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9.0 COMMAND SUBBYSTEM

The command subsystem consists of two separate systems; the extended command
subsystem (ECS)* and the minimal command subsystem {(MC8)*. The ECS and MCS
accept command messages from the remote tracking stations (RT8's) described
in Part 4, Section 7, verify and decode the information, and either generate
immediate commands, or store the data for later execution. Simply stated,
command execution involves generation of a pulse on a single line (or pulses
on several lines for certain types of commands) with contrelled rise and

fall times, pulse width, and amplitude.

Commands for the Photographic Payload Section/Dual Platen Extended Altitude
Capability (PPS/DP EAC) are received either by the command processor (CP), or

the initiator electroniecs unit (IEU) which perform the following functions:

a. Command Transfer
b. Logic Operations (if reguired)

¢. Command Transfer Monitoring

The CP receives all non-pyrotechnic related commands while all commands which
require actuation of pyrotechnic devices are handled by the IEU. The CP is
described in Section 9.7. Further information concerning the IEU is provided

in Part 3, Section 7.

*The ECS and MCS are located in the Satellite Control Section of the Photo-
graphic Batellite Vehicle and are manufactured by General Electric Aerospace
Electronic Systems Division [GE AESDY.

3.9-1

Handie via BYEMAN
TOP ET G Contrel System Only

Approved for Release: 2017/02/14 C05097359




Approved for Release: 2017/02/14 C05097359

RET O
B F 008 B-C- 010847 RI-80

In ndrmal operation, the ELS is treated as the priméry subsystem for commanding.
The MC5 is used only as a backup for the BECS, to provide an additional means

of compareling those Ponctions oritlesl to mission btersinstion and recovery,

The relationship of the BCS, NUS, the RIS comwmunication 1inks gnd ihe PPS/DY ZAG
units iz shown In the block laprawn of Fipure 5,9-1.

4.1 Vehicle-Oround Communications Link

Comminieation with the vehicle is provided by two separate Rirks. Link 'L
ponsists of two redundant channels, space ground Dink system 1 ISGLE 1) and
space ground Link systew 2 {8CL8 ). Link 2 45 a backop command link smploy-

ing oan ultre high frecuency (UHPY recelver in the 505 {(see Figure §.49.2).

The SGLE equipment in the vehicle provides the tracking, telemetry, wxl come

mand capabilivies for vhe vehiele. The SGLE vransponder contains the radio

Treguency [RE) receiver for tracking snd command purpeses, and
tha RF transmitter for tracking and telemetry requivements. The 25X1

UHF backup command Link includes enly a receiver, and vherefore cannot serve
for tragking or telemetry purpeses. ERach remote tracking staviom has both
Boband (5618 and URF commnications equipment for support of the Gambit

mission.

The telenstyy portion of the vehicle commnications is described in Pary 3,
Section 10, Trecking is the vesponsibility of the 508 associate contractor,
Lockheed Missiles and Spacé Lompany (DMECh end will sot be discussed heve.

9.7 Command Types

Twe bashe operational command types, veal-time commands (RTCY8) and stored pro-

grmn commands (8P s), are available throush the FOS and MO8,  Real-tvime compands
are executed upon receipt and verification, amd are used to provide BUS/HOS

contrel as well a5 commanding other vehigle Functions. Mo RIs are progesssd

5.8~2
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by the PPS/DP EAC. Stored program commands are received and stored in

memory upon verification and proper secure word* transmission procedures.
These SPC's are read out of memory and executed 0.2 second after the command
system clock matches the time code portion of the command. Thus, SPC commands
can be given at a maximum rate of one every 0.2 second (the command system

clock code increment),

Stored program commands are divided into three subgroups, each with distinct
characteristics. Normal stored program commands (NSPLC's) behave much as real-
time commands in terms of command execution. Protected stored program com-
mands (PSPC's) provide additional security in that they must be given in
pairs for execution, the second following the first by 0.2 second. PSPC's
are glso protected against inadvertent commanding due to hardware failures by

providing switched, isolated output and return lines for each command pulse.

Variable stored program commands (VSPC's), like NSPC's, occur singly. When
executed in the command period following the time label match, they provide
an output on one or the other of two discrete lines for each bit in the
variable portion of the command word depending on the logic state of the bit.
VSPC commands also provide one additional discrete output (the "implicit!
bit) which indicates that the VSPC is being executed. This output is treated

as a command input in the PPS/DP EAC,

Several other command types are used by the command subsystem to contrel the
ECS and MCS and do not affect the PPS/DP EAC. However, two special commands,,
secure word real-time commands (SWRTC 1 and SWRTC 2Y, are availasble through

the MCS which do controel functions within the PPS/DP EAC. SWRTC 1 is used ex-
clusively to enable the recovery of 5RV 1, and SWRTC 2 to enable the recovery
of SRV 1 and/or SRV 2 by MCS termination commands (ARM/TRANSFER/SEPARATE) .~

*Secure words are special command words used to gain access to the command
subsystem, and to prevent unauthorized or accidental commands from being
accepted.
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The actual enabling circuitry is leocated in the initiator electronics unit.
Execution of SWRTC 1 or 2 does not affect processing of termination commands

from the ECS.

9.3 GCommand Bit Structure

Stored program commands transmitted to either the MCS or ECS consist of 39
bits, with bit 1 the least significant bit (LSB). For ECS command words,

the first 22 bits represent a2 time tag; bit 23 is a time parity bit providing
even parity for the time label (even number of 1's including parity); bits 24
through 38 are command and function identification bits; bit 39 is the even

parity bit for the entire word (Figure 3.9-3).

e TTME - LABEL e il FUNCTION

1 23 b4 28 129 38 —w)_l
PARIT‘!—] zl /' PARITY.

DECODER ADDRESS BITS

Figure 3,9-3, ECS Command Bit Structure

In the MCS command bit structure (Figure 3,9-4), bits 1 through Z1 are the
time code bits with bit 22 always set to 1; bit 23 is even parity for the
time tabel: bits 24 through 28 are always zero and the command function is

contained in bits 29 through 38; bit 39 is even parity for the entire command.

3.8-6
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e [T ME LABEL —reee ittt — [ EROG el FUNCT IO i

1 21 24 28129 38139

ALWAYS 1 / WORD PAPITY—Jf

TIME LABEL PARITY

Figure 3,9-4, MCS Command Bit Structure

The command numbers assigned to stored program commands include a prefix to
indicate the type of command; "N for NSPC, "P'" for PSPC, and "V" for VSPC.
An "M" precedes the entire code for MCS commands. The octal representation
of the function part of the command follows the prefix. This octal code
consists of 5 digits which correspond to the conversion of bits 24 through
38 from left to right in groups of three. For example, a command expressed

in octal as 01754 appears in binary as 000 001 111 101 100 (see Figure 3.9-5).

Bit Number 24 27 30 33 36 38
Binary plLOT0R010 111 (1 181011811010
Octal 0 1 7 5 4

Figure 3,9-5, Binary-to-Octal Code Conversion

Each NSPC and PSPC has a unique octal code assigned to it. The command system
identifies it by the bit pattern (bits 24-28) and produces outputs on the

appropriate command lines.

3.9-7

Handle via BYEMAN
TOP ReT O Control System only

m———

Approved for Release: 2017/02/14 C05097359



Approved for Release: 2017/02/14 C05097359

TOP_SECRET & __

BIF-008~ W-C-019842-RI-80

VSPC's are different in that they are identified by a few of the 15 function
bits and the remaining bits can each be used to provide one of two discrete

outputs by assigning either a "1" or a "0'" to each variable bit, The VSPC

octal codes are identified by placing a "V" before the octal code. They are
further identified by placing a decimal number ahead of the "V" to tell how

many variable bits are avallable in the word, VSPL's available to the PPS/DP EACL
from the ECS ave 14V, 13V, 10V and 4V words, Only one variable command, a

6V word, is available to the PPS/DP EAC from the MCS.

Teo facilitate discussion of the VSPC formats, the letter b is used to re-
present a variable binary bit and the letters W, X, Y, and Z are used to
represent the four variable octal code digits, This convention is shown in

Figure 3,9-6,

Bit Mumber 24 38
Octal W X ¥ 7

Figure 3,9-6, Variable Word Octal Representation

For octal positions where only one or two of the three bits are variable, an
octal equivalent of the bit pattern resulting from placing the variable bit(s) .
in the O state expresses the fixed bit(s) and is followed by one or two b's

depending on the number of variable bits in that octal position.

There are three large VSPC's available from the BCS, They are the 14V WORD,
the 13V WORD and the 10V WORD. The bit patterns of the large VSPC's are .
shown in Figure 3.9-7,
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24 38
14 bt bbb bbb iblibibibib
T4VdbbWxYZ 4 b b W X Y Z

W X Y Z

13V2hWXYZ 2 b
ololofilitpiblnibibliblbininln
10VO6hXYZ 0 i-é~f b X Y 7

Figure 3.9-7. ECS 14V, 13V, and 10V VSPC Octal Codes
Examples of other variable words available to the PPS/DP EAC are 4VO0172bZ,
AVO152b7 and MeVOO2YZ (MCS command). Additional VS8PC's in the ECS and MUS

are assigned to the satellite control section {5081,

In addition to the two outputs available for each variable bit of a VSPC,
there is the implicit bit which furnishes one additional output when the

variable bit command i3 executed.
89,3.1 Decoder Selection

The stored program commands in the ECS are executed in either, or both, of
the A and B decoders {except for those designated in the remote decoder®).
The three lavge VSPC's (14V 13V, and 10V) are executed simultaneously from
both decoders, unless a second SPC from the opposite memory is to he executed
simultanecusly, 4in which case each command will be executed by the decoder

associated with its programmable memory unit (PMU).

All other stored program commands use hits 28 and 29 to designate the de-

coder{s) that will decode and execute the command according to Table 3.8-1.

*Neo PPS/DP EAC commands are executed in the remote decoder,
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TABLE 3.9-1
BECS SPC DECODER SELECTION
Second
Bit 28 Bit 29 Octal Digit
Decoder A 1 0 2
Decoder B 0 1 1
Both Decoders 1 1 3

Thus, N02754 will be executed by decoder A, NO1754 will be executed by de-
coder B and NO3754 will be executed by both decoders simultaneously.

The MCS includes only one decoder and therefore does not reserve bits for

decoder selection,

9,3.2 RTC Bit Structure

Both ECS and MCS real-time commands consist of 7 bits: the first bit repre-

senting even parity, bits 2 through 5 for command identification and the last
two bits (6 and 7) for the decoder address (BECS commands only)y. RTC's cannot
be executed by both decoders simultaneously. Figure 3,9-8 illustrates the bit

structure of all real-time commands,

DECODER ADDRESS BITS ——QK;THW\
l 1121314151617

EVEN PARITY BIT

Bit 6 Bit 7

Decoder A 0

0

1 0

Decoder B 0 1
1 1

Figure 3.9-8, RTC Bit Structure
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An octal code representing bits 2 through 7 is used to designate the RTC as
was done for stored program commands. The codes are preceded by an "R" for
ECS RTC's, and an "MR" for MCS RTC's, A second type of real-time command

secure word real-time commands, exists only in the MCS., These have been de-

scribed previously in Section 9,2,

9.4 ECS Simultaneous Commanding

Simultaneous commanding {executing a different command in each decoder dur-
ing the same command time period} 1is possible with ECS stored program com-

mands assigned to the PPS/DP EAC within certain guidelines:

a, A 14V, 13V or 10V command will be executed by both decoders
at the same time unless the other programmable memory unit
(PMU) supplies another VSPC or an NSPC to be executed at the
same time, In such a case, each decoder will execute the

comnand which came from its associated PMU,

b. One NSPC, 4V or 6V command can be executed individually out
of one decoder, or out of both decoders simultaneously, Two
different commands of the NSPC, 6V, or 4V type may be exe-

cuted at the same time: one out of each decoder.

¢, One PSPC can be executed individually by one decoder, or out
of both decoders simultanecusly., A different PSPC can be
executed by each decoder simultaneously., However, a PSPC
should not be executed by one decoder while the other decoder

is executing a non PSPC type command.

d, Real-time commands may be executed out of only one decoder at
a time and the other decoder cannot be used simultaneously,
If the decoders are in the real-time state and a stored program
command time label indicates an NSPC, PSPC, or VSPC is due for

execution, the RTC will be inhibited and the SPC will be executed.

3.9-11
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Table 3,9-2 summarizes the possible command combinations, Additional rew
strictions, imposed by the commanded hardware rather than limitations of

the BCS, are listed below:

&, A function sheuld not be commanded o two different
states at the same time; {.e., DOOR OPEN from decpder
A, and DOOR CROSE fyom dérdder B, The result of such

commanding will be ambipudus,

B, Filw deive ONJOFF commands gnd plaven PLUS/MINUS/STOP
commands should e issued fyom the same PMU to preclude
an ECS ¢lock separation situation from affecting the
opder of lgspance; i.e., film motion which is starved
by a command Prom PMU A should also be stopped by a
comrand from PMU A, Such a procedure will prevent

Film waste in the event of & problem with PMU B,

. Teymination sequence commands should be issued from

Both decoders simultancously,

Many other conflicte and inverlccks exist in the BCE, but are beyend the stope

of thiz document,

9,5 Timing Signals and Command Pulse Characteristics

The BCS incorporates tus independent clock cirveuits, the master clock (B}, and

the slave clock (A}, Tn addition to internal BCS funciions, these provide
threo Timing Sign&iﬁ; (&, B, amd €1 té the B08 and PPEJUF BAL, Timing signal C
from clodk A is designated CI, and from clock B is desigpated G2, 1 and G2

are delivered on sepgrate lines, caly one of which is active dt any given time,

The timing signals consist of @ sevies of positive pulses having a peak ampli-

tude between 4.7 volts and 7.35 volts and 3 guisescent level of (.30 wolt, The

gandle via BYEMAN
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. TABLE 3.9-2

POSSIBLE SIMULTANEQUS DECODER EXECUTIONS IN THE ECS

NECODER. A DECODER B DECODER A DECODER B DECODER A DECODER B
I
. 14v~-Identical-14V 13V 14y 10v 14v*
Hy-Different-14y* 13V-Tdentical-~13V 1oV 13y*
14V 13y* 13V-Different-13V* 10V-Tdentical-10V
14V 1ov* 13V 1ov* 10V-Different-10V*
14V ay 13V Gy 10V ayv*
. 14V 4y* 13V 4y* 10V EATES
14V NEPC* 13V NSPC* 10V WEPC*

DECODER A DECODER B DECODER A DECODER B DECODER A BECODER B
ov 14v# 4y 14v=* NSPC L4v*
6V 13v* av 13v# NSPC 13y*
6V 10v* 4y 1ov# NSPC 10v*
oV-Identical- 6V 4y 6Y NSPC 6v
. oV-Different- 6V Av-Identical-4V NSPC 4y
av 4V 4V-Different-4VY NSPC-Tdentical-NSPC
6V NSPC 4v N5PC NSPC-Different-NSPC
6v MNothing 4y Nothing NSPC Nothing
DECODER A DECOBER B DECODER A DECODER B DECODER A DECODER B
T : i
;Otﬁ%ﬂg oV PSPC-Identical-PSPC RTC Nothing
Nothing 4y ! - .
. PSPC-Different-PSPC
Nothing NSPC PSPC Nothin
Nothing PSPC &
Nothing RTC

*To get the combination shown, commands will have to be issued from the associated PMU,
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pulse duration is nominally 1,0 millisecond with rise and fall times less
than 20 wpsec. Since all three are derived from the basic ECS clock, they

are synchronized to each other,

Figure 3.9-9 presents a timing diagram for signals A, B, and C. Timing sig-
nal A is a time label consisting of a synchronization pulse followed by a
24-bit time code representing the ECS clock time associated with that synchro-
nization pulse.* The presence of a pulse represents a binary ONE and the
absence of a pulse a binary ZERO. The code is presented every 0.2 second

at the rate of 500 pps with the least significant bit first. The first 22
bits of the time code serve to accumulate time in 0,Z-second increments to a
maximum of 838,860.6 seconds and then reset (bits 23 and 24 are ignored
within the PPS/DP EAC).

Timing signal B is a 500-pps wave train. Timing signal C is a 20-pps wave
train, To prevent loading problems, the timing signal interfaces between the
SCS and the PPS/DP EAC are controlled by interface agreements among the
associate contractors, FEach signal is transformer coupled to cireuitry within
the PPS/DP EAC (in the 9 and 5 camera electronics assemblies) to meet these

requirements (see Figures 3.9-10 and 3.9-11).

g,5.1 Command Pulse Characteristics

Like timing signal characteristics, the command pulse characteristiecs at the
PPS/SCS interface, and loading within the PpPPS/DP EAC, are also controlled by agree-
ment among the various associates. The nominal command pulse amplitude is 31.5

volts with rise and fall times between 2 and 5 milliseconds. The pulse duration,

*Time relationship: The leading edge of the ECS command pulse lags the leading
edge of the synchronization pulse of the associated time label by 190 to 210
milliseconds,

3.89-14
Handle wia BYEMAR
TOP SEC G Control System Only

Approved for Release: 2017/02/14 C05097359




Approved for Release: 2017/02/14 C05097359

T ECRET &
BIF-008- W-C-019842-R1I-80

TIME LABEL

| ]
200 MILLISECONDS ‘ﬁ——"{

TIMING SIGHAL A

ILgi

BINARY ONE's AND
ZERD's AT BOO

PULSES PER SECOND
TIME LABEL EXPANDED E : '
\ (] I ?

\—— TIME CODE

H
|
| —ﬂ r 2 MILLISECONDS
% "
. TG siowL s |

TIMING SIGNAL © 1 H
h

Figure 3.9-9., Timing Signals

3,9~-15
Handle via BYEMAN

TOP RET G Control System Only

Approved for Release: 2017/02/14 C05097359



91-6"%

TQR-SECRET &

Approved for Release: 2017/02/14 C05097359

Bl F-008- W-C-019842-R1-80

&
TERERLIOE
LT
I

L

Handle via BYEMAN
fontrol System Only

Approved for Release: 2017/02/14 C05097359

Tmr
i

T ’i ¥ Y ~ » >
L
|
. , :
.§ g *s{;;' 1 B
i 6
% ; _ P
| SIE ] e ]
% { [ T j { j ) 11}_ .
X | | e T ) WR{
E w 5 | e G 1T e LT
§ E | ig
¢ 4 7 ' ; I V & ‘2 o T 71E
DN )
EMMMM AAAAAAAAAA % i }.J.Mj
Figure 3.9-10. Timing Signal Circuit A or B Interface



L1-6"¢

. . . Approved for Release: 2017/02/14 C05097359 .
S & g
1O SECRET G 81 F-008. W-C-019842-RI-80

sy R EM

=1l > > L
H Ry
s ]
H P
; 5
Pt 4
[ ] ] b + #%,
i | - "
N 1 i
BEREBRTON sl _ﬁk - >—‘
S T T il T
| oiite
H

5 i
5
o
SR - T : | s A I
[ \ o i F it
i g :
} ] At e 818
t P
z e 10 7EST

Ed k w B e v
I I

W

LA LT
1Ty

3k
£

LMOET i H

e

; 1 . QJﬂ i1 )
: | |
. ‘, | 3 it fingy
R .
| |
W o |
IR

!
=Lt R 3D

B i

i1

Figure 3.9-11. Timing Signal C Circuit Interface

Handle via BYEMANK
Control System Only T ET G

Approved for Release: 2017/02/14 C05097359



BIFLO08. W-G-018B42-RI-80

defined as the total time the pulse amplitude is above 50 percent of dts
pesk Ievel, Is betieen 100 and 110 miilisedonds for BCS commands, and 50

and 180 milliseconds for commands executed by the MOS,

Bach decoder can executs ong stored command every 0.7 second., Conpinudusly
transmitted rezl-time commands for focus adiustment have a maximm time be-

rween the trailing edge of one pulse and the leading edge of the foliowing

pualse of 100 ms when measured st the 30 percent level of peak amplitude.

When executing commands out of sach BEOS decoder during the same command per-
jod, or when executing a VSPC (seyveral discrete sutpurts), the command pulses
will be almost simultansous, ALL VSPO pulses £rom one decoder oceuy within

1.5 ms of sach other. Command pulses from opposite decoders, initiated by
a single PMU readout, ocour within 2.4 ms of each other. When the slave
clock is synchronized to the master, command pulses from oppesite decoders

and PMU's are displaced in time no wore then 7.3 ms. Tight control over the

command timing ensures that the commanded functions will operate as expected

whén the ofginal comeind messdge was asscembled.

9.6 Extendoed Cummand Subsystem/Minimal Comnand Soabsystem Overview
The BCS and MCS are manufactured by Gemeral Eloctric Aerospace Electronic

Svatems Division and arve installed by BMSC in the satellila control section
of the PSV. The following informetion is included for reference purposes only

and is not guaranteed to he current. The source used is a training manual

published by GE AESD.* Only those points considered pertinent to the under-
stamding of PPS/UP BAC opevavion are discessed. For complete informstion,
refer o publications from F ARSD and/or LMSC,

“Reference BIF-0U8-W-N-200081-TH<73: Training Menual for MOD IV Low Power
Command Systom. '
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9.6.1 Extended Command Subsystem

The ECS, in response to signals from the ground communications link, accepts,
verifies, and decodes information, and either generates immediate command
outputs or stores the commands for later execution. The ECS is comprised of
a single command input unit (CIU), and redundant voltage converters, clocks,
programmable memory units, and synchronous decoders, and has an additional

remote decoder (not employed for PPS/DP EAC functions) which processes PSPC's

only (see Figure 3.9-12).

9.6.1.1 Command Input Unit, The command input unit gates data from link 1
(SGLS 1 and SGLS 2), or link 2 (UHF 1link), buffers the data and outputs it
to the ECS decoders. SGLS 1 data is supplied to ECS decoders A and B, and
also to the MCS., SGLS 2 data is provided to both ECS decoders only. Link
2 data (UHF) is fed to the CIU and also directly to the MCS., In addition to
receiving the input data, the CIU also generates inhibit signals for the MCS

to prevent simultaneous ECS/MCS processing on the same link,

9,6,1,2 Command Decoders. The two svynchronous decoder units (A and B} in
the ECS accept inputs from either the CIU or the programmable memory units.
RTC inputs from the CIU are verified, decoded and executed. Stored program

commands are sent to the PMi's, SPC's received from the FMU's are decoded

and executed. The complete operation of a decoder can best be described

by dividing it into RTC and SPC command operation.

9.6.1.2.1 Real-Time Command Decodey Operation. Command link data is supplied
to both decoders in parallel by the CIU, The seven-bit RTC is preceded and

followed by one or more S (synchronization) pulses. The first bit transmitted
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to the ELS is the parity bit (hit 1). Bits & and 7 are the decoder address
bits which determine whether decodeér A or B executes the command, The

addressed ECS decoder must be in a real-time state to accept an RTC.

The received command is checked to verify that it exhibits proper bit count,
parity, and address, For valid RTC's, the receipt of the trailing S5 pulse(s)
signals the start of execution, and the voltage converter generates g com-
mand pulse which is supplied to the selected output line, For internal RTC's

(those controlling the ECS), the voltage converter output pulse is inhibited,

9.6.1.2.2 Stored Program Command Decoder Operation., The stored program
command transmitted consists of 39 bits preceded and followed by one or more
S pulses, The first 22 bits are the time label bits, with bit 1 (0.2 second)
the least significant bit, Bits 24-38 are the function bits containing the
command data that is transferred to the decoders from memory when the time

iabel is matched,

An addressed memory may be loaded via either decoder. The command is trans-
mitted to the memory and checked for proper bit count and parity, The com-

mand is rejected if one or both are incorrect.

Readout of the 15-bit function portion of a command from memory occurs 0.2
second after the time label of the command (NSPC, VSPC, or PSPC) matches the
clock {vehicle) time. When a command is about to be read out, both decoders
receive a signal which inhibits RTC operation, and, if necessary a signal

to turn on decoder power. Should both memories read out simultaneously, each
decoder accepts the command from its associated memory and executes the

command 1f it is addressed to that decoder.

The decoder logic determines whether the S5PC is an internal or external com-
mand, verifies the bit count, and determines whether it is a valid NSPC or

VSPC, or is part of a PSPC pair. Execution of an NSPC results in one command

5,9-21
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pulse output on the command line selected by the NEPD code. VSPO!'s wpequire
two output lines for each vapiable bit, An output pulse ls supplied to one

tinme if the bit iz a logic O, and to the other if the bit is a logie 1, In

addition, there is one discrete sutputl provided esgh time the VSPC is ex-

ecuted (the dmplicit bivy,

PSPC decoding 1y accomplished differently in thet two identical PSPUYs ex-

hibiting s difference in time labels of 0.2 second must bBe read sut from
memory, The first is rreated like an ordinary NSPL or VEPC exdépt thit,
upen identification as a PSPC, the output is inhibited. When the segond
half of the PEPC is read out 0.2 second ister, 2 Dit-by~bit comparision

of the twd commands ovocurs 16 verify that they ave identical, and execution
takes place. Any difference in the bit structure, or & differvence of more

than 0.2 second in the tipe lsbels, wiil prevent execution.

PSPC command pulse sutput reguires two isolated wires for gach opmmand,

Upon execution, one carries the cummand pulse, dnd the gecond is tied fo
ground during the command period, to previde an isclated return, As ex-
plained sarlisr, the use of switched output and veturn lines afford added

protection against hardware failures such as short clrouwits.

9.6.1.3% BCS Clocks. The BLS contains two identical cleck units. Bach clock
generates Uiming signals for its agssociated half of the B,  Both, in con-
junatioﬁ with their assoclatved PMU, generale tiwiﬁg sigrals A, B, and O for

use external to the BLE.,  However, only one ¢lock, as sslected by command,

outputs these signals at anv given time,

The clock circult contains a tempersture~compensated grystal oseillater which

provides a Frequency of 4,086 Mz, Countdown cireuitry provides the bagic

clock frequency of 1,024 MHz., Additional countdown circuits gererate the

timing signals for use by the ECS, and for external use.*”

*The vehicle time rcode {signal A} 1% provided to the clock by its associated PMY,
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In operation, the clocks are normally synchronous, with clock B the master
and clock A the slave. Clock B provides a sync pulse to clock A every 0.2
second. A discriminateor checks to see if the clocks agree within a spec-
ified tolerance, If so, clock A is synchronized to clock B. Otherwise the

clocks are allowed to vun asynchronously,
9.6.2 Minimal Command Subsystem

The minimal command subsystem is a backup system for the ECS, and is capable
of performing the same functions except on a limited scale. The MCS pro-
cesses the full range of stored program and real-time command types. Im
addition, the MCS also accepts the two secure word real-time commands

{SWRTC 1 and SWRTC 2) which enable MCS termination events for SRV 1 and SRV 2.

9.6.2.1 MCS Components. The MCS consists of two sections, the minimal com-
mand unit (MCU) and the minimal voltage converter {(MVC). The MCU receives
command inputs from link 1 SGLS 1 [from the ECS command input unit) or from
the UHF backup command link, link 2. Real-time commands are executed immedi-
ately. Stored program commands received by the MCS for later execution are
stored in a non-programmable memory. The MCU also receives external inhibit
signals from the ECS which prevent the MCS from vesponding to data on a link

if the ECS is being addressed on that link.

The MVC acts as the power control for the MCS., The power is normally off when
no information is transmitted to the ECS or MCS except if SPC's have pre-
viously been stored in the memory. Transmission of S pulses on link 1

SGLS 1 or link 2 will turn power on regardless of whether the subsystem is

to respond to the following commands., The MVC will turn off when the S

pulse transmission stops unless the proper sequence of secure real-time com-

mands {(SRTC's) and a secure word is received to put the subsystem in an
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aperate mode,

B.6,2.2 WS Real-Time Command Execubtlion. EBach real-time command consists of

g 7-bit wopd preceded and fodlowed by an & pulse. The First bic provides sven
parity for the word, and bits 2-7 contain the command functios, The sulisystsdn
checks the incoming command for the correct number of hits and parity, Proper

it count and parity enable execution of the KTC upon arrival of the trail-

ng 5 pulse;

9,6,2.5% MCS Secure Real-Time Command Execubion. A second fype of RTU, securs
veale Lime commsnd {SRT%}?.ES'&iﬁﬁiacoagﬁeé by the MUS, These arve processed

in essentinlly the sawe manner as nomal RTC's, except all of the SHIC's muss
be followed by a secure word matich operation before the subsystenm will exs

euente the comngnds;

$.6.2.4  Btored Program Comsand Execution. The time labels of 8P0%s are con-

pared with fhe wime word every 0,2 sevond fo¥ a possible readdut to the de-
coder civcuitry, When a magich is obtainad, the cosmand will be pead out and
precuted during the next 9.2 second interval {unless 1t s the first command

of & PEPD pair).

When an NSPC g executed, a command output pulse is supplied on the gppropriaste
Tine, DxEcution bf a VEPL restles in 4p outpur on dne of twoe Lines for oach
Bit, deponding on the bit state, plus an implicit output. Bach PSPC eutpnt

requires two bimes, ond carrying the command pulse, the second providing an

isolated pround return when the command is beling executed, As in the BCS,
the MOE PSPCYs vequire suceessive words stored in Memory., The twe are identiw
cal éxcept for the time label portions which are one time interval 0.2 sec )

apart,

$.6.2.5 Secure Word Operation. The secure words used for secure real-Uimg

chmmand execution, and two spéeisl securs words Tor the exedution of the twe

%, 904
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39-bit secure word real-time commands (SWRTC) are stored in the MCS prior

to launch.

The two SWRTC commands are, by themselves, the secure words to be matched.
Unlike SRTC's, these commands stand on their own, Once received and matched
to the appropriate stored secure word, an output pulse is provided on the

command line.

9.7 FCS Real-Time Bias

Real-time bias (RTB) is a 6V word command which incorporates a fixed offset

in SPC execution time, The magnitude of bias is chosen on the basis of differ-
ences between the vehicle ephemeris as verified at the remote tracking station
and the predicted ephemeris used in assembling the command message. The major
effect of small inaccuracies in the predicted ephemeris is to introduce error
in the in-track acquisition times of photographic targets. By adjusting com-
mand times to the actual vehicle position, events such as photographic se-

quences will occur at the point (in terms of vehicle location) where they were

originally intended.

In operation the RTB command subtracts the selected bias from the vehicle
clock time before comparison is made with the SPC time label. The bias occurs
in increments of 0.2 second up to a maximum of +6.2 seconds. The time bias
affects only the PMU in which it is loaded, and will remain in effect until
the next bias command is executed. The actual vehicle clock time, which is

recorded on the film as timing signal A, remains unaltered.

9.8 Command Processor

The PPS/DP EAC command processor serves as the primary interface between the SCS
and PP5/DP EAC for non-pyrotechnic commands. All pyrotechnic related commands

are received and processed by the initiator electronics unit which is described

2.9-25
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in Part 3, Section 7, The CP prevides electrical isolation between the 8(S

and PPE/DP BAC, and the command signel decoding and enceding leglc required for

PRN/DP EAL operation., Where s nser unit {L.e., a bnit recelving commands from
the CP) has redundant circuits, the (P provides lmdependent, parallel re-
dundant command processing clrenits to maintain the relinblility., TIn addi-

tioft, the (P priovides instrumentation vutputs whith monitor the fedeipt of

compands from the 88L&,
9.8,1 Command Processor Physical Properties

The commpand provessor is mounted fo rails in the supply electronics module
which ron from the «Y [ilm supply encldsure wall outhodrd to vings of the
supply electronics structure (SE8), To reduce vibration leading of the unit
during launch, special vibration isolators are placed bertwesn the CF feet and

mounting roils.

A metal strip on one foot provides the necéssary dlectricel cionduction beé-
Tween the CP and SES for eleCty¥omagnetilc interference control, For a more
exact deseription of CP location within the 88M, refer to the figures of

Part 3, Seéction 1.

Physically, the CF is approximately 6,5 dnches x 10 dnches x 12 inches exclude
ing the € mounting feet, and weighs skightly less than 26 pounds.,  As shown

n Figore 3,8-13%, the UF oonsists of a bBlack enodized aluminue base plate and

cover, and two stacks of epoxy-fiberglass printed circait bogrds (14 toral)
mounted to the base plate. Since the unit uses very little power, no special
heat sinkiong is reguired, The bottom side of each beard is conformal coated

as is each Integrated digltal-to-analog converter used within the CP,  The

boards are then individuslly foum potted flush with the vibration dampér
strips which are attached to the two board edges that have ng input/output

connentions,
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Command Processor Assenbly
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For purposes of isolation, input and output signals are carried by separate
harnesses on opposite sides of the circuit boards. Power from the power
monitor and contrel unit (PMEC) to the CP is carried by the output harness to
maintain the isolation. Connections from the harnesses to the PPS/DP EAC and
SCS are carried through eight electrical connectors mounted on the base plate.
Connectors J1, J2, J3, and J5 carry output functions, and connectors J4, J6,

J7, and J8 carry inputs from the SCS.
9.8.2 (P Operation

Command information is received as shaped electrical pulses on dedicated wires.
CP outputs are either reproductions of the SCS command pulses or relay contact
closures/openings. The shaped ocutput pulses operate relays in the PMEC. This
is the only case where CP power is used as a signal to another PPS/DP EAC elec-
tronics unit. CP relsy contacts function as switches for thelr user units in
the PPS/DP EAC. No connection is made between the CP power and instrumentation,

and the user unit wires, or between wires provided by different user units,

A single case exists where a CP input and cutput are electrically continuocus.
The viewport door OPEN/CLOSE commands are hard wired through the CP to the
viewport door electronics, with only command receipt monitoring performed in
the CP. All processing of these commands is accomplished within the view-
port door electronics. Proper isolation is maintained within that unit using

latching relays.

9.8.2.1 B8CS8/PPS Command Isclation. Extremely high input (8CS5] - output (PPS)
isolation is provided by optically coupled isolators cor latching relays used
for the command interface. Irn dddition, these circuits alse maintain the
proper load reguirements for received commands as set by agreement among the
associate contractors. The optical isclators are used where large fan-out

requirements dictate parallel relay loads whose combined impedance falls below
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the interface requirements, or where a shaped output pulse is to be pro-

vided to the PMEC,

A1l input command pulses are referenced to the command subsystem returns.

¥Where incoming command lines are tled together, diode decoupling is used to

prevent a pulse from being returned inte the command subsystem. Within the

CP, the command return wires for all normal and variable, ECS commands are

connected together as are the returns for all normal and variable MCS

commands, and all returns are isolated from the structure and the main

power returns. For protected commands, separate isolated, switched returns

are provided in both the ECS and MCS. Within the 8CS, all command return

wires used for the normal, variable, and real-time commands are tied

together within the command subsystem and through the command subsystem

to the vehicle structure.

Returns for PSPC commands maintain their isolation within the SCS., The only ex-

ceptions to this are where returns for redundant protected command loads may be

tied together, or where a protected command is gated with a non-protected com-

mand load as shown in Figure 3.9-14,

Command Return

gCs | PpPS

i

PEPL e :
i Protected
: Command
i Load
§

PSPC — :‘Return
i
|

—a o] ‘
NSPC or VSPC | Non-Protected

; Command
: Load
H
¥
f
i

Interface

Figure 3.9-14, OR Gating Protected Commands with Non-Protected Commands
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The isoldtion circuits in the UP provide several other benefits, the first of
which is high noise dmmunity, The amount of energy vequirsd 1o operate reélays

makes ther immune Lo narrow tyansient spikes. For optical isolavors, ieney

diodes {15 volts) in series with the input provide this ismunity.

Where latching relays sre employed, they also serve as a nowvelatile memory.
When used on primary outputs, or ad instrumentation monitors on pulsed out-

puts, they enable command states o be velained during power-off pericds.

Pae to the relavs and pulse clrcuits, the power consumption of the {F from
the unregulered supply (24.5 wde nominal) and from the instrumsntation sup-
pilies (+5/215 vde) is extremely low, The unlt drews less than 1 ma during
quiescent perlods, and less than 750 wa dn & paxisun of 100 msec surges

from the unregulated sopply, and typically 10 ma and 5 ma from the i1S-and

+5-v01L suppliles Tespectively,

8.8,2.2 CF Standard Circuits. The CF containg several standard oircult

designs, each of which is uvsed for many different command functions., The
descriptions for individual command functions following this section gen-
erally include only logic diagrams, and refer to the standard civcuit
type(s) as appropriaste, The function OP A/ SELECT refers to the selection

of redundant elrouityy Lo Provess certain commands. Not all civcuits withe

in the CP srve provided with this capability. However, completely redundant, but

non-selectable civewityy is provided for all vedundant PPS/UP EAU subsystenms.

9.8.2.2.1 Command Input Diode "ORY Gate. The command inpui diode OR gate

{Fighre 3,9-15) is used to combine commands perfowming a single function
but coming from different sources, and provides diode decoupling between

incoming copmands from the S{5,
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Figure 3.9-15., Command Input Diode OR Gate

9.8.2.2.2 Latching Relays. The latching relays contain two sets of contacts
which operate together and can be set to either of two states by providing a
pulse to the appropriate actuating coil. The logic representation of a latch-
ing relay is not direct. A set/reset flip-flop represents the relay state,
with a high output indicating which direction the relay is commanded. The con-
tacts are used as switches, and are represented by logical AND gates where
appropriate (see Figure 3.9-16).

Input 1

LOGIC SYMBOL:

i [
%T / Input 1 s T

Return
Return e E - Input 2 _1p 0 b
Input 2 T -

Figure 3.9-16, Latching Relay Loglc Representation

As an example, the following circuit (Figure 3,9-17) is used as an ON/OFF con-

trol, connecting the output and return as commanded:

2.0.31
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ON i:——ﬁa—--_*Output 1

CW |

[-—~4w—~w~Output 2

2%% Return 2
(FF [iiij::::::;

LOGIC SYMBOL:

ON e} 8 i
Output 1

Return

OFF g 0 Return 1
) ) atput 2

Qutput is high
when ON and [;_ﬂ_“____m_ﬁeturn 2

low when OFF

Figure 3.9-17. Latching Relay ON/OFF Control Circuit Logic Representation
Some simplification occurs in the function logic diagrams in the area of in-
strumentation outputs, but there is no misrepresentation of the manner in

which the function operates,

9.8.2,2.3 Optical Isolator and CP Output Pulse Circuit. The optical isolator

circuit is used to handle large relay loads within the CP, or to provide a .
shaped output pulse to the PM and C. Referring to Figure 3.9-18, the input diodes
provide ECS/MCS decoder isolation and protect the photodiode in Ul from re-

verse bias, Resistor R1 is a ballast resistor which limits current to the

photodiode. The zener diode (D2} provides noise immunity., Ul is an optically .

coupled isclator. Upon receipt of a command pulse, the current through the

photodiode causes it to emit light, which turns on the phototransistor. The

3.9-32
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phototransistor drives the final stage, Ql, which provides the output pulse in
response to the input command pulse. The RO network formed by Cl and RZ is a
rise time control network for Q1 and is used to shape the output pulse to meet

EMI control requirements.

Rl n2
i ¢ _ 24.5
Command { ' volts
Input ”'Pt‘“; <:!: :::
o1
Command Ui I
Output
Return R 1 uip
Return

Figure 3.9-18. Basic Optical Isolator and Pulse Circuit

9.8.2.2.4 Instrumentation Circuit. Command receipt is monitored by a latch-
ing relay which feeds 5-vplt instrumentation power to one input of a 4-bit
digital-to-analog (D/A) converter through an isolation resistor. The con-
verter {Figure 3.9-19) employs a 4-bit switched ladder to generate a 1lo6-level
analog output that can be used to indicate the state of each of 4 unique
CGmmand'inputs. The output voltidge levels, shown in Table 3.9-3%, and the
output impedance characteristics of the device are compatible with the input

requirements of the digital telemetry unit, and are not processed further.
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BIT ONE (LEAST SIGNIFICANT)
BIT TWO
BIT THREE
BIT FOUR
GND

-15V
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+15V

2, 4, 6, 10, 11

12) 14, 1%}EKH’COhNECTED

o
O L WD 00 =3 WU e
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?15

Constant
Current Source
100K
1
20K
OP Amp
F <
13
100K o
20K %
5. A—
g 9
1
c 00K {’pﬁ\\ =
<R
20K -
i
o
>
100K i
7
20K </
! B
O

Figure 3.9-19. Instrumentation Digital-to-Analog Converter

8.8.2.2.5 Basic Processing Cilreuits. Figure 3.9-20 through 3.9-22 represent

the three most basic clrcuit designs used for processing. The commands from

ECS decoders A and B are not shown for the CP SELECT inputs since these com-

mands are coupled through optical isolator circuits and control several relavs.

A1l commands from ECS decoders

decoupled,

A and B, and from the MCS decoder, are diode

3.9-34
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TABLE 3,8.3
INSTRUMENTATION VOLTAGE LBVELS

State of Command Switches® Nominal
Instrumentation Point
Bit 4 Bit 3 Bit 2 Bir 1 Voltage Level
{MSB) (LSB)
8 0 0 0 0,25
0 0 iy 1 .55
0 g 1 0 0,85
0 3 1 1 1,18
o 1 4] 0 1.45
0 1 0 1 1.75
0 1 1 i 2,05
0 1 1 1 2.35
1 0 { 0 2.65
1 { 0 1 2,85
1 g 1 Q 3,25
1 8 1 1 3.55
1 1 0 0 3.85
1 1 0 i 4,15
1 1 1 0 4,45
1 1 1 1 4,75

* MIM represents switch closed (command received).
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H1Y COMMANDS

OUTPUT A

v
? ,{ijfij_———““——“ RETURN A

v
OUTPUT B

% e «:fi RETURN B

DECODER A

DECOPER B

10 DSA
O COMMANDS CONVERTER

DECODER A ” & %
+5yde

DECODER B —J¥

ECs
RETURN

NOTE: Commends may also be coupled through
optical disolators, in which case the
return line will be the 24.5v power
return,

Figure 3.9-20, Fully Redundant Processing and Outputs, Gross-
strapned Inputs
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T COMBMAND
QUTPUT A

DECODER A

DECODER B

QUTPUT B RETURN

CP SELECT B
QUTPUT B

DECODER A —t

-
L

L -

CP SELECT A T\% OUTPUT A RETURN

Lo

S

Lo

L -

]

-

DECODER B N

TO D/A CONVERTER

0" COMMAND

24 ,.5v RETURN
+5 vde

ECS RETURN

NOTE: Commands may also be coupled through
optical isolators, in which case the
return will be the 24.5v power return.
The basic logic remains unchanged,

Figure 3.9-21, Basic CP A/B Mode Switch Circuit
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EXTERNAL CROSSTRAP

S S
v
‘ M1 COMMAND
DECODER A ——pt—@ i ¢— "'1" OUTPUT
DECODER B —fp—9— , {o-
N\ @ 'O DUTPUT
. Y
CP BELECT A *
% L 4 CUTPUT RETURN
CP SELECT B
DECODER A 4 l
e TO /A CONVERTER
DECODER B
O COMMAND
+5 vde .
24,5y RETURN
NOTE: Commands may also be coupled
through optical isolators, in
which case the return will be
the 24,5v power return., The
BCS RETURN basic legic remains unchanged.
Figure 3.8.22, Basic Serve Mode Switch Circult .
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9.8.2.3 CP Functional Circuit Description. All processing c¢lrcuits can be
operated by commands from ECS decoder A Or decoder B. A limited number of
functions can also be controlled by commands from the MCS decoder. Instru-
mentation is provided to monitor the receipt of commands for all functions.
No monitoring of outputs to the PM and € is provided, The 4-digit function
codes on the circuit logic diagrams which follow are assigned by BIF-D0B,
and are used in the ® x 5 Interconnection Diagram (1418-235) to trace power
and signal lines through the PPS/DP EAC cabling.

9.8.2.3.1 CP A select, CP B Select. The (P select cizcuit {Figure 3,9-23)
provides a pulsed output within the CP to select the desired channel of re-
dundant crab and stereo servo command processing circuitry. The pulse also
controls a latching relay which steers unregulated power (24.5v) to the de-
sired channel of redundant processing circuitry for 9 and 5 operational power

control.

9.8.2.3.2 9 and 5 Operational Power ON/OFF, Both the 9 and 5 operational
power commands {Figure 3.9-24) are processed identically. The following des~

cription applies to either,

Redundant sides or channels (A and B} are provided in the CP for processing

OP commands., Channel selection is controlled by the CP A/B SELECT circuitry,
which directs 24.5v power to either channel A or channel B of the OP command
circuitry. Optical isolators/drivers in the selected channel send pulse out-
puts to the PM and € to turn operational power on or off. Redundancy is preserv-
ed in the PM and C through the use of separate switches for the A and B signals.
The power outputs are paralleled and fed to the associated frequency phase

lock loop electronics (FPLLE) and £ilm handling subsystem control electronics
{the film handling electronics for 5 OP, and the film control electronics

for 9 OP). Additional logic in the PM and C also supplies power to the mirror
servos {stereo and crab) when either @ OP or 5 0P is on (reference Part 3,

Section 7).
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Figure 3.9-25. (P A Select/CP B Select

TOP RET G

Approved for Release: 2017/02/14 C05097359




Approved for Release: 2017/02/14 C05097359

10 CRET _6
BIF-008. W~-C-D19842-R1I~-80

e T VIRTS (00 £ 5H0E0TY

e QBVOLTE SER §RELELT)
10 SR, DATR TRACKE
R 177 MARES
ENAHLESDISARLE RELAY
- f L ¥ o AN DPEISTING PONER B DK
MIEE A O B LT L i .
W03 G T R e . E e I 53 800
LI
— i Oy WGP CAMETR GPERATING TORER 45 0%
S% 9 P IRIZIS0) .
[ECT R T TNt r— %,
iz g s P AU A J ) i G5 CAEH ERATING. PONER 8 R
i1
% )
F A i ] g P, l weh AN TPEARTING PINEY. BB FF
- e R [
|
WD W DS TR K ’
[l oo ‘
1
T LA TNITFF
laal Ry
WD TR IR g -
H ;..I .
- £ S
SR 7% DFF INERY T P
RlE TEr
HHER 5O IMDEE) ,,> {
5 g B
DRIVE oF
L
Tl DRSS 1RRG
PrvEd [FF
10 6 aRE, DATA TRAEVS
M 17F MARKER
ENRELEANTSHILE RELAY i
]
g, P, 671 TRMEERBERATING PINER SR
| L
oy BiDE D WSS ‘{_, i T g,
WL, 5 0P I LAY . ! b e [P S AT
»»»»» % f o
A o 7Y AR SRR TR RER R T
AT 5 00 OFE: (LA i, ]
S0 50U I e . X . '_; I 7 R TRTRRTING PINIR B 0
ke
A% 5
K0
- {::h_ (S E— y .
e W o " * W EAER) TRIPATING FOSER SH.OFF
AL ISTLATIRIDHIVER, -

Figure 3.9-24. 9 and 5 Operational Power ON/OFF
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Within the CP, 9 OP N from either channel will reset the 9 SRC, data tracks,
and I/F marker disable relay, and 5 OP ON will reset the 5 SRC, data tracks,

and I/F marker disable relay. The respective functions will then operate in

conjunction with the associated camera (film drive) ON/OFF commands.

The operational power control logic is such that switching "sides" of the CP

while operational power is on will result in incorrect instrumentation out-

puts when the operational power is commanded OFF, since only the instrumenta-
tion relay in that channel will be reset. In addition, the wiring of logic
within the PM and € will result in operational power being turned off if OP

ON is commanded through one side while the operational power switch is on in
the other., Power will then turn on when one switch is commanded OFF. This re~
verse commanding will continue until the logic is reset to its proper state

by a corrective command sequence (for a clarification of PM and C logie, refer

to Part 3, Section 7).

Other commands controlling operational power as part of their functien include:

{1} 9 AND 5 RUNOUT ON (MCB) which turns both 9 and 5 OP on

(21 9 OFF (MC8) which turns 9 0P off

{3}y & QFF (MC8) which turns 5 QP off

(4) 9/5 OFF (MCS) which turns both 9 OP and 5 OP off

9.8.2.3.3 9/5 Camera ON/OFF. Processing circuitry for the 9 and 5 camera ON/OFF

functions (film drive ON/OFF) is identical (see Figure 3.9-25). Separate circuits
are provided for FPLLE side A and FPLLE side B, Selection of the redundant

sides is similar to that shown in Figure 3.9-21. The mode relays are operated by
the FPLLE A SELECT and FPLLE B SELECT commands. Additional logic is provided .
such that selection of side A automatically turns side B OFF,

3.9-42 .
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Gther copmands which operats the £ile drives ares

(1) 9 AND 5 RUNOUT ON which torns on buth the 9 and 5 {iin
drives, selects V1Y for the two mosy >1gn@§za¢ﬁ§ £ilm-
drive %y@ad bits, selects the normel spesd range for
both the 9 amd 5 FPLLE s, and turne on both 8 .and 5
cperational power.

(2} % OFF [HMUS) whaah turng off thé ¥ fAlm drive {8 TPLLE),
and inhibits the U SRU, dave track, and IfF marker
i&ufii@i& turns off @ operaticongl power, and turns

U the focus sensor electronics and 81-PRE power.

{3} 5 OFF (MCS) which turds off the 5 fila drive (5 FPLLDY,
andl inkibits the & SR, data track, and I/F marker
Fuwnetions, tuwrns off 5 opevaticnal power, and turns off
the Focus sensor ebectronics and S1-PRE power.

(47 9/5 UFF (MCE) which tuwrns off both ¢ and 5 £ilm drives
(9 and 5 FPLLE's), and inhibits borh © and § SRC, data
trgek, and I7F marker funvtions, turps off both ¥ oand
5 apeératicnal pewetr, and tu¥ps off rhe fodus sensdy
electronids ahd S1-PRO power,

(53 13V WORD implicit bit which turns off boxh the ¢ and
5 Filwm drives {9 and 5 FPLLE's), and inhibits the ¢
and 5 BRC, deta track, and I/F marker functions. The
13¥ WORD @myézazf bit zlso causes srecutien of the
sterec angle stered by the last 14V WOUD command
provided ¥ or b opeératiemal powesr is ob.

Film drive san dlsc be stdfped by operaticon of the camers automdtic off [CADY cirouit
id the CP.  The CAQ ¢ircaits totn off elther the § or 5 £iim drives aftér two supply

toopers of £ilm drive have executed, and 1f ne CAMERA OFF commend is received.

Bee section 9.8.2.%.238 for & desuription of operation oF the vamera automatic off

ciroiits.

$.8,9.%.4 9 and b Camera Uperations Counters. The ¥ and 5 operations counters

{(Filgare 3.85-286} function identically. Lach circult consists of 6 réiays inter-
connected to form ¢ 3-bit, singly-enabled, clocked counter. A comera {(Film drive)
O command enablés the counter, and 2 campera UFF dommand cldcks it.  The counter

TesEts to the zers state On @vedy cighth ONAOFF command pair, Neither milriple

: andle via BYEMAN
L Tomtrel Sustem Only
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3 FILM DRIVE ON*
% FILM ORIVE OFF* ' X ) | gmm—— IWp 5036 BIT

M—MP 5036 BIT 3
!

i
- 14P 9038 BIT 4

I
]
|

5 FILM DRIVE On=

EFILM DRIVE OFF® IMP 5037 BIT 2
A A - ——y
H
H
*SEE FIGURE 2.9-25 msrg}rm F- 1M 5037 BIT 3
FOR LOGIC 9 COUNTER i

—1Wp 5037 BIT 4

Figure 3.9-26. 9 and 5 Camera Operations Counters
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for the counter to increment.

The relay outputs are fed to the three most significant input bits of a standard
digital-to-analog instrumentation converter (Figure 3.9-19). Thus, the output
oceurs in 8 discrete steps ranging from 0.25 volt to 4.45 volts in 0.6-volt

Increments.

9.8.2.3.5 9 and 5 Film-Drive Speed Bits 1-10 and SRC Bits. The film-drive speed
bit relays function by connecting the bit output to the common return from the
associated FPLLE side for the logic 1 state, or opening the circuit for the logic
0 state. Only one film-drive speed may be stored in the CP at a time. Separate
relays are provided for the A and B sides of the FPLLE's. One relay contains
individual contacts for 9 FPLLE side A and 5 FPLLE side A, and the second relay
has individual contacts for side B of the 9 and 5 FPLLE's. A third relay is used

for instrumentation monitoring.

FDS bits 1 (MSBEY through 4 alse produce SRC bits 1 (MSE) through 4 (LSB) in a
similar fashion, connecting the output to common or leaving 1t open in the low
altitude mode. In the high-altitude mode, all four SRC bits are commanded to open
the common line; resulting in a fixed SRC position when in the high altitude mode
(Figure 3.9-27). The 9 subsystem SRC bits are wired to the unused set of contacts
on the instrumentation relay, and an additional relay is supplied for the 5

subsystem SRC bits.
FDS bits 1 and 2 have one other controlling command, 9 AND 5 RUNOUT ON, which when
executed, sets the two most significant film-drive speed (FDS) bits to the logie 1

state.

Figures 3.9-28 through 3.9-30 represent the FDS bit logic. Bits 1 and 2 are

identical, bits 3 and 4 are identical, and bits 5 through 10 are identical.

9.8.2.3.6 Film-Drive Speed Range High/Normal. The film-drive speed range is

selected in the same manner as the film-drive speed bits ave controlled. The

3.9-47 handle via BYEMAN
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Figure 3.9-27. SRC Command Common Line
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4100 FILM-DRIVE SPEED BIT 1.1 (Msg) T
{14v4, BIT 38-1) N, o )
R T Te? i g 5 i
4102 FILM-DRIVE SPEED BIT 141 {MS8)wm) 1 T a] 4345 FOS 9 R, (MsB)
[14¥4, BIT 38-1) ; — 3509 FOS 9 A, BITS 1-10 COMMON
| 4571 FDS 5 A, BIT 1 [Ms8)
4002 9 AND & RUNOUT ON* | 3511 FDS 5 A, BITS 1-10 COMMON
(MPD004E)
: 4596 SRC 5, BIT 1 (MsB)
: e ¢ 3513 SRC 5, BITS 1-4 COMMON
4101 FILM-DRIVE SPEED BIT 1-0 (MS®) | 3 4560 BIT 1 (M
{14¥8, BIT 38-0) . i = 560 FBS 9 8, {msp)
4103 FILM-DRIVE SPEED BIT 1-0 (Msg) o | | V 19 FUS 9 B, BITS 110 CoMeon
14V8, BIT 38-0) : — | S 4582 FOS 5 8, BIT 1 (MSB)
= 4612 FDS 5 B, BITS 1-10 COMMON
; IMF 5027 BIT 1
4601 SRC 9, BIT 1 (MSB)
3814 SRC 9, BITS 1-4 COMMON
T4
(o]
§
b
L]
T - Tz
4095 FILM-DRIVE SPEED BIT 2-7 fIT 2 4350 £05 9 A, BI
{14¥4, BIT 372-1} V 4572 FDS 5 A, BIT 2
4098 FLLM-DRIVE SPEID BIT 207wt . BYT
FINORIE SPecl ) 4595 SRCS, BIT 2
IDENTICAL CTRLUIT To %17 4561 FDS B OB, BIT 2
4097 FILM-DRIVE SPEED BI7 2.0 4553 RS 5 8, 81T 2
{14¥4, BIT 37:0) IHP 5027 BIT 2
4099 FILM-DRIVE SPEED BIT 2-0 S 4600 SRC 9, BIT 2
{14v4, BIT 37-0) e .

T FDE BITS 3-10

- * BEE FIGURE 3.9-25 FOR LOGIC
OPTICAL ISOLATOR/DRIVER

Figure 3.9-28, ¥DS and SRC Bits 1 and 2
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14V4, BIT 36-1 L J—
4094 FILM-DRIVE SPEED BIT 3-1—1 1 B 4657 FBS 3 A, BIT 3
s, BT 36D : L 4573 FDS 5 A, BIT 3
H—{F ;
a ] =D 4594 SRC 5, BIT 3
4093 FILM-DRIVE SPEED BIT 3-0 ,
{14v4, BIT 36-0) ) {—{_/ ; 4562 FDS 9 B, BIT 3
4095 ﬁtfs};mﬁ% ggsgz}) BIT 3-0 T
. - o 4584 FDS 5 B, BIT 3
e MP 5027 BIT 3
— 4593 SRC 9, BIT 3
4088 FILM-DRIVE SPEED BIT 4-1 BT 4552 FDS 9 A, BIT 4
{14v4, BIT 35-1) — & 4574 FDS 5 A, BIT 4
4090 FILM-DRIVE SPEED BIT 4-7.....]  IDENTICAL CIRCUIT 4533 SRC 5, BIT 4 (LS8)
{14v4, BIT 35-1) 10 BIT 3 4563 FDS 9 B, BIT 4
4089 FILM-DRIVE SPEED BIT 4-0-—i 4585 FDS 5 B, BIT 4
{Y4v4, BIT 35-0) MNP 5027 BIT 4
4091 FILM-DRIVE SPEED BIT 4-0 - 4598 SRC 9, BIT 4 (LSB)
(14v4, BIT 35-0)
|10 FDS BITS 5-10

Figure 3.9-289, FDS and SRC Bits 3 and 4
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output is connected to the common return from the associated FPLLE side for the

high-speed range, and is left open for the low-speed range (see Figure 3,9-31).

Separate contacts are provided for each side of each FPLLE. However, the relays
cannot be individually controlied. Both FPLLE's (9 and 5) will be in the high-speed
range or the normal range; the 9 FPLLE cannot be in the high-speed range while the

5 FPLLE is in the normal range, or the 9 FPLLE in the normal range while the 5 FPLLE

is in the high range.

The two film drive speed ranges are altered by the HIGH ALTITUDE SELECT and LOW
ALTITUDE SELECT commands. When in the high-altitude mode, the normal and high-speed
ranges are one-fourth the speeds obtained when in the low-altitude mode. The CP
provides commands to the 9 and 5 FPLLEs in the form of switch closures to change
film drive speeds to the required high-altitude/low-altitude ranges (see Figure

3.9-48).

9.8.2.3.7 HNominal Platen Adjust Enable/Inhibit and Mode Select. Both the 9 and

5 subsystem commands are processed identically. The output (A for the prime mode,
B for the backup mode) is connected to its associated return wire when the platen
adjust is enabled (Figure 3.9-32). The mode selection relay, prime or backup, is
controlled by command, and selects output A or B (see Figure 3.9-21 for typical

selection circuit schematic).

9.8.2.3.8 Nominal Platen Adjust Drive (Plus/Minus/Stop). The NPA drive logic
shown in Figure 3.9-33 accepts stored program commands. The plus direction and
minus direction circuits follow the basic concept of Figure 3.9-20. The "1

commands are analogous to direction commands, the "0" commands to stop commands.

Signals used by the NPA primary mode circuitry in the camera electronics assembly
(CEA) are simple relay closings, connecting the output wire to common. When operat-
ing in the primary mode, stored program commands can be used, however, since the NPA

backup mode requires a pulse input, it can only be controlled by real-time commands.

39752 handle via BYEMAN
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!

L

ABTL SPEED REMGE K 4

H0DE 9 A0 5. BONOUT Dix
[MPOODAE}

i
I

HA0S F75 FPLL NOPHAL SREED A5BY SEEED BSNGE 8 B

RANGE (N11038) 1]
4307 375 iy some speec |

RENGE {X12076)

U
.
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TP 5046 HIT B

ABOE SPEED BARGE 58

x

*OFDR LOGIORER FIRURE 33428 e - PR

£

3512

i
=1

-

GPTIUAL TSOLATOR/DRIVER

L
e

NOTE: See Figure 3.9-48 for a logic description of CP Commands
which revise film-drive speeds for high altitude modes.

Figure 3.9-31. Film-Drive Speed Range High/Normal
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4216 9 FOCUS DRIVE ENABLE (p01767) -/

4187 5 BOMINAL PLATEN ADJUST PRIME MODE SELECT (12000} —

F

S e B615 NOMINAL PLATEM ADJUST ENABLESINHIBIT % A FESD*

4180 9 NOMINAL PLATEN ADJUST PRIME MODE SELECT (MNP}

4199 9 NOMINAL PLATEN ADJUST BACKUP MODE SELECT [NI2018) 1

»»»»» 5,

4700 9 HOMINAL PLATEN ADJUST BACKUP MODE SELECT (11018} r

4213 9 FOLUS DRIVE IMMIBIT {H72030) -
5

g
o e
T

4214 -9 FOCUS DRIVE INHIBIT {N11030) -

4218 5 FOCUS DRIVE ENABLE (POZ564) —

AAAAAAAAAAAAAAAAAAA oL THP RG24 BIT 1

- 3521 HOMINAL PLATEN ADJUST ENASLE/INHIEIT 9 A& RETURN
i IMP 5033 BIT 2

e I et ABYT HOMINAL PLATEM ADJUST ENABLE/IMHIBIT 9 8 FEED®

o 3522 NOMINAL PLATEN ADJUST ENABLE/INHIBIT 5 & RETURM

,,,,,,

4220 & FOCUS DRIVE ERABLE (POTSE64)

95-67%

4201 - 5 NOMINAL PLATEN ADJUST PRIME MDDE SELECT [WI2015)-

e,

4611 NOMINAL PLATEN AQJUST ENABLE/INMIBIT & A FEED*®

4202 5 NOMINAL PLATEN ADJUST PRIME MODE SELECT (mms}: A

4203 5 HOMINAL PLATEW ADOUST BALKNP MODE SELECT {M12022)

4208 5 HOMINAL PLATEN ADJUST BACKUP MODE SELECT (W1IG22)~

4217 5 FOCUS DRIVE INMISIT {W12032)-

4218 5 FOUUS CRIVE INHIBIT (Nito32)

IDENTICAL TO @ ClmQuT WP 5007 BIT 1

— 3519 HOMINAL PLATEN ADJUST EHABLE/INMIBIT § & RETURN
- JHP 5033 817 1

4163 NOMINAL PLATEN ADJUST ERABLE/INMIBIT & B FEED™
3520 ROMINAL PLATEN ADJUST ENABLE/INMIBIT 5 B RETURN

* A: PRIMARY MODE FEED
B: BACKUP MODE FEED

Figure 3.9-32. Nominal Platen Adjust Enable/Inhibit and Mode Select
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9.8,2.3.9 9 and 5 SRC Enable/Inhibit/Disable. Two latching relavs with

BiF-008~- W-C-0188472-R1-80

contacts in series comprise the circuit for each subsystem (9 and 5). Both
relays must be set for the SRC to be enabled {see Figure 3.9-34). One relay
{the enable/inhibit relay) is set by the firm drive ON command and reset by
the film drive OFF command.* The second relay is reset {(opened) by the SRC
DISABLE command, to prevent SRC operation with film drive ON/OFF commands, and

is set by the operational power ON command.

Within the CEA unit, the data track and interframe marker circuits are powered
through the SRC power switch., Therefore, these functions will be lost whenever

the SRC is inhibited or disabled.

9,8.2.3.10 9 and 5 S1it Enable/Inhibit/Select. The 9 and 5 commands are
processed identically as shown in Figure 3.9-35. Separate outputs are provided
for sach side of the redundant variable exposure mechanism control electronics

in the associated CEA., Selection circuitry follows the basic concept illustrated

in Figure 3.9-21. The 14V WORD implicit bit which turns off both the 9 and 5

slit drives, also inhibits both the 9 and 5 take-ups.

9.8.2.3.11 9 and 5 8lit Bits 1-4. The 9 and 5 slit bit logic circuits shown

in Figures 3.9-36 and 3.9-37, vespectively, are identical. Separate outputs

are provided following the circuit concept of Figure 3.9-20 for each side (A & B)
of the variable exposure mechanism control circuit in each camera electronics

assembly.

9.8.2.3.12 9/5 Take-Up Enable/Inhibit. The 9 and 5 take-up drives are enabled
and inhibited together. The inhibit is controlled by the implicit bit of the
ECS 14V WORD, which inhibits the drives each time 2 14V WORD is executed. The

enable is controlled by normal stored program commands.,

*0 AND 5 RUNOUT ON will not enable the 9 and 5 SRC circuits.
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Figure 3.9-34. SRC, Data Tracks, and I/F Marker Enable/Inhibit/Disable

3.9-60
gandle via BYEMAN
TOP CRET G Contrpl Bystem Only

Approved for Release: 2017/02/14 C05097359




T0 RET .G

. Approved for Release: 2017/02/14 C05097359

Bl F-008~ W-C-019842-R1-80

TR RO T C YN W .
: :
e » ;
LT L L T ——— S .1 1
: 5 I # E # 3
3 s =
F4E BT 0 SISt TRIRED o | ] E
1 i
i
KLB 5 AT & SLAEE IR w é
[ § P T S E LR, bt
$UP'§ BT ST SRR s —,
L
3 BEiE BT BRIRE PRALEs IR § B ey
4546 % BIF 4 Mgt BN S —— - E masessansseeny

B i ST BPE, w0 SEG iR
Shand, mes L

R iR

W pL et 4 b Al

o-6'¢

B R R I Ee s s i

i
b, o Bk

B . E Y o =

!.....——— T e T TG ST T TR SO SRR R e i e, W S o o g

£ % it = UUUURURIUTII. S—.
E i

18 % 5 £amakaR, LT SUSNSUSUSUSRUETNIE. S 1
{ |

D S
; {

E ANk TR SIRRY

§ i

T  —
H i
¢
] i
O |

Figure 3.9-35. 8

Handle wia BYEMAM
Lontrol System Only

Approved for Release: 2017/02/14 C05097359

AT BT T BN R Melatt b &

FE LRI TRREET B TR

¥ e sElt B W

08 BL3T BRENE PHERLEL BRAIE & £ SRR

and 5 511t Drive Enable/Inhibit/Select

10 ECRET ©



Approved for Release: 2017/02/14 C05097359

ECRET G

BiFe00B~ W-U-019842-RI-80

P

BT % T B Bh IR, BT 3500 iy
} | ” it

. | ,

BNEE VTR 1 B SESI, T mas ¢ P I e R S i

i
i P

g

5
* : RS EEEREN
e,
- "
WY BT 1

BUHE R SLEY BT FeD SLUBE EOVIZE, BT Med) BT AT R0 08 B1T § 1R

} k 3 1. S—— o
FU5E 9 BLIT BIT bR 0S80 DEVDRRE, BYY HGY ; e
- S527 SLIT COMUEND § B BATS o4 EDMHDI

S14E GNP BIY B TRNAIRE, WY 00

BE3E BLTT UMD % 4 8TY 2

SIF B BT ALY B DBRNL, BT W)

; L O

BLEE B RLT BT Rap RWEIRE, BYY BB

HEBR BLIY DOMMEE ¢ 3 1T 2

FEHE B BT BT b MRS B e

BH5% RIT BIT Bed DRNDETE, ET BT mee S0 GEET CUMMANE B & 51T 3 .

SUF B BT B B OHIIYE, BIT HESE Do

1 8% 3

HeP B B17 g

i CIRHLT HERIOR ;
BERGF BLAT BT LB Ddvnyry, Ee abemy Ry REHE SLIT COMMERDR 3 % BYT 3
A2 F WYY BIY B 19WDITR, WIV 323 S
S123 B BLTT DY Ao PMSED DEMIEUT, IV BB 1) e RERY CMIT LIBGN T 4 BIT 4 INGR)
BIZE.9 BLATOHUY 401 DR daMBREE, BIF E
1
. 1Y 4

e snm 817 4

T A WIT COMRESDS B BIT A IMnkY .

EER R T 8 TR R R —

A6 4 BT BT 4D (el N

B, BET EBaB oo

Figure 3.9-36. 9 8lit Bits 1-4 .

3.9-62 .

Handie via BYEMAN
TO ECRET G Control System Only

Approved for Release: 2017/02/14 C05097359



Approved for Release: 2017/02/14 C05097359

10 RET _ G
BI F-008- W-C-019842-RI-80

1y
SHEE 5 BT BEY SO SR TR, BIT 113 M—\é ™, . ﬁ,ﬂm ......... T T TTR R
SINN B NPT WYY PR SRAED DOEIAN, S2F 3R LI f A E“M“ ot
# | . Hat ST COMMAND 5 OB BLTA B2 2ieem
Y “‘«1.»_“
% BRI BIT 4
. A
A
- T S .
— A6F UONT COMMERD S ¥ BIT 1
FEHE B ST BET Lol AUED MVERSE, BT B e N
§ 5 n - 3
. i
4130 % MTT ST L0 (LB} {RuniER, S17 mm%
” A% SLIT TDIMAND & g BITS Boh Comm
BYI3 % TLPT BIT D3 LANOEEE, BIV B liecc HTE BT AL S B BT 7
BIAE B BT BT B PWIER. BT DE3Ee
s B F
: e 80T BIT 2
! SURESIT TERWTION :
wWwoEt i L
A % R B Pen IOl BT BBND HEES LT SO 6 B ORRY F
G B SLET BT B IR, BRI BRSeeeed e -
SRR AT OAET Bl fAENRER, BAY 5043 SEPL AT KpMEsD N 50T X
Sss 5 a3t g1 a1 {dupled, BT B 1
[
! op S50 BT 2
v LR im!m '
th B L . ¥
SO B SET BIT BeB TREIEAE, EET 35e0) e SEER MIT LD % BBIT
AI0 5 BLTT BIY BN (E¥RSE, 81 170} sl
#4814 BLEY SIT 4.1 (%B) [awiEeR, SIT D s BESE SLET LIMBAND % B BTY 4
ST % QI BIY AT (HBHY RVGISE, HIT 3BT}
z BT e N BIT 4
LIAREET. OENTIERL '
o wg 1w o o et
SEF % m Y RIT o0 DMSY BmmEeR, B0Y i Lo EE30 BLIT COMMEND £ B BIT 4
Bi6d % MIT BT A (WEY [WEIE, BT SRSl s

Figure 3.8-37. 5 S8lit Bits 1-4

Handle via BYEMAN
G fontrol System Only

s

Approved for Release: 2017/02/14 C05097359



Approved for Release: 2017/02/14 C05097359

TOP RET LS.
BIF-008~ W0 019847-R1-§0

Separate outputs are provided for the 9 and 5 take-ups as shown in Figure
3.9-38, The inhibit override in éfach subdystem fo? lodper-full or low-tension

conditions ig located in the film subsystem control unit (Filw fundling eles.

tronics (5), Film control selectronics {93y, For additioral detail on these

units, Pefer to Part 3, Seetion 2,

9.8,2.3.13% Heater Power On/Off. Processing cirouitery is the same for all

Optical isolater/driver cirruits provide pulsed outputs to the PM and € which
turn the given heater clrcuit power on or of f.  The output pulse also operates

& latching relay within the {F for instrumentation.

foth FCS and MCS commands ave available to control the heaters. Redundant BCS
commands switch all heater branches on, imcluding EPSM 1 and EPSM 2, and also

turn the § parking brake povwer on,  Separate ECS commands are used to switch

each branch off individualiv., Three bits of the MCS warvisble commnd MEVDO2VZ

gontrol the on/off state of Ceftain branches. Bit 25 controls hranches 1, 2,
4, 5, 6 and the 5 parking brake power. Bits 36 and 37 control EPSM 1 and BPSM 2

respettively.

9.8,2,3.14 5 Parking Breke Un/0ff. The § parking brake wircuit is identical to
the circults used to operate the heater branches., An optical isolatoer/driver
provides a pulsed output o the PM and € to switch the 5 parking brake power on
or off {see Figure 3.%-40) . A latching relsy in the OGP is alse controlled by

this pulse, and is used to generate the command receipt instrumentation signal.

Lockout eircuitey for the § parking brake is lodated in the 5 supply assembly.
The B operational power actuates a non lstching relay in the supply which dis

ables the parking brake [refer to the 5 £ilm handling subsysten logic disgram

in Part 3, Section 21. {mce asctwated, the velay 1s not releassed until both

5 OF and 5 parking brike powsry are off,

pandle wvia BYEMAH
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10 SLIT ERABLE/INHIBIT LOBIC
4034 975 SLIT OFF, /5 TAKEUP INMIBIT I

{14v4, IPLICITY
& 5 1
_Mwwm“\L.m___M-QSQQ 9 TAKEUP INHIBIT

€35 975 SLIT OFF, 9/5 TAKEUP INHIBIT LA
. ¢
) ¢ 3549 9 TAKEUP EWABLE/INWIBIT RETURN
j:::ijj}_-q--—-asaﬁ 9 TAKEUP ENABLE
IMP 5033 BIT 4
Eat st
o]
1
2
£
4291 9 AND § TAKEUP ENABLE mauﬁaaw? '
%_T‘\\ . -
MJMM—‘ ] ——-MT}—————~——v¢szs 5 TAKEUP ENABLE/INHIBIT FEED
3293 9 AND 5 TAKEUP ENABLE (NO2653)- gﬂ -

3500 5 TAKEUP ENABLESINHIBIT RETURN

Figure 3.9-38. 9/5 Takeup Enable/Inhibit
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153 HEATER POWER AND B PARKING
BRAE . (#2661}

4158 WEATER POWER AND & PARKING
BRAKE OH: [HOTEGL)

:Z> rlz:/\ 4ERT & PARKING BRARE (K

L1B8 HEATER TOMER 7, 2, 4,5, 6
ARG 'S DARRTMG BRARE DR
{MEVOGP, BIT 3810

IHP 5003 BIT 3

SR8 HEATER POMER 1, 2.4, 6, &

BNUYS: PARKING DRAKE OFF
[MRVOOP, BTT 35.0)
£
e
o
by i ) S f“l:; F 8688 5 PARVING BRAKE 0EF
4312 B PASKING BRAKE OFF (NOZBST}
8313 5 pARKING BEAKE DEF (01851
0 HEATER BRMICH
FONTROL LOBIC
PPTICAL TEOLATORYORIVER
Figure 3.9-40. 5 Parking Brake ON/OFF
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9.8.2.3,15 Crab Angle Bits. The four crab angle bits and the crab polarity
bit are processed as shown in Figure 3,9-41, The logic 1 input commands for

each bit and the crab polarity plus input commands are cross strapped ex-

ternal to the CP to facilitate testing of redundancy, Within the CP, redun-
dant channels are provided for each bit and the outputs logically combined,
Channel selection is determined by the CP SELECT commands according to the

basic servo mode switch circuit concept illustrated in Figure 3.9-22.

The circuits for crab angle bits 1 through 4 operate by connecting either the
logic 1 feed or logic 0 feed to the bit commen, The crab polarity circuit
operates similarly. However, the polarity common line is powered by a +4.7-
volt supply in the crab servo, and, in addition to controlling the polarity
state, resets the servo overload relay whenever the polarity is switched

(reference Part 3, Section 4).

9.8.2.%3.16 Stereo Serve Store/Execute Bits 1 and 2. Sterec angle command

bits from the 14V WORD are stored in the CP in parallel redundant relays
(Figure 3,9-42), Upon execution of the 13V WORD implicit bit (9/5 cameras
OFF, SRC inhibit, stereo execute), pulses are generated within the CP

which pass through the contacts of the "store" relays and into the "execute"

relays (the standard servo mode switch circuit of Figure 3.9-22), to trans-

fer the 14V WORD command bit information,

The selection relay in the execute section is controlled by the CP A SELECT/CP
B SELECT commands. The +4.7-volt level on the stereo angle bit 1 common

lead is generated in the stereo servo, Switching bit 1 will reset the over-

load relay in the servo if it has been tripped (reference Part 3, Section 4},

9.8.2.3,17 Viewport Door OPEN/CLOSE., The viewport door OPEN/CLOSE commands

are the only non pyrotechnic related commands which are not processed in the

CP, The command pulses pass through the CP and operate latching relays in

2.9-70
Bandie wia BYEMAN
T0 ECRET _G ontrol System Only
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4036 STERED ANGLE BIT 1-1 (MSB)_ L — -

{1av4, BIT 27-1) TR : i —_— ‘ — T

4038 STERED ANGLE BIT 1-1 {MSB)——rmmdonf o - 4528 STERED ANGLE BIT 1-1 {mMs®)

{14v4, 817 27.13

* CROSSTRAP EXTERMAL 10 CP
(SEE FIouRE 3.9-27)

** FOR LOGIC SEE FIGURES 3,9-23 (0P SELECT)
AND 3.9-28 {1mv2, mWPLICIT)

IHP 5045 BIT 1

ABOZ  STEREQ ANGLE BIT 1
COMHON +4,7 YOLTS

W

bt 8529 STERED ANGLE BIT 1-0 (MSB)

4037 STERED ANGLE BI7 1«0 {M5B)
{1ev4, BI7T 27.0)

; SR
4039 STEREQ ANGLE BIT 1.0 (Mss) : L__M;:>
{14¥4, BIT 27-0)

NP 5035 BIT

4048 STERED RNGLE BIT 2.7 [158) ” w -
STERED MGLE 8 ;} { 317 2 4531 STERED ANGLE BIT 2-1 {ius®)

4042 STERED BNBLE 217 21 {158)
{1av4, 817 28-1)

: P 5086 BIT 2
IMPLICIT FUNCTIONS® . :
{13v2, INPLICIT BIT) TCENTICAL T0 BIT 1
3503 STERED ANGLE BIT 2

LP B OSELECT®» LOMMON

CF & SELECT®*
4041 STERED ANGLE BIT 2-0 (L3B)
(14v4, 81T 28-0)

4043 STEREQ ANGLE BIT 2-0 {LSA) e
(144, BIT 28-0)

»»»»» 4532 STERED ANGLE BIT 2-0 (L58)

IMP B025 BIT 2

Figure 3.8-42, Stereo Angle Store/Execute
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the viewport door electronics uvnilt {reference Vart 3, Secvion 57%.

To prevent feedback to the BLS/MUS, the commands are diode decoupled in the CP.

The commands alse operate a single lateohing relay in the CF tTo monitor the reé-

ceipt of cemmanﬁ-pulses for telemetyy {see Figure 3,9-43).

G.B.2.3.18 DTY 1 and 2 ONJOFP.  Separate optical iselator/driver cireuits in

the CP provide pulsed ourputs to the PM ind C to turn DTU 1 on or off dnd DTY 2
oo or off. Lopic within the PM and U also turns on the instrumentation power
supplies whenever either DTU is on. Should both DIU's be commanded ON, the

M oand O lbgic will turn Both OFF, Poweér for oné will then turn on when thé
spposite ¥s turned off, This behavior will continue until both are commanded
FF to restore pormal pperation, For e logic diagram of the PM and € eirvculrn,

refey to Part 3, Section 7.

As sesn in Figure 3.9-44, an uwbilical command is also provided 2o turn hoth

BH's of £, This is the only umbilical compand which enters the P,

$.8.2,3,1% Foecus Electronics Power ONJOFF., The optiecal isolaror/driver c¢ir-
cuits shown in Figure 3.9-45 provide pulsed outpnts to the PM and € foous slec-
tronics and Si-PREG power switches. Focus electronics and S1-PRE power are
purned off by the MCE commands & OFF, § OFF, and 8/% OFF whivh also halt the

9/5 Fiim drives and turn off 9 and 5 operational power.

9.8.2.3,20 Focus Calibrate. The foous calibrate logic is shown in Figure 3.9-46.

The command Input pulses operate latching relayvs which control the foais cal-
ibrate levels in the focus detection subsystem by connecting or disconngcting
the outpnt and return lines, Ootput bit I (instrumentation bit A} controls the

Cal signal frequency, and bit 2 {instrumentation bit BY controls the amplitude,

Instrumentation bit A is an exception to the general CF design in that it will
bBe in a logic 1 stave whep the bitv 1 outpul snd return are not commected and

logic U when the two are comnnected.

Handle viz ﬁ?ﬁﬁﬁ?ﬂ-

(antrol System (nty
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4104 DOOR OPEN (4V0252, BIT 36-1)

4527 VIEWPORT DOOR OPEN

4105 DOOR OPEN (4V0152, BIT 36-1)
4619 VIEWPORT DOOR OPEN
— s 1 IMP 5035 BIT 2
R 0
4106 DOOR CLOSE (4V0252, Bit 36-0) =) N
4107 DOOR CLOSE (4V0152, BIT 36-0) — — 4530 VIEWPORT DOOR CLOSE

4108 DOOR CLOSE (MNOOL12T) ““———-—-ijMW
4620 VIEWPORT DOOR CLOBE

Figure 3.9-43. Viewport Door Open/Close
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Figure 3.9-44. DTU 1 and 2 ON/OFF .
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TH RI-PRE CHARLE/DITABLE

[4v0152, 817 3613

G057 VOLUS ELECTRONICS POMER OFF
(ay0z52, BIT 350}

4023 POCUS FLECTROMICS POWER OFF
(8Y0152, BIT 35.0)

A40D% B DFF {MNODIZZ)*

010 B7E OFF [MNDOTTE)

i

%//" "

AE2F FOLuS ELECTRINICS PhwEw 0N

HE 5002 BIT 2

Li~6"%

SH13 5 BFF {M0UIR8)®

* EOR LIGIC BEE FIpE 3.9-2B

Handie via BYEMAMN
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Figure 3.9-45. Focus Electronics Power ON/OFF
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A2OF FOCUL CALTRRETE W17 %Y

{awirsl, 231 eoyy
ATDB FOLUS OB TSRATE 617 5

[8v0Y52, BT 2i4)

L s 1P 5007 BIT 3

ARA POLUE CRLIRRATE BIT ) (iR

AL05 POOMS O THRAIE 837 1
{ANANSE, BIT M
ABKE FOCUS CALTHPATE B17
4306 FOTUS TEUIRRATE BIT Lo

[8v0iar, 817 38.0)

5 } Fom, ASAR EDIYY LELIBREYE D%
EEE L
| K WhLaLY

I OSTRIT 1

n
]
.
(sl
; ::1 } i’;r-k 4559 FOrus £ ALIBRATE DFF
}
feed
LY S00US CALIBRATE B1T 243
D, BT 30410
PV POCUS AL IRRATE BIT 2.1
(4vRTEE, BIT aPi
- : e shnd BT 8

BEATTOENE TALISRATE BYT FoLieMN

AP0 FOCUS CRLIRRATE BT 2.0
890252, #1Y 3700
ABBS POCU% CALTBEATE 81T 2
SEH0FOCUS URLYBRATE BIT A

(AW SR, S1Y 7]

4
TROGY-BR0 LA TRARTE O8F

P
L

URTICRL SILATORADRIVER

Figure 3.9-46, Focus Calibrate
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The optical isclators/drivers are employed in a simple decode circuit to turn focus
calibrate power off {(and also 81-PRG calibrate off) when both focus calibrate bits

are logic zeroes, and to turn focus calibrate power on in all other cases,

EAL design changes created a third focus calibrate bit; however, the (P was not
modified to provide this command. The CALIBRATION BIT 2 command to the focus sensor
is obtained from the second set of relay contacts of the 9 data track switching
relay in the camera. The 9 data tyack relay Is operated by the HIGH ALTITUDE/

LOW ALTITUDE SELECT commands,

9.8.2.3.21 B1-PRG Calibrate/Disable. BS1-PRG power is turned onm in the PM and € in
conjunction with the focus electronics power (reference Part 3, Section 7). Power
is turned off with FOCUS ELECTRONICS POWER OFF or by S81-PRG DISABLE, which turns
off only the 51-PRG power.

81-PRG CALIBRATE sets a latching relay for calibration which is reset by the focus

calibrate power off output pulse. A second relay operated in parallel provides

the instrumentation signal {see Figure 3.9-47).

9.8.2.3.22 Select High/Low Altitude. This command configures the PPS/DP EAC for
either high-altitude or low-altitude operation. The low-altitude PPS/DP EAC
configuration is the same as the pre-EAC configuration. When HIGH ALTITUDE SELECT
is commanded, the following changes take place in the PPS/DP EAC:

{(a) the FPLL film drives are set to the two high-~altitude
speed ranges. These speed ranges are one-fourth the
speed of the two low-altitude speed ranges.

(b} the four SRC position bits for both 9 and 5 are set
to the step 1 command and remain set in step 1 until
the LOW ALTITUDE BELECT command is received.

(¢} ‘the two data track LEDs are changed to two other LEDs
which provide smaller data track marks on the film.

{d} ‘the bandpass center frequency of the focus sensor
electronics is changed from 1990 Hz to 830 Hz.

3.9-79 wandle via BYEMAN
TO RET _gG Control System Only
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510 %) -PRG DISRALE

\4

4308 51-9H5 DISABLE
W74

{No17a4)
1 fHP 5074 BIT 8
4911 51-PAG DISABLE
IHpET44)

FOCHS ELECTRONICS POWER 08

4604 5198 RARGE SELECT

J

S308 S1-PR5 CALTBRATION ON
(HO1585)
s, 1
4310 51-PRG CALISRATION I
[%2645)

8607 S1-PED RANBE SELECT

l } S608 51-PRG CALIBRATION DM

2555 ST-PRE CALIBRATION ON/UFF COMMON

l I; SH08 E1-PRE DALTRRAT I8 DFF

1 THP 5007 BIT &

FOOUS CALTBRATE POMWER DEF*®

* FOR LOBLL BEE FIGURE 3.4-45

¥ FOR LDGIC SEE FIGURE % 946

[,
1

DT ICAL TSULATOR/DRIVER

Figure 3.9-47. 81-PRG Calibrate/Disable
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{e} the two focus sensor calibrate signals are changed
from 1000 Hz and 1600 Hz to 300 Hz and 850 Hz.
The Select-High/Low-Altitude commands are processed by relays and command driver

circuits within the CP to provide the following functions:

(1} open or close the S8RC 9 and 5 bits 1 - 4 common
lines to the 9 and 5 DREAS. The SRC bits 1 - 4 common
. lines are opened or closed by relay contacts in the
CP to provide the proper commands to the 9 and 5 DREAs.

{2} set or reset relays in the 9 and 5 FPLLEs which switch
film drive speed ranges. Command driver circuits in
the CP generate commands to the FPLLEs.

(3} set or reset relays in the 9 x 5 camera which switch
data lamps and provide a focus sensor calibration bit
3 command, Command driver circuits in the CP
generate commands to the camerd relays.

(4) set or reset relays in the focus sensor which change the
. pass frequencies of bandpass filters in the focus sensor.
Command driver circuits in the CP generate commands
to the focus sensor relays.

(5) indicate command status by switching +5 vdc to the D/A
converter for IMP 5379,

The logic diagrams describing the Select High/Low Altitude Commands are shown in

Figures 3.9-48 and 3.9-49.

9,8.2.3.23 Camera Automatic OFF Enable/Disable. The 9 and 5 camera automatic
. off circuits (Figure 3,9-50) function identically. Fach circult consists of three
relays and asseciated circultry which provide a FILM DRIVE OFF command to the
FPLLE if the normal CAMERA OFF command is not received. Inputs to the circuit
which are processed by the CAMERA AUTOMATIC GFF (CAQ) logic circuitry are:

{a) CAMERA ON command

{b} CAO ENABLE command
(¢} CAD DISABLE command

3.9-81 Handle via BYEMAN
TOP RET G Control System Only
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4485 FRLL 98 #iGH

I
S

4681 FPLL 58 mitH

4693 FPLL 58 HIBH

45695 FPLEL 5B HIGH

4697 FOCUS NORMAL

VA

v

:i:::)-—-mqaen FRLL SR Lo
—

7

S

:>——~—as9f2 FPLL 98 LON

L~

F«D——qm FRLL 24 LOW

N

F%mwz::}m—mﬁ FPLL 5B LON

4688 FOLUS MODIRY

Figure 3.9-48. High/Low Altitude Select FPLL Altitude
Range and Focus Normal/Modify
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v §
4319 HIGH ALTITSOL SELECT
{PO25TE) 3514
SRE 9
4320 LOW ALTITUDE zsxgc?_mj ¢
{POYT 7653 ORION
4321 LOW ALTITUDE SELECT ) ‘
{(Po2765)
E } 5 |
-
=T —
¥14
1 1 ! 3513
BB
COMMON
,......_....,._._...,.,,_,lg ¥ },

"' AT 351373514 IHDICATOR COMMON 18
CLOSED OR LO¥ ALTITUDE MADE,

4685 9 DATA SELECT HIGH

~\\x“““~ 701 5 DATA SELECT HigH

4700 5 DATA SELECT Liw
>

4321
hwhx““ﬂn 4702 5 DATA SELECT LOW

Figure 3.9-49, High/Low Altitude Select SRC
Common and Data Lamp Select
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SLE D— FPLLE OFF
L{p o}
K2
4324
NO1753 (4324) ) CAO ENABLE
NO2753 (4325)
201551 {4322}
PO256) (4323) ) CAD DIZA
MPOD046 (36020
5 SYSTEM
o T e e e e e e '**'1
4
| 14v4 BIT 26-1 (4003) e
‘ 14V4 BIT 26-1 (4004) ) i:: |
¥
L e

Figure 3.9-50. Camera Automatic Off Logic Diagram
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Supply Looper Full signal, and
Supply Looper Empty signal

The last two signals are provided by encoder switch closures in the film handling

system. The sequence of operations which will result in the CAO circuit commanding

the film drive off is as follows {(see Figure 3,9-50):

(1)

(2)

(3)

(4)

(5)

It should be noted that the 9 AND 5 RUNOUT ON command (MPOO046) disables the CAQ

circuits, permitting proper operation of the runout function.

9.9 Command Processor Instrumentation

film drive is initiated by a CAMERA ON (C+) command.
This command also resets CAQ relays K1 and KZ.

1f no CAMERA OFF (C-) command is received the supply
looper empty encoder switch will close, initiating

a take-up cycle of the film handling svstem. This
signal will not change the state of the CAQ logic
since relay K1 is still reset.

operation of the film handling system will cause the

supply looper full (SLF) encoder switch to close, termin-
ating the take-up cycle. This signal also sets CAO relay |
K1, resulting in a change in state of the CAO logic. |

if no C- command is received, the supply looper empty
(SLE) encoder switch will cleose again. If no C+ command
has been received since Kl was set (in step 3 above), the
SLE signal, with Kl in the set state, will cause relay

K2 to be set. This penerates the CAMERA AUTOMATIC OFF
command 1f the CAC circult is enabled.

normal operation of the film drive system returns with
the next O+ command, since the C+ command resets both
relays K1 and KZ.

All instrumentation in the P makes use of the standard circuit illustrated in

Figure 3.9-19.

multi-level output which represents the state of each input. A summary of the

command processor instrumentation points is presented in Table 3.9-4.

Each point accepts up to four discrete inputs and produces a single

3.9-85 #andle via BYEMAN
CRET _G Control System Only
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TABLE 3,0.4
COMMAND PROCESSOR TRNSTRIMENTATION

iMp Title Bescription Power

5000 9 811t Bits 1,2,%.4 Latching pelays tracking the command input rélays of w5/ 115 vic

the command processor monitor the receipt of commands

feom the satellite centrol section and feed either O.0v

ot 3.8y fo an dntegrated $ivculil DA convérter.  Four

relays and bre 4.-bit B/A cofiVerteyd fomm the IMP,  Out.

put ocoirs in sixteen disérete steps vanging from 0,25v

o 475y in 0,3y incromentss
(L8E) = & Sliv¢ Biv 1
& Bliv Biv ¢
5§15t Bit 3
G S1it Bit 4

Fit 1 {LER)
BEt 7
Bit 3
Bir 4

o 8

(MEB)

#

{MSP)

9u-8°g

5001 5 81ix Bits 1,7,%,4 Similar to IMP 000 +5/E15 vide

R R

Bit T (L8B) = § S1it Bit 1 {15B)
Bit 2 5 8liv Bit 2

it 3 = § $1it Biv 3
Bit 4 (MSE) = 5 S1it Bit 4 (MEB)

H I

i

3002 Lal On/0ff, FLP On/Off Similar to IMP S000v 45715 vdc
Cal Bix AJA, Cal Bit B/B
Cal On/OFF
FEP On/OEE
Cal Bit AJA (Command Bt 38,
Bit 1 im the Foops Electronics)
Bit 4 (MSB) = Cu} Bit B/B (Comand Bit 37,
Fit 2 in the Pocus Elestronitg)

Bit 1
Bit 2
Bit 3

(158l

O#

Hasdie via BYFMAK
Gomtro! System dnly
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5003

5004

5005

50006
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Title

Environmental Branches
1, 2, and 4, and 5
Parking Brake On/Off

Environmental Branch 5, 6
EPSM 1, EPSM 2 On/0ff

FPLLE Select Side A,
FPLLE Select Side B,
FPLLE Select Side A,
FPLLE Select Side B

LA ¥y I e o]

81it Enable/Inhibit
81it Select A/B,
81it Enable/Inhibit
S1it Select A/B

U W DD

5 Focus Drive Ensble/
Inhibit, 5 Minus/Stop,
5 Plus/Stop, S1-PRG
Cal On/Off
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TABLE 3.9-4 .

Similar

Bit 1
Bit 2
Bit 3
Bit 4

Similar

Bit 1
Bit 2
Bit 3
Bit 4

Similar
Bit
Bit
Bit
Bit

A B b

Similar

Bit 1
Bit .2
Bit 3
Bit 4

Similar

Bit 1
Bit 2
Bit 3
Bit 4

Pe. Power

to IM +5/+15

EY
ST S
=2, b
e T "-“‘zur et
#

- 3

En ST S ¢

(LSB)

(MSB)

i

to IMP 50060 +5/%15
(LSB)} Env., b - nobh 7 7
Env., braach - e
EPSM 1 On/Gf~
EPSM 2 On/0E

B on

i

(M5R)
to IMP 5000: +5/415

{LSE) 9 FPLIT "-"ect Sioe
9 FPLLE Select 5.

~ FP tect %o

B

(MS1 TRETT e o 2

i T CONA. . +5f115

o T
LT A I

(MSB} = .. . B
to IMP = ° - +5/+15

{LSE g - Fnable/Inbibit

{MSh 2V S 4

1 RET _G_
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P Title T B Power

5011 Crab Bits 1,7,3,4 Simitar to ¥ 7 w5/415 yde

BiE D [BSL - .-  1 o BE {13V WORD fit 27y
Biy 2 o g {13¢ WoRD #it 283
Bit 3 S {15V WORD Biv 29)
Bie 4 (b . S G - MSHO(LEBY WORD Bit 30

004 8 Poris Drive Brable/ Similay o 0 - w5415 vde
Inhibit, O Mihus/Stop,
9 PFrus/Stop, S1-PRE Bt i
Bisabic/Enahle #wir 2
Bit 3 S
Bit 4 (MSB) = Sib

{15 ;o Aasus wrive Bnable/Tnhibiz
EE % “, - E -_a»j_,};
e
oAby f ey

it e A

5027 FBS Bits 1,2,3%,4 Simiiar to IMP RO +54 %15 vde

Big
i
i3k
Bit

(s

LA e

(Mse

£

I8 FDS Bits 5,6,7,8 Fimfiar to IMF Ll PHRAEIE vde
Biy 1
Biv 2
ﬁfh.:?ﬁ- A
Biv &

[LEBY = FT 7,0 F

¥ TR

5025 $ Cameras ONJOFF, Similar o i +57215 vdy
B Camers ONJOFP,

G OP ONJOFF, pit 14 R

5 GOF QNJOEF Bit b

it
Bit

5

dw Lal B3 e
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TABLE 3.9-4 (CONT'D)
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Title Description Power
PCM 1 ONJOFF,* Similar to IMP 5000: +5/+15 vdc
PCM -2 ON/JOFF,
FDS Bits 9,10 Bit 1 (LSB) = PCM 1 ON/JOFF
Bit 2 = PCM 2 ON/OFF
Bit 3 = FD5 Bit 9
Bit 4 (MSB) = FDS Bit 10 (LSB)
9 NPA Prime/BU Similar to IMP 5000; the output ranges from 0.25v to +5/%15 vde
5 NPA Prime/BlU, 1.15v and from 2.65v to 3,55v in 0.3v increments
T/U Enable/Inhibit
Bit 1 (LSB) = 5 NPA Prime/BU
Bit 2 = 9 NPA Prime/BU
Bit 3 = No Connection
Bit 4 (MSB)} = T/U Enable/Inhibit
Stereo Drive Transfer Similar to IMP 5000: +5/%15 ydec

Bit 1,2, Viewport Door

Open/Close, Crab
Polarity +/-

Bit 1 (LSB)

]

Bit 27) (MSB)

2
¥

Bit

Bit 28) (LSB)

Bit
Bit

wou

L e

(MSB)

*PCM (pulse code modulation) is an unclassified term
for digital telemetry unit.

Handie via BYEMAN
Control System Only
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TABLE 3, 8.4 (CONT'D)

TMPp Title

3G 8 0P8 Countey Bits 1,2,%  Similar to JMP 50000 a counter circuit feeding the B/A #5315 vde
Spare converter increments at sach 9 Filsm drive OFF command
' that hes been preceded by a 9 film drive ON command
{145 WORE) -

Description Powar

Bit 1 (LS8} Ho Conhection

Bit 2 O OPS Counter Bag 1
Bit 3 9 OBS Counter Bit 2
Bit 4 (MSR} = 4 OPS Counrer Bit 3

5oHon

#

The circudt is u bingey coupter running from O to 7, resebt-
ing to U at the next pulse, and continuing., The IMP output
vanges from 0,28y to 4,48y dn 0.0y increments.

5037 5 OPS Counter Bits 1,7,3, Similsr to IMP 5036; counts rhe mumber of 5 film drive +5/418 wde
Spare ON/OFF command pairs:

a6-6°¢

Bir
81 t:
BiT
At

= No Lommeotion
= B OPS Counter Biv 1
{MSBY = 5 OPS Counter Bit 3

H4E Sreveo Bit 4 Stored, Similar to IMP 5000 #5215 vde
Sterpo Kit 2 Stored,
CP Selett A/E; Bit 1 {LSB} = Steres Bit 1 Stored {14V WORD Bit 27) (MSR)
FPLLE Speed Range Bit ¥ = Gtevee 81t 2 Stvored (14Y WOHD Pit 28) (L8}
High/Horme ] Bit 4 = (P Relect A/B
Bit 4 {¥MSBY = FPLLE Speed Range High/Nowmal

@

5047 Data Tracks and SRC, Similar to IMP 5000 %fﬁ 5 wile
9 Enghle/Tnhibit
9 Enable/Disable, Bit 1 Erable dnbibit
5 Enable/Inhibit, Bit 2 - § Enable/Disable
5 Enable/Pisuble Bit 3 = 5 Faable/inhibit
Bit 4 (MSB} = § Enable/Disable

{LSB) =

wy ts;*

¥

e

Handle wa BYLMAR
L Systey fnly
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Title Qaaarigtion
9 CAMERA AUTOMATIC OFF OFF}&QRMAL,V¥
5 CAMERA AUTOMATIC OFF OFF/NORMAL, { ¢ 0. 4o
CAMERA AUTOMATIC OFF ENABLEXDISABL%J

By
ALTITUDE SELECT HI/LOW IMP 5000
9 Camera Auto OFF/Normal Bit 1 (L&B)} =
5 Camera Auto OFF/Normal Bit ¢ s
Camera Auto OFF Enable/Disable Bit 3 =
Select High/Low Altitude it 4 (MSB) =

Approved for Release: 2017/02/14 C05097359
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Power

+5/%15 vde

4 Camera Auto OFF/Normal
g Camera Auto OFF/Normal
Camera Aute OFF Enable/Disable
Select High/Low Altitude

Wm e
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10.0 INSTRUMENTATION AND TELEMETRY

Instrumentation sensors throughout the vehicle monitor photographic payload
section/dual platen extended altitude capability (PPS/DP EAC) related functions,
This information is then processed through the telemetry subsystem and eventually
transmitted to the ground for analysis. Togethér, the instrumentation and
telemetry subsystems form the overall on-orbit monitoring system of the PPS/DP
EAC, and for some portions of this section; will be treated collectively rather

than described individually.

Components of the instrumentation subsystem include the instrumentation
sensors, the instrumentation power supplies, and the instrumentation
processor {IP). The telemetry subsystem includes slave DTU's* 1 and 2,
master DTU's A and B, tape recorders 1 and 2, the transmitters, and two
additional slave DTU's for the satellite control section (8C8). OFf these,
only slave DTU's 1 and 2 are contained within the PPS/DP EAC. All other com-

ponents of the telemetry subsystem are located in the 5C5. An additional
slave DTU, the RECAL** unit, which is used only for testing, is connected

external to the PPS/DP EAC, and is removed prior to launch.

Figures 3.10-1 and 3.10-2 describe the telemetry and instrumentation sub-
systems for the satellite. WNote that the major portion of Figure 3,.10-1
illustrates components of the telemetry subsystem which are not the re-
sponsibility of BIF-008. 1t is presented here for informational purposes

only. The output connectors on Figure 3.10-2 labeled test point (TSP)

* Digital Telemetry Unit
**Remote Electrical Checkout Via Adr Link

3.10-1
Handle wia BYEMAN
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(UHF Link) | External
1 te Vehicle
Coupler bt UHF Receiver External Sync
i and Timing — s RECAL
oty
= |
UMB , - o o o
Primary Link g 1 Receiver . 16 Command - *C‘f 2 B
Y (SGLS 1) Demodulator —am | Subsystem L) - TP
> Multi- :
R{i — coupler Coher Drive PRN MDTU A l PPSS/IﬁapvcfAC
S and Control 32/64 KBS e
: 1 Transmittor |2 — b
ransmitter [0
LB PWR and Basfeband - | *
Mon Unit i L Tane FI L | Data
- Rec%‘rder
- 756 KBS 1
) Playback |
Y Tape #2 |
g - = ST |
Mon #Z Transmitter
and Baseband [ Playback [
Unit > N | bata
RF Multi- - [ |
SW coupler 1Coher Drive MDTU B = Side #2
and Control PRN 32/64 KBS - || PPS/DP EAC
#2 Receiver | Slave
» Demodulat = oty
Redundant Link crbcutator 5 . 1 ta v {:ﬁ
UMB (SGLS 2) pp . z .
g,
NOTE: SCE slave DTU's not shown gi 4
UMB: Umbilical £
PRN: Pseudo random noise ‘1
KBS: Kilobits per second TIM Instrumentation
pps: Pulses per second Junction Box wg— Data
Figure 3.10-1. P8V Telemetry Subsystem
Handle wia BYEMAR
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215 wile 5 i Transdieer v
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s » 48 it . air1it
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i'm?m Gantry Test getierated in the 193
Condnls

RECAL DOU

Figure 3.10-2.
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and wnbilical monltoring peint (BIL) zllow hardline monitoring of most in-
struméntation points rather than snalviing the digitized output from the
DTU. These peints are used during testing both ar BIF-008 favilities and

at the launch pad,

1.1 Instrumentation

Within the PPS/DP BAC, the design pf all instrumentstion attempls to lgolate
the sensors from the functions they monitor. Ko single point failure mode
exists in the instrumentation subsystem that would affect the operation of
the vebicle. As an additional benefit, this isolation, through the use of
separate powedr supplies for instrumentation, and a separate Instrumantation

urdpoint ground In the IF, reduces electrical noise in the date signals.

The placenent of @ensors in the PPS/DP EAC follows the general puideline of

providing mexdinss deta veturn for day-to-day sonitoring, and for fallure

snalysis. In addition to tracking the operation of the various subsystens,
monitoring power dvein, vatey of movement, pto., several points have heen
gssigned to monirvor such PPE/SCS electrical interface requivements

as power levels end command veceipt.

A31 functions defined as oritical heve redundent instrumentatlon sensors
asstgiated with them. This not only achleves grester systeém rélisbility,
but also provides an additional measure of confidepce in the data received.

Where possible, redundant points are powered from separate supplies (45 or

+15 wolts) to prevent the fdilure of ong supply from ellminarving the mon~

itoring of a oritical function.

10.1.1  Tnstrumentation Signal Characteristics

PPS/DE  EAC instrumentation consists of both analeg and discrete monitors. Ana-

iog signals are those whose voltages are eoncoded by the DT at the Tevel of

3. 10-4

_ Handle via BYEMAH
TOR 5 RET G Control Fystem Onily
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input. Discrete signals are those included by the DTU as bilevel inputs
which are either in a high state (high input veoltage) or a low state (low

input voltage),

The voltage limits and impedance requirements for both analeg and discrete
points are controlled by the input requirements of the slave DTU. All in-
strumentation monitoring points (IMP's), either upon generation or through

additional processing in the IP, must meet these Tequirements as listed:

(1) Analog instrumentation:

a} Operating range 0 to 5.06 volts
b} Output resistance 0 to 10 K
¢} Shunt capacitance less than 2000 pf

or greater than 0.1 uf

(2) Discrete instrumentation:

a} Operating range -4 to +33 volts, as follows:
Logic O -4 to +1 volts
Logic 1 +3 to +33 volts

b} Output resistance 50 K@, or less

¢} Shunt capacitance Less than 2000 pf,

or greater than 0.1 uf
10.1.2 Test Points [(TSP's) and Umbilical Monitoring Points (BIL's]

Hardline monitoring of most instrumentation points is available at the test
connectors located on the IP and on the initiator electronics unit (IEUY,
These outputs are in parallel with the IMP outputs to the DTU, and are isolat-
ed by 27 KQ of series resistance in each line. The hardlines make it possible
to obtain constant readings of the vehicle sensors, avoiding the restrictions
of DTU sampling rates and analog-to-digital conversion of the signals. A
handful of selected points, including one special point measuring the con-

ditioned air inlet temperature at the launch pad, also have parallel hard-

3.10-5
Handle wia BYEMAN
T CRET G Control System Only
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Tine outputs {BIL's) through a vehiole wobllical connector, and can be

wonitored up to the time of taunch, Unlike other BIL POEInES the tem-

PErALUTE oS0y negr the wmbilical conditionsd air inlef has no corres-

ponding €1ight instrumentation ewtpur.

19.2 nwtrumentation Processor

The P provides conditiening of instrumentation signals as reéquired 10 meat
the input requirements of the DTU, and distributes these signals to the DTY,
and te the P hardiine test comnectors. The IP alsp generates g limited
nuiber of instrimentation points internally which et the DU dinpit Te-
gquirements and are distributed in the same fashion as other 1P instrumenta-
‘tion signals.  Net every instromentation point passes through the TP, Howe
ever, all #dnalog ih&tya%@nﬁatﬁan.%@iﬁts Are Poutéd thm&&gh tHe E?-prior o
input to the DU For diserete Instrumentation, only selected poimts pf

those initially genevsted in the IP have herdline TS8P outputs in the TP, Al

oithgr dizvretd instrumentaticon Is routed directly to the L
10.2.01 IP Mechanivsl

The 1P is illustrated in Figuve 3.10-3. The uwnit Is approximately 11 374Y x
2% ox &%, exblinding mounting feet, and welghs just under 15 pounds, Tt is
ipcated on the -Y side of the fiin supply enclosure attached to cails at
Stations 45,5 and 5806 (reference Part 3, Seotivn 3.  Components of the IP

Enediudd 17 odrvepit bésrd sdsembliss, tweo mddule gﬁﬁemﬁlﬁé3}-@h&-ﬁatc%é@afﬁ

agsembly, and 18 slectrical comnectors, & of which are internal. The bourd
and module assemblies ave assigned according to Table 3.00-1,  The pateh-

board 15 a vemovable subassembly that provides 5 flexible means to connéct

additional output signals, disconnect cubput signals, or veorder the ex-

isting oubput slgnal tises. This is aceomplished by remeving the patchbesed
and altering the point-to-point wiring betwesn the IP autput connectors and

thedr gssspciated internal comnnectors. Outbut comnector J2 is wived {0 inter-

3,806

. e gandle via BYEMAN
TOP , - fondrel Sysiem Gnly
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Figure 3.10-3. Instrumentation Processor
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FARLE 3.10-1
1P BOARD AND MODULE ASSEMBLIES

Assembly Description

AL, AZ, Ad, AL, AT, Each board assembly has twenty Foup-

Af, ALGO, ALY, AL, AZ6 F7 K% oresistors which provide iko-
Tavivn For the test and ombilical
pOints.

A3 Board Gontains clrouits for analog i
strumentation pointd LI86, 5188,
5208, gnd discrete ianstrumentation
points 5874, 85575, LER%, and 5580,

AB Board Contains cirenits for analog IMPts
5013, 5076, 5111, 5235, 5U36,

Al3 Board Contains eircuits £or amalog ITMP's
B11%, 5114, 5145,

A14 Rogrd Contalns buffer agplifiers for
anatoy IMP's 5089, 5110, 5150,

A1D Board IP anipoint ground,

417 Module Contains civeuits for discrete
peluts BETH, 5014,

ALS foard Cofrtaing résistors for termidating
the treguency phase luek loop elecw
tronies (FPLLE) enceder test signals
and spare capnoitors that may be uvsed
4n the event of electromagnetic
Cimterference (EMI) problems {none are
presently used) .

AZG Module” Contaits the circuliry for process-
ing analog peint 5375,

AR Paréhboard

A28 Board Contains buffer amplifiers for analog
pointy 5113, 5115, 5120, $155.

wardiz via BYEMAN

Lantrdt System Only
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nal connector P1, J3 to P2, and J4 to P3.

10,2.2 IP Blectrical

The IP electrical connections consist of the input, output, monitor and
test signals, power inputs (+5, *15, and 24.5 vdc), and the instrumentation

and power return lines.

The input signals to the IP originate at remote instrumentation transducers
and ¢ircuits on components and assemblies throughout the PPS/DP BAC and are
routed into the IP through comnmectors J6, J7, J8, and J9. There are two
classes of input signals, processed and unprocessed. Processed signals are
those that have been previeusly processed outside the IP to conform to the
IP putput signal requirements. Unprocessed sipgnals are those that require

processing within the IP to conform to the output signal requirements.

Preprocessed analog signals, analog signals processed in the IP, and analog

signals generated in the IP have the following output characteristics:

{1} Amplitude 0 to 5 vde
(2) Source impedance Resistance <10 KR
Capacitance - <1700 pf*

or »0.1 uf

The output signals pass through the patchboard and are brought out of the IP

through connectors J2, J3, and J4 which are routed directly to the DBTU.

*This figure is lower than the input capacitance requirement of the DTU (2000 pf)
to allow for cable capacitance between the IP and the DTU.

%.10-9
Handle via BYEMAN

TOP CRET & Contrel System Only
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The tiest signals, which ¢onsist of paraliel oUtputs of most instrumentation
sigrals, are brought out of the TP through comnsctors J10, Ji1, and J1Z.

These points are isolated from the instrumentation sutput sigoals with series

resistors,  The amplitude of thHe test signals dis efual to that of the in-
strumentation sigral. The source dimpedance 1s sgual to the sum of the

teolation resistor {27 K&) and the lmpedance of the Instrumentation signal.

The monitor signals (BIL's) are hardline outputs of selected instrumentation
wints dsolated by the same 27 KO resistors used to fsolate the assoviated
TGP, and brought out of the IP thidugh compedtor J1,  Ohe additional BIL
(8010} which has no corvesponding instrumentation ppint Is also processed

through the 1P,

Test connectors J10, J11, and J12 cerry several additional signals not
directiy associated with Instrumentation. Ingluded are encoder signals

from the ¥ and 5 feppuency phase Lovk loop platen drives snd odrvoalt cone

rinsity checks used during testing. These signals are representative of

the fest signals end testing provisions within the FRS/OP EAL components that
have been incorporated to menitor the performance of hardware during

vardious levels of assesbly.

-0
and mailn power teturns through conpector J1. Compector Jb carries wein

The IP receives madin power {24.% o}, instromentation powser (5, 215 wde},

power, 150volt instrumentation powsr, and the miin and instrigentation

powsr rveturns Ffor the DU,

T control noise on the instrumentation lines, and to isclars instrumsntation
cirenits from the functions they monitor, the main power angd instrumentabion
power Tébturny are separatéed., Mest dnStiumentation returns from arbas of the
ppE/DP BAL are electrically connected at a single point within the IP to fornm

the InStramentation unipoint ground {(Figure 3.310-4) which in turn is oo

Mandie wid BYEMAN
Tontral Byaten dnly
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PMEC 1P
#5-volt Return | Instrumen-
Regulator tation
Returns for
i ail Units,
E I
+15-Valt Return | ﬁxc%udlng
Converter ‘ PMEC Cur-
rent Mon-
itors
DTy
C Instrumentation
Heturn

current-
Sense
Resistors

fain Power
Return

e A e N U S— N S S .
Bus Main Power /;7
Returns UPG

UPG: Unipoint Ground
AHM: Ampere-Hour Meter

Figure 3.10-4. Instrumentation Unipoint Ground
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e

in the power monitor and contrel (PM and €Y enit. {(Reference Paxt 3,

Section 7.)F

10.8,2.1 TP Processing and Geperating Cirveuitry. The majority of analoeg
instrumentation signals are preprocessed before entering the IF and are

carried through the 1P a5 illustrated in Figoee 3, 10-5. OF the vemaining

analog points, three are generated in the IP, and 16 are processed (not

gounting BIL BO0LU which has no corresponding MR,

For discrete instrumentation, all points, exvept those originating in the 1¥,
are vovted directliy vo the DTV In decopdance with Figure 3.10-6. Unlike
angiog points, net il discrets %nsﬁfumentaﬁiaﬁﬁppiﬁts in the IP have corrs-

sponding test outputs, and there are no discrete umbilical outputs.

Table 3.10-2 presents a listing of the discrete and analog points either
processed or gensrated in the TP and also lists the PPS/DP BAC umbilical men-

itars.  The cirouit dasigna@ﬁomS-oﬁ Yable %.10-2 refer to Filgures S P
through 3.10-17 which ave siwplified schesatics of the instrumentation and

wnbd Lical point 1P ciyculitry.

1003 PRPS/DP BAC Slave Digital Telemetry Unit

The PPS/DP BAU slave DTU is & dats processing unit that consists of two re-
dundant halves in a single sssembly. Each half Is fully Independent except

for shared instrugentation input Tings. In opgratiocn, the DT interfddes

Fourrent monitor insirumentation in the PM oand O i3 connected directly to the
unreguliated power unlipoint ground.

E,10-1%
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1P
Inputs I

(J5, J6, J7, J8, @ F AV o\ — rﬂardline Test Points
or J9) 310, J11, or Jl12

J14, J15, or Jl6
P1,! P2, or P3

g1-0i’g
i

Outputs to DTU
(32, 33, or J4)

|

|

|

!

Patchboard [
- o e Rt e i preosi e o .____g

;T""""

Figure 3.10-5. Typical Preprocessed Analog Signal IP Circuit
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PPS/DP EAC

Origin
Unit

ip

i DT

Figure 3.10-6. Typical Signal Routine for Non-IP Generated Discrete IMP's
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TABLE 3.10-2
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IP PROCESSED OR GENERATED INSTRUMENTATION AND UMBILICAL POINTS

TOP SECRET _G

IMP TITLE

5013 Temperature, Primary Film
Supply

5076 Temperature, Secondary Film
Supply

5099 Temperature, Stereo Mirror

5110 Temperature, Corrector, Camera
Spacer

sl Temperature V.P. Door Inside
Insulation, -Y

5112 Tempersture Lens Tube Pwd, Station
(STA) 175, 279 degrees

5113 Temperature, Lens Tube Aft,
STA 244, 5 degrees

5114 Temperature V.P. Door, Inside
Insulation, +Y

5115 Temperature, Lens Tube Pwd,
STA 175, 99 degrees

5120 Temperature, Insulation Inner

STA 108, 7 degrees

Handle via BYEMAR
fonirol System Only
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TYPE

Processed

Y

Processed

CORRESPONDING BIL

8012

8006

2007

8O0

CIRCUIT
{FIGURE NO.3

3.10-7
3.10-7

5.10-8

3.10-8
2.10-9
3.10-8
A.10-8
3.10-10
3,30-8

3,10-8
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Mp

5145

5150

5155

5196
2198
5200

5235

5236

5375

5574

5575

TITLE

Temperature, Primary Mirror 2

(-Y)

Temperature, Primary Mirror 1

(+Y)

Temperature, Insulation
Inner, 8TA 244, 186 degrees

+15 wdc Supply
+5 ydo Supply
~-15 wdo Supply

Temperature, SRV 1 Film T/U
Assembly

Temperature, SRV 2 Film T/U
Assembly

Differential Temperature, Stereo
Mirror Lower

Temperature, Inlet Air
Spinoff Disconnect 1

Spinoff Disconnect 2

dandle via BYEMAN
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TABLE 3.10-2 (CONT'D)

TYP%( CORRESPONDING BIL
Processed B008
Processed BOOL
Processed -
Generated -
Generated -
Generated -
Processed -

BOO0
g0i0
Processed -
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TABLE 3.10-2 {(CONT'D)

CIRCULIT
IMP TITLE TYPE CORRESPONDING BIL {FIGURE N0 .3
5576 Avm/Continuity, 1 Processed - 3.10-15
5589 DTU 1 On/Off - 3.10-16
5590 BTU 2 On/Off - 3.10-16
5614 Arm/Continuity, 2 Processed - 3.10-15
h
—
o
¥
b
Handle via BYEMAN
Control System Only TOP |
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P
+15 vde e e s et i
A F‘ }
EE
gl S i
30.8 KO o | B
* oEr»a l
[o]
L
I l
-
4 @ \— To DTU
J% or J4
4 | [
L Patchboard 1
. J7 or
= J8
‘:& §
L ]
Test Point
(Thermistor) R 29.2 K& AVAVAY est Poin
T 27 X9
. J10

For IMP description leecations,
reference Appendix G.

Figure 3.10-7. Typical Processing Circuit: IMP's 5013, 5076, 5235, 5236
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P
2 e Umbi1ical®
{IMP's 5099, 5110,
J1 and 5150 only)
+15 vdC e 27 KO
e TEST Point
B : J10 or J12
80.5 K > ! .
e L0 DTH
@
o ! J2, J5, or J4
o
Lk Fy ]
. | v 5
= vde bR i
1 kH .QE
© P
- I A
Sla o8
w* "
i Fet b g i
— Pog B
£ IMP 5099 = BIL 8012 For IMP description locations,
IMP 5110 = BIL 8006 reference Appendix G.
IMP 5150 = BIL 8001
*% Rl 5 K for IMP's 5110 and 5150

B

Rl 4995 for all others

Figure 3.10-8. Typical Processing Circuitry: IMP's 5099, 5110, 5113, 5115,
5120, 5150, 5155
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Ip
+15 wvde
&
o [
25 K$2 5 | |
< 1© |
=i
M =" |
£ & T T
Jo or J7 f J2 or J3
!
L __ _ Patehboard = |
RT AV A A i Test Point
27 K
(Thermistor)
J10
. - Umbilical
= (5112 and 5145
71 only)
For JMP description
locations, reference
NOTE: Appendix G.
IMP 5112 = BIL BOQ7
IMP 5145 = BIL 8008

Figure 3.10-9. Typical IP Processing Circuits: IMP's 5111, 3112, and 5145
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{Thermistor)

+5 vedo
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ip ?ml - T
; :
155 i
v-iif"d
i B
@ o — | P———— | o To OTU
J7 i | J3
I
L. Patehboard i
6.8 K& e
ANV Test Point
R? 27 K8
J10
e _— fe Umbii lical Point
002
J1

For IMP description
locations, reference
Appendix G.

Figure 3.10-10. IMP 5114 Processing Clrcuit
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i3
+15 vdo.
i 4.5 Kﬂg 3 K&
E‘”‘”“—Mwmmm““ﬂ
i
91 !
2.1 KQ A }
‘ e | e L To DTU
! Patchboard ! J3
. 7500 b e e e e e 1
Lt
s
g
{ £
(3]
- AN N . Test Point
27 Ko
Ji1

For IMP description,
reference Table 3.10-10.

Figure 3.10-11. IMP 5196 Generating Circuit
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IMP 5200
P
+5 v
7508 ﬁ; {
< 2
by fh
e T3 DTU
| patchboara 7
3 KD
Test Point
-15 vde — 27 ka =
For IMP descriptions,
reference
IMP 5198 Table %.10-10.
P
+5 vde..
-
E ]
7500 § 0 % |
gy |
.___._—.__ b Ty DTU
!
E E J3
3 K E§ B Patchboard |
. e AAN e T8t Point
27 kK&
J11

Figure 3.10-12. Generating Circuit: IMP's 5198 and 5200
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IMP 5574
P
+5 vde
45 K@
Cable W322 Rl R 5
AA [ AA 5§
. To DTU
BB | BB 5B
51 8 5D & b/0 J6
P/0 J6
Spinoff Disconnect 17
IMP 5575
+5 vde ip
s
o
By
=
@ 45 K0
e
ci
e FIF 5H - To DTU
EE 36
. . P/O J6
Spinoff Disconnect 2** -
* Activated by SRV 1 SEPARATE command For IMP description
#* Activated by SPINOFF DISCONNECT 2 location, reference
comnand Appendix G

Figure 3.10~-14. 1IP Processing Circuits: IMP's 5574 and 5575
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Ip +15 vde

7.5 K&

T
.

| |

A

Safe, Test, or Arm Plugs**

!
!
. .

e
|
t’

‘n Continuity Loop e

Direct Access

9Z-01"

Test Point

NOTE: IMP 5570 passes

through 13 plugs,
IMP 5614 through
12 plugs.

* Reference Part 3,
Section 7

*% Pach safe or test
plug places 3 K
in series with the

B/OJ1 !

0.1 uf ::

To OTU

e ANN~ P/0 J1
27 KD

J11 47 KQ

J— For IMP description
locations, reference
Appendix G.

loop. Each arm plug
provides a continuous

connection.

Figure 3.10~15. Typical IP Processing Circuit: IMP's 5576 and 5614
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i
24.5 vde |
| 2 vee e . 24.5 vde DTU
DTU Power | e : Power
T E
J1 ; J5
|
| 270 Kn
b A A, & e 10 DT
J6
54 K Eg . 1@5T Point
27 Ki
Jil

For IMP description
locations, reference
Appendix ©.

Figure 3.10-16. Typical IP Processing Circuit: IMP's 5580 and 5500
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8010
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B +15 wvde
A
ES 37 Ka
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Figure 3.10~-17.
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with the master digital telemetry unit (MDTH) through separate address and

reply lines (party lines), and formats analog and discrete data from the vehi-

cle instrumentation based on party line address information. When an address
that defines a unique analog data channel in the PPS/DP EAC slave DTU is received,
the analog signal on that channel is sampled and input to an analog-to-digital
(A/D) converter for digitizing. The digitized data is then formatted for out-

put on the party reply line. Similarly, for discrete addresses, discrete data*

is input to a level decision comparator, and then formatted into party reply

line data. Figure 3.10-18 illustrates the DTU/MDTU interface.

5C8
DCA*
L RCA

spe

|
|
E
|
|
| Side 1
To Tape Recorders } <i?::f-
|
|
|

PPS/DP EAC

MDTH A

DTU

Inst.
o e —pata

and Transponder
(See Figure 3.10-1)

DCA o Side 2 K o

spe

DCA
spc

MbTU B

.

* Data Channel Address
** serial pulse code Teply

Figure 3.10-18., MDTU/DTU Interface

* A discrete data word consists of 8 separate instrumentation inputs, each
of which is digitized by the DTU and controls one bit (high or low) of the
B-bit reply signal,

3. 10-29
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10,30 UTU Assenbly

U slave units are composed of various conmbinations of twe basic bullding

blocks or slices: Cornverteyr units {(TU'%} and the multiplexer umits, which
cary be efithey anglog multiplexers [AMUts) op &iscréte-m&ftigiexe?ﬁ {DMiitsy, The
PPE/DP BAC slave consists of two Cl's, two AMUPs, and one DMU. Bach AMU

slite contadns redundsnt processing cirouits for 128 analopg inputs. The DM

is capable of processing 128 discrete inputs in 16 eight-bit werds through
ity redundant  circuits. This resulis 4n a maxdsmm capacity of 288 analog and
128 discrere inputs for the PPS/DP BAC slave.

ach half or side of the PPS/DP BAL sluve consiits of one QU and one of the two
redundant processing cireuits in esch multiplexer. Thus side L, oy DTU 1 a&s it
is more commonly referrsd to, consists of O AL and one half of each wulti-
plexer wnit [AMI's AS and Ab, and DMU A3). 8ide 2, or DTU 2, consists of CU A2

afd the vemaining half of gach mtitiplexer {see Figute 5, 10-197,

e

Figire 3.10-20 illustraves the DTU assewbly, showing the 3 individuzl units
and the external elescrrical Diterfate connectdys, The entire assenbly weighs

iess than fourtesn pounds, and is mounted to rails on the -Y side of the film

supply enclosure  (reference Part 3, Section 1) Figure 5.1-13.)

Within each DTH slice, slectrical components are supported on multilayer
printed civeuit boesrds bheld by retainers on ths housing. Rathey than direct

wiring, printed cirveidt Ysothey' boards are uséd to Inverionnect the component

boards snd external electrical plugs. Power and signals are carried betwsen
slices by electridal fonnectors on the housing sides. These comneciors are bot
veferented in the PPS/DP BAC as they are insccassible on an assembled DTU.

Figure 3.10-21 depicts a typieal AMU or DMU {they are essentially identical

mechanically) dnd Figure #.109-22 4 typical CU.
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Figure 3.10~19. DTU Organization
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Converter Unit

Digital Multiplexer Unit
Analog Multiplexer Unit
Analog Multiplexer Unit
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Figure 3.10-20, PPS/DP EAC Slave DTU
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Figure 35.10-21. Typical AMU and DMU Mechanical Construction
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Figure 3.10-22. Converter Unit Mechanical Construction
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10.3.2 Slave DTU Power Control

The telemetry system is designed such that eonly one half of each DTU in the
system and only one MDTU are powered at any given time. If, through some
failure, both halves of a slave DTU were powered simultaneously, each would

reply to a valid data channel address signal for that DTU and the resultant
interference between the reply signals at the MDTU would prevent accurate
telemetry readings. To avoid this situation in the PPS/DP EAC, the power switch-
es in the power monitor and control unit are interconnected as shown in

Figure 3.10-23. Power is supplied to one side of the DTU only if the opposite
side is off. 1If both sides are commanded ON, neither will receive power. How-
ever, a$ soon as one side is commanded OFF, power will again be provided to

the opposite side {reference Part 3, Section 7}.

+24.5 vde
b pry 1
DT 1 OQN#= 5 1 - ™, ::::i>__“‘P0wer*
OTU 1 OFF**.. ik 0 ’/
«\ 1ETU 2*
DTU 2 ON%* omer
s 1 o —
DTU 2 OFFF* ot g o] 24,5 vde
B
Instrumentation

Supply Regulators

*Fysing not shown and
**For CP command logic: Pressure Transducer®

Reference Part 3, Section 9,

Figure 3.10-23. DTU Power Control Logic

3.10-35
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The DTH switthés also contrpl power for the +5 and 15 vidc instrumentation
supply regulators, as well as the pressure transducer (IMP 5018). Power

is supplied to these whenever either DTU 1 or DTU 2 is on.

10.2.5  OTU Redundancy and Block Fanctions

As nrevicusly indicated {Section 10,3}, each half of the PPS/pp BAL DTU slave is

completely redumdant except for common data input comnectors, On the output

side {the MUTI/DTY interface), each DY half hes twe data channel address
(DCA) and two serial pulse vode reply {spe) cirouits. One set is connected
o MDTH A and the other to MOTY &, The cirouits ave designed such that
pither an electrical open or electrical shorv on gany DOA 0 spe eircuir in
one wide of the UTU will wot prevent operation of that side, using the

oppoesite st of BUA and spe clrenits {and, necesparily, the opposite MOTUY,

Internally, both sides of the DIU are powered from thelr assoclated power

sorwverters,  The common input dets channels are connugted bto eloptrieslly
independent sets off processing circuitry For sides 1 and 2 [input gates,
address decoders, A/D converters, etc.), and each of the two input getes for

a sinpgle date source has the siame DEA,

The various furetions of the DIV are divided between the twe basic types of
building blocks in such & way as to permit eayy intercomection of different
conbingtions of blocks. The €U contains a single power Supply unit and the

data circultry necessary to perform those tasks common to all processing:

(1) Powgyr supnly woit:
a1l DO-DC conversion
b}  Power switching

] Temperature dnstrumentation

5. 14-36
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{2} Data processing circuitry:
a) Address reply party line interfacing
b) Multiplexer interfacing (AMU or DMU)
¢}  A/D conversion

d) Data formatting

The multiplexer units decode the data channel address from the converter units
and sample the proper data channel. S8ince each multiplexer type handles a
different form of data (analog or digitall), the circuitry invelved is some-
what different. However, the basic purpose of either unit remains the same.
The following Sections describe each of the three blocks in greater detail,
beginning with the CU (Section 10.3.3.1} and followed by the AMU (Section 10,
%.3.2) and DMUJ {Bection 10.3,3.3).

10.3.3.1 Converter Unit. Figure 3.10-24 is a block diagram of the basic CU
which illustrates the signal flow during operation. Since the unit is fairly
complex, the major blocks will be.discussed individually to illustrate the

operations more clearly.

10.3.3.1.1 Power Supply. The power supply consists of a switching prerepgula-
tor with a magnetically coupled load-sensing circuit for line and load reg-
ulation and a transistor chopper circuit. The output voltages from the pri-
mary transformer (+12v, -12v, and +5v] are full wave rectified and filtered
{(C-L-C Pi filters) 1o produce the necessary operating voltages. A separate
series regulator generates -5 volts from the -12-volt filtered output. In
the event of a high current or overvoltage condition, a shutdown circult will
inhibit the chopper and preregulator. The inhibit is removed automatically
when the fault is cleared. The input power on/off control circuit and the
internal power monitor of the unit are not used as the PPS/DP EAC supplies
switched power to the DTU from the PM and C.

2.10-37
Handle via BYEMAN
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To conserve power, the DTU incorporates a gated powey scheme, Circuits rve-
ceiving gated power are on for only a portion of the total time the DTU is

powered, with the duty cycle dependent on the address/reply usage rate for

the BTU.

The +5-volt gated power is supplied each time an address is received that is
not a dead code {an address with bits Gl through G5% all logic zeros). Coin-
cident with this, a signal freom the converter unit turns on all +5-volt logie
in the multiplexer units. Unless an analog flag (AF) or discrete flag (DF)

is received from a multiplexer, signifying that the MDTU requires a reply from
that slice, the S-volt power will turn off after approximately 9 micro-
seconds and a signal from the converter unit will turn off all multiplexer

+5-volt supplies.

In the event a flag is received, the mutliplexer off signal from the CU
turns off all multiplexers except the one responding with a flag. The power
down command for the converter is inhibited for two-word times and the *12-
volt switches are activated for data processing and reply. If at the end

of two-word times a new potentially valid address 1is received, the switched
power remains on awaiting a flag from the multiplexers, and all +5-volt
multiplexer supplies are turned on. If no flag is received, the +5-volt

and #12-volt switches are disabled.

The following circuits ave those receiving gated power in the Cl:

{1} Timing generator:
a) Bit counter
b) Multiplexer (mux) timing

¢} A/D converter timing

*Group address bits: Reference Section 10.3.3.2

3.10-39
Handle via BYEMAN

0 RET _G Control System Only

——

Approved for Release: 2017/02/14 C05097359



B F-O08. W-L-019842-R1~80

[2)  Addfess register and buffers

{3y A/D converter [D/A converter; holding register; buffer-
hold comparator {BHOY ;. analog inpul switeh)

{4} KRZ formatter
{8} Reply wmodulator and cable driver

10.3.3.1.8 Address Recelver. The address receiver interfaces with the

BOA& parey Line and scguires dats end ¢lock informetion frol received

sddresses.

The channel address signal is a trilevel; amplitude-modulatéed simisoid with
o Ffundamental Frequency of 384 ¥Hz, The signal length 4s 12 bits {or 12
eyeles) with 1 bit for word synchronization, a 18-bitv channmel address code®,

and I-bit time for exscutisn.

A Binary zro is represented by lowelevel wmodulatios and s binundy one by

high-level modulation with respect to the ﬁa-sigﬁéi Tevel. For further in-

Voltawe levels fef~the-hiﬁ3ry valugs are not set at absolute levels, JIn-
stead, the system 4s reguired to msintain s minimum ratio between levels for
Winary one's and zevo's. Ih order to distinguish betwien the two, the address
recoiver establishes a reference voltage based on the ?&&%'iavai p¥ the in-
coming signal {the word synchryonization bit must be a binary one for this

reason) ahd then detedts binary values by comparison with the referénce. The

thyee basic oivsuwits of the address receiver which perform these Functiom are:

1y  The linédr gﬁplifier
(23 The peak devector

*ﬁrﬁgﬁsﬁﬁ&nﬁél code:  Reference Section 10.3.3.2

Hangie via BYEMAN
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(3) The "one's and "zero's" data comparators
Figure 3.10-25 is a block diagram of the address receiver.

Operation of the receiver is as follows: The DCA signal is transformer
coupled into a moise suppression network and routed to a linear amplifier
to boost the signal level. The amplified signal is then fed to the peak
detector to provide a dc reference voltage equal to the peak ac voltage.
The resistor divider networks at the output set the threshold voltages

for the one's data and zero's data comparators. The output of the one's
comparator provides a low-going pulse (or one's data)* each time a binary
one is received. The zero's comparator is set such that a low-going pulse

(or zero's data)* is provided each time a binary one or zero is received.

10.3.3.1.3 Timing Generator. The timing generator accepts the zero's data
signal from the address receiver and generates all the basic timing signals
for the DTU, locked in phase with the zero's data signal. The generator
circuit, Figure 3.10-26, consists of a phase lock loop (PLL), a four term
phase generator, a 384 KHz clock generator, a 12-bit counter, and timing

logic for the analog and discrete multiplexers.

The PLL derives a 1536 KHz (384 KHz - 4) clock signal from the address re-
ceiver's 384 KHz zero's clock. The 1536 KHz clock is phase locked to the

zero's clock and drives the phase generator.

The phase generator employs a 4-bit shift register clocked by the 1536 KHz
signal with an error correction loop to generate the four-phase terms. Thus,
each phase term (P1 through P4) corresponds to a specific quarter segment of

a bit time (see the timing diagram on Figure 3.10-26). Phases P3 and P4 are

*A bar over the signal descriptor indicates the signal is inverted: i.e., the
signal level drops when a pulse is output.

3.10-41
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¥
Channel e Ao Level
Address
SYNE - Blanklng
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Bit Pattern (L to R} 101100011011

Figure 3.10-25. Address Receiver Block Diagram
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used to drive the clogk clreudt, ensuring that the 384 Kiz clock sighal iz

synchronized to the incoming data.

The bit genevator is g 12-biY shift régister Clocked by the 384 Qi signul.
Bit 12 is Fed back to the dnput of the fivst state producing s contimuous
384 KHz pulse trais.

The timing logic is composed of several smaller civonits which use the bit
terms and phase terms to produce the olock signals for analog and dizeretre
multiplexer dperation., The SDD clock Conzists of seven pulses which clock
discrete data from -the DMU inte the copverter. The remaining euwtputs BLO,
RiG-P3, and BIOWPE are used in various ways within the AMU and DMU slices

and will be distuszed in following Sections.

10.5,5.1.4 Address Register. The address register which is shown in

Figure 3.10-87 reteives the channel asddress from the address deceiver 4nd

clocks it into o serial inpot shife register syne bit first., When the syno

logic power if there is & logic 1 in any position of stages AS through A4
which at this point contain address bits 61 throeugh 68, When the sync bit
reaches stage ALZ indicating that the channed address is fully loaded, the
A0-Bit functional address portion is parailel leaded inteo the storage reg-
istar and assoclated huffers {assuming +5.volt logic powsr was turned on),
and the serldl dnput register cleaved, The pbrallel addiess Infdrmation 1s

then presented o the multiplezer(s) for a Full-word time {(12-Bit times)

while a new code is being clocked into the serial address register.

To aid in pnderstanding the address register block diagram, Table 3.10.3

presents a 1ogic chart for the “Duerype’ flip-flops emploved, This type of

device is Lsed in several plices throughout the DITY and appears on meny of

the following hlock diagrams.

. Wardbe via BYEMAM
TOP SECER . fontral System nly

Approved for Release: 2017/02/14 C05097359



Approved for Release: 2017/02/14 C05097359

g M?P

GE-gTedse-0t 8

nasmd
81 v M
i SRS,

L
I

N 0T a5

]

CTd-118 19500 W5

o0

I T

L
I

[ Enﬂh

Il F%@

gt iaipiaia N iaiaiaince

g2 | W maine, oW, el wlielw aln

Qe~TH-TrEETI0-0M ~BO0~d 1

rasstiey sssappy

prentty sandtyg

SN, ST

e o gt o

Rjug wmshy (ogvon
HYWZAE ®in 2ipuey

SN
hlizt[ixﬁs LR 5,
B T
£ HIESI9AM RIS iix
Lot
HaLIsg ¥aka
wiked e E
Lo+ 0L FE W
=
=
4
b
T'Aﬁ% S
T4 i 1
i i e i ¥ R
YRISIOW SSBOR WIB 4
o AL
fae
(bt LT

!u..pg

Approved for Release: 2017/02/14 C05097359



Approved for Release: 2017/02/14 C05097359

TMET S

BiF-008- W-C-019842-RI-80

TABLE 3.10-3
D-TYPE FLIP-FLOP LOGIC TABLE

Function Table

Inputs Dutputs
v
Preset Clear Clock ' D Q | Q i
L H X X H L PR
H L *x X L H q
'S
L L X X I} H* | H* CLK
H H + HilH | L _
H H 4 LlL Q r
_ CLR
H H L X BN Qo

D-Type Flip-Flop

High level (steady state); L = Low level Symbol
(steady state)

i

£y
]

Irrelevant

+ = Transition from low to high level

Q, =The level of Q before the indicated input
conditions were established.

*This configuration is nonstable, It will not persist when preset
and clear inputs veturn to the inactive {(high) level.

3.10-47
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TO CRET & Control System Only

Approved for Release: 2017/02/14 C05097359




Approved for Release: 2017/02/14 C05097359

TOP WL REY G
B F-00B~ W-C-019842-RI-80

103,518 AU Converter. The AJD converter 1s an eight-hit successive
approxdimation digitizing circdit whidh accepts analog input signals from

the multipiexey units and produces eight-bit equivalent digital signals,

the least significant bir of which represents 0.02 volit., Binary codes
QQQGQQQG?
present either §.00 volt or an open circuit, and code 11111110, represents

and P111T111, are not permiited; code GGGGQG&&E is used to re-

eithey 5.06 volts or an overvoeltsge comdition,

The basic elements of the A/D converter {Figore 3.10-28) inciude:

{13} An amalog input switch

{2} A Buffer Hold Comparator (BHC)

{3} A holding register

(4% A digital-to-analog (IVA) converter

The analog inpat switeh is a solid-state switeh which ¢onnects either the

mlze amplitude modulated (PAM) signal (the andalog sample) or the U/A con-

verter comparison valtage to the BHO.

The BHC is used to sapple the analog veltage from the muiti§2exer'aﬁit and
to hold the sample accurately during the encode {digétizing}'yeria&. During

the digitizing oycle, the BHO acts as & voltage comparator.

The U/A converter provides a precision analog reference voltage te the BHO

for comparisen purpeses. The level of the reference voltage is determined

by the binery value of the holding register. The copponents of the converter
consist of 2 monolithic B/A converter and a current-to-valtage {(C/V) cone

verter.

A block didgram of the full A/D convelter ciroudt is shown in Figure 3.10-20

atong with the sample/fencode algorithm and a typical encoding example, The

N T -5 o
) Handie via BYEMAN
TP RET G Contral Gystenm Only

R
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Figure 3.10-28. Analog-to-Digital Converter - Basic Elements
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C1

Mux
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Return
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Sample

——0X¢

®

Code

N o—r

Al
v

//A

Binary Value

Encoding Sequence for a 3-Volt Sample

gg-01°¢

TG M TH OED W

3
2
3
3
2
3
2
2z
2

Encoder

Switch Qutput

Current Voltages Position Level
000 0 9.000 Sample -
530 0 <0.470 Encode 1
L 810 0 +0.810 BEncode 0
170 0 +0.170 Encode 0
850 0 -0.150 Encode 1
010 0 +0.010 Encode 0
830 0 ~-0.070 Encode i
B70 0 ~-0.030 Encode 1
L9580 G ~(.010 Encode 1

Holding

Register

Encoder Alogrithm

)
IF vV, - VI,Z <V, Encode"1"
IF v, - VI,B >V, Encode''0"
Where:
Vl . reépresents voltage

*" drop from

Dto®).

Figure 3,10-29. Analog-to-Digital Converter - Block Diagram, Sample/Encode Algorithm
and Encoding Example
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analog voltage to be sampled is connected to the input buffer amplifier of
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the BHC portion of the converter. This buffer exhibits extremely high in-
put impedance and near unity gain (AvtAG.QQQS} resulting in accurate sampl-
ing of the PAM signal. The output of the buffer amplifier is routed to one
side of the sample capacitor (C1) with the opposite side of the capacitor
tied to the inverting input of Al and to the output of Al through the sample
switch., During the capacitor charge period (approximately 10 microseconds),
the sample switch is closed, forcing Al into a unity gain mode and causing
€1 teo charge to a value virtually equal to the BHC input voltage. Any
common mode offset voltage will be ignored since the sample capacitor is
charged differentially and both the sample and D/A reference voltage, to

which the sample will be compared, will experience the same offset,

Once the sample has been acquired, the switch which forced unity gain is
opened and the code switch is closed, forcing Al into an open loop gain
mode for use as a comparator. At this time, the D/A precision voltage out-
put is presented to the BHC input. The first voltage level entering the
BHC is equivalent to half scale (5.060 = 2.53%). On the basis of the half-

2
scale voltage being greater or less than the charge on €1, the Al amplifier

correspondingly shows high or low (the error signal). This information is
presented to the holding register, and causes the holding register either
to retain the half-scale bit (binary 1) or reset the bit (binary 0). This
sequence is repeated for quarter scale*, eighth scale, etc., At the end of
the encode time (8 bits), the information stored in the holding register is

the digital equivalent of the unknown analog sample.

Timing of the comparison sequence is illustrated on the signal diagram in

Figure 3,10-28 for a sample of 2.560 volts. During the sample period, the

*Approximate quarter scale. Bit 2 adds 1.28 volts, Bit 3 adds 0.64 volt,etc.

3.10-51
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holding register is cleared (at bit-time B7) and the most significant bit
set to logic 1 (during bit-time B10)}. The output of the D/A converter be-
comes 2.530 volts for the start of the coding period, reflecting the state
of the holding register.

When the coding period begins, the error signal remains high which indicates
the sample exceeds 2.530 volts, and the first digital bit is retained (HI re-
mains low). The next most significant bit is set to logic 1 during bit-time
B12. The converter output becomes 3,810 volts and the error signal falls to
indicate the sample voltage is less than 3.810 veolts. Bit H2 {26] is reset

to zero during the remainder of bit-period B12. The process continues through

all eight bits with the final comparison made during bit-time B6.

10.3.3.1.6 NRZ Formatter. The non-return-to-zero [(NRZI) formatter (Figure
3.10-30) produces the NRZ and blanking signals which drive the reply modula-
tor., NRZ is an 8-bit data word which represents either the digitized analog
signal or an eight-bit discrete word. The NRZ signal is generated by accept-
ing BHC ervor sipgnals representing the digitized analog sample (most signi-
ficant bit (MSB) first), or DMU SDD signals (MSB bit first) and placing each

data bhit in the proper time frame.

Enabling of the appropriate data multiplexer channel to accept SDD or error
data is controlled by receipt of an analog or digital flag (AF or DF) which
sets one or the other of two flip-flops to logic 1. The flip-flop outputs
then enable the appropriate gate for data transmission through the data

multiplexer to produce the NRI signal.

The least significant bit (LSB) complement decision circuit decodes the NRZ
signal to detect a transition in the data reply. If no transition occurs and
an analog signal is being processed, the LSB is complemented to prevent an

all one's or all zero's reply.

3. 10-52
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Figure 3,10-30. NRZ Formatter
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The end result of prodesding by the formatter is the NRZ data signal and the

blank signal which enables the Teply modulator putput driver for transmission

10.3.3.1.7 Reply Modulator. The reply medulator modulates the 384 Kz

rlock with the NRZ and blank signals From the NRZ formatter. After filtering,
the reply is transmitted ovey two separalte perty lines, ine coanected to

MDTU A and the other to MDTU B,

Uperdtion of the reply médulator circultry is ilinstrated by the timing sig-
nals in Figure 3,10-31, The ua?iltare&.rﬁyiy-wavefarm is generated by mod-

ulating the 384 KHz clock with NBZ reply data. The amplitude of a modulated
Bit iz a Yone® or a "zero' depending on the NRZ bit driving the modulator st
that time, The reply waveform is then filtered to produce z bilevel simusoi-
dal waveform. This is then amplified and buffered by the cable driver ampli-

fier. Puring blanking and power off periods, & switch controllsd by thé

biank signal from the NRZ formatter opens the primary of the reply output
transformer.

in term of characteristics, the reply signal from the UTU siave is a trilevel,
amplitude-modolated sinmusoid at the Pundawental clock frequency of 384 ¥Hz.
The sigral lengih is 12+bit times with 1 hit for word synchronization, § bits
for the data code (MSBE first), and 3-bit times for execution. A bhinary zerp
is represented by low-level modulation and a binary ene by high-level mod-

ulation, As in the case of DCA signals, bhit levels arve devermined hy the

ratio between the low and high levels of the reply signal wather than ah-
solute voltages., Fdr forther information on signal charadteristics and Tim-

ing, refer to Ssction 10.4.2,

10.3.3.2 AMU Unit. The AMU provides redundant facilities {except for input
connections} for multiplexing 128 chanmels of 0-5-velt .analog information,
Each {Uf of the PPR/DP EAC DTU provides power to one of the redundant portioms,

sandle wvia BYEMAN
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resulting in independent channels for DTU 1 and DTU 2. The components for
one portion are mounted on a single board and include eight 16-channel sub-

multiplexers, a main multiplexer, and associated circuitry. Selection of a

single channel out of the submultiplexers is performed by the 10-bit data
channel address code, using three bits to select the AMU (or slice}, three
bits to select the submultiplexer, and four bits to designate a single

channel on the submultiplexer, In practice, this code is divided into two

5-bit segments referred to as group and channel. Figure 3.10-32 is a typi-
cal group-channel code showing the group-channel division and the standard

pinary-to-octal conversion,

{ Group ’{ Channel —l

- e

[ Group -
Binary (1 1o |11 {1 {1jolol1]o0 Ciiiifl
Oeral l 2 I 2 \ 2 5 ‘ 27 _228

Figure 3.10-32. Group-Channel Address Code
This method of referencing data codes is based on a previous DTU design and
remains the standard format although it no longer is indicative of the channel

selection procedure,

Figure 3.10-33 is a block diagram of one AMU slice. The slice receives power

and buffered channel address signals from the converter unit. If the address
is valid, an analog flag (AF) is returned to the CU, and the selected input
channel voltage signal is supplied to the A/D converter. The ciycuitry of

the AMU consists of the following:

{1y The group (slice} code detection circuit

(2} The submultiplexer decode circuit

3.10-56
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{3} The submultiplexers

447 The main multiplexer

{8} The ovebvoltage protection ¢lreuits
(6} The PAM "dump®

(71 The gusrd amplifier

(8} Power switching cizrcuitry

10.3.5,2.1  Grouy Code Detection, EBach AU iy assigned a predetersined group
code which is éstablished by harﬁwiring of & four-hit integrated civoult com-
parator. This code is conblnueusly compared with the three most significent
bits {61, G&, and 63} of the address s&ét from the (U, Upen successiul
comparison, a logic one signal (the AF 1s output to enable the submaltiploxer
docode ciroult (Section 10.3.3.2.2%).

Tifders, closes the PAM switch {for sample ontput), and is output for use

in the CUO.

10.3.3.2.72 Submultiplexer UDecode.  The next three QU address bterms (G4, 65,
ardl C1) are used by the submolvipléxer decode clicuit, when enéﬁze&; toe gan-
erate one of eight submulripleser enables, The selected enable activates the

appropriate submulciplexer through which data is to by acquired.

10.3.3.2.% Submnitiplexers, The submultiplexers ave T6-chamnnel integrated

cireuit analog signel multiplexers. Address bits €2 through €F ave fed in

pakallel th each submultiplexeér th select one out of the 16-channels. The
chip engble, which is controlied By the submultiplexer decode sigpal, must
e o logic one to seélect any of the chanpels, Table 3,10-4 summarizes the

group-charnel dddress dode selection of an analog fnput.

ELHO-BE
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TABLE 3.10-4
AMU ADDRESS RECOGNITION

61 G2 G3 | G4 G5 c1 } 2 C3 ca Cs
. E 5. # 5,

51ice Enable Submux Enable Bubmux Chamnel Code
Submux Submux
G4 G5 1 Enable c2 ¢y L4 Cs Channel

0 0 0 ENO 0 0 0 0 1

0 0 1 EN 1 0 0 0 1 2

0 1 0 EN 2 0 0 1 0 3

0 1 i EN 3 g 0 1 1 4

i g g EN 4 § 1 0 0 5

1 o 1 EN 5 a i b 1 6

1 1 0 EN & g 1 1 0 7

1 1 1 EN 7 0 1] 1 1 ]

1 0 g 0

1 0 ) 1 i0

1 ) 1 0 11

i 0 i 1 12

1 1 0 0 13

1 1 0 1 14

1 1 1 0 15

i 1 1 1 16

Handle via BYEMAR
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10.3.3.2.4 Main Multiplexer. The main multiplexer consists of twoe four-
channel analog switches that are used to isolate the eight 16-channel sub-
multiplexers. This isolation prevents a complete loss of data due to a de-
fective input channel and enchances the response time of the analog sample
line as a result of reduced capacitance loading. The switches are enabled
by the same output lines which enable the submultiplexers, connecting the

selected input to the main multiplexer output.

10.3.3.2.5 Overvoltage Protection. Each input analog channel is protected
from excessive voltage through the use of a 20 KO resistor, a low leakage

diode, and a zener diode clamp as shown in Figure 3.10-34,

Output to
e Submultiplexer

20 X8

gl{} ME2 -
—L- ' Hybrid Chip K i

—
. -

Input

o — —————- so—— — - " op——" -~

NOTE: Figure illustrates
1 of 16 identical
channels per chip.

Figure 3.10-34. ’Typical Overvoltage Protection Network

3.10-60
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Open channel encoding requirements are satisfied by a 10 MO pulldown re-
sistor on the input side of each 5.1 K@ input resistor. The resistors and
diodes are integrated into dual-in-line ceramic packages providing 16 inputs
per package. This protection network allows analog voltages in excess of 35
volts to be applied at the DTU analog inputs without damage to the submulti-

plexers.

10.3.3.2.6 PAM Dump. In order to satisfy the maximum feedback current re-
quirement and enhance the charge transfer time of the analog sample lines,

a dump of all submultiplexer and main multiplexer outputs is performed during
periods when no sampling activity is occurring. The dump signal, which lasts
approximately omne-bit time, disconnects the dump line from the output of the
buffer amplifier and connects it to -2 volts through a protective resistor.
This effectively removes any charge accumulated in the PAM lines prior to the
next sample period. After dumping, the ocutput of the buffer amplifier is re-
turned to the PAM and dump lines, If an AF is present during the dump period,
the dump is inhibited, and the output of the buffer amplifier remains connect-
ed to the dump line, guarding the capacitance of the dump diodes for the
sampling period. The sampling period lasts approximately 30 usec and consists
of a 20 usec line charge period following selection of an input channel and a
10 psec A/D converter sample period to charge a holding capacitor in the CU.
{Reference Section 10.3.3.1.5.)

10.3.3.2.7 Guard Amplifier. The capacitance of Metal Oxide Semiconductor
Field Effect Transistor (MOSFET)} devices on the analog lines degrades the
charge transfer characteristics of the AMU, For optimum performance, it is
necessary to "guard'" this capacitance by modulating the substrate voltage of
the main multiplexer. A guard amplifier contrelled by the PAM buffer amplifier

performs this task and effectively nullifies the capacitive loading.

10.3.3.2.8 Power Switching. The power switching circuits provide a sub-

stantial savings in average power consumption by turning off all possible logic

3.10-61
Handle via BYEMAN
TOP CRET G Control System Only

Approved for Release: 2017/02/14 C05097359




Approved for Release: 2017/02/14 C05097359

CRET .G

B FuliiB. W-U~019842-RI-R0

whenever the multiplexer is not being addressed, while dissipating nepligible

power during powed down operatitns, The power switching circuils are con-

group~channel address is received,

After allowing Time for transients to settle, the QU'prav%deS'thﬁ sddress to

the multiplexer. If the groop cede is pecognized (that is, matches the hard-
wired slice code}, an AF Is generated which inkibits the CU power off signal,
Tf the group code is not recbgnized, the power off signal from vhe (U turns

off the logic powver switches.

10.3.3.3 Diservete Multiplexer Unit. The DMU provides rvedundant eircuivs
pewered by opposite (ilfe gnd capable of multiplexing 128 bilevel inputs
grouped into eight-Bit words, The safe intdégreted £ircull moltiplexer used
as a subwultiplexey in the AMU is used as the pultiplexing element in the
PMU.  Also, the group tode detection, overvoliage protection, sample dump,

and powed switching vireuits used in the DMU operate 1ike those of the AMU

and serve the s@me purpeses.

The oilreuit organization shown in Flgure 3.10-3% is such that bit 1 uf each
word {1 through 16) is fed through the same multiplexer. In a similar fashion,
gach of the seven remgining woltiplexers reesives ¥its 7 through 8 respective-
Ty for the 16 discrete words. The eight parsllel discrete bits are checked
for logic lewvels by eight parallel compsrators. The comparator oukputs are

then ldaded into dn eight-bit shift register and ¢Pdvked to the CU in 2

serial wave train {bit 1, or MSE first) by the sorial discrets data timing
signal.

10.5.3.5.1  DMU Address Recognition., The DMU employs two four-blt comparators

o recognize the groip code formed by the six most significant address bits
seat from the comverter unit (61 threewgh G5, and C1). The cpde of the MU

is established by havdwiring the terminals of the comparators to either 5

3.10-68 o
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volts or ground. Recogmition ef the address group code will generate a DF
signal which is used to engble the eight multiplexers, and to maintain the

switched power on for the DMU components, and is dnverted to form the group

code recogiition sywbol {BFy for the LU,

The remgining four address Terms (07 Through C5) are conmneated 10 the mulei-

plexérs through an enable ciroodt dnd used to select one of 16 dats lines,

The enable is wontrolled by the presence or absence of DF. Table 3.10.5

presents 3 truth teble swmmarizing the chaunel (word) selsction naode,

10.3.3.3.2 Uvervoltagse Protection, Bach input chamnel is protected by &
metwork identidal 16 that wused for analeg inputs, The zgner dicdes provide
a voltdge oland th piotect against high input leévels, while the dislréte

divdes and resistors protect sgainst negative-going spikes.

10.3.5.5.3 Discrete Dump. The discrets duimp provides a dump of all edght

maltiplexer lines before they enter the comparstor. The dump of the charge
stored on thesée lines is through Iow leskage diodes and & transistor switch,
As in the AMU, the dump signal oceurs before the next address is given to
the DM,

16.%,.3.3.4 Power Switching. The only power switched in the DMU 4s the 5-
vobt bine: The logic dnvelved is similay €0 the AMUL The converter sigpal
turiis power on prior te the address period and turns power off follawing it

A DF from the DM inhibits the power off signal when an address is vecognized.

10.3.4  Slave DTU Address/Reply Timing

Timing of the overall sldve DU sddiésg/rveply Cycle in Tedms of power switihe

ing, sampling, and emcoding is @ wvelatively complex. process. To aid in under-
standing the seguence, Figures 3310436 and 3.10-37 present a simplified re-
sponse cycie in tesms of the internal DTU ti&ing gﬁgnals for anslop and dis-

crete data requests respectively,

Wandle via BYEMAN
fnotral Systen Snly
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TABLE 3.10-5
DMU ADDRESS RECOGNITION

L3 4 Ga Cl G2
| N —

5lice Enable

Mux
c2 Cc3 C4 €5 Line
0 0 0 1
0 0 0 i 2
0 4 i 0 3
0 0 1 1 4
0 1 0 { 5
0 1 4 1 6
0 1 1 { 7
0 1 1 1 &
1 0 0 g 9
1 0 0 1 10
1 G 1 0 il
i 0 i 1 12
1 1 0 ) 13
1 1 4] 1 14
1 1 1 ) 15
1 1 i 1 16
3, 10-65
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e BYTIE bt el BYTIC e

Dead Code

- Byic

+E-Volt Switch I

Discrete Flag

Discrete Flag Prime®®

Discrete Data Load

Seripgl Discrete Data Clock

ML T LT

HEE LSB

Berial Discrete Dats Reply

HOTE: Assumes at least three dead codes

precede and follow the address (10-00g7,

This imsures the converter coming up
from an dnpowersd condition and shut-
ting down after reply. (A reply code
af 363& 15 shown.

Handte wia BYEMAN
Control System Gnly

e

ekt

Figure 3.10-37. Simplified Discreté Address/Reply Timing
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Threesword times ave vequired for the DIY to receive u valid addvess, decode

P, sample and endode the rveguested dnput, and vespoml to the reguest with a

spe party Line veply. The number of vesponses (or duty cycle) reguired of

# single slave is devermined by the ssmpling program dn the master pnir. The
anglog and discrete timing figursy show o complete power up and power down
seguence.  However, i the master unit transmits a sbeond addvess to the slave

within two-word times ¢f the fivsy address, the power down sequence will be

Inhibited for gt legst the address decode and compare periovd.

0.4 Master UTU

The MDTY serves as the controller for a1l telemetry subsystem operations,
Tt generaves all opersting cemmands, with Uhe sxeeptiom of power, for the
slave anits, and processes all dave output by the slaves. In additioen, the
monitors in discrete formel only. However, no divect inputs ave assigned

For use . in the PPEIND BAS,

The twe SCS master upits (A and B) are-vowgle{a!y vedundant.  EBither master
can address all stave uwits, swd Can ontput data to elther of the twoe véhicle
tape vecorders for storage, or to the vehicle transponders for transmission
to the ground (refevence Figove 3.10-13%. The system also possesses the
papability of recoyding and transmitting datas simoltaneousiy if desived. To
avoid interference between data signals from the two MDTU's, onlv ome will be

wowered at any glven time,

100401 METU Capsbilities

The master uvait can acoummodate ap to eight isolated, %hart«airguit_proteﬁtaé

putpors that may be conpected in a parallel configuration if so devwived., Thiw

*The MY ocutput is a pulse code nodutated (POMY signal. For this reason, the
MDTY g sometimes veferred to as g POM wnit, and this title ls often used as
ap wncligssified weem for Jigital telamerry unit.

5.18-71
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i
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limits the subsystem to four slave DTU's when redundancy is provided in each
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slave. At present, the Gambit vehicle incorporates only three dual-sided slaves;
two in the 8¢S, and one in the PPS/DP EAC (see Figure 3.10-38). A fourth slave,
the RECAL unit, is used only for testing and is located in the launch pad gantry
test console. It receives data from the PPS/DP EAC satellite reentry vehicles
through test cables, and interfaces only with S5CS master unit A through the
PPS/DP EAC junction box., Although the RECAL unit in use is an older design, it

is fully compatible with the current telemetry system.

To distinguish between slave units, each is assigned a "dash' number. The two
8CS units are known as the -3 and -5 slaves. The PPS5/DP EAC unit is -7, and

the RECAL unit -8. Presently, the -3 unit consists of two CU's, two AMU's, _
and two DMU's. The -5 slave is composed of two CU's and only one AMU and one DMU.

In addition to being limited on the number of slave units the MDTU can address,
limits are also imposed on the total number of AMU and DMU slices in the
subsystem according to the maximum number of unique slice address codes. Based
on this, the system can accommodate up to seven AMU slices and six DMU slices.
The slice address codes for the -7 slave {PPS/DP BAC) are assigned as shown in
Table 3.10-6.

TABLE 3.10-6
-7 {PPS/DP EAC) SLAVE DTU SLICE CODES

Slice Type Slice Code®
A3 DMy 000101
AS AMU 110
As AMU 101

*Address Code Bits Gl through G3 for AMU's, and Bits Gl through G5, and Cl for
DMU's,

3.10-72 Handle via BYEMAN
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PPS/DP EAC { ot
[ Master
| DTU
S¢S ) A
Slave
| (-3) :
PPS/DP EAC | J
Slave <f
=73 |
I
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|
Lo | l
___PPS/DP EAC o o _{ 5CS <: J
Gantry Test Area Slave Mgiger
‘ [‘5} //l v A, B
RECAL \j
Slave E

(-9)
ﬁddress{&eply
Party Lines

Figure 3.10-38. PS5V Slave and Master Telemetry Units
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Tirect datg ihputs T0 Yhe master unit {serial digital datu} are limited o

16 channels, with each treatved ds a discrete (bilevel) signal by the

master, When addressed, samples ave taken serially from a2 channel in

muiviples of elght to form standard eight-bit dats words.

The actual rate of data sampling and the order In which 1t is sampled is con-

trolled by stored programs in the MDTU memoxy. This programming is dccom-
plished prior to Yaunch, and camnot be altered on-orbit, By using stored
programs to control sampling, the telemetry system offers extreme flex-
IBility. HMost changes in instrumentation sampling rates or sequences ¢an
he made simply by reprogramming the waster unit with no bardware changes

NECRSSATY:

The order in which a stored program dirvects the MITU to sample and oubput
information is referved to ws 8 telemetry format. Up to four different

formats may be stoved in the MDTU for ude, with the selection of any part-

ievlar one controlled by cosmand. In addizion, the MDTU offers the cap-

abrility of generating the data in a serial bit-stremm at a rate of 32, 84,
e 176 kitchits/second (KBSY, equivalent to 4000, 8000, or 16000 eight-bit
data words each second. The bit-rate cholce for a format is determined by

the format program and is swtomatically selected when the format is commanded,
14,2 Stave DIUSHDTY Compunication

Communication between slave and master units oeours along individual party

address aml reply lines in the form of frilevel amplitude modulated sinustids,
A Full tvels sine wave of one leével représents a binaty pne, and a full eyele
sine wave of approximately half the amplitaede represents a bimery zero. The

third level 1s represented by the d¢ Jevel. The signal has a Tundamental

frequency of 384 KHz and spectral compornents whose magnitude falls off at @
rate of 24 decibels per octave beginning at 576 Xz,

30T

Hangte via BYEMAM
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The address and reply lines form separate, shielded pairs with their re-
spective returns, and are transformer coupled at both the slave and master
DTU*s. The lines are completely isolated at the slave units, and are con-
nected to the satellite system ground within the 8CS through a center tap

on the input transformer of the master unit.

10.4.2,1 Data Channel Address. The data channel address signal, or remote
channel address as it is also known, consists of an 11-bit code commencing

at the beginning of each party line word time (one word-time is 12 bit-times
at the rate of 384 KBS). The remaining pertion of the word-time is charac-
terized by the absence of a signal. As shown in Figure 3,10-39, bit 1 is the
synchronization bit (binary one) and bits 2 through 11 the 10-bit group-chan-
nel address code (G1-G5 and C1-C5 respectively®). The last bit period is
allocated for execution time,., 7The signal characteristics are controlled by

interface agreement between BIF-008 and IMSC, and are as follows:

(1} Waveform Noncontinuous, trilevel,
amplitude-modulated sinusoid
(2} Frequency 384 KBS * 1%

{31 Amplitude (average to
negative peak):

a. At master unit address
output Binary "1': 0.
Binary "0": O

0.1 volt
0.04 volt

o U

i b

b. At slave unit address
input Binary "1": 0.5 % 0.4 volt
Binary "0': 0.2 % 0,16 volt

{4} Voltage Amplitude Ratio Of "0y o "1Vs: 0.4 £0.04

*Reference Section 10,3.3.2

2.10-75
pandle via BYEMAMN
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9-01"¢

1‘2]5‘415‘6‘?'8‘9‘10‘11[12
Bit Mumber

givaniwivami

’

NIM

Amplitudex ’

Y

1/ )
o] LU Vv

Binary Value | 1 ! 1] o] o ‘ 1 l o | 1] o I 0 l 1|0 t . ‘
(G1) V1G2) 1 (G3) V(G4) 1(G5) 1 (C1) 1(C2) 1 (C3) | (L4) 1 (L5
o ey Y
Word Address Code Execute
Syne

*For voltages, reference Section 10.4.2.1

Figure 3.10-39. Remote Channel Address Signal
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10.4.2.7 Seripl Pulse Code Reply. The spe reply is composed of a synchro-
nization bit {(binary one], the sight-hit deta word (MEB first), end

three bit-times for execution (see Fligure 3,10-40}). Slgnificant character-

Astics of the signal are as follows:

£11  Wavefornm Noncontinuous, ¥rilevel,
amplitode~modizlated sinusoid

{2} Fregquency 84 KBS * 1%

{37 Amplitude [(average to negative pe&&}:

a%  AY slave unid pulse _ ) |
.COdF& O%.l;t.i}zj._t '8';133:3.1_‘;}” '“i*f? {} LBE b O b velt
Bipary "0 0.1 to 0.3 volg

BY AU master unit pulse
code input Himary Wit 0,1 to 0.9 velt
Bingry "0 .03 o §.4% volt

{4} Voltage Amplitwde Rativ GE s o YMits 0.4 % 0.1

Additional requivements levied on the spe signals, and alse on the DA sig-
nals, arve beyond the scope of this doggment. For further infopmation, refer

to BIF-008 specification 1401-305: Telemetry Hequirements - PPS/BCS (9 x 5).

10.4.2.3 Address/Reply Tining., The time from generativa of a wvalid DUA dode
o rétaorn of g spo reply i centroiled by the lave unit, which y&qaires rH
word-time  following receipt of the address for sempling end formetring the
reply. Thus, s reply is not returned until the sécond word-time foliowiag

the DUA s shown in Pigure 3.10-41%,

the rate of sddress signal gereration is g function of the format biv-rate.
At 128 KRS, a BCA gignel is ofitput every second word-time. At 64 KBS, the BUA

wignals sre spaced four word-tiwes apsrt, and at 3% KBS, eight word-times apart.

#Timing diagrams for slave unit encoding are presented in Section 10.3.4

hangle via BYEMAN
Tentrol System (niy
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Bit MNumber 1 t 2 l 3 t 4 5 [ 6 & 7 [ B ' g ‘ 10 I 11 I 12 t
N N
| ﬂﬂ[ N
o ¥ it U ] YAVA

Binary Valug

* For voltages,

Handle via BYEMAN

@ e o

MER LSh

S RN N I R N IR

A A, y
k4

Word Data Code Execute

Syne

reference Section 10.4.2.2

Figure 3.10-40. Serial Pulse Code Data Signal
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For each word time bhetWeen addresses, tlhe MOTU generates a dead code outpul

To dinsure synchronization of the mister unit with The command svitem, the
master unit clock gemerating the DCA signals is synchromized to the vehicle

conmand subsystem clock using timing signals frow the extended command sube

system (ECR}. As a vesult, 1t is possible; within reavonable limits, to
dgonpitor fonctions at set times with respect to veéhicle command pulse timing

by proper programming of the telemetry sampling seguence.
10.4,2 MDIU Telemetry Dutput

The MDTH reformats the return data from slave units angd divect inputs frouw
insrrumentation sensors wnd outputs it in a centinuous serial bitssiream.
This output, which consists of spo data information and spscial codes used

for datd contyel, is eithér recorded on the velilcle tape recorder, trans-

mitted to the grownd in resl time, or is both recorded and transmitted

simpltansously.

The outpur waveform is o suvare wave aon<return-to-zere level (NRIL) pulse
train. A sawmple NRIL sguare wave which represents the same binary valus

as the ingoming spe déta werd is illustraved in Figure 3.10-43,

Input to the vehicle tape recorders is cruss-strapped such that sither tepe

recorder can accept data frowm either MOTU, The vecerders are capable of

pperating in either a low-of high-speed record mode To avcept data at 32 KuS

or &4 KBS*, Upon playback, date is read ount al o 256 KBS rate.

FTHe 128 KBa MOTH capability is not used For the Gambiy vehicle. At 32 KBS,
the Tape recovder can Stors approximately B0 minutes worth of data, and at
4. KRS, approimately 4% minutes worth.
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Figure 3.10-42. Remote Channel Address Generation Rate
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Figure 35.10-43. Binary Coded Square Wave NRZIL Pulse Code Train
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10.4.4 Telemetry Transmission and Processing

Upon command, data Is transmitted to the ground through either of the two
space ground link subsystem (SGLS) transmitters. Both real-time and play-
back data can be transmitted simultaneously through the use of separate sub-
carrier frequencies. However, the order of data in the bit-stream differs
from real time to playback. Real-time data is received at the tracking
station, MBB first. Stored data is received LSB fivrst due to the behavior
of the tape recorders, which play back in the opposite direction from that
in which inforsation was rvecorded. Therefore, this information is first
recorded by the tracking station, and, when desired, read out in the re-

verse direction to veturn to the normal bit sequence.

Reporting of the eipht-bit data code can be done in several different wavs.
The most obvious of these, and also the longest in terms of charvacter length,
is simply to report the binary number. However, to save space, the binary
value is often presented in octal or decimal. The decimal system is used
most commonly and the values are referred to as PCM counts., An alternative
to this method is the percent bandwidth figure, which is less accurate but
has the advantage of requiving only two characters for the full telemetyy
scale, a prime consideration when space is limited. Based on the O-volt to
S-volt instromentation input scale ratheyr than the 0-to 5.06-volt DTU range,
this figure represents what percent the telemetry voltage reading (based on
the binary signal) is of 5 volts, rounded to the nearest whole number. For
comparison, Table 3.10-7 lists the octal and decimal codes, telemetry volts

(TMV}, and percent bandwidth figures over the full 0.00-to 5,06-volt range.

While these methods are convenient, it is often more advantageous to report
information in terms of the actual units being measured. For discrete data,
the outputs can be converted back to the eight individual responses composing

the word and indicate the state of each function. For analog points, the out-

3.10-83
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TABLE 3.10-7

OCTAL COUNT, DECIMAL COUNT, TM VOLTS, AND PERCENT BANDWIDTH CONVERSION

P ; PO | e | pui POM* . PCM* , PCUY | s
oct | AT L | e Joor | A | e oct [T Ewy | s oot | BT me | oew oot PO e | oaw
cT8 £18 €TS8 CTS C18

aa1 - a0l o000 D0 064 052 | 1.0% | 20 147 303 [ 2.0477 43 232 | 184
g2 o2 0,02 (00 065 053 .04 21 S0 104 2,064 41 235 | 185
403 | 0oz 0,04 (01 {56 054 1,06 1 21 151 Wis 2,08 42 234 | 156
gos | ood o.06 (01 067 055 | 1.08 2 152 e 2,18 42 IR 187
(0% | 005 | 0.08 (02 {tra] BE6 L. 22 185 ¢y | .12 42 A6 | 158
08 | 0D 0,10 102 nri 057 1.1 22 154 [I08 | 2,14 43 237 | 189
DO7 1 00T 6013 02 072 058 1,14 123 155 (R A I B %1 248 a0
o1 B0E 4034 03 a7 3 59 |1, 16123 Ih6 1 2008 ) 44 241 161
011 (008 | 0.16 |03 74 fs0 | 1,18 24 157 111 2,20 44 48 ) 162
012 Bie 0.1 04 075 061 1,200 24 180 312 2072 44 245 1 163
G1% | 01l 0,20 [ 04 78 g2 | b.22 24 151 11F | 2.24 ) 45 244 | 1ed
014 012 LRz 08 077 62 1.24 0 25 162 1M 2,26 | 45 245 | 1BS
01 | 013 0,24 (0B 100 64 1.26 25 65 115 | 2,281 48 246 | 165
oIs G4 | 0.26 |05 101 oeh | 1,28 .26 84 1 16 | 2.50 ) 46 247 | 167
017 015 | 0,28 |06 1wz ge6 | 1,30 .26 ik EIF | 2.32 ) 48 250 | 168
gz0 016 | 0,30 |06 wa o ber 1,32 26 e LIR 2.3 47 251 1 168
172 SN A RO o 104 068 11,34 127 167 |18 | 2,36 | 47 252 170
B2z | ULE 0,34 | 07 145 oeg 1,36 27 170 1120 | 2,38 48 253 1 171
pzy 019 10,36 | 07 106 | 070 | 1,38 I8 171 121 | 2,40 ] 48 254 | 172
24 020 10,38 (08 i 071 | 1,40 |28 178 1122 o 2.42 1 48 256 | 173
025 [ 021 0,40 ;08 1340 By 1,42 28 175 1125 | 2,440 49 256 | 174
p2s | 022 (0,47 |08 111 675 | 3.4 29 174 1124 - 248 48 BT 15
027 | D23 [ 0.44 109 112 074 1046 029 176 125 | 2,48 50 260 178
03E D24 046 0% 113 ] 875  1.48 30 176 | 126 | Z.50 ) 50 BT 17T
B31 DIE 048 10 114 are | 1.500 30 [V B Ve N 262 | 178
BEZ 026 1050 10 115 nyr o d.B2 030 200 a2 2.54 0 51 263 | 178
B33 D27 10,52 |10 116 078 1.54 31 201 129 0 2.66 1 51 264 | 1B0
D34 028 (0,34 |11 s ¥ B7e  1.0600 31 202 130 | 2,581 52 265 | 181
D3E 025 [ D.56 |11 120 pen | 1,58 32 208 | 131 ] 2,60 52 266 | 182 s 353 233 - 4.54 B3
0%6 | 030 0,58 12 121 pRL 1,60 32 204. 0 132 o 2,62 52 267 | 183 73 52 1234 | 4.66 BF
B37 031 0,80 1% 122 o821 1.82) 32 206 | 13% | 2,641 53 270 L 184 CE6 ) 73 355 255 468 9
4G . 032 [ 0,62 12 12% | 083 | 1,64 | 33 06 13 2,66 53 271 [ 185 | 3,85 | 74 354 | 236 | 4,70 84
041 D33 0.B4 15 124 084 | 1.68 | 33 207 | 135 | 2.68 | B4 2T [ UB6 3,70 | .74 3550 | I37 | 4771 84
g4z B3 0,85 13 128 085 | 1.68 | 34 210 4 136 0 270 B4 7% 187 B2 T4 356 1238 | 4,74 195
D43 O3B 0,88 14 126 | 086 | 1,70 34 211 137 2,72 B4 274 1BE 3,74 75 357 438 14,76 85
Bgd D36 070 14 127 087 L7234 212 138 | 2,741 B% 275 1189 | 3,761 75 3G 240 4. 7R 96
045 | DAY 6,72 14 150 088 1741 3B 218 1138 2,76 B8 276 180 RT7BT6 361 241 | 4,80 96
M6 038 074 115 151 ohe | 1.76 | 35 14 Mo Z.7R BB 277 191 B.BO 75 362 1242 14,8296
047 035 678 15 132 | o0 [ 1.78 36 1% 141 | 2,80 B8 300 182 B.BE TH 363 ME 484897
0s0 04D 0L7B 15 155 191 | 1,80 38 21 142 0 2.BZ BB a1 183 F.84 7 s6d 1244 | 4,861 97
051 041 4,80 Ye 134 Lgwz 1 1.82 3 217 | 143 | 2,84 57 502 Q184 | 3,86 77 b | 245 48R 98
052 | D42 1 0.82 |16 135 | ¢8% | 1,84 37 220 144 ) L.Es . BT 303 185 28R 7B Reh 245 4,90 98
053 B43 0084 17 135 084 1.B& BT s 145 | .88 5B 304 | lEe | 3.90 |7 B67 1247 | 4,97 198
0sd D44 DBE 1T 137 |98 | 1.BR 38 2% | 148 | 2,50 B8 305 | 187 | 5,82 |78 370 248 4,841 B9
055 045 10,88 |18 140 pes 1090 38 2R 147 1 2.82 A 306 | 188 | 3,94 79 371 249 4,96 958
g56 . 046 0,80 X8 141 0a7 1.82 38 224 148 | 2,54 B8 307 | 185 | 3,96 79 RFZ0 250 4,88
057 | 047 | 0,92 |18 142 | 098 194 38 225 | 148 | 2,56 5% 310 ) 200 398 B0 373 281 [ E.OD W
el | 48 |0,94 |18 14% | peg [ 1.96 ] 39 226 | 180 | 2,981 60 311 | 201 | 4,001 B0 74 B2 5.0 W
Del | 048 0.96 18 144 | 100 | 1,88 140 227 151 .00 80 A12 a0y 4,020 B0 378 283 |'5.047 IH
62 | 080G | 0,98 |20 145 | 101 | 2,00 | 40 30 182 | 302 B0 313 283 4.4 81 576 254 506 IH
3 051 1.00 |20 Tde | 1y 202 4G 231 153 | 3.04 61 314 | 204 406 BL

61 AE 205 408 082
62 316 206 | 4,10 | B2
62 317 207 4017 |82
i 32p. 208 414 B3
65 B21 208 416 B3
%3 322 (R0 418 B4
B4 R2R 1211 4020 | B4
64 B2 212 4022 | B4
] A2 (213 4,24 8B
65 A6 [ 214 14026 | BB
65 BT 215 4UER BA
B A0 216 4,30 BE
66 331 217 432 | B
9 3% 1218 4,34 | 87
57 3R 218 436 BT
67 %34 | 220 | 4.38 | 88
68 350 1221 | 4.40 | B8
68 336 222 | 4,42 |BE
68 337 225 4044 BB
65 340 1224 445 | BB
68 341 285 A48 90
T R4z 2G| 4,50 |90
7 A4% 1227 4,52 WO
7o 344 228 .54 91
71 345 1228 456 191
71 F46 L 230 458 92
72 347 J2E1 480 B2
7 BAO G 232 | 4.62 B2

»
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puts can be converted back to Yengineering units" using the response curves

for vhe individual monitors. Thus, a temperature meniior response would be

reported in terms of degrees Fahrephell rdther than veélts.

Computer prograns have been deéveloped to accosplish these conversion tasks as

regquired. Specidl program® have also been developed which preéia& readings

for important instrumentation sensors based on commands sent to the vehicle
and thewn compars the predicted and actual results for a rvapld chack of vehicle
Hhealth”. Details on the telemetry prediction package are presented in Pary 4,

Bection 7.

10,5 Telemerry Formals

Telemetry format programs determine the sequence in which data is sampled
by defining the sample order for g predeterminegd oyele length, This ¢ycle

iy then continuously repéated to produce the telemetry ouipub.

The dats cvcle &5 one second in lenpgth and is composed pf eight-bit data

words,  While the time duration of the cyele 18 fixed for all formats, the
number of words varies as g function of the data rate and is squal to the
data rate divided by eight. ¥For example; at a 32 KBS rate, there are 4000

words peéy dath oycle,

To ensble correlation of the dats stream, the data cyele is divided into

sequential groups of equal numbers of words known as mailn frawmes. Each main
frame begins with a thres-word {24-bit) synchromization code followed by a
main-frame code word indicating the main-frame number (its position in the
duts cyvelel, The Frame number increases by one each time a frame is read

cut until it reaches the nusher of frames in the data evele dnd resets.  Use

ing main-framé notation, the order of information in the data cycle appears

ws follows:

Hangie via BYEMAN
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Main Frame 1 Word 1 e
Main Frame 1 Word 2

i ]
Main Frame 1 Word M Data

Reset Main Frame 2 Word 1 Cyvcle

Main Frame 2 Word 2 .

Main Frame N Word M =

Where: M

Number of words per main frame

=4
H

Number of main frames per data ecycle

In practice, main-frame notation is not always the most useful method of handl-

ing data, When establishing a format program, the data cyvele is generally .

grouped in subframes, which simply represent the data sequence in an alternate
way that is more convenient for programming purposes. A subframe is that group
of words formed by taking the same specific word from sach main frame in the
data cycle {that is, a word at the same position in each main frame). Thus,
the number of words in a subframe corresponds to the number of main frames in
the data cycle: Main frames arve numbered 1 through N according to the total
number of frames in the cycle, and each word in a main frame is numbered 1
through M up to the total number of words per main frame. The subframe number

corresponds to the number of the main-frame word from which the subframe words .

are derived, and the number of the subframe word corresponds to the main-frame
number in which it is located. For example, subframe 5 consists of word 5 from
main-frame 1 (subframe word 17, word 5 from main-frame 2 (subframe word 2}, . . .,

and word 5 from main-frame N {subframe word N}. {Construction of a subframe from I

the main frame listing is illustrated pictorially in Figure 3.10-44 for a data

cycle having 50 main Frames.
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. Figure 3.10-44. Subframe Construction
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10,%5.1 Formar Selection

The MBTU is capable of handling a wide rvange of format optiens in terms of

the number of main Frames per dats cycle and the nupber of words per maln

frame. A summaty of these oprions is presented in Table 30108,

The configuration for any one format is generally chosen on the basis of de-
gired sampling rates for gowitors, and Limits imposed by the capacity of the
MY memory.  Sidce the humbér of main framss in the eyole limirs the
symmetric sampling rates that ave available (symmetric meaning that the
samples are egually spaced in the data oyele), the destred sampling réates
determine the nusber of main frames for the cyele. Selection of a data
rate {37, 64, or LIB KBSY then cstdblishes the number of words per main

frame as each miwt be of equal length,

16,5.2  Photographic Satellite Vehicle Telsmetry Formats

For «the Gapbit vehdcle, the maximum capabilivy of four Formats 1 employed.

811 four have fifty main frames per dota ovole, resulting In symmetrical

mihdEr of subfrimes in the Formdt) In othey wondsd, the dunber of words pey
wain frame. The data rate for Format A is set at 32 KBS, rpesulting in 80

words per maln frame,  The rates for formats B, £, and D are sef av 64 KBS,

vielding 160 words per main Frame.

Symanetrical sampling rates availadle above 50 Sahples/scecond ave speeds of
50 times N, where ¥ 13 & factor of the nusber of words per wain Frame. Thus,
at 80 words per main frame, rates of 100, 200, 250, 400, 500, and 800 sps

andie vig DYEMAM
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TABLE 3,10-8
OVERALL MDTU TELEMETER, DATA CAPABILITIES

Function

Stored formats

Bit rates, KBS

Analog channels

Discrete channels

Serial digital channels
Main-frame word length
Data cycle length (frames)
Channel sample rates (sps)*

Frame synchronization code
(bits pseudorandom)

Word length (bits)

*spg:  samples per second

Capability
4
32, 64, 128
896
768
16
5-256
1-128
1.000 to 15,750
24
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are possible. Symmetrical rates greater than 800 sps are not possible due to

the presence of the synchronization and main-frame identification codes.

At this point, the advantage of subframe notation becomes apparent. Since
each word of a subframe is equally spaced through the data cycle, symmetric

sampling of a monitor at 50 sps or less can be obtained by spacing the mon-

itor samples equally throughout the subframe (that is, the monitor is
"symmetrically superaommutatéd” on a subframe). Figure 3.10-45 illustrates
the spacing for a point monitored at 10 sps, and for one monitored at 5 sps.
To achieve rates greater than 50 sps, the instrumentation point is monitor-
ed in each word of multiple subframes which are equally spaced in the main
frame as illustrated in PFigure 3.10-46., Known as symmetrical supercommuta-
tion in the main frame, data rates exceeding 50 sps are used only on selected
points in the PPS/DP EAC such as the main current sensor, and the film drive

frequency phase lock loop phase error monitors.

10.5.3 Data Position Coding

To designate data positions in the data frame structure, a coding system

is used which accommodates the three types of instrumentation signals:

Analog, discrete, and serial digital. The code consists of & combination

of numbers and a vocabulary of five symbols. The nunbers are in the decimal
system and the symbols are "slash" (/), 'period" (.), "dash' (-], "colon" (:],
and "comma' (,). For simplification, the following explanations and examples

are based on a format with 50 main frames per data cycle, and 160 words per

main frame:

{17 The first number in the designator identifies the main
frame word.

Example: "27" indicates that the information is located
in the twenty-seventh word of the main frame,
or subframe 27.
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50
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!
56 [7AlB 10 |
X0
71 150
DATA CYCLE ° P e
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9 30 70
i
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5551 8O, IMP B: 5 sps
516 [7a/8 [9 [0 50
20
20
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501 I A 28 3 4 5
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46 5 50

Figure 5.10-45. Format Example: 10 sps and 5> sps Monitors
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SUBFRAME 8 SUBFRAME_28 .
I ¢ c | ¢ c |5¢ N c c |5 ¢
6 C c | c ¢ |io¢c & ¢| ¢ C ¢ {10 ¢
e c | ¢ c |I5¢ el ¢ c c |'5¢
16 ¢ ¢c | ¢ ¢ |20¢c ®c| ¢ C ¢ |20¢
2l ¢ cC | ¢ c [25¢ ele| ¢ c c |2°¢
26 C| ¢ ¢ |30¢ 26¢c | ¢ c ¢ |30 ¢
3¢ c | c ¢ |35¢ el ¢ c ¢ [3%¢
36¢ c | ¢ ¢ |40¢ 3¢ ¢ c c |40 ¢
4l ¢ c|cC c [45¢C 4lc| ¢ c c |45¢
46 c | ¢C ¢ |50¢ 46¢ | ¢ c ¢ |°9¢
MAIN FRAME 50
MAIN ﬂ
FRAME 1 ¢ ST e '

i AT 20

2 [0

3l 40 IMP C:

4l 48] 50

5] 7T 60

3] P 68] 70

A { ] g0 DATA CYCLE

SUBFRAME 48 2 SUBFRAME 68

b ¢ c c C |5 ¢ ¢ ¢ c c |® ¢
& ¢ C C c |10 ¢ & ¢c| ¢ c ¢ (10 ¢
T c c c |15 ¢ el ¢ c c [P ¢
16 ¢ C C c [20 ¢ ©c| ¢ C ¢ |20 ¢
2l C C c |25¢ 2lc| ¢ C C 125 ¢
e6¢ | ¢ | ¢ | ¢ |[30¢ dcl c | c | c[*¢
3g | ¢ | ¢ c |35¢ She| ¢ c c 33 ¢
36¢ C C ¢ |40 ¢ 36 ¢ C C ¢ 140 ¢
4c | ¢ | ¢ | ¢ |45¢c Alelc e cl*ec .
46c | ¢ | c | ¢ |30¢ 46c ]l c el c |0¢

Figure 3.10-46. Format Example: 200 sps Monitor
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A period indicates that the information is symmetrically
supercommutated in the main frame (sample rates greater
than or equal to 50 sps). The number on the left of the
period identifies the first occurrence of the super-
commutation. The number to the right of the period
identifies the number of times the information is svm-

metrically supercommutated.

Example: "6.5" indicates that the information is symmetrically
supercommutated in the main frame five times; that is,
the monitor is sampled in every word of 5 subframes
for a rate of 250 sps. The first occurrence is in
the sixth word of the main frame (subframe 6) and it
appears every "160 divided by five" words thereafter
{words 38, 70, 102, and 134).

A comma indicates that the information is nonsymmetrically
supercommutated. The number on the left of the comma identifies
the first (or previous) occurrence and the number on the right

of the comma indicates the next occurrence.

Example: "7, 12, 38, 47" indicates that the information is in
the seventh, twelfth, thirty-eighth and forty-seventh
words as nonsymmetrical supercommutation. Thus, the
monitor is sampled nonsymmetrically at 200 times per

data cycle.

A slash signifies that the information is on a subframe. The
number to the left of the slash identifies the subframe (the main
frame word number) which contains the monitor. The number to the
right indicates the word on the subframe which contains the in-

formation of interest.

Example: '"33/2.5" indicates that the information is located in

subframe 33, and is symmetrically supercommutated five
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times or every "S0 divided by 5% words for a sapple

rate of 5 sps [subframe words 2, 12, 2%, 3I, and 423,

Exawplie: "33/19" indicates that the information is located in
the ningteenth word of subframe 33.
{31 The dash indicates that the infeormation is in serial digital form.

The number on the lefr identifies the wmain-frame word which cone

tains the beginning of the serial digital expression and the

number oh the right indicates the main-frame word which contsins

the end of this expression.

Example: "7 - 12" indicates that the information is located in
the main frame in a serizl digital expression whick is
six main~-freme words long beginning with main-frame

word seven and ending with mains<frame word twelve.

(6% The colon indicates that the inforsation iz discrete {bilevel).

The number to the left of the volon identifies the word in which
the discrete information is looated and the nmumber to the right
indicates the bit position which contains the discrete information

{the MEB is position number onej.

Examplie: "I5/46:6" indicates that the informstion is a discrete
point located in the sixth bit of the forty-sixth word

af the subframe in main-frame word maber thirty five.

Te fully indicate the data positions, various combinations of symhols may be

used. The fellowing examples help to fllustrate this.

Example: 710V signifies the information is symmetrically super-
copmutated once In main.frame word 10 for 2 sample rate

of 50 sps.

Example: UI13-116/1.5" indicates the information is seridl Jdigital
data located in subframes (main-frame words) 113 through

5& ;@’”g@
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116 and symmetrically supercommutated on each sub-
frame (subframe words 1, 11, 21, 31, and 41). The
first occurrence is subframe 113, word 1, and the

last occurrence is subframe 116, word 41,

Example: '"157/4:1.5" indicates the information is discrete,
and is symmetrically supercommutated on subframe 157.
The information occurs on bit 1 of subframe words 4,

14, 24, 34, and 44 for a sample rate of 5 sps,

Bxample: M15:4.2" signifies the information is discrete data
and is symmetrically supercommutated twice in the
main frame on the fourth bit of main-frame words 15
and 95. In other words, the point is sampled on the
fourth bit of every word in subframes 15 and 95 for a

sample rate of 100 sps.
10,5.4 Photographic Satellite Vehicle (PSV) Telemetry Modes

The term mode is used to describe the operational state of the telemetry sub-
system: Whether data is being recorded, if data is being transmitted, what
format(s) can be used, etc. Five basic modes have been defined for the PSV,
each of which serves a special purpose. Four of the modes (low-speed record,
normal, diagnostic 1, and diagnostic 2) use distinct data formats for oper-
ation, while the fifth (high-speed record) can operate using any one of the
three 64 KBS formats. On-orbit, the choice of which modes and formats are

to be used at any given time is based on the availability of the mode and

the data that will be recovered from the format,

Mode availability is limited by the state of the vehicle. For instance,
real-time transmission cannot occur except during periods when the vehicle

is in contact with a tracking station.
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In terms of formats, the amount of data provided is determived by the percentage
af pit-rate allocated to BIF-008 For PPS/DP BAC menitoring. This sllocation,
satablished by the nopber of pain-frane words or subframes assigned Ffor BIF-OU8

wse, is iilugtrated for cach format in Figures 3.10-47 through 3.10-50.

Format nawes indicsie the telemetyy mode for which they are normally wsed. The
redord format is uUskd for the low-speed (32 XﬁS} réoded mods in which sty

wentation data is stored by the wehicle tape recorvder. This mode is intanded

for use basically during periods when the vehicle is not in wontaer with =
tracking station. This is the enly mode the record format ¢an be used for
since sglecting this formar antomatically turns on the tape regorder. Addie
pienally, there are no ground facilitiss available T0 process 37 KBS real-

time data.

The norual format, or reai-time format as 1% ts often called, s génerally
used for real-time resdout whern the vehiole iz in contact with a stardion,

Fn €his mode, instrumentation dats from the MDTU is transwitted in real time,

and, at the sabve time, dats from the vehicle rvecorders can he plaved back for
transmission iF desired. The normal formet is also &@@lgyéd during ascent

when data is being both transmitied and recorded simultanecusiy.

The two diagnostic formats {disgnostic 1 and disgnostic 23 contsin wany ine-
strumentation points sampled st higher rates than eolthey the regord or poraal
formats provide o 4id in shalyzidg perforindnce of the veéhiele. A ldrgs por-
thon of diagnostic 1 is assigned to BIF-DD8 and Geneval Llestric Aerospace and

Bleetronic Sywtems Division® [GE AESD) for high vate sampling, while Lockhesd.

Migsiles afid Space Compary [LMSC) récelves a minimal dmount of data to adequate~
iy mondtor operation of the S05. For diagnestic 2, the situarion Is reversad,

IMSC vontrols the fajority of the format while BIF-008 and GE AESD receive

Fanu factirer oF the dxtended and minimal command subsysten hardware.
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1 2 3 4 5 3 8
SYNC | SYNC | SYNC | ID | ppg | PPS PPS
‘II' 9 14 16
PPS
17 22 24
PPS
. 25 28 30 31 |32
PPS PPS PPS | PPS
33 38 |39 |40
PPS | PPS

41 42 43 44 45 46 47 48

PPS [ PPS PPS pPS | PPS | PPS PPS | PPS

49 54 56
PPS
57 62 64
i
65 68 70 71 72
PSS PPs PPs PPS
73 77 79 30
PP3 PPS
Record Format
32 KBS 80 Main-Frame Words
Data Cycle = 1 Second 50 Main Frames per
BIF-008 Allocation = 10.8B KBS Data Cycle
. Figure 3.10-47. Record Main Frame Format: PPS/DP EAC Allocation
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1 2 3 4 12 i3 16
SYNC | SYNC ISYNC | ID PPs (RECAL
17 28 25 32

PPS | RECAL
33 44 48
PPs
49 55 60 &1 64
RECAL pPS | PPS
a5 80
81 &2 83 84 82 93 86
PPa PPS | PPS | PPS PPS | PPS
97 108 109 112
Ppg | PPS
113 124 128
PRS
129 140 141 143 44
pes PPS PPS
145 149 156 |157 160
PP Pes PPS
. Normal (Real-Time) Format
64 KBS : ( ime) Fo 160 Main Frame Words
Data Cycle = 1 Second 50 Main Frames per Data Cyvele

BIF-008 Allocation = § KBS
RECAL = 1.2 KBS

Figure 3.,10-48. HNormal (Real Time)} Format: PPS/DP BAC Allocation
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1 2 3 4 5 7 12 13 16
SYNC | SYNC| SYNC | ID PPS PP8 PPS | PPS
17 29 30 71 32
PPS | PPS PPS
33 35 36 37 42 43 45 47 48
PPS PPs ppPs PPE PPs PPs PPs
49 55 58 59 &0 &1 62 &4
pps PPS PSS | PPS PPS PPS | PPS
65 74 75 76 77 80
PPS PPS PPB PPS
81 82 83 85 87 92 93 96
PPS PPS | PPS PPs PPS PPS PPs
- 97 58 99 160|101 [102 103 100|110 111 112
L]
:% PPS PPS PPS PPS | PPS PRS PPS | PPS | PPS
113 115 116 117 122 125 127 128
PPS PPS PPS PPS PP PPS
129 138 139 140 141 142 144
pPs PPS | PPS PPS PPS PPs
145 148 149 151 154 155 156 157 160
PPS PPRS PPS PPS PPS | PPS PPS
Diagnostic 1 Format
64 KBS 160 mMain Frame Words
Data Cycle = 1 Second 50 Main Frames per Data Cycle

BIF-008 Allocation = 24 KRS

Figure 3.10-49. Diagnostic 1 Main-Frame Format: PPS/DP EAC Allocation
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001-01"¢

1 7 3 3 12 16
SYNC | SYNC | SYNC | ID PPS
17 2% 32
PPS
33 44 48
PPS
49 60 61 64
PPS | PPS
65 80
81 82 83 84 92 93 96
PPS | PPS | PPS | PPS pps | PPS
97 108|109 112
PPs Pps
113 124 128
PPS
179 140 141 144
PPS | PPS
145 149 156 157 160
PP3 PPS | PPS
Diagnostic 2 Format
64 KBs 160 Main Frame Words
Data Cycle = 1 Second 50 Main Frames per Data Cycle

BIF-008 Allocation = 7,6 KBS
Figure 3.10-50. Diagnostic 2 Main-Frame Format: PPS/DP EAC Allocation

Handle via BYEMAR
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ing in the same fashion as the normal mode. That is, they are selected for
real-time data transmission during station contact periods. However, they
also may be used in the high-speed (64 KBS) record mode. To illustrate this,
Table 3.10-9 summarizes the various operational modes and indicates which for-

mats may be used for them,

10.6 MDTU Programming

Programming of the MDTU makes use of certain techniques which increase the
effective capacity of the memory by requiring fewer instruction words to con-
trol the sample formats. The most significant of these techniques, and the
one which most affects data arrangement in the formats, is subroutine program-
ming. This procedure greatly enhances programming efficiency, and makes it

desirable to create subframes containing monitors of all the same sampling

rate. Although programming is not the responsibility of BIF-008, the sub-
routine technique is discussed here in simplified fashion as it deoes influence
the way in which those portions of the telemetry formats assigned to BIF-008

are used.
10.6.1 MDTU Memory Organization

The master unit memory can be segmented into a maximum of four formats (A,B,

C, and D) with seven memory subsections for each format. The first subsection
stores initialization instructions for the memory. The second subsection, the
main frame instruction memory (IM) routine, contains as many memory words as
there are words in each main frame of the particular format (the maximum allow-
able is 256 words). The remaining five subsections are subroutines which store

the specific data channel address.

To generate the DCA sequence, the MDTU steps through the instruction memory at
the main-frame rate, repeating the IM cycle as many times as there are main frames

in the format data cycle. Each word of the IM subsection, (excluding the syn-
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TABLE 3.10-8
FORMAT AND MODE CAPABILITY

Format Selection
Normal
Mode Record {Real Time) Diagnostic 1 MHMagnostic 2

Normal A
Low-speed record X
High-speed record X X X
Diagnostic 1 X
Diagnostic 2 X

Kote: During ascent, a combination of the normal and high-speed record
modes is used, employing the normal (real time) format and is
often referred to as the “ascent mode",

3.10-102

Handle via BYEMAN
TOP RET G Control System Only

Approved for Release: 2017/02/14 C05097359



Approved for Release: 2017/02/14 C05097359

ECRET _G
Bl E-008~ W-C-019842-RI-80

chronization and main-frame codes) addresses one of the five subroutines which
contain the addresses of the data points. These are stored in the subroutine
group-channel section in the proper sequence for the format. Each time a sub-
routine is accessed, it steps to the next memory location in its subsection.
The group-channel address stored there is then output to the slave DTU's (unless
the address applies to serial digital data)and the addressed DTU generates an
spc reply which becomes the next word in the PCM data stream. When the end

of a subroutine 1% reached, it returns to step 1 and repeats,

For the PSV, the four IM subsections are not all of equal length. The

diagnostic 1, diagnostic 2, and normal format IM routines are each 160

words long (since there are 160 words per main frame in these formats) and
repeat at the rate of 50 times per second to produce 50 main frames per
data cycle. The record format contains only 80 words per main frame re-
sulting in an IM subsection that is 80 words long. However, this format
5till contains 50 main frames in a data cycle, and thus its IM routine is

also repeated 50 times per second,

To illustrate the operation of the MDTU program, an example format has been
chosen in which the IM routine addresses subroutine X only twice, once in
word 6 and once in word 8. The first pass through the IM routine generates
main frame 1 of the programmed format and addresses words 1 and Z of sub-
routine X, word 1 at IM word 6, and word 2 at IM word 8. ‘The second tine
through the IM routine {generating main frame 2) words 3 and 4 of the sub-
routine are accessed. This procedure continues up to the number of main
frames in the data c¢ycle and rvepeats. Thus, subroutine X contains the group-
channel addresses for main frame word 6 in its odd numbered steps, and

the addresses for main frame word 8 in its even numbered steps, and the
addresses for main frame word 8 in its even numbered steps. Put in terms
of subframes, the odd numbered positions of subroutine X contain sub-

frame 6 of the format, and the even-numbered positions contain subframe 8.
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Assuming subframes & and £ consist of Instrumentation monitors that are
all sampied at the rare of & sps, the same sequence of group-channel ad-

dresses is vepeated 5 times in the data cycle. Therefore, the addressg

sequence can be stored In the subrouvine memory lecation doce, and

the subroutine repeated five times for éach datas vyele.

10.6.2 Subroatine Lonstraction

As illustrazed in the preceding example, the order of addresses in the sub.
routines iy proplwmmed mocording to the subframes for the former and vhe
arvangésent uf subframes in the main frame. Each subrouride is assigned
a4 particular sample rate. Therefore, all subframes of the same Ulength
can e combined into one wubroutine, The "lemgth” of & subframe for pro-
gramming purposes 1% determined by the lewest sswpling rate Found in the
subframe, and the subroutine rates avallable., For the PSY formats which

have: BO words per subframe, a subframe containing wee I5-sample/second

monitors is said to have a length of two; that is, only two diffevent
addresses wust be stored 4n @ subroutine of the MDTU memory and the sub-

routine repeated at @ rate of 15 times/second,

Problems arise, however, when different data retes are mixed in the syb.
frame, or subzoutines of a matching rale are not available, 0O the five
subroutines, btwe are at fixed raves. The ”%ig%wgpeed-a&ﬁreSS meniry'
(HSAMY subpoutine Tuns 4t the main frame vate; in this cass, 50 Times/seo-

Smd®, The “data oycle memory'! (DEM) subreutine rums at the date oytle

rate, which for the PSV iz ane time/second. The three rvemaining subroutines,
1, &, and 3 pan be set 8t any symmetiic rate between 1oand 50, and races

5f 5, 10, and 25 times/second havé been thpsen.

*Monitors at vates exceeding 50 swmmples/second {contained in multiple sub-
frames) are programmed as individual subframes in the HSAM subrputine.

380104
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Given a subframe with eight 5-sample/second monitors and five Z2-sample/
second monitors, the imitial subframe length would be 25 (50 words divided
by the lowest rate: 2). But with no subroutine available at the rate of
two times/second, this subframe must be programmed into the DCM subroutine
at a one sample/second rate, requiring 50 individual addresses to be stor-

ed in memory.

The effect of the format arrangement on MDTU programming is apparent. While
it is not always possible to do so, moving five two-sps monitors to unused
positions in other subframes that must be programmed at the DCM rate, would
allow the remainder of the subframe to fit into the five sps subroutine.
This would then require only 10 address positions in memory rather than 50
(addresses must be supplied for the unused portion of the subframe as well

as the eight monitors).

Given the savings possible, it is desirable when constructing formats to
timit the subframe '"lengths' by placing monitors according to their sampl-
ing rates. This consideration may be ignored if there is & need to have
functions at certain positions in the data cycle in order to monitor them
in time with respect to other functions, or with respect to the vehicle com-
mand clock. In fact, restrictions have been placed on the number of sub-
frames used in a format by BIF-008 that must be programmed at the DCM rate

(one spsj*.

To summarize, Figure 3.10-51 illustrates the construction of a 5-time/second
subroutine for a format containing three subframes of length 10 (5 sps, or

greater), including the image memory routine and the monitor arrange-

*Currently BIF-008 may have no more than ten of its assigned subframes in
each format at the DOM rate by interface agreement with IMSC.
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SUBROUTINE 1

/,a- FIRST WORD OF SF 6 (F10)
FIRST WORD OF SF 9
: SUBERANE 6
FIRST WORD OF SF 19 0 271 Brio Prs 13m0
SECOND WORD OF SF 6 (F11) éFws fol F17 | Fio 105
SECOHD WORD OF SF 9 "eol Fu| m10] Fi3l!®rio
REPEATS 5 13 0
SECOND WORD OF SF 19 UFIS] FlO) Fi7 | FIO ™~ S|
TIMES/SECOND eleol Bl Flo] FI3l%%F0
THIRD WORD OF SF 6 (F10)
26ri51 fiol| FI7 | Fl10 |20 s
hd 3| 35
o Fiol Fii| Fio | F13[°7F0
36c151 ri0l F17 | Fi0 %O
LAST WORD OF SF 6 (S1) CTRS IR Rl R N
LAST WORD OF SF 9 LT . th“i'}fgm?ijéjﬂ

LAST WORD OF SF 19 F: FUNCTIOH
- S: SPARE CHANNEL

NOTE: EXAMPLE IS FOR 80 WORDS
PER MAIN FRAME, 50 MAIN
FRAMES PER DATA CYCLE.
SUBROUTINE 1 ADDRESSED
ONLY IN WORDS 6, 9, AND

19.
Loz 3 e DD 5 | Aod = ADDRESS
SYNC|SYNC|SYNC| 1D SR SR = SUBROUTINE
SF = SUBFRAME
9 16
ADD
REPEATS 50 |20 57
TIMES/SECOND |!7 oo
L SRI ST T T
5% IMAGE MEMORY SHOWING
/#,_“_,m_,_gxf“‘“' SUBROUTINE 1 LOCATIONS

FROM WORD 80

Figure 3.10-51. Subroutine Construction
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ment for one of the subframes. Although the illustrated subframe contains
a monitor at 25 sps, the preésence of monitors at 5 sps requires the sub-

frame to be programmed as if all monitors were 5 sps.

10.7 End-to-End Telemetry Accuracy

The accuracy of the encoded telemetry data from sampling to ground display
is dependent on a number of parameters which differ for analog and discrete
data. The following analysis is taken from a report published by Aerospace

Corporation®.
16.7.1 Analog Instrumentation Error

The parameters which affect the end-to-end telemetry accuracy of the encoded
analog data signal, with the exception of error in the transducer itself, are

as follows:

{1} DC offset

{2} SBampling transient

{3} Digitizing error

{4y Analog-to~-digital conversion error
{57 Bit error {transmission}

{6} Digital-to-analog conversion error

(7} Display equipment error

10.7.1.1 DC Offset. The error resulting from dc offset is caused by the
telemeter loading the transducer source {see Figure 3.10-52}. The analog
voltage to be encoded is VS’ but, due to the voltage drop across RS* the

actual encoded voltage, ven’ is instead somewhat less.

*Reference BRIF-008 document W-N-010019-IH-73.
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{“ B “?;a;lgézlge;ﬂhhi [ " Telemeter |
; Wt i Ven |
F R | |
| o0 | . |
| i

| L !
E VS(:i) ; f !
. f f i
! - ! l N ‘
i | IR .

Where: R, is the load

impedance of the
Telemeter and R
. 3
15 the source
impedance of the
Transducer.

Figure 3.10-52.

The error is greatest when the transducer source impedance is large, As R

BC Offset Brror Source

5

approaches zero and R& approaches infinity, the encoded voltage approaches

the true analog voltage. The value of RL is specified to be greater than

2 MO at source voltages from 0.0 volts to 5.06 volts.

value is 4 MO for the slave DTU.

The value of RS is restricted to less than

10 KQ. The maximum error using the worst case source resistance, and typical

slave input resistance is calculated to be 0.25%.
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10.7.1.2 Sampling Transient

This error 1$ caused by the input capacitance in the telemeter when the

sampling gate is closed (see Figure 3.10-53).

?vnum%};ﬂ;&hggglm - | Cable {-;;;; nnnnn Tgfgﬁgt;f mmmmmmm 1
; ——AAA~—p—+ o e e Ven !
| Rg l | E i
! + | d C +.C R Guard
! C i e i | s ] L : uard
| VsCD s ¢ | 1 2 Amp |
! | i
sl f | = i
| | i i
| e g R * 4 !
} - § = i - {
| e o e e e

Figure 3.10-53. Sampling Transient Error Source

In this case, the tofal source capacitance is considered as CT = CS {source
capacitance) + CC {cable capacitance). The telemeter input capacitance, CL,

is entirely parasitic and is divided into two portions, CL and CL . CL is
1 2 1

called the unguarded capacitance and is the cause for the charge transfer

sampling error. C, is called the guarded capacitance and reduces the error

L
2
caused by CL‘ This results from the guard amplifier which acts to maintain
an equal charge on both sides of C, - Thus, the transducer is not required to
2
charge C
L2
3.10-108
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When the sampling gate closes, the charge that exists on €

and &C will wiw

3

¢ o+
5 C

L TR

Vs

VT
4 '?l

The sburce capacitance is required to be less than 2000 pf or gréater than

at approximately 2000 pF.  The indtial error will decrsase and approach gero
wﬁth-&:timﬁ,cangtaﬁt'of'ﬁs (Cg * Lo+ Cp Jo The setrling tise provided for
this is @ meximam of 30 pséed (20 usen for line cha¥ge time within the muiti-

plexer and 10 uset addivional while the sumple/hold capacitor is charged).

For smalier yalues-@f-ﬁy, the inivial error is larper since there iy less
total charge to be shared with the Ilnad capacitance, but the time conshant

is vedoced resulting in a smaller €ipal error. For large values Qf’ﬁT
{gredaver than 0.1 wF), the adount of ¢harge Storéd reducds the initial erior

enpugh to overcome the effect of the longer time constant,

It s difficult to determine an ervor figure sinck the exdct ratio of gﬁaré»
ed to mnguarded capasitance 1s not known. (Total parasitic capacitance with-
out the guard amplifier would Be less than 100 pf)  Experimenval data, how-
ever, indidates that the ékror i3 appro¥imarely 0.80% for a worst case Sourde

capaeitance of 2000 pf and source resistance of 10,000 ohws.

10.7.1.3 f.‘éi.j’gi.t%:«iﬁ,ng Error. The gnaley sample 45 éncoded by a sevies of
eight successive approvimations, Fach approximstion decreases the digitiz-

ing error by one-half. Prisr to the start of the encoding provess, the

‘sample voltage 1s known 1o be between 0.0 ard 5.06 volts, After the first

volts, resulting tn s fiest svep sccuracy of £1.265 volts, This 1,068-vols

S0 11T
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grrer is called the digitizing error and is reduced during each approxi-
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gation until, at the conclusion of the eight steps, the digitiving error is

leds £han 210 millivolts,

16.7.3.4  A/D Conversion Hrror. The gain, vffset, and linearity of the amp-
Tifier i the ASD converter lead to additional ervors in the énioding prodess,

These errors are unpredictable over the temperature vange but are estimated

to e less than 5 miliivolis.

10.7.1.5 Bit Brror (Transmission). The encoded data is recorded for play-
back and trensmission o the pround stations st a later time and/or trang-
amitted in veal timé., In sither cusé, the data is affectéd only by the bit-
ervor rates of the equipment involved. A conservabive figure for the over-
all hit-giror rate from the vehicle to the pround tracking station to the
satellite 1est center is 2 x 1075, The signiticinee of this erred in the

gnd-to«end telemetry acouracy is difficult to determine since the srror rate

is @ probability that any bit (ot & particolar bit) will be Incorrect. There-

“Fors, 1ty contribution iz negligible,

10.7.0.6 U/A comversion Brrop. fats that is sintained in dipgizdl Form,
gither in bhinary, oy equivalent PCM counts; does not incur any additional
inacouracy. However, data converted to anslog valnes and reported in terms
of percent bandwidth can be dn error by #s much as 340 millivelts since

2 single percent bandwidth represents two to three binary levels {(veference
Section 10.4.4).

.7.1.7 Display Sguipment Hrrepr., Onte deta had %@en'recei§%d> it can be
displayed either in pamerical forw on printers wr cathode ray screens, or

pletred on a chart recorder. OF the two display metheds, only the recorder

will add o the srvor of the daté except for major equipment failures. In
the past, the recorder ervor has been shown to be less than 3% by comparison

with ofher forms of dava representation.
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10.7.2 End-to-End Analog Accuracy Summary

Of the major sources of error for analog telemetry, two are dependent on

the output impedance of the transducer, and the remainder are independent

of the transducer.

The digitizing ervor, and A/D conversion error contribute a maximum of 215

mv inaccuracy. Conversion to percent bandwidth, if performed, results in

an additional %40 mv worst case,

The errors caused by the dc offset and sampling transient are significant
when transducers with large source impedances are used. The error caused
by the dc offset is approximately -0.25% worst case, The error caused by
charge transfer during the sampling period is affected by source capacitance
and, under worst case conditions of 10 K& and 2000 pf, is approximately

-0,80%, The resultant total error due to transducer dependent sources is

approximately -1,05%.

Therefore, the worst case end-to-end accuracy of any encoded analog voltage

displayed as a digital reading is approximately +0% %15 mv, -1,05% 215 mv.

Thus, for a 5-volt signal, the maximm ervor will be +15 mv, -67.5 mv. Data
converted to percent bandwidth adds an additional #40 mv inaccuracy, and,

for data recorded on a c¢hart recorvder, #3% maximum inaccuracy is added,

Although there is a large margin of error for the worst case source im-

pedance, very few sensors fit in this range. Typical transducers, ex-
hibiting source impedance in the range of 0 to 5 K& shunted by cap-
acitances of 0.1 uf or more, are subject to a worst case error of 220 mv

(specification limit) excluding ground processing errors.
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10.7.3 Discrete Instrumentation Error

The parameters which affect the end-to-end telemetyy accuracy of the dig-
ital data are the same as those for analog data with the exception of the
conversion errors (both A/D and D/A) and the digitizing error. The re-

maining parameters are:

(1} DC offset
(2) Sampling transient
{3} Bit error

(4) Display equipment error

However, since a voltage level of -4 to +1 volt is detected and encoded as
a digital 0, and a voltage of +3 to +33 volts is detected and encoded as a
digital 1, the errors associated with dc offset, sampling transients, and
. display equipment error have negligible effect on the data. Thus, the
accuracy of encoded discrete telemetry data is affected only by the bit-
error rates of the equipment involved. The error rates are the same as

those for encoded analog data and are considered negligible.

10.8 Instrumentation Summary

Table 3.10-10 summarizes those instrumentation points directly associated with
the instrumentation and telemetry subsystem. Points processed in the IP that

. do not affect performance of the overall subsystem are not listed, but can be
found on the IP schematics presented in Figures 3.10-7 through 3.10-17.

10.9 Command Summaxry

10.8.1 10V WORD Command (Bits 29 and 30)
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TABLE 3.10-10
INSTRUMENTATION AND TELEMETRY SUBSYSTEM INSTRUMENTATION SUMMARY

iMp TITLE DESCRIPTION POWER
5032 PCM 1 ON/OFF, PCM 2 ON/OFF, Latching relays tracking the command input +5/415 vde
FDS bits 9, 10 relays of the command processor monitor the

receipt of commands from the satellite con-
trol section and feed either 0.0v or 5.0v
to a 4-bit integrated circuit D/A converter.
OQutput occurs in 12 discrete steps ranging
from 0.25v to 4.75y in 0.3%v increments ex-
cluding the following voltage levels:

1.15v; 2.35v; 3.58v; 4.75v.

Bit 1 (LSB)* = PCM 1 ON/OFF
Bit 2 PCM 2 ON/OFF
Bit 3 FDS bit 9

Bit 4 (MSB)**= FDS bit 10(LSB)

o

i

pil-oi'g

5589 DTU 1 ONJOFF A voltage divider network connected across Self
the switched main power feed to DTU 1 pro-
duces a voltage proportional to the main
power voltage. The output is converted in
the DTU to yield a binary signal (On/Off):

ngr = Off
MY = On
5590 DTU 2 ON/OFF Similar to IMP 5589 monitors the switched Self

power feed to DTU 2.

*L5B
**MSB

Least Significant Bit
Most Significant Bit
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TABLE 3,10.10 (CONT'D)

IMp TITLE QﬁSﬁHI??IG&A ;§§§ﬁ§
5186 +15 vde supply & divider cireult in the instrumentation +15 vdo

processor produces 4 voltage proportional
to the voltage level of the +15 vde regu-
tated supply. The output is linear from
G.0v {00y supply tevel] to 4.0v {(15.0v
supply Levell,

5198 +5 vde supply A divider network in the instrumentation +% wde
processor produces a voltage proporiionsl
to the voltage level of the +hv rggulated
supply. The output varies linearly from
0.0V {0.0v supply level)l to . 4.0v {5.0v
supply level},

5200 «15 vde supply A divider network, which wuses the +5 wde +5/~15 wide
supply as & bias source, pfoduces an
output proportional tothe voltage level
of the -15 wde supply. The output is
linear from 4.0v {(0.0v supply level) to L.Ov
{(~15.0v supply level).

413-917%

5350 Temperature telemetry unit The temperature ipside DU 1 is monmitored w15 vde
Section 1 by @ thermistor lotated on the power supply
circuit board. The output is nonlinear
from -20F (3.05v) to #155F {G.7v).
5331 Temperature telemefry unit Similar to IMP 5330, monitors the tempera- #1185 yic

Sgotion @ ture inside DT 2.
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(10V06XYZ, bits 29, 30)

Function:

Interlocks:

This command controls the DTU states and determines
the power state of the t15-volt and +5-volt in-
strumentation power supplies.

Bit No. Function
29-.1 DTU 1 ON
250 DT 1 DFF
30-1 DTU 2 ON
-0 bty 2 OFF

DTU 1 and 2 are logically interlocked to preclude
simultaneous operation., Commanding DTU 1 ON while
DTU 2 is already operating will remove power from
both sides of the DTU. One side must be in the
OFF state to permit the other to receive power.

10.9.2 M6V WORD (Bits 33 and 34)

(MEVO02YZ, bits 33 and 34)

Function:

This command contrels the DTU states,the environ-
mental power circuits, and the 5 parking brake power.
The pressure transducer and the %15-velt and the +5-
volt instrumentation power supplies are alsc switched
by the DTU commands.

Bit No. Function

Implicit Spare

33.1 DTU 1 ON

3%.0 DTy 1 OFF

24.1 DTU 2 ON

34.0 DTU 2 OFF

35-1 Heater branches 1, 2, 4, 5, and 6,
and 5 parking brake ON

35-0 Heater branches 1, 2, 4, 5, and 6,
and 5 parking brake OFF

36-1 EPSM 1 ON

36-0 EPSM 1 OFF

371 EPSM 2 ON

37-0 EPSM 2 OFF

38-1 and 0 Bpares
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Interiocks:

{1} DT 1 and 2 are lopgically interlocked to preciude
simpltaneons dperation. Commanding DT 1 OK while
BTY 7 is alrveady operaving will remove power from
both sides of the TV, One side must be in the OFF
state to perait the other to recelve pover.

{27 Commanding 5 OF ON or 9/5 RUNOUT ON will disable the
5 parking brake cironit. The circuitr will not be ve-
engbled until both 5 OF and 5 parking brake power

are off.
10.8.3 DT ON Commands [MR)
DYy 1 ON (MR 21}
BRG 2 OK {MR 22)
Function: These commands control power to the indicated DTY

side, They also wontroel power to the pressure
transducer and the 215-volt and +5-volt instrumenta-
tion power supplies.

Interlocks: DU I oand DU 2 are electrically interiocked o pre-
vent power application fo both at the same time.
Commanding ITU 1 ON while DTYU I is operating will re-
wmave power from both sides of the UDTU.  UOne side
must be in the OFF state to permit the other to
receive power.

10.9.4  UTYU OFF Command [(Umbilical)

Function: This is a vehicle umbilical vomsand {BTL 8005) which
removes power from both sides of the DT,

3.10-117
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