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1. INTRODUCTION

This report presents the results of a study for Llie design of a Data
Relay Terminal (DRT) to be incorporated into a Saturn Workshop (SWS) as
part of the Apollo Applications Program (AAP). This study was performed
by the Space Systems Division of Hughes Aircraft Company for the National
Aeronautics and Space Administration, Headquarters, under
Contract NASW-1982.

At the inception of this study on 13 October 1969, it was anticipated
that the subject DRT would be incorporated into the first SWS., Contact was
established with McDonnell Douglas Aircraft Corporation (MDAC) through a
resident NASA representative,and a cooperative effort was initiated by
MDAC for the purpose of defining the physical interface between the DRT
and the SWS. However, in November 1969, it was established by NASA
that the DRT would not be implemented on the first SWS, nor were any
definitive plans established for its subsequent implementation. As a result
of this decision, the MDAC team was no longer in a position to make firm
commitments on how and where to mount the DRT and the final selection
from two proposed DRT configurations was deferred. The two configura-
tions, both described in Section 3 of this report, are essentially similar,
differing primarily in detail as to the attachment location and the antenna
deployment boom.

It was also decided by NASA that the DRT design study should be
completed so that a preliminary design would be available should a future
requirement for such a terminal be established. This report documents that
design, as well as a summary of the analyses and tradeoffs supporting the
design. The overall design requirements and constraints are summarized
in Section 2. The DRT configuration and performance are described in
Section 3, followed by more detailed descriptions of the DRT subsystems in
Section 4. Supporting studies are summarized in Section 5, with additional
detail provided in the appendices.
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2., DRT REQUIREMENTS

2.1 OPERATIONAL CONCEPT

The DRT for the AAP serves as one end of a communication link
connecting the orbital assembly (OA) to the Mission Control Center at
Houston (MCC-H), as conceptually depicted in Figure 2-1. Voice and
digital command would be provided on the uplink (MCC-H to OA), and voice
and digital telemetry on the downlink (OA to MCC-H); communication in
both directions would utilize a single repeater channel leased from Comsat
on an Intelsat IV communication satellite. The link is completed on the
ground with one or two Comsat ground terminals connected to MCC-H by
leased land lines.

In typical operation, two Intelsat IV satellites would be employed,
with the orbit geometry shown in Figure 2-2. Using the Atlantic and
Pacific satellites stationed at the longitudes currently projected by Comsat,
visibility of a communication satellite by the DRT on the SWS will be con-
tinuous or near-continuous, depending on the desired clearance of the main-
beam of the DRT radiation pattern above the earth. Interruptions in service
will occur only upon transfer of the link from one Intelsat IV to the other,
or when the DRT antenna pattern is effectively shadowed by the OA.

2.2 COMMUNICATION SIGNALS

2.2.1 Uplink Signals

The uplink shall be capable of transmitting either a voice signal alone,
or a voice signal plus a command signal, from MCC-H to the OA whenever
visibility to an Intelsat IV satellite exists and the DRT antenna has acquired
the satellite. In the event of degraded link performance, the voice signal
shall have priority over the command signal.

2.2.1,1 Voice Signal Characteristics

The voice channel shall have a quality equivalent to a test tone-to-
noise ratio (TT /N) not less than 20 dB. This channel will be used with
12 dB clipped speech.
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2.2.1.2 Command Signal Characteristics

The command signal format, consisting of a 1| kHz sine wave
algebraically summed with a phase-shifted 2 kHz sine wave, is shown in
Figure 2-3. This signal channel shall contribute a bit error rate not
cxceeding one part in 106,

2.2.1.3 Uplink Multiplexing*

The two uplink signals shall be combined by frequency division
multiplexing, retaining the voice signal at baseband.

2.2.2 Downlink Signals

The downlink shall be capable of transmitting voice alone, or voice
plus any one of the three telemetry signal channels specified below, when-
ever the communication link is operative. In the event of degraded link
performance, the voice signal shall have priority over any of the telemetry
signals.

2.2.2.1 Voice Signal Characteristi.s

The downlink voice signal shall have the same quality as specified
for the uplink voice, in paragraph 2.2.1.1.

2.2.2.2 Telemetry Signal Characteristics

The telemetry signal input to the DRT will consist of seven binary
non-return to zero (NRZ) pulse trains,as defined below. These signals will
be grouped by the DRT into three telemetry channels, A, B, and C, as
follows:

Telemetry Channel Telemetry Signals
A 1
B 2
C 3: 4, 5; 6; and 7

*This requirement was established for reasons described in Section 5. 1.
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Telemetry Signal Dit Rate, kilobits 'sec

1 51.2

& 12. 0

3 1.6

4 4.0

5 5.12

6 5.12

7 | 5.12 or 5.76

For purposes of multiplexing the several signals that make up telemetry
channel C, it shall not be assumed that any of the telemetry signals is
synchronous with respect to any other telemetry signal.

The downlink data channel shall contribute an error rate not exceed-
ing one part in 104,

2.2.2.3 Downlink Multiplexing (RF)*

The downlink voice and the selected telemetry channel shall be
modulated onto separate carriers and combined at the RI level for trans-
mission to MCC-H.

2.7 CARRIER FREQUENCIES?

The link employing the DRT shall be capable of operating on either
of two adjacent Intelsat IV transponder channels from the group ot channels
designated 9 through 12, inclusive.

2.4 SPECTRUM SPREADING!

Whenever the DRT is transmitting, the downlink RE signal shall be
spread over a 32 MHz bandwidth., The remaining bandwidth ol the
Intelsat IV transponder employed shall be reserved for the uplink signal
and for a guard band separating the uplink and downlink signals.

2.% DRT ANTENNA SUBSYSTEM

The DRT shall contain a single antenna. The antenna will include a
rigid parabolic reflector with a cassegrainian feed. t

“This requirement was established as described in Section 5. 1.
“#This requirement was established as described in Appendix A.

This requirement was established as described in Section 5. 3.
T1This requirement was established as described in Section 5. 6.




2.5.1 Antenna Size

The parabolic reflector shall have a diameter of 15 feet unless such
a diameter cannot be accommodated within the S-11/S-IVB separation
clearance envelope, in which case the diameter will be as large as can be
so accommodated. (An official separation clearance envelope has not been
available to this study. Based upon separation criteria proposed by MDAC
to NASA, there will be no difficulty in accommodating the specified 15 foot
diameter antenna, )

2.5.2 Antenna Tracking

The DRT shall be capable of automatically steering its antenna so as
to track an earth-synchronous communication satellite in a near-equatorial
orbit whenever the uplink signal has been acquired and the incident radia-
tion from such uplink signal exceeds the threshold for usable communication.

In response to antenna steering/scanning commands = ‘vinated by
a real-time computer in the OA, the DRT shall be capable or recognizing
the presence of an appropriate uplink signal, and of locking on to such
uplink signal and transferring the operation of the DRT to its tracking mode
when the uplink signal is so recognized. For purposes of acquisition, the
uplink signal shall be a carrier whose nominal frequency shall have been
precompensated to negate the doppler frequency shift resulting from the
velocity of the OA relative to the cooperating communication satellite.

2.5.3 Acquisition Time

Provided that an appropriate uplink signal is present inside a
10 degree by 10 degree region covered by the steering/scanning commands
provided by the OA computer, link acquisition shall be accomplished within
a period of 3 minutes from the time the first steering command is provided.

2.6 ORBITAL CONSTRAINTS

The DRT shall be capable of operating any time the OA is in a cir-
cular orbit of 200 to 250 n. mi. and inclined from 35 to 55 degrees, and the
orbit may be in any orientation relative to the earth or sun.

2.7 OA ALTITUDE AND STABILIZATION CONSTRAINTS

2.7.1 Vehicle Altitude

The DRT shall be capable of normal operation when the OA is in either
the sun inertial mode or the perpendicular-to-orbit plane (POP) mode, both
defined below.
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The sun inertial mode of the OA is one in which its X (longitudinal)
axis is in the orbit plane and its Z axis {(active surface of the solar panels)
is directed toward the sun.

In the POP mode, the X axis is perpendicular to the orbit plane, and
the Z axis is directed away from the earth.

2.7.2 Vehicle Rates

The DRT shall be capable of operating at the body rates existing
while either of the attitnude modes defined in Section 2. 7.1 are in effect.
(A definitive specification of vehicle attitude and attitude rates was not
available for this study. However, it is not anticipated that the vehicle
excursions in either of the defined modes would have a significant effect
on DRT performance. )

2.7.3 Reactions With OA

The slewing of the antenna shall not impose a torque on the OA in
excess of 50 ft-1b, nor shall the integrated torque on the OA exceed
500 ft-1b/sec.

2,8 OPERATIONAL CONSTRAINTS

2.8.1 Command Operation

Power on, power off and all switchable functicus of the DRT shall be
operable by command from the SWS command subsystem. Operation of the
DR1 by command shall be the primary mode of operation.

2.8.2 Manual Operation

Backup manual command capability shall be provided, with controls
and status displays contained on the DRT control panel. A manual acquisi-
tion override capability shall be provided. Disnlays shall be limited to data
necessary to properly perform all of the control functions provided.

2.9 OPERATIONAL LIFE

The DRT shall be capable of operating continuously or intermittently
in an in-orbit environment for 1 year. Upon resuming operation after a
period of shutdown, a warmup sequence causing a delay of not more than
1 hour shall be acceptable.
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2.10 OA INTERFACES

2.10.1 Location of DR

The DRT shall be located at the aft end of the SWS, except for the
DRT control panel and the baseband processing unit which will be inboard in
a location to be established. (Specific attach points and permissible stowed
and deployed configuration envelopes have been explored with MDAC but
have not been finalized since the DRT is not to be incorporated in the
first SWS. )

2.10.2 Power

The DRT shall consume not more than 250 watts drawn from a
nominal 28 volt dc bus. Except for transients specified below, the DKT
shall be capable of operation over a bus voltage range of 25 to 30 volts.
Operation of the DRT shall not be affected by transients in the form of
spikes up to 50 volts in magnitude and up to 10 microseconds in duration,
or to load switching excursions to as low as 22 volts or as high as 33 volts,
with a recovery time of 1 second.

2.10.3 Thermal

Thermal control of the outboard portions of the DRT shall be self-
contained and independent of the OA.

2.10.4 Apollo Telescope Mount (ATM) Computer

Upon demand, the ATM computer will provide a sequence of antenna
positioning commands starting with initial acquisition pointing and followed
by a series of offset positions which generate a 10 degree by 10 degree
square scan pattern. The initial acquisition pointing command relative to an
inertial coordinate reference shall have an error not to exceed 5 degrees,.
The error in successive scanning commands relative to the initial acquisi-
tion pointing command shall not exceed 0.1 degree.

(Specific details as to the number of signal lines between the ATM
computer and the DRT, and the formats of such signals, have to be
defined. )

2.10.5 DRT Housekeeping Telemetry and Command

Commands to and telemetry data originating within the DRT will be
accommodated by the SWS telemetry and command subsystems. Inter-
connections will be by hard wire, not to exceed 100 wire pairs.
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2.10.6 llarnessing

All signal and power cabling to the DRT, and the cabling between the
inboard and outboard portions of the DRT, will be provided by one or more
elements of the OA. (Specific details have to be defined. )

2.11 BOOSTER INTERFACE

Although an official load specification for the DRT was not available
to this study, a loads estimate was obtained from MDAC. These prelimi-
nary loads are defined in Appendix B of this report.

2.12 INTELSAT IV INTERFACE

The design of the DRT and of the communication link in which the
DRT is employed shall be compatible with the performance of Intelsat IV
communication satellites as specified in "'Exhibit A, Intelsat IV Satellite
Specifications, ' as revised or amended through 15 December 1969.

2.13 GROUND EQUIPMENT INTERFACE

The design of the DRT and of the communication link in which the
DRT is employed shall be essentially compatible with a standard Comsat
ground terminal (G/T =40.7 dB/°K) and commercial telecommunication
standards. Use of special interface units to provide signal multiplexing,
signal formatting, etc., will be acceptable where existing facilities are
iaadequate.
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3. DRT DESCRIPTION AND PERFORMANCE

3.1 CONFIGURATION

The DRT consists of a 15 foot diameter cassegrainian antenna, with
a five-horn feed attached to an electroric equipment compartment mounted
to the rear of the parabolic reflector; the antenna-equipment compartment
assembly is coupled to a positionable boom through a set of elevation-over-
azimuth gimbals.

The equipment compartment contains the receiver, transmitter, and
antenna positioner electronics. In addition, a DRT control panel and a
baseband processing unit are remotely located inboard on the OA. Two con-
figuration variants have been designed. The first (Figure 3-1), has the
boom attached to the skirt structure of the SWS. The other (Figure 3-2)
ie attached to the SWS thrust structure. Except for details of the boom
design and its attachment to the SWS, the two variants are essentially the
same. Final selection of a mounting location was inhibited by an incomplete
definition of other equipment to be located in this area and the indefinite
plans for the DRT. However, both approaches shown are feasible.

In the stowed position, during launch and ascent into orbit, the
antenna, equipment compartment, and gimbals are supported on the SWS
thrust structure. In orbit, the bo m is extended and placed in one of its
two operating positions, permitting steering of the antenna so that it can be
pointed toward an Intelsat IV satellite. With the two boom positions, the
antenna provides essentially spherical space coverage, being limited only by
vehicle obscuration and distortion of the antenna pattern as a result of
parasitic excitation. The total coverage loss is estimated as a cone with its
apex at the SWS centered along the +X axis, and with a half-angle of 5
to 10 degrees. (A definitive determination of the coverage loss requires
antenna pattern definition and measurements beyond the scope of this
study. )

As shown in both configuration variants, the deployed boom positions
are parallel to the vehicle Y axis. This is a convenient location since, with
the vehicle in the sun inertial mode, the line of site to an Intelsat IV satel-
lite avoids the DRT antenna zenith by at least 26 degrees for the specified
range of OA orbits. For the skirt-mounted boom, this location may be
inconvenient because of the location of other equipment; therefore, an offset
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of about 15 degrees was proposed by MDAC personnel. This is satisfactory
as the zenith offset would remain in excess of 10 degrees. (When an antenna
must track a target passing through its zenith, infinite rates are required to
maintain track. The DRT tracking loop has been designed with a rate limit
on the order of 4 deg/min; this limit will not be reached if the zenith is
avoided by at least 6 or 7 degrees. If it becomes necessary to track closer
to the zenith, occasional short interruptions in service might occur, and the
feasibility of an upward shift of the tracking rate limit should be explored.)

The antenna diameter was maximized consistent with stowage of a
rigid reflector in the available space of the interstage adapter. The upper
bound on diameter was essentially established by the dynamic envelope
required to ensure a nonimpacting separation of the booster. *

By placing the equipment compartment directly behind the antenna .
reflector, long RF transmission lines with multiple rotary joints are
avoided. The compartment is detachable from the antenna to provide access
to units. With the antenna feed attached to the compartment, access to !
components is achieved without disturbing the RF transmission lines.

3.2 FUNCTIONAL DESCRIPTION g

A simplified block diagram of the DRT is shown in Figure 3-3.
Starting with the receive function, the antenna with its five-horn feed pro-
vides a sum channel signal (2 ) and azimuth and elevation difference signals
(A-Az and A-El). The azimuth and elevation difference signals are chopped
and interleaved in the Az-El switching unit and coupled to the sum channel
signal to provide a modified monopulse signal in which the azimuth and
elevation pointing errors appear as amplitude modulation of the sum channel
signal. The combined signal is then amplified in a tunnel-diode prearnplifier
and heterodyned to IF before entering a frequency tracking AM receiver,
where the AM pointing eivror information is detected and fed to the Az-El
demodulator for separation of the two pointing error signals.

An acquisition signal, not shown in the monopulse tracking circuitry
of the simplified block diagram, indicates when a tracking signal has been
acquired, causing the antenna positioner electronics to enter the track mode.

“At the start of this study, estimates of the separation envelope were based
upon a single separation retro engine failure. However, subsequent esti-
mates with a single retro failure indicated that there would be negative
clearance even without a DRT, and the SWS contractor has since recom-
mended that the design be based upon no retro engine failure. As a result,
it might be feasible to employ a slightly greater antenna diameter. How-
ever, it was decided that the selected 15 foot diameter provided a reason-
able margin should more refined estimates of the separation envelope
further reduce the space available.
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TABLE 3-1., UPLINK POWER BALANCE

Ciround to Intelsat [V

r

Multiplexed onto single RF
carrier, FM 1

RF output from earth station,
watts

Path loss to Intelsat IV, dB

“Path loss uncertainty due to
weather, dB

(ground station power control
recommended to compensate
for weather)

Intelsat IV to DRT

ERP from Intelsat IV, dBw

(9. 5 degrees off-axis, with
backoff)

“Path loss to DRT, dB

for worst orbit geometry,

i.e., when ready for handover to
other Intelsat IV

DRT antenna gain, dB

DRT antenna pointing loss, dB
(for tracking error = 0. 05 degree)

T, of DRT, °K
DRT C/N obtained, dB
DRT C/N required, dB

Margin, dB (for * limit conditions
occurring concurrently)

3.1 kHz voice,
20 dB TT/N with 12 dB clipping

1 kilobit/sec data,
GCemini format,
bit error rate - 10'6

48

-200.8

14.6

-197.1

42.3

1120
10

10




In this mode, the Az and EIl steering signals drive the Az and El gimbal
controllers to position the antenna so as to null the steering signals.

When the tracking signal is not present, the antenna is steered in
response to pointing/scanning commands originating in the ATM computer.
Switching between track and acquisition modes is controlled automatically
by the state of the acquisition signal.

Going back to the frequency tracking receiver, the output for the
communication channel is limited and FM detected, and the voice and com-
mand signals are separated in the receive baseband processor, from which
they are distributed to the OA users.

For signals originating in the OA, the voice channel and the selected
telemetry channel each modulate a separate carrier. If the multi-data
stream telemetry channel C is selected, it is first multiplexed into a single
digital data stream in the telemetry baseband processor.

The two signal carriers are combined and shifted to the transmission
frequency (nominally 6 GHz) in the upconverter, which is followed by a
20 watt traveling-wave tube (TWT) power amplifier. The signal then goes
to the antenna, where it is fed to the center horn in the feed.

To reduce the level of radiant power incident upon the earth's
surface, the upconverter is driven by a carrier-spreading waveform
derived from a reference frequency obtained from the received signal.

Detailed descriptions of the various subsystems and units are given
in Section 4.

3.3 COMMUNICATIONS PERFORMANCE

The overall design of the up and down links is significantly influenced
by their common usage of a single Intelsat IV transponder. Preliminary con-
siderations, discussed in detail in Section 5.2, indicate that the uplink
requires substantially more Intelsat IV effective isotropic radiated
power (EIRP) than does the downlink. However, to assure the availability
of the low power level required by the downlink, it {s necessary to operate
the Intelsat IV transponder in a quasi-linear mode, so that the total EIRP
from the repeater satellite utilized by these links is substantially below the
single-carrier beam-edyge power level of 22 dBw ncminally available. The
satellite power utilized for the uplink (14. 6 dBw), as shown in Table 3-1,
corresponds to a backoff of the Intelsat IV repeater of 6.4 dB, allowing
1 dB loss for operation 1 degree beyond the nominal Intelsat IV beam edge
of 8.5 degrees.

As indicated in Table 3-1, the ground station RF power required to

drive the uplink is 48 watts, assuming a ground terminal antenna gain of
61.5 dB. Uplink power control will be required to compensate for attenuation
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TABLE 3-2, DOWNLINK POWER BALANCE

DRT to Intelsat IV

Two separate RF carriers

3.1 kHz voice, M,
20 dB T1T /N with
12 dB clipping

72 kilobits /sec data,
biphase modulation,
bit error rate - 10-4

REF output from TWT, watts
Line losses to antenna, dB
RF input to antenna, dBw
DRT antenna gain, dB

DRT antenna pointing loss, dB
(sum of tracking error plus
transmit-receive boresight
error = 0,1 degree)

“Path loss to Intelsat IV, dB,
for worst orbit geometry, i.e.,
when ready for handover to
other Intelsat IV

“Intelsat IV maximum pointing
error, dB (0.3 degree at
9.5 degrees off-axis)

Intelsat IV to Ground

ERP from Intelsat IV, dBw
(at 8.5 degrees off-axis)

Path loss to ground station, dB
Ground station G/T, dB/°K

“Ground station G /T loss due to
weather, dB

Ground station C/N obtained,
dB

Ground station C/N required,
dB

Margin, dB (for * limit condi-
tions occurring concurrently)

3.5
-0.7
4,8
45, 8
-0.0

-200. 7

0.4

«13.2

-197.0
40. 7
-6

10

10

16,5
-0.7
311.9
45, 8
-0.0

-200. 7

-6.6

-197.0
40, 7
-6
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due to weather. (Although no margin is shown for the uplink, such margin
can obviously be obtained by increasing the ground transmitter power;
caution must be taken, however, not to overdrive the Intelsat IV transponder
as this will degrade the downlink. )

With the Intelsat IV repeater backed off as indicated above, and with
the available DRT transmitter power of 20 watts allocated between the
two downlink signals, as shown in Table 3-2, the downlinks show zero mar-
gin when three statistically or time varying worst case conditions are con-
sidered simultaneously. These conditions are a worst case pointing error
of the Intelsat IV satellite, extreme orbit geometry, and a 6 dB degradation
of the ground terminal receiver due to weather. While it is difficult to
estimate the joint probability of occurrence of these conditions, it is
obviously small, and it is further offset by the fact that their simultaneous
occurrence virtually coincides with the point at which operation is trans-
ferred between the two Intelsat satellites employed in the link. Since the
two communication satellites are serviced by ground terminals located on
opposite coasts of the United States, the simultaneous occurrence of severe
weather degradation at both terminals is negligibly small. A positive
margin could be achieved under these conditions by an increase in DRT
antenna size or transmitter power, but the resulting increase in cost and/or
complexity does not seem justified.

3.4 POWER AND WEIGHT SUMMARY

Flectrical power required for operation of the DRT is estimated to
be about 160 watts, as shown in Table 3-3. A peak power demand substan-
tially higher than the average level could occur because of the slewing power
required during handover from one Intelsat IV to the other if the DRT were
permitted to transmit during handover. However, the normal operation is
to inhibit transmission during this period to avoid inadvertent illumination
of the earth' s surface by the mainbeam. When transmission during hand-
over is so inhibited, the peak power demand will not be much greater than
the average power, even when slewing two gimbals simultancously.

The overall weight »f the terminal is estimated at 750 pounds,
including about 10 percent for contingency. Component weights are shown
in Table 3-4.

Equipment and structural weight estimates are based on a minimum
cost design approach rather than a minimum weight approach. Should weight
become a more significant design constraint, reductions are potentially
available in the structure and in the antenna and boom positioning
mechanisms.
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TABLE 3-3. ESTIMATED ELECTRICAL POWER REQUIREMENTS

Subsystem /Item Power, watts
Communication subsystem 118
Communication receiver 8

(%}

Tracking receiver

Baseband processor 3
Frequency performance 10
Transmitter 90
Control panel 2
Antenna positioning subsystem 42
Gimbal drive 26
Boom positioner 16
Estimated average power required IE
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TABLE 3-4. SATURN WORKSHOP TERMINAL PRELIMINARY
ESTIMATED WEIGHTS

Subsystem /Item

Communication subsystem

Communication receiver (2)
Tracking receiver
Transmitter (2)

Diplexer and circuitse
Baseband processor (2)
Control panel

Frequency reference generator (2)

Antenna (15 foot diameter)

Main reflector
Subreflector

Feed

Antenna position contrcl

Antenna positioner (2)
Boom positioner
Servo controller (2)

Crew control and display

Wire harness

Equipment wiring
Power leads

Signal leads

Structure

Equipment support
Deployment boom

Separation mechanism

Thermal control

Insulation blankets

Paint and finishes

Contingency, (10 percent)

Total terminal weight

Weight, pounds

20
10
42

2

6
10
10

160
14
35

66
33
16
10

25
10
15

105
60
10

10
10

100

209

125

50

175

20

71
750
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4., SUBSYSTEMS

4.1 TRANSMITTER/RECEIVER

A detailed block diagram of the DRT transmitter/receiver is shown
in Figure 4-1. The transmit channel is virtually fully redundant, as are
those porticns of the receive channel which operate on the uplink communi-
cation signals. This degree of redundancy, although relatively inexpensive
in comparison to the total cost of implementing the DRT, is probably overly
conservative in view of the 1 year operational life requirement, A detailed
reliability analysis, beyond the scope of this study, is desirable to determine
how much, if any, of the redundancy should be retained. Two factors favor-
ing a reduction in redundancy are the demonstrated reliability of comparable
equipment in other space programs and the existence of alternate means of
communication with the OA,

The functional operation of the transmitter and receiver were gener-
ally described in Section 3,2 and will not be repeated here. However, the
description of these units will track the signal flow.

Transmitter

Starting with signals originating in the OA, the incoming voice and
selected telemetry channel signals are fed to exciter modulators. (The
selection and multiplexing of telemetry signals is performed in the signal
selector and multiplexer, described in Section 4. 2.)

The exciter-modulators are conventional voltage-controlled crystal
oscillator (VCXO) configurations, provided redundantly for both the voice
function (71 MHz) and the data function (70 MHz). In the event of voice-only
transmission, the vecice boost switch can increase the level of the voice
carrier to drive the TWT at full power.

The outputs from the exciter-modulators are combined and upcon-
verted to the transmit frequency. The use of a common upconverter stage
permits the sharing of a single harmonic chain between the voice and data
channels, enables simplified switching between transmission frequencies,
and provides a large frequency multiplication factor for convenient carrier
spreading of both channels.



The configuration of the transmit reference generator is governed by
the requirements of good frequency stability to facilitate acquisition and
ability to spread the carrier over 32 MHz, The baseline design, using a
straightforward harmonic chain, is shown in Figure 4-2, However, even
with its large frequency multiplication factor of 576, carrier spreading to
32 MHz by phase modulation requires a modula‘*ing frequency of about
200 kHz,

An alternate implementation of the transmit reference generator is
shown in Figure 4-3; it is based on a 1 GHz solid-state signal source that is
eithcer phase-locked to a quartz crystal or is unlocked and frequency modu-
lated, As the carrier spreading modulation is direct FM, the deviation is
independent of the modulating frequency. There is, however, some question
as to whether sufficient deviation can be obtained; commercially available
signal sources of this type are quoted at +0. 1 percent deviation, whereas
+0. 4 percent is desired here — a performance stretch which may well be
realizable.

Before implementation of the DRT, a more detailed study should be
performed for selecting the configuration of the transmit reference generator.

Following the reference generator, the combined carriers are ampli-
fied in a 20 watt TWT amplifier., The TWT is operated at saturation, and
almost full power is obtained because the telemetry carrier is at a much
higher level than the voice carrier. (In fact, when the two signals are
combined, the voice signal must be at a leve!l disproportionately higher than
would be required in a linear system in order to overcome the effect of
small carrier suppression in the presence of a large carrier input to a
saturated TWT, This provides an automatic enhancement of the voice signal
should the telemetry signal carrier be absent.)

The output of the TWT amplifier is filtered and fed to the antenna
(described in Section 4, 3). A power monitor has been included to provide a
measurement of the RF power being fed to the antenna.

There is complete redundancy in the transmitter, with cross-strapping
provided between the exciter-modulators and the transmit reference genera-
tors, and again between the reference generators and the TWT amplifiers,
With this type of cross-strapping, normal operation can be maintained with
the failure of any combination of one each of these three units, (As indicated
carlier, this level of redundancy may be excessive relative to the operational
life requirements of 1 year,)

Receiver

s NS A

For incoming signals, the monopulse diiference channel signals from
the antenna are multiplexed in an azimuth-elevation switching unit and com-
bined with the sum channel signal in a 15 dB coupler in the receiver input
assembly. (A detailed discussion of the operation of the time-shared mono-
pulse tracking system is provided in Section 5. 4,)
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The combined sum and difference signal is then amplilied in a
tunnel-diode preamplifier before being downconverted to IF, A tunnel-diode
preamplifier was selected in preference to a more sensitive parametric
amplifier., Although higher sensitivity in the DRT receiver would permit a
reduction of the required antenna size for purposes of receiving information,
the penalty of a smaller antenna would be felt in the higher RF power
required of the downlink transmitter, From the point of view of cost, weight,
and raw power consumption, the design consisting of a 15 foot dish, a tunnel-
diode preamplifier, and a 20 watt TWT is considered to be close to optimal.

Except for the monopluse tracking circuitry, the receiver is com-
posed largely of conventional circuitry. The receive reference generator
design is shown in Figure 4-4, AGC is included in the receiver at the IF
level to permit proper processing of the AM tracking signals. A threshold
detector provides a positive indication of the presence of a tracking signal.
The presence of such a signal is used to transfer operation from acquisition
mode to track mode. Loss of the track signal causes the logic to automati-
cally revert to the acquisition mode.

The doppler shift of the received signal (4 GHz) is on the order of
+100 kHz, It is proposed that this frequency shift be substantially cancelled
through programmed precompensation by the ground terminal. (This
approach has been informally discussed with Comsat Corporation personnel,
and implementation on their end appears to be straightforward.) The
expected buildup of other residual (i. e., uncompensated) frequency errors
is sufficiently small to ensure that, during acquisition, the (unmodulated)
uplink carrier will always be within the receiver passband. With uplink
modulation present, however, the bandwidth occupied by the modulated
carrier will be roughly equal to the total frequency uncertainty; for this
reason, the frequency tracking capability of tlie receiver ensures that the
modulation spectrum will always be centered in the passband.

The clipper and FM detector operating on the received communica-
tion signal, and the receive baseband processor are all conventional circuits,

4,2 TELEMETRY SIGNAL SELECTOR AND MULTIPLEXER

The telemetry signal selector and multiplexer consist of a four-
position command-operated selector switch and a digital encoder. The four
switch positions correspond to the four signal transmission modes specified
in Section 2. 2.2, namely, voice alone or voice-plus-telemetry channels A,
B, or C. The input to the switch for channels A and B is simply telemetry
signals 1 and 2. For channel C, the input to the selector is the output of
the digital encoder, which is the multiplexed combination of telemetry sig-
nals 3 through 7.



The multiplexing of telemetry signals 3 through 7 1s accomplished
by a simple sampling scheme operating at a bit rate of 72 kilobits/sec,
which is the same as the data rate on telemetry channel 2, An alternate
approach of putting each of these signals on a separate subcarrier before
combining onto a single carrier was considered; the subcarrier oscillators
to accomplish this are straightforward designs but are, in totality, no

simpler than the digital encoder selected, and the penalty in RF bandwidth
is excessive,

The sampling format is shown in Figure 4-5, Signals 4, 5, 6, and
7 are sampled four times per minor frame, and signal 3 is sampled once
per minor frame. There are 20 bits in a minor frame, 3 of which (F, R,
A or F, R, A) are used for frame synchronization. The frame rate is,
therefore, 72 x 103 bits/sec + 20 bits/frame - 3.6 x 103 frames/sec, and
the signal sampling rates are 4 x 3.6 x 103 samples per second for signals
4 through 7, and 1 x 3.6 x 103 samples per second for signal 3,

The corresponding sampling rate, in samples per bit, is given in
Table 4-1., Because it is assumed that the 72 kilobits/sec sampling rate
and the 5 NRZ bit streams are all relatively asynchronous, this sampling
method will result in an apparent random jitter at the bit transitions when
these bit streams are demultiplexed and reconstructed. This effect is shown
in Figure 4-5 for a representative bit stream which is being sampled at the
rate of approximately 2. 6 samples/bit. The peak-to-peak magnitude of this
random jitter, expressed as a percentage of the bit period, is the reciprocal
of the samples per bit for a given channel. The jitter values for each channel
are also given in the table. It can be seen that the worst jitter, +22, 2 percent,

occurs on signal 3, Commercially available bit synchronizers can onerate
on this level of jitter,

TABLE 4-1. ENCODER PERFORMANCE SUMMARY

Signal Rgli:z: Sampl.e M?;{ti:::m
Number kilobits/sec per Dit percent o;' Bit
3 1.6 2.25 +22,2
R 4.0 3.6 +13,9
5 5, 1& 2. 82 +17.7
6 5, 12 2. 82 +17.7
7 5.76 or 5.12 2.5 or 2.82 +20.0 or 17.7
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A preliminary design implementation is shown in Figure 4-6, A
fu'ly redundant encoder system can be packaged in a volume of 61 cubic
inchies, weighing 1.5 pounds and consuming 1.0 watt,

4.3 ANTENNA

4,3.1 General Design Description

The selected cassegrain antenna design is shown in Figure 4-7. It
was selected in preference to a prime-focus feed design for the following
reasons:

1) The cassegrain has approximately 2 dB higher gain.

2) Depth of the cassegrain is only 60 percent that of the prime-focus.

3) RF transmission losses of the prime-focus are about 0.5 dB
higher.
4) Integration and final assembly of the feed with the main

reflector and electronics are substantially simpler,

The cassegrain antenna design consists of a main reflector, a sub-
reflector, and a five-horn feed assembly. The main reflector is a para-
boloid, and the subreflector is a modified hyperboloid. The subreflector
converts the spherica)l wave emerging from the feed to the equivalent of a
spherical wave emerging from the focus of the main reflector. The para-
boloid then converts the spherical wave to a plane wave,

The antenna is designed so that the feed is attached to the equipment
compartment at four points, which,in turn, is attached to the main reflector.
There is no direct mechanical support between the feed and the main reflec-
tor; the feed extends through a 21 inch diameter clearance hole in the reflec-
tor. Alignments needed to make the feed mechanical axis coincide with the
main reflector axis are done by adjustment at the 73 inch diameter mounting
circle. The subreflector will be aligned optically in the shop for coincidence
of its axis to the main reflector axis. It is expected that the electrical axis
of the beam (defined as the intersection of thhe monopulse null planes) will be
within 1/8 degree of the main reflector axis. The measured boresight bias
error will be compensated in the acquisition mode for pointing the beam
peak at an Intelsat IV satellite.

The antenna design is similar to a cassegrain antenna previously
developed at Hughes.* The cassegrain geometry and the five individual horns
in the feed are the same as for the earlier antenna, thereby providing a high
confidence that the antenna will perform as designed.

R. T. Clark and P, A, Jensen, Experimental Cassegrain-Fed Monopulse
Antenna System, NASA Contractor Report CR-720, May 1967,
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4.3.2 Feed Design

The feed is designed to simultancously operate at 6 GHz for transmit
and at 4 GHz for receive and monopulse tracking; a feature of the design is
efficient operation at both frequencies.

The receive sum channel aperture utilizes all five horns, the receive
difference channels use the four outside horns, and the transmit channel
uses only the center horn aperture, Control of the aperture size of the
individual horns, and amplitude and phase control at the common aperture
of the five horns, results in an average beamwidth at 6 GHz equal to the
average beamwidth at 4 GHz,

The RF circuitry at 4 GHz consists of a power divider feeding a
diagonal plane monopulse comparator and the center horn. The power
divider splits the power so that 75 percent goes to the center horn and 25
percent to the comparator (and subsequently to the outer horns). Five
circular polarizers are used to convert to right circular polarization. The
RF circuitry and its combining operations are shown in Figure 4-8, (The
normalizing subscripts are not shown,) The comparator combines the signals
from the four outside horns to form the two difference (error) channels,

The power dividers add the signal from the center horn, after it has been
properly phased, to the sum signal from the comparator to obtain the receive
sum channel. The transmit signal is coupled to the center horn through the
6/4 orthomode tee., Because the transmit signal polarization incident on

the polarizer is orthogonal to the receive polarization, the output of the
polarizer will give left circular polarization. The 6/4 orthomode tee does
not allow coupling between the 4 and 6 GHz ports. The mechanical configura-
tion of the feed is shown in Figure 4-9. A large part of the development of
this feed was performed in the work reported in NASA Report CR-720,

The only components of the feed that need further development are
the 6/4 orthomode tee, the power divider, and the circular polarizer for the
center horn. The horns, magic tees, and polarizers for the outer horns
will be identical to the existing design.

4.3.3 Cassegrain Design

The cassegrain design establishes the location and contour of the
hyperboloid and the proper position of the feed. For an antenna main dish
diameter of 180 inches, an F/D ratio of 0.4, and a hyperboloid half-angle
of 11.8 degrees, the position of the hyperboloid is as shown in Figure 4-7.
The feed protrudes in front of the paraboloid vertex by 9 inches. This is
identically the geometry of the cassegrain antenna described in NASA Report
CR-720, which also includes details of its mathematical analysis.

The complete subreflector consists of a hyperboloid plus a splash

plate. The hyperboloid itself is 24 inches in diameter, and the splash plate
is a ring with a radial length of 5 inches tilted 18. 4 degrees and added to the
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outer edge of the basic hyperboloid. The purpose of the splash plate is to
improve the efficiency of the antenna system by redirecting, to the main dish,
some of the spillover which goes past the edge of the hyperboloid.

4.3.4 Performance

The estimate of performance of this design, based on the measured
results described in NASA Report CR-720, is summarized in Table 4-2.
This estimate is based on the assumption that the assigned frequencies for
AAP/DRT would be two adjacent channels centered at the frequencies of
6.35 and 4. 12 GHz. The expected gain over the transmit and receive bands
is 45.8 and 42.3 dB, respectively.

TABLE 4-2, EXPECTED PERFORMANCE OF CASSEGRAIN ANTENNA

Parameter Transmit Receive
Frequency, MHz 6350 +38 4120 +38
Polarization LHCP* RHC P
Gain (sum-beam peak), dB 45,8 42.3
Ellipticity, dB 2.0 2.0

Sidelobe level (sum), dB

Maximum (first) <-16 <-16
5°< 6 <10° <-30
6>10° <-35
Sum peak-to-difference peak, dB 6.0
Monopulse null depth, dB >35

(reference to sum peak)

Beamwidth (3dB), degrees 0. 65 1.00

% Left hand circularly polarized.
#% Right hand circularly polarized,
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The sidelobe levels were determined by examining computed
secondary patterns, the secondary patterns measured at 4 GHz, as given
in NASA report CR-720, and the patterns of other cassegrain designs with
beamwidths of approximately |1 degree. It should be cautioned that the
far-out sidelobes, which are at levels lower than -35 dB, are difficult to
predict to an accuracy of better than perhaps #5 dB. This is because of the
dependence of these sidelobes on the detailed construction of the reflector
edges, the quadripod support for the subreflector and the exact character-
istics of the feed primary pattern. With these considerations in mind,
maximum sidelobe level estimates are shown in Table 4-2. It may be possi-
ble to decrease the -35 dB sidelobes somewhat by eliminating the splash
ring from the subreflector. However, elimination of this ring would pro-
bably decrease the gain by approximately 0.5 dB. The true sidelobe level
can only be established by measurement with the final mechanical
configuration.

L.osses used in arriving at the expected gains are shown in Table 4-3.
The aperture efficiency and spillover were taken from NASA report CR-720,
The blockage losses were computed from Ruze. * The loss from thermal
distortion was estimated from computed main dish (paraboloid) distortions.
A visual examination of the con'puted thermal distortions of the reflector
indicated that a cubic error existed. The cubic error has three effects:
it causes the beam to shift, the sidelobe levels to increase, and the nulls to
fill in. In a tracking antenna only, the latter two effects cause a gain loss,
which is the only loss shown in the budget.

A computed secondary radiation pattern at 4.1 GHz is shown in
Figure 4-10. This pattern was computed using an average of measured
primary feed patterns. Typical measured secondary patterns at 4.1 GHz
are shown in Figure 4-11 with the splash ring on the hyperboloid, and in
Figure 4-12 without the splash ring. An examination of the measured
patterns shows that it is reasonable to expect that a decrease in the sidelobe

level at 6 GHz -culd be realized by eliminating the splash ring. However,
as stated eariic. ilis decrease could only be confirmed by measurements
at 6 GHz.

* John Ruze, ''Feed Support Blockage Loss in Paraboloid Antennas, "

Microwave Journal, December 1968, pp. 76-80.
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TABLE 4-3, ANTENNA LOSS BUDGET AND
EXPECTED GAINS, dB SUM PEAK

Parameter

Frequency, MHz

|
6350 +38 4120 +38

Areca gain
[Losses
Aperture efficiency
Spillover
Hyperboloid blockage
Strut (hyperboloid support) blockage

Reflector rms surface error

(JM = 0, 040 inch, og = 0. 015 inch)

Reflector thermal distortion

RF circuit

(two magic tees, 4 foot waveguide
polarizer, power divider,

6/4 orthomode tee)
Cross-polarized power

Total

Expected gain

49. 6 45. 9
1.0 0.9
0.7 0.7
0.5 0.5
0.2 0.2
0. 4 0.2
0.3 0.3
0. 4 0.5
0.3 0.3
3 8 3.6

45, 8 42. 3




TABLE 4-4. POSITIONER REQUIREMENTS

Gimbal limits, degrees Elevation +100
Azimuth +190
Boom 0 and 180
Rates Track on El and Az 0 to 1, 6 deg/min

Slew on all axes 180 deg < 2 minutes
(150 deg/min)

Commands Acquisition mode — slew to present posi-
tion indicated by binary word

Accuracy, degrees Tracking +0, 05
Slew +0, 20
Temperature, °F Gimbals -90 to +150 sinks
Electronics 0 to 4100 operating
-65 to +140 nonoperating
Weight, pounds 33 for each drive (three per vehicle)
9 for each control electronics (two per
vehicle)
Power 23,5 to 28, 5 volts dc

30 watts time average
80 watts peak worst case

Brake Maintain position with power off system

Position readout Provide gimbal shaft position in binary
word

Reliability Safety margins compatible with manned
systems

LLoad properties Approximately 550 pounds

El and Az inertia 310 slug-ft2
Boom < 20 foot length

Ground test Bearings to withstand full loads, includ-
ing counterbalance

Gimbals to operate with 14 ft-1b unbalance
to allow for simplified counterbalance
fystem

Track mode — 10 volt/deg error signal

for E1 and Az gimbals
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4, 4.5 Structural Design

4.3.5.1 Maig ‘R(jliliwtor

The main reflector is a honeycomb structure of constant thickness,
0. 012 inch thick epoxy glass covers on a 1, 5 inch thick aluminum flexcore,
A 21 inch diameter hole in the center of the dish permits the cassegrain
feed to illuminate the subreflector., ¢ .atactic foam fill in the core gives
“bump’ resistance at the inner and oucer diameter edges, and provides an
anchor for the metallic inserts used in attaching the support ring structure
on the back of the dish and the subreflector support tubes on the front
suritace,

4, 3.5, 2 Subreflector

The subreflector is a solid epoxy glass cloth laminate approximately
0.1 inch thick., Four metallic inserts on the backside of the subreflector
attach it to the quadripod tubes. The RF surface is vacuum-deposited
aluminum,

4, 3.5.3 Quadri_go_d

The four subreflector support tubes are 1 inch diameter thin-wall
epoxy glass tubes, Longitudinal graphite fibers increase the strength and
stiffness of the tubes. The small tube diameter minimizes RF pattern
perturbations,

4, 3.5.4 Thermal Finish

All external surfaces of the antenna elements are painted black for
thermal control,

4.4 ANTENNA POSITIONING SUBSYSTEM

4. 4.1 Requirements

The antenna positioner subsystem includes the motors, drives, sup-
port bearings, position indicators, and the control electronics to direct the
antenna, There are threc drives: the elevation and azimuth drives used for
closed-loop tracking of the antenna, and the boom drive used for open-loop
repositioning of the entire boom and antenna,

The positioner requirements are summarized in Table 4-4. The
specified limits are based on a requirement for greater than hemispherical
coverage from a single boom position so that boom repositioning will be
required only at handover, The 180 degree rotation of the boom provides
full spherical coverage with overlap.
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The rate reauirements shown in Table 4-4 are adequate near the
zenith, where the azimuth drive has its highest rate requirement. (The
time-averaged rate is approximately 0, 4 deg/min. )

The specified tracking accuracy is consistent with the overall antenna
pointing error used in link performance estimates, The accuracy require-
ment on slewing is imposed to ensure acquisition.

The passive braking requirement provides for locking the anterna in
a desirable position without continuous power when the DRT is shut down; it
also protects the OA in the event of a power failure to the antenna positioners.

The ground test conditions size the ball bearings so as to withstand
the forces and moments encountered during assembly, test setup, and ground
handling, The requirement of 14 ft-1b for ground test permits an unsophis-
ticated unloading test rig by allowing for a drive with enough torque to over-
come a partially unbalanced moment. This capability is important for a
demonstration of two axes working simultaneously in a closed-loop system.

4. 4, 2 Subsystem Operation

Identical positioner mechanisms are used for the elevation, azimuth,
and boom drives. A block diagram of a typical gimbal positioner is shown
in Figure 4-13. The antenna positioner electronics (APE) is mounted on the
back of the main antenna reflector in the equipment compartment,

The selected motor is a Slo-Syn SS 250 stepper with a «ttep increm 'nt
of 1.8 degrees, which is reduced through a 160/1 harmonic drive. The
drive output is connected directly to the output shaft, which rotates in steps
of approximately 0. 01 degree.

The stepper motor is designed to perform open-loop stepping by
inputting a series of pulses. However, with open-loop stepping, operation
is severely limited if the load inertia inhibits the motor from advancing as
fast as the driving pulse rate. If, in fact, the rotor position is not in phase
with the current pulse sequence, the rotor may even reverse direction for a
step. To overcome this difficulty, an encoder is mounted directly on the
motor shaft and digitally commutates the stepper motor coils, This com-
mutation technique permits full torque of the motor te be applied at any
phase of the step cycle, just as in a dc brush motor. Even when the step
transition is very slow, the encoder prevents switching of the coils until the
rotor has advanced to a position for the next coils to be effective.

The encoder for commutation is shown in the block diagram of
Figure 4-13. This encoder output could be used to accumulate the gimbal
position by bit-counting in a register. However, should power be inter-
rupted, the register would lose count and the antenna would have to be
positioned to a mechanical stop to reinitialize the count, which can be
difficult and time-consuming. Instead, a direct readout resolver has been
provided for each gimbal shaft positioner.
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TABLE 4-5.

TORQUE BUDGET

Elevation and Azimuthi Drives gilf:l: Gro,r‘;r:::f " g}:ﬁ: ’ Grosulr:‘l”'rest
Cables and bearings 19. 7% 20.7 19.7 20.7
One step windup 139.0 139.0 0 0
Unbalanced moment 0 168.0 0 168.0
Acceleration 0 0 8.3 8.3
Total required 158.7 327.7 - 28.0 197.0
Torque available worst case 884.0 884.0 605.0 605.0
Torque margin 5.6/1 2.7/1 21.6/1 3.10/1
Boom drive

Cables and bearings 19. 7 20. 7%
Unbalanced moment 0 168.0
B Track not required on ﬂ 6_8_(3
Total required Do 37.7 256.7
Torque available worst case 605.0 605.0
Torque margin 6.9/1 2.36/1

*All torque values in in-lb.




The gimbal shaft resolver puts out sine and cosine signals to indicate
actual position, It has two sets of windings, which provide signals corre-
sponding to »1 speed and x72 speed., These signals generate the six most
significant bits from the x1 speed winding, and the remaining six bits from
the x72 speed winding, These are summed to form a 12 bit word correspond-
ing to actual shaft position, for coriparison with the commanded position and
for visual readout at the control panel.

In operation, when an acquisition command is received from the
receiver, the computer will provide a pointing command consisting of a
digital word for each axis, The APE compares the present shaft position
with the commanded position to determine the number of steps required to
reposition, A motor encoder bit register is initialized, and the gimbal is
slewed at 150 deg/min (225 pulses/sec) until the register accumulates the
required count., This method utilizes only the motor encoder in the loop
rather than the gimbal resolver because of the position lag of the gimbal output
shaft, thereby eliminating certain slew stability problems that could arise
as a result of the low natural frequency of the structure, When the rmotor
encoder register equals the commanded position register, the desired motor
position has been reached; but the '"completed response'' signal is delayed to
allow the gimbal shaft oscillations to damp out.

When the completed response signal is given, a new position com-
mand is issued by the computer and the process repeats until the tracking
receiver recognizes the presence of a received signal and issues a command
to transfer to tracking mode. At this poiut, the stopping time and mechanical
lag of the antenna is important., The estimated overshoot is approximately
0. 4 degree, which is within the pull-in range of the receiver.

When the system is in the track mode, the motor coils are turned off
between stepping commands to conserve power. The motor is pulsed at a
low rate with 0, 150 second current pulses. Typically, the target rate is
about 0., 4 deg/min, which requires a current pulse every 1. 7 seconds. This
means the coils of each drive are energized less than 10 percent of the time.
In operation, whenever the error sign:l exceeds a predetermined deadband,
the electronics waits a short period and executes one pulse. The pulse winds
up the harmonic drive by one step and then shuts off power. The magnetic
brake action of the motor maintains the position, and the drive unwinds the
antenna to its new position, advancing it by a 0, 01 degree step. The controi
loop analysis is described in Section 4. 4, 4.

The torque budget is shown in Table 4-5; allowances for both ground
testing and flight operation are included. The ground test environment
includes the possible unbalance moment imposed because of unloading toler-
ances, and a slight increase in expected bearing friction due to the attendant
higher bearing loads, The indicated worst case available torque assumes a
motor winding temperature of 75°F above the hottest sink condition. (This
condition can occur only after a 15 minute period of slewing for initial acqui-
sition; normally, the motor coil temperature is close to that of the sink, in
which case the available torque is 25 percent greater than shown in Table 4-5.
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The torque available for the lowest temperature condition is about
double that listed, This higher torqgue is of little significance during trackinyg
because the typical displacement increment is one step at a time, During
slew, however, the structural system winds up, and the maximum torque
level of about 100 ft-1b could be applied to the OA. If this should present a
problem to the OA control system, current limiting could be added to the
APE to limit the maximum torque,

The total impulse to the OA is of concern only when slewing the boom
because of its large inertia compared to the two gimbals. The requirement
to slew the boom 180 degrees in less than 2 minutes resul.s in an accelera-
tion impulse of

2
267 _ 21 /2) 6500 slug-ft

t 60 seconds

= 340 ft-1b-sec

which is well below the allowable 500 ft-1b-sec.

4. 4. 3 Mechanical Components

The positioner is shown in Figure 4-14, ins.alled in a tube, as it
would be for the azimuth drive. In the elevation drive, the same design
would be mounted in one of the yoke arms, The opposite arm of the yoke
would contain only a matching housing, shaft, and bearing assembly. Since
none of the axes have complete rotational freedom, slip rings are not
required, The wires, including coaxial cables, are bundled with sufficient
slack to allow the required rotary freedom,

A flexible coaxial cable would be used around linkages, and semirigid
coaxitube elsewhere, Hughes has conducted tests to determine the forces
required to bend Rockbestos flexible coaxial cable at four temperatures,
extending down to -250°F, The coldest cable condition for this application
is estimated to be -90°F, Since the actual cable harness configuration may
differ from the test setup, a factor of two has been applied to the data, and
a total of 10, 5 in-1b of torque has been budgeted for the bending of the two
coaxizl cables and the wire bundle.

The positioner shaft ball bearings are Kaydon KD55AR. The 5.50 inch
inside bore allows compact packaging of the drive elements. A thin-wall
bearing was selected to minimize bearing and positioner housing weight.

The bearing has a static rating of 17,100 pounds in the thrust direction and
5900 pounds in the radial direction. These capacities are generous for flight
loads since the main weights are locked directly to structure during launch.
However, in the 1 g test environment, the radial forces will reach 42 percent
of this capacity. The bearings will be preloaded in the thrust direction to
approximately 100 pounds to provide radial stiffness and a consistent thrust
position despite temperature changes. The resulting levels of bearing fric-
tion are a small item in the torque budget and are beneficial to system
damping,




A Slo-Syn SS 250 permanent magnet stepper motor has been selected.
The permanent magnets provide a residual holding torque of 2. 2 in-1b with
no power applied, The power-on detent is 18, 8 in-]b at room temperature,
and the stepping torcue is 14 in-lb at low pulse rates and 10 in-1b at
225 pulses/sec. The torque values shown in Table 4-5 are lower than these
because thev reflect the worst case effect of winding temperature. The
motor is biiilar wound, resulting in four coils that are sequenced in pairs to
advance the rotor in 1, 8 degre  increments, Since bifilar wound motors
have twice as many winding tu.ns as standard wound types, they have more
resistance per winding and lower current ratings, Thris reduces the low-
speed torque but raises the high-speed torque since tne I/R time constant
is reduced,

Although the SS 250 motor has not yet been space-qualified, Hughes
has space-qualified a smaller size of the same design, the SS 25. The
changes needed on the commercial SS 25 were developed jointly with the
manufacturer (Superior Electric Company); the same changes will be incor-
porated into the SS 250,

The motor commutation encoder was designed and developed at IHughes
for use with the smaller size Slo-Syn motor. Since the step increment is
identical and the environment is less severe, the ideitical design would be
used in this application., The motor commutation circuitry will also be
identical, The encoder is a variable reluctance differential :ransformer
wound on E-shaped cores, As a toothed wheel, mechanically fastened to the
motor shaft, passes the windings, the transformer output chiunges from 0
to 1. There are two E-cores, displaced from each other by one step, to
provide directional information from the lead or lag of the core outputs,

The two secondaries of each E-core are differentially wound and spaced so
that each detects either the in-phase or the out-of-phase relationship with
the toothed wheel, The E-cores and the toothed wheel are formed from

2 mil silicon-iron laminated sheet bonded into stacks. This construction of
laminations reduces eddy current losses at the 8 kHz carrier frequency.
The device has all inputs to and outputs from the stator, and, therefore,
requires no contacting parts and a very low level of power, It has been
operated over the temperature extremes of -250° to 180°F in vacuum,

The reduction drive is a size 1M harmonic drive from United Shoe
Machinery Corporation. The 160/1 ratio drive is incorporated in the shaft
and housing design, as shown in Figure 4-14, This reduction ratio was
selected to give the resolution required at the output shaft during tracking.
The size 1M is dynamically rated at 160 ft-1b on the output, with a static
torque rating twice this value.

The lubrication used throughout is MoSy powder burnished into the
metal surfaces in accordance with an established Hughes procedure. The
life requirement of these positicners is well within the demonstrated capa-
bility of MoSp in vacuum, The elements of the harmonic drive, ball bearing
races for the motor, harmonic drive, and shaft bearings are all disas-
sembled and burnished. The ball separators in all bearings are machined
from Duroid material to replenish MoS; to the bearing elements during their
life,
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The two-speed resolver is a conventional design used in many rotating
assemblies, The factors leading to its selection are described in Section 5. 8,
The accuracy requirement is such that established manufacturing methods
can be used with some relaxation over the tolerances presently held on
similar resolvers for another Hughes program.

The elements of the positioner are housed in a steel shaft and hous-
ing, as shown in Figure 4-14, The shaft wall thickness is sized to provide
the required bending stiffness. The wall thickness of the housing could be
thinner and still satisfy the stiffness criteria; but as the housing is also the
major thermal path for motor heat, its cross-section cannot get too small.

4. 4.4 Control Loop

A diagram of the positioner control loop is shown in Figure 4-15,
There are two operational modes: the acquisition mode, for which the outer
antenna loop is open, and the tracking mode, for which that loop is closed.
All switches shown are controlled by signals from the tracking receiver,

4. 4. 4.1 Acquisition

The position control mode has only an inner loop closed around the
stepper motor, and commands originate from the pulse rate generator. For
either the azimuth or elevation drives, position changes are commanded by
gating the 225 pulse/sec rate for the duration necessary to accumulate N
pulses, where

desired angular position change

N step size (0. 01125 degree)

A different pulse rate will be used for the boom drive. This method of driv-
ing the position loop at a fixed rate limits load acceleration and thus windup

of the structure, Initializing of the command position registers is provided

by the resolver output.

4.4.4.2 Tracking Loop

The tracking loop, when closed, derives a feedback loop from the
receiver electronics, which puts out a signal proportional to the pointing
error of the antenna, A deadband is provided to avoid unnecessary hunting
and to keep the motor duty cycle to a minimum,

4. 4. 4.3 Control Loop Parameters

Table 4-6 shows the preliminary control loop parameters. The two
most critical parameters are the gain, Ky, and the bandpass (low-pass-
corner frequency). A value for Ky of 1 deg/sec per degree of error was
selected so that the loop would follow the expected rates within the allowable
error. The bandpass corner frequency, selected to get good response when
transferring from acquisition to track mode, is about the upper stability
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TABLE 4-6. POSITIONER CONTROL LOOP PARAMETERS

Parameter

Value

Calculation

Comments

Forward loop
gain Ky

Dead space

Bandpass

Compensaticn

Rate saturation

Torque limit

1.0 deg/sec/deg

£0. 02 degree

~]1 rad/sec

1

0.5S +1

4 deg/min
tracking

50 ft—1b

3 deg /min x 1/60

0. 05 deg

>0.016 degree

< wn structure

10

>Bandpass
<wn structure

5

maximum expected rate
error allowable

Minimum -
Maximum must allow gain margin

Must be greater than lo noise level
to minimize oscillations

Low-pass corner frequency must be
low enough to minimize error and to
be well below structure frequency,
yet high enough to allow the selected
forward loop gain (i. e., leave
enough phase margin)

Allows rolloff at structural
frequency (detailed study required
at hardware stage)

Want maximum tracking rate low
to control transients

Vehicle requirement
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limit for the calculated structural natural frequencies of 10 rad/sec. For
this reason, some compensation is required in the tracking loop; the com-
pensation shown in Table 4-6 was selected for the preliminary investigation,
A more detailed analysis, beyond the scope of this study, will be required
to verify the control loop parameters.

Rate saturation is provided to minimize transients during the trans-
fer from acquisiticn to tracking. Peak tracking rates are substantially less
than the 4 deg/min limit, so there is ample margin,

4.4, 4. 4 Typical Response

Figure 4-16 is a plot of the response of the tracking loop at a com-
mand rate of 0,6 deg/min., This response demonstirates the on-off duty
cycle of the motor and the dynamics of the flexible antenna structure. As
shown, the system stays well within the allowable error,

4, 4. 5 Antenna Positioner Electronics (APE)

A block diagram of the motor countrol circuitry for the elevation and
azimuth ¢imbal drives is shown in I'igure 4-17. The commands to the APE
are as follows:

1) Acquisition—=Discrete command from tracking receiver; logical 1
indicates that APE should enter acquisition mode and logical 0
indicates reception of tracking signal.

2) Track—=Discrete command from receiver; logical | indicates
that track mode has been entered and that analog receiver track
voltage is valid, This is logically the negation of the acquisition
signal but is implemented so that transfer in either direction is
triggered by the presence of the appropriate signal, rather than
presence or absence of a single signal, )

3) Tracking Error— Analog voltage from receiver indicating instan-
taneous error, Maximum input is £10 volts, with 10 volts
corresponding to 1 degree error,

4) Slew Position—Serial digital word containing magnitude portion
indicating new slew position, address portion indicating appro-
priate gimbal drive, and parity bit. Serial command is received
least significant bit first, Magnitude portion of command is
14 bits long,

5) Position Boom— Pulse command initiates program for reposition-
ing boom,
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The outputs from the motor control are as follows:

1) Slew Command Executed— Logical signal indicates that slew
position command has been executed (i. e., that error went to
zero). Its output is delayed to ensure that the drive has stopped
moving. A '"slew-command-executed'' output does not indicate
that error is zero but simply that it was driven to zero. (Over-
shoots may cause the error to be non-zero at the time the signal
is given, )

2) Actual Position Output— Twelve bit serial data word represent-
ing processed resolver output indicating actual position of the
load, This output is available from all three drives.

The track mode is selectable for either the azimuth or the elevation
drives (the boom drive has no track function), In this mode, the load can be
positioned at rates up to 4 deg/min. When the rec: iver steering signal out-
put is greater than 1 volt (i. e. , the error is greater than 0,1 degree), the
track rate will saturate at its maximum value of 4 deg/min. For receiver
inputs less than 1 volt, rates are proportional to input voltage.

In the acquisition mode, position commands are provided from the
OA computer, which result in load movements at 150 deg/min (225 motor
pulses/sec). When the position command has been executed and the drive
has stopped, the '"'slew command executed'' output is enabled.

The boom positioning drive has only one mode of operation. This is
initiated by a pulse command, which causes a rate profile to be generated in
the APE. This, in turn, results in an acceleration of the boom to a rate of
150 deg/min, followed by a deceleration to zero rate, so that 180 degrees of
boom travel is accomplished with minimum acceleration within the allowable
boom transfer time,

The APE is split into three major categories, as shown in Figure 4-17.
i) Input rate limiting and stop control

2) Motor commutation loop

3) Resolver excitation and processing

Input rate limiting and stop control are achieved by position feedback
from the stepper motor commutation loop, which updates the contents of the
actual position register and provides the basis for position control of the
motor. Rate control is mechanized by limiting the commanded rates. To
provide position control, the contents oi the '""actual position'' register are
subtracted from the contents of the ''commanded position'' register. The
difference is the error, which is sampled by the error sampler. The error
sampler determines whether the error is positive, negative, or zero. If it




is positive or negative, the sampler provides direction control commands to .
the motor commutation logic to drive the motor until the error is equal to

zero, The stop command overrides direction control commands. When a !
stop command has been executed, a deadband is enabled such that small

motor movements resulting from deenergization of the motor windings do

not cause direction commands, When further position commands are

received from the computer, the deadband is reduced to zero and the new

input commands are executed,

The stepper motor commutation loop consists of the magnetic enccder,
demodulator, rotor position memory, and motor commutation logic. Motor
position is sensed by an encoder mounted on the mator shaft. The encoder
provides two outputs, each a double-sideband suppressed-carrier waveform
whose carrier phase is dependent on rotor position relutive to the stator,
These two signals are demodulated to produce a two bit binary signal. The
present states of the two signals are stored in the rotor position memory,
The motor commutation logic samples this ''present rotor position'" informa-
tion, and at the occurrence <. any of the three input commands (CW, CCW,
or STOP), the logic selects the proper set of motor windings to be energized
for the desired motor action,

The dual-speed resolver is mounted at the load end of the drive for
accurate determination of load position, The resolver is excited by sine and
cosine waveforms of constant amplitude, with outputs of the form sin (uwt + 6;)
from the single-speed winding and sin (wt 4+ 726;) from the multiple speed
winding. Processing of these outputs to obtain 6] is accomplished as follows,
The first six bits of the angle 6; are found from the singl:-speed output, as
determined by a gated phase measurement in an electronic counter, The last
six bits are found using the multiple speed output in a counter similar to that
used in the single-speed channel, The two six bit numbers are added to form
the 12 bit representation of the angle.

4,4, 6 Positioner Weight and Power

The weight breakdown for each positioner is shown in Table 4-7. The
33, 0 pound unit weight is used in each of the three functions: azimuth, eleva-
tion, and boom, The dummy positioner used to support the other half of the
elevation gimbal weighs approximately 16 pounds; only the shaft, housing,
and ball bearings are required in this unit,

Power demands are shown in Table 4-8. The worst case effects of
motor winding temperature and voltage level variation are shown. The track
power is shown for the nominal bus voltage level and for nominal temperature,

(The justification for the 10 percent duty cycle during track is explained in
Section 4. 4. 2).
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TABLE 4-7. POSITIONER WEIGHT BREAKDOWN

B Weight,

Component Description pounds
Housing (2 pieces) 17-4 PH stainless steel 99
Shaft 17-4 PH stainless steel 4,0
Cover plate 2024-T4 aluminum 0.8
Ball bearings (2) Kaydon 440C steel 2.1
Bearing spacer and retainer | 17-4 PH stainless steel 2.0
Slo-Syn motor SS 250 Stepper motor, including bearings 6. 5
Motor encoder Digital commutator 0.8
Harmonic drive Size 32, 160/1 ratio 2. 4
Shaft angle instrument Dual-speed resolver 3 0
Miscellaneous Bolts, nuts, and washers 1.5
Total ;?_6

4,5 TELEMETRY, COMMAND, AND MANUAL CCNTROL

Preliminary requirements for telemetry, command, and manual
override are summarized in Table 4-9; they total 50 telemetry items and
32 commands, To be on the safe side, however, it seems prudent to size
the T&C interface for a 25 percent growth over the presently identified T&C
parameters,

Although normal operation of the SWS microwave terminal is fully
automatic and fully commandable from the ground, on-board manual override
control is provided, Potential items for inclusion on the on-board control
and display panel are also shown in Table 4-9, The final selection of displays
and controls to be included in the DRT control panel must be established by
NASA and/or the AAP integration contractor.

4,6 THERMAL DESIGN

Thermal control of all DRT compenents will be achieved passively.
The aft end of the electronics package will be painted black (ae* = 0. 96,
¢ = 0.85) and serve as the radiator. Superinsulation (30 sheets) will be used
to minimize radiation interchange with the cylinder walls and the dish. The
antenna dish will be painted black on both sides. Any thermal finish with
a/¢ =1.1 will provide adequate thermal control of the feed support tubes,
The gimbal assembly housing will require a finish with o/e =0.5. Thermal
requirements and performance are summarized in Table 4-10.
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TABLE 4-8. POSITIONER POWER DEMAND

(44l 4

Slew current (one-axis)

Winding temperature, °F -90 116 225
Motor current peak, amperes 2.0 1.4 1.0
Electronics standby, amperes 0.4 0.4 0.4
Electronics slew addition, amperes 0.7 0.7 0.7
Total amperes 3 1 2.5 2.1
Slew power (one-axis), watts
23.5 volt bus 73 59 49
26. 0 volt bus 80 65 54
28.5 volt bus 88 71 60
Power track 0.4 deg/min One-axis, Two-axis,
amperes amperes
Motor - mean temperature 1.4 ampere x 10 percent duty = 0. 14 0.28
Electronics standby 0.40 0.40
Electronics drive addition 0.7 ampere x 10 percent duty - 0.07 0.14
0.61 0. 82
Power - 26 volt bus, watts 16 21
Positioner system avcrage power, watts 26

(90 percent track, 10 percent slew)




TABLE 4-9. SUMMARY OF REQUIREMENTS FOR TELEMETRY,
COMMAND, AND MANUAL OVERRIDE
Digital Manual
Status Analog Digital On-Off -
t Magneti (&} ide
Requiremen Telemetry | Telemetry | Telemetry | Command Con‘\mun; (;’::tl;ol’
Off X X
Standby: Both TWT HV OFF X X X
TWT HV 1 - ON/2 - OFF X X X
2 - ON/1 - OFF X X X
TWT helix current - | X
-2 X
RF power monitor X
Reference generator/upconverter
1 - ON/2 - OFF X X X
2 - ON/1 - OFF X X X
Upconverter drive - 1 X
2 X
Voice exciter-modulator
1 - ON/2 - OFF X X X
2 - ON/1 - OFF X X X
Data exciter modulator
1 - ON/2 - OFF X X X
2 - ON/1 - OFF X X X
Carrier spreading ON X X X
OFF X
Digital multiplexer
1 - ON/2 - OFF X X X
2 - ON/1 - OFF X X X
Signal selector modes:
Voice only (at full transmit pwr) X X X
Voice + 72 kilobits/sec (ATM) X X X
Voice + 51.2 kilobits/sec (AM X X X
or CSM)
Voice + composite of 5 tape X X X
recorder channels
Frequency 1 X X X
Frequency 2 X X X
Temperatures 6
Preamplifier /mixer
1 - ON/2 - OFF X X X
2 - ON/1 - OFF X X X
Mixer drive - 1 X
-2 X
Receive reference generator
1 - ON/2 - OFF X X X
2 - ON/1 - OFF X X =
Receiver 1 - ON/2 - OFF X X X
2 - ON/1 - OFF X X X
AGC bus - 1 X
-2 X
AFC voltage - 1 X
-2 X
Stop scan X
Continuity pilot X
Az shaft encoder data X
El shaft encoder data X
Az-El pointing data (—ATM X X
computer)
Acquisition status:
Tracking X X X
Look-up pointing data X X X
Slew to estimated Az-El X X X
Acquisition unsuccessful X X X
(from ATM)
Totals 30 17 3 31 1 30
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TABLE 4-10.

THERMAL CONTROL SUMMARY

Predicted Temperature, °F

Component Thermal Design Control Requirements Description T s
Electronics package Black radiator Operational . Power on 95 45
(@a* = 0.96, € = 0.85) 0/+100 . Power off 0 -20
30 layers of silicon Survival (Boresight pointed at sun)
-40/+140
Antenna Both sides black Acceptability of bulk Gradient,° F /in 50 L
Dish Senmperainees sad A Bulk temperature 180 -90
determined by stress
AT across dish 225 L
and distortion analysis
AT through core 30 B
Feed support Assumed black for Bulk temperature 190 -150
worst case ATs
AT between strut 225 B,
Gimbal assembly a/< =0.5 -200° to +200°F Bulk temperature 150 - 90




5. SUPPORTING STUDIES

5.1 SIGNAL MULTIPLEXING

5.1.1 General

Both the uplink and the downlink require the simultaneous transmission
of voice and digital data. Either link could be serviced by a single carrier
with the two baseband signals combined at a level below the carrier or bytwo
carriers with each baseband signal modulating its own carrier. The selected
design approach employs a single carrier on the uplink, with the voice and
command data frequency division multiplexed, as is commonly done when
combining multiple voice channels, and two carriers on the downlink.

In general, the use of separate RF carriers (two in each direction)
will minimize the transmitter power needed to send voice-plus-data, pro-
vided the intermodulation loss is not significant. Frequency division multi-
plexing of signals onto a single carrier inevitably requires guardbands within
the baseband, resulting in increased overall RF bandwidth, and thus adds
effective noise at the detector. The added noise requires added carrier
power to obtain the C/N ratio needed for proper operation. For either RF
or baseband multiplexing, cost and complexity come out roughly the same
for the sample configurations checked; so the choice rests mainly on per-
formance and convenience. The specific considerations which led to the
selected approach for each link are discussed below,.

5.1.2 Uplink

For the uplink, multiplexing of the voice and command signal at the
baseband level was selected largely because of advantages in providing a good
signal for DRT antenna acquisition and tracking. In tracking, some simpli-
fication of the receiver is accomplished since it does not have the problem of
distinguishing between two uplink carriers. For acquisition, the absence of
voice and command, assuming that the + kHz command reference signal is
maintained, provides the DRT with a strong narrowband signal which, when
compensated to cancel the predictable doppler shift, will always fall inside
the receiver bandwidth.

The spectrum of the selected frequency division multiplexing scheme

is shown in Figure 5.1-1. By placing voice at the bottom of the baseband, it
is given priority status in the event of equipment or path degradation. The

5-1




COMMAND

1 kHz
2 kHz

VOICE
4 kHz

|

Figure 5,1-1, Uplink FDM Signal Specirum

UPLINK
PM COHERENT CARRIERS

/ VOICE SUBCARRIER 30 kHz FM/FM

(N)£Z-8S000

/ UPDATA SUBCARRIER 70 kHz PCM/PM/FM

RANGE CODE ENVELOPE

00 2 MHz 'o A MH2z / \ co + 1 MHz 10 + 2 MH2z
‘ 1°+ 70 kHz
v fo + 30 kHz

Figure 5, 1-2. Unified S Band Uplink

DOWNLINK
PM COHERENT CARRIER

(N)8Z-8S000

RANGE CODE ENVE LOPE T/M SUBCARRIER 1.024 MHz PCM/PM/FM
(LOW RATE PCM TO 128 kpts) f_, + 1.024 MHz

VOICE SUBCARRIER 1.25 MHz FM/FM
/ for + 1.26 MHz

'ol

Figure 5.1-5. Unified S Band Downlink
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data waveform (Gemini command format) is coherently translated as the
lower sideband with a suppressed carrier at 12 kHz, The |1 and 2 kHz
components of the Gemini command format are coherently related to each
other and to the 12 kHz suppressed carrier, the latter being derived from

the twelfth harmonic of the incoming 1 kHz reference tone. Channel filtering
permits the retention of the second harmonic (4 kHz) of the biphase -modulated
2 kHz signal. At the DRT, the 11 kHz baseband signal will be filter iso-
lated and coherently offset (12/11) to synchronize the locally regenerated
subcarrier for demultiplexing the data.

An alternate single-carrier approach uses a multiplexing format
developed for the unified S band (USB) system. The signal format used in
the USB system is shown in Figure 5, 1-2; in addition to carrying voice and
command, a ranging signal is included. Since ranging is not a requirement
for this application, and it is estimated that the bandwidth required is sub-
stantially greater than that required for the scheme described above, this
was not a preferred choice.

Although the single carrier requires slightly greater power than does
a two-carrier approach, it was selected to simplify acquisition and because
uplink power is not a critical parameter at either the ground terminal or the
Intelsat IV transponder. As discussed in Section 5,2, a critical parameter
in the uplink path is the operating point of the Intelsat IV transponder. Since
the uplink requires much greater power from the satellite transponder than
does the downlink, precautions must be taken to ensure that the uplink signal
does not overdrive the repeater and in so doing impair the operation of the
downlink. As shown in the link analyses of Section 5. 2, the backoff level of
the repeater is sufficient to provide virtually full gain to the downlink path,

5.1i.3 Downlink

Single-carrier multiplexing is possible for the downlink; however, the
disparity in bandwidth needed by the voice and data channels requires that
either the data be placed at the bottom of the baseband (with voice on a sub-
carrier) or that both data and voice be on subcarriers (as shown for the USB
downlink scheme in Figure 5.1-3). In both cases, the multiplexing penalty
in occupied bandwidth and carrier power is appreciable, and the voice func-
tion, with its voice-over-data priority status, is not especially well sheltered
against possible baseband equipment malfunctions.

The selected downlink arrangement calls for separate RF carriers
for voice and data. Both carriers have separate exciter-modulators but
share the output-TWT stage of the DRT transmitter. In normal operation,
the data carrier is the larger carrier, with the voice drive adjusted to com-
pensate for the small-signal suppression incurred by the voice carrier in the
TWT. If the data carrier is commanded off, the now unsuppressed voice
carrier will automatically rise 5 to 6 dB. More voice boost is possible by
separate command.




TABLE 5.2-1. LINK PARAMETERS - LINK:Z TO INTELSAT IV (6 GHz)

Parameter

Voice - SWS to Earth

5

72 kilobits /sec -
SWS to Earth

-~
b

Voice + | kilobit/sec -
Earth to SWS

Transmitter output, dB
Line /diplex loss, dB

Transmit antenna gain, on axis, including
pointing loss, dB

ERP

(Weather attenuation) dB
Reference range loss (to subsatellite point), dB
Delta-range loss, dB
Polarization loss, dB
Intelsat IV antenna gain, on-axis,
off-axis loss
intelsat IV pointing loss (0. 3 degree)
Intelsat Iv received carrier, dB
(Intelsat IV maximum temperature = 2690°K)

Intelsat IV maximum noise power density,
dBW /Hz

Intelsat IV effective (min.) amplification, dB
Intelsat IV antenna gain, on-axis, dB
Intelsat IV off-axis loss, dB

Intelsat IV pointing loss (0.3 deg), dB

Intelsat IV carrier ERP, dBW

Intelsat IV noise density ENPD, dBW /Hz

$.95
-0.7
+45.8

+50. 6

-199.5
-1.40
-0.2

+20.7
-4.85
-0.35

-135.0

-194.3

+105.0

+20.7
-4.10
-0. 35

-13.75
-73.05

12.2
-0.7
+45.8

+57.3

-199.5
-1.40
-0.2

+20.7
-4.85
-0.35

-128.3

-194.3

+105.0

+20.7
-4.10
-0.35

-7.05
-73.05

|
’l9.3

+61.5

+80.8""

-199.5
-1.25
-0.2

+20.7
-4.10
-0.35

-103.9

-194.3

+105.0

+20.7
-4.85
-0. 35

+16.6
-73.8

*
Downlinks from SWS to Intelsat IV not affected by weather.

*
Uplink power control required to compensate for weather.




5.2 LINK PERFORMANCE ANALYSIS

The performance of the DRT working through an Intelsat IV
communication satellite repeater and a Comsat ground station is considered
in this section, The relationships of the various parameters involved are
expressed in equation form, and the detailed calculation results are pre-
sented in Tables 5,2-1 and 5,2-2, It is seen that the three communication
channels considered, namely, voice and telemetry from the OA, and voice

plus command from earth, have ample margins operating under clear weather

conditions, Under adverse weather conditions, there is a slight deficiency
in the downlink channels, with the most severe being that in the telemetry
channel (-0.8 dB).

The uplink power from the earth station must not be allowed to
exceed specifications, This signal, being dominant in the repeater,
establishes the effective gain of the repeater. Should the signal become too
strong, the effective gain of the repeater could easily drop to a leve ' that
would degrade the downlink signals from the SWS. To avoid this, 1. .k
power control must be effected,

The tightest situation presented in the power budgets assumes the
simultaneous occurrence of the following limit conditions:

1) Weather corresponds to earth station G/T loss of 6 dB
2)  Maximum Intelsat IV pointing error of 0.3 degree

3) OA in worst orbit location, i.e., ready for handover to other
Intelsat

4) Comsat earth station in most disadvantageous location
(highly probable)

Hardware parameters for the Comsat terminal and the DRT are
assumed Lo be specification minima, so there are no negative equipment
tolerances to contend with. Thus, any path haviag better conditions than the
limit shown will result in a correspondingly rositive link margin,

5.2.1 FM Working Parameters

The test-tone-to-noise ratio (TT/N)o at the output of an FM discrim-
inator is related to the carrier-to-noise ratio (C/N)i at its input by

2

AF
3 - L C
arm, = SR B (R s (@) o

b
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TABLE 5.2-2. LINK PARAMETERS - FROM INTELSAT 1V (4 GHz)

Parameter

Voice - SWS to Earth

72 kilobits /sec -
SWS to Earth

Voice + 1 kilobit /sec -

Earth to SWS

Clear Weather Clear Weather *
Intelsat IV carrier ERP, dBW -13.75 -13.75 -7.05 -7.05 +16.6
Intelsat IV noise density ENPD, dBW /Hz -73.05 -73.05 -73.05 -73.05 -73.8
Reference minimum range loss, dB -195.7 -195.7 -195.7 -195.7 -195.7
Delta-range loss, dB -1.25 -1.25 -1.25 -1.25 -1.40
Polarization loss, dB -0.2 -0.2 -0.2 -0.2 -0.2
(Weather attenuation), dB 0.0 -1.6 0.0 -1.6 0.0
Receiving antenna gain, on-axis (including +57. 7 +57. 7 +57.7 +57. 7 +42.3
pointing loss), dB
Received carrier power, dBW -153.2 -154.8 -14<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>