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Section1: Introduction

The S-band systems consist of seven black boxes of com-
munication and data processing equipment aboard the
Space Shuttle Orbiter. The equipment generates two
types of radio frequency (rf) links with the ground control
stations. Both links utilize electromagnetic waves in the
2-3 GHz range.

The Orbiter also generates communication links on wave-
lengths near 13-15 GHz (K-band) and 200-300 MHz
(UHF). These links are discussed in other documents.

The S-band systems are two of four systems comprising
the communications subsystems group.

The principal elements of the S-band system are grouped
into two types of S-band subsystems. The phase
modulation (PM) subsystem is the pri link between
the Orbiter and, for brevity, the ground. This link carries
the downlink difital voice and Orbiter telemetr{, which
includes general purpose computer (GPC) downlists and
systems data. It also carries uplink digital voice and
uplink commands. The technique of phase modulation is
shifting of the carrier frequency’s phase in proportion to
the magnitude of the parameters being transmitted.

The other subsystem is frequency modulation (FM). This
subsystem is used to transmit to the ground a variety of
different types of data. These types include main engine
data, TV, operational and payload recorder data, and data
related to ﬁayloads. This subsystem transmits only to the
ground. There is no uplink into this subsystem via rf. The
technique used to transmit this data is called frequency
modulation. This technique shifts the carrier frequency’s
value or frequency in proportion to the magnitude of the
parameters being transmitted.

TD327

PM Subsystem

The PM subsystem can best be described as a multi-
functional transmit/receive communication link.

Figure 1-1 shows a block diagram representation of the
PM subsystem. Incoming signals are passed from one of
four “quad” antennas which sxgport e PM subsystem to
the S-band antenna switch to the preamplifier. The
preamplifier will do one of two signal processixi%
depending upon the control and moding of the PM system
In one mode the preamp will take the signal from the
antenna and amplify it before passing it to the
transi)onder. In the other mode, the preamp will take the
signal from the antenna and pass it alons to the
transYonder unamplified. The transponder will take this
signal and retransmit a signal in phase to the one received
from the preamplifier at a fixed ratio to the received
signal. Thisis called coherent turnaround. This
retransmitted signal is received on the ground where the
two-way do&pler shift is measured to obtain the relative
velocity of the Orbiter with respect to the ground station.

The transponder also rf demodulates the incoming signal,
which is a multiplexed combination of commands an§°
digitized voice. In addition, there may be a 1.7 MHz sub-
carrier ranging signal present. The ranging signal is
immediately retransmitted back to the ground where the
elapsed two-way progragation time is used to calculate the
range of the Orbiter from the ground station. The rf
demodulated command/voice signals are routed to the
network signal processor (NSP).

The NSP demultiplexes the commands and/or voice. The
commands are sent to the command buffer where they are
accessed by the command multiplexer-demultiplexer
(MDM). The voice signals are converted from digital to
analog and sent to the audio distribution subsystem and
thereby, to the crew.
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Figure 1-1.- S-band PM subsystem block diagram.
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The outgoing signal path is the reverse of the incoming
path except the signal detours through the power
amplifier. The power amp is like the preamp in that the
control and moding will cause the power amp to either
process and amplify the signal or not. For outgoing data,
the separate functions of the NSP and transponder are
essentially reversed. The NSP will digitize voice and
multiplex it with telemetry from the operational
instrumentation (OI) system and send it to the trans-
gonder. The transponder phase modulates the carrier

equency with the data from the NSP before sending it on
to the power amp. The NSP also has an additional func-
tion for the multiplexed data. It sends the data to the
oi)erations recorders (ops recorders) for recording and later
playback through the FM system.

FM Subsystem

The FM subsystem is made up of the FM signal processor,
the FM transmitter, the FM rf switch, the FM portion of
the S-band antenna switch and the FM hemi antennas.
. The primary function of this communication subsystem is
to provide another rf path to the found to support other
data type requirements. This link provides such things as
live or taped video of crew or space activities, playback of
data recorded when the Orbiter was out of view of a
sround tracking station, or playback/realtime payload
ata during payload operations. Figure 1-2 shows a block
diagram of how the boxes are connected. The FM signal
rocessor (FMSP) receives data or signals from the
ollowing sources: the ops recorders, payload recorders,
TV, main engine data (ME), or a variety of data/signals
from the payload station distribution panel (PSDP) which
can be either digital or analog. These signals are then
routed to the FM transmitter to modulate the carrier for
transmission to the ground station. Only one of the above
mentioned inputs can be routed to the transmitter at a
time. The transmitter output is routed through the rf
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switch and then into the antenna electronics. The
antenna electronics, which has its internal switches
controlled by the GPC, then relays the transmitter signal
to the selected antenna, the upper or lower.

The FM transmitter receives signals from the FMSP and
passes them to the FM rf switch after imposing them onto
an S-band carrier and amrglifying the resulting signal.
The FM transmitter interfaces with the ground command
interface logic controller (GCIL.C) and MDM PL-1 and is
smg}:ﬁ-edundant. The FM rf switch takes the output of the
two transmitters (of which only one is active at a
time), and passes it to the S-band FM section of the
antenna electronics.

=
—

e o * Y
—

Figure 1-2.-S-band FM system functional block diagram.
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Section 2: System Interfaces

Ground Command Interface Logic
Controller |

The ground command interface logic controller (GCILC) is
a vital and integral part of the communications
subsystem. The main function of this device is to accept
uplink commands via the PL MDMs 1 and 2, decode the
commands, and output the appropriate control signals to
switch, activate, etc., the corresponding communication
line replacement unit (LRU). This is also the device by
which switch control functions are implemented; i.e., a
switch is positioned and its control signal goes into the
GCILC and the GCILC outputs the appropriate signal or
signals to the affected LRUs. The S-band PM and FM
portions of the K-band Comm/Radar, PL Comm, and
closed-circuit television (CCTV) are the subsystems which
are controlled using the GCILC.

The GCILC consists of two PL MDM data buffer cards
which detect and decode commands destined to the GCILC
and route them to 16 decoder driver cards. The decoder
driver cards have dual-redundant prom decoders which set
discrete off or discrete on commancﬁ; to the respective
hybrid driver card. The hybrid driver cards provide the
discretes to the particular LRUs to perform the various
switching functions. '

Figure 2-1 shows a representation of the GCILC in block
form. There are 16 decoder driver cards, 15 with 16 hybrid
drivers and 1 with 10 hybrid drivers.

Figure 2-2 shows a schematic of the hybrid driver. The

driver sense is used by the multiplexer to tell the present
state of the output panel driver. This is used to set the

TD327
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command driver to the state that the panel driverisin
when the GCILC is configured from a panel to a command
configuration. The series interlock input is used by the
driver to inhibit the command driver output until all the
series interlocked drivers associated with that command
driver are turned on. The command power is an external
line that will power the command driver. This power can
be either a main bus or a control bus. The interlock output
is used by other hybrid drivers to inhibit their output to
simulate the mechanical interlock of a switch. Driver
output and telemetry output are self explanatory. The
switch power is like the command power input except it
will be only control bus power.

Earlier there was mention of a command mode and a panel
mode. A description of each mode follows to explain their
function. There are five switches in the Orbiter that
configure the S-band PM, FM, PL Comm, K-band, and
CCTYV for panel or command mode. The panel mode allows
the panel switches to drive the outputs oF the GCIL to
switch, turn on, etc. the associated LRUs. In the command
mode, the GCIL is configured to accept ground commands
or SPEC1 entries to drive the outputs of the GCIL. In the
command mode the panel switches can be moved but will
have no effect on the system.

Systems Power Interfaces

The S-band system operates from the Orbiter primary
ower source. It uses the main dc power busses A, B, and
, with steady state limits of 24 to 32 volts. The S-band
system does not interface directly with the essential de
power source.
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PM Subsystem Power Distribution

The PM subsystem is powered primarily by main dc busses
B and C. Main bus A interfaces at a single point at the
remote power control (RPC) following ground command
interface logic (GCIL) #10/8, supplying power amplifier
#2 standby power. Reference figure 2-3 for a drawing of

the power distribution. VmnB
FLC
2 LCA
2
—
PRE BEAM
NSP XPNDR PA ANT
1 1 1 ? 1 C":T"
Venm Cmd ,
Pnl
B :
ct } cmd GCILC
pr————
BC2 Lol
PRE BEAM
VeNTL stP XPgDR PZA A ANT CNTR
2 2
LCA
3

FLC
3

VMNC

703274033

Figure 2-3.- S-band subsystem power distribution.

1! - 2-4



)

S-Band Transponder Power. Transponder #1 is powered
from main B, forward load controller #2. Control is from
control bus BC1. Transponder #2 is powered from main C,
forward load controller #3. Control is from control bus
BC2. Reference figure 2-4 for a drawing of the power

distribution.
VMnB
FLC2
Cmd > :
B S_
VenTL Pnl Enable> LCA, Xpndr 1 ON > trans:::gem
BC1
™ [ <] !
.:° intlk t
ofle ll(
L Cmd
1 Xpndr2 ON S-band
v:g;L ﬂ:' Pl Ko - Lcag (B2 > transp:rr:derz
t s € ('—]
|
i
Xpndr VMnC
1 FLC3

D327

PANEL
A1 A2

(s2)

S
Tmnnd

Figure 2-4.- S-band transponder selection.
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S-Band Antenna Switch Power (Quad Section). The
S-band antenna switch is a dual unitin a single case. Itis
further divided into PM sections and FM sections. The FM
section’s power and control are discussed in the FM Sub-

#2. Itis controlled by GCIL with control bus BC1. The
PM section’s #2 unit is powered from main C, load control
assembly #3. The #2 unit is controlled by control bus BC2
through GCIL. Reference figure 2-5 for a drawing of the

system Power Distribution subsection. The PM section’s power distribution.
#1 unit is powered from main B, load control assembly
VmMnB
FLC2
Cmd
Venm Enabl
o - ol GCIL nable >| LcA, Elec 1 ON >
o S-band
ole FM
" antenna
ole switch
o cmd (Dual)
v } ‘
CNTL ol Pnl > 6L Enable >| LCA; Elec2 ON >
BC2 I
i
i
i
ANT SW Vmnc '
ELEC FLC3 Switch
1 . I:uaamI
contro
PANEL O > electronics
A1A3 : :
($6)
2

TD327

103274037

Figure 2-5.- S-band antenna switch selection and switch beam control electronics.
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S-Band Power Amp Power. The S-band power ampisa

dual unit in a single case. The unit #1 is powered from de¢
main bus B, forward power controller #2. Control signals
come from control bus BC1. Operate control for #1 comes

Vear
8C1

Venne
BC2

)

powered from de main bus C, forward power controller #3.
Unit 2 control power comes from control bus BC2. Operate
control for #2 comes from main C, forward load controller
#3. Reference figure 2-6 for a drawing of the power

from main B, forward load controller #2. The unit #2 is distribution.
Vans PRE AMPL 1
FPC2 0 paneL
; A1A2
Cmd (810
> 2 1 Stby
L RPC, ®
T* n !
ole : 3AMP ! Vmns
: I ' FLC2
e
I @ 1 I Lo 10N
[} L S-band
: < ot ._I-i:l A2 > Lower
L1, INTLK :' — : amp
|
| L I t | T
—te | | | —e |
=< k . ] 20N | (Dual
1 i I L I LCA3 ==
| E Vme 70 ° ! 1
| | n }
) a FPC3 i
ool ll’ | Vmnc
I : e 3AmP : FLC3
&40 ' Cmd
. 25tbh
.. T enl Gl »|RPC; |4 Y
_—d g gy A ey S -
STANDBY OPERATE
1 1 Intlk preamp 1ON ]
+
G  paneL intlk preamp 2 ON =i
P a2

" nd

10327

[C113)

{SI1D

10327°03%

Figure 2-6.- S-band power amplifier selection.
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S-Band Preamp Power. The preamp is also a dual unitina
single case. Unit #1 is powered from dc main B, forward
controller #2. Control is from control bus BC1

loa

through GCIL. Unit #2 is powered from dc main C,

forward load controller #3. Unit #2 control is from control

bus BC2. Both of the above units have a pair of GCILs

10327
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assigned to them controlling heater circuits and power
circuits. Unit #1 has GCIL controlling its heater and
GCIL controllin%its power. Unit #2 has GCIL controlling
its heater and GCIL controlling its power. Reference
figure 2-7 for a drawing of the power distribution.

cmd intlk = Pfg’;“l’
Vom o o1 et Enable ] 2 —>
B8C1 l
] S ~ LCA 1 Stby
. : . GOIL > 5 —
|
' -
! FLC2 preamp
|
| (Dual)
: Vmne
o)e FLC3 -
|
ote Cmd Intlk Preamp
V | I ° o LCA 20N
bk I K Pol - Sa I | Enable > 3 >
BC2 "
|
I o LCA 2 Stby
| GCIL t )1 3
]
PRE AMPL
1
PANEL 0
A1 A2 F

2

Figure 2-7.- S-band preamplifier selection.
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GCIL Power

The GCIL is another dual unit within one case. It has
systems A and B powered by dc mains A and C. Redun-

) ()
the GCILC with main A, and driving power supply A20
with main C. Both supply A19 and A20 are connected
through isolator circuitry to both systems A and B.
Reference figure 2-8 for a drawing of the power

dancy is incorporated by driving power supply A19 within distribution.
Pnl R15
GCILC
+28V
‘ ol
Vv, Power > Both
R11 & R15 l__ —>>| supply _"_—7_'%-’ systoms
+
—}— 1 ») Vo€
PnlR15
GaLe
Vmne /\ Power ’!
R11&R15 \/ —>~1 supply ;
:
(cB49)

D327

TD327°038

Figure 2-8.- GCILC power.
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FM Subsystem Power Distribution
The FM S-band subsystem is powered by dc mains B and

C, forward load controllers 2 and 3. Reference figure 2-9
for a drawing of the power distribution.

VMNI LCA
fLCc2 2

M
Cmd xN‘ITR o V
Venn Pni .
- a0
GQILC switch
M
XR;TR 3
Cmd &
VCan I Pnl >
8c2
sp
2

f

\_» LCA
Vmne 3
(1) ' 3 T

Upr

A

$-8D

ANT
switch

Lwr

A

Figure 2-9.- S-band FM subsystem power distribution.
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FM Signal Processor Power. The FMSP is a dual unitin a power from dc main C, forward load controller #3. Unit 2
single case. Unit 1 receives power from dc main B, control is exercised through GCIL driver from control bus
forward load controller #2. Control is exercised through BC2. Reference figure 2-10 for a drawing of the power
GCIL driver from control bus BC1. Unit 2 receives distribution.
Vmns
FLC2
Cmd >
V:cn'nl . l . ornt » 1V caL Enable > LA, FSP1ON
T —> -1
eofeo
1 Cmd > jD_
: .—"ﬂ.——) GCIL 3 FM xmtr 1
) 1 FM signal
. : . intlk processor
| Intlk
|
o (Dual)
0-:-0 Cmd -
°|e il »V GCiL 3» FM xmtr2
| >
ole
+ Cmd > +
chnl ol PN >V cal Enable __ lca, |FSP2ON
8C2 | |
| —
POWER
?

MNC
FLC3

Figure 2-10.- FM signal processor selection.

=)

PANEL
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FM Transmitter Power. The FM transmitter is two
separate units in two separate cases. Unit #1 is powered
from dc main B, forward load controller #2. Control comes
through a logic circuit from GCIL driver and launch

forward multiplexer #1 for “on” and “off” signals,
CIL driver receives control power from

respectively.

control bus BC1. Unit 2 is powered from dc main C, .

) )

forward load controller #3. Control also comes through a
logic circuit from GCIL and launch forward multiplexer
#1, for “on” and “off” signals, respectively. GCIL receives
control power from control bus BC2. Reference figure 2-11
for a drawing of the power distribution. ~

'C,::d .y Vmns
":::ll o o >l GaL > FSP FLC2 >
*T* - et
ofoe
[ Cmd
I | _Pnl Gl Enable |/ ca, ] FMxmtr
| > Xmtr 1 1
oo e ON
o: e Intlk M rf
| Intlk switch
|
o l o
° : ® Cmd > Xmtr 2
I 0 Pnl ; o Enable »] LcA, ON > ™M ;mtr
| - e
ole ‘
o—!-o Cmd
1 Pnl > MNC
Venn l . 1 n
82 | Ot GCIL )_FSP FLC3 o
i — -
POWER
1
0
PANEL ;
A1A3 ;

D327

~

10327040

Figure 2-11.— FM transmitter selection and FM rf switch power.
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FM RF Switch Power. The FM rf switch takes power from FLC #2. The solenoid which reverses the above, takes
both de mains B and C. The solenoid which turns unit1on power from main C through FLC #3. Reference figure
while turning unit 2 off takes power from main B through 2-12 for a drawing of the power distribution.
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Figure 2-12.- S-band FM rf switch power.
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S-Band Antenna Switch (Hemi Section). The S-band
antenna switch is also a dual unit in a single case. Itis
further divided into PM sections and FM sections. The PM

section’s power and control was discussed earlier. The FM
section’s #1 unit is powered from main B, load control

)
assembly #2. It is controlled by GCIL with control bus
BC1. The FM section’s #2 unit is powered from main C,
load control assembly #3. The #2 unit is controlled by
control bus BC2 through GCIL. Reference figure 2-13 for a
drawing of the power distribution.

VMns
FLC2
Cmd -
v L Enable
BCgIL . Pnl GCIL »| LCA, Elec 1 ON -
A [ S-band
ole antenna
I switch
e : o Cmd >
—to (Dual)
Vv L Enable Elec2 ON
:2‘;‘ e Prl_ o K Gen »| LcA; |=-E&¢ >
|
ANT SW
Elfc Vmnc
FLC3
PANEL O
A1A2 ;
| (S9) |
2

Figure 2-13.- s-band FM antenna switch selection.
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GPC Interfaces

The last interface with the S-band system is with the
general purpose computers (GPCs). Earlier, Section 1
mentioned that there were four “quad” antennas
associated with the S-band PM subsystem and two *hemi”
antennas with the S-band FM subsystem. The reason
there are so many antennas is that for any Orbiter
attitude, there needs to be an antenna that can
communicate with either a ground trackin%station or the
tracking and data relay satellite (TDRS). Also, all
antennas cannot radiate

GPC 10f2
SM or BFS PL
software MDM

beam
cntl

)
all at once, so one has to be selected to transmit and
receive. Therefore, one antenna is selected based upon
Orbiter attitude and a line-of-sight vector to the tracking
station. This is where the GPCs come into play.

The GPCs use the current Orbiter state vectors plus the
fredetermined tracking station locations, and compute a

ook angle that will determine which antenna to use. The
GPC will then command, through the PL MDMs, the
antenna electronics to switch to the designated antenna.
Figure 2-14 shows a block diagram overview of the GPC
and also the D and C interface for antenna selection.

e e e —
o

|

Ant

cec < em J

10f2 4 g:taennas
——4

M
hemi

e

Pnl
Al

Figure 2-14.- Block diagram overview of the GPC.

TD327



This page intentionally left blank.

TD327

2-16



)

Section 3: Functional
Description

PM System

S-Band PM Transponders

The transponder is a multimode S-band communications
unit which operates in three primary modes: space ground
link system FSGLS) direct, spaceﬂigHIt tracking and data
network (STDN) direct, and STDN HI power/tracking and
data relay satellite (TDRS)) and several secondary modes.
The transponder supports full duplex communication in
any of the primary modes, provides doppler turnaround
during coherent operation, and provides tone ranging
turnaround in two of the primary modes (STDN direct and
STDN HI). Turnaround ranging is accomplished exclus-
ively with tones on the 1.7 MHz subcarrier. The receive
only mode surports uplink data reception and provides a
coherent oscillator output for one-way doppler extraction.

A block diagram of the transponder is shown in figure 3-1.
The transponder receiver searches for, acquires, tracks,
and coherently demodulates either residual carrier PM
signals (in the SGLS or STDN modes) or suppressed car-
rier phase shift keyed signals (in the TDRS mode). Acqui-
sition of the spread spectrum code in the TDRS mode is
accomplished prior to carrier acquisition. The receiveris
configured as a Costas loop for carrier acquisition and
tracking. Because of the low signal- to-noise ratio (SNR)
operating threshold, the costas loop exhibits a potential
false-locking problem when a suppressed carrier PSK data
modulated signal is being acquired. The potential
problem is operationally circum vented by allowing the
carrier to be acquired prior to PSK modulation being

TD327

B

imposed. S{mbol synchronization is performed in thenet-
work signal processor after carrier acquisition.

Functional Description

A functional transponder block diagram is shown in
figure 3-1. The received signal , processed through the
preamplifier LRU in the TDRS mode or through the
transponder triplexer receive filter (high or low) in the
SGLS or STDN direct link modes, is amplified by a low-
noise S-band preamplifier prior to down conversion to
approximately 240 MHz. A second coherent down conver-
sion brings the signal to 31 MHz where, in the TDRS
mode, despreading is accomplished by the spread spectrum
;I)‘rocessor which uses a noncoherent code search loop. The

DRS despread signal is routed to the Costas loop which is
used to deriv%shase tracking information. In the SGLS
and STDN modes of operation, the costas loop is also used
to track the residual carrier.

Demodulation of NSP command data and ranging infor-
mation is accomplished using an off-line wideband phase
detector, so that the phase lock loop detector predetection
bandwidths can be optimized for tracking performance.
Both tone ranging and data outputs from the receivers are
noncoherently automatic gain controlled (AGCed) to
maintain modulation index and data voltage, respectively.

As shown in figure 3-2, all fre?uencies are derived from
two switchable voltage-controlled crystal oscillator
(VCCO) subassemblies and one reference crystal oscilla-
tor. The reference oscillator operates at 31 MHz and thus
places the second intermediate frequency (IF) at 31 MHz.
This is sufficiently high in frequency to provide good first
IF image rejection and still allow the use of narrowband
second IF filters. Channel selection is provided by
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Figure 3-1.- S-band PM transponder descriptive block diagram.
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changing the voltage controlled transmit oscillator
(VCXO) frequency. Each VCXO subassembly contains
four VCXOs for two-channel operation in either SGLS or
STDN/TDRS modes. Although only two noncoherent
transmit frequencies are received, a four-channel VCXO
(with grounged input) identical to the receiver VCXO is
used rather than a different unit for logistics and cost
reasons. A simple unique multiplier configuration is used
employing phase-locked oscillators to accomplish the x25
(second local oscillator (LO)), x14 or x15 (first LO)< and
x15 or x16 (transmitted drive) multiplication. The
multiplication factor can be changed by changing the
divider feedback ratios. The technique provides the wide
percentage bandwidth multiplication required for
multimode operation while yielding very low srurious
products. The final first local oscillator multiplication
ratio (x6 or x7) is selected as a function of mode.

The third mixer in the second LO chain offsets the second
LO frequency using a 62-MHz reference signal, so that the
second IF is fixed and does not vary as a function of re-
ceived frequency (see figure 3-3). Therefore, the spread
spectrum processor and the Costas detector preselection
filters can be operated at a very low SNR and at the same
center frequency regardless of input channel selection.
The drive frequencies to the third mixer are at twice the
first IF and twice the reference oscillator frequency (see
figure 3-4). This eliminates the potential problem of
generating a high-level signal at the third mixer exactly
equal to the first IF which could result in a self-lock
condition. Additionally, by using an “offset” oscillator and
thus placing the high gain second IF at a frequency
noncoherently related to the S-band input signals,
regeneration or self-lock problems are eliminated that can
otherwise arise in systems where the second IF isat a
submultiple of the S-band input frequency. Figure 3-5
depicts the schematic of the transponder transmitter.

Downlink STDN or SGLS linear modulation is accom-
plished at about 560 MHz and then multiplied by 4 to

roﬁn 3-4

)

S-band. The original TDRS mode biphase modulator was
eliminated in favor of linear modulation at 560 MHz (. /8)
and multiplication to S-band (x4) in order to avoid unde-
sired sidebands which would have caused payload receiver
interference. An S-band solid state power amplifier
provides a low-level SGLS/STDN or high-level output -
(STDN/TDRS) depending on mode selection.
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TD327 3-7



S-Band Preamplifier

The S-band preamplifier provides the following functions:

Provides rf interfaces for a satisfactory operation of
the TDRS or STDN duplex rf link, S-band antenna
switch, S-band power amplifiers, and transponder
assembly.

Accepts received S-band rf signals of 2106.406 MHz
or 2041.947 MHz from the antenna switch.

Amplifies the received S-band signal and transfers
it to the transponder. '

Accepts transmitted S-band signals of 2287.5 MHz
or 2217.5 MHz from power amplifier.

Routes transmitted S-band signal to the antenna
switch. : :

Provides rf multiplexing for duplex operation.

Figure 3-6 shows the block diagram of the preamplifier
assembly, which consists of internally redundant,
functionally independent :arametric amplifier modules

with switching regulator/

-to-dc converters, rf diplexers,

and the necessary rf switching and control logic to perform
the required preamplifier functions. The key component
in t(lllelpreampliﬁer assembly is the parametric amplifier
module.
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A block diagram of the parametric amplifier module is
shown in figure 3-7. A single-stage, low noise parametric
amplifier with a gain of 13.5 dB is followed by a transistor
amplifier with a gain of 11.5 dB. The combined gain of the
two stages meets the overall preamp gain and noise figure
requirements. The relatively low gain of the parametric
amplifier stage produces gain stability and enables a
bandwidth which covers both receive channels with band
switching within the module.

The parametric amplifier (paramp) preamplifier stage of
the preamp module consists of a balanced preamp which
uses a pair of Schottky-barrier varactors, coupled to a low-
loss, four-port circulator. A Gunn dicde oscillator (GDO),
operating at about 50 GHz, is used as a fundamental-
frequency pump source. The relatively high pump
frequency enables a noise figure within the required range
while using a low parametric amplifier stage gain.

Two heater circuits maintain preamplifier module gain
stability over the expected temperature range of 25 to 120
°F.The GDO is maintained at 175 °F 11 °F over the entire
baseplate temperature range to obtain a constant pump

ower level. A separate heater and temperature controller
is used to stabilize the circulator ferrites at 95 °F £ 25 °F to
provide a constant source impedance to the parametric
stage over the temperature range. A thermistoris
mounted in the paramp to provide a bias voltage charge
with temperature to compensate for the varactor contrac-
tor potential temperature dependence.

The standby mode provides heater power to the redundant
half of the paramp module to permit fast switchover with-
out requiring a 10-minute warmup period.

The parametric amplifier module voltage regulators pro-
vide highly regulated, low ripple voltages for the GDO and
for paramp bias. A test point outputis provided which isa
voltage proportional to varactor current for monitoring for
proper operation of the parametric amplifier.
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The required parametric amplifier module input voltages
are provided by functionally independent switching
regulator/dc-to-dc converters (see figure 3-8). The high
and low channel rf diplexers allow duplex capability via a
single antenna port. The required rf switching is
accomplished by coaxial transfer switches, SW1, SW2, and
SWa3. The filter box in figure 3-7 conditions the power and
input controls entering the preamplifier assembly.
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Figure 3-7.- Schematic of the preamplifier.
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S-Band Power Amplifier

Figure 3-9 is the block diagram of the S-band power
la;ir.xplifier. The unit consists of the following subassem-
ies:

1 logic control

1 switch control assembl

2 traveling wave tubes ( )

2 power monitor/ isolators

1 switchable automatic level control.

The TWT is a WJ-448-3 tube capable of operating at 175
watts rf output at approximately 43 percent efficiency.
Reference figure 3-10. The dual power monitor (forward
and reverse) and isolator are located at the output. The
isolator load is mounted on the baseplate to dissipate the
total TWT output in the presence of a high voltage
standing wave ratio (VSWR) load. The isolator section is
magnetically shielded from the TWT field.

Figure 3-11 depicts the automatic level control. The
switchable automatic level control is self-contained. It
contains the rf transfer switch for transferring either rf
input to either TWT amplifier. The switch is logically con-
trolled in the electronic power converter (EPC) so that the
active TWT amplifier will always receive the active
transponder input. The absorptive attenuatoris
controlled by the EPC which senses the signal from the
power monitor. The rfinput is then optimized for the
TWT. The EPC will turn off the TWT if insufficient rf
power is present.
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Figure3-9.- S-band power amplifier descriptive block diagram.
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Antenna Switch Electronics

The antenna electronics consist of three subassemblies to
control and route the S-band frequencies. There are three
for the PM section and three for the FM section. There are
two electronic LRUs for redundancy just as in the rest of
the S-band system. Figure 3-12 gives a block diagram for
the antenna electronics.

The first subassembly is a set of logic gates that determine
which antenna has been selected, either from switch
selection or from the GPC software. It will then output a
control signal to the pulser subassembly to switch the
contacts in the rf coax switch. The pulser is exactly that.
It will pulse its output to change the coax switch. It does
not hold its output to the last state chosen. A magnet in
the coax switch holds the contacts in their selected states.
Ei%ure 3-13 shows the logic subassembly with its outputs
defined in logic algebra for simplicity.

The pulser subassembly takes the output of the logic gates
and converts it to a one-shot that drives a two stage
cascaded transistor driver, which in turn completes a
circuit ground for the relay coils in the coax switch itself.
The pulser works on a 100 msec charge/discharge rate.
This time delay will inhibit pulser output changes until
the capacitor in figure 3-14 is discharged.

The last subassembly is the rf switches. Instead of a
redundant set of switches like the completely redundant
set of logic gates and pulsers, there is really only one set of
switches which have redundant switching relays. This
keeps the rf plumbinF and couplers down to a minimum
while maximizing reliability. Figure 3-13 shows how they
are interconnected to the pulsers and the S-band rf from
the transponders/power amps.
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Figure 3-12.- S-band PM antenna switch descriptive block diagram.
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Switch Beam Controller

With the advent of TDRS, the quad antennas, used to
communicate with the ground, needed to be modified to
accomodate this new rf link. Since the antennas only
boost the power output by about 3dB, and the distance
between TDRS and the Orbiter is many multiples the
distance between the ground tracking station and the
Orbiter, there was needed a mechanism to concentrate a
fixed power output into a narrower antenna beam pattern.
Along with an antenna modification, an antenna beam
controller LRU was added. Figure 3-15 shows the beam
controller black box diagram. Notice how similaritis to
the antenna electronics LRU. It has some logic gates and
a dual set of pulsers. It has no coax switch in the LRU; the
coax switch is located in the antenna cavity.

The whole function of this box is to accept inputs from
either the GPC interface or the rotary switch on panel C3,
and set the relays in the antenna coax switch that will
allow the antenna to radiate in a specified direction. The
directions nomenclature are called forward and aft. The
physical directions are forward in the direction of the
Orbiters nose and aft in the direction of the Orbiters tail
section.
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Figure 3-15.- Switch beam control electronics.
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Quad Antennas

There are six antennas associated with the S-band system,
four “steerable quads” for the S-band PM subsystem and
two “hemi” antennas for the FM subsystem.

The PM antennas each consist of two cross-dipole
antennas inserted into an antenna cavity. This cavity is
then covered with a radome which in turn is covered by
Orbiter TPS. Figure 3-16 shows the antenna assembly
and its cross-sectional view in the cavity. The name
“steerable” does not mean the antennas move hysically,
but by adjusting the phase on each dipole, the geam can be
electronically steereg in the direction desired. Figure 3-17
shows a schematic diagram showing the mechanism by
which the rf coming in can be electronically steered. Also,
a table is included to show which phase is needed on which
dipole to create a forward or aft beam.
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FM Subsystem Bormzal output e be dlivered by thoseport no
The overall description of the FM subsystem was iven in e Television
3?33:?11115 gi‘l;ssizﬁll?lxile?scnbes the functions of the indi- e Recorded PCM (ops recorder)
‘ e Main engine data
e Wideband digital data (payload digital)
FM Signal Processor e Digital data encrypted (DOD)
The FM signal processor (FMSP) is essentially a multiple- ® Wideband analog data (payload analog)
mode, signal-conditioning/processing assembly. The unit ® Recorded PCM 25.5 kbps to 1024 kbps
" has seven modes corresponding to the various heteroge- (payload recorder)

nous data-%athering equipment; it interfaces to the two
operational FM transmitters. It accomplishes baseband
signal modulation, mixing, routing, conditioning, imped-
ance matching, and operational mode switching.

Figure 3-18 shows the position of the FMSP in the S-band
system.

Refer to figure 3-19 for the above mentioned FMSP
function descriptions.

The functions required of the FMSP are as follows:

® Accept and condition biphase-L or NRZ-L digital
signals for frequency modulation of the interfacing
FM transmitter or provide an output for ground
support equipment (GSE) checkout.

® Accept and condition video signals for frequency
modulation of the interfacing FM transmitter, or
provide an output for GSE checkout.

® Accept and condition biphase-L main engine data
for phase- shift-keying the internal and subcarrier
oscillators for frequency modulation of the FM
transmitter, or provide an output for GSE checkout.

® Provide isolated output signals, consisting of one of
the following operating modes, to the FM
transmitter or the FM transmitter and GSE. A
short or open circuit on the outputs FM XMTR # 1,
GSE interface, or FM XMTR # 2, shall not prevent
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TV Mode. There are nine data paths into the unitin
addition to power, clock, and mode-select inputs. The
television input comes from the video switching unit. The
presence of video data will alter the waveform to some
extent. Since the TV system uses a color wheel, the color
burst is not used in the normal manner, butis used asa
frequency sync signal for all cameras. The TV path
consists of an isolation amplifier, mode selection relays,
application of an offset voltage, wideband amplifier, and
power output amplifier. Selection of the TV mode is
accomplished by activation of GCIL drivers 10/1 and 6/5
for FMSP #1, or GCIL drivers 10/6 and 14/5 for FMSP #2.
The TV mode is designated mode 1.

Main Engine Data Mode. The FMSP has a three-channel
main-engine data mode corresponding to receiving data
from the three engine interface units (EIUs). The EIUs
use Manchester II biphase logic data at 60 kbps to the
three main engine channels. Each channel is a resistive
pad followed by a difference amplifier which drives a
phase modulator. The phase modulation is done at 576
kHz, 768 kHz, and 1024 kHz, derived from the 1024 kHz
clock input and two crystal oscillators. The phase
difference corresponding to a “one” input versus a “zero”
input is 180 degrees. The phase-modulated subcarriers
are each then band-pass filtered to £75-90 kHz @ dB
down and summed. The output amplitude of the bandpass
filters is regulated to a 5 percent variation with an
automatic gain control (AGC) loop. The signal passes
through mode-selection switching into a pair of wideband
output driver amplifiers which interface with one of the
operational FM transmitters and the GSE umbilical.
FMSP 1 outputs to FM transmitter 1, and FMSP 2 outputs
to FM transmitter 2. Both FMSPs output to the GSE
umbilical.

TD327

Payload Analog Data Mode. The third mode of the FMSP
is to accept analog data through an umbilical to an
onboard payload in the payload bay. Acceptable signals
lie in the 300 Hz to 4 MHz band with 1 volt 10 percent
peak-to-peak, into a 75 ohm, balanced, differential input.
Except for the input balun being replaced by a resistive

pad, the payload analog circuit is nearly the same as the
TV circuit within the FMSP.

Ops Recorder Mode. The fourth mode of the FMSP is to
accept Ops recorder dumps consisting of digital biphase-L
signals at 25.5 kbps to 1024 kbps, with 3 to 9 volts peak-to-
peak amplitude into a 71 ohm balanced differential input.
The signal processing chain is two difference amplifiers in
series followed by a resistive pad which feeds a parallel
pair of wideband output driver amps (the same pair as is
used in all modes.

Payload Recorder Mode. The fifth mode of the FMSP is to
accept payload recorder dumps. The signal characteristics
and processing are identical to the Ops recorder mode.

Payload Digital Data Mode. The sixth mode of the FMSP
is to accept payload wideband digital data consisting of
biphase-L, NRZ-L, or Manchester II in the range 200 bps
to 2 Mbps (5 Mbps for NRZ-1). Five volts amplitude 75
ohms is accepted. The processing is the same as the FMSP
Ops recorder mode as mentioned above.

DOD. The seventh mode of the FMSP is to accept narrow-
band, payload, encrypted data consisting of biphase-L,
Manchester II, or NRZ-L in the range 250 bps to 256 kbps,
at 1.27 volts peak-to-peak *5 percent into a 75 ohms ‘
impedance. The processing is the same as the FMSP ops
recorder mode.
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FM Transmitter

The FM transmitter consists of four sections; the exciter
and modulator, a multiplier, a power amplifier, and a
power supply. Figure 3-20 shows the connections of these
modules that make up a transmitter.

The transmitter accepts the output of the FM signal
processer and applies the signal to a voltage controlled
oscillator (VCO). This oscillator output is then mixed with
a reference crystal oscillator (XCO). This composite
output now has to be multiplied to bring it up to the S-
band frequency of 2250 MHz. The multiplifier/filter
section does just that by taking the exciter oul(:Put and
multiplying times 3. After that, the signal is filtered to
provide a clean carrier plus data to the rf power amplifier
section.

The rf power amplifier section takes the multiplier output
and amplifies the signal up to the required power level.
The power output is specified to be 15 watts of rf power to
the antenna switch. The power is monitored via telemetry
presented to the ground through the instrumentation
subsystem.

The last section is the gower supply. It takes Orbiter 28
volts main power and divides and regulates the respective
voltages that are required within the FM transmitter.
The radio frequency interference (RFI) filter is used to
alttenuate any rf that may happen to be on the main bus
due to rf leakage from any other black boxes. This
prevents outside rf from disrupting the operation of the

FM transmitter.
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FM Antenna Electronics

The antenna electronics for the FM subsystem perform
that same type of function as the PM antenna electronics,
i.e., control and route the FM rf from the transmitter to
the FM hemi antennas. There are three subassemblies
that constitute the FM antenna electronics; a set of logic
gates, a pulser subassembly, and some rf switches. Refer
to figure 3-21 for the following discussion.

The first subassembly is a set of logic gates that determine
which antenna has been selected, from either switch
selection or from GPC software. It will then output a
control signal to the pulser subassembly to switch the
contacts in the rf coax switch. The pulser is exactly what
its name implies. It will Fulse its output to change the
state of the coax switch. It does not hold its outiut to the
last state chosen. A magnet in the coax switch holds the
contacts in their selected states.

The pulser subassembly takes the output of the logic gates
and converts it to a one-shot that drives a two stage
cascaded transistor driver. See figure 3-22. This, in turn,
completes a circuit ground for the relay coils in the coax
switch itself. The pulser works on a 100 msec charge/
discharge rate. This time delay will inhibit pulser output
changes until the capacitor is discharged.

The last subassembly is the rf switch. Again, like with the
PM rf switches, there is one set of switches with redundant
switching relays. This allows for maximum reliability
with minimum rf plumbing. Figure 3-21 shows how the
switch is connected to the pulsers and the S-band rf from
the FM transmitters to the antennas.
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FM Hemi Antennas

There are two antennas associated with the FM
subsystem. These have been given the descriptive name of
“hemi” antennas due to their radiation pattern. There is
one located on the top of the Orbiter situated above the
crew cabin along the Orbiter center line. The other
antenna is located on the bottom below the crew cabin
situated along the centerline of the Orbiter. Figure 3-23
shows the upper and lower antenna cavities and their
orientation along the body axis.
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Section 4: Equipment

Locations

This section shows the avionics locations and antenna
locations for the S-band PM and FM subsystems. Also, it
shows the panel locations in the forward and aft crew
station for PM and FM subsystems.

-
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S-Band PM & FM Avionics Locations
Figure 4-1 shows the S-band PM and FM avionics

locations.
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Figure 4-1.- Avionics bay S-band PM and FM electronics equipment locations.
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S-Band PM Panel Location
Refer to figures 4-2 and 4-3 for S-band PM panel locations.
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Figure 4-2.- Aft station.
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Figure 4-3.- S-band antenna switch and associated panels.
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S-Band FM Panel Locations
See figure 4-4 for S-band FM panel locations..
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S-Band Ant External Locations

Refer to figure 4-5 for S-band antenna external locations.
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Section 5: Displays and
Controls

This section encompasses detailed descriptions of all
displags and controls used by the flight crew to operate the
S-band system. Illustrations of panels and associated
switches, indicators, circuit breakers, etc., are included.
Di:glays and controls are summarigzed in a tabular form
with descriptions of their functions.
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Figure 5-1a. -Panel A1 U.
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Panel A1U
Display & Control Title Function Associated D&C Remarks
Signal strength IND Provides an indication of |(A1) Signal strength SW
S-band signal strength for |(A1) Display/slew SW
the active S-band P (Al) S-band PM antenna
transponder urlink signal, SwW
the active payload (PL) S- |(F9) D¢ amps/SIG STR
band transponder, or the IND
K-band transponder
selected by the signal
strength switch.
Signal strength SW (Al) Signal strength IND
S-band PM | Applies voltage repre- (Al) S-band PM SPNDR
sentative of active S-band SwW
PM transponder receiver
signal strength to the
indicator.
S-band PL | Same as the S-band PM
. sition except for the S-
and PL system.
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Panel A1L

Display & Control Title

Function

Associated D&C

Remarks

ANT SW SwW

ELEC1

ELEC 2

PRE AMP SwW

PRE AMPL 1

PRE AMPL 2

Three-position switch that
applies or removes power
to one of the two antenna
switch assembly antenna
control electronics
assemblies. In addition, it
enables S-band PM and
AM antenna switches.

Selects antenna controls
electronics number 1.

Same as the 1 position
except controls electronics
number 2.

Three-position switch that
applies or removes power
to one of the two
preamplifier assemblies.

Selects Freamphﬁer
assembly number 1

Selects Preampllf' er
assembly number 2.

(Al) S-band PM - antenna
switch selector (SW)
for ELEC 1, ELEC 2
or OFF position.

(A1)

(A1)

(A1) S-band PM - pream-
plifier selector switch
(SW) for PRE AMPL
1, PRE AMPL 2, or
OFF position.

(A1)

(A1)
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Panel A1L
Display & Control Title Function Associated D&C Remarks
PWR AMPL The following two switches | (A1) S-band PM-(SW)
apply standby and operate power amplifier for
power to the selecte selection of
power amplifier. STANDBY 1,
STANDBY 2, or
OPERATE 1
NOTE: The above PRE
AMPL switch must be in
the 1 or 2 position for these
switches to be active.
STANDBY 1 SW | Selects power amplifier 1 [(A1)
in the standby mode.
STANDBY 2 SW | Same as 1 for power (Al)
amplifier 2.
OPERATE 1 SW | Selects power amplifier2 |(Al)
in the operate mode.
NOTE: A 140-second
delay is provided for
warmup if the standby
switch is in the OFF
position,
OPERATE 2 SW |Same as 1 for power (A1)

amplifier 2.
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Panel A1L

Display & Control Title

Function

Associated D&C

Remarks

MODE ROT

SGLS

STDN LO

STDN HI

This rotary switch
I)rovides selection of power

evels and interfaces for
the STDN and TDRS
modes of operation.

Selects the SGLS
operating mode. (SGLS
mode bypasses PA’s and
preamps.)

Selects the STDN low-
power operating mode.

Selects the STDN high-
power operating mode.

(A1)

(A1)

(A1)

(A1)

S-band PM - (ROT),
rotary switch for the
selection of STDN or
TDRS mode.

NOTE: In the low-power
modes data is routed
directly to the trans- :
ponder. In the high-power
modes data is routed to the
transponder through the
preamp for uplink and the
power amplifier for
downlink.
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Panel A1L
Display & Control Title Function Associated D&C Remarks
TDRS DATA ROT | Selects the TDRS high- (Al)
power operating mode.
XPNDR SW | This switch selects S-band |(A1) S-band PM - (SW),
transponder for the modes sition switch that selects
selected above. RANSPONDER 1,
TRANSPONDER 2, or
OFF position.
1 ?elects TRANSPONDER |(A1l)
2 gelects TRANSPONDER |[(Al)

TD327
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Panel C3

S-band PM

CONTROL

ANTENNA

CMD

PANEL

SwW

rot

The switches on this panel subsection are
gslsociated with the S-band PM switches on panel

This two-position switch is a GCIL input which
enables or disables the associated switches on
panel Al.

Provides the GCIL input which disables the ganel
Al switches and enables the GCIL to respond to
commands.

Provides the GCIL input which enables the panel
A1l switches.

This rotary switch provides for manual or GPC
control of PM system antenna selection.
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Panel R15
Display & Control Title Function Associated D&C Remarks

cb MNA GCILC - Applies main bus power to [(C3) S-band PM control The GCILC provides the
the GCILC primary power Sw interface for controlling
supply and both MDM (A1) S-band payload Shuttle comm system
data buffers. Provides control SW either by uplink
power to the control (A1) S-band FM control commands or onboard
switches for onboard or SwW switches. The MNC
ground command control |(Al) K-band comm system | GCILC circuit breaker
selection. control SW powers a redundant power

(AT) CCTV power supply.

¢b MNC GCILC Same as the MNA GCILC |Same as GCILC MNA CB.
circuit breaker except the
secondary power supply.

TD327
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Figure 5-4. - Orbiter ANTENNA CRT display.
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20117/ ANTENNA 0007001 101 32
A
e x 000/ 002 003 00
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FXD 3 ANT ELEC
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ANT O¢
EL CMD| -10.0 ANT
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Status display -

ORB PROJECTION
S

EW

SIG STR
ANTELEC

ANTQUAD

HEMI

MODE = TDRS,
STDN HI

STDN LO
SGLS

TD327

)

Table 5-1.- OPS 201 ANTENNA display, S-band section

Interactive
item

Display
location

CTR

In Pictorial
In Pictorial
UPRT
UPRT

RTCTR

RT CTR

LOCTR
LOCTR

LOCTR
LOCTR

5-15

Description/function

Pictorial flat projection of Orbiter, oriented as shown by
“+ x” axis indicator.

Shows current location of S-band ground station(s)
relative to Orbiter.

Shows current location(s) of East, West TDRS relative
to Orbiter.

Shows relative strength of Orbiter received S-band PM
rf signal, 0-5 scale.

Shows which of two S-band antenna control electronics
elements is active.

Shows which of eight S-band PM (QUAD) antennas is
selected. A down arrow () denotes a miscompare
between GPC command and actual antenna selected.

Shows which of two S-band FM (Hemi) antennas is
selected. A down arrow (| ) denotes a miscompare
between GPC command and actual antenna selected.

Shows S-band PM system is in TDRS mode.
Shows S-band PM system is in STDN high power mode.

Shows S-band PM system is in STDN low power mode.
Shows S-band PM system is in SGLS mode.



COMM/RCDR, SPEC 76 (see sample, figure 5-5) gives status, mode, and configuation data on many communication and

instrumentation systems LRUs. There are no interactive items for access/execution by the crew. COMM/RCDR data
specific to the S-band PM system LRUs are briefly described in table 5-2.

4 2011 076 COMM/RCDR 000/ 001 08: 36 )
S-BAND PM 0007002 002 00
XPND 2 KU-BAND
MODE S-HI  PA TEMP
SPD SPEC OFF  GMBL TEMP +139
RANG NG OFF A+ 35
PREAMP 2 SPD SPEC 8 + >8
FREQ HI CCTV
PWR_AMPL CNTL UNIT ON
OPER 2 CAM OVER-TEMP B
STBY 1
TEMP 1 178 GCIL CONFIG cMD
2 178
NSP RECORDERS
FR SYNC 1 NO OPS 1 OPS 2 PL
2 YES  MODE STBY STBY  STBY
FAIL SAFE ENA  TRK 14 1
DATA XMIT HI  DIR REV  FWD  FWD
RCV HI  %ZTAPE 0 39 0
UL _DATA S  TAPE STOP  STOP  STOP
CODING XMIT OFF  TEMP 50 50 0
RCV OFF  BITE FLY
RCOR INPUT D/VO

\\»SPEC 76 PRO (XX)‘QI/

1437. ARTy 4

Figure 5-5. - COMM/RCDR CRT display.
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Table 5-2.- COMM/RCDR CRT display, S-band section

Text : Display location Description/function
XPND OFF UPLFT Both LRUs OFF
BLANK UPLFT Both LRUs unpowered (OFF)
1 UPLFT XPNDR 10N
2 UPLFT XPNDR 2 ON
MODE S-HI UPLFT STDN high power mode
S-LO UPLFT STDN low power mode
SGLS UPLFT SGLS mode
TDRS | UPLFT TDRS mode
SPD SPEC ON RF signal from TDRS to SSO is in spread spectrum
OFF mode.
RF signal from TDRS to SSO is not in spread spectrum
mode.
RANGING ON Tone ranging ON
OFF Tone ranging OFF
PREAMP OFF Both LRUs OFF
1 Preamp 1 ON
2 Preamp 2 ON
FREQ HI S-band PM system is in high frequency mode.
LO S-band PM system is in low frequency mode.
PSWAMPLOPER OFF Both power amplifiers OFF
1 PA 10N
2 PA 20N
STBY OFF Neither PA in standby
1 PA 1 in standby
2 PA 2 in standby

The following data refer to LRUs which are not part of the S-band PM system, but both NSP and GCIL have major data
(NSP) and control (GCIL) interfaces with that system. |
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Table 5-2 (Continued)

Text Display location Description/function
NSP
FRSYNC 1YES LOLFT NSP 1 has (YES)/has not (NO) achieved frame
1NO LOLFT synchronization of the UL/FL operational TDM data
stream.
2 YES LOLFT NSP 2 has (YES)/has not (NO) achieved frame
2NO LOLFT synchronization of the UL/FL operational TDM data
stream. :
FAIL SAFE ENA LOLFT Parameter for automatic fail-safe switchover from
INH K-band FL to S-band FL is enabled/inhibited.
DATA XMIT LO LOLFT S-band PM system is in low data rate mode for SSO
transmit.
HI LOLFT S-band PM system is in high data rate mode for SSO
: transmit.
DATARCV LO LOLFT S-band PM system is in low data rate mode for SSO
receive.
HI LOLFT S-band PM system is in high data rate mode for SSO
receive.
ULDATA S LOLFT UL/FL data source for NSP is S-band PM system.
KU LOLFT FL data source for NSP is K-band system.
CODING XMIT
OFF LOLFT SSO transmitted operational TDM data is not
convolutionally encoded.
ON LOLFT SSO transmitted operational TDM data is

convolutionally encoded.
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Text

CODING RCV
OFF

ON
RCDR INPUT DATA

D/VO
GCIL CONFIGPNL |

CMD

TD327

)

Table 5-2 (Concluded)

Display location

LOLFT
LOLFT

LOLFT

LOLFT

RT CTR

RTCTR

5-19

Description/function

SSO0 is not configured for processing of convolutionally
encoded FL operational TDM data.

SSO0 is configured for processing of convolutionally
encoded FL operational TDM data.

OPS recorder is recording only operational telemetry
data (no voice).

OPS recorder is recording operational telemetry plus
selected voice loop(s).

GCILC is in panel mode. S-band, K-band, and CCTV
systems have reverted to panel control.

GCILC is in conmand mode. Each individual GCILC-
controlled system can be controlled only by GCIL
commands if that system control switch isin
COMMAND position, or only by panel switches/
selectors if control switch is in PANEL position. See
section on GCIL for details.
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Section 6: Systems,
Performance, Limitations,
and Capabilities

Performance Characteristics

Signal Characteristics - PM

Interface characteristics for the control and telemetr tyﬁe
signals listed in figures 6-1 through 6-6 are found below y
using the index numbers provided with each signal. All
power interfaces are 28 Vdc + 4 V de.

T1
Data rate Discrete signal
Waveform Continuous dc level
Level +5Vto-5Vde
Termination Differential analog
C1
Data rate Discrete signal
Waveform Continuous dc level
Level (1) 24t032 Vdc
(0) 0to3 Vdc
Source current 12mA at 28 Vdc
Termination Single ended, return on pwr
ground

TD327

6-1

R1

Frequency

Signal strength

Doppler parameters

R2

Frequency

Signal strength

Doppler parameters

T2

——

Data rate
Waveform
Level

Termination

T3

Data rate
Waveform
Level
Termination

STDN 2041.947 MHz
2106.406 MHz

SGLS 1775.733 MHz
1831.787 MHz

Min. - 128 dBm

Max. - 30dBm

Max shift +60 kHz

Max rate 5 kHz/sec

STDN 2041.947 MHz
or

TDRS 2106.406 MHz
STDN Min - 110dBm

Max - 30dBm
TDRS Min - 107dBm
Max - 30 dBm

Max shift +60 kHz
Max rate STDN 5 kHz/sec
TDRS 80 Hz/sec

Discrete signal

Continuous dc level

(1) 18t032V dc

(0) 0to3Vdec

Single ended, return on pwr
ground

Discrete signal

Continuous de level

Oto +5 Vdc

Balanced differential analog



R6

Frequency

Power
Modulation

C2
Data rate
Waveform
Level

Source current
Termination

R3

Frequenc
SGLS/STDN
SGLS
STDN
SGLS/STDN
SGLS
STDN

Rf power

Modulation index

10327

2287.5 MHz
2217.5 MHz

73 to 150 watts
TDRS PSK
STDN HI PM

Discrete signal

Continuous dc

(1) 18t032V dc

(0) 0to6Vdc

10 ma at 28 Vdc

Single ended, return on pwr

_ground

noncoherent 2217.5 MHz +.001%
coherent 256/205 of revd freq
coherent 240/221 of rcvd freq
noncoherent 2287.5 MHz +.001%
coherent 256/205 of revd freq
coherent 240/221 of rcvd freq

2 watts min
1.1 w/o ranging
1.0 w/ranging

6-2

R4

Frequenc
STDN HI/TDRS
STDN HUTDRS
STDN HITDRS
STDN HI/'TDRS
RF power
Modulation

R5
Frequency
Power

Modulation

noncoherent 2217.5 MHz +.001%
coherent 240/221 of rcvd freq

‘noncoherent 2287.5 MHz 1.001%

coherent 240/221 of rcvd freq
+30dBm +1.8dB
TDRS Phase shift keyed (PSK)
STDN HI Phase modulation (PM)

2106.406 MHz
2041.947 MHz
-55dBm to -130dBm
+3 dBm (max)

TDRS PSK
STDN HI PM
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Ld Transoonder # 1 pwr
L Transponder # 1 gwe rin |
— . | T a2
{11)
— NSP
NSP data out 02 £ 1
NSP data retyrn D2 { -
n 1 |
Transponder NSP
10f2 2
N rewyen
S-band rt Ra__| Pwr amp
> 1& 2 D&cC
WA AGC .
return — )
Je—B1 Rfsignal transponder ]R3 _lAntenna sw
1&2
B Rt gower Tt
[4 n I
e ey 7] OFs3
return T MDM
v AGC T
1 return
 Transmictercoherent T2 1
L Iranseonderphaselock T2 .
T —— Pwr amp
<828 osransoonder £ 2 1& 2
STDN HI <
SGLS 1 GCiLC
- SIDN1O ql
< TDRS 1
- Transgondermode C) |
RCYonly <1
L0 freq Ci
Hifreq (4]
- Raagina (]
e———Soreadspecdisable  C1 |
l————Datalo = Cl
- Data HI <l ——
3 ) P Transponder #2 pwr I — LCA3 ]
Transponder #2 pwr rtn l e

Figure 6-1.-Transponder interfaces.
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Preamp

Rf to transponder #2 R2 Transggnder
Rf to transponder #1 R2 Transggnder
S-band ant.
R RE LO frequen R6 | switch 1 &2
mp 1 heater OF3
—Preamp2heateron T4 ) MDM
Tr n f; Hi
Tran r2f
- Power amp 2 on Q
nder 1 [ GCILC
| (£ nger
- Poweramp 19on 1
ft ram Pwr amp
. #2
R f wr amp #1 Pwr amp
#1
el _Preamop #2 primarvowr |
Le Pr re Load control
p Pr r ¢ assbly #3
er 1 pri r
Preamp #1 pwr return Load control
Preamo #1heaterpower | assbly #2

Figure 6-2.- Preamplifier interfaces.
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< R4 Rf 2.input Transponder
- #2
<R Rf 1input Transp?nder
S-band #
pwr
amp Rf 1 oytout RG Pre Amp
Rf 2 output R6 1&2
v Rf powerout 1 I,
] return - OF3
v PA1 temp I, MDM
retyrn >
2 I,
return =
A P 0 T,
retyrn >
’ Rf reflectedpwr 11
] return -
Rf reflected owr 2 I,
L etorn o
\v; >
<P Pawer amp 1 pwr (mnB)
<’ return QI PCA #2
- Ol
) C1 Transponder #1 on
<&l PAIl operate LCA #2
L P Power amp 1 pwr (mnB) Fay
P return W PCA #3
- i U
<E! Transponder #2 on
t C1 PA 2 operate LCA #3

Figure 6-3.- Power amplifier interfaces.
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Antenna
switch

P Mn 8 o owr

OF3
MDM

o]

GCILC

Panel Al
switches

| Payload # 1
MOM
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Antenna
switch

le—C  Uoperhemu |
le— €2 lowerhem: |
le—C2 __ Uoporieft | payioad # 2
fe—OC2 ___Upgersight | MDOM
[ Lower teft
Q Lower right
K6 St sonalgreamo . 8S |
B0 Rfsignalpreamotlo RS 2?2'23
R3 Rf s:ignal transoonder 1 R1 | Transponder
1
R3 Rf signaltransoonder 2 R1 | Transponder
o 2
M transmitter (in) S-bd rf

transfer sw

EMU TV (out)

EMU TV
receiver

o381 upperleft(PM)

a4

RS Rf lower right (PM) R6 3

—AinCon owr

—q

—

MnC pr pwr rtn

| LCA#3

Figure 6-4.- Antenna switch interfaces.
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Lower
left
antenna

Switch Pasition twd (Mn B)

beam ite
control MnB 28V

assembly _Positionfwd MRQ)

Upper
left

antenna

Lower
right
antenna

Upper
right
antenna

D&C

Switch
beam
control
assembly

Q

Q2

Q2

2

PLMDM

PLMDM

LCA#3

Figure 6-5.- Switch beam control interfaces.
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Quad
antenna
(10f 4)

Position fwd |
Position aft 12 OF 3MDM
| ¢ MnB oositonfwd |
Switch
« MMY - beam
4—Mn.c.mmmn.fud._ assembly
e« MnC28V '
R6 S-band PM rf RS Antenna
switch
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Figure 6-6.—- PM quad interfaces.
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Signal Characteristics - FM R7

Interface characteristics for the control and telemetr, gz,%vne;lltgﬁ
signals listed in figures 6-7 through figure 6-10 are found e

on pages 6-11 through 6-14 by using the index numbers Frequenc
provided with each signal. Mo :ilul atig n

- C2

Data rate
Waveform
Level

Source current
Termination

C1

Data rate
Waveform
Level

Source current
Termination

T4

Data rate
Waveform
Level

Termination

TD327

Discrete signal

Continuous dc level

(1) 18 to 32 volts

(0) 0 to 6 volts

10 MA (maximum) at 28 Vdc
Single ended, return on pwr
ground

Discrete signal
Continous de¢ level
(1) 24 to 32 volts
(0) 0 to 3 volts

10 MA (maximum) at 28 Vdc
Single ended, return on pwr
ground

Discrete signal
Continuousdclevel

(1) 18 to 32 volts "

(0) 0 to 3 volts

Single ended, return on pwr
ground

Rf S-band

15 watts maximum
10 watts minimum
2250.0 MHz

FM
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FM xmtr D1
10f2 l
PIL D2 Analog, 4.5 MHz -
UMSB . D3 Digital to 5 Mbps i
(NASA PIL) —19re P —
P/L UMB D4 Digital 256 kbps
(DOD PAL) -
Main
i DS Digital Bl-¢-L
engine
interface —
(3 units)
MTU D6 1024 KHz
1of2 — ™M
signal
processor
Video . 1of2
switching D7 Video 4.5 MHz
()
PCM o .
recorder 08 Digital Bl-¢-L 25.5 kbps - 1024 kbps
(Maint)
PCM iital Bl .
recorder D9 Digital Bl-¢-L 25.5 kbps + 1024 kbps ey
(ms)
D7
D8 PTZM (MTR) >
D2  W/Bdataanalo —>
3 . g >
Displays &
P D3 WiB data digital ’
(Redundant D4 P/L data
su:-rs'y:)n DS  MEdata
D10 UMB (GSE)
D9 PCM (MSS T/R)
P UNT #10on

Figure 6-7.- Interfaces to FMSP.

SFOM*®001



TD327

C2 Autohemiupper 10f2
PL - > Upper
MDM C2 Auto hemilower 10f2 hemi
a m
1 Man |u o d
D&C an lower - sw L::V"ﬁf
C1 Autoenable > ASSY
C1 FM1 10f2
GCILC C1 FM2 10f2 > e M1
— xmtr
FM2
xmtr
ANT SW S5A on
ol e L
MDM ANT SW S5B on T4
-
Switch Assbly
S-8DFM SFOM*002

Figure 6-8.- Interfaces to Switch Assembly.
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C2 PL-1
€ MDM
Rf
S-bd R7 switch
assy
FM xmtr
1of2
< c2 D&C
D1 FM sP
< 10f2
SFOM*003

Figure 6-9.- S-band FM XMTR.
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Figure 6-10.- S-band FM antenna.
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S-Band PM & FM R.F. Interface

Downlink Characteristics

Tables 6-1 through 6-4 give the characteristics of the

Orbiter data and rf for

e PM and the FM systems.

TABLE 6-1.- $50-10-GSTON S-band PM direct downlink interface characteristics

CARRIER MODULATION CARRIER MODULATION
INFORMATION TIME-DIVISION
MULTIPLEXING
(3 COHERENT AUX 0SC COHERENT AUX OSC
CHANNEL | RUENCY carRiER | canmiEr | cammiem | cammer
Voike 12 32/32 kbps b Sync pattern: ™M PM 2287.5
76571440, ¢ Bsoss | Bsoss $0.001%
voice2s | 3210t kbps b s £10% 210% 240221 MHz
Biv rate: rad rad
Telemetry 120/64 kbps b 192/36 kbps b X or
1£0.01%
Bit format: revd. 22175
bi-phase-L freq. $0.001%
MH2
MM NA
Ranging V.7 MHzd NA =10
tun- +20% e
sround -10%
rad
GSTON GSTON REQUIRED Prac/Ng. dBHz 1
MINGT g
ss0 A:me“ Downlin Carrier | Ranging isi
MIN EIRP § . ) arrier andior | D218 Acquisi-
ZATION Modulation Acquisi- tion m
duik uonh Doppler
m Tracking |
0.1 dow RCP 9 220 Coherent carrier: 63.5 535) HDR: 70.7
12 212 Data (HORADR) + LDR: 67.7
2% 31.2 | Ranging channel
Auxiliary osciflator 61.2 $1.2k HDR: 68.3
carrier: Data LDR: 65.3
(HDRALDR)
Coherent carrier: $9.8 4981 NA
Unmodulated

TD327
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a Deita-modulated

b High data rate (HDR/low data rate (LDR))

< TDM frame sync uses telemetry sync patiern

d Center freg y of the tur d bandpass filter

¢ Ranging d ch | is not itted in the tiary osillator carrier mode

f Based on 3 dB SSO antenna gain with about 94% coverage

9 Nominal G/T at 3° above land mask. Below 3, G/T decreases as described in STON Link Analysis Handbook,

Volume 3: STON $-Band Antenna Gains, EIRPs, and A Noise Temp Site-to-site variations are
included in this document '

h 90% probable in 3 seconds

i Carsrier in-lock tracking with required Doppler and ranging perf

] Two-way Doppler and ranging (when used)
k One-way Doppler

| Two-way Doppler only

mFor 10 BER



TABLE 6-2.- SSO-to-TDRSS S-band return link interface characteristics

INFORMATION
TOM MULTIPLEXING CHANNEL ENCODING CARRIER
. AND ENCRYPTION ¢ AND DECODING MODULATION
CHANNEL RATE
Voice 12 32/32kbps b Sync pattern: Coderate: W = V3 PSK
76571440g d
Constraint length: f=nn
Voice2a 32/0ff kbps b Bit rate: K = 7 bits
192/36 kbps b rad
Generator sequence:
Telemetry 128/64 kbps b 7566127g 11
Symbol rate:
$76/288 ksps b
+0.01%
Symbol format:
bi-phase-L
Decoding algorithm:
8-level soft-decision
Viterbi {(maximum
likelihood)
CARRIER FREQUENCY TORSS REQUIRED (Precdof
$50 ANTENNA
minewe | SOLAR!
COMHERENT AUX 0SC ZATION RETURN CHANNEL or dBW
CARRIER CARRIER MODULATION FUNCTION
240221 2287.5 16 d8w RCP 192kbps TOM | -177.7
$0.001% High rate data 2-way Doppler | TBD
X MH2z e
revd. or 86 kbps TOM -180.7
freq. Low rate data 2-way Doppler | 78D
2217.5 —
£0.001% 78D g
MH2 unmodulated 2-way Doppler | TBD h

a Delta-modulated
b High data rate/low data rate

¢ Capsble of unencrypted operation
d TOM frame sync uses telemetry sync pattern
e Based on 3 dB $50 antenna gain with about 94% of coverage

t For no RFI, no polarization loss, and complying with TDRSS user constraints (4.4.2.2). May be reduced 2.5 dB if

dual TDRSS return links are used (6.2.2). RFI requires increase of T80 dB
g TDRSS configured for high rate data
h TDRSS contigured for tow rate data
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TABLE 6-3.- $50-t0-GSTDN SGLS S-band FM direct downlink Interface characteristics

INFORMATION
SUBCARRIER CARRIER PEAK
FREQUENCY and FREQUENCY
CHANNEL® BIT RATE of MODUALTION OEVIAITON
BASEBAND WIDTH
Mainengine 1 b 60 kbps £0.01% $76 kHz £0.01% PSK 635kHz £ 15%
Main engine 2 b 60 kbps £0.01% 768 kHz £ 0.01% PSK 635 kHz £ 15%
Mainengine3b 60 kbps £0.01% 1024 kHz £0.01% PSK 635 kHz £ 15%
Television 4.5 MHz NA 4.5 MHz £ 15%
Payload - digital ¢ 200bpsto S Mbps £0.01% 180 2MHz £15%
Payload - analog 300 Hz to 4 MH2 NA 2MHz £15%
Playback - Ot b 60-1024 kbps £0.5% d NA 635 kHz £15%
Playback -PiL b 25.5-1024 kbps £0.5% d NA 635 kHz £15%

a One channel at a time, except all three main engine channels together

b Bi-phase-L signal format

¢ NRZ-L format, 200 bps - S Mbps. Bi-phase-L format, 200 bps - 2 Mbps
d Channels recorded and playback bit rates will be establihsed for each mission

TABLE 6-4.- $50-t0-SGLS S-band PM direct downlink interface characteristics

INFORMATION CARRIER MODULATION CARRIER FREQUENCY
TIME-DIVISION
MULTIPLEXING R
CHANNEL RATE or COHERENT | AUXOSC | COMERENT | AuxOSC
FREQUENCY CARRIER CARRIER CARRIER CARRIER
Voice ¥ a 32132 kbps b Sync pattern: M M 256/201 2287.5
765714405 ¢ $0.001%
X MHz
Voice 2a ot kbpsb | Bitrate: B=o0ss B=oss
192/96 kbps b 1 10% $10% revd. or
$0.01% freq.
2217.5
Telemetry 128/64 kbps b | Bit format: rad rad £0.001%
bi-phase-L MHz

a Delta-modulated

b High data rate (HDRMow data rate (LDR)
< TDM frame sync uses telemetry sync pattern
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Uplink Characteristics

a Delta-modulated
b High data rate/low data rate
. s 4. ¢ 24k d ch | Is di y filled to 2.5 k B8CH (127,50) encoded 10 6.35 kbps, and d filled v
Tables 6-5 through 6-7 give the characteristics of the ) 6.4 ks before muttintonine with the othes channley 0 Ops. and dummy filled to
Orbiter data and rf for the PM system. There is no uplink g 32 wom syncpattern dummy filled 10 1.6 kbps
into the FM system. t 7 minor tones one at a time only during major tone phase delay resolution
9 The 800, 160, 40, or 10 Hz minor tone is modulated onto the 4 kHz tone for transmission
h  Frequency stability 3 parts in 10) short term
| Based on 3 dB 550 antenna gain with about 4% of coverage
TABLE 6-5.~ GSTON-10-$S0 S-band direct uplink interface characteristics 1 90% probable in 6 seconds. Normal uplink acquisition with modulation off
upl k  Carrier In-lock tracking with mesn time to lose lock at least Y hour. Carrier and ging ch. | are not d
around when casrier is not in lock
| For 10 BER
INFORMATION PREMODULATION CARRIER MODULATION ™ In the aksence of uplink ranging subcarrier, ranging channel noise is d d
PROCESSING CARRIER o Ranging isnot
FREQUENCY
RATE or RANGING RANGING
CHANNEL FREQUENCY oN OFF
Voice 1a 32724 kbps b Time-Bivision-Multiplexing PM PSK 2106.406300
MHz
voke2as 32/0ft kbps b Sync pattern: 76571440g B=1a B=un
or
Command 6.4 kbps ¢ Bitrate: 72/32 kbpas b £ 10% £10%
20.001% 2041.947800
MH2z
Synchroniza- 1.6kbps d Bit format: bi-phase-L rad rad
tion
Major tone ¢ 500 kH2 Subcarrier Phse Modulati PM NA
Minortone! | 100/20/4 kHz Subcxe freq: 1.7 Mhz h =10
$001160/40/10 | Major tone: B =0.6110% rad £10%
Hig
Minor tone: §=0.62 10% rad
cad
$SO REQUIRED Pyoc/No. dBHZ
GSTON ANTENNA
MIN E(RP POLARIZA $S0
" MING/T UPLINK CARRIER CARRIER and DATA
TioN mobuLaTion | AcQuist- | RanGE canner | acquisi-
® daw TONj | TURNAROUNDK | TiONI
9 76 RCP +34.6 dB/K High rate data NA 52.1 618
26 835 with ranging
Low rate data NA St 58.3
with ranging
High rate data NA a9.1m 58.5
w/o ranging
Low rate data NA 48.1m 55.0
wlo ranging
Unmodulated 45.0 440n NA
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TABLE 6-6.- TORSS-10-550 S-band forward link interface characteristics

TABLE 6-7.- SGLS-t0-$SO S-band direct uplink interface characteristics

INFORMATION
TDM MULTIPLEXING CHANNEL ENCODING SPECTRUM
and ENCRYPTION and DECODING SPREADING e
CHANNEL RATE
Voice 12 32/24 kbps b Code rate: WV = 1/3 PN chip rate:
11.232 Mcps
Voice2 a 32/0ff kbps b Sync pattern: Constraint length:
7657!4409 K = 7 bits PN sequence
Command 6.4 kbps ¢ length:
Generator sequence: 1023 chips
Synchroni- 1.6 kbps d Bit rate: 7566127g
zation 72/32 kbps b PN sequence
Symbol rate: format:
216/96 kbps b £0.001% NRZ-L
Symbol format:
bi-phase-t
Decoding algorith: 8-level
soft-decision Viterbi
{maximum likelihood)
S50 REQUIRED Prec/No. dBHZ
CARRIER CARRIER TDRSS ANTENNA S$SO
MODULA- | o ENCY smiN | poLariza- | MiIN | roawarp | carmier | canmier DATA
TION EIRP TION G MODULA- | ACQUISt. TURNA- ACQuUI-
TION TIONI | ROUND 1 5'2‘0"‘
PSK 2106406300 -29.0 | Highrate | S52.7 $2.5 55.0n
Hz data
B=m2 46 DBW de/k
or RCP
rad 9 h Low rate 48.5 480 515
2041947900 data
3 H2
f Unmodu- 50.7 49.2§ NA
lated 470k 46.5k NA

a Delta-modulated
b High data rate/low data rate
¢ 2.4kbps ¢ d ch

{is d

kbps, and permuted for authentication before multiplexing with the other channels
d 1.2 kbps sync pattern dummy filled to 1.6 kbps
e Capable of unspread operation
f Plus TDRS/ground Doppler shift

g High power mode at 50% duty factor. tncludes poi

ing loss and P

h Based on 3 dB $SO antenna gain with about 94% of coverage
i 80% probable in 12 seconds with forward carrier spread
) $S0 highdata rate configuration
k $SO low data rate configuration

t Carrier in-lock tracking with mean time to lose fock at least 1 hour

mFor 109 BER
n Not achieved

TD327

loss

y filled to 2.5 kbps, BCH (127.50) encloded to 6.35 kbps, dummy filled to 6.4

INFORMATION
PREMODULATION CARRIER CARRIER
RATE PROCESSING MODULATION FREQUENCY
or
CHANNEL 1 rrequENCY
Volce 12 3224 kbps b Time-Diviston-Multiplexing PSK 1831.787
MH2
Volce 2 a 32/0ff kbps b Sync pattern: 76571440y ﬂ =157
or
Command 6.4 kbps ¢ Bit rate: 72/32 kbps b 2 10%
20.001% 1275.733
MHz
Synchroni- 1.6kbps d Bit format: bi-phase-L rad
zation

a Delta-modulated

b High data rate/low data rate

¢ 2.4kbps ¢ d ch ) is o y filled to 2.5 kbps, BCH(127.50) encoded to 6.35 kbps, and dummy filled
t0 6.4 kbps before multiplexing with the other channels

d 1.2 kbps sync pattern dumemy filled to 1.6 kbps

Data Interfaces
Uplink Data Interface

The following information lists the data characteristics for
uplink into the PM system. Refer back to figure 6-1
through figure 6- to find their interfaces with the PM
system.

Downlink Data Interface

The following information lists the data characteristics for
downlink data through the PM and FM system. Also refer
back to figure 6-1 through figure 6- to find their place in
the system.
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PM Downlink Output Characteristics

From Network Signal Processors 1 And 2

Signal
Data rate
Data type

opp |9

Voltage amplitude
line to line

Signal termination
Load impedance
Source impedance
Rise or fall times
Ingut data jitter
Offset voltage

“rmoEE o

TD327

Digital Data

96/192 kbps

Manchester II Biphase L in
accordance with &IL STD-
442, serial digital data

2.5 t0 9.0 V peak-to-peak

'Differential, directed coupled

75 + 5 ohms

75 £ 5 ohms

100 ns max

0.5 percent of bit period, max
16108V

)

6-19



)

PM Uplink Output Characteristics

Inputs To Network Signal Processors 1 And 2

D2

Signal

Data rate

Data type

Polarity, line 1

with respect to line 2
Voltage amplitude

Source

Source impedance
Termination

Load impedance
Rise and fall times
RMS jitter

Offset voltage

PRESDO W B powp

10327

Di%:’tal data
72 kbps

Manchester II biphase-L
Binary one (10)

Binary zero (01)

100 mV RMS min; 260 mV
RMS max

Balanced differential, ac
coupled

Less than 1.4 K ohms
Differential, direct coupled
75 £ 50hms

390 nsor less

0.5 percent of one bit period

2 1 0.5 V either line to signal
ground supplying 50 p A max
signal to ground
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FM Downlink Output Characteristics

D3 From CCTV

. A,

TD327

Signal Characteristics

1.

woA W

10.

Signal

Frame rate
Line/frame
Aspect ratio
Horizontal
scanfing
frequency
Vertical

scanning
frequency

Bandwidth '

Level

Termination

Source
impedance

Composite TV video waveform
per EIARS 330

29.97 per second
525 (interlaced)
4/3

15734.264 Hz

" Horizontal frequency/262.5

Dcto 4.5 MHz at TBD dB

1.0 V peak-to-peak + 10 per-
cent with the synchronized tip
of the black reterence at 0 vV
(measured from synchronized
tir to white reference level)
plus video on signal line, minus
video on signal return line

Balanced differential, direct-
coupled

755 ohms

6-21

11. Load 75+ 50hms

impedance

There shall be no damage or
performance degradation
after the application of up to
4V peak-to-peak of signal to
the channel input.

B. Overvoltage
protection

D4 From Payload (Analog)

A. Signal Analog

8. Bandwidth Dcto 4.5 MHz

C. Datatype Analog or payload TV

D. Amplitude 1.0 V peak-to-peak to line £ 10
percent

E. Loadimpedence 75%50hms

F. Sourceimpedance 75%5ohms

G. Termination Differential direct-coupled

H. RMSSNR 45 dB peak-to-peak signal to
RMS noise

I Phase jitter * 2 percent of pulse period for

TV synchronizing pulses

D5 From Payload Digital
A. Signal Digital data
B. Datarateandtype 16 kbpsto 1.024 Mbps NRZ-L or
16 kbps to 1.024 Mbps at

biphase-L



C. Voltage amplitude 1.8V to 5.0V peak-to-peak

line-to-line measured line-to-line
D. Loadimpedance 75+50hms
E. Sourceimpedance 75%5ohms
F. Termination Differential direct-coupled
G. RMSSNR 35dB
H. Rise or fall times 5 percent of a bit period
I Frequency jitter Plus or minus a frequency

deviation of 0.01 percent RMS
of the data rate at a rate of
0.01 percent RMS of the data
rate.

D6 From Operations Recorder

A. Signal Operational recorder playback
digital data

B. Datarate 25.5 kbps to 1.024 Mbps

C. Datatype Manchester ll, biphase-L

D. Voltage amplitude 2.5to 9.0V peak-to-peak

E. Loadimpedance 75+5o0hms

F.  Source impedance

75+5ohms
G. Riseand falltimes 10 percent of a bit period, max
H.  Termination Differential, direct coupled

I Phase jitter and %2 percent max

TD327
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asymmetry

D7 From Payload Recorder

A.

o

I a6 m m

Signal

Data rate
Data type

Voltage amplitude
line-to-line

Load impedance
Source impedance
Rise and fall times
Termination

Phase jitter and
asymmetry

Payload recorder playback
digital data

25.5 kbps to 1.024 Mbps
Manchester Il, biphase-L
2.5t0 9.0 V peak-to-peak

751t 50hms

755 ohms

10 percent of a bit period, max
Differential, direct coupled

* 2 percent max

D8 From S-bd FM main engines (3)

A.

@ mmo o

Signal

Data rate

Data type

Voltage amplitude
Load impedance
Source impedance

Rise_and fall times

Digital

60 kbps (one 'from each
engine)

Manchester Il, biphase-L
2.51t0 9.0 V peak-to-peak
75 *5 ohms

75¢% 5‘ohms

10 percent of a bit period, max



)

H.
l

Termination

Phase jitter
and asymmetry

Differential, direct coupled

t 2 percent max

D9 From DOD Payload - Digital -

A
B.
C

o

TD327

Signal
Data rate

Data type

Voltage amplitude

Source impedance
Rise and fall times

Source coupling
method

Common mode

Digital
250 bps to 256 kbps

Manchester |l, biphase-L or
NRZ-L

1.0Vpp £ 0.6 Vdc

True (1) 1.1 pp £ 0.5 Vdc (NR2)
False (0) minus 0.3 to plus 0.4
Vdc (NR2)

75ohms £ 10%

Less than 100 nano-sec
Balanced differential

Signals from dc to 2.0 MHz up
to 1 volt peak line-to-ground
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AGC
AMP
ANT

BPF

v
coMMm

D&C
dB

dBm
DOD

EIV
ELEC
EPC

FLC
FM
FMSP
freq

GCIL
GCILC
GDO
GHz
GPC
GSE
GSTDN

IF
ind

TD327

automatic gain control
amplifier
antenna

band pass filter

closed-circuit television
communications

displays and control

decibel

decibels referred to 1 milliwatt
Department of Defense

engine interface unit
electronics
electronic power converter

forward load controller
frequency modulation
FM signal processor
frequency

ground command interface logic

ground command interface logic controller
Gunn diode oscillator

gigaHertz

general purpose computer

ground support equipment

ground spaceflight tracking and data network

intermediate frequency
indicator

)
Appendix A: Acronyms and Abbreviations

KHz

LCA
LL
LO
LR
LRU

MDM
ME
MHz
MTU

NSP

0]
Ops
osc

PA
paramp
PCA
PDP
PL
PM
PSDP
PSK
PWR
RCDR
rcvd
RCVR
rf

RFI

kiloHertz

load controller assembly
lower left

local oscillator

lower right

line replacement unit

multiplexer-demultiplexer
main engine

megaHertz

master timing unit

network signal processor

operational instrumentation
operations
oscillator

power amplifier

parametric amplifier

power control assembly
payload distribution panel
payload

phase modulation

payload station distribution panel
phase shift keyed

power

recorder

received

receiver

radio frequency

radio frequency interference



RPC

SGLS
"SNR
SP
SSO
STBY
STDN
Sw

TOM
TDRS
TPS

UHF
UL
UR

VvCCo
VvCo
VCXO
VsSu
VSWR

Ww/B

XCo
XFMR
XMTR
XPNDR

TD327 +: US. GOVERNMENT PRINTING OFFICE: 1887 -761-013/60075

remote power control

space ground link system
signal-to-noise ratio

signal processor

Space Shuttle Orbiter

standby

spaceflight tracking and data network
switch

time division multiplex

tracking and data relay satellite
thermal protection system (tiles)
traveling wave tube

ultra-high frequency
upper left
upper right

volts

voltage-controlled crystal oscillator
voltage-controlled oscillator
voltage-controlled transmit oscillator
video switching unit

voltage standing wave ratio

wideband

reference crystal oscillator
transformer

transmitter

transponder



