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sizsections in this volume is as follows:

FOREWORD

rhe purpose of this volume is to provide a reference handbook of

ag and Data Relay Satellite System (TDRSS) Part I baseline configura-

. data and design information. The organization and content of major
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Section 1, System Definition, contains a system block diagram
and identifies the system elements. s

Section 2, Operations and Control, contains an orbit insertion
profile, a brief description concerning on-orbit control of the
spacecraft, including a listing of auxiliary propulsion, and a
description of the telecommunications service operation.

Section 3, Telecommunications Service System, contains a sum-
mary of the telecommunications services and link budgets as well
as general repeater characteristics. It also contains a brief
description of the TDR repeater as well as the user transceiver
and ground station design. ‘ : :

Section 4, TDR Spacecraft Design Déscription, is comprised of

three subsections: :

4.1, Design Characteristics, contains a discussion of TDRS
spacecraft design characteristics including an artist's concept
of the spacecraft and a spacecraft configuration layout. It

also contains a compilation of detailed spacecraft data:
summary of salient characteristics, electrical power budgets,

a mass summary, and a listing of spacecraft hardware by
subsystem.

4, 2,. Interfaces, descfibes internal and external spacecraft
interfaces, including a functional block diagram,

4.3, Subsystem Description, contains a summary of pertinent
data on the spacecraft subsystems, namely, subsystem block
diagrams, requirement tables, and mass summaries, as well
as some descriptive material on subsystem design. -

J—

—
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1. SYSTEM DEFINITION

The TDRSS concept employs two geostationary satellites to provide
- relay links for telemetry, tracking and command (TT &C) between multiple
low earth-orbiting user satellites and a centrally located ground station, as
. shown in Figure 1-1, making possible nearly continuous reception of data in
' real time. ' '
The TDRSS comprises the folloWing major elements:
o GSFC network sc:hedu_ling and data processing facilities’
® TDRS ground station
X

) TDRS control center =~ = 7 _ .
° Two TDR satellites
. . ° User spacecraft equipment
' The communication links from the ground station to the user are
' defined as forward links, and the links from the user spacecraft to the ground
 station are defined as return links. _ ‘

" The forward links contain user command, tracking signals, and voice
transmissions, whereas the return links contain the user telemetry, return

~ tracking signal, and voice.

The users are categorized as low data rate (LDR), medium data rate
(MDR), and high data rate (HDR) according to their telemetry rates.

11
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2. OPERATIONS AND CONTROL

" The TDRSS operations and control involve three major functions:
° 'TDRS launch and orbital deployment |
o TDRS on-orbit control
° TDRSS telecommunication service of)erations

‘Each'of these topics will be discussed briefly in the following subsections. -

-

2.1 TDRS ORBIT INSERTION PROFILE

The TDRS launch and orbit insertion sequence is similar to that used
for other synchronous satellites, e.g., Intelsat IV. The key events in the
mission are shown in Figure 2-1.

The final orbit is geostationary with a 7-degree inclination. e

2.2 TDRS ON-ORBIT CONTROL

There are two systems for TDRS telemetry and command — K band and
VHF. The K band system is prime with the VHF system, which employs an
‘'omni antenna on the TDRS,for backup.

TDRS tracking is accomplished using the LDR forward link. A signal
.is continuously sent to each TDRS on this link via the K band system. Each

' TDRS repeats the signal at UHF via the broad coverage antenna. A relatively
low gain UHF antenna can be used to receive these signals at the ground sta-
tion, where they are processed to provide range and range rate measurements
for the TDRS. The UHF antenna at the ground station is included in the K band
antenna. ' '

The on-orbit control operations for the TDRS are: - _ 4
] East-west stationkeeping

®  Attitude maneuvers -

it Tt 1 S F it
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¢ S band and K band antenna pointing
) TDRS repeater channel settings for MDR users

The frequency of east-west stationkeeping maneuvers is approximately
one maneuver every 100 days and the frequency of the attitude maneuvers is
one maneuver every 2 days. The satellite has sufficient angular momentum
so that antenna pointing will not require any attitude correction maneuvers.
The stationkeeping and attitude correction maneuvers do not require an inter-
ruption of the telecommunication service to the users. A summary of the
requirements imposed on the auxiliary propulsion is shown in Table 2-1.

2.3 TDRSS TELECOMMUNICATIONS SERVICE OPERATIONS

The major TDRSS operational elements are shown in Figure 2-2. The
operations at GSFC utilize existing equipment and operational procedures for
network control, scheduling, and data processing. The control centers will
perform only those functions required to control and command the TDR space-
ciaft (TDRS repeater channel settings, S and K band antenna pointing, attitude
maneuvers, and east-west stationkeeping). The ground station houses the
RF ground equipment to communicate with the TDR spacecraft (described in
sub-section 3.4). The spacecraft will be described in Section 4 and the user
transceiver in 3. 3.

-TABLE 2-1. AUXILIAR.Y PROPULSION REQUIREMENTS

AV ‘ 168.25 m/sec (552 fps)
“I"Cumulative impulse predictability for < 10 pulses 20 percent
, o > 10 pulses 10 percent
Burn time: Steady state : None
Pulse Axial 70, 000
Radial , 30, 000
Cold starts: Axial 1250
Radial : v 30
e ~

2-3
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3. TELECOMMUNICATIONS SERVICE SYSTEM

The telecommunication service system consists of the communication
equipment in the TDRS, user spacecraft, and ground station. The services
'and their operational aspects have been briefly discussed above and are
depicted in Figure 3-1. The frequency plan is shown in Figure 3-2. The
telecommunication services provided via each TDRS are summarized below.

3.1 SERVICES AND LINK PARAMETERS

3.1.1 Services

3.1.1.1 Low Data Rate at UHF/VHF

e Command of, tracking of, and telemetry from up to 20 users;
command is sequential, tracking and telemetry are simultaneous
for all users. .

© Two way voice to a manned spacecraft with an omni antenna.

) Command and voice services can be provided simultaneously, but
one or the other is limited to 25 percent usage.

3.1.1.2 Medium Data Rate at S band

e 19. 2 Kbps delta modulated voice plus 2 Kbps data (this service is
restricted to 50 percent usage and corresponds to a high power
transmitter mode) or up to 4 Kbps data continuously to a user
spacecraft with a 0 dB gain antenna. ‘

® Up to 1 Mbpé return data from a user spacecraft.

3.1. 1.3 Order Wire at S Band

© An S band antenna has been provided for an order wire service.

‘ This is a broad coverage antenna, thus a request can be made by a
manned spacecraft with an omni antenna for MDR’ service, even if
the TDRS narrowbeam S band antenna is not pointed at this user.
The order wire service channel bandwidth is 1 MHz. —
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f . 3. TELECOMMUNICATIONS SERVICE SYSTEM

-The telecommunication service system consists of the communication
iequipment in the TDRS, user spacecraft, and ground station. The services

- and their operational aspects have been briefly discussed above and are

' depicted in Figure 3-1. The frequency plan is shown in Figure 3-2. The

' telecommunication services provided via each TDRS are summarized below.

3.1 SERVICES AND LINK PARAMETERS

»3.1.1 Services

N

£3.1.1.1 Low Data Rate at UHF/VHF -~

e Command of, tracking of, and telemetry from up to 20 users;
command is sequential, tracking and telemetry are simultaneous
for all users. :

° Two way voice to a manned spacecraft with an omni antenna.

- @ Command and voice services can be provided simultaneously, but
one or the other is limited to 25 percent usage.

£ 3.1.1.2 Medium Data Rate at S band

° 19.2 Kbps delta modulated voice plus 2 Kbps data (this service is
restricted to 50 percent usage and corresponds to a high power
transmitter mode) or up to 4 Kbps data continuously to a user
spacecraft with a 0 dB gain antenna. '

© Up to 1 Mbps return data from a user spacecraft.

+ 3.1.1.3 Order Wire at S Band

i

° An S band antenna has been provided for an order wire service.
This is a broad coverage antenna, thus a request can be made by a
manned spacecraft with an omni antenna for MDR service, even if
the TDRS narrowbeam S band antenna is not pointed at this user.
The order wire service channel bandwidth is.1 MHz.
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3.1.1. 4 S Band Transponder

e A turnaround S band transponder has been provided to allow
accurate TDRS range measurements. The bandwidth is 8 MHz
centered at 2290 for receive and 2045 for transmit. The trans-
mitted EIRP is 18 dBw. This transponder will allow trilateration
techniques such as those currently being designed for the
Synchronous Meteorological Satellite.

E’ 3.1.2 Link Parameters

b The features, characteristics and parameters associated with each
. link of each service are presented below.

3.1.2.1 Low Data Rate Service

Forward Link. The user commands and voice signals are multiplexed
in synchronous code division using different PN codes, but occupy the same
. frequency band, which is 400.5 to 401.5 MHz.

Command channel - The user command channel will he time-shared;
 that is, only one user can be commanded at a time. However, commands may
. be sent to many users within a period of 1 minute. All users will receive the

- TDRS transmitted RF signal, thus each command will have a prefix that will A
activate the command decoder of the intended user.

Other operational features include:

) Automatic user User available for command short'ly.
‘acquisition : - after becoming visible
e Time shared link Requlres synchronized sequencmg of

user commands

° Fixed timing " User receivers can be standardized

Ground operations and equipment can
be simplified

° Variable format Number of bits and their significance
: : in a user command can be different for N
every user if desired, i.e., command '

format flexibility

e Baseline bit rate 300 bps . / | ;
s

® Probability of bit error P _= 1072 |

& PN code length 2048 - T
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® One code per bit

e Chip rate 614. 4 Kchips/sec
e Biphase PSK IF carrier
modulation
° RFI noise density limit -190 dBW/Hz
) EIRP:
26 degree 30 degree
Field of View Field of View
Antenna gain, dB . 12.5 11.8
Radiated power, dBw ' 17.5 17.5
~ EIRP, dBw . 30 ©29.3

Analysis of the low data rate links and a study of ground emitters have

 revealed that RFI is most likely the limiting factor in these links. Figure 3-3
' shows how the bit rate is limited by RFI. The parameter chosen to quantify

RFI is the average spectral density of the RFI power at the receiver input. .

-

Voice channel -

© Analog-to-digital voice 9. 6 Kbps delta modulation

encoding
e ' Rate one-half convolutional encoding
'@ PN code length ' 32 .

¢ One PN code per
convolutional code symbol

e Chip rate 4 614. 4 Kchips/sec
® Biphase PSK IF carrier
- modulation
° EIRP Same as command channel

The voice channel employs delta modulation to convert the analog voice
signal to a binary wave form. The baseline bit rate is 9.6 Kbps, resulting in
high quality transmission. The bit energy-to-noise density is shown in
Figure 3-4 as a function of RFI density. It may be noted that the use of con-
volutional encoding will allow operation at higher levels of RF] and will
probably be required.
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Return Link. The >uservtelemetr'y and voice channels occupy separaté
frequency bands:

Telemetry 136 to 137 MHz
Voice 137 to 138 MHz

User telemetry - . Up to 20 users may simultaneously return telemetry.
Code Division Multiplexing (CDM) will be used to allow simultaneous telemetr, -

return. The PN codes for CDM will be different for each user spacecraft's
telemetry.

Convolutional encoding will be employed on user telemetry for bit
error correction; link quality is improved significantly with this technique.

Baseline. signal design - The baseline approach assumes that the retur

bit rate is standardized for all users but this is not a system requirement.
With this standardization the baseline parameters are as follows:

e  Bit rate S 1200 bps
‘ D - -5
) Pe - 3 e < 1.0
© Rate one-half _convolut.iorial encoding -

® One Gold code per
' convolutional code symbol

° Gold code length - 512
~ @ Chip rate 1.2288 megaéhips/sec

© RFInoise density limit  -190 dBW/Hz
for Pe <10-5 S '

) Biphase PSK carrier
modulation . '

e User EIRP z4 dBW

® TDRS G/T (considering receiver generé.ted noise only)

26 degrees 30 degrees
Field of View . Field of View -
VHF antenna gain, dB 11.8 S11.2
Receiver noise figure, dB 3.9 ".\, 3.9
Receiver noise temperature K 420 420 -
Equipment G/T (at receiver), -14.4 - ——=15.0

dB/K ‘ -7
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—P"e The LDR return telemetry channel capacity per user is a function of
i .ne number of active users, their EIRP, and the multipath and RFI environ-

f nent. Figure 3-5 shows the telemetry link capability per user versus the
:.;ser EIRP, with the RFI noise density as a parameter. The assumptions used
10 produce this Figure are listed in Table 3-1.

! For a user EIRP of 4 dBW, in the absence of RFI, the system is
lemetr! |;nited to about 2. 5 Kbps, as can be seen from the upper curve. With a more
elemet,; ‘advanced user communications terminal with greater EIRP, the link is

raft's 1imited to 4 Kbps.

Voice - The voice signal will be PN code modulated as required to

F’it ' meet CCIR requirements, but not to exceed a 1 MHz bandwidth.
ilque. _

- o Analog-to-digital voice 19. 2 Kbps delta modulation
he retu; encoding
ient. ’ '

o Rate one-half convolutional encoding
e RFI noise density limit -180 dBW /Hz
" \

e Biphase PSK ca;;rier modulation
‘ N

| 1 TABLE 3-1. LOW DATA RATE RETURN TELEMETRY
‘ . . ' CHANNEL ASSUMPTIONS '

° 20 visible users

e  Average received power of other users 4 dB more than
user of interest ' ‘ :

° Average relative multipath per us-e,r -6 dB
o RFI noise density measured at TDRS receiver input

'3 TDRS G/T=z-16 dB/K (edge of coverage)

® Polarization combining 0.5 dB from theoretical
grees | e PN c.orrelator/convolutional decoder operation 2 dB fro-m
)f View theoretical '
L.2 . Ground link signal-to-noise ratio, 2 16.5 dB
;'.9 ® Bit er/r'or rate, = 10_5 . . ,‘.\71
5. 0 L e RF bandwidth, 1 MHz B
® L
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Figure 3-5. Low Data Rate Return Link Capability
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The signal spectrum can be located anywhere in 137 to 138 MHz.
vwfinimum RF bandwidth is 60 KHz, but CCIR limits may require spreading.
TDRS G/T is the same as for the telemetry channel.

Tracking. Due to the PN code signaling, user spacecraft receivers

. automatically acquire and synchronize to the signal transmitted from a TDRS.

After the brief acquisition period, range and range rate measurements can be
made. However, the user's transmitter must be turned on, and the return
signal required at the ground station. A particular operational advantage of
the signaling concepts used here is that both range and range measurements
can be made simultaneous with telemetry reception, and no forward link com-
mands are required.

Range measurement uncertainty is affected by system noise, of which
RFI appears to be the most severe. Figure 3-6 shows the RMS uncertainty as

 a function of RFI noise density for both forward and return levels. The total

RMS uncertainty is the sum of the two link contributions.

3.1.2.2 Medium Data Rate Service

The medium data rate service requires a high ga{n antenna on each
TDRS. This antenna has the angular freedom to follow user spacecraft in
orbits with altitudes up to 5000 km. Because of the narrowbéam antenna

. pattern, two way communication is possible with only one user spacecraft at
a time via each TDRS.

Forward Link

° Channel bandwidth, 10 MHz

o Channel band placeable by ground command anywhere in 2035 to
2120 MHz band with 1 MHz discrete steps

® High power mode

Antenna gain 36 dB

Radiated power ‘11 dB

EIRP 47 dB
e Low power mode

Antenna gain "36 dB

Radiated power 5 dB

EIRP 41 dB

\‘.
' 4

Figure 3-7 shows the maximum possible data rate for the forward link
assuming no error correction encoding and a receiver system noise tempera-
ture of 800 K. - ST
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Figure 3-7. Medium Data Rate Forward Link Capability
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Figure 3-8. Medium Data Rate Return Link Capability
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Return Link

® Channel bandwidth, 10 MHz

e Channel placeable by ground command anywhere in 2200 to 2300
MHz band with 1 MHz discrete steps G/T = 10.3 dB/K at receiver
considering only receiver noise

Figure 3-8 relates the maximum possible data rate to user power and
antenna gain assuming no error correction encoding. The use of error correc-
tion encoding would increase the maximum data rate of both the forward and
return links by a factor of up to 7.

3.1.2.3 Order Wire Service

o Frequency band 2200. 5 to 2201. 5 MHz (1 MHz)

e G/T 2-13dB/K at receiver o{(er 19.5 degree earth-centered
cone considering only receiver noise.

3.1.2.4 S Band Transpoﬁder

° Frequency band :
Receive: - 2286 — 2294 MHz
Transmit: 2041 — 2049 MH2z

o EIRP _
Antenna gain = 13,0 dB

Radiated power = 5 dBw
EIRP = 18.0 dBw

3.1.2.5 Gr.ound Link

Forward Link

° Frequency band: 13526 to 13550 MHz (see Figure 3-26)

° G/T = 14.5dB/K

G =18.5dB )
T = 2000 K considering only receiver noise (NF =< 9 dB)
) Minimum carrier to noise power ratios at TDRS receiver in each
channel: )
LDR 12 dB
MDR 6 dB e~
TDRS command 40 dB '
Beacon 40 4B : —
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“’For 30 degree conical coverage.
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5.2 TDRS REPEATER

A functional block diagram of the TDRS repeater is shown in
rigure 3-9.

Every active element in the repeéter system is completely redundant.
The repeater receives four different K band frequency channels from the
ground station via two low gain K band horn antennas. These channels are

shifted to an intermediate frequency, amplified, and distributed via a power
divider.

The output of the six way power divider supplies the UHF transmitter,
the S band transmitter, and the command subsystem. One additional signal,
the beacon, is received by the K band receiver that phase locks its local
oscillator to this reference. The local oscillator signal then drives the fre-

quency synthesizer to provide coherent translation of all frequencies within -
the communication subsystem. '

The signals from the VHF receivers, the S band receivers, and the
S band order wire receivers are each shifted to a unique IF frequency before
being summed in the 10 way power summer. The output of the power summer

is fed into the K band transmitter. Telemetry and command signals are also
routed through the K band transmitter.

TDRS antenna parafneters are summarized in Table 3-4. Transmitter

and receiver parameters have already been tested. Further detail is pre-
sented in subsection 4. 3. 1.

3.3 USER TRANSCEIVER

" Both low data rate and medium data rate users will require spread
spectrum transceivers. The carrier sighals are modulated by binary PN
sequences (codes), which in turn have been modulated by data. The use of PN
coding for spectrum spreading accomplishes four objectives: 1)'it allows
code division multiplexing, 2) it reduces multipath interference, 3) it reduces
the earth incident flux density (to meet CCIR requirements), and 4) it improves
range measurement accuracy. All four of these reasons are important in the
LDR system, and all but the first are important in the medium data rate sys-
tem. The low data rate PN symbol (chip) rate is 614,400 chip/sec in the
allocated 1 MHz (400.5 to 401. 5 MHz) band. The bandwidth of the medium
data rate service is 10 MHz, and the signal must be spread over most or all
of this band to minimize the flux density. Thus, the MDR signaling rate may
be 10 times greater than that of the LDR system. However, the transceiver
Operation will be basically the same for both services. The user transceiver
freceiv'mg/transmitting equipment) consists of the following major components,
Interrelated as shown in Figure 3-10: receiver, command data correlator,

telemetry modulator, transmitter, interface buffers, and a signal acquisition,
matched filter correlator.

-
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i TABLE 3-4, TDRS ANTENNA PARAMETERS
T
1 Antenna Antenna Minimum
- Frequency, | Diameter, | Antenna Gain,
Link MHz meters dB
Low data rate forward UHF 1.43 12.5
3 Low data rate return UHF 3, 82 11.8
VHF/Uks § ' ]
ANTEN Medium data rate forward S band : 36.0
. 3. 82
g1 Medium data rate return S band 13.6
ol B Order wire \ S band 0.267 13.1
_x i TDRS/ground K band 1.43 44.0
—h -
i Ground/TDRS B K band Horns 18.5
R f
3 N
3 RECEIVE —>| ACQUISITION CORRELATOR g
" ANTENNA : : %
't & . 3
] <
4 RECEIVER 4
1
% v |
] COMMAND DATA COMMAND DATA
| CORRELATOR/DEMODULATOR ¥ (TO BUFFER)
TRANSMIT
ANTENNA
v
1 i TELEMETRY DATA
{ TRANSIE/'[ITTER TELEMETRY MODULATOR  [¢—— (5~ BUFFER)
r, .
E Figure 3-10. User Transceiver .
4 N 3.21
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The acquisition correlator permits rapid forward link signal
acquisition and provides PN code timing to the command correlator, which
maintains pattern and frequency lock after initial acquisition. The telemetry
transmitter frequency may be phase locked to the received frequency for
ranging, but may also be allowed to run free during telemetry data transmis-
sion enabling handover between TDRSs without interrupting data flow.

To operate with the TDRS system, a user spacecraft does not need to
replace or modify its NASA ground station-compatible equipment, but must
supplement it with the TDRS compatible transceiver and antennas. Two types
of standard transceivers are envisioned, one for LDR users and one for MDR
users. These transceivers can be connected with a switch to the regular
command decoder and telemetry encoder. The choice between the ground
station or TDRSS operation could be made any time during the user's mission
by a simple command of the switch setting. - If the data and command rates
for both modes of operation are different, an interface buffer unit will also be
required as part of the transceiver package. :

In addition to the standard transceiver, the LDR users will probably
require a UHF antenna. ‘The VHF link to the TDRSs is compatible in fre-
quency with the user to ground station link.

Flgure 3-11 presents a more detailed transceiver descr1pt10n with
numerical values corresponding to the baseline parameters of LDR forward
command and return telemetry links.

For this implementation, the acquisition correlator gives the following
performance when the bit energy-to-noise density, Ep/n at the receiver is
0 dB, which is 10 dB below the link design value:

Mean time to threshold 0.1 second
(synchronous signal output)

Probability of correct 0. 99
acquisition ;
Probability of a false o 0. 01

synchronization output

Preliminary estimates of the physical parameters are shown in Table 3-5.

3.4 GROUND STATION DESIGN

The ground station is the inte-“2ce element between the TDRS and the
two control centers - GSFC and the T DRS control center. The general rela-
tionship of the ground station to the ctzer elements is shown in Figure 3-12.
Also shown in the figure are three m=>ar portions of the basic ground station:
1) a2 terminal for maintaining RF cor——unication with TDRS east, 2) a termine
for maintaining RF communication w:z= TDRS west, and 3) a2 common area
containing demodulation and process:=z equipment, which will be applied to
signals from both terminals, ‘
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TABLE 3-5. USER TRANSCEIVER EQUIPMENT

o Mass, Power,
Item Number kg watts
LDR User .
Command receiver 2 2.0 1
lTelemetry transmitter 2 4.0 20
Frequency synthesizer 2 2.0 1
Signal proc_eséor. 2 1.0 3
Antennas -1 Set 2.0 -
"Total . 11.0 25
MDR Usér
' Command receiver : 2 1.4 1
Telemetry transmit\;cer 2 3.4 20
Frequency.syrnthes{\zer 2 2.0
Signal processor | T2 1.0 - 3
Antenna 1 1.4 -
Gimbal 4.2 -
Gimbal driver ‘ ' 2 __l__§ _6
Total ’ L A 15.2 31

The RF terminals are of conventional design, but the signal demodula-
tion and processing equipment, although not new in concept, has not been
previously applied in the complexity required for 51mu1taneous multiple user
communication via the TDRSS.

It should be mentioned that a third terminal may be required for com-
munication with the in-orbit spare TDRS and for redundancy. This will
require only a slight increase in the processing equipment and its configura-
tion controls.

The terminals consist of five major portions: 1) the antenna structure.

2) the antenna tracking subsystem, 3) the K band RF/IF subsystem, 4) the
VHF backup system, and 5) the UHF antenna for TDRS tracking. The signal
processing can be functionally separated into six portions:

‘1) LDR user telemetry demodulation ' el

- 2) LDR voice demodulation

- P el
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%
$
g ]
__’: 3) MDR user telemetry demodulation 'ﬁ
E ‘
3 |
b3 4) LDR forward link modulation ‘
’ 5) MDR forward link modulation
6) TDRS telemetry, tracking, and command
§ 7) User range and range rate measurements ?
r 3.4.1 Ground Terminal Design %
The equipment and associated parameters for a terminal are listed .
. below:
; Antennas %
i : i
: e K band/VHF antenna !
1) Reflector diameter, 12.8 meter (42 feet) ;
2) K band cassegrain feed
: 3) VHF near-focus feed )
q 4) Polarization ‘ ' ' ' 1
N "~ a) K band, circular, C/CC . . v ' :
3 ‘ i
A b) VHF linear V/H
codula- ‘ 5)  Gain
n -
user ¢ a) 13.5GHz, 62dB.
b) 15.0 GHz, 63 dB
~com- , :
- c) VHF, 21.5dB
gura-
6) Pedestal type: AZ/EL
ructure 7) Autotrack system: single RF channel amplitude comparison,
the ; : - monopulse type
signal
: g o UHF antenna for TDRS tracking
1) Frequency, 400.5 to 401. 5 MHz - ,
2) Gain, 5dB
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T URP

N . e S
T 0

Receivers
® K band receiver
1} Location, rear of reflector
2) Noise >figure, 3.9dB
° VHF receiver
1) Loc.ation, within terminal structure
2) Noise figure, less than 4 dB
° UHF receiver
1) Location, wiéhinvterminal structure
2) Noise figure.,\ less than 4 dB
o Power Amplifiexj{s ‘ S
1) Two 2 kw klystrons will be used

2) The MDR signal is amplified in one with an output level of
1500 watts

3) The LDR, beacon, and TDRS telemetry are added in a hybrid
f—————— and amplified in the other with the following power allocations:

a) LDR, 710 watts
b) Beacon, 20 watts
c) TDRS telemetry, 20 watts

-Figure 3-13 shows the forward link RF/IF equipment and power
pmplifier arrangement. :

B.4.2 Signal Processing

The ground station return signal processing equipment must separate
the individual channels in the two signals from each terminal, demodulate the
lata signals, and then multiplex all data for transmission to the GSFC tele-
Communications control center. These functions are illustrated in Figure.
B-14 where for simplicity range and range rate measurements have been made
part of the general demodulation process. The forward signal processing as
phown in Figure 3-15 includes demultiplexing the signals from GSFC, modulat-
ng the LDR and MDR with PN codes, IF carrier modulation of all signals,

ind transmission to the two terminals. The voice must be switched to the

" forrect LDR or MDR channel as directed from GSFC.
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Figure 3-13,. Configuration C, P(%r Amplifier and IF/RF
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Receivers
™ K band receiver
1) Location, rear of reflector

2)

Noise figure, 3.9 dB

o VHF receiver

1)

- 2)

Location, within terminal structure

Noise figure, less than 4 dB

o UHF receiver

1)

2)

Location, within terminal structure

Noise figure, less than 4 dB

] Power Amplifiers

1)

.

3)

Two 2 kw klystrons will be used

The MDR 'signal is amplified in one with an output level of
1500 watts

The LDR, beacon, and TDRS telemetry are added in a hybrid
and amplified in the other with the following power allocations:

a) LDR, 710 watts
b) Beacon, 20 watts

¢c) TDRS telemetry, 20 watts

Figﬁre 3-13 shows the forward link RF/IF equipment and power
amplifier arrangement. :

3.4.2 Signal Processing

The ground station return signal processing equipment must separate
the individual channels in the two signals from each terminal, demodulate the
data signals, and then multiplex all data for transmission to the GSFC tele-
Communications control center. These functions are illustrated in Figure
3-14 where for simplicity range and range rate measurements have been made
Part of the general demodulation process. The forward signal processing as
shown in Figure 3-15 includes demultiplexing the signals from GSFC; modulat-
ing the LDR and MDR with PN codes, IF carrier modulation of all signals,
and transmission to the two terminals. The voice must be switched to the
Correct LDR or MDR channel as directed from GSFC.
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Ground Station Return Signal Processing
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Receivers

K band receiver

1) Location, réar of reflector

2) Noise figure, 3.9 dB

VHF receiver

1) Location, within termit{al structure
2) Noise figure, less than 4 dB

UHF receiver

1) Location, within terminal struéture
2) DNoise fiéure, kless than 4 dB

Power Amplifiérs

1) Two 2 kw klystron‘s”w‘irl}‘l be used

2) The MDR -signal is amplified in one with an output level of
1500 watts

3) The LDR, beacon, and TDRS telemetry are added in a hybrid

and amplified in the other with the following power allocations:

a) LDR, 710 watts
b) Beacon, 20 watts

c) TDRS telemetry, 20 watts

Figure 3-13 shows the forward link RF/IF equipment and power
amplifier arrangement.

3.4.2 Signél Processing

The ground station return signal processing equipment must separate
the individual channels in the two signals from each terminal, demodulate the
data signals, and then multiplex all data for transmission to the GSFC tele-
communications control center. These functions are illustrated in Figure

3-14 where for simplicity range and range rate measurements have been made

part of the general demodulation process. The forward signal processing as

shown in Figure 3-15 includes demultiplexing the signals.from GSFC, modulat-

ing the LDR and MDR with PN codes, IF carrier modulation of all signals,
and transmission to the two terminals. The voice must be switched to the
Correct LDR or MDR channel as directed from GSFC.
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Receivers
° K band receiver

1) Location, rear of reflector
2) Noise figure, 3.9 dB .
® VHF receiver
1) Location, within terminal structure
2) Noise figure, less than 4 dB
® UHF receiver
1) Location, within terminal structure
- 2}y Noise figure, less than 4 dB

] Power Amplifiers

1) - Two 2 kw klystrons will be used

2) The MDR signal is amplified in one with an output level of
1500 watts

3) The LDR, beacon, and TDRS telemetry are added in a hybrid
and amplified in the other with the following power allocations:

a) LDR, 710 watts
b) Beacon, 20 watts
c) TDRS telemt_etry, 20 watts

Figure 3-13 shows the forward link RF/IF equipment and power
amplifier arrangement. .

3.4.2 Signal Processing

The ground station return signal processing equipment must separate
the individual channels in the two signals from each terminal, demodulate the
data signals, and then multiplex all data for transmission to the GSFC tele-
communications control center. These functions are illustrated in Figure
3-14 where for simplicity range and range rate measurements have been made
part of the general demodulation process. The forward signadl processing as
shown in Figure 3-15 includes demultiplexing the signals from GSFC, modulat-
ing the LDR and MDR with PN codes, IF carrier modulation of all signals,
and transmission to the two terminals. The voice must be switched to the
torrect LDR or MDR channel as directed from GSFC.
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The major task required for the signal processing equipment is one .
the integration, control, checkout, maintenance, and replacement provision"'
All equipment, except the. LDR return channel demultiplexing and demodula.
tion equipment, is conceptually conventional. The equipment and major
parameters follow.

Forward Links

® LDR telemetry PN/PSK modulator

1)

2)

Quantity, 2

Rate, 614.4 Kchips/sec

Y LDR voice PN/PSK modulator

1)

2)

Quantity, 2

Rate, 614.4 Kchips/sec

e MDR PN/PSK modulator

1)

2) .

Quantity, 2

Rate, 10 Mchips/sec

o TDRS telemetry

1)

2) _

3)

.Quantity, 2

Type, three tone GSFC AM-FSK

Bit rate, 128 bps

Return Links

e LDR telemetry — Notch filters shall be used to reduce RFI Data
demodulators for each user are required consisting of the follow-
ing basic units:

1)
2)

)

4)

One acquisition correlator
Two pair of telemetry correlators
One diversity combiner

One convolutional decoder

ap em e veg e

o m g sy o e W%
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5) One range measurement unit
6) One range rate measurement unit
] Output data rate, 1200 bps
<) LDR voice
1) Two biphase PSK demodulators
2) One diversity combiner
3) One rate one-half convolutional decoder
4) Output bit rate 19. 2 bps
© MDR — a biphase PSK correlation receiver must be used to

demodulate the return signal and produce an output bit stream

corresponding to the current user spacecraft telemetry rate; a

standardized variable bit rate device is envisioned.
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4. TDRS DESIGN DESCRIPTION

4.1 DESIGN CHARACTERISTICS
4.1.1 General

The TDRS employs a gyrostat configuration for attitude stabilization

using the earth and sun as reference objects. It is compatible with a Delta 2914

launch vehicle and employs an apogee motor for injection into synchronous
orbit. Hydrazine propulsion is provided for spin axis attitude control and
orbital maneuvers. Power is generated by solar cells for sunlight operation
and batteries provided for eclipse operations.

The spacecraft has two way communication equipment which allow-s
communications with the ground station and with user satellites at VHF,
UHF, S band, and Ku band frequencies.

An artist's conception of the TDRS is shown in Figure 4-1 and a con-
figuration layout drawing is shown as Figure 4-2. A list of the TDRS salient
characteristics is contained in Table 4-1. T -

4,1.2 Temperature Control

The spacecraft will experience heating during the launch phase. Heat
transfer through the nose fairing will be controlled in accordance with the
requirements specified in a spacecraft launch vehicle interface control docu-
ment. After nose fairing ejection, the spacecraft will experience heating as
a result of solar radiation, earth radiation, and aerodynamic heating. The
heat capacxtance and thermal design of the spacecraft will limit the tempera_
ture rise resulting from this heating to an acceptable value.

After injection into synchronous orbit, the temp’erature of all space-
craft elements will be maintained within the ranges specified in the subsystem
functional requirements, including a period of solar eclipse not to exceed
72 minutes. Passive means of temperature control will be used as much as
possible. A discussion of thermal control design is contained in subsec--
tion 4. 3. 9. ‘
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TABLE 4-1. GENERAL SUMMARY

—
GENERAL

Orbit

Launch vehicle

Payload fairing

Design lifetime

Reliébility

Station change maneuver
CONFIGURATION
Stabilization

Despun section subsystems

Spinning section subsystems

STRUCTURE _

Nominal dimensions, meters
. Height x width (antennas deployed)
o ﬁiam_eter (rotor)

Massg, end of 5 yr (dry),

THERMAL CONTROL

TELECOMMUNICATION SUBSYSTEM
Low data rate user command

UHF voice

Medium data rate user command

S band voice

Ku band return link

Low data rate receive sensitivity
Medium data rate receive sensitivity '

Order wire receiver sensitivity

Ku band forward link sensitivity

Synchronous, 7 deg initial inclination
Delta 2914

Standard 2. 44 m fairing (8 ft)

5 yr

0.717 at 5 yr

2 maneuvers, 4.5 deg/day

Hughes Gyrostat
Antennas

Repeaters
Portion of TT&C

. Electrical power

Propulsion
Attitude control
Portion of TT&C

Uses aluminum and beryllium

6.86 x 8.26 m
2.16 m .
347 kg

Thermal control cavity inside spinning solar
cell array — passive design

30 dBw EIRP, 400.5 to 401.5 MHz
30 dBw EIRP, 400.5 to 401.5 MHz
41 dBw EIRP, 2035 to 2120 MHz
47 dBw EIRP, 2035 to 2120 MHz
51 dBw EIRP, 13.4 to 14. 0 GHz
-16 dB/K
8 dB/K
-13 dB/K

-15 dB/K
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TABLE 4-1 (continued) : : TAB:
TELEMETRY SUBSYSTEM
PCM mode ‘ ;
o Word length 8 bits iﬂ‘
e Frame length - . 64 words ;‘
o  Analog 48 words 7 ‘ . \1
. g
o Digital words ' 16 ' Es'
e Bit rate ' 1000 bits/sec !
. Code type output Manchester -
FM mode (attitude data)- . }
e Subcarrier frequenS:y 14.5 kHz
° Data type \'i Real time pulses
[ Modulation » . FM ’ ‘3
' e Data transmitted A e e " 1I) Sun pulses .
: '2) North earth pulses’ :
3) South earth pulses :
. 4) Execute receipt ’
‘ COMMAND SUBSY STEM
Tones 1, 0, and execute .
Input signal - ‘ FSK/AM . !
[ Bit rate 128 bits /sec
Cpmmand capac.ity, . : 255 maximum f
Command verification via Telemetry : ;
Command execution - Real time ! ‘p
Execution synchroﬁization . v Sun or earth pulses i;
Maximum command rate - Approximately 4 per second i,
ANTENNA SUBSYSTEM i:
Low data rate service antennas (VHF Short backfire type, lé dB ;
and UHF)
Medium data rate ser\‘/ice antenna Paraboloid reflector type, 36 dB
TDRS to ground link, Ku band | . Paraboloid reflector type, 44 dB
Ground to TDRS link, Ku band Two horns, 16 dB )
VHF backup T&’C link Turnstile omni, -.ll3”"dB over 97% of spi';ere
- Order wire service ‘ _ . Short backfire type, 13dB
S band transponder Two short backfire type -

4-6
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rABLE 4_1 {(continued)

ATTITUDE CONTROL SUBSYSTEM
Stabilization type

Nutation control

Despin control

Control accuracy

.Power and signal transfer

Despin motor

REACTION CONTROL SUBSYSTEM
Propellant

Thrusters N
ELECTRICAL POWER SUBSYSTEM
Sunlit power \

° Equinox, EOL

° 23 days b-efore equinox (EOL)

[] Summer solstice (EbL)

. Maximum power required

N Maximum bus voltage
—Solar cells

¢ ‘Number

° Typé

. T‘hickness

. Cover glass
Eclipse power
Batteries

° Number

L] Type

. | Capacity

° Maximum DOD ‘

e Augmentation DOD

° Charge rate

° Trickle charge rate

] Minimum bus voltage

Gyrostat type dual spin

Magnetic damper and despin control dynamics

Earth center finding with earth sensors
0.5 deg
Dry lubricated, silver slip rings

Two, independent, brushless dc, resolver
commutated ’

Hydrazine

Two 22N radial, two 4.5 N axial thrusters

(26.5 v)

404 watts

. 399 watts

364 watts

438 watts (requires augmentation by batteries)

30 volts (clamped by bus limiters)

33,048
2 x 2 cm, silicon N/P, 10 ochm-cm

0.18 mm (7.2 mil)

, 0.15 mm (6 mil)

350 w average (< 60% DOD)

Two
Nickel-cadmium
16 amp-hr
<60%

4.5%

c/15

c/60

P

24.5 v




TABLE 4-1 (continued)

Battery charge controller operation Automatic or ground commanded

Battery discharge controller operation Automatic

Battery reconditioning On ground command (optional)

Tap limiters; operating voltage 29 to 29.5 ¥

i
Bus limiters; operating voltage 29.5to 30 v i

APOGEE INJECTION MOTOR

Type .Solid propellant, Isp = 302 sec

Velocity of injection

1670 m/s for 680 kg separation mass

4.1.3 Electrical Power

The spacecraft generates suff1c1ent electrical power via solar cells
and batteries (as discussed in subsection 4. 3. 6) to provide all subsystem
needs. A breakdown of the power needs is shown in Tables 4-2 and 4-3.

4.1.4 Mass

The mass of the spacecraft (less adapter) is less than the 680. 4 kilo-
gram (1500 pounds) capability of the booster. A contingency of 25.6 kg is

available for subsystem growth. An-overall summary of the subsystem
masses is contained in Table 4-4. A complete list of all hardware is con-
tained in Table 4-5. ' ' ~

4.1.5 Telemetry, Tracking, and Command

A total capability of 62 words are provided for telemetry and 254 com-
mands.

Lists of telemetry and command requirements are provided in
Tables 4-6 and 4-7, respectively.

4.1.6 Reliability

The probability that the TDRS will meet the specified requirements
for a period of 5 years in orbit is 0.717. Table 4-8 gives a breakdown by
subsystem.

Electronics i
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TABLE 4-3. TDRSS ELECTRIC POWER SUMMARY
DURING SUMMER SOLTICE
Intermittent Intermittent
Mode Command S Band Voice | UHF/VHF Voice
. Solar Solar Solar and Batter-,‘
Power Source at 27.5 Volts |jat 27.5 Volts at 25.5 Volts

Percent Ope’rating Time 50 to 75 50% 25%
Frequency Synthetizer 8. 8. 7.
K band equipment 36. 36. 33.5
UHF/VHF equipment :

Command and data 157. 8 157. 8 146. 1

Voice - - 142.0
S band equipment |

Command data 24.0 - 22.2 P

Voice - 96. 3 - | -
Telemetry equipment 15. 6 15. 6 14.5
Antenna position control 6.0 6.0 6.0
Despin control 19.7 19.7 18.3
Thermal control 5.6 5.6 4.6
Power electronics 14. 8 11.0 30.0
Battery charging 37.5 - -
Distribution losses 8.0 8.0 9.0
Reserve power - 31L.0 - -
Power available or '364.0 364. 0 433. 6

required .

*Either the UHF or the S band voice transmitter operates but not both

simultaneously.

4.1.7 Useful Life

The minimum useful life is 5 years in the synchronous orbit assigned,
preceded by 1 year of storage handling test and launch under the applicable

environmental conditions:

° The spacecraft will be subjected to the acoustic field, vibration,
" shock, and acceleration generated by a Delta 2914 launch vehicle.

° Dul:ing the normal orbit phase and normal o;Bit eclipse phase,
temperatures will be encountered as specified in 4. 3. 9.
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x TABLE 4-4. TDR SATELLITE MASS SUMMARY

ent G i Subsystem Mass, kg
/0ice 8 )

S . Repeater . 55. 1
1tter. : .

01:;' o Telemetry and command 18.1
g Antenna _ ~ 36.6

i :

I S Attitude control . 23.5

3 : ' Reaction control 11. 4

13 R] - - .

£ Electrical power " 61.5

§ Wire harness ' ‘ 11.5

H Apogee motor, burned out o 25.5

¢ Structure ' ) 68.2

g Thermal control V . A ‘ 10.0

' Contingency 25.6

Firal mass in orbit _ 347.0
Hydrazine : ‘ 38
‘ i _ Initial mass in orbit . 385.0
' Apogee motor expendables 293
Separation mass ' ‘ 678.0

: ° Radiation environment includes trapped electrons and protons as '

defined by NASA radiation maps AE3 and AP5 and solar flare
h 4 protons described by a Hughes model.

1“ ° The design of the spacecraft will be such that it is insensitive to I
estimated external electromagnetic environments. The EMI '
generated by any of the spacecraft subsystems shall be suppressed

- such that it does not interfere with the operations of any cther
signe¢ ¢ _ spacecraft subsystems. Adequate margins of safety shall be
able "~ required and verified during system test.

{ :

‘ e Exposure to a hard vacuum of 10712 torr will occur.

ation, 3 . o ' _ o
ehicle. [ A .,
.5€, ) e
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TABLE 4-5. TDR SATELLITE HARDWARE

’{'ABI;
Total - "‘"——_
Subsystem/Item Quantity | Mass, kg | Commentsg :
— a
Repeater subsystem . 55.1 ' ’-—’;
Receiver, Ku band 2 2.6 C
Transmitter, Ku band 2 4,1 : -3
Upconverter, Ku band 2 0.8 : Atti
Receiver, S band 2 1.4 }':
Order wire recorder, S band 2 1.9 : E
Transmitter, S band T2 7.3 : y
Receiver, VHF 2 4.0 ! Ls
Transmitter, UHF 2 17.2 ! 4
Frequency synthesizer 2 8.2 ‘ I‘g
S band transponder ‘ 2 7.6 - L ° |
Telemetry and Command subsysterh ' 18.1 L ; T
Despun decoder 2 2.7 HS 312 1
Despun encoder 2 3.2 HS 312 N
Despun squib driver 1 0.5 HS 312 . ¥
Dual transponder 2 3.1 HS 333 ,
Diplex‘erA 1 0.5 Elei
Spin decoder 2 2.7 HS 312 !
Spin encoder 2 4.0 | HS 312' : }
Squib and solenoid driver 1 0.9 HS 320 ’;‘?
Latching valve/heater driver 1 0.5 HS 312 F
Antenna subsystem 36.6 : ;
Parabolic refleetor ) Ku- band 1 1.4 D Wi;
Horn, K  band 2 0.5 : . $
Parabolic reflector, S band 1 8.3 ' AP‘_';
VHF /UHF backfire type "1 - 7.9 : 5
Order wire, backfire type 0.5 ‘ ‘
VHF turnstile array 1. 0' ATS |
Antenna positioner 8.4 HS 318
b

kN
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. ¢ 4-5 (continued)

P
12
20

2 g el
e
Total
Subsystem/Item Quantity | Mass, kg Comments
gz .
Positioner controllers 2 1.8 HS 318
Coax and waveguide 6.8
Artitude control subsystem 23.5
BAPTA 1 15.0
Earth sensors 3 2.2 HS 312
Sun sensor 1 0.1 HS 312
Despin control electronics 2 3.6 HS 312
Accelerometers : 2 0.3 HS 312
Nutation damper 1 2.3 HS 312
N scaled
! Reaction control subsystem 11.4
g Tanks 4 6.0 HS 333
! Thrusters 4 1.7  |HS 333/312
g} Miscellaneous ' 2.7 HS 333
Pressurant 1.0
Electrical power subsystem 61.5
Solar cell array 20.0
Batteries 2 28.6 HS 312
Battery discharge controllers 2 9.1 HS 318
Battery; charge controllers 2 0.9 HS 312
Voltage limiters 6 2.7 HS 308
Current sensor 1 0.2 HS 318
Wire harness 11.5
Apogee motor burned out 25.5

.
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TA#LE 4-5 (continued)

——

. Total o
Subsystem/Item Quantity | Mass, kg Comments
Sunmn . .. ———
Striscture 68.2
fhrust cone assembly 19.5
Substrate _ _ : . 23.7 :
J)espun compartment : - 10.0 .
Jintenna support - ‘8.2 ;
TCS tank and thruster suppory ' 4.5 .
13alance weights : i 2.3
Thermal control | ) - 10. 0 “
j'orward sun shield\f‘ ?E
Aft barrier 2.9
CS tank wrap } - 4 0. 6 HS 333
RRCS lines, valves, heatery 0; 5 HS 312
b ‘hruster heat shield 0. 1 HS 312
. Apogee bl;nket 0.7
Paint . o , 1.5
Despun sun shield ' 0.7
- ) Despun mast blanket 1.0
o ——
4.2 INTERFACES , | - ,
4.2.1 Internal - : '

The major internal functiop,
of the spacecraft are shown in the

Figure 4-3

'l interfaces among the various subsystems -
VDR spacecraft functional block diagram ir .

4,2.2 Ground Station

.The TDRS is compatible in frequency, power level, and sensitivity
with the RF equipment located at g, GSFC ground station.

,

. - 4-14
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Figure 4-3. TDR Spacecraft Functional Block Diagram
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¢ zer Satell_ites

£ - ———

the TDRS is compatible in frequency power level and .sensitivity with
- gquipment located in the orbiting user satellites.

3

The TDRS is electrically and mechanically compatible with the inter-
. sequirements of the Delta 2914 launch vehicle.

_TABLE 4-6. TDRSS PCM TELEMETRY CHANNEL ASSIGNMENTS

e pme——

t.aunch Vehicle
——

$2Me .
¥ard Spinning Despun
y Frame sync
i - Frame sync
2 Decoder 1 command_ verify(l)
3 - _ - - Decoder 1 command verify(l.)
4 Decoder 2 command verify(l) :
5 Decoder 2 command verify(l)
6 Status word 6
- Execute
Separation/spin up
Time of day
Parallel relay -
7 ' ' Status word 7
- Execute :
" Encoder identifier
8 Status word 8 :
Sun/earth select
Despin electronics
Bypass relays
9 ; Status word 9 _
Frequency synthesizer
~status '
10 Attitude determination ,
11 Status word 11 _
Frequency synthesizer
g status  ~., -
12 Attitude determination B
.13 . Status word 13 - -

Communications status

4-17
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TABLE 4-6 (continued) Tr\
Frame ‘.."rl;
Word Spinning Despun ot
W
14 Attitude determination ' {
15 Status word 15 i
‘ Communications status £
16 .| Telemetry calibration . ; i 1§
S 17 : : ’ ‘ Telemetry calibration ; f
18 Bus Current ’ ‘i ‘~: : g
19 - o N Bus voltage % {
20 Bus voltage » Z ;
21 ., / Spare ’ ;
22 Battery A voltage k f _ %
23 _ _ Antenna azimuth C/D" i .
24 Battery B voltage - o n
25 ‘ : Antenna elevation C/D"
‘ 26 Battery pack 1 temperature ' 4
27 o BAPTA hub temperature 1/2° 5
28 Battery pack 2 temperature ) i
29 - ! . _ - UHF command transmitter ‘ ,
- o _ temperature A/B™ . f
30 Charge/discharge A current ; g
31. , UHF voice transmitter % »
temperature A/B¥* » i :
32 Charge/discharge B current Aft shelf temperature (B)*_ : E
33 " | s band transmitter tempe'rature . L
T A/B:': ' - :
R X
34 Battery pack 1 temperature 4
35 ' Platform temperature 1/2* i
36 Battery Pack 2 temperature ‘ —
37 ; Auxiliary battery voltage é
38 Radial jet 1/2 temperature® L / 2]
39 | '_ K band transmitter . %
temperature A/B™ e

¢
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s ABLE 4-6 (continued) _ : _ o

;“""/-

frame : - :
word Spinning : Despun

40 Axial jet 1/2 temperature*

Heater bank A current

; 41
g 42 Spare ‘
f;* 43 : ‘ . Heater bank B current
‘g ' 44 | Fuel tank 1/2 temperature® | ‘
g 45 C . Heater bank C current
72 46 Hydrazine 1 pressure
§ ' 47 : Heater bank D current
g 48 | Hydrazine 2 pressure
£ 49 |- ' o : Spare
\ 50 Motor torque cofnmand** o _
% : 51 o | Spare
’ ’ 52 BAPTA temperature 1/2%
{ ) 53 . ; Spare
* 54 Despin posxtxon torque |
command™ )
g 55- | o Spare
; 56 Solar panel temperature 1 j
: 57 : _ Spare )
E 58 Solar panel temperature 2 A
f 59 : : Spare
‘ 60 Apogee motor temperature 1/2%
61 ' Spare :
62 Sunshield temperature 1/2%
63 ' Spare *
*No; lorA inpilt on encoder 1; No. 2 or B input on encoder 2.

e

“Both torque command signals are connected to each encoder via OR
c1rcu1ts, since only one despm control electronics unit is on at ‘a time.

PRy

. "Antenna C (west) on encoder 1; antenna D (east) on encoder 2. D1g1ta1
output increase when antenna steers toward north or west.
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4.2.3 User Satellites 4;
v !
The TDRS is compatible in frequency power level and sensitivity with j
the RF equipment located in the orbiting user satellites. :,}
‘ :
4,2.4 Launch Vehicle 1
The TDRS is electrically and mechanically compatible with the inter- ‘
face requirements of the Delta 2914 launch vehicle. :
. ¢
TABLE 4-6. TDRSS PCM TELEMETRY CHANNEL ASSIGNMENTS ;
i
Frame » : :
Word Spinning Despun ;
0 Frame sync :
1 Frame sync 3
2 Decoder 1 command verify(l) ;
3 S Decoder 1 command verify(l) ’1
4 Decoder 2 command verify(l) ;
5 ' Decoder 2 command verify(l)
t
6 Status word 6 }
" Execute
Separation/spin up ?
Time of day -
Parallel relay *
7 ' ‘ " | Status word 7
] . Execute P
¥ . Encoder identifier i
8 Status word 8 "
Sun/earth select |
Despin electronics
"Bypass relays . _ »
9 Status word 9 ;
Frequency synthesizer :
status
10 Attitude determination
11 P - Status word 11 ; r
: Frequency.synthesizer :
status i
; 12 | Attitude determination i o D
3 - |
.'i 13 Status word 13 :
' Communications status :
=
.: - o - . e o
} 4-17
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TABLE 4-6 (continued)

T
Frame ,
Word Spinning Despun
—
14 | Attitude determination
15 Status word 15
Communications status
16 Telemetry calibration ‘
17 Telemetry calibration
18 Bus Current ' _
-19 Bus voltage
20 Bus voltage |
21 _ S":pare
22 Bét‘cery A volfage
23 Antenna azimuth C /D***
24 Batteryb B Vol~tage T
25 | _ - Antenna elevation C/D***
‘ 26 Battery pack 1 temperature )
27 | BAPTA hub temperature 1/2"
28 Battery pack 2 temperature T
29 ) UHF command tra}nsmitter
' ‘ temperature A/B™ :
30 Charge/discharge A current 4
31 UHF voice transmitter ; :
temperature A/B* B

32 Charge/discharge>B current Aft shelf temperature (B)::<

33 ' S band transmitter temperature
A/B* ‘

34 Battery pack 1 temperature

35 ' _ Platform temperature 1/2*

36 Battery Pack 2 temperature

37 . Auxiliary battery voltage

38 Radi;l jet 1/2 temperature* ' B
39 ' A K band transmitter

temperature A/B* ___- ;

4-18
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(BLE 4-6 (continued)

i ST
[—
r-ameé C :
yard Spinning Despun
) S sk
: 10 Axial jet 1/2 temperature
L 31 ‘ Heater bank A current
‘e
42 Spare -
‘ 43 Heater bank B current
f’ 44 Fuel tank 1/2 temperature®
;, 45 Heater bank C current
§ 46 Hydrazine 1 pressure
: 47 Heater bank D current
g N
£ 48 Hydrazine 2 pressure
3 .
%. 49 N - : Spare
v 50 Motor torque command
5 g 51 . o Spare
. :’; 52 BAPTA temperature 1/2%
%
1/2° % 53 ‘ _ . Spare
¥ 54 Despin position torque
% command™®¥ '
T . % 55 ’ Spare
3 56 Solar panel temperature 1
k) ~
?f 57 o Spare
! 58 | Solar panel temperature 2 ‘
sk A
: 59 : Spare
rature § 60 Apogee motor temperature 1/2%
g 61 ' 4 Spare
- ] 62 Sunshield temperature 1/2%
» a : :
- i 63 Spare
\

No. 1 or A input on encoder 1; No. 2 or B input on encoder 2.
T . v

Both torque command signals are connected to each encoder via OR
_Clrcuits, since only one despin control electronics unit is on at a time.

S
Rt R

Antenna C (wést) on encoder 1; antenna D (east) on encoder 2. A-Digital
output increase when antenna steers toward north or west.
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3
TABLE 4-7. TDRSS COMMAND ASSIGNMENTS »sﬁ
Despun 3
COMMUNICATIONS ' %
1. Frequency synthesizer A on %
2. Frequency synthesizer'B on ; g
3. Frequency synthesizers off : %
4. Frequency synthesizer A output step'for S-band transmit L. O. ;
5. Frequency synthesizer B output step for S-band transmit L. O. :
6. Frequency synthesizer A output step for S-band receive. L. O. . ;
7. Frequency synthesizer output step for S-band receiver L.O. . E
8. K band receiver A on , @ % ;;
9. K band receiver B on : - * i
10. K band receivers off ' B i i :
11. K band transmitter A on : o : ;‘ ‘
12. K band transmitter B on ' 1 ‘
13. K band transmitters off _ ‘
14. "UHF command transmitter A on ‘
15. UHF command transmitter B on
16. UHF command transmitters off x'
17.  UHF power amplifier 1A on i f
18. UHF power amplifier 1A off | i };
19. UHF power arnpliﬁér 2A on ; ‘;
20. UHF power amplifier 2A off |
21. UHF power amplifier 3A on |
22. UHF power amplifier 3A off
23. UHF power amplifier 4A on
24. UHF power amplifier 4A off
25. UHF power amplifier 5A on
26. UHF power amplifier 5A off _ y
27. UHF {Jlower amplifier 6A on T |
28. UHF power amplifier 6A off |
29. UHF power amplifier 7A on - -
) L
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+ABLE 4-7 (continued
“30. UHF power amplifier 7A off
31. UHF power amplifier 8 A on
32. UHF power amplifier 8 A off
33. UHF power amplifier 9 A on
34. UHF power amplifier 9 A off
35. UHF power amplifier 10 A on
36. UHF power amplifier 10 A off
37. UHF power amplifier 1B on
38. UHF power amplifier 1B off
39. ' UHF power amplifier 2B on
40. UHF power amplifier 2B off
41. UHF powér amplifier 3B on
’ 42, UHF power amplifier 3B off
43, UHF power amplifier 4B on
. 44. UHF pawer amplifier 4B off
, 45. UHF power amp-liﬁer 5B on
: 46. UHF power amplifier 5B off
! 47. UHF power amplifier 6B on
! 48. UHF power amplifier 6B off
%- 49, UHF power amplifier 7B on
% 50. UHF power amplifier 7B off
': 51. UHF power amplifier 8 B on
52. UHF power amplifier 8 B off
{ 53. UHF power amplifier 9 B on
54. UHF power amplifier 9 B off
55. UHF power amplifier 10 B on
56. UHF power amplifier 10 B off
57. UHF voice transmitter A on
58. UHF voice transmitter B on -
59. UHF voice transmitters off “
60. VHF horizontal receiver A on
61. . VHF horizontal receiver B on }
S :
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TABLE 4-7 ({(continued)

62.
63.
64.
65.
66.
67.
68.

69.
70.
71.
72.
73.
74.
75.
76.
71.
78.
79.
80.

83.
84.
88.

91.
92.

TT&C
93.
94.
95.

81.
82.

89.
90.

VHF horizontal receivers off
VHEF vertical receiver A on
VHE vertical receiver B on
VHEF vertical receivers off

S band transmitter A on

S band transmitter B on

S band transmitters off

S band power amplifier 1A on

S band power amplifier 1A and 1B off
S band power amplifier 2A on
S band power amplifier 2A and 2B off

S band power amplifier 3A on

- S band power amplifier 3A and 3B off

S band power amplifier 4A on -

'S band power amplifier 4A off

S band power amplifier 1B on
S band power amplifier 2B on

S band power amplifier 3B on

S band power amplifier 4B on .

S band receiver A on
S band receiver B on
S band receivers off
Order wire receiver A on
Order wire receiver B on
Order wire receivers off

S band transponder A on

S band transponder B on

S band transponder A and B off

Telen{étry encoder A on
Telemetry encoder B on

Telemetry encoders off
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~13LE 4-7 (continued)

.-.a-""'"[
" +pLOYMENT MECHANISMS

96.
97.
98.
99.
100.
101.
102.
103.
104.
105.
106.
107.

108.
109.
110.
11,
112.

"{"?"3'""”“ sty
I
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¥
¢

113,
114,

Fire VHF/UHF antenna squib I

Fire VHF/UHF antenna squib II

Fire VHF/UHF antenna squib III
Fire S band antenna squib I

Fire S Band antenna squib II

Fire S band antenna squib III

Fire K band antenna squib

Fire nutation damper squib

S band antenna positioner motors on
Ku band antennaipositioner motors on
Antenna po.sitioner power off

Step S band anténna azimuth east
Step S band antenna azimuth west
Step S band antenna elevation north
Step S band antenna elevation south
Step Ku band antenna azimuth east
Step Ku.band antenna azimuth west
Step Ku band antenna elevation north

Step Ku band antenna elevation south

:POWER SUBSYS TEM

% 115,  Voltage limiters off
: 116. Voltage limiter 1 on
[on Voltage limiter 2 on
{SPARES -

} 118127

———
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Lafching valve 2 close .

O

. TABLE 4-7 (continued) -iBL
i e —— —

Spinning ' , ;

REACTION CONTROL SUBSYSTEM AND APOGEE MOTOR . .
1. Axial jet 1 o

2.  Axial jet 2 ' oo

3.  Axial jets 1 and 2 ’ S

4. Radial jet 1 , .

5. Radial jet 2 R

6. Latching valve 1 open { R

7.  Latching valve 1 close o

8. Latching valve 2 open ! ;

¥ r

10. Latching valve 3 open

11. Latching valve 3 close

12. Apogee motor'squib 1 (decoder 1) ‘ ,:

13. Apogee motor squib 2 (decoder 2) ' : DES!

‘ 14. Apogee motor heaters on ‘ : ‘
15. Apogee motor heater 1 off

16. Apogee motor heater 2 off _

17.  Apogee motor heater 3 off ' ’

18. Apogee motor heater 4 off

19. Spinup jet heaters off ' ‘ : . .
20. Spinup jet heaters on ' o .
21. Radial jet heater off
22; Radialv jet heater on

POWER SUBSYS TEM

" 23. Battery A charge on
24. Battery B charge on

‘ 25. Battery A and B charge off ' . :
26.  Trickle charge on Yy A ’
217, Trickle charge battery A off . ' L—

4-24
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... E 4-7 (continued)

e———
28. Trickle charge battery B off
29, Reconditioning discharge battery A on
30. Reconditioning discharge battery B on
31. Reconditioning charge batteries A and B off
32. Set charge temperature limit 1
33.- Set charge temperature limit 2
34. Set charge temperature limit 3
35. Set charge temperature limit 4
36. Thermal charge limif set override
37. Voltage limiters off
38. Voltage limiter 1 on
39, Voltage limiter 2 on
40. Voltage limiter 3 on .
41.

Voltage limiter 4 on

. SESPIN ELECTRONICS

:
TG
;K
b \
BN
Ez £
§o
T AN
§o4
& 5
[ <
EON
#
3
-
nt
*

AT L e S

BAPTA heater 1 on

. 420
43. BAPTA heater 2 on
! 44, Despin control electronics 1 on 2 off
45, Despin control electronics 2 on 1 off
j, 46. Motor drive 1 on
. 47, M;)tor drive 2 on
’ 48. Motor drive 1 off
P49, Motor drive 2 off
i 50. Pseudo earth pulse select
51, Sun despin reference select
52, N earth sensor mode
53, S earth sensor mode
54, Pseudo psi despin reference
55, Time cor/rection step west ™,
56. Time correction step east
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TABLE 4-7 (continued)

63. Telemetry encoder 2 PCM mode

64. Telemetry encoder 1 on .

on

1
2
1

65. Telemetry encoder 1 off
66. Telemetry encoder 2
2

off
68. Telemetry encoder 1 FM mode

67. Telemetry encoder

69. Telemetry encoder 2 FM mode
70. .‘Telemetry transmitter A on
- 71, Telemetry transmitter B on

72, Telemetry transmitter A and B off
SPARES

73 to 128.

—
58. Torque bias step negative
59. Torque bias step positive
60. Spinup sequencer enable
61. Spinup sequencer off
TT&C
62. Telemetry encoder 1 PCM mode

4.3 SUBSYSTEM DESCRIPTION

The TDRS is comprised of nine major subsystems whose functional
and performance characteristics are described in the following subsections.

4.3.1 Telecommunication Services

The TDRS telecommunication service system is designed to provide
command and data relay capability for low and medium data rate unmanned

user spacecraft and voice and data relay capabilities for manned user
spacecraft.

The frequency bands employed for the TDRSS are shown in Subsec-
tion 3. 1. The general performance requirements for the.telecommunication
services are listed in Table 4-9, and their 1mp1ementat10n in the TDRS
repeater/transmitter design is illustrated in Figure 4-4.
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TABLE 4-8. OPERATIONAL SPACECRAFT
RELIABILITY SUMMARY

Mi
’ 5 Year Reliability
Subsystem Estimate
Communication and antenna positioning 0. 889
_ ' : Telemetry and command 0.900
‘ACS - 0. 955
‘ t Power o ' 0.975
;; Harness 0. 990
E RCS - 0.972
i Total N 0.717
£ 5,

Every active element in the repeater system is completely redundant.
The repeater receives four different K band frequency channels from the ;
zround station via two low gain K band horn antennas. These channels are
shifted to an 1ntermed1ate frequency, amplified, and distributed via a power

divider.

The output of the six way power divider supplies the UHF transmitters, 1
the S band transmitter, and the command subsystem. One additional signal, "
the reference pilot tone signal, is received by the K band receiver which

"~ phase locks its local oscillator to this reference. The local oscillator signal

then drives the frequency synthesizer to provide coherent translation of all
frequencies within the communication subsystem.

The signals from the VHF receivers, the S band receivers, and the
S band order wire receivers are each shifted to a unique IF frequency before
oemg summed in the 10 way power summer. The output of the power summer
is fed into the K band transmitters. Telemetry and command signals are
also routed through the K band transmitters. An S band transponder relays

ranging data over an 8 MHz bandwidth ground link.

i
PP 2 SR L RO ST 5

nal
ons.

' The VHF telemetry receivers are both on continuously during the
ide life of the TDRS. This allows two redundant channels for command and con-

trol of the spacecraft in addition to a K band receiver.

hed
Receiver characteristics are those of current state of the art equip-
ment. Table 4-10 summarizes the receiver noise figures.. Table 4-11 lists
- the masses of the repeater components, which total 54.3 kg.
tion '

‘There are six power modes possible corresponding to high or low UHF
) - transmitter power and the S band transmitter high, low, or off. In addition to
a‘ § the unit power rating, a power summary for four modes is presented in
g Table 4-12.
v
3
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Figure 4-4. TDRS Spacecraft Repeater
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TABLE 4-9. TDRS COMMUNICATION SUBSYSTEM

4 "/—
- ow data rate service

Forward link

1) User command EIRP

2) Voice EIRP
Return link
‘1) G/T

2) Linear amplification

3) Separation of orthogonal linear

polarized signal

vMedium data rate service

Forward link EIRP at S band

Voice EIRPAT S band

Command service

K a band EIRP

A Ja e o - Tan

General -

translation type

trilateral ranging

: Return link G/ T at S band

Ku band receiver sensitivity

1) Repeater shall be of the frequency

2) Coherent frequency translations
3) Order wire capability
4) S band transponder for

30 dBw
30 dBw

-,1.6 dB/K within
conical coverage of
0..454 radian

41 dBw
47 dBw
2 dB/K

(-13 dB/K for order

wire)

51 dBw, 13.4 to 14.0 GHz
-15 dB/K

TABLE 4-10. RECEIVER NOISE FIGURES

Receiver Band

VHFE

~
S band
‘K band

Noise Figure, dB

3.9
3.97
9.0

4-29
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TABLE 4-11.

REPEATER MASS SUMMARY -

T
Mass, kg
K band receivers 2.6
K band transmitters 4.1
K band upconverter 0.8
Frequency synthesizers 8.2
S band transmitters 7.3
S band receivers 1.4
S band order wire receivers 1.9
S band transponder 7.6 ;
UHF transmitters ) 17.2 ;
VHF receivers 4.0 |
Total ; 55. 1
: ‘
TABLE 4%‘—12. REPEATER POWER SUMMARY- ‘
Telecommunication Mode l‘
UHF High UHF Low |
Unit | S Band | S Band | S Band | S Band |
Power Low Off High. Low
K band receiver 1.8 1.8 | 1.8 1.8 1.8
K band transmitter 31 31 31 31 31
K band upconverter 0.8 .8 0.8 0.8
Frequency synthesizér 7.3 .3 .3 7.3
S band receiver 0.9 .9 -- .9 0.9
Order wire S band receiver 0.9 .9 0.9 .9 0.9
S band transmitter 21 or 21 -- 88 20
: 88
S band transponder 21 21 21 21 21
UHF transmitter 141 or | 280 280 141 141
280
VHF receiver 2.1 2.1 2.1 2.1 2.1
4-30
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Transmitter power amplifier requirements for the low and high power
:p5 of operation (see Table 4-13) have been established for calculated
7 hission losses and antenna gains as listed in Tables 4-14, 4-15, and
’J A description of the antenna designs is presented in subsection 4. 3. 3.

3.2 Telemetry Tracking, and Command
8 &

The major tasks of the telemetry, tracking, and command subsystem
.« to 1) monitor and relay to a ground control station all spacecraft analog
Z«‘ status data required for mission management and control, power manage-
t;:zi', repeater gain adjustments, etc.; and 3) provide satellite range infor-
.sion at any phase of its mission.

TABLE 4-13. TRANSMITTER POWER

: Required Power Amplifier Output,
Transmitter watts
UHF
Low power mode - a 71
High power mode o 142
S band
v Low power mode ‘ 6.3
é High power mode 4 23.5
] ‘K band saturation power ' -8
}
L S band transponder 3.2
TABLE 4-14. UHF EIRP FOR LOW POWER MODE — COMMAND ONLY
Antenna gain ' 12.5 dB
Cable (20 feet) and connectors loss -0.44 dB
Hybrid loss . -0.164dB
Low pass filter loss : -0.4 dB .
Required RF power (summer output) 18.5 chvy_ (71 watts)
EIRP , 30.0 dBw -

4-31
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TABLE 4-15.

S BAND EIRP

—
Low Power High Power

——,

Antenna gain, dB 36.0 36.0

Cable loss, dB -1.2 -1.2

Diplexer loss, dB -0.8 -0.8

Isolator loss, dB -0.2 -0.2

Summer loss, dB - -0.25

Switch loss, dB -0.2 --

'RF power, minimum, dBw 8.0 13.7

EIRP, dBw 41.4 47.0

TABLE 4-16.

K BAND EIRP

Antenna gain
Waveguide loss
Rotary joints loss
Switch. loss;

Filter loss"

Transmitter power

44.

0dB

.0 dB
.5 dB
.2 dB

.3dB

.0 dBw

51

.0 dBw

Telemetry, tracking, and command performance characteristics are

listed in Table 4-17.

A block diagram of the TT&C subsystem is illustrated
in Figure 4-5. All units are fully redundant and cross-strapped. A commant¢

transmission consists of a microwave carrier modulated by a sequence of

tones at three discrete frequencies, designated 1, 0, and execute. The tones

4-32
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TABLE 4-17.

TELEMETRY AND COMMAND

PERFORMANCE CHARACTERISTICS

Parameter
ratal s

Characteristics

TELEMETRY — INTELSAT IV TYPE

-3¢ Mode
word length
rrame length
Analog
pigital words
Bit rate
Code type output
‘M Mode (attitude data).
Subcarrier frequency
Data type
Modulation

Data transmitted

8 bits

64 words

48 words

16

1000 bits/sec

Manchester

14. 5 kHz
Real time pulses
FM

1) Sun pulses

2) North earth pulses
3) South earth pulses
4) Execute receipt

COMMAND — INTELSAT IV TYPE, MODIFIED

Tones

Input signal

Bit rate

Command capacity,
Command verification via
Command execution
Execution synﬁhronization

Maximum command rate

s

‘1, 0, and execute
FSK/AM

128 bits/sec

255 maximum
Telemetry

Real time

Sun or earth pulses

Approximétely 4 per second

~

e ———
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COMMUNICATION FokiAm DY I S e §
SEAVICE SYSTEM ~|  oEcooer : 5
Ku BAND PULSE 1 -
&b DESPUN COMMANDS P 1 ‘ﬁ
2 DECODER hy
1 SQUIB AND <
¥ SOLENOID <
souis DRIVER
ORIVERS ¥ HYBRID
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Figure 4-5. Telemetry and Command Subsystem
COMMAND
FUNCTION
GENERATOR TONE CODE DURATION
CONTROL PERFORMED
ACTUATE XMIT
16 BITS 3
INTRODUCTION ¢ '
(CLEAR) p P
DECODER 0 AND 1 6 BITS L -
ms
ADDRESS » > BI1S
COMMAND "OAND 1 8 BITS
.READ DECODER COMMAND
REGISTERS VERIFICATION
VIA TELEMETRY
ACTUATE EXECUTE
) ' VARIABLE TIME
ggzgﬁﬂzo $SE§UTE AS REQUIRED. {40 ms FOR STANDAF:
N SINGLE COMMANDI
- - = e e
ACTUATE CLEAR
R CLEAR THE o 16 BITS :
DECODER — 133 ms
REGISTERS 1 1817
- -

Figure 4-6.

. 4-34

Command Format

e e,

R

its
puls

ior
ing
gen



oot L

rE .
ArDEST
AND.
e

!

S AR TN e s, e L

e R O i i

s B O & bl s Rrniais ol MEE g SR i DD S e, i R s M

mz,htude modulated. The demodulated output of the ku band receiver
.ne VHF command receiver drive both the deSpun and spinning decoders.
. sclectmn of the executing decoder is by unique decoder address. Com-
:-z: verification is provided by telemetry readout of the command register

s-e sending the exeuction tone (F1gure 4-6).

s 5

A functional description of the spinning and despun decoder is shown

. yigure 4-7.

Two receiver sequencers sample the two VHF and the two Ku receiver
.puts to select one which has a suitable output signal. The output of the
.,. stage of each filter _goes to the AM detector where the two signals are
,:‘se generator wh1ch contains a narrow bandpass filter tuned to the 128 Hz

..+ rate. The output of the 128 Hz bandpass filter is the demodulated AM,

¢ 128 Hz sine wave with an amplitude proportional to the signal strength of

-1¢ received AM-FSK signal. The 128 Hz sine wave is fed to a hard limiter

= the squelch circuit. The squelch circuit puts out a signal to enable the
secoder processing when the input signal exceeds a preset threshold level.

~ne 128 Hz sine wave is also fed to the clock pulse generator which generates
ine clock signals to drive the remainder of the demodulator.

In addition to its command outputs, each decoder provides readout of
s register (command verification) and the envelope of all execute tone

zilses.

A spinning squib and solenoid driver unit generates suitable signals
for firing the BAPTA clamp release, apogee motor squibs, and for energiz-
=g the latching valve and thruster solenoids. A despun squib driver unit
{enerates signals for antenna deployment. There are four squib drivers
snd ten solenoid drivers. ‘ .

Signal and word format of the demodulated command from a receiver
tonsists of a sequence of 1, 0, and execute tone'pulses. These are arranged
35 shown in Figure 4-6. For conveniénce, the 1 and 0 pulses will be referred
‘0 as bits, as they convey binary information to the decoder logic circuit.

The introduction portion of the command word consists of at least 16 0-bits
followed by a 1 bit. This resets the decoder registers and logic; the decoder
i3 then able to process the remainder of the command word. The next

¥ bits comprise the address portion of the command word. The first 6 pro-
'!de the coding for digital addresses. The address words are separated by
¥ minimum Hamming distance of 2, so that a signal error in the transmission
9r reception of a decoder address will not result in the successful addressing
ol a wrong decoder. The last two bits are both 1's, which ensures that the
‘ﬂ’roductmn sequence will never be repeated within the command word.

N~

.The command itself cons1sts of 8 bits. The 8 command bits are entered .

into a storage register for verification via telemetry. Once a command
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word is entered into storage; further processing of data bits is inhibited
and an introduction format must be sent to clear the register. Upon receip:
of the execute tone, a coincident pulse will occur on the decoder output line
corresponding to the stored command. Execute tone pulses can be sent for
as long or as f{requently as required. After the command has been executed,

the commanding ground station resets and clears the decoder by repeating
the introduction.

The telemetry subsystem, in the primary mode of operation, provide,
two independent channels (Figure 4-5) transmitting on separate carrier
frequencies with separate telemetry encoders for each channel. Two modes
of data processing are used: PCM and FM real time,

The PCM mode is used for all attitude, thermal, power, and status
information, including command verification. In the PCM mode, the spinnin;
‘encoder receives, processes, and formats data originating on the spinning
portion of the satellite. The output, which is connected across the spinning/
despun interface via slip-rings, is an 8 kHz biphase waveform from which a
despun encoder recovers the nonreturn to zero (NRZ-L) bit stream and
derives a coherent clock. The despun encoder gathers and processes data
-originating in the despun portion. It alternates its bit stream word-by-word
with the spinning encoder bit stream, then converts the composite NRZ-L
bit stream to a Manchester code format. The converted stream is used for
phase modulating a Ku band carrier within the telecommunication repeater

on the despun side and modulates the backup VHF transmitter on the spinning
side.

The FM real time mode is used for real time attitude pulses (sun
sensor pulses, earth sensor pulses, platform index pulses, and command
execute pulses). The occurrence of a pulse coherently switches the fre-
quency, of an IRIG channel 13 subcarrier oscillator from its pilot tone to a
different frequency, depending on the kind of pulse present. The output is

connected via a slip ring to the despun encoder, the output of which phase
modulates the Ku and VHF telemetry transmitters.

The functional design of the spinning encoder and the despun encoder
is illustrated in the block diagrams, Figures 4-8 and 4-9.

Weight, power, and dimensional data for components of the telemetry
subsystem are listed in Table 4-18.

4.3.3 Antennas

The TDRS antenna subsystem consists of eight antennas as shown in
Figure 4-10. The antenna mechanical designs are compatible with the .
stowage volume within the Delta 2914 payload fairing and-are dimensioned

to sustain quasi-static loads up to 30 g and random vibration of 147 in. /sec?
rms.

S
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Figure 4-7. Despun or Spinning Decoder Block Diagram
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s 1+ VHF/UHF Deployable Antenna

t. 3.

The VHF /UHF deployable antenna is made up of two stacked short
. ¢fire antennas as shown in Figure 4-11. The short backfire antenna con-
"¢ of two plane reflectors spaced approximately a half wavelength apart
\ a feed placed between them. The VHF antenna reflector is cupped to
’ . a cylindrical cavity. The feed is a crossed dipole centered between
, «wo reflectors. The back reflector of the VHF antenna is 1.7 wave-

,s3ths In diameters.

_ The coaxial cable feed lines are 0.635 cm Alumispline manufactured
.. Times Wire and Cable Company. Stripline hybrids and baluns are located
. the base of the antenna post to generate two orthogonal senses of linear
.ciarization at VHF and circular polarization at UHF. The cables for the
_3i¥ antenna are routed down inside the VHF center post feed support.

The primary VHF reflective surface consists of a 1.27 cm grid
‘aromel-R wire mesh supported by eight 3. 82 cm diameter tubular aluminum
«:ss. A secondary mesh surface, or "fence," is shaped and supported by ribs
unged at the outer tip of each primary rib.

The UHF antenna prﬂimary ribs are constructed from 1. 91 cm diam-
«ter AL tubes with the wall thickness tapering from 204 microns at the root
:5 a constant wall thickness of 102 microns. The ribs are highly polished
1o provide the necessary thermal control.

A cone/cylinder provides the central support for stacking the dual

1 antenna cavities. This central structure consists of five portions: three

% <ones and two cylinders. Three portions, a hub, lower cone/cylinder, and
. “isupper cone/cylinder, are assembled by screws which allow the structure

% ‘0 be disassembled for access to each deployment system, RF feed lines,

and microwave components within the cone. The center structure is topped
o{f with a dielectric structure extending up to the top of the folded ribs. The
{unction of this member provides an attachment structure for attaching the
antenna to the spacecraft; it also provides a base to restrain the ribs in the
stowed condition. The structure loads are primarily reacted at the antenna
base and tip through tiedown locks to spacecraft structure.

The mechanism used to deploy the VHF antenna ribs is identical to that
which will be described for the S band antenna. A second mechanism used to
deploy the UHF ribs has a kinematic action identical to the VHF deployment
fystem with the exception that it uses a cable drive to move deployment
carrier along a recirculating ball spline fromthe stowed position tothe
deployed location. The VHF ribs are partially deployed before the UHF ribs
tart to rotate from their stowed positions.

Details of the dual frequency antenna design have been generated by
Radiation Incorporated. The RF performance parameters are listed in
Table 4-19. The mass of the antenna is calculated to bé 7. 95 kg.
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TABLE 4-19.

VHF-UHF ANTENNA PERFORMANCE

» T ——
Frequency band, MHz 136 to 138 400.5 to 401, 3
Aperture diameter, meters 3.9 1.3
Aperture gain,* dB 14.0 15.0
Reflector surface loss, dB 0.01 0.02
Reflector mesh I°R loss, dB 0.02 0.08
Hybrid loss, cm rms (0. 635 cm) (0.635 cm)
' 6 0.16 dB
" Coaxial cable loss, dB 0.03 0. 09
VSWR loss (1.3:1), dB 0.08 0.08
Total loss, dB 0.14 0.43 i
Antenna peak gain, dB 13.86 14.57
Antenna FOV gain, db (£13°) 11. 86 12.50
Polarization sense Linear Circular i
Horizontal Polarization
and
Vertical

“L. R. Dog, Backfire Yagi Antenna Measurements.

4,3.3.2 S Band High Gain Antenna

The S band high gain antenna consists of a 3. 82 meter diameter,

R s SRS A

deployable, parabolic reflector and coaxial cavity feed, all mounted ona . .
two-axis positioner for beam pointing. The parabolic reflector is a rigid
rib and mesh device with an f/d ratio:. of 0.4. The feed consists of a round
coaxial cavity, fed by a polarizing network consisting of a quadrature hybrid
and two baluns feeding four probes mounted in the cavity. The quadrature

hybrid provides operation with two orthogonal senses of circular polarizatior.

Figure 4-12 illustrates the S band antenna reflector in its stowed con-

figuration. An aluminum feed support cone forms the central structure to
which all components are attached. The antenna ties to the primary space-
craft structure at its base and tip in the stowed position.

The parabolic reflector is formed by 12 rigid ribs of 3.82 cm thin
wall aluminum tubes which support and contour an elastic mesh surface.

- The deployed antenna resonance exceeds the 4 Hz requirement imposed by

A

s TN

. grst

S

RS 3 Ty

s

ou



Basie

-
3
V\L

¥t LB

R e R Y

T e e

A S ML

R R ]

e
o

A
%
N
<
Iy
(2

s RIS

[E
o4
P
[

PP

P S

At st b

F
K
- 9.5201A £
l’"—_——’"—‘_ * oisaeio2 o
/ WALL ;
582 ] ’l;g
;%
// g
1100 - f 5
saes —— g
33014 _ 4
©.305-0,183 -
waLL 0 3 {i:
i
4 R8s —_—f =
4014
= 0.153.0.102
WALL
- . ]
—
] s.08
TORSION SPRING
0.38 wALL AND MECH STOP
TO DEPLOY
ot
]
——— - Y, 0.28 WALL \
LOwER —9
sTauY BALL NUTS CARRIER
: PRELOADED OEPLOYED SPRING MOTOR - - -
t BALL SCREW 203
POWE R DRIVE Dia
VO U U . -4 - PR S

e B R e s v o 7 ————

— s

rns
223

3

CARRIEA
STOWED

COMPRESSION ROD

i e

i H &
i g
[l
1

VR

e i |
e
< TEFLON STRIP
\ st iw SPAR, DIELECTAIC
~,

e e e I A ST, P

£y
WIS

. F
PVOT ARM T” /m

e R R

4-47

t

'
Kot 4
42,

ok

g

groys iy
g e



ns J——
18
Ao
- \-
aniss
9.5 Ora
0.1 wALL
>
L Y= 8 nns
19 014
Bl 7 0.20. waALL
—t 75.4 fw——0.05 AL TOP/BOTTOM
0.25 AL RING.
0.018 AL HONEYCOMB
4 RIBS 9.5 HEX CELL
127 A
ot v?}\u TOP SUPPORT
: FIBERGLASS 0.25-0.76 WALL
7.00
BALL BEARING SPLINE
PivOT ARM
CARRIER
) STOWED
N4
N ! 0.5 WALL
COMPAESSION
noo
r—u.tn AL
- : ~
. St i 0 = B w2 . . e
- s | peed - — —
d_ T Y
o
-~ CARRIERA
OLrFLOYED
/
- - Y /
/ [
. I P,
—— P
L 2TOW P(N CONNECTED Terton~_ |
rer Y0 01POLE DIELECTRIC —
£FLON ITAIP ! - = e
oo LAY e ST T —r— . - e

- e

(n)eot-19v02

== TOP AESTAAINT



T RL et AR M

W

iv

&

&

b

¥

2

*

% 1930 -
iE 1680 —
2 .

S, LAMINATED FIBEAGLASS

3 SQUARE TUBING ADJUSTABLE MID POINT

RESTRAINT

3 .

; 203

3

"SJ "Me —=—d

"
E'Y ADJUST.

. STRUCTURAL RESTRA

- INTERFACE R

MESH STAND O / | \— .
UNIFORMLY TAPERED WALL THK
FAOM CATUMD TO DATUM € N
. 038 / SUPPORAT
3 K FEED OUTER
* B canLe -\' CONDUCTOR .
-~ 0.12 THK FEED CENTER
: e | CONDUCTOR 0.28 THK
RE)
SPRING
¥
6385°
k CAALE TENSIONING REF
2 . EYELET o.n.-.lr )
3 RiB TIP RESTRAINT b -
E & cone
F N 3LAYERSPRE-IMPREGNATED
& rROBE FABRIC ERS 75B1/VOLAN 38 Q2 THR AL ALY ERO
b AIB TIP RESTRAINT 3 ATUM A 70 DATUM
fLUG

GUILLOTINE
2LAVERS 8 GLASS
, CLOTH TV

D!MENSIONS IN MILLIMETERS'

Figure 4-12.

CABLE

ADJUSTABLE MESH
STAND OFF

MESH (REAR)
38.2 D1A RID

‘Band High Gain Apntenna Layout

4'-49

MESH {FRONT)



— 78

{(N)Yov-19v0T

| ———rivor anme

L THK OF 0.070 ADJUSTASLE COMPAESSION
NSTANT WALL . VOT PIN
Ao OATUM € 7O DATUM ¢ UNIFORMLY TAPERED WALL THK PIVOS / ROD ASSEMBLY
$AOM 0,3 DATUM F TO 0.2 DATUMG
. A 0.38
L roor -sran ASSEMBLY
UFPER STRUT ASSEMBLY | ~] ANTI-TORQUE TUDE
Is,g O1A £ 0,51 ThK
AL TUBE
13868
1 .
$PRING MOTOR o LOWER STRUT ASSEMBLY
096 | 4" 125014 x 0.25 THK AL
38 THX : ) * TUBING (3 EGUALLY
] LSPACED)
by 0030
TACHOMETER ﬂ.——n K
. POWER DRIVE 240 8C,
N 251
Dta
M TAKELUP DAUM DN CARRIER I~ raccoaotn cousie nuT
i 3.5 CILCUITS (TURNS) OF
STORAGE DRUM ‘BALLS PEA NUT

BALL SCREW .

23 sco VI

3.8 LEAD @ -

0.3 THK AL ALY 8
DATUM 8 TO DATUMC
NN

-

i
I
L

MECHANISM SHOWN IN
CEPLOYED POSITION

m——

e e

3

ey or—



PSR g T e T

Ko

R M i e TR A

R

’?acecraft- The required surface precision of 0.150 cm rms at S band
sency is accomplished by use of a reflective front mesh and a contour
’}“ng back mesh.
The reflective mesh is constructed from five-strand bundles of

s s micron Chromel-R wire knitted into a2 wire screen. The mesh is knitted
- opemngs of 2 mm. The back mesh is knitted with 1.27 cm openings

tit is used as a secondary drawing surface for contouring the front mesh
.je minimizing the antenna weight. The mesh is attached to the ribs in a

;:,xoned state.

- Deployment of the reflector from the stowed to the fully open position
¢ precisely controlled to prevent impact loading of the rib structures and
~esh, thereby assuring that 1) the preset parabolic surface is not distorted

s the deployment action and 2) no mesh loading conditions result that exceed

.=e mesh strength limits. The deployment mechanism shown in Figure 4-12
lizes redundant energy drive systems to rotate a ball screw within a

recirculating ball nut. The resultant linear motion of the ball nut serves
1> rotate each rib from the stowed to deployed position through the individual
ankages to each rib, The primary drive of this system is a constant torque
¢pring motor. This spring motor provides sufficient energy to deploy the
intenna in any orientation under gravity conditions. In a zero gravity con-
dition, the spring motor capability exceeds the deployment energy require-
ments. A backup drive system of two miniature torque motor functions

then as dynamic brakes, controlling the deployment and requiring no electrical
sower. If required to deliver power, the motors can increase the torque to
the ball-screw by as much as a factor of four. Latching in the deployed
condition is accomplished by driving the ball nut carrier and linkages through

an overcenter condition (relative to the pivot arms).

The mechanical design of the S band reflector has been generated by
Radiation Incorporated and it is based on their AAFE 12.5 foot diameter
Ku band antenna design. The antenna mass is projected to be 8.3 kg.
Electrical performance projections are summarized in Table 4-20

4.3.3.3 The S Band Order Wire Antenna

The S band order wire antenna is electr1ca11y identical to the UHF
The reflector is made from perforated sheet

Single sense circular polarization is
The antenna performance parameters

antenna except scaled to S band.
metal for low cost and light weight.
generated by slot fed crossed dipoles.
are listed in Table 4-21.

4.3.3.4 The Ku Band High Gain Parabolic Reflector Antenna

: The Ku band high gain parabolic reflector antenna (Figure 4-13) con-
sists of 2 1.42 meter diameter rigid rib and mesh lightweight reflector of
1.4 kg and a multimode-horn feed with a cassegrainian subreflector all
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TABLE 4-20. | S BAND HIGH GAIN ANTENNA PERFORMANCE

. £
|

—_— ante
Frequency, MHz 2070 2250 H'ﬂf
or
Aperture area gain (4m A/A%) 38. 45 39. 06  orth
Spillover and amplitude 1.35 dB S
taper losses. and
Phase loss . 0.09 dB Sy
i N
' Blockage loss 0.10 dB Lo |
Reflector cross-polarization 0.10 dB ; —
loss ‘ : & "
Reflector surface loss 0.11 dB - :
(0. 060 inches rms) :
Reflector mesh IZR loss ‘ 0.05 dB £ ;f
Hybrid losses 0.20 dB :
Coaxial cable loss ~ 0.35 4B ;
(1.5 meters) E %
VSWR loss (1.4:1) . 0.12 dB 2
¢
Total losses, dB E I 2.47 2.47
Antenna peak gain, dB o : 35.98 36.59 g
Polarization sense ' Circular Circular :

’ (Orthogonal) (Orthogonal) g
mounted on a two-axis positioner for beam positioning. Amplitude taper Sk
across the reflector is significantly reduced by distorting the shape of the 5
subreflector away from a hyperboloid. A corrugated horn gives rise to the ;
two modes needed to make the feed pattern symmetrical with very low side- ?
lobes. The polarizer that generates a single sense of circular polarization ¢
consists of a waveguide orthomode tee for good impedance match and a multiplic
iris phase shifter for good polarization ellipticity. %

A set of 12 tubular aluminum ribs is used with the double mesh techni- !
que as described previously to form the reflective surface. The front mesh f
openings are 0. 152 c¢m in size. The mesh surface tolerance is held to i
better than 0.0254 cm rms. The supporting ribs are 3. 18 ¢cm in diameter
with a tapered wall of 0.0102 dm at the rib root to 0.0152 cm at the top. i
The ribs are made from 6061 T6 drawn aluminum tubing. Thermal control
consists of multilayer blankets. §
t

Receiver Ku Band Antennas . ; L
g RN 3‘

Two receiver Ku band antennas will each cover the northern hemispher¢
with circular polarized beams. The approximate beamwidth requirements

e
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,re 0. 157 by 0.314 radians. An array of two fin-loaded pyramidal horn
sptennas satisfies the CP beam coverage requirements over the 13.4 to
4.2 GHz transmit frequency. A four-iris square guide polarizer and an
orthomode tee are used. For simplicity, the unused orthogonal arm of the

orthomode tee has been shorted out.

The RF performance characteristics for the Ku band receive horns
and transmit antenna reflector are summarized in Table 4-22 and 4-23.

"TABLE 4-21. S BAND ORDER WIRE ANTENNA PERFORMANCE

Frequency band
Aperture diameter
Aperture gain*
-
. Reflector surface loss
' 2
Reflector I"R loss
Hybrid loss
"Coaxial cable loss
VSWR loss (2.0:1)
Total losses
Antenna peak gain

Antenna FOV gain (£15 deg)

Polarization sense

0.01 dB
' 0.01 dB

0.16 dB

0.01 dB

0.50 dB

2200 to 2290 MHz
26.7 cm

15,0 dB

0. 69 dB
14.3 dB
11.4 dB

Circular

.:':L. R. Dod, "Backfire Yagi Antenna

Measurements, "

RS NPT S



‘ TABLE 4-22. Ku BAND HORN ANTENNA PERFORMARNC:

T —
I requency 13.7 Gi:,
Aperture area gain (4w A/')\Z) , 25, 14m
Amplitude taper and phase losses 1.93 dB
Horn I°R loss ~ 0.03 4B
Dolarizer and transition I°R loss 0.30 dB
Waveguide loss (30.4 cm) ' ‘ 0.25 dB
f VSWR loss (1.3:1) - 0.08 dB
‘ Total losses _ i 2.59d3
‘ Antenna peak gain - 22,5 dB
‘? ' Antenna earth-edge gain (£9.1°) : 18.5dB
' Polarization sense’ S ‘ Circulsr
i

5 | 4.3.3.5 Telemetry Tracking and Command VHF Antenna

The telemetry, tracking, and command antenna consists of eigis
whip antennas fed by a hybrid balun. The eight whips are attached to :=¢
edge of the solar panel and are equally spaced. Each whip is tilted aws: oo CAF
from the spin axis at an angle of 1. 05 radians and is driven 0.786 elecir -+ :
radians out of phase with adjacent whips for best radiation coverage. I’ :
phase sequence is in opposite directions for the two terminals of the kyi: o
balun that attach to the diplexers. The radiation pattern of the antenns s-- -

is elliptically polarized. Table 4-24 summarizes the antenna performaa.s
data. : : : . .
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Q| TABLE 4-23. Ku BAND REFLECTOR ANTENNA PERFORMANCE
Frequency 14.9 GHz
Aperture area gain (4TrA/)\2) 46.94 dB j
Spillover and amplitude taper losses 0.86 dB t
Phase loss ' 0.05 dB 1
Blockage loss’ 0.304dB - 3
Reflector cross-polarization loss 0.02 dB :
Reflector surface loss 0.10 dB i
(0.010 inches rms) ]
Reflector mesh I°R loss 0.15 dB
Horn IZR loss 0.02 dB ;
Polarizer and transition _IZR loss 0.30 dB ' i
-Waveguide loss (9.5 inches) 0.04 dB ' ' - i
VSWR loss (1.3:1) _ 0.08 dB I
Total losses - | 1.92 dB
Antenna peak gain : | ' 45,02 dB
Polarization sense : Circular d

TABLE 4-24. TELEMETRY, TRACKING AND COMMAND
ANTENNA PERFORMANCE e

: ‘Telemetfy frequency band , 136 to 138 MHz
Array gain over 95 percent of sphere - 4.0dB
(for matched polarization)* .
Hybrid balun IZR loss - 2.0 dB
Antenna gain over 95 percent of sphere - 6.0dB
(for matched polarization) A
Command frequency band v , 148 to 154 MHz
Array gain over 97 percent of sphere -11.0dB
(for circular polarization)
Hybrid balun IZR loss ' ~ 2.0dB
Antenna gain over 97 percent of sphere -13.0dB

(for circular polarization)

g

IT"Polarization combining at the ground station constitutes
‘matched polarization. ’
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. 4.3.3.6 Two-Axis (Elevation and Azimuth) Tracking Mechanisms

Two-axis (elevation and azimuth) tracking mechanisms are employed
for S band and Ku band antenna reflector pointing over a range of 16 degrees.
Identical motor drive assemblies are jointed by a gimbal structure resulting
in an elevation over azimuth configuration. Tne gimbal assembly is sup-
ported in each axis by the preloaded angular contact ball bearings of the
motor drive assembly and by an outboard radial deep groove bearing. Dry
film lubrication is used throughout the mechanisms for temperature range
compatibility and to avoid the need for sealing the moving elements. The
S band antenna positioner employs coaxial rotary joints for low RF loss

(total of 0.2 dB). The Ku band drive mechanism has rotary waveguide RF
power transmission across its axes.

The drive mechanism is powered by a permanent magnet, bifilar-
wound, phase switched stepper motor producing 200 steps per revolution
(1.8 degrees per step). The motor provides ample torque at stepping rates
beyond the maximum required for this application and provides positive
magnetic holding torque when power is removed. The transmission selected

. is a high ratio harmuonic drive with a reduction of 144:1.resulting in a nominal

gimbal movement of 0.0125 degrees for each pulse to the stepper motor.
The antenna positioner drive unit is shown in Figure 4-14.

4.3.4 Attitude Control

The attitude control system controls the spacecraft stability, pro-
vides a stable platform for antenna positioning, and monitors the orientation
' of the vehicle spin vector and despun platform azimuth for precision antenna
pointing. The TDR Gyrostat spacecraft configuration develops gyroscopic
rigidity by its spinning rotor, and attitude stability is achieved by passive
energy dissipation from the despin nutation damper and by active nutation
damping through the despin control system.

The functional criteria and design requirements for the spin axis
attitude control are: '

1) Attitude control subsystem must provide vehicle asymptotic
nutational stability, with residual nutation consistent with -
antenna pointing accuracy requirements.

2) Nutation transients that occur in normal operation must be
rapidly damped.

3) Vehicle must be autonomously stable in failure modes
involving large nutation angles.

4) Spin axis control requirements are north-south error
allocation = 0. 10 degrees, orientation determination

=0.20 degrees, and system nutation damping time constant
=300 seconds.
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A functional block diagram of the attitude control subsystem is given
. Figure 4-15. Determination and control of the spin axis attitude is accom-
stished by using rotor mounted sun and earth sensors. The sun sensor pro-
;;des pulse pairs for measurement of the angle between the sun line of sight
snd the spacecraft spin axis, while the earth sensors provide earth chord-
«idth information for attitude measurements. Corrections to the attitude
sre made using ground commanded pulsing of the jets.

Sensor information for attitude determination is processed by the
siughes ATDET computer program. This program models disturbance
1orques, sensor biases, and attitude commands and produces a least squares
fit of attitude to the data. The processing algorithm used permits on-orbit
calibration of the sensors and updating of solar torque estimates. During
:ransfer orbit, attitude may be determined to 0, 2 degree (3 sigma) accuracy,
on-orbit accuracy of 0,03 degree. (3 sigma) after calibration of sensor
biases is achieved. :

The TDRS attitude stabilization design incorporates despin central
damping of nutation along with using the passive, platform mounted, eddy
current nutation damper. ‘

In addition to the techniques for stabilizing the nutation by action of
internal elements, an active backup nutation control (ANC) loop using
reaction jets has been incorporated to stabilize nutation in a failure mode or
to reduce transient nutation during the apogee motor firing and antenna
deployment phases of the mission. The methodology of actively controlling
nutation is the following:

1) An accelerometer detects the presence of nutation and
establishes the phase and amplitude of the motion with
. respect to a rotor-fixed coordinate system.

2) The accelerometer output signal is threshold detected, ampli-
fied, and converted to a jet command.

3) The axial jet fires once per nutation cycle for a portion of the
cycle which results in the application of a transverse torque
in opposition to the nutation motion.

A simplified block diagram of the despin control subsystem (DCS) is
given in Figure 4-16. Three independent earth sensors are mounted on the
spinning rotor and are used to supply rotor phase information relative to the
earth center to the despin control subsystem. For on-station operation only
a single earth sensor is required for despin control. Use of three elevation
orientations allows selection of the sensor to be used by ground command

well in advance of sun or moon interference and provides adequate redundancy.

The bearing and power transfer assembly (BAPTA) provides elec-

trical and mechanical interconnection between the spinning and despun sections

—
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of the satellite. The BAPTA consists of a bearing assembly, a motor drj.,

assembly, and a slip ring assembly for signal and power transfer betweep o g
the spun and despun sections of the spacecraft.

The despin control electronics (DCE) processes the inertial rotor
phase information from an earth sensor and the relative platform phase
information from the MIP (sampled once every rotor spin revolution) and
generates continuous control torque commands to the BAPTA torque motcr,
It contains both rate and tracking loop control logic to ensure automatic
despin of the platform and acquisition of the earth. The DCE contains the
loss of sensor detection logic to provide platform rate stability in the event

of loss of an earth sensor and accepts ground commands for platform rate
control and failure mode ground despin control.

: of

. s

There are four basic operating modes for the despin control "; +0
subsystem: . ' : ra
. . at

1) In the normal tracking mode, the despin system aligns the ge

despin antenna boresight to the center of the earth as sensed
by the spinning earth sensors. Because of the wide variation . oopl
in platform inertia due to antenna deployment, a low gain
tracking mode has been implemented for initial orbital opera-
tion of the despin subsystem. When the DCE is turned on, a’ )
control loop gain lower by a factor of 2.5 below normal gain . 1n
" .is activated. - Once initial orbit is achieved and the antennas

L TaViE, v

are deployed, the higher gain mode is selected by ground ‘ qt
command. ¢ th

: i a

2) The rate control mode uses an inner rate loop to ensure auto- C
matic despin and acquisition during initial rotor spinup and tt

. following apogee boost. A three level ground commandable ‘ ¢
+2.1 or -0.42 rad/sec rate bias is included in the DCE for b

controlling the platform cg offsets. The magnitude of the
maximum commandable rate torque is scaled so as to over-
ride the tracking loop and generate the desired platform rate.

3) In pseudo earth mode, the tracking and rate loops operate
using ground transmitted leading and trailing edge pulses, .
which are locked in frequency to the rotor spin rate. The
required spin synchronous pulse train is obtained by use of
the sun sensor pulses which are available on real time FM

telemetry. An additional sun pulse delayed by 0. 244 radian
of spin phase from the telemetry sun pulse is created. This

pulse train is then sent through the normal command channel
to the despin control electronics. By controlling the phase of

et e T ST T TR s ST S
Sead

L

the retransmitted pulses with respect to the original sun

pulse, the azimuth orientation of the payload antenna can be
controlled. :

-
-
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4) In the event of loss of earth sensor pulses, automatic onboard
logic will supply a once per revolution pulse to the rate control
logic. The pulse frequency is based on a fixed clock rate ,
(internal to the DCE) set to the nominal spin speed. Therefore,
in event of a sensor loss, a slight platform rate will develop
due to deviations in actual spin speed from the nominal. By
ground commanding an alternate sensor, automatic despin and
reacquisition will occur.

Signal Processing

" Determination of the platform orientation is accomplished by means
of an earth center-finding technique. The linear range of the error detection
is 0. 122 radian for north earth and south earth oriented sensors and
40. 140 radian for the center earth sensor. For errors beyond the linear
range (as in the case when the platform is rotating), the sensed error is held-
at plus or minus the saturation value by the DCE. By use of an electronically
generated delayed MIP, which is w radians away from the actual MIP, the
pointing error characteristic can be achieved. This ensures the correct
platform direction of rotation during acquisition for shortest acquisition
time, ’

Determination of inertial platform rate is accomplished by measur-
ing the change in platform position over one rotor spin revolution. The rate
logic utilizes the earth leading edge and MIP pulses along with a fixed fre-
quency clock, to form, "digitally, this first-back-difference of position. At
the occurrence of the earth leading edge pulse an upcounter is set to zero
and proceeds to then count from the leading edge pulse to the MIP, using a
crystal controlled oscillator as the basic count clock. At the occurrence of
the MIP the number occurring in the upcounter is transferred to a down-
counter and the downcounter is allowed to count from the next leading edge
to- MIP. At the occurrence of each MIP, the number contained in the down-
counter represents the change in platform position over one sample.

The operation of. the tracking loop is illustrated in the block diagram
Figure 4-17. The sample and hold output of the position error detector is
used to drive an analog shaping network whose dynamics have been selected
to provide stable closed loop pointing control and meet the despin system
requirements. The resulting output of the shaping network is a torque com-
mand to the BAPTA.

The motor used in the despin control subsystem is a two-phase,
16 pole, ac motor which requires in-phase sine and cosine driving voltages
to generate the required rotating magnetic field. To operate as a dc motor,
these sine and cosine voltages must be artificially generated.” This is accom-
plished using a resolver in the BAPTA. A precise phase relation is main-
tained between the motor rotor and resolver by keying them to-a common
shaft. The resolver is excited by a 4 KHz carrier from the DCE. The sine
and cosine resolver outputs are then synchronously demodulated to remove
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¢he carrier and amplified to drive the redundant BAPTA motor sine and
cosine windings. One sine/cosine pair are driven by the motor driver cir-
cuits in a single despin control electronics unit. However, the DCE motor
driver inputs are cross-strapped so that each DCE can drive either or both
of the motor driver /motor pairs.

Under stall conditions, the maximum motor torque with a single
motor driver active torque is 2. 98 Newton meters. As the relative rate
increases, a back electromagnetic force (EMF)} is developed in the motor
stator windings; therefore, the torque is limited by the maximum available
driving voltage which is 19 volts at the motor winding under worst case end
of life conditions (24 volt bus). At 10.4 rad/sec and at the expected BAPTA
temperature of 294K, the nominal friction level is 0. 20 Newton meter. This
implies a torque margin ratio of 7-1/2:1 for the low bus voltages for each
motor.

When the DCE receives power, it turns on with several of the internal
stages in preferred states. The DCE last utilized (ground command selected)
is activated in the low gain mode. Both motor drivers are active and the
ground mode logic is off. The rate bias is zero and center earth sensor is
selected as the despin reference. This initialization logic is in part deter-
mined by the system requirement to recover automatically from a flatspln
condition due to battery failure upon exit from eclipse.

The DCS performance characteristics were analyzed, and, based on
frequency-domain analyses, a lead/quadratic lag followed by lead/integral
shaping network was selected. The dc gain and integrator gain were chosen
as high as possible to minimize sensitivity to friction torque, while avoiding
excessive gain to sensor noise. The system gain margin is 12 dB, while the
phase margin is 0.77 radian. These stability margins are sufficient to
accommodate all modes of operation and parameter variations over the
mission.

4.3.5 Reaction Control Subsystem

The reaction control subsystem achieves attitude control of the space-
craft during its life span in orbit and it provides for spacecraft station
changes. Its elements are four redundant thrusters, four propulsion tanks,
with a propellant isolation valve (latching valve) in between sets of two tanks,
fill and drain valves, and pressure transducers.

The propellant is hydrazine with a specific impulse of 227 seconds.
A propellant loading of 55 percent of the tank capability is used which pro-
vides for the following spacecraft maneuvers and attitude corrections:

° 130 degree precession for alignment of the apogee motor prior
to firing
o 120 degree precession for spacecraft operational p081t10n1ng

after firing . -
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° 7 years of solar torque.correction assuming 8.3 cm cp-cg
separation and 80 percent antenna porosity

@ 2 percent margin for jet misaligrﬁment compensation

° Injection trim for booster and apogee motor errors

° Two 0.0775 radian (4.5 degree) station changes per day
o 7 years of east-west stationkeeping

The RCS performance requirements for the TDRS are summarized in
Table 4-25 and its functional design is illustrated in Figure 4-18,

There are two 4.45 Newton axial thrusters and two 22. 25 Newton
radial thrusters for complete system redundancy. KEach thruster has its
own etched disc type filter and each half system has its own pressure trans-
ducer. The thrust chamber of these thrusters is a Hughes qualified design
and their integral dual seat propellant valves are of Hydraulic Research
design. ' '

A flight qualified liquid filter, developed by Vacco Corporation, is
used. This filter consists of multiple chem milled discs stacked to form the
filter element. The Vacco filter is verified free of particulates to the
degree specified by CS 31023-400.

The propellant isolation valve for the TDRS application is a latching
solenoid valve developed and qualified by Carleton Controls Corporation.
This valve (Figure 4-~19), employs a soft teflon seat and it contains an open-
ing and closing coil. The valve poppet is held either in the open or closeéd

TABLE 4-25. RCS REQUIREMENTS

Performance :
AV o ' - 168.25 m/sec (552 fps)
Cumulative impulse predictability for
<10 pulses 20 percent
' >10 pulses 10 percent
Burn time: Steady state ) None
Pulse Axial ' 70, 000
Radial 30,000
Cold starts: Axial 1250
Radial : 30
Physical _ : ,
Mass: -Subsystem dry - ' 10.43 kg.(23.0 lb)
Propellant and gas 37.20 kg (82.0 1b)
Environmental N .
Temperature range 278 to 333 K

(40 to 140°F)
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- shown in subsection 4. 1.

position without electrical power by a Belleville spring washer. Pulsing the
closing coil pulls the armature, fastened to the poppet, to the closed posi-
tion. After removal of the power, the valve remains held in the closed posi-
tion by the Belleville spring. 20 ms pulses are required to actuate the valve,
although it has been designed and qualified to withstand continuous power for
120 seconds over the temperature range of 278 to 333K. The valve is
equipped with a single pole, double throw microswitch actuated by the arma-
ture so that valve position can be determined by either ground support
equipment or by telemetry if desired. A small 25 micron absolute wire
screen filter is added to the inlet port of the valve to improve valve reli-
ability. External leakage is kept to a minimum by use of an all welded valve
assembly using metal bellows as seals. All components exposed to pro-
pellant are made from stainless steel or teflon.

The propellant tank consists of a 32.5 cm sphere integrated with an
86 degree cone as shown in Figure 4-20. It is fabricated from 6A1-4V
titanium by Sargent Industries. Design operating pressure is 400 psig and
burst pressure is 1600 psig. Total volume is 0.018 m3 (1100 in3) minimum
per tank. The cone is located down and away from the satellite spin axis. _
Thus, 100 percent expulsion efficiency is possible with only two ports, since |
the fluid port is at the low point in the tank during both static ground servic-
ing and in the in-flight spinning mode. ’

The pressure transducer is a potentiometer of a flight qualified
design. The potentiometer slide wire is actuated by pressure displacement
of a welded pressure capsule referenced against vacuum.

The fill and drain valve (Figure 4-21) is used in both the gas supply
and propellant supply systems. The gas valve uses an inlet fitting per
MS 24385-2, and the propellant valve uses a MS 24385-4 inlet fitting to pre-
vent gas/liquid connection errors. The valve is a manually operated shut-
off valve using a tungsten carbide ball forced into the valve body seat to seal
the flow passage. The ball is retained in a stem assembly and is moved ‘
axially on and off the seat when the retainer nut is rotated on the valve body.
A cap is provided to cover the MS 24385 inlet port when the valve is in the
closed position. After system loading and before flight, an aluminum closure
cap is added using K-seal at its base as an added redundant seal over the
complete valve.

4.3.6 Electrical Power Subsystem

The electrical power subsystem supports operation of all payload
and spacecraft subsystems. It is required to provide payload power continu-
ously for a minimum of 5 years. The power requirement for the different
operating modes for both the sunlit and eclipse portion of the orbit were

-

The basic configuration of the power subsystem is shown in Fig-
ure 4-22. The power subsystem has two batteries with 18 cells each. Each
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battery is composed of two battery packs. The cells are 16 amp-hr in size.
The battery output is boosted by a boost discharge regulator to 25.5 volt
nominal regulated voltage. Power system operation with battery power
augmentation during UHF voice communication will result in very shallow
battery discharges. The battery control electronics incorporates capability
for battery reconditioning. During battery charging, the solar array voltage
will be 27.5 volts or higher. The batteries are charged at C/15 rate.
Between eclipse periods, the batteries are trickle-charged. The trickle
charge rate is C/60. The battery charge power provided by the solar array
to the two batteries is 60 watts. The solar panel output is 364. 0 watts at
summer solstice and 399 watts 23 days before equinox.

Bus voltage limiters maintain solar panel output voltage below
30 volts independently of load after emerging from eclipse and provide a
minimum heat dissipation on the despun platform during launch and orbit -

acquisition and also during powered down operation.
The power subsystem weight was listed in subsection 4.1, and design

characteristics are listed in Table 4-26.

TABLE 4-26. POWER SUBSYSTEM DESIGN CHARACTERISTICS

Solar Cell Array .

Length: 2. 21 meters
Diameter: 2. 16 meters
Cells: 2x2cmx 0.18mm (7.2 mil) 10 ohm-cm
T - Covers: Z2x 2cmx 0.15mm (6.0 mil)
Batteries
Number : 2 with 18 cells each
Capacity 57,600 amp-sec (16 amp-hr)

" Discharge cycles .
Eclipse 450 (<60 percent D.O. D. )

Augmentation 7000 maximum (<4. 5 percent D.O.D.)

Battery Controller

Current sharing 5 percent
tolerance
Rated output 10 amperes
current :

ke ~.
Battery input 18 to 24 volts '
potential '

'Voltage Limiter,
Maximum bus potential 30 volts
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The solar cells arrays are mounted to the rotating spacecraft
cylinder of 2. 16 meters in diameter and 2. 21 meter length. The solar cej:y
are 2 by 2 crm, 10 ohm-cm resistivity, n/p type and are 0. 18 mm (7.2 miy
thick cell with 0. 15 mm (6 mil) coverglass. A total of 486 cell strings are
in parallel and each string is 68 cells long. The solar array design factors
are shownin Table 4-27. Battery charge termination is controlled by over-
tempe ature sensing. The batteries begin charging after emergence from
an eclipse and continue charging until all batteries are fully charged. A
charge control electronic system as shown in Figure 4-23 is employed to
provide for the following alternate controls: 1) automatic recharging of the
batteries on exit from eclipse, 2) automatic charge termination, 3) ground
control override for functions 1 and 2 on each bhattery separately, and 4)
ground control of reconditioning discharge.

The battery discharge controllers are illustrated in Figure 4-24.
These controllers maintain a regulated output voltage of 25.5 volt

+0.5 volt.  The battery voltage can vary from 24.3 to 17.5 volts during
discharge.

The discharge current of each battery is sensed with a magnetic cur-
rent sensor, and an analog output from the sensor is provided to a current
comparator circuit in each battery discharge control. This circuit acts to
modify voltage control in each boost-choke stage to provide current sharing
between batteries to within an allowable rating and battery depth of dis-

charge. Shunt tap limiters and dissipative shunt bus limiters are used in
the TDRS design.

Tap limiters are used to hold the bus voltage below 29.5 volts with
full load applied, dumping surplus solar panel power at beginning of life by
shunting or eliminating the current supplied by the tapped strings to the main

bus. Tap limiters also clamp the bus at 30 volts after exiting eclipse. Four

tap limiters, each shunting a separate section of the array (1/8 of total array

in each section), are provided. The limiters have set points separated by
0.1 volt, so that operation is incremental.

Bus limiters place resistive loads across the bus when the bus volt-
~age exceeds 29.5 volts. They replace some of the heat removed from the
despun section during the transfer orbit, or any other time that spacecraft
loads are low. Each bus limiter and its associated external load resistors
dissipate a minimum of 110 watts at a bus voltage of 30.0 volts. Total dis-
sipation for both bus limiters is 220 watts minimum at a primary bus voltage
of 30.0 volts. With a primary bus voltage below 29.5 volts, the limiters are
in a standby condition and dissipate a maximum of 0.58 watt. A performance
summary of the TDRS power system design is provided in Table 4-28.

4.3.7 Apogee Motor

A solid propellant motor is'used to inject the TDR satellite into a
7 degree inclined geosynchronous orbit. The apogee motor must be of
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TABLE 4-27. SOLAR ARRAY DESIGN

B L TR eIV

Number of panels:
Size

Diameter
Length
Mass

‘Solar cells

Base resistivity
Solar cell cover
Nominal cell voltage (near maximum power)

Nominal cell current (near maximum power)

Temperature

Radiation degradation ’ R

Current
Voltage

Fabrication loss

Voltage
Current

Akipp‘i“e

Effective illuminated area in current

Curvature edge defects, current

~ Solar angle

Seasonal intensity

Summer solstice, current

Autumnal equinox, current

1.99 Ms (23 days) before autumnal
equinox, current

Transmission loss, current
Diode drop

Panel harness drpp

-

2. 16 meters

2. 21 meters

20 kg, excluding.
substrate

2x 2cm 0.18 mm,
(7. 2 mil) thick

10 ohm-cm

0.15 mm (6 mil) thick

0. 425 volt
0. 122 ampere

Function of location
and season

0.902
0. 942

.00
.98

.98
. 318
. 962

O O O O

- %0. 554 radian

. 888

. 993
0.969
0. 98
0.8

0. 3 volt
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TABLE 4-28. POWER SUBSYSTEM PERFORMANCE

Solar Array Output End of Life
Summer solstice
23 days before equinox

Solar array output augmented by
batteries

Maximum bus voltage

Battery discharge turn-on voltage
Minimum bus voltage, battery power
Solar array maximum power voltage

- Solar array temperature maximum
300 K, minimum 183 K

Battery depth of discharge maximum
Number of eclipse cycles

Solar array"augmentation maximum
Maximum augmentation cycles
Battery charging rate

Battery charge termination

Battery trickle charge rate

Cell failures permitted per battery
Baftery discharge voltage |
Battery operating temperature range.
Battery discharge controller voltage

Battery charge controller operation

Battery discharge controller operation
Battery reconditioning
Tap limiters; operating voltage

Bus limiters; operating voltage

364 watts
399 watts
438 watts

30 volts

25. 5 volts
24.5 volts
26. 5 volts

60 percent
450

4.5 péercent
7000

C/15

Temperature signal

C/60

2

24. 3 to 17. 5 volts
225 to 300 K

25. to 26. 5 volts

Automatic or ground
commanded

Automatic

On ground command
29 to 29.5 volts

29. 5 to 30 volts
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lightweight design and utilize a high performance propellant in order to
achieve an efficient payload/spacecraft mass ratio. The nominal velocity
increment of 1679 m/sec is required for the TDR Spacpcraft mass of 678 kg
at boost vehicle separation.

The Hercules Incorporated.motor design (Figure 4-25) with a pro-
pellant of 302. 2 seconds effective ISP, is used for the TDRS. The TDRS
apogee motor characteristics are listed in Table 4-29. The motor case is
of S-glass reinforced plastic. The pressure chamber interior is thermally

protected from the combustion gases by styrene-butadiene rubber insulation.

The nozzle throat and inside exit diameters are 8.19 and 57.7 cm, respec-
tively. Internal surfaces are fully contoured, and efficiency losses and
erosion are minimized by a hyperbolic spiral entry. The expansion cone is
contoured to a basic Rao parabolic geometry, modified for the propellant
metal content, and provides an expansion ratio of 50:1.

The entrance and throat region is supported with an aluminum attach

flange. The expansion cone is a composite of graphite phenolic from the
throat insert aft to an expansion ratio of 7:1, and asbestos phenolic extends

TABLE 4-29. APOGEE MOTOR REQUIREMENTS

Performance -
AV - 1679 m/sec +1% (5498 fps +1%)
Maximum thrust 9000 1b _
Maximum acceleration 113 rn/sec2 (11.5 g)

Maximum external case temperature 333 K (50'0°F)

Physical
CG: Loaded 0.046 cm (0.018 in.)
burned out 0.102 cm (0.040 in.)
Balance: loaded 0.22 kg—mz (1200 oz inz)
burned out 0.11 kg—m2 (600 oz inz)
Thrust alignment displacement 0.051 cm (0. 020 ln.)
angular 0.002 radians (0.002 in/in)
Moment of inertia Known within +5%
Environmental
Operating temperatures 278 to 306 K (40 to 90°F)
Storage life B : 3 years
Spin rate 10.47 rad/sec (100 rpm)’
Hard vacuum : 10 days
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through the rest of the cone. The entire structure is overwrapped with

glass filament. The propellant is a composite-modified double base formu-
lation of proven high specific impulse, high density, and excellent mechanical
properties. The propellant grain configuration consists of a centerbore with
nine aft-end wing slots, a configuration that achieves a relatively constant
thrust during motor burn.

The motor ignition system consists of the Pelmac 20674 electro-
mechanical safe and arm device, located at the forward end of the motor,
and a pyrogen igniter mounted to the forward closure..

Motor performance data are listed in Table 4-30 for a nominal oper-
ating temperature of 297K (75°F) along with motor mass properties. A total
motor weight of 318 kg is predicted for the TDRS application.

4.3.8 Spacecraft Structure

The spacecraft structure subsystem functions as the integrating plat-
form for all mission specific payload elements and subsystems ddring ground
handling, launch, and orbital flight. The structure must be designed to sus-
tain the mechanical, thermal, and radiation environments during the TDRS
7 year mission life, including prelaunch, ground handling without failure or
. excessive deformation. The physical dimensions of the TDRS structure -
must be compatibie with the Delta 2914 launch vehicle and its standard 3731
spacecraft adapter. ‘

The TDR spacecraft structure subsystem is illustrated in Figure 4-26.

The primary load carrying structure is divided into a spun section, despun
equipment platform, and an antenna support mast.

TABLE 4-30. APOGEE MOTOR PERFORMANCE AND MASS

Parameter : Nominal Value
Vacuum specific impulse- 302.2 sec
Vacuum total impulse 193,700 lbf-sec
Average vacuum thrust 4230, 18 kg (9440 1bf)
Average chamber pressure 621 psia
Burn time A 21.2 sec
Propellant mass ~290. 30 kg (640 1bf)
Total motor mass - 317.97 kg\('vol 1b£)
Burnout mass ' 25. 40 .l‘<g.(56 1bf) .. —
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The spun section consists of a thrust cone and four equipment
carrying ribs. A thin magnesium plate connects these ribs for added shear
’ rigidity. The cylindrical solar panel substrate is attached to the ribs.

The despun structure consists of the circular equipment shelf of
honeycomb sandwich construction and radial rib reinforcement. A tubular
mast, mounted centrally forward of the despun platform, provides antenna
support. The structural interface between spin and despun section is
achieved by a precision bearing assembly (BAPTA). This bearing is
excluded from the primary load pass by use of a Marman type clamp during
the spacecraft launch periods of high structure loading.

Types of construction for major structural components and their
materials are shown in Table 4-31. The dynamic characteristics of the
spacecraft in launch configuration have been computed. Results of this
analysis (Table 4-32) indicate a structure of sufficient rigidity; e. g., no
axial resonance is predicted at Delta pogo frequency of about 20 Hz.

The primary structure has been analyzed for quasi-static loading
conditions, the most severe one of which proved to be the nonuniform lateral
loading case shown in Figure 4-27. Positive strength margins were demon-
strated for all structural elements.

TABLE 4-31. PRIMARY SPACECRAFT STRUCTURE

Item Type of Construction Material
. Central thrust tube ° Monocoque cylinder | o Beryllium,
with end rings aluminum
Spun platform e 4 ribs e Beryllium
e Monocogque shelf ® Magnesium

(20 mils) with edge
stiffeners

Cylinder solar substrate | o Honeycomb core ® Aluminum
(85 in. diameter, 87 in. " (3/4 in.) ® Fiberglass
length) ° 2 ply facesheets
Despun platform ® Honeycomb core Aluminum
. (1/2 in.) :
° Facesheets (10 mils) Aluminum
® 6 ribs - Beryllium
Antenna support mast ° Monocoque tubes e - Beryllium
5 in. diameter
tapered thickness Lo~

(45 to 90 mils)
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TABLE 4-32.

MODAL CHARACTERISTICS

Frequency,
Mode cps Type
1 11.2 X bending of mast
2 12.3 First despun torsion
3 13.6 Y bending of mast
4 23.1 Second Y bending
5 24.4 Second Y bending
6 26.1 First despun shelf rocking (Y axis)
7 36.8 Second despun shelf rocking (X axis)
8 38.2 First solar panel torsion
9 41.1 Third despun shelf mode (X axis) antenna
» coupling
10 43.9 . | * Antenna mode (X)
11 44.8 |, Fourth despun shelf rocking (Y axis)
12 44.9 | Antenna mode (Y) |
13 46.0 Fifth despun shelf plate mode (about X axis)
(antenna coupling)
14 46.1 Sixth despun shelf plate mode
15 46.4 Antenna (X)
16 46.7 Antenna (Y)
‘H-—l,:('# 53.7 Antenna, despun shelf coupled
18 55.3 Ky band parabolic reflect antenna
19 56.2 Antenna, despun shelf coupled
20 59.0 Solar panel X bending
21 59.1 Solar panel Y bending
22 72.4 Antenna mode
23 85.0 Third X bending
24 89.6 Tank mode
25 | 90.0 Coupled X bending (fourth) and tank mode
26 90. 7 Tank mode |
27 91.1 Coupled X bending (fourth) taﬁk\and apogee
motor ‘
28 92.8 Tank mode .
39 149 Axial of solar panel
48 223 .Axial of solar panel
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1.3.9 Thermal Control

The temperature environment for all satellite subsystems during the
mission life of 5 years is controlled by the thermal design and thermal con-
trol. The orbital design must be compatible with survival and/or operation
of all subsystems during ascent, transfer to synchronous orbit, apogee
motor burn, and on-orbit operations. Table 4-33 presents the subsystem
temperature requirements that have been established for the TDRS.

Table 4-34 outlines the expected extremes in system power dissipation using
baseline estimates of equipment power requirements, operational modes,
and solar panel electrical characteristics.

The thermal control concept employed in the TDRS design is one of
passive thermal control, which takes advantage of both the temperature
averaging that results from the uniform spin rate of the vehicle solar panel
and the containment of the sun within £0.41 radian of the orbit plane. The
key features of the thermal design are identified in Figure 4-28. Radiation
is the dominant mode of heat transfer between major spacecraft elements.
The temperatures of the spinning structure and low power dissipation regions
are controlled by providing good radiation coupling to the solar panel. The
batteries are hard mounted to the structural ribs in order to provide thermal
fin capability. The lines and valves of both the axial and radial thrusters are
provided with molded blanket heaters (a heater system of 0.03 watt/meter
propellant line and 0.75 watt per thruster is used) that prevent any portion of
the system from reaching the freezing point of hydrazine at any time during
the operational life of the spacecraft. These heater elements are wrapped
with low emittance aluminum tape to minimize the heater power require-
ments. The hydrazine tanks are maintained above the freezing point with
multilayer insulation. '

Most of the power dissipating units are grouped on a despun platform
across-the forward end of the solar panel. Platform dissipation is radiated
to an intermediate radiating surface provided just forward of the platform.
Most of the intermediate radiating area (inboard) is despun, while the outer-
most rim is spinning. The high dissipating units are located near the perim-
eter of the despun shelf, below the spinning cover. A second surface

aluminized teflon finish on the intermediate surface serves to attenuate the

temperature variation of the platform with respect to solar incidence angle.
Temperature sensitivity of this platform is further attenuated by radiation
coupling to the stable solar panel boundary.

The antenna mast is treated with a combination of aluminum foil and
second surface aluminized teflon stripes in order to limit both the thermal
bending of the mast and the peak temperature of the cabling that will be
attached to the mast. The mast is insulated for approximately 0.9 meter
above the sunshield to provide the desired boundary conditions for the motor
bearing assembly. The antenna element will have high emittance finishes
only to the extent necessary to limit peak temperatures below 422 K in any
critical areas. ' ' ‘

S
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TABLE 4-33.

SUBSYSTEM TEMPERATURE REQUIREMENTS

Eclipse
Design Range, Minimum,
Equipment K K Comments
Despun A
Transmitters, 267 to 311 261 Design limits used
receivers and in the successful
other qualification and
repeater flight application -
electronics of similar com- :
Telemetry and | 267 to 311 261 munication elec- ;
: tronics equipment .
command i
electronics
S band antenna 222 to 367 222 Identical to Intelsat ‘
positioner IV design limits {
Antenna mast 200 to 367 200 Similar to TACSAT ;
and cabling Mast deflection design
due to diametral ¢
temperature ‘
difference
<0.28 ST
VHF and S band | 117 to 395 117 Similar to TACSAT
antenna design
Spinning
Apogee motor 278 to 306 278 Comsat UTC motor
. design limits
Despin bearing {273 to 311 284 »
Despin 267 to 323 261 Intelsat IV
electronics v
Batteries 273 to 300 273 No overcharge
Solar panel 222 to 297 172 _
RCS tanks 278 to 333 278 Intelsat IV design
with active heating
of lines and valves
lines 278 to 367 278
valves 278 to 339 278
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TABLE 4-34. THERMAL DISSIPATION LEVEL, WATTS

Solar
and
Solar Power Battery Battery Power
26.5V 25V 25V
Operating Time
Equipment 75 25 25 ‘ 75 25 25
Despun
Data transmitter, Ku banci 19.0 19.0 17.9 17.9 17. 9 17.9
Command transmitter, S band 11.3 ' 62.8 10. 4 10.4 59.0 10. 4 l
Command transmitter, UHF . 75.0 .| 75.0 75.0 75.0 75.0 75.0
Voice transmitter, UHF “ A T - 75.0 - - 75.0 g
Command receiver, Ku bandﬁi«\ 4.7 4.7 4.5 .4. 5 4.5 4.5
Data receiver, S band 1.9 ' 1.9 1.8 1.8 | 1.8 1.8
Data receiver, VHF : 1.7 1.7 1.6 1.6 1.6 1.6
Frequency generator 8.1 8.1 7.6 7.6 7.6 7.6
Miscellaneous repeater equipment 9.5 9.5 8.9 8.9 8.9 8.9
~ Command decoders 4.9 4.9 4.7 4.7 4.7 4. 74
Telemetry encoders 10.1 S10.1 | 9.5 9.5 9.5 9.5
Antenna position control 6.0 6.0 6.0 6.0 6.0 6.0
Total 152.2 203.7 222.9 147.9 | 195.6 147.9
Spinning
Telemetry transmitter, VHEF - - - - - o=
Command receiver, VHF 1.2 1.2 1.1 -]..1 1.1 1.1
Despin control electronics 19.0 19.0 17.9 17.9 17.9 17.9
Power electronicé ]8. 0 11.0 39.8 40.0 44.0 50.0
Battery charging : | 60.0 - - - - -
Total 98.2 | 31.2 | 588 | 59.0°| 3.0 | 69.0
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MAST INSULATION
BLANKET

ALUMINIZED TEFLON
FORWARD SUNSHIELD

€= 0.68 %/
—

OPEN METALIZED
MESH CONSTRUCTION

(N)0Zy-19v02

MOLDED HEATERS ON ALL
RCS LINES AND VALVES

LOW SOLAR ABSORPTANCE FINISH;
ALUMINIZED TAPE WITH 20%

. ALUMINIZED TEFLON STRIPES (< 0.3
INSULATED TO 0.9 m ABOVE SUNSHIELD

DESPUN PLATFORM AND
SPINNING RIB STRUCTURE;
HIGH EMITTANCE BLACK

PAINT THROUGHOUT, € >0.8

HIGH EMITTANCE BARE
FIBERGLASS €>0.7

=)
€>0.8\\1
v

ALUMINUM FOIL €<0.05

11 LAYERS ALUMINIZED
MYLAR INSULATION €< 0,025

~5w THROAT HEATER

STEEL FOIL BARRIER
€>0.7 ON OQUTER FACE

Figure 4-28. Spacecraft Thermal Control Provisions
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The apogee motor has an aluminized Kapton multilayer insulation
hianket to protect the spacecraft from post firing thermal soakback. Addi-
rional thermal isolation is provided around the aft end and around and over
the nozzle to limit undesirable local temperatures near the nozzle throat
guring the transfer orbit. In addition to this isolation, an active heater on
the nozzle throat is provided to the baseline to assure adequate temperature
control of this critical element. The aft end of the spacecraft is closed and
protected from apogee motor plume heating by a 0.0051 cm thick stainless
steel foil which is thermally isolated at the spacecraft attach points. Its
exterior surface is coated with Bo-Chem black oxide. The interior surface
is coated with hanovia gold to provide the required thermal isolation. The
predicted maximum temperature distribution along the conical barrier is
shown in Figure 4-29. Combined heating rates are high, and equilibrium
temperatures are reached in about 10 seconds, so that for short periods the
ailowable temperature of 923K is exceeded.

Adequate thermal control performance has been demonstrated by pre-
liminary analysis. The power temperature performance characteristics of
the despun platform design are shown in Figure 4-30. The temperature per-
formance is well within the equipment design range for the extremes in both
season and operating mode. Further, the end of life performance of the
degraded teflon sun shield appears adequate for this mission. . Table 4-35
lists the temperature predictions for both a warm and cold boundary condi-

tion of the central bearing assembly.
TABLE 4-35. BAPTA THERMAL PERFORMANCE
Minimum Maximum
Steady State Steady State :
: A Boundary, Boundary, )
Node Location K K
1 Upper inner bearing'race : 280 304
2 Upper outer bearing race 281 305
3 Upper despun flange 281 304.5
4 Center outer spinning housing 282 304.5
5 Lower spinning flange 280.5 304
6 Lower outer bearing race 291 308
7 Lower inner bearing race 291.5 307.5
8 Lower despun flange 291.5 - | 307.5
9 Center despun shield 284 S 306
10 Spinniné cone structure » 279 o 301 ,
11 Slip ring assembly 291.5 - 307.5
1
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The temperature differential across the bearings is less than 2. g1

] for the worst case conditions. A 3 watt dissipation in the slip ring assen .
E will cause that section to run about 8. 3K warmer than the motor housing;
é.‘ however, it will remain well below the 323K allowable temperature for t4.

slip ring assembly. All motor and bearing temperatures will remain wits .
the 273 to 311K operational design range.

The steady state solar panel temperature will vary from a minimuy-
of 285K at summer solstice to a maximum of 295K at equinox. The batters
! system can constitute the major thermal dissipator on the spinning side of
the spacecraft. The effective environmental sink temperature will range
from 278 to 295K.
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Figure 4-30. Despun Platform Power Temperature
Performance ,
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