1,
2, and 3 refer to roll, pitch, and yaw, respectively. Additional manipulations
were performed, using the Vm2 and Vm3 commands and the natural field and wheel
momenta signals to create feedback to the RRW and scanwheels.

The electromagnet driver module contained the solid-state counting modules

for the stepping of each magnet, as required to counter residual momenta. Each
solenoid was driven by a power amplifier, which was itself driven by the
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step-level output from the counting register. The pitch and yaw magnet drivers
also received an analog signal (Vm2 and Vm3) when desaturation was enabled.

At 800 km (431 nm) above Earth, the geomagnetic field in a near-polar orbit
varies between 150 and 300 milliGauss. All three electromagnets (also referred
to as "Torqrods", a trade name) reacted against the components of this natural
field to create torques on the vehicle. In addition to the 12,800-pole-cm static
magnetization capability, the pitch and yaw magnets could be driven, in an ana-
log mode, an additional %50,000 pole-cm. The torques created during desaturation
were of the same magnitude as the disturbance torques, and served to restrain
the vehicle deceleration or to position the vehicle to an attitude that caused a
saturated wheel to be commanded to an unloaded state.

Specifically, the yaw axis magnet operated in the north-south flux of the
terrestrial field to cause torques about the pitch axis. The excitation of this
magnet was determined by the product of the pitch wheel momentum (H2), given by
the speed, and the roll axis field (B1), the north-south flux found by the mag-
netometer. Because rotations about the pitch axis did not gyroscopically trans-
fer into the other axes, the PMW was unloaded by exciting the yaw axis magnet so
that the torque about the pitch axis caused a pitch attitude error which, when
detected by the horizon scanners, commanded the wheel from its saturated state.
This latter process also removed the pitch error. The system had time constants
on the order of 1000 s.

Also, the yaw axis magnet would react against the east-west component of
the natural field and cause undesired roll axis torques. This action was
designated D1, and caused the RRW to change speed in such a manner as to create
a counter torque to that caused by the yaw magnet. The objective was to have
zero net torque about the roll axis, and therefore zero disturbance to roll
attitude.

The command to the pitch axis magnet (Vm2) was the sum of the product of
roll wheel momentum (H2) (speed) and the vertical or yaw axis field component
(B3) with the product of the yaw wheel momentum (H3) (an algebraic summation of
the scanwheels' speeds) and the roll axis field component (B1). The command to
the pitch magnet (Vm2) was then multiplied by the yaw axis field (B3) to develop
a speed command to the roll wheel; that is, another D1. The wmagnet command
(Vm2) was also multiplied by the roll axis field (B1) to generate a feedback
speed control command to the scanwheels, and it was designated D3. The function
of D3 was to have the scanwheels change speed sufficiently to balance the dis-
turbance to the yaw axis caused by the reaction of the pitch magnet to the roll
field.

Both D1 and D3 were injected into the summing junction of the respective
integrators for the roll wheel and the scanwheels in the roll/yaw command logic
module. The design anticipated that the performance of the magnets could have
been affected by their environment in the vehicle. Ideally, the magnets should
have bisected each other in a cruciform array, which was not possible in the
envelope of the bus and SMSS. Instead, the magnets were located at least one
magret length (63.5 cm) (25 in.) from each other and away from ferrous material.
Also, the D1 and D3 signals were each applied through a stage where the gain
could be selected by command. Eight gain settings were available, ranging from
1.29 to 0.55.
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3 The purpose of the D1 and D3 feedback was to obtain a minimal disturbance
R | to the vehicle while the roll wheel or the pitch wheel, or both, were being

; unloaded. To recapitulate, unloading the pitch wheel was done by causing actual
3 vehicle pitch attitude change with the yaw magnet; the response of the system to
: this error commanded the wheel in the direction required to remove the error and
unload the wheel. Because the yaw magnet reacted against the other cross compo-
nent, an undesirable roll torque was created. This was countered by application
of an electrical signal (D1) that commanded the roll wheel to accelerate, creat-
ing a counter torque.

Unloading of the roll wheel was effected by the D1 signal, with the pitch
axis magnet creating a counter torque to the wheel speed change. The scanwheels
were not directly unloaded. D3 commanded scanwheel speed changes to counter
undesirable yaw axis torque created when the pitch magnet reacted to the roll
field. It was undesirable to directly unload the scanwheels with the roll axis
magnet because of the large yaw attitude excursions that would be created, as
the yaw axis was the axis of minimum inertia. Also, as there was no yaw atti-
tude sensor in the control system, closed loop operation could not be mechanized.
However, because of gyroscopic effects involving the orbit rate vector, accumu-
lated yaw momentum was transferred to roll momentum in one-quarter of an orbit.
Subsequently, roll error was developed, detected, and the roll/yaw logic
received an input. The T network interconnect caused both the roll wheel and
the scanwheels to respond appropriately.

Had the MCS failed so as to disable the desaturation function, a backup
mechanization could have been commanded. The 0.5-1b force hydrazine thrusters
of the ascent system were pulsed by a circuit in the command and interface
module to create pitch or roll attitude motion that would have commanded the
pitch or roll wheel from the unloaded state. A threshold circuit monitored H1
and H2 and commanded the appropriate thruster to pulse only once when the wheel
was at 80 percent of its capability. The authority of the thrusters was such
that only 1 short (30-ms pitch, 60-ms roll) pulse was required. As an addi-
tional precaution, a timer prevented pulse repetition for 330 s.

From what was known of the variations of the terrestrial field, it was
expected that at times in an orbit sufficient flux to permit a wheel to be
adequately unloaded would not be sensed. An attitude error would therefore have
been maintained in the integrator. A limiting circuit had been placed about all
integrators to prevent them from accumulating an error that would have required
more time to remove than was available in the expected period of the system's
response.

e g

Adjustments for trimming or failure compensation could have been effected
by ground command. Table 2-3 provides a summary of this performance adjustment
capability. The appropriate ground commands were to be sent after analysis of
full-revolution data.

Yaw attitude information could not be measured directly, but had to be
computed on the ground, based on scanwheel horizon-sensed pitch and roll data
and the solar vector direction as measured by the sun aspect sensor system.
This system consisted of two identical modules, each of which contained two sun
sensors and an electronics package, as shown in Figure 2-26., Only one of the
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OUTPUT

DATA
WORD
AXIS /I\
Y AXI
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Y AXIS
COURSE

ELECTRONICS
PACKAGE

2.8"
SENSOR #3 (OR #4)

Figure 2-26. Sun Aspect Sensor System

sensors for each module could be monitored at any time; i.e., either sensor 1 or
3 and 2 or 4, The sun sensors were mounted to provide the maximum coverage
possible (Figure 2-27). During high solar beta angles, the sun was viewed con-
tinuously by either sun sensor 1 or 2. During low beta angles (less than approx-
imately *60 deg), the sun was viewed only during approximately one-sixth of an
orbit except at near beta angle zero when for 4 to 6 days the sun was visible
for two intervals nearly opposite each other of approximately one-sixth of an
orbit each. Because yaw could only be computed when the sun was in the field-
of-view of a sun sensor, for most of the mission direct-measured yaw data was
available only one-sixth of each orbit, extrapolation being required during the
remainder of the time.

3. Data Subsystem
The data subsystem provided for the following requirements:

(1) Compatibility with Spaceflight Tracking and Data Network (STDN).

(2) Receive uplink ranging tones and retransmit the tones using coherent
frequency carriers.

(3) Receive uplink command data.
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SENSOR CLOCK CONE ROTATION
NO. (DEG) (DEG) (DEG)
1 +90.0 96.5 0.0
2 +23.5 98.0 0.0
3 +203.5 96.5 0.0
4 +270.0 9.5 0.0
+Y

SENSOR NO. 2 SENSOR NO. 1

+X

i
:
:
|
i
.
i.
l
g

SENSOR NO. 4 SENSOR NO. 3

Figure 2-27. Sun Sensor Orientation

(4) Provide R/T and stored program commands.

(5) Provide a timed inhibit of SAR data transmission.

(6) Provide GMT satellite timing,

(7) Provide sensor timing signals.

(8) Provide engineering and status data multiplexing.

(9) Provide customized sensor interfaces.

(10) Transmit R/T and tape recorder (T/R) daca.

The subsystem consisted of two each of the following components:
(1) NASA Standard Transponder (NST).

(2) Command Demodulator (CDU).

(3) Command and Timing Unit (CTU).
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(4) Telemetry and Sensor Unit (TSU).
(5) Tape Recorder (T/R).

(6) SAR Enable/Disable Unit (SED).
(7) Orbit antenna,

(8) Ascent antenna.

(9) Tranet beacon oscillator.

The SAR data link components were considered to be part of the SAR system
and are described in Paragraph D.

Figure 2-28 is a functional block diagram of the data subsystem. Photo-
graphs of selected data subsystem components are shown in Figure 2-29. Not
shown in Figure 2-28 is the SED, which interfaced with the SAR electronics sub-
system. Complete cross-trapping was provided between the NST, CDU, CTU, Tranet
beacon oscillator, TSU, and T/R. Generally, redundant equipment required manual
commanding from the ground. Two exceptions were that: (1) the internal 1.6- MHz
oscillator of the selected CTU would automatically provide spacecraft timing con-
trol for a detected Tranet beacon oscillator failure, and (2) the receiver and
CDU units were in active redundancy.

a, Telecommunications. The telecommunications equipment consisted of
the NSTs, CDUs, and the ascent and orbit antennas. The characteristics of this
equipment were as follows:

Uplink Commanding.

N Frequency: 2106 MHz, phase modulated.

(2) Modulation: 2-tone non-return~to-zero-L (NRZ-L),
frequency-shift keyed (FSK) with amplitude modulation (AM)
clock deviation, 1.4 radian peak.

(3) Command rate: 2 kb/s

(4) Tone frequencies: 8 and 12 kHz.

(5) Squelch: -105 dBm.

(6) Command word length: 64 bits.

@) Real time command (RTC) rate: O0.5-s spacing.

(8) Stored program command (SPC) rate: block-loaded with no
spacing.

(9) Either NST accessed either CTU section.
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Ranging.

(1)

Tone frequencies: 500 kHz, 100 kHz, 20 kHz, 4 kHz, 800 Hz,
160 Hz, 40 Hz, and 10 Hz,

(2) Deviation: 0.6 one-tone, 1.2 two-tones radian peak.

(3) Turnaround deviation: 0,85 radian rms sine wave equivalent.

(4) Time-shared on downlink with T/R playback.

Downlink.

(1) Frequency: 2287.5 MHz (non-coherent) phase modulated.

(2) Coherent at 240/221 times uplink frequency.

(3) Power: 1 W

(4) R/T telemetry (T/M), 1.6 MHz SCO-modulated at 25 kb/s with
Bi-@-L coding; deviation, 0.7 radian peak.

(5) T/R playback: 800 kb/s with Bi-@-L coding; deviation, 0.85
radian rms,

(6) High gain deviation: 2 times normal.

(7) T/M bit error rate (BER): 1 in, 105

Antennas.

(1) Two Type 7 ascent antennas used sequentially, 0-dB gain,
linear polarization.

(2) Two Type 28 orbit antennas; 4 dB at 63 deg off axis, -4 dB at

0 deg off axis, right-hand circular polarization,.

Both receiver CDUs were always energized and either was capable of receiv-
ing and processing all commands for either CTU.

b.

Command and Timing Unit. The functions of the CTU were as follows:

)
(2)
3

Accept and validate uplink data.
Output R/T commands.

Store and output SPCs.
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(4) Provide GMT satellite timing as follows:
(a) Time reference for executing SPCs.
(b) Output to TSU for time-tagging block T/M data.
(c) Reference frequency for TSU and sensor timing.
(d) One-Hz output to SED.

The two CTUs were completely redundant. The reference frequency for GMT
time generation was provided by one of two redundant Tranet beacon oscillators.
In addition, each CTU had an internal 1,6- MHz oscillator for backup use for a
detected Tranet beacon oscillator failure. Figure 2-30 is a block diagram of

the CTUs. The two redundant CTUs are designated Section A and Section B in
Figure 2-30.

Memory: The memory and control block diagram is shown in Figure 2-31.
The total memory capacity was 768 command words grouped into 3 banks of 256
words each. Each bank could be separately enabled. Commands could only be
executed once, as an execute bit was set. The memory scan timing system rolled
over after approximately 6 days.

Timing Control. The time word had a magnitude of 40 bits, which included
26 binary seconds and 14 binary subseconds. The 19 least significant bit (LSB)
binary seconds were used for SPC scan and execute control. The timing block
diagram is shown in Figure 2-32. Three types of timing adjustment were possible,
as follows:

() Pre-set time (initialization): this command set the counter to any
selected count with a 1.0-s granularity.

(2) Load fine adjust (incremental): this command provided for an
incremental adjustment to the counter from +10 us to *10 s.

(3) Load offset (drift): this command permitted drift correction by
: inserting a #10 us count at a selectable interval of from each 2 s
to each 9 h,

For the ideal clock, the value of the LSB should be 61.03515625 ps, The
basic clock control frequency was approximately 10 us (99,995 kHz input),
thereby requiring an occasional "seven count" before an LSB change of state.

(R Telemetry and Sensor Unit. The TSU functions were as follows:

(1) Accept and multiplex analog, bilevel, and serial digital engineering
and status data.
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Figure 2-32. CTU Timing Block Diagram

2) Provide a customized interface for data from the SAR, ALT, SASS, .
SMMR, and VIKR.

(3) Provide a block T/M formatter for the above data.

(4) Provide a mode control logic.

(5) Provide a T/R interface for read-in (R/I) and read-~out (R/0).

(6) Provide a composite R/T and T/R R/0 data output to a transponder.

The TSU transmitters were configured in cross-strapped redundancy with

only one TSU operable at any time (Figure 2-28). A functional block diagram for
TSU operations is shown in Figure 2-33,

Jo e

Block Telemetry: A customized block telemetry format was provided for
each sensor and for engineering status modes, as shown in Figure 2-34. These
blocks were read-out on a priority and availability basis with the priority
logic scanning the block channels from top to bottom until finding a ''ready"
block. After each block transfer, the scan was reinitiated. The primary

* e
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Figure 2-34., Sensor Block Telemetry Format
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engineering and status block, designated the low rate sample (LRS) block, was
output by wired-in logic each 25 blocks, regardless of other priority/
availability logic status. Each block contained a unique time tag (referenced
to when the block was filled) and a block counter indicating transmission order.

d. Tape Recorder. Two Odetics tape recorders (Figure 2-35) were used
in a non-redundant alternative mode to provide for continuous T/I coverage.
Each recorder had a R/I capacity of at least 230 min. The recording was in a
continuous direction with neo track switching required. Record speed was
1.67 in./s with a minimum of 2000 ft of tape. The R/O to R/I tape speed ratio
was 32:1, resulting in a R/0 da-a rate of 800 kb/s. A fast forward mode at the
R/0 speed could provide, for example, repositioning of the tape for an addi-
tional R/O if a previous R/0 had not been captured; the erasure of existing data
only being performed in the R/I mode. Because both T/Rs were required for
continuous R/I coverage, there was no standby redundancy on board the satellite;
however, with a single T/R, the P/T data lost during a R/0 could be captured in
R/T by the ground station as R/T and T/R data could be simultaneously downlinked.

e. SAR Enable/Disable Unit. A redundant binary counter timer provided,
on command, a disabling function to the SAR data link, as shown in Figure 2-36.
The timing interval counter of 218 49 timing period was driven by a 1-Hz source,
providing an interval of 3 days, 49 min, and 4 s. Each timer could be reset at
any time to initiate a full disabling interval. If one timer failed "open"
(would not clock-out), SAR data link operation could be restored by initiating

the other timer because, at the clock-out of either timer, operation was
restored.

4, Propulsion Subsystem
The functions of thie propulsion subsystem were as follows:

(1) Main propulsion.

(a) Impulse to transfer the satellite from the booster separation
conditions to orbit injection.

(b) Pitch and yaw control during main engine burns.
(c) Main propellant tank pressurization.
(d) Dumping of excess propellants after orbit injection.

(e) Propellant isolation from turbine pump assembly between burns.

(2) Reaction Control System (High Mode).

(a) Roll control during two Orbit Injection System (0IS) burns.
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(b) Three-axis control during coast between OIS burms.
(c) Three-axis control during OIS propellant dump.
k- (3) Reaction Control System (Low Mode).
(a) Three-axis control during orbit adjust burns.
(b) Backup control during momentum wheel desaturation.
(c) Three-axis control during recapture operations.
(4) Orbit Adjust System.
(a) Injection error corrections.
(b) Orbit transfers.
(c) Orbit maintenance.
The propulsion subsystem consisted of the following components:
(1) Main engine and turbine pump assembly.
(2) Propellént Isolation Valve (PIV) (2).
(3) Propellant dump assembly.
(4) Propellant tanks, containment screens, and plumbing assembly.
(5) Helium pressurization system.
(6) Hydrazine tanks (2).
(7) Hydrazine isolation valves (2).
(8) 0AS thrusters (2).
(9) Low Mode Reaction Control Cluster (LMRCC) (2).
(10) High Mode Reaction Control Cluster (HMRCC) (2).
(11) Hydrazine tank heaters and thermostats.
(12) Catalyst bed heaters.
(13) Time heaters and thermostats.
(14) Line filters (3).

(15) Fill valves (4).
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A sketch of the orbital adjust and reaction control system is shown in
Figure 2-37. Figure 2-38 shows the OAS/RCS flow schematic diagram. The OAS,
LMRCC, and HMRCC were connected to the same hydrazine supply. Each of the two

supply tanks was controlled by PIVs. The quantity of hydrazine was determined
by tank pressure and temperature data.

A summary of the thruster performance is given in Table 2-4. Hydrazine

was loaded so that pressure for full tanks was 300 psia and that for empty tanks
was 110 psia.

5. Thermal Control Subsystem

i i

The purpose of the thermal control system was to maintain the satellite
and its components within specified temperature limits throughout the mission.
This was done using the thermal design described in the following paragraphs.
The thermal analysis on the satellite was computed for the following three
groups of components: sensor module, SMSS/Agena forward section, and Agena aft
section. Also, the thermal analysis was computed for the pre-~launch, ascent,
early orbit, and orbit phases of flight.

a. Pre-Launch. Thermal control during on-pad pre-launch conditions was
accomplished using conditioned air supplied from the launch complex. The condi-
tioned air maintained the satellite within allowable temperature limits over the
variations in atmospheric conditions and pre-conditioned the spacecraft to with- ;
stard ascent heating and early orbit power requirements.

HYDRAZINE FiLL
VALVES (2)

PRESSURANT :
FILL VALVES (2) ‘

FILTER
1 PLACE HYDRAZINE

TANKS (2)

HMRCC
2 PLACES

FILTER
2 PLACES

ORBITAL LATCHING

ADJUST HYDRAZINE PLUMBING SOLENOID LMRCC
THRUSTER TEMPEKATURE MONITORS VALVES 2 PLACES
2) 2 PLACES 2 PLCS

Figure 2-37. Orbital Adjust/Reaction Centrol System
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Figure 2-38. OAS/RCS Flow Schematic

b. Ascent. Thermal control during the ascent phase of flight was
accomplished with a fairing, liners on the fairing, and the thermal capacity of
the satellite. The fairing experienced significant heating, and the skin of the
fairing reached 205°C in the area of the sensor module. An aluminum (low emit-
tance) liner limited the heat load of the fairing on the sensor module to
57 w/m2. This heat load was small and caused a maximum temperature rise on
components of 3°C, and a maximum temperature on the outer layer of the Multi-
Layer Insulation (MLI) blanket of 37.8°C. The fairing was jettisoned at
128,400 m (419,840 ft) and 202 s after liftoff, after which the spacecraft was
exposed briefly to free molecular heating.

c. Orbit. The orbital portion of flight began at the end of the Agena
first burn at 612 s after liftoff, and consisted of the early orbit horizontal
flight (+Zg axis aligned with the velocity meter) as well as the on-orbit opera-
tional mode.

The horizontal flight lasted approximatcly 5000 s. Because of the all-
beta thermal design and brief duration, the spacecraft temperatures were rela-~
tively benign. Thermal design effort for this time was the control of the
temperature gradients within the SAR antenna support structure, and the control
of the temperature levels of the pyrotechnic devices and viscuous dampers used
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in the deployment mechanisms. The on-orbit operate mode began with the pitch
down (90-deg pitch, 90-deg yaw) maneuver to achieve final orbit attitude.
Antennas, sensors, and solar arrays were deployed between 5550 and 6140 s. The
initial orbit was an 800 km (431 nm) circular orbit with a beta angle of

~62.5 deg and an orbit period of 100 min. Because of its expected mission life,
the spacecraft was expected to experience a beta angle of +86 to -88 deg over the
1-year mission.

The thermal design was based on a direct solar irradiation between 1317 to
1397 w/m2 albedo based on an average Earth reflectance of 0.38, and an Earth
emission based on a blackbody with a surface temperature of 248 K. Surfaces
facing the -Yg and +Yg directions received continous one-sun irradiation in
beta angle +90 and -90 deg orbits, respectively., Surfaces facing the tXg direc-
tions received no direct solar irradiation for beta angles of 290 deg and a
sinusoidal input for a beta angle of 0 deg.

The spacecraft thermal control system used passive thermal control tech-
niques to control the temperature of the spacecraft and components with thermo-
statically controlled electric blankets on components with narrow temperature
limits. As previously stated, the analysis for the thermal design was done in
three sections.

d. Sensor Module. The sensor module thermal design, as listed in Table
2-5 and illustrated in Figure 2-39, used MLI, thermal shields (silver Teflon),
radiators, Flexible Optical Surface Reflectors (FOSRs), thermal control surfaces,
louvers, thermal capacity, and heaters. The sensor module consisted of the
structure, the five sensors and antennas, guidance scanwheels, and the Tranet
beacon. The scanwheels were part of the Agena guidance system, and the Tranet
beacon was the master timing unit.

The structure thermal design was planned to minimize circumferential tem-
perature gradients. Consequently, the mast and sensor support fittings were
insulated with MLI in areas where they would otherwise view space. The surface
finish was alodine, except in the vicinity of the SASS, SAR, and SAR data link
electronics, where the structure was painted black to enhance radiation.

The sensor module thermal design was complex because of the mechanical
design that thermally isolated the sensors. Therefore, each sensor required a
separate thermal design.

ALT/Laser Retroreflector Assembly. The ALT consisted of an RF section and
a signal processing section. The ALT RF unit was attached to the nadir end of
the mast by a tripod support fitting. The thermal design of the RF section was
effected so that the structural support (honeycomb) panel conducted the energy
from its components to an aluminum radiator, which was bolted to the perimeter
of the panel. The radiator surfaces were black anodized along two 60-deg seg-
ments centered on the Xg axis, and were covered with 5-mil aluminum FOSk for two
120-deg segments centered on the Yg axis. The radiator was larger than neces-
sary for thermal control because of a requirement to suj.ort an RF absorber
around the antenna; consequently, a portion of the Yg,axi« r.diator section was
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Table 2~-5. Sensor Module Thermal Control Design
Component Thermal Control
Structure MLI, thermal control surface

Altimeter (RF)

Altimeter (SP)

Scatterometer

SAR Electronics

SAR Data Link

VIRR

SMMR

LRA

MLI, radiator, thermal control
surface, heater

MLI, radiator, thermal control
surface, heater

MLI, radiator with louvers, heater

MLI, radiator with louvers,
thermal capacitance, heater

MLI, radiator, structure thermal
capacitance, heater

MLI, thermal control surface, thermal
capacitance, heater

MLI, radiator with louvers,
thermal control surface, heater

MLI, radiator with louvers,
conduction isolation

Tranet Beacon MLI, radiation coupling to SASS and SAR

Scanwheels MLI, thermal control surface, heater

covered with MLI, The zenith (-2) side of the cover over the electronics and
the back of the antenna were also insulated with MLI.

The signal processing section was attached to an aluminum mounting plate,
which was bolted to the SMMR support bracket and to an aluminum boom that
extended from the mast, Three sides of the box and an aluminum fin attached to
the mounting plate were used as spare radiators. The +Xg and +Yg were insulated
with MLI. The three sides of the box were covered with 5-mil silver FOSR, while
the aluminum fin was covered with 5-mil aluminum FOSR,

Thermostatically controlled heater circuits were bonded to each unit (RF
and signal processor). The RF unit had three thermostatically controlled heater
circuits bonded to the electronics side of the honsycomb panel, and the signal
processor had thermostatically controlled heater circuits bonded to the back

2-59




u8ysa@ [013U0) TEPWIAY], ITNPOW IOSUIS *6€-¢ 3an3y1g




it iacti

e

it e

flaistiaisioee GIRNL. i Mg

L s e

Q3 uo}2IBeNUTIVO)) uSysag [0iju0) Tewiayl ITNPOW 108U3S *6€-7 2an314
VNAILNY XN VIVO ¥VS
VYNNINY ¥VS g
VNNIINY (#H1 NOILD3S son &ﬂ.ﬁ %.oﬁ» 8.->m~
_ HIOTD ZLIVNO 30 1WAV 35001 1SANVW mi900 ﬁ..“u_w *../. .
-:OO>UA¥:m<xzwls.--_mmMWrnﬂHJnn 0D SSVIO
T sTo VNNIINY NOWI 13NVEL  $INOWDTNI AISSYd
s
Z
NOLIVY G3ZINIWATY |,
30 BAV1 35001

INTVd 3LIHM 001-Ad HIIM
QAVOD SIOVINNS TV

() StN3WTWA
JUVNIANVY 503 V504 ' W |

GIANS WO |
Q0¥ LI0MNS
ISYW
YOIALNI GIZINIWOTY _
BONALA INIVd THM
ONISNOH Ssv1ouet |
STIMMNYS

|||||

lllllll

SONALNI INFVA ¥OVI8 3
z Q1N 33 WANTWNTY

| wONELX3 ¥SOJ YIAUS  YORALN NOLwY Iv 35001 “I\
177 43A02 WNIWA Y e
o3
}

2-61




face of the mounting plate. For both sets of heaters, two redundant circuits
were used for thermal control when the ALT was operating. When not operating,
these two circuits for each unit were deactivated by command, and temperature
maintained by the third circuit on each unit, which had a lower thermostat
setting.

The Laser Retroflector Assembly (LRA) was attached to the ALT support ring.
Vespel insulators and a loose layer of Kapton that covered the back of the LRA
mount ring thermally isolated the LRA from the ALT. Thermal control was passive,
using the optical properties of the cubes and support tray to maintain tempera-
ture levels and gradients within design limits.

VIRR. The VIRR, consisting of a scanner and an electonics unit, was
mounted on a deployment plate, and underwent a 90-deg rotation during deployment.
Both units were attached to the outboard end of the deployment plate at its
inboard side using phenolic washers. A single MLI blanket covered both units of
the VIRR and the outboard end of the deployment plate. Areas exposed to space
through the blanket were used as radiators, as were the base plate of the
electronics unit, the scanner view openings (both painted black), and the inboard
end of the deployment plate, which was clear anodized.

A thermostatically controlled heater circuit was bonded to the outboard end
of the deployment plate, and provided thermal control for the VIRR. Two flexible
conduction straps were used to thermally couple the scanner to the central
portion of the deployment plate where the heaters were located.

Scanwheels. The scanwheels were mounted on booms, which were covered with
MLI, near the forward end of the sensor module structure. With the exception
of the coated germanium window, the scanwheel external surfaces were painted
black. To minimize the effects of the external thermal environment on the scen-
wheel, each unit was surrounded by a low-temperature aluminum radiation shield.
The shield had its exterior covered with 5-mil silver FOSR, and the interilor was
painted black. This shield provided a cold radiation sink for the scanwheel,
regardless of sun angle; consequently, the major effect of the variation of the
external enviromment was the variation of the external environment on the ger-
manium window. Two redundant, thermostatically controlled heater circuits were
bonded to the case of each scanwheel. Because of the narrow temperature range,
heater power was required for one or both scanwheels throughout the mission.

SMMR, Each of the three SMMR electronics packages was installed using
pressure plates to force one face against an aluminum radiator panel and another
face against a side plate which was conduction-coupled to the radiator. A low
outgassing thermal grease (Thermacoat 25I) was applied to the box-to-panel
interface. Louvers were mounted on each of the three radiation panels, and were
set to close at 16°C and to open fully above 32°C. The radiator surfaces were
covered with 5-mil silver FOSR. Except for the louvers and the nadir (Zg axis)
surfaces, the three electronics bays were insulated with MIL. The nadir side
was covered with a double FOSR shield to provide additional heat rejection. 'he
scanner was covered with a fiberglass housing which had the external surface
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painted white and the internal surface plated with aluminum. The SMMR antenna
was covered on its zenith side with MLI, and on its nadir side with a controlled
thermal optical surface. ;

The SMMR RF shield was insulated with an MLI blanket on the exterior surface
and a single, loose layer of 2-mil aluminized Kapton on the interior surface.
All of the support structure was insulated with MLI,

The SMMR heater circuit consisted of three heaters, wired in series, with
redundant thermostats. One heater was bonded to a side wall of each electronics
bay. Redundant circuits were not used because thermal analysis predicted that
heaters were not required during normal operation.

Tranet Beacon Electronics. The Tranet beacon electronics boxes were ;
installed on an aluminum honeycomb panel which was attached, by two triangular )
brackets, to structural rings located on the nadir end of the SASS enclosure.
The rear side of the honeycomb panel was painted black and was coupled by radia- ]
tion to the SAR electronics box and SAR mounting plate, and to the tip of the :
SASS beryllium radiator plate. The front side of the honeycomb panel and the
electronics boxes were also painted black to enhance radiation exchange. The
cover over the boxes was a double FOSR shield, similar to that which surrounded
the SASS enclosure. Most of the -Xg and +Yg sides, and all of the -Yg and *Zg
sides were insulated internally with MLI. The uninsulated portions of the cover
served as a cold radiation sink for the electronics. Approximately half of the
heat dissipated by the Tranet beacon electronics was rejected to the SAR/SASS
enclosure, and half was rejected through the FOSR cover. Because of its wide
temperature limits and 100 percent duty cycle, heaters were not installed on the
Tranet beacon electronics.

SASS Electronics. The SASS electronics box was mounted on a rib-stiffened
aluminum panel which had beryllium radiator fins covered with louvers. However,
where louvers were used on the SAR to accommodate high power and low duty cycle,
they were used on the SASS primarily to conserve heater power when the SASS was
turned off. Because of the long conduction path through the mount plate, the
SASS louver set points were lower than those for the SAR; they closed at about
-7°C and opened fulliy above 10°C.

The heat rejection capability of the SASS radiators was insufficient to
maintain baseplate temperatures below the design limit of 35°C. Consequently,
the SASS electronics box and mount plate were surrounded by a low temperature
shield, which served as a radiation sink. The shield consisted of a layer of
5-mil silver FOSR and a layer of 5-mil aluminum FOSR, with metallized surfaces
bonded together using a 2-mil acrylic adhesive. The silver FOSR had a lower
solar absorptance and was outboard to ensure that the shield was considerably
colder than the electronics box, even with the one-sun solar irradiation experi-
enced in an orbit with a 90-deg beta angle. The inboard surface was the Teflon
side of the aluminum FOSR, which had an infrared emittance of about 0.8.
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The SASS mount plate was conduction-isolated from the primary structure by
the SASS antenna alignment mechanism. Consequently, the only significant heat
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paths for the SASS electronics were radiation to space through the radiator/
louver system; radiation exchange between the box cover, mount plate, and FOSR
shield; and radiation exchange between the SASS mount plate, SAR electronics,
and mast. All of these surfaces had an infrared emittance of 0.8 or higher
(black anodize, black paint, and 5-mil Teflon). A thermostatically controlled
heater circuit was bonded to the Yg side of the SASS mount plate. The heater
was required for thermal control at large beta angles and when the SASS was
turned off.

SAR Electronics. SAR electronics temperatures were maintained within design
limits by use of space radiators with louvers. The thermal capacitance of the
electronics package and adjacent structure was utilized to satisfy the tempera-
ture rise rate limit. The SAR electronics box was mounted on a rib-stiffened
aluminum panel which had beryllium radiator fins attached to two edges. To mini-
mize solar irradiation, the radiator surfaces faced in the *Xg direction. Two
louvers were attached to each radiator. They were set to close at about 2°C and
to open fully above 18°C. The radiating surface was 5-mil silver FOSR, which
was bonded to the beryllium radiator plate with 2-mil acrylic adhesive.

Except for the louvers, the SAR mount plate/radiator and the region between
the SAR mount plate and SASS mount plate were insulated with MLI. Coasequently,
the only significant heat transfer paths for the SAR electronics were radiation
to space through the radiator/louver system, conduction and radiation exchange
with the mast, and radiation exchange with the SASS mount plate. The radiators
were sized to maintain temperatures slightly above the lower design limit, based
on average heat dissipation for a 4 percent duty cycle. During transient
operation, temperatures were controlled using the box and structure thermal
capacitance, and the variable heat rejection capability provided by the louvers.

Two redundant, thermostatically controlled heater circuits were bonded to
the +Yg side of the SAR mount plate. These were primarily backup heaters for
use when the SAR was not operated for an extended period; no heater power was
required for a steady 4 percent duty cycle.

SAR Data Link Electronics. The SAR data link electronice box was attached
to an aluminum mount plate which had small radiators located on the Zg ends.
Radiator surfaces were covered with 5-mil aluminum FOSR and were sized for a com-
bined heat rejection of 10 W at 7°C. The box/mount plate assembly was installed
on the mast fitting, which provided the supplemental thermal capacitance required
to limit the baseplate temperature rise to the required 15°C per hour. The back
face of the mount plate and the mast were painted black to promote radiation,
although the primary heat transfer path was conduction through the three mechan-
ical attachments. To ensure high thermal conductance, a silicone adhesive
(Dow Corning DC-93-500) was applied between the magnesium baseplate and aluminum
mount plate, and between the mount plate and the mast. With the exception of the
two radiator areas, the electronics package and adjacent structure were insu-
lated with MLI. Two redundant, thermostatically controlled heater circuits were
bonded tc the back face of the mount plate. These were required for thermal
control throughout the mission because the SAR data link radiator was intention-
ally oversized. This was done to maintain the structure at a relatively con-
stant, low temperature. )
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Antennas. The antennas were located at various positions on the space-
craft, and required different thermal control provisions because of design and
temperature requirements.

The Telemetry, Tracking and Commend (TT&C) antennas were deployable (one on
the Tranet beacon boom and the other on a deploy plate), and had a loose, single
layer of aluminized Kapton on the back face. The forward surface (+Z ) was
copper-plated and sprayed with an epoxy conformal coating. The temaiﬁing
antennas were supplied to LMSC, and had the following thermal control surfaces:

1) The SAR data link antenna was an aluminum housing with a fiberglass/
eccofoam cylinder covered with copper braid. The zenith and side
surfaces were insulated with a single, loose layer of 2-mil aluminum
Kapton to minimize back face heat loss, while the other surfaces were
coupled by radiation to the Earth. The eccofoam and copper braid were
coated with PV-100 white paint to reduce the a /e ratio for the
copper. s

(2) The Tranet beacon antenna had all surfaces painted with PV-100 white
paint to achieve acceptable thermal control properties.

(3) The SASS antenna thermal control materials consisted of silver FOSR,
white paint, and an anodized surface. These surfaces were used in a
pattern to control temperature level and gradient. This was done to
keep distortion because of thermal effects within allowable limits.

(4) The SAR antenna consisted of panels and the extension support struc-
ture. The nadir side of the panels was covered with a single, loose
layer of quartz cloth, while the zenith side of these panels was
insulated with MLI. The graphite epoxy tubes used for the extension
support structure were covered with a single, loose layer of Dacron
mesh and 1-mil silver FOSR.

Miscellaneous. To minimize gradients and to ensure moderate temperature
levels, nearly all exposed surfaces which were not covered with MLI were wrapped
with a single, loose layer of 2-mil aluminum Kapton, with the Kapton side out-
board. The units wrapped in this manner were the SAR antenna support structure,
the columns that supported the SASS antenna pin pullers, and the antenna booms.

SMSS/Agena Forward Rack. The SMSS/Agena forward rack thermal design used
thermal shields, MLI, FOSR, thermal control surfaces, and heaters. The SMSS con-
sisted of the SMSS structure and equipment located on the SMSS, while the Agena
forward rack consisted of the forward rack structure, the forward half of the

main propellant tank, and equipment.

SMSS. The SMSS structure (Figure 2-40) was a rectangular box, with the
forward end containing the mast support for the sensor module while the aft end
was attached to station 247 of the Agena. The SMSS thermal design was passive,
using only thermal control surfaces, MLI, and shields. There were no heaters

or louvers on the SMSS.
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Figure 2-40. SMSS Thermal Control Design

All components were located within the structure, therefore the tempera-
ture control of the SMSS-mounted equipment was done with a thermal design on the
SMSS structure. The interior surfaces were painted black to promote radiation.
The external surface patterns were designed to minimize the variation in absorbed
solar energy with beta angle, and by insulating external surfaces which were not
required for heat rejection. The external surface finish on the *X sides were
80 percent black paint and 20 percent aluminum FOSR, while the *Y Sides were
primarily MLI. s

Uninsulated areas on the *Y sides were used to provide energy to bays
which had low power components. fhe aft end (zenith) of the SMSS contained the
momentum wheels and required thermal shields with patterns to control the temper-
ature of the momentum wheels. The thermal shields were fabricated by bonding
the aluminized side of 2-mil Kapton strips to the aluminized side of a sheet of
5-mil Teflon, using a 2-mil acrylic adhesive. The surface facing space was
70 percent aluminum and 30 percent Kapton. A MLI blanket at station 247 closed
out the nadir end of the Agena forward rack, thereby thermally isolating the
SMSS from the Agena. This isolation was necessary because of the difference in
the thermal environment of the SMSS and Agena.

e, Agena Forward Section. The Agena forward section (Figure 2-41) con-
sisted of the forward rack and the forward half of the main propellant tank.
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Figure 2-41. Forward Rack Thermal Control Design
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The forward rack thermal design wsed the Agena forwavrd raek cylinderical
skin and the main propellant tapk as its bosmdary to the extermal enviromment.
The cylindrical skin pattern was selected to minimize the effect of beta angle
on absorbed external heating. The external pattern consisted of MLI on the 1Y
surfaces and a pattern of 23 percamnt black and 77 percemt aluminum on the -Xg
and 23 percent black and 77 percent aluminum FOSR oan the +Xg surface. The +Xg
pattern had a lower ag/e ratio to provide a low-temperature enviromment for the
batteries. The interior surface of the cylindrical skin and tank dome were
painted black for maximum radiation interchange to forwasd rack-mounted equip-
ment. Each battery was provided with redundant imternal thermostatically con-
trolled heaters as well as an external thermestatically comtrolled heater.

The Gyro Reference Assembly (GRA) also had thermostatically comtrolled
heaters to keep the temperature of its gyros within allowable limits in the nom-
operational case. The hydrazine lines through the forward rack were loosely
wrapped with 12 layers of double-aluminized embossed Kapton, and were conduc-
tively isolated from the structure with standoffs. Redundant, thermostatically
controlled heater circuits were used to keep the hydrazine lines above 7°C.

The orbit adjust thrusters were conductively isolated from the Agena and
were covered with a shield. These shields had a thermal control pattern that
was designed to keep the thrusters between 4 and 60°C. Further, these thrusters
had catalyst bed heaters.

All componenté in the forward rack were passively controlled to interchange
with the:forward rack environment.

f. Agena Aft Section. The Agena aft section (Figure 2-42) comsisted of
the aft rack, thrust coune, and aft end of the main propellant tamk. The basic
thermal design approach was to insulate the aft rack and aft end of the thrust
cone, where temperature-sensitive components were located, and apply thermal
control patterns to the tank and thrust cone external surfaces to provide temper-
ature control for the entire aft section. The insulation coneisted of MLI blan-
kets on four sides of the aft rack and portions of the thrust cone, and
conduction-isolated, low emittance radiation shields on the aft bulkhead. Elec-
tronics boxes, the aft rack structure, the interior of the thrust cone, and the
exterior of the propellant tank dome were all painted black to enhance internal
radiation exchange. Thermal control finishes applied to the tamk and thrust cone
exterior surfaces were -selected to provide a mean temperature of about 27°C for
all beta angles. With good radiation coupling to this stable environment, and
with the thermal capacitance of the structure amd engine components used to damp
orbital temperature swings, aft rack temperatures were relativelj constant
throughout the mission.

The hydrazine system was the most temperature-sensitive component in the
aft rack, and consisted of two spherical tanks, propellant lines, and attitude
control thrusters. The hydrazine tanks were conduction-isolated from the
structure and covered with aluminum tape to minimize radiation. The lines were
thermally isolated from the structure with insulating standoffs and loosely
wrapped with 12 layers orf double aluminized, embossed Kapton. Redundant heater
circuits were used on the hydrazine system. Each tank had two circuits with
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redundant thermostats, There were three redundant heater circuits on the lines

with the thermostats located at the coldest locations on each of the three
gections.
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The attitude control thrusters were mounted on the aft bulkhead. These
thrusters were conduction-isolated from the bulkhead and were enclosed by gold-
plated aluminum covers. In addition, the high mode thrusters had an aluminum
shield to protect them from Agena nozzle extension. The thruster cluster

assemblies had catalyst bed heaters, and the high mode thrusters had valve
heaters.

|
E

The solar array modules (Figure 2-43) were mounted on the aft rack and
were stowed during ascent. The panels overhung the aft bulkhead and were iso- k
lated from the uncooled extension by gold-plated aluminum radiation shields. '
Temperature control prior to deployment was achieved by use of the radiation
shields, a thermal control pattern on the launch restraint mechanism, and MLX
blankets over the pin pullers and sun sensors. After deployment, temperature
control was achieved by a high emittance coating on the rear side of the panels,
and thermal control patterns on deployment hardware. The drive motor and slip

rings were mounted inside the aft rack MLI blanket and were therefore exposed
to a benign thermal environment.

-2andan

e b B A 5 i

8. Temperature Predictions and Heater Requirements. The thermal analy-

sis for the spacecraft produced the temperature predictions and heater power
requirements listed in Tables 2-6 through 2-12,

e

With two minor exceptions, predicted temperatures were within design
limits. One exception was a SASS antenna temperature for a -90-deg beta angle
orbit, when the antenna was shaded and received no direct solar or albedo
irradiation. The predicted minimum temperature was -95°F, and the design lower
limit was -89°F. No action was taken to resolve this discrepancy because a
more detailed antenna thermal analysis performed by the manufacturer indicated
that temperatures would be within design limits. The second exception wus the
SMRR reflector temperature for a -90-deg beta angle orbit when the reflector was
shaded by the SAR antenna. The predicted minimum temperature was -41°F, and the
design limit was -35°F, This discrepancy could not be easily resolved, and no
design changes were made. The reflector had been qualified to -50°F.

The heater size and redundancy requirements were also determined from the
analysis, and are shown in Figure 2-44. Several design considerations are
worthy of note. The battery had two internal heaters, but a third external
heater was added to keep the battery temperature above its minimum, as it was
determined that in the worse case, with a failure of an internal heater, the

other internal heater could not keep the battery above its minimum allowable
temperature limit,

The ALT had three heater circuits, comprising primary and redundant oper-
ate mode heaters and a non-operate mode heater that maintained the ALT at a
lower temperature to conserve power if the unit was turned off.
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Table 2-7. ALT Steady-State Temperature Predictions

LR L ol 4 A S e

B=-63° Hot Case B=0° Cold Case
Component Thermal
Nodes
™in(°F) TMax(°F) T™Min(°F) TMax(°F)

Up-Converter Multiplier 800 75.5 75.5 43,5 43.5
TWTA Power Supply 801 84.3 84.3 53.0 53.0
DDL 802 78.1 78.1 37.6 37.6
Receiver 803 68.5 68.5 36.6 36.6
Microwave Transmission 804 59.5 59.5 34,6 34.6
TWT 805-807 85.8 96.7 58.7 66.5
Baseplate 200-312 58.6 88.0 33.6 58.7
RF Cover 110-174 52.1 79.9 29,5 48.3
Support Ring 43-106 40.4 81.3 22.6 47.2
Radiator 630-693 21.3 93.3 8.4 45.5
Antenna 700-724 50.8 100.4 50.9 53.9

Table 2-8. ALT Transient Temperature Predictions for Zero Beta Angle

Temperature (°F)

Thermal
Location Nodes

Average Minimum Maximum AT
Up-Converter Multiplier 800 55.1 52.7 55.3 2,6
TWTA Power Supply 801 65.1 61.6 67.1 5.5
DDL 802 49,2 45.5 50.4 4.9
Receiver 803 47.9 43,2 51.0 7.8
Microwave Transmission 804 46.1 42.2 47.4 5.2
TWT Collector 805 83.2 76.4 89.8 13.4
Baseplate Hot Spot 261 71.5 64.8 77.8 13.0
Baseplate Cold Spot 290 45.3 41.3 46.6 5.3
RF Cover 110 50.3 47.4 51.1 3.7
Support Ring, +X Side 76 42.4 30.1 60.2 30.1
Support Ring, +Y Side 84 36.5 30.1 40,2 10.1
Radiator, +X Side 631 39.2 4,8 109.5 104.7
Radiator, +Y Side 647 23.3 13.9 29.0 15.1
Antenna 700 53.5 34.9 72.3 37.4
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Table 2-11. Agena Aft Section Temperature Summary

Design Temp. (°F) Predicted Temp. (°F)
Component

Min Max Min Max |
Forward hydrazine tank 40 140 42 96
Aft hydrazine tank 40 140 42 96
Solar array electronics =30 160 53 104
Aft control instrumentation =30 160 50 101
Magnetometer electronics =30 160 54 118
Low-mode thruster valves 40 250 42 99
High-mode thruster valves 40 250 40 212
Solar array panels =150 175 -103 164
Solar array sun sensors =150 240 -103 164
Solar array dampers -30 100 -10 90
Solar array drives =30 140 40 126
Solar array slip rings =30 140 36 100

Table 2-12. Solar Array Module Temperatures at Deployment

Design Temp. (°F) Predicted Temp. (°F)
Component

Min Max Min Max
Xg Solar array panels =70 225 -64 90
Xg Solar array sun sensor =150 240 -64 -44
Xg Solar_array pinpuller =30 160 15 45
X3 Solar array damper 40 130 60 90
Xg Solar array drive motor =30 140 60 90
-Xg Solar array panels =70 225 28 90
-Xg Solar array sun sensor =150 240 28 48
-Xg Solar array pinpuller =30 160 85 115
-Xg Solar array damper 40 130 70 110
-Xg Solar array drive motor =30 140 60 90

Note: Xg SAM on shade side; -Xg SAM on sun side.
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The SASS, VIRR, and SMMR did not have redundant heaters, as the analysis
showed that the heaters would be necessary only at specific beta angles or when
the unit was turned off.

t. Flight Data. The spacecraft thermal control system maintained all
sensors and spacecraft subsystems within allowable temperatures for the life of
the mission. The spacecraft experienced ascent, early orbit, and orbital ther-
mal environments. The orbital mode included orbital beta angle ranges of
-86 deg to O deg. The launch beta angle was -62.5 deg, which was a 100 percent
sun case. The spacecraft precessed to -86 deg and back to O deg. All thermal
control system components operated as expected with the exception of the heater
thermostats in the SASS and the ALT RF unit. Thermostats in all other circuits
operated within specified limits. The thermostats used in all circuits had a
current limit of 3 A. The heater circuits in the SASS and ALT exceeded this
current limitation. The ALT RF and SASS current was 4.7 and 6 A, respectively.
This high current caused the thermostats to fail in the "on'" condition, there-
fore the heaters were dissipating power continuously. This condition could
cause the sensor to overheat, therefore the heater power bus relay was cycled
to reduce the thermal load on the sensors with the failed thermostats. This
operational mode was initiated on day 207 and continued until the spacecraft
power failure on 10 October 1978.

c. SENSOR MODULE

The sensor module was the forward section of the satellite, and carried
all of the sensor equipments, including the antennas and deployment mechanisms.
Figure 2-45 shows the major structural elements of the satellite and their
relative locations. The sensor module structure basically consisted of two 10-in.
diameter offset aluminum tubes firmly clamped together by an attach fitting with
secondary structures to support the sensors, ACS scanwheels, and telemetry and
command antennas. One of the aluminum tubes fitted firmly into the SMSS, which
was attached to the forward end of the Agena forward section.

The sensors and other equipments were located on the sensor module as
shown in Figure 2-46, which shows the antennas in the deployed configuration.
The deployments were achieved using the standard deployment mechanism shown in
Figure 2-47. Eleven deployment mechanisms were used: one for each of the four
SASS antennas; one each for the VIRR, TT&C antenna 1, and SAR downlink antenna;
two for the combined TT&C antenna 2 and Tranet beacon; and two for the biaxial
SAR antenna deployment. Each deployment mechanism included an adjustable spring/
damper assembly, an adjustable over-center latch mechanism, and a position read-
out potentiometer.

The field joint for the two parts of the satellite was the junction
between the aft end of the SMSS and the forward end of the Agena forward sec-
tion. The sensor module section was subjected to the EMI/RFI test in the
anechoic chamber and to the thermal/vacuum (T/V) test in the High Vacuum Orbital
Simulator (HIVOS) chamber.
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Figure 2-47., Deployment Mechanism
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D. SAR ANTENNA
1. Introduction

The SAR antenna was always considered by LMSC to be a major extension of
the state-of-the-art development effort for the Seasat program. At the start of
the program, neither the final selection of the antenna configuration nor the
supplier had been made by JPL. The LMSC proposal recommended the planar array
designed by Ball Brothers Research Corporation (BBRC), which was an outgrowth of
a recent research program conducted by BBRC for JPL. LMSC also proposed, as an
alternative, a configuration consisting of a four-"flex rib" parabolic antenna
array, an existing LMSC-qualified design. Although this latter configuration
would not meet the swath wide requirement (100 km versus 95 km) (54 nm versus
51 nm), it was substantially cheaper and did meet the remaining design require-
ments. Subsequent to the start of the program, JPL commissioned LMSC to conduct
another antenna competition with each competitor addressing identical but modi-
fied performance requirements. )

The evaluation of this competition resulted in the selection of the BBRC
planar array, with the wider swath width being a major factor. LIMSC was directed
to procure the antenna from BBRC as a subsystem.

LMSC authorized BBRC to start work on 9 April 1976. The contract was sub-
sequently negotiated in August and deleted BBRC's responsibility for the biaxial
deployment mechanism., This action was based on LMSC's concern with the marginal
conceptual designs, which featured driving against mechanical stops and using
the extension motor stall current as a method to remove power. The major con-
tract milestones and activities are shown in Figure 2-48, SAR antenna electri-
cal and mechanical development and acceptance activities are discussed in the
following paragraphs, which also include descriptions of the systems test and
orbit operations deployment of the SAR antenna. To indicate the relative size
of the SAR antenna, the engincering development antenna is shown in Figure 2-49.

2. Electrical Development

BBRC's early efforts were directed to preparing for the Preliminary Design
Review (PDR). The results of these efforts were reported to LMSC and JPL pro-
gram personnel at a management review conducted in early July 1976. At this

review the conceptual corporate feed and panel layout were described along with
a review of the following major accomplishments:

QD) RFP and specification for the RF feed released.
(2) Completion of etching four half-panel arrays.

(3) Multiple four-by-four panel tests proved repeatability of results.
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It was also reported that an array tolerance analysis had been completed
with the following conclusions:

(1) The Expandable Support Structure (ESS) flatness had to be held to
*0.635 cm (0.25 in).

(2) The antenna panel's flatness had .to be held to $0.635 em (0.25 in.).

(3) The RF feed network phase shift had to be a maximum of *1 deg at any
output port.

These early efforts also included a detailed review of the antenna speci-
fication RF requirements. BBRC's analysis indicated all requirements except
that for gain would be met or bettered. Original calculations indicated a
theoretical gain figure for the antenna system of 35.03 dB versus & now-reported
gain of 34.7 dB, or a change of 0.33 dB. This analysis had identified an addi-
tional loss of 0.17 dB because of the reduction of the antenna length from 11 m
(36 ft) to 10.74 m (35 ft) and because of an error in calculating the H-plane
taper loss. There were also small additional losses against the panel and the
aperture with an additional 0.1 dB loss in the distributed cable assembly,
which included the biaxial deployment mechanism,

At the PDR, held approximately 3 weeks after the management review, BBRC
announced an additional reduction in the antenna gain figure. This was as a
result of a worst-case study performed by BBRC using panel efficiency factors
of 82 percent for the nominal value, 88 percent for the best case, and 76 per~
cent for the worst case. These factors resulted in antenna assembly gains,
respectively, of 34.46 dB, 35.00 dB, and 33.87 dB. As a result of these data,
LMSC directed BBRC to initiate a development effort to increase this gain
figure to the now-required value of 35.2 dB. This direction resulted in an
additional 5 months of effort. Insertion of this much development effort after
PDR made schedule considerations extremely critical and any misdirected effort
had to be avoided.

Y T PRI Tyt

Therefore, an LMSC team, along with JPL representatives, visited BBRC each
week to ensure that the technical approach and progress were satisfactory. As
this development phase progressed, larger test specimen results became more pre-
dominant in establishing BBRC's projected values. The maximum gain achieved
from these test results were down 1.65 dB from the nominal specification value
of 35.2 dB. Evaluation of these test data established the cause as substantial
radiation loss attributed to the strip line feed network on the face of the
panel. Subsequent redesign of the panel removed a major portion of this strip
line design and replaced it with a coaxial feed on the rear of the parcl. In
late December, LMSC froze the production configuration with BBRC to puvrmit the
start of procurement for production no later than mid-January 1977 to avoid

additional schedule delays.

The Critical Design Review (CDR) was conducted in mid-February with a
detailed review of the various antenna configurations and the associated test
results. The antenna development program had been designed to: (1) minimize
parasitic losses; (2) eliminate radiation coupling losses for the high power
transmission lines; and (3) substitute a new design, low-loss, state-of-the-art

2-83




corporate feed. Cfome of the approaches taken to reduce the dielectric and
copper losses of the antenna were to: (1) mitre corners; (2) slot tees; (3)
taper transformers; (4) selectively use lower impedance lines; (5) orient the
ground plane internally; (6) use low-loss core material; and (7) reduce the
quantities of a lower-loss adhesive. To reduce the RF coupling losses, there
were experiments with various antenna circuit and radiating element spacing, and
as previously identified, the higher powered lines were relocated to the back of
the panels and the function accomplished with coaxial cable from the center feed
point.

During the CDR, BBRC presented the fourth generation artwork (Figure 2-50)
for the antenna panels, including the corporate feed. All of the above improve-
ments to reduce the dielectric and copper losses had been incorporated. The
core material of the panels was changed to Nomex phenolic honeycomb (Figure 2-51)
which later attributed to a very serious bonding problem (sec¢c Paragraph 3). The
Nomex-to-silver bonding of the panel was aggravated by the reduced use of adhe-
sive to minimize RF losses. Also, the change to the coaxial feed on the rear of
the panels intorduced multiple potential interferences with the ESS. To avoid
these interferences, cut-outs were added to each panel to provide clearance.

To reduce the predicted gain losses in the corporate feed systme of the
antenna, an effort was made to develop a suspended substrate corporate feed
system with a predicted loss of only 0.8 dB instead of 1.5 dB with the original
configuration. As shown in Figures 2-52 and 2-23, the suspended substrate
corporate feed system was a sophisticated transmission line with a flexible
motion of the antenna assembly.

Figure 2-50. Fourth Ceneration Plan for Antenna Panels,

Including Corporate Feed
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Figure 2-51. Construction of Nomex Phenolic Honeycomb Panel

The CDR specification compliance summary showed that the existing design
met, or exceeded, all requirements except gain. BBRC's prediction based on
measured data was now 34.77 dB versus the required 35.2 dB.

A detailed review and analysis of the design was conducted, and it was
concluded that no more gain improvement was feasible. Therefore, a decision
was made to proceed with the presented design.

3. Mechanical Development

The Astro Research Corporation (ARC) of Carpinteria, California, designed
and constructed the ESS for BBR.. There were no major development or manufactur-
ing problems associated with this major element of the SAR antenna assembly. In
the latter half of June 1977, the ESS was shipped from ARC to BBRC, and in early
July it satisfactorily passed torque margin testing.

As previously mentioned, the panel core material was changed to Nomex
phenolic honeycomb and the amount of adhesive was reduced to improve the RF
characteristics of the antenna. This subsequently created bonding problems
between the Nomex core and the plated copper laminations. The "climbing drum"
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INPUT SECTION MECHANICAL LINKAGE

Sass e ensn

Figure 2-53. Input Sectior “=chanical Linkage
B I 8




peel strength test was establighed as a method of evaluating the bonding charac-
teristics. This became a major program concern because of the shortage of mate-
rials and baecause no timely resolution to the bonding problem was available.

The materials and processes forces of both LMSC and JPL were organized to assist
those of BBRC. Also, LMSC assigned a full-time management resident at BBRC for
the duration of the processing of rhe flight hardware. These actions resulted
in several processing improvements that were rigorously invoked in formal pro-
cedures, Even with these measures, the peel test results were unacceptably
erratic, Finally, contamination of a very subtle and elusive airborne form was
identified as the cause. With the additional contamination controls introduced,
the peel test results became consistent and confirmed acceptable bonding
strengths. Eight flight panels and three spares were fabricated in mid-August,
and they met all requirements.

In early October, the qualification test program started with pre-test
inspection and pre-env.-onmental RF testing., The latter included voltage stand-
ing wave ratio (VSWR) and dc continuity tests. These tests were followed by an
initial series of deplovment tests that demonstrated flatness repeatability to
be within specification limits. Then came 3-axes vibration tests, both low-level
sine search and transient vibration on each axis. The lowest natural frequency
observed was 8 Hz, which was a very adequate margin above the spacecraft's first
mode. Amplification facteors were not excessive and the Launch Restraint System
(LRS) pre-load did not change significantly. No failures were encountered.
Then, by the middle of the month, the antenna was moved to the Martin Marietta
Company for the acoustic test, where it was exposed to 145 dB for 3 min without
structural failure. Following the exposures to vibration environments, the SAR
antenna was again checked for VSWR, dc continuity, and flatness.

The next test was a thermal exposure that concluded in the first days of
November. The temperature extremes effected were 72°C and -80°C. After the
thermal cycling tests, the package restraint system operated sluggishly with an
apparent hesitation in panel separation during deployment, and a subsequent
retest resulted in a complete malfunction. Investigation of the anomaly con-
cluded that the malfunction was caused by a hinding contact between the arm and
the conical portion of the actuator. The modification shown in Figure 2-54
eliminated any possibility of metal-to~metal contact except at the mating faces.
Ten releases were conducted to verify successfully the adequacy of this modifi-
cation. The apparent hesitation in panel separation during the post-thermal
deployment teat was attributed to the adhesive not buing properly cured. The
curing of the adhesive was expected at the high temperature long-term
stabilization periods of the thermal test and even though a 'panel sticking"
design modification was defined, it was decided to withhold its impl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>