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3.5 DATAR BAEDLIEG SUBSYSTEN

3.5.1 Subsystem pescriptjon. The data handling
subsystem contains all the telewmetry processing

capability on the spacecraft. The subsystes
processes snelog, serial digital and bilevel

- telemetry data from the scientific instruwents
and spececraft saubsysteas for transmission to
earth. The subsyste® providea timing, clock and
status signals; data sampling and formatting;
convolutional encoding; and biphase podulation
for the spacecraft. A functional block diagram
for the subsystem is presented in Pigure 3.5.1-1
{Appendix C).

AmTIERC, - Y,

The subsystem consists of eight (8) Data Inpuat
Sodules {DIAS), two (2) redundant PCH Encoders
{PCHEREs), tvc (2) redundant Telemetry Processors
(PPsS). On the spacecraft equipment shelf, thase
units are arranged as showa ip Pigure 3.5.1-2.
All the dsta handling subsystem units, except the
DIAs, are connected to the switched loads bus.
The DINs receive secondary power from each PCHE.
Each DIB is powver strobed ON just prior to
processing a telemetry input, and upon
completion, the DIX returns automatically to the
standby mode. Discrete and quantitative commands
are used to control the functions of all the
subgyster onita. Figure 3.5.1-3 shows the major
cross—strapping between the elerments of the
subsysten.
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The data handling subsyster receives all
telemetry data inputs through the eight (6, DIEs
and multiplexes these inputs into a PCM/PS¥
square vave subcarrier that is sent to the
spacecraft transmsitters. Bach Di# is a 32-
channel random access commutator vith a single
input control line and a single Pulse Amplitude
Modulated (PAK) output data line. The DIAs
provide user-dedicated read envelopes and a
cor®on gated read clock to all users of serial
digital telemetry; and a 1 milliampere precision
current pulse sourca of a noainal 294
microseconds duration for users of resistive
transducers (i.e., conditioned analog channels).
The 1 milliampere precision current pulse source

3.5"1
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is developed in each PCHAEB and provided on a

) gingle line to eac:: DIA. Analog data
(conditioned or non=-cornditioned) is sanmpled,

: buffered and gated to the output data lise as a
| single PAM pulse; s<rial digital Jdata is gated to
‘ the output data line as 8-bit serial words; and
- bilevel data is sampled in parallel 8-bit bytes
u‘ and also gated to the output data line as 8-bit
serial vords. The ON/0PP control of each
individyal DIB is through the PCH BNCODRR DIN
CONTROL gquantitative coamand, i.e., PCHQ1 for
‘ PCHET and PCBEQ2 for PCAEB2. This coumand is sent
y to the PCEE in the case of a faillure vhere a DIR
| does not automatically return to standby after
‘ being used to process a telemetry input. The
QN JOPP status of each DIR is not telemetered
because it can be determined from the sense of
the telemetry data. The DIAs provide the
standardized telometry interface with all the
scientific instiruments and spacecraft subsystes
users.

—L

R e

The PCEB accepts the PAN analog and serial data
from all the DIMs, processes and synchronizes the
data and generates a non-return-to-zero-luvel
pulse—~code-sodulated (NRZ-L/PCE) output bit
stream to each TP. Yhe PCAE perfiorrs alL eight
bit analog-to-digital (A/D) conversion on the
analog data and regemerates the digital data.
Inforration fros the TP to select the telermetry
data channel required by the selected telemetry
format is relayed by the PCNE to the DIEs. Por
routing to channels that require a conditioning
current, the PCRE provides a precision 1
eillianpere current pulse source to each DIN.

The PCAR receives a guantitative command to
control the O3 ,OFF status of the DIRs, as
mentioned above. Commanding a DIM ON enables the
PCHB data input line and also enables the DIA to
be pover strobed ON via the control line. 2
discrete OR/OPP coknuand is also received by the
PCHE to control the pover status of the unit,
i.e., PCH EECODER 1 OE/2 OFP (PCA1% or PCRA9),
PCH BECODER 2 OM/% OPF (PCH29 or PCRBY9) and PCH
EECODERS OFF (PCE1J or PCHAf). The telemetry
ON/OFP status is provided by DPCNM IS for PCHE1 and
DPCK2S for PCME2.

\
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The TP i3 the main unit in the data handling
subsystewm. The TP contains the master spacecraft
clock that generates all the tieing signals
required by the subsystem, the scientific
instruepents and other spacecraft subsysctems. The
TP provides the 24-bit spacecraft time code, U096
seccnd clock, clock signals (i.e., 32,768 Hz and
2048 H2), telemetry synchronization signals
(i.e., major frame rate, minor frame rate and
telemetry vord rate), and the bit rate status
signals. A data minor frame consists of 64
telemetry wvords consisting of eight bits each
(512 bits total). There are 64 minor frames in a
major frame. A subcomsutated format also
consists of 64 taelemetry vords, except that each
vord in the subcoamutated format appears only
once iun a unique word position in the minor
frame. Therefore, it takes one major frame to
coaplete a subcoaautated format. The Rultiprobe
spacecraft has assigned to it: 4 pre-programzed
minor frase formats, one (1) prograamable minor
frame format and three (3) pre-programaed
subcoamputated formats, aa identified in Table
3.5.1-1. The telemetry data words required in
these formats are segquentially addressed by the
TP and are seant froe the DIRs through the PCHE.
The TP receives the teleretry data by addressing
the PCNE, and conditions it for transsission to
the spacecraft comennications subsystem.

The data processing in the TP includes
convolutionally encoded or uncoded data and
biphase modulation of the data onto the 16,388 Rz
square wave subcarrier. The functions of the TPFs
are configured by the TBLBRBTRY PROCESSOR CONTROL
guantitative command, i.e., TPCQ? for TP1 and
TPCQA for TP2. Hipor frame format word 3 gives
the telemetry status of the TPs.

3.5-3
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TABLER 3.5.1-1

BULTIPROBE TBLENETRY PORAMAIS

- ) 1] in o e Fo t

1. Bos Engineering
2. Bns Bntry

3. ACS 1
U. Command Nemory Readout |

|

Pre-Prograpped Snbcopputated Pormats: |

i

1. Subcour i !
2. Subcom B
3. Subcom C

Prograsnm X “mat:

2progracaable®

Unjt Descriptions. The following sections
provide detailed descriptions of the units within
the data handling subsysten.

Data_Input Hodule. The DIA receives analog,
serial digital and bilevel data from the
scientific ingstruments and spacecraft subsysters
and routes these data to the TP via the PCAB.

The DIB treceives control signals, the 1
milliampere precision current pulse source and
power from the PCHB. The DIM provides a read
clock and read envelopes to users of serial
digital data; and relays the precision current
pulse source to nsers of conditioned analog and
bilevel channels. The aain components of the DIE
are the multiplexer, Eanchester decoder and
control logic, read envelope and clock generator,
and power control. In the folloving sections,
these components are described.

~y



3.5.2.1.1

3.5.2.1.2

3.5.2.1.3

Saction Ho. 3,5-2,1.1

DOC- NO. Pc"“g}

Orig. Issue Dato _3/22°78

Revision Ro.

Ravision

Bultiplexer. The multiplexer raceives the 32
telemetry channel inputs fros the users. Rach
input is protected against damage fros
overvoltages as large as +50 volts and -30 volts.
The aultiplexer is implemented by using eight (8)
4-—channel input multiplaxers vhich are controlled
by tvo (2) 4-channel svitches that each provide a
one-out~of-four decode. Current swvitches are
also contained in the multiplexer that operate
synchronously with the multiplexer input
svitches. The purpose of the cutrrent switches is
to cozmutate the 1 milliampere precision current
pulse source into the selected multiplexer
channel. Six (6) precision curreat pualse source
inputs are provided, with each input allocated to
a unigque 4-—channel input multiplexer.

Banchester Decoder and Congrol Logic. The

Banchester decoder in the DIB receives a 10-bit
Banchester coded channel address word formatted
by the PCEE. 1t decodes the address word and
generates a two-phase bit clock and BRZ serial
data. These gignals are provided to the control
logic. The control logic provides the procper
coding to the multiplexer to select the desired
channel by selecting the 4-channel multiplexer
and channel within the multiplexer. Programmsing
pins are used in the unit connector to choose the
appropriate distribution of analog, serial
digital and bileve] channels for the DIN. The
control logic provides the read clock and read
envelope outputs to the user’s from the 20de
(i.e., programeing) selected for the DIE and tha
channel address word.

Read Bnyelope apd Clock Gepnerator. The read
envelope and clock generator circuit provides %he
contrxol signals required for serial digital data
transfer from the users. The circuit consists of
a one-out-of-sixteen decoder matrix that
generates the sixteen read eavelope signals and a
clock amplifier that provides buffering of the
gated read clock signzl from the control logic.
The read envelope signals are generated in
syochronization with the saapling of each B8-bit
serial digital word. Up to sixteen serial Qata
chanpnels xay be accosmodated by wiring the data

3 -5-5
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line to the appropriate input channel (i.e.,
channels 0 through 15) .

Powgr Coptrpol. The DIE is turned on and off by a
variable width pulse on the control line froa the
PCRE. Pulges of 2 milliseconds and 230
microseconds will turn the DIN ON and a 36-
millisecond pulse will turn OPF the DIM. The DIA
is pover-strobed as ¢ weans of mipimizing pover
dissipation during idle or non-interrogate times.
Power for the unit is provided by +15 volt anu
=15 volt regulated outpats and grourd from the
PCHE that are inputted to power svitches. The
pover svitches apply tke +15 volts, -15 rvolts,
and ground to the internal electronics when an
address word is detected on the control line.
When there are no further pulsaes on the control
line, the Banchester 4ecoder senses this and
sends a signal to the power control circueitry to
return the DIR to the standby condition.

. The PCEE accepts PAE analog and
digital data from the DIBRx and formaulates an
BR2-L/PCH (Non-Return to Zero level/Pulse Code
Bodulation) outpu’ data stream to the TPs. The
main functional cowponents of the PCHE are the
anltiplexer, comzparator and A/D converter,
BRanchester decocder and associated logic, DIR
decodar, and pover supply. These functi.as are
described in the following sections.

Bultiplexer. The multiplexer receives the PAR
data input froe each of the eight (8) DIAMs along
vith a reference ground. The multiplexer
consists of a differential commutator that
differentially multiplexes the PAN data and
reference ground f£rom each DIN to the comparator.
A distributor comrutates a precision 1.000
silliampere 20.5 percent refercnce currasnt (294
aicrosaconds) to the selected DIT for signal
conditioning of transdecer rasistive inputs. The
precision current source is outputted from the
rultiplaxer to each DIk on a dedicated line.

o v - YtThe comparator
consiets of a unity gain differential amplifier
folloved by a precision voltage comparison
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circuit. The output of the comparator goes to
the /D converter. The differential input fros
the multiplexer is converted into a single-ended
signal by the differential aamplifier in the
comparator. The treatment of the data, as analog
or digital, is controlled by the A/D bit in a 20-
bit instruction and addrems wvord supplied by the
TP. Por analog inputs, the comparator compares
the input signal to a known referance. The
reference is provided by a digital-to—analog
feedback circuit in the A/D converter consisting
of a binary voltage weighted resistor ladder,
svitches and a precision -5.120 vdc reference
supply. The output of the comparator is encoded
into 8-bit digital vords by the A/D converter
vhich employs a s8.ccessive approximation
techrnigue. To process digital data, the register
and svitches are forced to half scale for the
entire wvord time 80 that the ladder is generating
a constant +2.56 volt reference. Thus, the A/D
converter functions as a fixed threshold detector
for making one-zero dacisiouns on the incoaing
digital data.
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3.5.2.2.3 panchester pecoder and Associated Logic. The
Banchester decoder receivas a 20-bit instruction
and addruss word from the TP for three (3) times
in succession. The decoder generates a cocherent
bit clock froa the incoming 20-bit words, that
provides timing for the bit counter circmit. 1In
addition, the coherent bit clock enables the
3arial transfer of the instr ction and address
portion (minus 8-bit sync code) of the 20-bdit
vord into a 12-bit xshift register. The 11
instruction and zddress bits (i.e., A/D bit, S
DIB address bits and 5 channel address bits) of
the 20-bit word constituting the first
interrogate subcycle are parallel transferred
into an 11-bit holding register by the 12th bit
in the skift register. The 5-bit channel address
is parallel traasferred during the 2nd
interrogate subcycle into the address generator
wvhere it is converted into a 10-bit vord required
by the DIHsS consisting of a2 5-bit sync followed
by the channel address.
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odgr. The DIK decoder provides the
channel sddress infoimation to each DIA on &
dedicated output. The DM decoder circuit
receives parallel DIBR addreas bits from the
holding register to selec’? the DIB outpat line,
the serial 10-bit chanpel addrecs word from the
address generator to select the DIE channel and
pover control commands froe tho pover control
circuit to turn on and off the DIRs. The ONJOPF
control pulses to the DIABS go out on the same
lines as the 10-bit channel address word. The
powex control circuit raceives the PCE EBCODER
DIBE COHTROL guantitative cosmand (PCAQ1 for PCEED
and PCHQ2 for PCAB2) and provides z pulse width
modulated technique to coatrol the DINsS. Coxeand
execution is synchronized to the beginning of the
minor frame.

Porgr 3unply. 1ha PCHE has aa Anternal power
supply that operates f£rom the +28 volt switched
loads bus and 45 cozmandable ON aad OFP. A
series regulator nrovides requlation of the inpot
bus voltag2 and an electric convarsion unit (BCU)
genarates all the secoadary voltagas reguired by
the PCKB, inclading the power supplied to the
DINS. The »CHBE power 3upplies ste commanded OE
and OFF by three discrete commands, i.e., PCH
ENCODER 1 0H/2 OP? (PCA1S ox PCBAY9), PCE ENCODER
2 ON/V OPF (PCE29 or PCHB9), and PCE EHCODRRS OPP
(PCH1F or PCHEAP) . The OE/OPP status is provided
to telemetry as DPCH 1S for PCEEY and DPCE2S for
PCHR2,

Internpl Commapd Respopsg. The PCAE receives
both gquantitative and di‘-crete commands from the
COEs. The folloving sections describe the
internal response cf the PCHE to the different
cosmands received.

A TROL Quaptiiatiye Coprand.
Powver control for tho DIEs is processed by the
DIN pouer control circuit in the PCRE. The 16-
bit guantitative command (i.e., bits 25 through
40 of the uplink command format) (PCEQ1 for PCHE1Q
or PCHQ2 for PCEEB2) is stormd &n a 6-bit shift
register, a2nd the verification pulse at the end
of the quantitative comaand is ignored. Rach

Nagw
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pair of bits in a given cossand word contain the
povaxr ON/OPP information fuor a DIA. Power
control for the DINs is implemented using a pulse
vidth modulation technigue. Command e¢xecuntion is
synchronized to the beginning of a minor frame by
using the sacond negative transition of the miner
frame sigral following receipt of a command to
trigger tkree (3) one-sbhots whose periods
reprasent the power O3 /OPF states of a DIER. The
proper pulse ia gated to the DIM address line as
a function of the information containmsd in the
copnand vord. A code of ®01* or "11% will
genorate a 36-willisecond pulse which will turn a
DI2 OPP. & code of “00™ or ®10% will turn s DIA
OE; a "00" code ganerates a 230 microsccornd

pulse, and a "10% codc generates a 2 millisecond
pulse.

3.5.2.2.6.2 PKCE Epncodegr ON Discrete Coawand. The PCHA

3.5.2-2.6.3

3.5.2.3

Encodar OB command (i.®., PCH19 or PCHERA9 for
PCMR 1; PCREZ29 or PCaB9 for PCHEB 2) is & diacrete
coemand routed through an input buffer to the
latch vhich controls the PCHE pover. This
coerand sets the latch: a voliage is fed back
froe the regulator to keep the latch set and PCHEB
pover ON. The ON ~osnand to a PCHE
simultaneously turns OPP the other PCME.

PCB_Rncoder OPP Discrete ComRand. <ne PCH

Encoder OFPP command (i.e., PCRIF or PCHAP) is a
discrete command routed to an input bnffer and to
the latch which controls the PCRE power. This
command wvill reset the latch «nd thus tarn PCER

pover OPF. The OFF commaund tutrns off boxk rCHES
at the sade timc.

Tolemetry Processpr. The TP controls all
functicns of the date bhandling subsysten. 7Tka TP
requests telemaetry data fromx the DINS through the
PCER, organizes the data into telemetry formats
and transeits a PCE/PSK subcarrier to the
spacecraft transmitters. All spazcecraft timing

is derived from the magter clock conwained ip tue
T?.

The major fuanctional components of the TP are
timing, input interface, output interface,
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controller and pcver sapply. In the folloviag
sections, each of these components are deacribed.

Timing. A 220 (1,088,576) H2z crystal oscillator
vith a 50 ppa stability is provided in the TP as
a tiwing referaonce for the scientific
instrupents, spacec.raft subsystcas and ?P. The
crystal oscillator is usad as the fraquency
standard for the timing ®leck. A countdown chain
in the timing block prc¢ ‘des buffered 32,768 Bz,
2048 Hz and word rate siqgnals to users.

The operating telemetry bit rate of the TP is
selected by sending tho TELEAETRY PROCBSSOR
CORTRUL quantitative cormand (i.e., TPCQV for TP?
or TPCQA fnr TP2). Bits 29 through 32 of the
uplink cowmand format are coded to salact the
desired b 't rate, as defined in PC-455
(Reference: Paragraph 1.5.1). This 4-bit code
is sent to the timing block frow the ~ontroller
vhich receivas it from the comeand in,ut logic
(part of input interface). A chance to the bit
rate is implemented at the beginning of the next
minor frame following receipt of the gnantitative
comzand. The timing block algo transmits a
signal tvice the selectcd bit rate to the
zcatroller.

The countdovn chain provides a word rate start
signal to the controller to start the processing
of a telemetry word. The controllei completes
the processing of one word in less than 2.9
williseconds and goes into an idle state with the
control logic strobed off to conserve power. The
controller is reactivated by a nev word rate
start signal froe the tiwing block. The
telenetry word retrleved from a DIN during the
current processing cycle is transmitted Aduring
the naxt telemetry word time.

The bit rate status signals (d.e., four (4Q)
output signals giving the Jogic coding for the
operating bit rate) are sent to the sclientific
ipstrusent users from the tining block.

Input Interfacq. The input interface coaponent
con3ists of tho command input iogic block and the
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PCH ipput logic bleck. All input information is
buffered through standard input buffers and alii
serial iuputs e2re stored in shift registers which
are interrogated by the controller.

The command inpat logic block resceives the 16-bit
(i.e., bits 25 throuc* 40 of the uplink command
format) TELEMEZRY PROCESSOR CONTROL quartitative
command (TPCQ?Y or TPCQR) from the COB () .e., COR
3 for TPY and COM 4 for TP2), and store3 it in a
shift register. After the command has bzon
completely received by the TP, a flip-flop is set
in the coxmand input logic block by the
nuantitative coamand verification pulne. TL2
output of the flip-flop is =2ent to the
controller. During internal sord tire zexo
{(i.e., first vord of internal minor frame to be
transnitted in next telemetry word time &5 a TP
output), the controller senses the state of the
flip-flop and transfers the contents of the shift
register into the controller's Randoek Access
Hemory (RAE). As a result, the command will be
ected upon ia the next teleepetry word time, which
is the tize of tbhe first vord of the minor frame
cutputted by the TP. I1f two (2) or Eore
7eantitative commands are sent in the period cf a
ein .- frame, only the last transaitted command
¥ill be processed at the beginning of ‘he next
xinoxr fraze.

The PCH input logic block recci.es PCH daia
inputs fro® whichever of the two (2} PCBEs is ON.
The PCM interrogate Jr~gic block sends a telemetry
channel address to the PCAB aund as a result, 8
bits of data are transferred to the PCH input
logic bloek. The returning data is clocked in
using a 32,768 Hz clock generated within the PCAH
interrogate logic block. The input data is
stored in a shift regisver in the PCE input logic
block within one telemetry vord tiee slot, and is
transferred to the data output logic block for
output at the selected bit rate during the next
telmetry vord time slot.

Qutpunt Ipterface. The output interface cowponent
contains the PCH ainterrogate logic block, the
data output logic blochk. £Rll ouiputs are

3.5-1%
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bufferred through standczd output buffers. The

K real tiwc outputs of the data vutput logic block
; to the trapspoaders which ake requinsd to be

] telenetry vord rats syncbronous, coiasist of a two
i (2) register pair located within the bluck.

‘ These are: 1) an internal register tkat is

4~ updated by th® cocatroller, and 2) as external

’ registoer that reccives the conents of the

E intoernal register by a syzchionous transfer uwsing
! the teleaetry word rate clock.

s

Primaty timing and control of the PLHE i8
accoaplished by the Hanchester coded {biphase)
address and instruction format provided by the
PCH interrogate loqgic block. The address and
instyuction forsat consists of a 20-bit word sant
at 2388 (65,536} hits par secoad. This 20-bit
vord coyntaias an 8-bit syuc pattern plus 7 bit
used to shift the remaining V1 bits into a
aclding registoer-. The first data bit instructs
the PCHE as to vhoiher the requestad telseetry
data is analeqg or digital, the next five (5} data
Dits select the DIA that is to be interrogated

. and the last Five (5) bits represent the cheannel
é address of the selected DIM. This 20-bit word is
i sent three (3) times in order tc provide the

’ proper tiping for the PCHE.

LINTOULLS (s s LA L -

R i

The data output logic blochk is responsible for
synchronizing ¢he output data witb the selected
telegetry bit ard word rates. Data to be sent to
the transpondex is loaded into a temporary
internal shift register during the telemetry word
tinre slot it is receivec from the PCEE. At the
etart of the next telesetry vord tiae slot, it is
tranaferred into on exteinal shift register which
is serially clocked at the selected bit rate.

The dats may be convolutionally encoded, sent
directly to tha biphase modulator, or cosmandsd
off by use of the coding ®ithin tkte TP COHTROL
quantitative coepand. W¥hmn the data is
convolutionally encoded, the conwvolutional
encoder is reset after the last bit of the third
sync word (i.e., 28th bit of the minor fraee) is
shifted Anto the encoder. Data out of the
convolutional encoder is clocked i..0 the biphase
modulator at 116,388 Hz ir oxder to provide

3 ns-‘ 2
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ccherenca with the subcarrier. After the data is
biphase rodulated, it is buffered to the
spacwcraft interface levels and seut to the
transponder. %The data octput logic block also
provides the 4096 second clock output to the
corkpand processox and the major and minor frame
rate signals to the scientitic instruments and
spacecraft subsystess, as seen in Pigure 3.5.1-1.

coptroller. The controller is the core of the
TP. Teloemetry minor frame and subcommutsted
formats and coutrol signals are stored within
Programemable Read Only Nemories (PROEs) contoined
in the controllsr- The tieing, ippat interface
and output interface functions are linked to the
controller by & data bus over which data and
control sigaals are ssnt. The controller also
perfcras arithoetic and logic sanipulations with
data and stores pertinent dsta in the BRH.

Upon TP power turn-on (via TLA19 or TLHA9 for
TPY; TLHE29 or TLEBY9 for ¥P2), ihe controller
execates an initializatian routine. The
cossandable funciions initialize to the statesr
shown in Table 3.5.2.3.4-1. After
initialization, the controller goes into the idle
state and waits for the “elemetry word rate start
signal frox the tiaing block. Upon receipt of
the telemetry wvord rate start signal, ontents of
internal registers are transferred to e
external data registers that interface with ovnits
outside the TP. This assures that the output
interface will be synchronous with the selected
telenetry word rate. TYhe spacecraft time code
update is tke first routine ezxecuted aiterx
receipt of the ielemetry vord rate start signal.
The time code is increecnted as a functicn of bit
rate, l.a., at the highest bit rate (2048 H2),
the increrent is 1/256 second and at the iowest
bit rate (8 H3), the inCrement is Y second.

If a new coszand has rteen recaived by the cowsand
inpgt iogic block and %the internal telesetry vord
time slot is telexetry vord zero, ths coawvand is
trannsferred onto the data bus and stored within
the RAR for later access. 1f, Lovever, the

3.5-13
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Direct Memory Access (DNA) bit is set in the TP
COHTROL quantitexive command, the command is
procaessed aB a Cirect memory access cosaand,
i.e., the coamand is being used to configure the
prograsaable format. At this point, the internal
registers that control bit rate select acd TP
output functions are loaded so that the external
registers can be loaded at the next telemetry
word time slot, which vill be telemetry word zero
of the next ginor frame. If the current

g telesetry vord is the last telemetry vord of a

: rajor frame, the three (3} most significant time
' code words (i.e., three B-bit words) are sampled
and stored for later readout. HNext, the varioue
bits which represent minor fraee rate, Rajor
frame rate, and the 4096 second rate are mxaked
out of the counters which are stored in the RAR

and are transferred via the data bus to the data
output logic block.

- ST W T T seee D

+

spmuLLagIT AT

The controller foras a 10 bit address for the
minor frame forzat memory composed of 4 bits for
the coreanded format type and 6 bits for thre
contents of the telemety word counter. & 12-bit
vord is then retrieved xro® the ®minor frame
format merory. Four (4) bits of this vord serve
to classify this word into one of six {ypes.

Pirst, the "®normal® type, which is the most
prevalent, signifies that the resaining 8 hits
are a DIK address and aro to be sent to the PCAR.
The returning commutated telemetry word is placed
in an internal register which wiil be transferred
to an external outpux register at the next
telemetry vword time slot.

The second type of forwat word is the
subcosmutated vord. Within the cpace that weuld
nornally be the DIH address bits, there are two
(2) bits to indicate the subcor type. These two
(2) bits are connected to the 6 bits of minor
frame count to form an 8-bit address for the
subcon forsat memery which is similar to the
minor fraee format memory. The 12-bit word
retrieved froam the subcom format mamory is
treated similarly to the 12-bit vord retrieved
froe the minor frame format Remory.

3.5-1“




G -

Section Ho. 3p5.2.3.4
Doc. No. __PC-803

| Oorig. Issue Date _5/22/78
' Revision No.

: i Revision
| -

| The third type of format vord is the internal
vord. Pive (5) of the eight (8) remaining bits
are used to indicate an internal status word
stored in the RAM to be outputted during the next
talempetry word time slot.

The fourth type of format word is the sync word
vhere the actual sync code is stored in the
remaining 8 bits of the 12-bit forrat vord.

The fifth format word type is the programaable
forwat vord vhich contains a scratch-pad Eewory
address used to fetch the programaed DIN and
channel number.

The sixth format word type is the KAN-read word.
When this wvord is encovntered, the xinor frape
count is used as an address to fetch a word froa
the scratch-pad and insert it into the data
strean.
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TABLB 3-5.2-3-“’1

TP INITIAL CONDITIONS

PARANETER 1 INITIAL CORDITIONS .-’.7

e —_— ———— e
iait Rate -‘1- 16 Bits Per Second §
| Prane Pormat | orbiter Engineering Pormat |
[cOnvoln°iona1 Encoder : ON
tData @ (o)}
‘Snbcarrier ; ON
"Time Code Vord | & Minutes 16 Secomds prior
| | to Pull Scale Clock BReading
Elinor Prawe ¥ord 63 |
}Hino: Praae Number ? 63
e e e S I, ————— -
3.5.2.3.5 Data Trangfer: DPIB to Zelempetry Processor. The

3.5-16

Telemetry Processor calls for data frozx a DIN by

irst initiating an interrogate cycle vithin the
PCH Encoder. This interrogqgate cycle takes place
entirely within the “busy®™ ti®e segment of
controller activity shown in Pigure 3.5.2.3-%1.
The telemetry processor sends a 20-bit Ranchester
cvded address from its PCH interrogate logic to
the PCH Encoder's Hanchester decoder circuitry.
The 20-bit code is sent three successive times to
create thres subcycles as seen in Pigure
3.5.2.3-2. Fuwever, the 20-bit address code is
not usually the samze for the first subcycle as it
is for the second ard third subcycles.

The first 20-bit address code consists of an 8-

bit sync pattern, plus one bit to shift the
reazaining 11 data bits into a holding register:

Lty sy e v s ey s =
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00000000 1ZXXXXXXXZXIXZX

| BSB ! S — LSB

. (or 20th) ‘ |DIR Select . ___ |

E LSB | [ DIN Channel

; ~ — J Select

; Introduction r

a Pattern |A/D Bit

i !

3

f shift Bit

i

btk !

The 11 data bits consist of an A/D bit which
indicates the type of telemetry data required,
i.e., analog or digital; 5 DIN select bits (only
3 0of the 5 are relevant to the Pioneer Venus
Program which uses 8 DINs): and § DIN channel
select bits. ¢tThe second and third 20-bit address
codes differ from the first code only in that the
DIBE channel select bits are ulways coded as
channel 16 (10000) . All other bits are
identical. In the event that channel 16 of a
given DIM is being interrogated, then all bits of
all three 20-bhit address codes will be the sanme.

T A T TR

Al T LT S TR A

——aa

The second and third 20-bit address codes are
generated for timing purposes only. Their DIA
channel select bits are coded to channel 16
because channel 16 (as vell as chanmels 17
through 31) doesn®t create a read envelope which
could cause a loss of synchronization, if a read
envelope had already been generated during the
first subcycle.

fe—

b

In the first interrogate subcycle, the PCHE
encoder 's Nanchester decoder circuitry receives
the 20-bit address cocde serially shifted with BSB
first. As the address ccde bits enter the
Nanchester decoder circuitry, they are used to
create clocking signals. The Eanchester dscoder
circuitry accusulates the data into a 12-bit
shift register. The first 8 bits, i.e., the
iogical zeroes (syac pattern) pass straight
through the register. The 12th LSB bit of the
code, i.e., the logic "1™ folloving the sync
pattern, triggers the parallel transfer of the
following 19 data bits to an 11-bit holding

P
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register. Upon data transfer, the 12-bit shift
register is immediately reoset.

Instantly after the 11-bit holding register
receives the data, the 5 DIN select bits and the
5 DIB channel select bits are decoded by the PCH
encoder s DIK decoder circuitry and address
generator circuitry, respectively. This is
possible because the contants of %“he 1 1-bit
holding register, excluding the 2/D bit, are
hard-vired to the DIA decoder circuitry and the
address generator circuitry.

The DIE decoder uses 3 of the 5 DIX select bits
to activate an address line to the selected DIK.
The address generator uses the 5 DIN channel
salect bits to aencecde a 0-bit address code. The
10-bit address ccde counsists of a 5-bit sync
pattern folloved by the 5 DIAR channel seiect
bits, MSB first:

6 0 60 0 »+ ¥ X x X X

BSB LSB
U S J
Sync Pattern DIR Channel

Select

The address generator also receives a delayed 5-
bit DIX select code for thae DIE previcusly
interrogated. ¢fhis delayed 5-bit code is used to
inhibit or enable the sending of a fill address
which is generated in the address generator. The
5-bit DIBM select code comes from a 6-bit holding
register within tha PCE encoder. BHovever, the 5
DIM select bits from tha 6-bit holding register
and the fill address generated by the address
generator are of minor isportance with respect to
the Pioneer Venus Prograk. In the Pioneer Venus
Program, the £ill address is derived directly
from the 2nd 20-bit address code of the
iterrogation cycle. It should be noted that the
A/D bit is one of the delayed 6 bits from the 6~
bit holding register. The A/D bit =ust le
delayed for one subcycle period to properly
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instruct the PCH oncoder?®s A/D converter
circuitry.

At the midvay point of the LSB nf the ist 20~bit
interrogate subcycle (as seen in Pigure 3.5.2.3-
2), the first 10-bit address code generated by
the address generator is serially shifted (BSB
first) fros the PCH encoder®s DIX decoder to the
selected Manchester decoder circuitry.

In the 2nd interrogate subcycle, the PCH
encoder®s Banchester decoder circuitry receives
the 2nd 20-bit address and generates clocking
signals. The data bits are processed in the same
manner as in the 1st interrogate subcycle; but
the 10-bit address code that is generated by the
address generator will saerve the purpose of the
fill address.

At the BSB of the 3rd 20-bit interrogate
subcycle, the £ill auuress leaves the PCH
encoder®s DIR decoder and goes to the DIA's
Hanchester decoder. The £ill address is used hy
the DIM to create clocking signals which will
allow an 8-bit wora of data to be clocked froa
the DIM to the PCHM encoder.

If conditioned data is beinqg sampled, a 1.000 =R
precision current output (see Figure 3.5.2.3-2)
is also sent from the PCH encoder to the selected
DIA within 4 microseconds after the fill address
leaves the PCH encoder. If serial digital data
is being sampled, then the 50R% rise tiwe point of
the read envelope (see Pigure 3.5.2.3-3) would
occur within the same 4 microseconds time span as
the leading edge of the precision current output
pulse. The read envelope and read clock (also in
Pigure 3.5.2.3-3) are sent to users by the DIN to
transfer data into the DIR.

Within 24 microseconds after the 2nd HSB of the
fill address leaves the PCA encoder, an 8-bit
telemetry data vord is clocked frow the DIE (see
Figure 3.5.2.3-2) to the PCE encoder.

The PCHA encoder receives the PAK or digital data
from the DIR, and regenarates the data in non-

3.5-19
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return-to—zero pulse code moduvlated (NRZ-L/PCH)
form. The PCHA encoder uses clocking signals
generated from the 3rd 20-bit interrogate
subcycle to serially shift the 8-bit telemetry
data word (85B first) to the telemetry processor
(see Pigure 3.5.2.3-2).

Data wvhich is routed to the transponder is first
stored in an internal register of the teleretry
processor®s data output logic. At the mext
telemetry word time, the data is transferred to
an external raegister which interfaces directly
vith the transponder.

Power suo » The power supply generates the
voltage forss required by the internal TP
functions. The pover supply brovides current
liriting, undervol tage detection and shutdown,
overvoltage detection and shutdown, negative
voltage input clamping, and bus fusing. Power
strobing is used to conserve eaergy. In
addition, the power supply provides isolation
between the bus return and the signal returns,
and buffers the discrete input coamands that tora
the TP on and off. The PP pover supplies receive
three (3) discrete commands to control the ON/OPP
status of the units, i.e., TP ON/2 OPP (TLE19 or
TLEAS), TP2 0OE/% OFF (TLB29 or TLBES) and TPs OPP
(TLR 1Y or TLAA§) . The OB/OFF telemetry status of
the pover supplies is given by DTLB1S for TP1 and
DTLA2S for TP2.

Internal Coppand Respopse- The TP receives both
quantitative and discrete cosmands from the CONs
to control the configuration and operatioa of the
unit. The follouwing sections describe the
internal response of the TP to the different
compands recejved.
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; 3.5.2.3.7.1 IELEBETRY PROCESSOR CONTROL Quaptitative
i Cospand. The 16-bit quantitative command
E (.., bits 25 through 40 of the uplink command
b format (TPCQV for TP1:; TPCQA for TP2) used to
configure the TP is stored in a teaporary holding
\ register (i.e., axternal register) in the command
3 input logic block. After the comamand has been
@- received by the command input logic, a flip-flop
i is set by the verification pulse. The controller
sanses the state of the flip-flop during the
internal vord zero input time and transier the
contents of the temporary holding register into
the controller®s RAM via the data bus. 2As a
result, the latest TP CONTROL quantitative
command will be acted upon at the start of the
next ainor frame. Information transfer is then
accomplished via the data bus to an internal
registexr by a syanchronous transfer using the word
rate signal. The information bits are decoded
and used to control their specified functions.

i <0 S

T

T

A nd

Bit 36 of the 16-bit quantitative command is used
to deteraine wvhether a direct meamory access (DBA)
( oparation is to take place. 1If the DBA bit is a
logic ®1", the TP CORTROL quantitative coammand is
i used to configure the prograsmmable format. A
i logic ®0® indicates a noreal cosmand. A
: prograaxable format command i3 loaded directly
i into the RANM, and contains informatic. regarding
DIN number, DIB channel, and data type of the
telemotry signal (s) o be sampled. The structure
of the 16 bhits of data for the prograamable
format comaand is given in PC-455 (Beference:
Paragraph 1.5.1).

SRR

R kh

The noraal coamand consists of 15 information
bits and one spare bit (Bit 37). Bits 25 through
28 are decoded to provide format selection, and
bits 29 through 32 are decoded to provide bit
rate selection. Bit 38 controls the subcarrier
OR/OFPF state; bits 39 and 40 coatrol the
Convolutional Encoder/Data modes. The status of
these three functions are not provided in
telemetry.

3.5.2.3.7.2 Telenre y P ate :
Telematry Processor 0! connand (i.e.. TLE1S or

3.5-21
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TLAAY9 Zox TPV; TLA29 or TLMBY9 for TP2) is a
discrete coamand routed to the ioput of a latch
vhich controls the TP power. This command sets
the latch; a voltage is fad back from the
regulator to keep the laich set and the TP power
ON. The OH command %o a TP is also used to
simultaneously turn off the other TP.

Telegmetry Processor OFF pPiscrete Comeand. The

Telematry Processor OPP command (i.e., TLHIP or
TLEAP) is a discrete cormand routed through an
input buffer to the latch which contrcls the TP
pover. This cosmand vill reset the latrk and
thus coumand the TP powar OPF. This OFPF conmand
sisultaneously turas off both TPs.

Cperatiopal pescription. The following sections
describe in detail the operational

characteristics of the data handling subsystem.

Programmable Format Operatjons. The TP contains
one (1) minor frame format that can be programwed
in-flight. Up to eight different analog, serial
digital or dilevel words can be inserted into the
prograszable format by use of the TP CORTROL
quantitative command. The primary purpose of
this format is to increase the sample rate on
single or rultiple teleretry channels for
spacecraft diagnostic purposes. However, it is
also useful for receiving selected telemetry
channels during special mission maneuvers and/or
events. The following sections describe the
crganization of the progragmable format, the
zethod for loading it, the verification of tha
format contents and othar operational
considerations.

Pormat Organjzation. 7The prograamable format is

organized into the standard 64 wvord ainor frame
format (see Piqure 3.5.3.1.7-1) used by the other
3> minor frame formats on the Hultiprobe and
Crbiter spacecrafts. The first eight words of
the 60 words are pre-programmed and cannot bhe
changed. The first seven words (i.e., words 0 to
6) are standard to alli 16 minor frame foraats and
the definition of these words is given in PC-454
(Reference: Paragraph 1.5.2). #Word seven is
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unigue to the programmable foremat. This word
contains the full contents of the BRandom Access
Remory (BAB) in the TP. The RAM contains 32
\ entries consisting of 8-kit vords of information;
, eight of these entries ars used to store the DIN
\ address information associated with the eight
proccsamsed telemetry vords. Section 3.5.3.1.3
¥ vill describe the contents of the RAM in detail.

"he remaining 56 words in the format are used to
p.ogram the selected telemetry words. These 56
wo.ls can be considered to contain a mini-minor
frare that is eight words long and repeated seven
tizes. That is, words 38 tc 15, 16 to 23, 24 to

: 31, etc., all contain identically the same B word
/ teleretry forsat. Each eini-einer frame can be
programmed intc any coabination of telemetry
words addressable through a DiIH. 1Internal vords,
such as spacecraft time code (dynasmic and
static), format and bit rate status and minor
frawe count, cannot be selected for the
programaable format. The eight words in the
rini-ninor frame can be all the same, all
different, or any interrediate combination. The
xethod for programming tre format is explained &n
the next section.

R el NPT )

N i

Pigure 3.5.3.1.1-2 shows an example of a
programmable format. Bus Voltage limiter Current
(PLIATI) has been assigned to alternate wvords ir
the 8 word format for the mini-minor frare (words
8, 10, %2, 14, 16, 18, etc., to word 62} .
APTITODRE MEASOBRENEN? for ADP1 (RTTR1Z) has been
assigned to every eighth vord, starting with vord
Y. ADP gstatus has been assigned to every fourth
vord, starting vith word %1. Pinally, PSIis
Brightness (A®#1BRH) bas been assigned to every
eighth vord, starting with vord 13.

AT LT I T DT

e S PP

i

3.5.3.1.2 Progr a aApting tho Pormat. The

programnable format is coafigured by the use of
those versions of the TP CCHTROL guantitative
command that ai1o identified as the PROGRAABABLE
PORKAT commands in PC-455 (TPCQ2 and TPCQ3 for
TP1; TPCQB and TPCQC for TP2). To initially set
up the formst, it takes nine (9; transmissions of
the quantitative coamand to the TP. The contents

NRATS LR AR § b Sl

x
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of each coumand is stored into a different
location in the RAK to be used later by the TP in
tho execution of the format. Thc order in which
the coumpands are sent is pot important boacause
each comrand contains the BAR address into which
the forwat information is stored.

Tha structure of the PROGRABRBABLE POREAT versioas
of the TP CONTROL quantitative command are given
in PC-455 (Referenco: Paragraph 1.5.1), but wvill
also be discusced here. Bjits 25 through 40 of
the nplink command foraat are used for all
quantitative coamand data, Por the PBOGRAHBBABLE
PORMAT commands, bits 33 through 3% are not ased
and can either be logic ®0® or logic ®1® bits,
but bit 36 must always be logic **™. Bit 37 is
used to select TP CONTROL (®0®) or PR” SRABHABLE
POBRAAT (®7i") versions of the PP COBTROL commarnd.
The RAR addresses (i.e., 23 through 31) are
defined ia bits 37 through 40 and bits 2% thxouyh
32 are used in tvo different ways, depending on
vhich type of PROGRANNABLE PORE.L., commsand is sent
to the RAK.

The first type of command (TPCQ3 or TPCQC) is
used to define whether the selected channels are
analog {conditioned or unconditioned) or digital
(serial digital or an 8-bit bilevel word). f%his
comrand must be sant to BAN address 23, and the
contents of bits 25 through 32 must define
vhether the B8 programsed telemetry words are
analog or digital. The eight comzand bits (i.e.,
25 through 32) are assigred as follows to the
eight telemetry vords; bit 25 - word 3, bit 0’6 -
word 4, bit 27 - vord 5, bit 28 - word 6, bit 29
- word 7, bit 30 - word 0, bit 31 - word % and
bit 32 - vord 2. A logic ®t™ denotes an analog
telemetry wvord and a logic "0® denotes a digital
telemetry vord. In suemary, bits 25 through 32
detine the type of telemetry wori, bits 33
through 35 are not usea, bit 36 must be a legic
#1% and bits 36 throegh 40 must be binary 23
where bit 36 is the KS5B, to prnperly traasmat
this first type of cowsand.

The second type of comeand (TPCQ2 or TPTRL) is
used o load the D18 address information
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associated with the selected telemetry vords into
the HAN. RAM addresses 24 through 31 are used to
store the binary code for the D1M and the DIN
channel that is assigned to the telemetry words
to be programzed into the format. Prograzreed
vords 0 through 7 are assigned to RAN addressas
24 through 31 respectively. Bits 25 through 27
define the DIB and bits 28 through 32 define the
DIB channel. Bits 25 and 28 are the ASBs for the
two codes. 7Therefore, taelemetry wvords O thxcagh
7 of the mini-minor frame are stored into RAN

a( resses 28 through 33 respectively. After all
the RAKR locations are filled and a change is
regquired to a DIS or DIM channel address, ouly a
single coemand with the corxrrected DIA information
and its associated RAB addrese has to be sant to
the TP, provided the nev telesetry word is the
sane as the 0ld teleretry woré it replaces
regarding analog or digital categories
(othervise, the corrected fitrst command 2ust
precede this single ccnmand).. The contents of
the RAR are permanent for all time tkat powsr is
appiied o the TP.

Once RAM locations 23 through 31 are loaded with
the correct inforsation, the progranmsable format
can be selected by using the TP COKITROL version
of the TP COBTROL gnantitative command. The cods
for the prograssable format is ®0071" and it sust
be inserted in bit locations 25 through 28 of the
uplink comeand format. %The other codes iz the
quantitative command for forsat, bit rate, D30
control, etc., Bust be for the current status of
the TP if only the format is being changed to the
programmable format. The structure for the TP
CORTROL version 18 given in PC-455 ‘Referenca:
Paragraph 1.5.1) . The programmable format starts
At the next minor frame after the format select
coakand is sent.

Porpat VYerifice,.on. The DIM address information
loaded into the RA'. locations, and cousecuently
the telemetry charnels prugraesed into the
foraat, car only be verified througqg'. the use of
the farz.t itself. Hinor frame telemetry wvord 7
containd a coapleta readcut of the 32 RAH
locatione. The first entry in the RAM (location

3.5-25%
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0} is read out in pimor frase 0 of the majox
freme and all the foilowing RAB locations are
read oat in the tollowing minor frames. Since
there are 64 rinor frumes i2 a Eajor fraes, the

corplete BAN readout ig accoaplished twice in
each = jor fruze.

Pigqure 3.5.3.1.3-1 defiass the conteats of all
kAR locations. Starting with minor frape 24 of
the msjor fraze, tho eight programmed televeiry
vords can be verified. 1f an erxor is detected,
da new command can be sent to the RAM to correct
the contents. The cosmand can be sent vhile the
prograamable format is in operation.

3.5.3.1.4 Opera 1 C s Considera
Thers are a nuaber of constraints and

considerations when operating 2he programzable
format. These are as followvs:

{a) RAaK leocatioas 23 through 31 are randoa
: vhen the TP is first powered on.
' Therefore, the prograzmable foremat
| should not be cowmanded into use before
i loading the deslired telemetry vords.
| (b) RAS leocations O through 15 are
inaccessabie by command, sSo they canno?
inadvertently be altered. However,
A locations 16 thrcugh 3% can be accessed
! by comeand. Location 1o contains the
most significant wvord of the dyramic
time ccde and therefore, care should be
exarciced to prevent this word from
being changed by sending a command to
tbis location. Locations 17 through 22
are spares but could be used to store
information because they are
addressable and are read out in the
telemetry toruat.
(c¢) All commands 1o the TP vhen loading the
RAB should be spaced hy one pinor
: frame. If two commands are raceived in
E the space of one minor frame, the first
; comeang will be ignorad.
% t(d} The contents of the RAN are persmanent
' vhile the TP is povered. Consequently,
the prograamabie forrat can be usad

e
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again af¢er: it has been programeed and
other Ainor frame formats have been
used ir tho interie.

[ W

Al LR

350302 Telemetry Pormst apd Bit Rate Qperatiors. There
are 1o minor frawme formate &nd 13 bit rates that
cak be ccasaaded into operatior on either the
Orbiter or Aultiprobe spacecrafts. Detailed
information about format layout and overhead
vords fox each format 13 contained in PC-@54
(Reference: Paragraph 1.53.2). BRithser spacecraft
will respond to a coxerand containing any
telegetry format and any bit rate. Hovever,
conmonality betwveen the two spacectafts exists

& totally cnly for the bit rates. There are five

{5) formats that operate properly on the

Buoltiprobe and ¥4 on the Orbiter. Consaeguently,

only three (3) forrat=s are cokson, i.a2., the ACS,

Corvand Nemory Beadout and Proarammable foruats.

(IR Ve

e TTUERERIALLL

LIS

?
'
v
v

If a telemetry forsmat designed for the Orbiter is
conmanded into oparation on the Aultiprobe, the
TP will addrass the DIE changBels in accordance
¥ith the Orxbiter pre-prograamed foimat. 1s 3
result, the format ¥ill contain data that is
mealinyiess to the ground software wvhich is
progrzawed to receive knowvn teleretry paraneters
in each wnrd of the cosmepanded format. Bovever,
the data can be made useful, if necessary, by
using PC~450 (Reference: Parayraph 1.5.2) to
coapar® the differcnces between the DIP
assigneents on the two spacecrafts. Therefore,
caution should be ezxercised when coxsanding
telenetxy formats to insuge that tke correct
foraats are used on each spacecraft.

Information regarding T data timses is shown in
Table 3-5-3.2-1-

The formats and bit rates are commanded into
operation through the TP CONTROL gquantitative
comrand, (¥PCQV1 or TPCQA, as explained in PC~455
(Reference: Raragraph ¥.5.1). Bits 25 through 28
of the uplink command format are used to ccde the
telenetry formats and bits 29 through 32 are used
for the 2elemetry bit rates. 7clemetry
verification i3 through word 3 of all 16

3 .5'27
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telemetrxy minor frame focrmais. The first four
(3) bits of this 8-bit word glives tha status of
the forrat selected and the renaining four (4)
bits givaes the status of the bit rate selected.
The 4-bit codes in this fcrmat word are identical
to the codes used to command the format and/or
bit rate into operation.

One constraint on the use of this command is that
two different quantitative coamands should not be
sent to the TP in the space of one minor frame
tise. Since the commands are loaded into a shift
register wvhen received and held until the next
ainor frame, only the last command vill de
eiecuted.

knother coansideration is that the status of the
Convelutional Encoder and Data control bits (bits
39 and 40 of the wplink commsand vord) must be
inserted in the gquantitative comrand to insure a
mode change does not take place, such as
comranding OFF the data output of the TP
(Reference: Paragraph 1.5.17).

The spacecraft should not be operating in a
telemetry forzat that reads out coast tire whaen
any one of the probes® coast timer is being
loaded. TFhis BAYy cauce an attempt to
simultaneously write intc and rcad out of the
coast timer, thus jeopardizing valid wvrite-in of
the desired coas: time (Beference: Peragraph
1.5.18) .
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TABLE 3.5.3.2-1
PIONEER JENUS TELEBEYRY DATA TIAES
17 AP | MIROE DRAR e ooaimm 7
BIT RATE MINOR PRAAE [ [ HINOR PRANER 3
. (bps) PEKIOD (SEC) | SAJOR PRAME PEBRIOD | WORD RAYR (bps)
e e L e
4096 1/8 | 8 sec ' 60 i
2048 ; 1/8 16 sec . 32
024 | 1,2 | 32 sec 16
‘ 582-2/3 3/4 | 38 sec 10-2/3
512 1 i ! T man 4 sec | 8
3“1-1/3} -1/2 | 1 ®in 3b sec 5-1/3
256 i 2 ; Z min 8 sec 4
170-2/3 3 | 3 =in 12 sec 2~2/3
128 | 4 ? 3 ®in 16 sec 2
64 2 8 | 8 Ein 32 sec j 1
32 | 16 | 17 win 4 sec 1/2
16 | 32 | 34 gin 8 sec . 1/4
8 } 64 ? 7 hr 8 min 16 sec ; 1/8
_______ L A SO
3.5.3.5 PCH_Encoder Operatiopngs. The PCNEs are turned ON

and OFF by three discrete coamands, i.e., PCH
ENCODER 1 ON/2 OPF (PCN19 or PCHMAY9), PCE ERCODER
Z OR/Y OP? (PCR29 or PCWMBY9) and PCA ERCODERS OPF
(PCB1F or PCHAHD . %hen ohe PCHR is cowmanded ON,
the other PCR 13 simultaneously comaanded COFP.
This praevents the telemetry data from Leing
scraebled by two PCAEs responding to the
instructions fros the operating TP.
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At initial spacecraft turnon, a Telemotry
Processor should be turned OF before the PCR
Encoder is turned ON. If, subsequently, the TP
is turned OFF aud then OK, or the TP%s are
svitched, DIN OF status should be re-establishad
by either a DIK configuration command, or by
torning the PCH Encoder OFF and ON again to
establish ipitial conditioans (Reference:
Paragraph 1.5.18).

Spacecraft Time Code Operations. The spacecraft
time code consists of a 20-bit code (DCLOK,
DCLOK2 and DCLOK3) that is incerted into the
first three B8-bit words of Subcor A of all the 16
rinor frame foruats The tire code has a
resolutiou of 125 zilliseconds and can count time
for 24.27 days. At the beginning of each mejor
frame, the time code is updated and frozen for
the entire sajor frame. The major frame, as it
exits the TP, is delayed 30.5 ricroseconds
relative to Oniversal time. The accuracy of the
time code is a funcv*ior of the 50 ppa stability
of the TP master osacillator.

The spacecraft time code also appears in the ACS,
Engineering and Comsmand Hemory Readout formats.
The 8 BSEs of the timc code (DCLOK1) appears in
the Command Nemory Readout format, the 8 LSBs
(DCLOK3) appear in tha ACS format and the 16 LSBs
(DCLOR2 apd DCLOK3) are in the Engineering
format. 0Originally, tbhese time code entries vere
intended to be the dynamic time ccde that is
updated on a telemetry word basis by the TP, bat
through a programming error, these time code
words are the sase@ as those in Subcor Ao
Therefore, it should be recognized that these
tipe code words in the minor frame do not provide
any additional tise code information.

409 e Clock Operatjipons. The TP generates a
squarevave clock wvith a period of 4096 seconds
that is used as an accurate timing reference by
the cosmand processor to Start the coemand
R@NOry. V¥hen the Stored Comrmand Logic (SCL)
vithin the COANARD PROCESSOR is commanded into
the TIMED START moda, the SCL waits until the
next one-to-zero transition of the 4096 second
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clock and then starts processing the conteats of
the command ®eROry.

The 4096 second clock is derived in the TP from
the 24-bit time code that is inserted into the
first three ¢ords of Subcom A of all the minor
frame formats. The second BSB of DCLCK2 is usead
as the clock, i.e., the bit that charges state
every 2008 seconds. The time code is updated at
the beginuing of each rajor frame. Therefore,
the occurrence of the 4096 second clock can be
resolved to the time of one major frame without
any special procedures. At 2048 bps the
resocluticn i5 15 seconds. To improve this
resolution to one minor frame time, 8 command can
be inserted into the ccmrand semory that changes
the state or mode of a parameter telemetered in
the minor frame. By doing this, the resolution
can be improved to 250 milliseconds at 2048 bps.

There are three errors associated with {the use of
the 4096 second clock that are inherent in the
way the clock is implewented in the TP and used
by the SCL. The eirors are the 125 aillisecond
resolution in starting the SCL, the bit rate
depenaance of the clock output in that the 24-bit
tise code is updated on a word basis, and the
stability of the coemand processor which effects
the execution of events wvhen time delays are
progranmed in the cosnand memory. These eryrors
are discussed in detail in Section 3.6.3.2.3.2.

Coppand Response. Table 3.5.8-1 presents the
command responses for the data handling
subsyster. The table lists every cozmand that
directly affects the subsystes and the telesetry
indication that verifies the proper execution of
the comerand. The mnemonics for each of the
coaznand and telemetry parameters are also
included.
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TABIF 3.5.4-1

COMMAND RESPONSES FOR DATA HANDI ING SUBSYSTEM

COMMANL

I

TELEMETRY VERIFICATION

Mpemonto Title Response Mnemonlic Indication and/or Remarks
Telemetry Orbite r Engr (0000) | The format select command Inte rnal Format:
Processor Bus Fngr (0001) | selects one of the mission “Word 3 .
Control Bus Entry {0010) ] selectable formats, Execu- ::}:n; r ET‘?:{?( ring (gggg)
(TPCQ1 for Programmable(0011) | tion of the selected format Hu;i I_::Tn ok EOOIO)
TP1; TPCQA | ACS (0100) | change 1s minor frome Pro r‘nmrfmme 0011)
for TP2) Cummand Memory synchronous, AC:{ ;0100:
FMT = XXX dout .
X ¥| Readau (0101) Command Memory Readout (0101)
{Format Playback (0110 Playback (0110)
Select M .
lect) D;‘;lud;’:mr}’ o1 Data Memory Readout (0111)
Launch Crufge (1000)
1aunch/Cruise(1000) Periapsis A (1001)
Perlapats A (1001) Perfapsis B (1010)
;’::ﬂpzzi 2 (igitl)) Perlapsis € (1011)
ap: ( ) Perlapsis D (1100)
Peviapsis D (1100) Perlapsts E (i101)
Pertapsis E (1101, Apoapsis A (1110)
Apoapsis A (1110 Apoapsis B (1111)
Apoapsls B (1111) )
Telemetry 8 bps (0000) | The bit rate select command Internal Bit Rate:
Frocessor 16 bps (0001) | selects one of 13 mission Word 3 8 bips (0000)
Control 32 bps (0010) | selectable bit rates, Execu- 16 bos (0001)
(TPCQ1 or 64 bps (0011){ tion of the selected bit rate 39 bpq (0010)
TPCQA), 128 bps (0100){ change {5 mtnor frame 64 bgq (0011)
PR = XXXX | 170-2/3 bps  (0101){ synchronous, 1128 b' " (0100)
(BIt Rate 256 bps (0110) 170_2% bps (0101
Select) 341-2/3 bpa (0111} 256 bps (0110)
512 I")’pﬂ (1000) 341-2/3 bps (0111)
682-2/3 bps  (1001) 512 bps (1000
1024 bpa {1010) 682-2/3 bps (1001)
2048 bps (1011) 1024 hps (10 10)
4086 bps (11xx) 204H bps (1011)
(where x — don't 4096 bpS {1 1xx)
care bits).

(where x =don'tcare bits equal to that which was cmd
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TABLE 3.5.4-1 (Continued)
COMMAND TELEMETRY VERIFICATION

Mnemonic Title Respanse Mnemonlo Indfoation and/or Remarks
Telemetry Subcarrier ON/OFF | The subcarrier ON/OFF N/A No telemetry {ndization; check RF carrler for
Processor ON: 1 command controls the state absence or preasence of subcarrier,
Control OFF: 0 of Uie aubcarrier output,
(TPCQ1 or
TPCQA),
SUBC = E/D
(Subcarrier
Control)
Telemetry Convolutional l The convolutional encoder by- N/A No telemetry indicution; proper operation with or
Processor Encoder/Data - pass/encode command by~ without convolutional decoder. If data has been
Control Unencoded , 11 or passes or encodes the tele- commanded OFF, losas of frame sync lock occurs.
(TPCQ1 or Data {)10 metry data and controls the
TPCQA), . ’ modulation on the subcarrier
Conv = E/D; Encoded: 01 prlor to transmiseion,
Data = E/D Data OFF: [i1]
{Convolution{
al Enc~der

Data)
Telemetry DIM Select (0 to 7) Execution of 11l programmabld N/A Same a8 commanded code; appears in RAM play-
Processor (000 to 111) mode select commands are back in minor frame format word 7,
Control minor frame synchronous,
(TPCQ2 or DIM Chiannel Select The DIM and channel select N/A Same a8 commanded code; appears {n RAM play-
TPCQB, (0 to 31) (00000 to commands aelect one of elght bhack in minor frame format word 7.
DIM =0-7, 11111) telemetry signals to be
(Program- dwelled on. Any combination

juable format;
DIM sclect)

can be selected.

of up to elght telemetry words

uOySTASY

585y
<8
par g
o 20
<} oD
<) »

-
- ©
(] .
s

-

F G €

T7T2/E eavg osussl -btio



heE-G° €

TABLE 3.5.4-1 (Continued)

COMMAND TELEMETRY VERIFICATION
Mpemonio Title Reaponse Mnemonlo Indication and/or Remarks
T m Anes =

Telemetry RAM Address Addresses for Programmable N/A No telemetry indication; verification of data above
Processor Location (24 to 31) words 0 to 7. verifles correct address location.

Cantrol (11000 to 11111})

(TPCQ2 or

TPCQB),

RAM =24~ 31

(Program-
bnable format]

RAaM

Address)

Telemetry Analog/Dgital Data This command specifies N/A Same as commanded code; eppears In RAM play-
Processor whether ecach of the 8 back {n minor frame word 7,

Analog: 1

Control Digital: 0 programmable words are

(TPCQS or : analog or digital,

TPCQC)

RXXX = D/A | RAM Address Address for Analog/Digital N/A No telemetry indication; verification of data abowve
{Program- Location (23) data specification. verifles correct address location.,

mable format} (10111)

Digital or

Analog

Selecty.

PCM19 PCM Encoder 1 ON/ | Discrete command which will DPCMI1S PCM Encoder 1 ON/OFF: ON (lLogic 1).

PCMAD 2 OFF. turn PCM Encoder 1 ON and DICM285 PCM Encoder 2 ON/OFF: OFF (logic 0).

PCM Encoder 2 OFF,
PCM29 PCM Encoder 2 ON/ | Dacrete command which will DPCM2S | PCM Encoder 2 ON/CFF: ON (Logic 1)
PCMBY 1 OFF turn PCM Encoder 2 ON and DPCMIS PCM Encoder 1 ON/OFF: OFVF (logic 0)
PCM Encoder 1 OYF, )
— b ————— % ——

PCM1¢ PCM Encoders OFF Discrete command which wAll N/A Loss of gll Downlink Telemetry,

PCMAd turn both PCM Enpcoders OFF,
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TABLE 3.5.4-1 (Continued)
COMMAND TELEMETRY VERIFICATION
Mnemanic Title Response Mpemonlo Indication and/or Rzmarks
PCM DIM O Quantitative command used to N/A No DIM telemetry status; correct telemetry from
Encoder DIM | DIM 1 turn OFY a falled DIM. In ull DIMs in the ON condition, Teleme*ry Zrom
Control. DIM 2 normal operation, all DIMs OFF DIMS {8 indeterminate.
PCMQI DIM 3 are automatically turned ON
PCMQ2 DIM 4 two minor frames after
DIM 5 receipt of the PCM Encoder
DIM 6 ON command.
DIM 7
Coding:
ON: 00 or 10
OFF: 0l or 1!
TLMI19 Telemetry Processcr| Discrete command which will DTLM1S | Telemetry Processor 1 ON/OFTI: ON (Logic 1)
TLMAS 1 ON/2 OFF. turn Telemetry Processor 1
ON and Telemetry Proressor DTLM22 | Telemetry Processor 2 ON/OFF: OFF (Logic 0)
2 OFF.
TI.M29 Telemetry Processur] Discrete command which wAll DTI.M2S Telemetry Processor 1 ON/OFF: OFF (Logic 0)
TLMB9 2 ON/1 OFF, turn Telemetry Processor 2
ON and Telemetry Frocessor DTI.MI1S Telemetiy Processor 2 ON/OFF: ON (Logic 1)
1 OFF.
TI.M1d Telemetty Procea- Msacrete command which will N/A Loss of all downlink telemetry.
TLMAYZ sors OFF, turn both Telemetry Proces-
sora OFF,
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FIGURE 3.53.1.1-1. PROGRAMMABLE FORMAT FOR ONE MINOR FRAME
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« fhe comsmand subsystenm
contains all the comsmand processing capability oa
the spacecraft. The subsystea provides the
capability to decode, proceas and distgibute
grosnd comsmands to snacecraft subsystess and
scientific iastruments ag rell as store commands
for later execution. Piring pulses are also
provided for pyrotechnic devices. Coamands may
be either discrete or guantitative. A functional
block diagram of the subsystem is presented in
Pigure 3.6.1-1 (Appendix C).

The subsystem counsists of two (2) redundant
Command Processors (CPs8), seven (?7) Coamand
Output 2odules (COBs) and two (2) Pyrotechnic
Control Unit (PCUs). On the spacecraft egquipaeat
shelf, these units are arranged as shown in
Pigure 3.6.1-4. The two (2) CPs are connected to
the essential bus and are a0t capable of being
coamanded off. All seven (7) CONs receoive
sacondary power from each CP. The associcted COHN
is pover strobed on prior to the issuance of a
command output. After the coamand is issved, the
CO8 turns itself off. The PCU receives control
pover from the essential bus and squib driver
pover from a lover voltage tap froa the
spacacraft batteries to minimize esseatial bus
voltage drops during pyrotechrnic device firings.
Pigure 3.6.1-3 shows the major cross-strapping
between the alemaents of the subsystan.

Real -time grousd-generated coamands are
transmitted via the RBRPF uplink to the spacecraft
receivers. BRBach receiver is connected to a
single CP, i.e., there is no cross-strapping. A
specific receiver/CP coabination is selected by
transpitting the RY carrier frequency associated
vith the receiver in the desired pair. On either
the Rultiprobe spacecraft or Orbiter spacecraft,
there is a unigue RP carriex frequenacy assigned
to each receiver. The uplink format is
PCH/PSK/PB and the command subcarrier output to
the CP iz PCH/PSK. The tone fraguency for a
logic ®1* is 250 Hz and for a logic "0¥ is 100

A R -
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Hz, ard the command bit rate is 4 bits per
second.

The uplink cosmand format is 48 bits long and is
detailed in the lower portion eof Pigure 3.6.1-1.
This format provides the capability to address
either the Hultiprobe spacecraft or Orbiter
spacecrait, to address either CP, to orocess
real~time commands or storo—the commands in
memory for later execution, to store time aelays
in memory and to distribute tvo types of commands
to spacecraft users, namely discrete and
quantitative commands. A 48-bit preamble of
alternating logic *1*® and logic %0"™ tones (250 Hz
and 100 Br respective.y) is reguired once prior
to sending a single command or multiple
coatiguous coamands to the spacecraft.

The tvo CPs are cross-strapped such that the

otvtput of the PSK demodulator portion of each CP

can bae processed by either CP. By uosing the

address bit in tade upliak coamand format, either

€P can be selected to process the transmitted \
uplink command. The PSK demodulator verifies the ‘
13 bit sync code prior to sending the transmitted
command to the central command prccessing portion
(Pigure 3.6.7.-3) of the real-time processor of
either CP. 1In the central portion, the
spacecraft address, the CP address and the poly
cod@ are verified before the command is routed to
the addressed CON or to the command memory. The
Folycode is used to detect errors in the 28
inforwation bits (i.e., bits 13 through 40) of
the comsand format.

The subsystem contains tvo comrmand memories (one
in each CP), each of which can store 125 entries.
Bach entry, which can be a discrete or
quantitative command or a time delay, is 24 bits
long and 1 contained in bit locations 17 through
40 of the cosmand forsat. Once the command
sequance is loaded into memory, the sequence can
be executed by sending a real-time start coamand,
closure of the spacecraft separation switch or by
nse of the #4096 second clock from the Telemetry
Processor. The 8096 tecond clock is used as an
accurate time reference to start the memory at a

e L Y  wn——
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later tige. Tire delays from 125 millisecond to
291 hours can be loadsd into each slot of the
command memory. The command resolution and time
delay resolution for the meamory is 125
milliseconds. Commands issued from the memory
are executed within 125 microseconds, not
including delays such as mechanical relay
response time. fTiming in the CP permits nearly
concurrent processing of coemands from the wmeaory
and BRP uplink. BRF aplifik commands to one CP and
mesory commands from the other CP aust not
address the same COR within 62.5 ®2illiseconds to
avoid loss of both coammands.

The CP routes all comaands to the individual CORs
for distribution tc the users. Bach COB can
supply o4 discrete commands and 4 Juantitative
commands. Different subsyster and scientific
instrument usezs are assigned to the seven {7)
COHs. &lmost a2ll comemands sre redundant, so the
primary commaad is sont to one COBE and the
redunfant (or dack-up) comaand to a different
COR.

The subsystek also provides the firing pulses for
all pyrotecinic devices on the spacecreft through
twvo PCUS. Each PCU receives the staadard
discrete coamand output from the CORg and current
amplifies these pulses to the laevel required to
actuate the pyro device. Each PCU coatains six
(6) squib drivers each of which can provide a
miniwem of 5 amps firing current to three (3)
squibs. Each PCU is divided into tw. equal
redundant halves so that pyrotechnic devices with
redundant squibs can be fired sikultaneously.

Boitg Descripiiops

Coppand Processox. The CP is the main element in
the coamand subsystem. The CP receives a PCE/PSK
subcarrier froms the transpoander in the
communications subsystem and relays coantrol
3ignals to the COBs to provide both discrete and
quantitative coamands to subsystesm and scientific

instrument users. A shift register memory is
provided in the CP which holds a maximum of 128

3 .6-3
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entries so that commands and time delays can be
stored and then executed at a later time.

When essential bus power is applied to the CP
initially, the unit will turn-on without
generating any spurious commands. It takes fros
0 to 60 saconds for the CP to become operational
aftexr the essential bus power is applied, due to
the cyclic fuse in the CP (Refer to Section
3.6.2.1.7) . VWhen pover is applied to the CP, the
SCL resains OFP until commanded OH; receiver
reverse logic configuration will be randos.

The mzjor functional components of the CP, as
shown in Pigure 3.6.2.1-1, are the PSK
demodulator, storszd command logic, receiver
reverse logic, real time processor, telemetry
logic, ocuntput control logic and pover supply. In
the following sections, thesa components are
described.

FSE Dempodnlator. The PSK demodulator provides
the i1nterface with the coemunication subsystens
for uplink real-time command processing. PRach CP
containsg a single PSK demodulator that is
connected by a three vire interface to a single
transponder; ‘Yere 1§ Lo cross-strapping betveen
trapsponders and demodulators. The PSK
derodulator i8 selected by fregquency-selection of
the spacecraft transponder connected to it.
Either of the two redundant CPs can bae selected
for processing the output of sither of the
redendant PSK demodulators by use of the address
bit in the uplink compand foramat; i.e., there is
cross-strapping betveen the PSK demodulators and
the central comeand processing portions of the
real-time processor of each CP. The central
portion of the CP provides pover froe the
essoatial bus and a 1024 Bz timing signal to the
PSK demodulator.

The input FSK command subcarrier is convertad to
a return-to—~zero (BZ) daia output, a bit tiaming
clock and a sync code verification pulse. tThese
three signals are used internally in the CP and
are also cross-strapped to the redundant CP. The
PSK command subcarrier cousists of tone
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frequeacies of 100 Hz and 250 Bz, representing
logic zero and logic one data respectively. The
bit rate of the FSK input is 4 bits per second.
The demodulator also receives a transponder in-
lock signal from the transponder that indicates
vhen the transponder is phase-locked to an uplink
carrier. 1f this signal is a logic zero (i.e.,
no carrier), the demodulator is inhibited fros
datecting the uplink sync pattern, and
conseqguently, the syanc code verification pulse
output to the CI's wvill be a logic zero. The sync
code verification output provides a pulse to both
CPs after a valid 13-bit sync code has been
detected.

As shovn in the functional block diagrax in
Pigure 2.6.1-%1, the PSK subcarrier signal is
first applied to an input amplifier staga. The
amplifier drives 3 bandpass filters, one tuned to
the logac zero subcarrier tone, a second tuned to
the logic one subcarrier tone, and the tlLird
taned to the 1400 Hz noise reference. <The output
of each filter is rectified through a precision
half-vave rectifier that gives both a negative
and positive ountput. YThe positive output
associated with the ®1® filter is summed wath the
negative output associated tith the *0" filter in
a conventional asplifier sueming stage. Proa
here, the output of the amplifier is fod to a low
pass filter that drives a hard liwiter which
converts the positive and negative valtages into
TTL levels. The resulting liciter output is
sampled and temporarily held in a flip-flop
before being clockad out to the real-tise
processor by the bit synchronizer.

The negative outputs of both the ®1% and ®=0"
filter/rectifiers are sent to the FSK demondulator
squelch circuit along with the output of the
noise filter. The squelch is a comparison
circuit that compares the energy in the noise
filter bandwidth to the total energy in the tvo
tone filter bandwidths in order to determine
whether a subcarrier is present or not. The
noise filter is an active two-pole filter with a
center frequercy of W00 Bz. Since the noise
input to the tcne filters is a function of the

3 .6_5
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input siynal strength o the transponder, the
output of the noise filter is used as the
referepce to determine if a signal is preseat or
not. This mech-~mization i3 called a variable
threshcld =gquelch. The output of the noise
filter is eest to rectifier and integrator
circuits bafore being compared with the
integrataed output of the tone filtars. The
coaparator circuit provides an enable signal to
the bit synchronizer vhen a signal is present and
inhibits the bit synchronizer when there is no
sabcarri.x input. 7The status of the squelch
state is provided in teleaetry by CDADIS for CPI,
and CDAD2S for CP2 (A4 logic "1?® indicates the
demod is unsquelched, and a logic *0™ indicates
that the deaod is squelched). The performance of
the squelch circuit is a function of uplink
received signal strength. Por an inpot level of
-110 dBr or greater, the PSK demodulator will
remain "unsquelched™ indefinitely in the abseace
of a subenrrier. However, for lower signal
strengths the PSKX desodulator will “sguelch®™ when
the subcarrier is resoved (i.e., the aplink
corrarnd is completed) as a function of =ignal
leval. fthe characteristic of the squelch circuit
is given in Pigure 3.6.2.1.1-1,

The clock that is used to ocutput the data f-ox
the PSK demodunlator is generated by the Hhit
synchronizer. Thke bit synchronizer receives a
1024 Hz square vave froa the output control logic
and divides it to a 4-bit per second variable
phase clock. The phase of the clock is set
during the acquisition time. At the beginning of
a corland sequence, & preamble of 48 bits of
altornating logic ones and zeros rust be
transeitted. After squelch is released, the
first zero-to-one data transition from the hard
limiter resats tbe bit synchronizer to a phase
which will cause the data flip-flop to be clocked
at the optiaumr sample tiwe. The phase of the
clock is automatically adjusted in eitbher
direction to uzn asccuracy of cne-sixteenth of a
bit time as required by the incoming data. After
initial resetting of tke bit synchronizer, the
positions cf the traamsitions in incoming data
vith respect to the phase of the clock are
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conastantly monitored. As long as the transitions
fall within a given time ®"windowv"™, the tirping
vill remain anchanged. If a data transition
occcurs before or after the window, the clock
phase vill be shifted by one-sixteenth of a bit
time in the appropriate direction to maintain
optisom bit timing. This process will coantinue
for the duration of a cosmand sequence.

Real Time Procesgor. The PSK democdulator

transmits B2 4ata, a & Bz clock and the sync code
verif{ication pulss to the Neal Time Processor
(RTP) . These signals are received by the BTPs of
both CPs, but only the CP that detects the

appropriate address bits processes the data from
the active PSK demodulator.

Before the BRTP will begin processing tbe incofiing
uplirk cowmand, (either a real time comnand or a
coemadd intended to be stored for later
execution) the sync code verification pulse must
he received from an active FSK demodulator.

After thae syec code verification pulse is
detected, the incosing command is simuoltanecusly
loaded into a shift register, fed to the address
check logic and fed to the polynoerinal code check
logic. Proa the uplink command format given in
Pigure 3.6.1-1, it can be observed that bits 13,
14 and 35 contain the spacecraft and CP address
information. The RTIP performs two eddress checks
on these three bits. 1f the first eddress check
detects an error, the input coatrol logic \s
reset until the next sync code verification pulse
is received. At this check, there is no
telemetry indication that the cormand ves not
accepted. The second addgess check is perforseud
vhen the last bit (L.e., bit 47) of the cosmard
is loaded into tLe shift register. At this time,
the polynomial code check is also coxpleted.

Once thu shift register is loaded, the polynomial
code check and two addruss check states arxe
exanined. If no errors are found, and the
comand is to be routed to a COM, a processing
pulse is sent to the ountput control logic. If
the command 15 to be routed for storage, the
cossand is routed directly to the SCL. If either
the polynomial code or second address check is

3 06-7
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false, u reject bit (logic ®"1%) is sent to
telematry (i.e., CBEJX3, whore X = 1 fer CP1 and
X = 2 for CP2). The reject bit does not prevent
the processiag of subsequeant commands, and it can
be reset by the CP COMPIGURE guantitative command
(CPCQ? for CPY1, or CPCQ2 for CP2). When all
checks are satisfactory, a ccunter in the
telemetiry logic is in-remented by one and the
current count is provided as telexetry outpaot
CCADiIC, where X wvas detiu.d previously.

The tiwing in the CP i3 gdesigned to accommodate
real tige and stoXed command executions nearly
sisultaneously. The ®wain clock generates 8 Bz
(i.e., 62.5 msec half period) time slots that are
assigned alternately to real time and stared
command procesaing. Bit 16 irn the uplink command
format iB used to detormine whether the cutput is
to go to ths output control lecgic or stored
command logic. If the data are transferred %o
the output contral logir section, the RTP adds a
"redundant code check™ bit to the outgoing word
to indicate vhether the inforemation is valid or
invalid, i.e., to indicate that the data bits
have not picked up an erroxr in transsission. Tho
output control logic responds at the proper time
to the processing pulse frca the BTP by sending
back to the ETP a high speed output clock pulse
{(denerated in the output control logic for the
puspose of transferring in data) to start the
outpot process at the start of the next real-tiame
timo slot.

Stoged Compapd_l.ogic. Tae Stored Command Logic

(SCL) consists of the comhand aaQuory, ROROTY
coantrol logic and confignration control logic.
The SCL provides the capabhility for spacecraft
control when real-time coamznds through the RY
uplink axe not available. Any command that can
be executeéd from the ground in re2al-tage can be
stored in the coxmand metory and ezxecuted uander
control of the 3CL. All stored command mnemorics
Caliry, as a sixth alphanceeric, the letter “a¢®
for CPV1, or the letter "B® for CP2. 3Sequences of
cornande with predetermined time delays caa be
executed by programming tlhe command aceory vith
Loth coamaud data and time dolay information.

e - - -
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The command zeadsry is a 3072 bit shift register
organiged as 128 words (each word a cocamard or =2
time delay) of 24 bits each (i.e., bits 17
through 40 of the uplink command foraatj. Bit 16
of the uvplink —wmrand format i3 used to celect
the cocmmnand meeorxry and bit 17 specifies vhether a
cozmand or tike delay (CKTQ1Y for CPY; CETQ2 for
CP2 for & time delay coamand) is being
tiansaitied to the compard mesory. The time code
contained in the time delay vword is 23 bit longs
and is decremonted at an 8 Hz rate {i.e., in 125
millisecond ‘. :cre:ents) until zerxv is reached, at
vhich time the next 24 bits are read froa the
Rx@ory. Bach tise delay vord can be coded to
provide time delays froam 125 milliseconds to 291
hours vith a resolution of 125 milliseconds.

Time delay words can be programmsed consecutively
in aepory. Siice the alternating real-time and
stored coerand processing slots are 62 .5
rilliseconds in length, the maximumR rate at which
words {compands or time delays) can ba ezxecuted
froa the cossand mesory is one per 125
Eilliseccads.

The SCL provides several other functions in
addition to the execution of stored comaands and
time delays. These are load, veritication and
corpEand eemory operational functions. Section
3.6.3.2 describes the operation of the SCL and
the SCL state diagram.

The SCL in each CP is designed so that a failare
of ore SCL vill not interfere with the operation
of the other SCL. An SCL OFP discrete cormang
(MER1F for SCL 7 and NMEE2Q for SCL 2) is provided
to turn off the SCL in case of a failure of the
configuration contxol logic.

Qutpn - The Output Control Logic
receives inputs from the real-time processor and
SCL. To start the output process, the SCL or
real-time processor trarssits an enable f£lag to
the ontput control logic te indicate that it
desires to be serviced. At the bagipning of the
proper time slot (i.e., real-time for the real-
time processor ur stored for SCL), a signal is
sent froa the input select logic in the output

3.6-9
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contzal to the output aft regicter of the real-
time processor or SCL. The Output Shift Register
(OSR) in the oatput control logic sends a clock
to the real-tiwe processor or SCL tc allow the
jnforaation to bha loaded in the output shift
register. The output¢ cortrol legic generates the
real -time and stored coamand processiny time
8lots for the CP.

dhen the COM address portion of *he rord is
loaded into the OSRE, it is sent to thae outpat
decoder to deterwine vhich COEM is to recuive the
inforzation. Once the COB is selaected, a 2
milliseccad introduction pulse is sent to the
Co2. During the introduction, the input vord is
loaded into the OSB. %he check bit at the eund of
the input vord is then saspled to deterwine if
the compand data bhits are valid. 1t the check
bit is false, the output process is terminated.

The control bit contained in the uplink format
that specifies whether the command is discrete or
gquantitative is then interrogated. When tkis is
coaplete, the logic i5 set within the OSR to
shift out reformatted data tn tha Manchester
encoder. These data then go to the output
decoder stage vhere it is routad to the selected
COK output buffe..

Rece vyerE Beversg logqic. The Receiver Reverse
Logic (RBL) 15 used to automatically swatch the
antenna connactions to the spacewcraft receivers
and select the omni anteanna nominally every 36.4
hours t14 sec. This 1is nacessary to maintain
control of the spacecraft in the case of a
receiver failure wvbhen communication to the
spacecraft is xhrough an anteanna connected to the
failed receiver. fthe status of the time code
stored in the RBRL timer is given in 9.7 hour (&4
sec.) Lincreaents by two bits, bits & ard 7, of CP
status vord 1, which is telemetry output BRBEVIC,
vhere X was rraviously defined.

The RBL mccepts an intarnal 4 Hz clock and counts
2%% periods (i.e., 36.8 hours) batfore executing
the roceiver reverse fuonctions. The timer is
raset when power is applied to the CP and
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¥henever a valid comemand is received by either

3 CP. OUnder noreal coaditions, there is no way to
defeat the operation of the timer. Vhen the

\ timer runs out, twvo pulses vill aliways be

{ genzrated, ome to select the omni and one to

reverse the position of the RP switch that

S controls the antenna connections to the

3 receivers.

The pulse generating circuits are activated by a
iransition on the timer output or froe the CP
CONPIGGRE quantitative command used to control
the RRL. ¥Yhea a normal or reverse pulse is
received from the contiguration control as a
result of the gnantitative command, the selected
state i1s set and a norcal or reverse pulse is
generated. 1In this case no select oani pulse is
generated. When the timer goes to z2ro, a select
o3ni pulse 18 generated; and, if the BRL is in
the normal state, a reverse pulse is generated
and the RRL enters the reverse state, and vice
versa. The state of the RRL is provided to
telemetry as bilevel Bsignal CRBYIS, where X was
defined earlier.

3.6.2.7.6 Telenetfry Logic. The teleretry logic provides
the CP status and command memory data to the Data
1nput Hodules (DIBs) for imsertion in the
telemotry data strea®. The statans consists of
four serial digital data words shifted oot on
four different laines in response to DIA read
envelopes ané a clock and tvo bilevel telemetry
cutputs. The serial digital data wvords are
updated continsously until they are read into the
DIBs. The contents of the cosmand meaoxy car be
verified by one of these serial digital data
outputs by using the command remory rzadout
format and placing the SCL in the read state
(refer to Section 3.6.3.2). Table 3.6.2.1.6-%

: shows the word formats for the four serial

! digital vords. See 2ppendix ) for further

details.
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1 3.6.2.7.7 Power Supply. The power supply for the CP is &
non-coasandable supply. The functions performed

by the power sapply are generation of secondary
voltagos for the CP and COMs, current limiting,
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undervoltage and overvoltage detactiion and
shatdown, pover strobing snd cyclic power control
for overcurrent conditions. The undervoltage and
overvoltage set points are beyond the UV/0L
lapits for the Rain bus lines; the latter will
trip bofore the former will.

¥hen 3an overcurrent condition (i.e., curreant >
660 milliamperes 220%) is detected, Fhe cyclac
pover control circait turns the power supply off
vithin approximately 1.5 seconds. The power
supply remains off for approxizately 60 seconds
and then it is turnad back on. If the
overcurrent conditions resain, the power supply
is agein turned off in approxzimately 1.5 seconds.
This cyclic action rem&ins as long as the fault
recains; once the fault i=2 cleared the pover
supply reaains on.

Integrnal Coppand Ragpopge. The CP receives both
gquantitative and discrete commands from the COAs
to coantrol the configuration and operation of the
udit. The following sections describe the

internal response of the CP to the different
comnands received.

1

CE JUEXABYRD ARRIXALAYO ¢ QF Pt O (3);
CRI, CPCQ2 for CTPei- The Y6-bat quantitative
commrandd (l.e., bitr 25 through 40 of the uplink
compand format) used to configure tbhe CP is
shifted into a regisier in the configuration
control logic in the SCL. Bits 33 through &0 of
the quantitative coanand word are decoded and
processed by the canfiguration control logic; the
other 8 bits are not used. The vearification
pulse at the end of the guantitative command is
used to initiate this processing. Tvo of the
bits (bits 39 and 40) are used to select the CP.
It i~ desirable to code bits 39 and &0 s0 as to
select “"either®™ command processor (code 1) . By
selecting the Weither™ code it will not be
necessary to zatch the CP select code (code 01
for CPV and code 10 for CP2) in bits 39 and Q0 to
the CP Gelected by bit 15. If the CP iz not
selected (code 00), no further processing is
done. However, if thao CP is selected, tha other

e . T | B U enwmesy e =
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bits are docoded and used to control their
specified functions.

Two bits of the juantitative command (bits 33 and
34) are decoded to provide a pulse to clear the
. coakand counter and reject status flip-flop in
- the telemoatry logic (l.e., coda 1%) or, to
] control the receiver revarse fanctions in the
receivor raverse logic. Either the normal o=mni

] antenng/receiver configuration (code 01) or the
y revarse omnl aptenha/receiver confiquration (code
10) can be selected. Khan 8 normal or reverse
pulse 1s received from the configuration control
logic, the receiver reverse logic vill geanerate a
acIrmal or reverse comeand, depending upon which
is commanded. These coasands are routed to
svitch drivers in the communications subsystex to
select the desired omni antenna/receiver
configuration.

LS. Ve e

A ]
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The other four bits of tke guantitative coasand
(bits 35 through 38) are decoded by the
coafiguration control logic to produce SCL
control commands. Three of these comraands (SCL
CLEAR/ON (STOBRCAD = CLEE1 or CLER2), INDEX
{STORCKD = IHEDX% or I¥DX2) and SCL OFP (STORCHED =
OPP1 or QFPP2)) are generated by the configuration
control logic. The other commands are used to
configure the SCL to various operation states
(see Figure 3.6.3.2-1, SCL State Diagram). These
M comnands are only partially processed by the

: configuration control logic. Signals ere sent
froa the configuration control logic to the SCL
control logic where processing of the SCL state
cokmand is completed.

w T

~u P

As shovn in the SCL State Diagram, state changes
in the SCL are mot only dependent on incowming
connands, but are also affected by the present
SCL state and other signals such as the
separation svitch and the 4096 second clock.
Allovable state changas are storxed in a Read Only
Sezory (BOBR) in the SCL control logic. Bach ROE
location contains four bits rapresenting am SCL
state. The BROK address is determined by the
command froa the configoaration control logic, the
present SCL state, and other control signals.
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The state can ohly change at the beginning of an
" SCL time slot. After the time slot ends the new
% state is selected by reading the content of the
‘ BON at the spacified address. This may or may
rot be the state specified in the coamand,
deponding om the zllovahle state changes in SCL
" operation.

The SCIL CLBAR/0ONM, INDEX, and SCL OFP coamzuds are
decoded by the coafiguraticn control logic and
processed during the verification pulse time of
the guantitative cormand. The CLEAR/ON command
8ats a latch vhich controls the SCL power and
triggers the initial condition circuit. These
circuits are also in the configuratioa control
logic. The CLEAR/OE coxmand turng on pover to
the SCL and clears the memory. I1f pover is
already on, the memory is just cleared. The OPF
cosmand resets the latch which controls the SCL
power and thoes turns off the SCL power. The
IFDEX command is routed to the mezmory control
lrgic and advances the memory until the first
merory slot is at the shift register output.

3.6.2.%.8.2 SCL OFP Discxate GCommand. The SCL OF? coamand

(ice., MEM1Y) is a discrete ccmmand provided as
a backup to the SCL OFF cosmand provided in the
quantitative command for configuring the SCL.
This coasand is routed through an input buffer an
the configuration control logic to the latch
vhich controls the SCL power. This comiand will
reset the latch and thus cosmand SCL power QOPP.

3.6.2.2 compand Output Hodple. The Command Output Kodule
(COB) provides 31 srandardized command interface

to all subsystea and scientific instrument users
There are six (6) COEs on the Bus spacecraft and
, a seventh on the Large Probe. Power, grounding

i and control signals are provided to oach COB fro=
1 both CPs- Each COB distribntos four (4)
quantitative ccemands and 64 Aiscrete cormands R0
spacecraft users. Rach guantitative command
consists of a clock, envelope and data line. i
backup 4isrrete command input is provided to each

£l FHIE . T Y M S
ST/ £ILT1 1 O R Ele asFal
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% COB to ccamand At off in the event that a failure
;3 occurs that causes the power to remain on after

H the coepleticn of processing a commacd; the enit
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is normally power strobed through the control
input.

The COB has only tvo operating modes: standby and
processing. The povwer dissipated by the COA is
1.6 millivatts (maximu®) during standby and 1.1
vatts (maximug) during processing of a comsand.

A true off state without pover consuzption does
not exist in the CO¥. 1In addition, there is 1.6
Billiwvatts during standby and 1.0 wvatts during
processing that is dissipated within the CP aue
to the inefficiancy of the powver supply. The COR
OPP command is implerented to insure that an
internal logic failure would not maintain a
continuous 2.7 vatt (Raximum) load on the
battery. <The addition of this cozmand permits
the COM to be returned to the standby mode. 1In
the event the COBR has to be commanded otrf, that
OPP command is sent through a different COHM. (A
COB that is hung up in the WOR™ state may process
coxrands noreally, depending on the nature of the
failure, but will be an undesirable steady state
load. Certain failures could preclude the
further use of the COM). There is no direct
telemetry indication that a COM has failed ir the
processing mode. This type of failure can be
investigated by sending a few operationally safe
commands to the suspect CON and monitoring the
associated telemetry for the expected responses.
A tailure to respond to all the cowmands sent is
a positive indication that at least a segment of
the COM 1s nn longer usable.

The input control wvord to the COM consists of an
introduction, data und a turn-off sequance. The
antroduction consists of a logic *12 level for
approximately two milliseconds. This parmits the
pover strobe circuit to turn power on for initial
conditions to be established and for the
oscillator to reach steady state. After the
introduction ends, the data input begins and is
sent to the manchester decoder. The output of
the manchester decoder i3 shifted into a shift
raegistar in HBZ form.

The control logic then determines from the
coptrol bits in the shift register whether the

3.6-‘5
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compand is discrete or quantitative. If the
ccemand is discrete, the output line address is
decoded and the output is transmitted when the
hyperpulse is received. Por a guantitative
cosmand, the sixteen data bits are transferred to
the correct quantitative command output. The
control logic generates the envelope and clock
signals froa the manchester decoder and gates
thes to the ountput. The COR shuts down after the
last bit of the gquantitative command or reamoval
of hyperpulse for & discrete cospand. During
processiag, checks are sade in the control logic
and manchester decoder circuits. If a data
transition does not occur at the proper time, the
parity check fails, or the hyperpulse arrives
early, the output will be inhibited.

At the and of a gquantivative command, a verifi-
cation pulse is sent as part of the output. This
pulse indicates that the correct quantitative
coenand length vas transmitted from the COR to
the oser. Por a quantitative command, if the
length of the command is different tham 16 bits,
the incorrect number of bits will be sent to the
user without the verification pulse.

o2Rang e. Bach COHM receives one
discrete coimand, called the COE OFP coarand, via
a different COB, t¢ turn the COi off in case it
does not reset from the process comaaad rode
(.., continuousiy OF state). The command is
given by COMXF for the Bus spacecraft, vhere X =
1, 3 and 5, and LCH1@ for the lLarge Probe. VWhen
X = 3, the coarand turns off COEs 1 and 2, when X
= 3, the coamwand turn off CONs 3 and 4, and when
X = 5, the coamand turns off COBRs 5 and 6.

The COB OPF command is routed to an input buffer
configured to operate in the memory mode. In
normal operation, the input signal from the CP
¥ill turn unit power ON and latch the input
buffer OK. At the completion of ccamand
procassing the latch is turned off by a signal
froa the control logic. The CON OFP command is
provided as a backup to turn the latch (and thus
pover) off ir case of a failure in the control
logic.
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3.6.2.3 Pyrotechnic Copijol Upigt. The Pyrotechnic
Control Onit (PCU) is used to provide £firing
; pulses for spacecraft pyrotechnic devices. The
. PCU receives a standard 35 24 millisecond pulse
froa the COBs and current amplifies the pulse to
a mirimuz of five amperes into a 1 25% ohm load.
The outpat current pulse is of the same daration
as the input pulse. The Bus spacecraft coantains
tvo identical KCUs.

T - R

Rack PCU consists of two fully redundant halves.
In each half there are three squib drivers each
witk three outputs. A squib driver is activated
by first sending an are comzand and then
following it vwith a fire coamand. One ara
circuat enables aone squib driver and a second ara
circuit enables the remaining two squib drivers.
Bach PCU contains an automatic disara shach
@isarms the PCO 18.5 24.5 seconds after it is

: armed. An arw delay circuit is also included

: that delays the arming of the PCU for 4 %2
seconds after receipt of the are coemand.

These timing relationships are shown in Pigure
3a6a2.3-1.

P S R

[

SENGPRER

The fully redundant structure of the PCU enables
tvo independent signals to fire one redundant
squib. A single command from a COBR is cross-
strapped to a squib driver in each half to fire
both halves of redundapt squibs simul "aneously.
The faring simuoltaneity for this configuration is
less tbhan 250 microseconds.

3.6.2.3.% Ipterpal Compapd RBegppnse. The PCU receives
tbree ditfferent types of discrete conmsands, i.e.,
ARM, P1BE and DISABRE. The internmal response to
these commands is described in the folloving
3ections.

3.6.2.3.7.1 pCU ARR pigcrete Command. The PCU ARB (i.e.,
OBD1Y or ORDAY; ORD13 or ORDA3; ORD21 or

OBDB1; ORD22 or ORDB2) ccamand is used to
provide power to the squib drivers so that a
subsequent FIRE command will fire the associated
squibs. Prom the receipt of the AkM comsand, a
timer in the PCU delays arming of the squib
drivers by 4.0 22.0 reconds and disarms the

3.6—17
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drivers after 1P .5 :48.5 saconas. The PIRE

comaand must be received between these events if

the squibs are to be fired. (100% assurance of

PI1RIRG is obtained if the PIRE comnand is

received between 6 and 18 seconds after the ARBRA

corrand is received). The ARE coamand is routed
“}' to both redundant sections of the PCU.

The ARM command is amplified to the level
‘ required in the PCU by a discrete input buffer.
] The output of this buffer will set a switch which
) supplies 28 volts to the associated arm/disars
; switch and resets the switch vhich supplies 28
! volts to the other arm/disare switch. The output
3 of the discrete buffer also starts the timer in
‘ the PCU. After a delay of noeinally & .0 seconds
a signal froe the tiser will activate (ars) the
selected arm/disars svatch which will apply
battery voltage to the associated squib drivers.
After a total deiay of nominally 18.5 saconds a
signal from the timer w®ill disarm the ara/disara
switch and thus remove battery voltage froa the
squib drivers.

Ty 2 RN

¥

the twvo PCU arm commands are interlocked. If one
"ara® circuit is energized (i.e., relay closed),
sending a command to the second "ara" relay will
arz it, but vill "disarm® the other arm/disara
relay. 1In other sords, both “arm® relays cannot
be closed at the same time (Beference: 1.5.18).

b 3.6.2.3.1.2 PC) PIKE Discrege Commapds. The PCO FIRE

\ (2.e., OKD12 or ORDA2; ORDV4 or ORDA4; ORD3IS or

ORDY6; ORD23 or OBRDB3; ORD24 or ORDB4) command is

routed to the squib drivers through an input

buffer. Power vill only be supplied to the input

% buffer and squib driver when the associated
ars/disars switch is arwed. The squib driver

: aaplifies the squib fire coamand and is capable

‘ of supplying current to fire three squibs. 1If

% the command is to fire redundant squibs, it is
connected to tvo input buffers by wiring external

to the PCU.

P

3.6.2.3.1.3 PCO DISARA piscreie Compand. The PCU DISARA
(i.9., ORDYF or ORDAZ) for PCD 1; ORD2J or
OBDBZ for PCJ 2) command 18 provided as a

3.6-18
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backup for the DISABN command generated by the
16.5 saecond timer in the PCU. This cosmand is
routed through an input buffer to the arm/disarm
switches. If tha timer fails to dizara the
arm/disare switch, this command will disarm the
gwitch and thus resove battery volfage from the
squib drivers. The DISARA command is routed to
both redundant sections of the PCU. Taa DISARA
coemand cannot truncate the 18.5 sacond timer
count (i.e., disarma prior to cospleticon of the
nominal 18.5 second delay) when the timar is
functioning properly.

lonal ion- The following sections
describe the operational usage of the comszand
subsystem, including real-time coamand, stored
coumand and pyrotechnic device operations.

Bepl-Time Copmand Operatiopns. All real-time

coamand oparations with the spacecraft are
through the BP uplink. A PCH/PSK/PE uplink
carrier is transmitted to the spacecraft
receivers. The spacecraft contains two
transponders; easch cocntains a frequency
addressable recejiver. The receivers demodulate
the uplink carrier and provide an PCB/FSK
subcarrier signal to the PSK demodulator in the
CP. Each receiver 18 connectad to one FSK
demodulator without any cross-strapping. The
output of each PSK demodulator is cross-strapped
to the coantral coasand pxocessing circuvitry in
each CP. Consequently, aither CP can be used to
process real-time cosRands.

Comnands are sent to the spacecraft at 4 bps
using the 48 bit command format given in Figure
3.6.V-1. VPrior to sending the 48 bit command
word, a 48 bit preamble ppst be sent to
syochronize the PSE demodulator vith the iacoming
comrand. The preamble should be an alternating
pattern ai logic ™1 and logic "0% tgnes in
either order, i.e., 1010 . . . or 0101 . . . The
logic ™1* tone as 250 Bz and the logac ®=0" tone
is 100 Bz. After the initial preamble is sent to
the spacecraft, the PSK democdulator will remain
synchronized if the tone frequency 18 changed a
Rinimur of once in every 38 bit times.

3.6‘1&
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Therefore, if 88 bits of logic P\ tones are sent
folleow~? by &8 bits of logic 0™ tones, and this
patteru .S repeated continuously, the command
word may be sent without preceding it with the
preamable. Eowevar, vhen a command is transsitted
it i3 necessary that the first bit of the command
bo started within 1/16 of a bit tize of the idle
bit trapsition time or the PSK demodulatcr will
go out of synchronization. Therefore, the FSK
demodulator will remain locked-up for 48 bit
times vithout a tramsaition in the tone
freguencies, and once lock is lost the prearble
RuSt be sent prior to transsitting another
coamand word.

The 48 bit coamand format concicts of a 13 bit
fizxed sync pattern, 28 bits of address
information and comaand data and seven bits of
coding for the polynomial code check performed by
the CP. The 13 bit syac pattern is given in
Figure 3.6.1-1. The seven polynomial code bits
are generated from the 28 data bits and are a
function of the contents of these bits. The ARC
command softvare automatically creates this seven
bit ~ode and attaches it to the end of the
command word- The CP decodes these s2ven bits
and uses this information to determine if an
aerror in transmission has occurred in tke 26 data
bits received by the CP. This procedure detects
randor e.tors of any of the following types:
single bit, double bit, odd number of bits, all
bursts of length seven bits or less, 98.4% of
bursts of length eight bits and 99.2% of longer
than bursts of length eight bit randoa errors.

1t an error is detected by the CP, a comeand
reject flag is set in CP telemetry output CRRJIS,
vhere X equals | faor CP 1 and I aquals 2 for CP
2.

The spacecraft and CP address information is
contained in bits 13, 14 and 15 of the command
tformat. To e2lact the Bultiprobe spacecraft, a
»00® code muest be placed in bit .ocations 13 and
4. The selectiop of the CP us«d to process the
uplink command word is accomplished by bit 15. A
®*()® 1n tnis bit position selects CP 1 and a =\*
Selects CP 2. 1In the shelf layout givern in
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Figure 3.6.1-2, CP 7 is the botton unit. s a

fu ther remindar, the FPSK dewmodulstor irn eitter
CP is connected to a traansponder that is
frequeacy-selected, vhereas the remainder of each
CP i3 selected by bit 15 of the comwand wvord.

Bit 16 is used to specify whether the command
vord 1S to be executed in real-time or stored in
the coawand memnry to be executed at a later
time. If this bit is a logic *1%, the command
vill be executed immediately and if it is a logic
=0®, the following 24 bits will be stored in the
cosmand memoxry. Beforn sending a2 command to the
memory, the SCL must be commanded to state 14
(Loading) or the command will be ignored.

For real-tise ocommands, bit 17 can be either a
logic "1" or a logic "0® (i.e., ®don’t care®)
because this bit is used to specify vhether the
following data bits contain a tire delay or
command information in the stored command format.
i1f cosrands are sant to the SCL and a logic ®0O"
is selected, the data will be processed as a2 tin:
delay, but if a logic ®1" is selected, the data
vill be taken as coding for a command. I.i time
delay information is entered into the cokmand
vord, the ftollcwing 23 bits (i.e., bits 18
through 40) are used for coding the tipe delay.
The 23 bait code for th~. time delay is the binary
representation for the dasired time in increments
uf 13125 milliseconds plus a bias ot 125
milliseconds. Therefore, binary 0 is equal to
125 milliseconds, hinary 1 equaa.s 250
pilliseconds, etcete.: 2he binary number is
loaded LSB first, so that bit 18 in the coLmand
format is the LSB and bit 40 is the BSB. The
telemetry verification of \he mermory contents
(i.e., CHEAX) wvill be read out LSB first for the
time delays as loaded.

The required time delay between two avents can be
calcunlated by using the following general
aguation:

3.6-21%
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T =6t -0
where:
t = desired tiee delay between events
in seconds
n & Dy = Dy
ny = memoxry location (slot nueber} of
the comaund entry from vhich time
delay begins
n; = eemory location (slot nusber) cf
the command entry being tised.
gxample }

Conmand ABC in slot 5.
Command XYZ 13 glot 7.
Desire 10 saconds delay between commands:

T =8t -n
= (8 x 10) - (7-5)
= (80) - (2)

T = 78

Therefore the 23 bits of command data in the
corpand word are

0%30010000000000000C00
1 ¢
bit 18 bit ~0

When bits 18 to 30 axre used for stored command
information (bit 17 = "1™ 4ipn the stored coemand
format, these bits are structured to provide tvo
types of coamands - discrete and quantitative.
Bit 22 is used to select either a discrete
coaeand (i.e., logic "0®) or a quantitativa
comand (i.e., logic *"1%),. Por discrete
coamands, bits 18 through 21 select the COH to
vhich thz command is to De routed and bits 35
through 40 desigucte t..e COB output allocated to

Sy T
il & PR DR R . . =T e SR e
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Tl the user connected to the COB. These tvwo sets of

' codes are conventional binary representations for
; the decimal nurb~r placed cn these locations;
i.e., COE v to COA 7 is specified as 0000 to Q0111
and COB outputs O ¢to 63 are coded as 000000 to
1111v1. Co8 0 is a fictitious unit for sending
an all zeroes test conBand to the spacecraft.

CoN 7 is located only on the Large Probe
spacecraft, but for the bultiprobe spacecraft (as
vell ag the Orbhiter spacecraft}), it is used for
s8ending an a.l ones test command. Output 63 to
COK 7 is aot assigned to any user on the
Bultiprobe spacecraft. Bits 23 to 34 are all
zeroes for discrete coamands.

Vhen a quantitative commaad is desi7ed, bits 18
to 21 also select the COH, but bits 23 and 24 are
coded to speciiy the CO¥ guantitative commard
output, i.e., COM output 0 equals 00 and COR
output 3 equals 17. Sizteen bits are allocated
to code the guantitative data in the cozwand.
Thesa data bits are in locations 25 through 40.
the a2)location of these bLits in the quanti.tative
comrands to each of the spacecraft subsyster
users is specified in PC-455 (Reference:

Pe ragraph ¥.5.1).

"
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The time to procexs a coezmand in the CP froe the
time it enters the FSK demrodulator to the time it
15 sent to a COM is a minimuk of -3.5
milliiseconds and a maximum of +137 milliseconds.
The actual time is randor (uniforw distribution) .

3.6.3.2 Stored Copmand Operations. The use of the stored

coumand capability cn the spacecraft begins with
the loading of tone cokmand Kewory turough the use
cf real-time commands via the RPF linXx. fThe
coemand word format required to place cozeande

(i .@., discrete or quaulitative) and time delays
in the peaory vas discussed in the pravious
section.

W

%
2,

Tha operational use of the coamand memory is
centered arcond the state diagras for the SCL.
Yhe SCL -onsiste of the confiquration control
logic vhich piocasses command iaputs to the SCL,
the coatrel logic and the comkand memory. PFigure

3-6-23
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3.6.3.2-1 presents the coaplete SCL state
diagras. In order to describe the use of 3tored
cosrxands on the spacecraft, a detailed
explanation of the SCL is presented in the
follouing sactions.

4
Rt

R

e BN

3.6.3.2.% lnatial Appljcation of Bus Power apd SCL ON/OFF
gontral. When the essential bus is connected to
the CP for the first time, the SCL 1s ipnitialized
to be in the OFP state. To turn the SCL ON, the
CP CONPIGUERE gunantitative command must be sent to
the spacecraft. The coding for the CP CONPIGURR
guantitative coamand is given in PC-d4E5
(Reference: Paragraph 1.5.1). Subsequent OX, OPF
control of the SCL is by the quantitative command
sinpce the CP cannot be com®anded off. A backup
disciete command, SCL OPP, is also available in
cuse there 1s an SCL failure wvaich prevenis the
SCL troa being commanded off by %he ~“vantitative
command. However, 1n the case of an overcurrent
condition that causes the cyclic tuse to turn off
the CP, the SCL will be turned uff and remain off
after the faaolt is cleared and the CP power
supply operation resuvaes. Por this case, the S5CL
vill have to be commanded back on if SCL
operations are required. %The ON/OFPP status of
the CP and the SCL are provided in telemetry
outputs CPWRIS and CSCLXS, respectively, vhere X
eJuals 1 or 2 for CP3 or CP2, respectively.

5
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3.6.3.2.2 Preparatjion for SCL Operations. The format for
the uplink coamand wvord for loading coemands and
tise delays into the memory is given in Pigure
3.6.7-1 and was discussed in Section 3.6.3.1.
The steps that need to be taken to prepare, lcad
and verify the memory contents before executing
the sequsnce are given as follows.

3.6.3.2.2.1 ZTurpjipg Op the SCL. To begin with, the SCL
must be commanded on with the CP CONFIGUERR

gquantitative cosmand using one of the two
CLEAR/ON command ccdes in the guantitative
coapand structure as defined in PC-455,
Paference: Paragraph 1'.5.1. ¥When this command is
axacuted by the CP, the SCL is inatialized to be
in tae Standby State (SCL state 15), all kemory
slots read zero, and the memory address pointer
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vill initialize at address 0. The SCL OH/OFP
status, state, ard memory address are provijed to
telewatry as CSCLXS, CLOGCXS and CHEHXC,
respectively, where X equals 1 or 2 for 3CL 1t or
SCL 2, respectively. The structure ot the serial
digital teleaetry outputs associated with the SCL
are given in PC-8584, Reference: Paragrapn 1.5.2,
and in Piguore 3.6.1-1. Prior to turning on the
SCL, CSCLXS should be ®™0", CLOGXS should be
©1111%, CHEAXC should be ®7111111"® and CHEAKX
should be "1111i11¥1%. The telemetry output after
corpanding on the SCL should be ®1® for CSCLIS,
21911® for CLOGIS, *0000000® for CHRERMXC and
*00000000" for CHBEBRX. CBEBX is the command
geEOry readout telemetiry channel.
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J.6.3.2.2.2 lpading. Prior to seading commands to the
werory, the SCL rwust be transferred to the

A Loading State (SCL state 14). This is

- accokplished by sending the LOAD comzand code

’ (0100) in the quantitative comerand. °Telepetry

verification of CLOGXS should be #®3170%. Rach

SCL can ke lcaded conly trom its associated

Comeana Processor (i.e., there is po cross-

strapping between 5CLs and CPs regarding loading

of SCLs).

BN V)

e

)

When loading the ccrzand mwemory, the address
pointer, CREHXIC, will display the next memory
location to be loaded. When the me®ory is full,
the address pointer will recycle to address O,
and any additional inputs will be uritten over
existing commands jin the memory.

After loading the desired comzand sequence iu the
mesory, the STAMDBY command must be sent tO take
the SCL out of the Loading State; no other
command will transfer the SCL out of the Loading
State. The SCL does not automatically iransfer
to the Standby state vhen the merory is
completely loaded.

3.5.3.2.2.3 Verafication. The contents of the command
Resory can be verified prior to executing the
ioaded sequence by coamanding the SCL into the
Read State (SCL state 10). In this state CLOGXS
15 ®1010%. The Telemetry Processor (TP) must ba

3.6-25
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then commabnded inko the Command Hemory Readout
format for the teleretry systes to sample the
contents of the memaory. The commands to the
spaceacraft have to be sent in this ordeyr so as to
prevent sampling the memory on the first sample
in less than an eight bit byte. The TP and CP
are unsynchronized so that the Head state could
be started in the msiddle cf a DIE read envelope
and could cause all subsequent eight bit bytes to
be skeved off by the number of bits contained in
the first sappling of the memorye.

[
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X

In order to read the full contents of the command
merOry, the INDRXI command should be sent to theo
SCL to place the address pointer at address zero.
The INDEX command has the dominant purpose of
setting the memory address pointer to zero. If
the address pointer 1S not reset to zero, the
telemetry output will begip at the address
present wvhen the first telemetry sasple is taken
and terminate when the address pointer is at
zero. It the mewory is sampled and not in the
Pead State, the telemstry output will be all
zeroes 1f the SCL 18 on. At the cospletion of
reading out the command memory into telemetry,
the SCL automatically transfers back to the
Standby state. When reading the meaory, the
mesors address pointer, CALBIC, indicates the
next. zemory location to bhe saspled. 1f the TP 1is
coamanded out of the Command Bedory Readout
tormat prior to the completion of the EeROIy
rsadout, the SCL should be sct hack - draess 0O
by sending the INDEX cossand.

I T SN AP

.
L gt ""’;‘nﬁ 0.

The Comaarnd Rewmory Readout forzat 18 designad to
read out mepory entries frog SCL 1 and memory
entries froas SCL 2 in each sinor frase. &
*>lemetry vord i# elght bxits long so it takes
three telemetry vords to read cat one memory
entry into the sinor frame foreat. The minor
trame forumat is divided an half with words 9
through 35 devoted to SCL 1 and words 37 through
b 63 dedicated te SCL 4. Therefore, verification
? of the ®esory contentz 1s accomplished by wmaking
-, @& bat by bit cosparison of the 24 bit words sent
to the SCL vwath the B bit telemetry word received

P in the Command Bemory Readout forvat.

!
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3.6.3.2.2.4 Corpracting she voptepts of the HegoFy. If the

¥vrong saquanca 18 loaded or a nev sequence is
to be inserted into the mecaovy, the CLEAR comeand
can pe sant to the CP to load zerces in all the
penory lccations. This {unction can only be
accoaplished fros the Standby state.
Alternativeiy, the SCL can be cosmanded oft from
any state, and then comeanded or with the
CLEAL/ON command to load zeroes into the memory
slots.

ey

ol 3 d e R
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A single entry in the comzand eemory can be
corrected or changed, if necessary. This can be
accosplished by first advancing the memory to the
address location where the nev entry is needed.
To do this, the SCL must be cormanded into the
Standby state (SCL State 15) and then the ADYANRCE
apa SPTASDBY cowrands must be sent in pairs to
advance the address pointer by one step. The
ADVARCH co®zand will Bove the counter, but the
STAEDBY comsand is also needed to coaplete the
sequence. UHhen the SCL 1s advanced to the
location desared, the SCL must be cosmanded to
the Lcading state (SCL state 14) and the npew
entry to be transsitted canm then be entered anto
the memory by the uplink command format.

v
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This process cabn be very time consuming 1if a
correction or change hkas to be made more than
halfwvay into the sequence because it takes =ore
time o nake a single cerrection tnan 1%t does to
reload the whole seguence again. Even for a
short sequence, it 1s less tigse consuring to
reload the vhole sequence up to the plece vhere
the nev entry has to be made, than to senrd twice
the number of cosmands to advance the 5CL to the
required location. BHowvever, for the case of a
margainal RF link, it is probably morzs exficient
to make single or mulitiple corrections in this
manner than to risk additional errors in the
retransmkission of the sequance.

3.6.3.2.2.5 Loading Aunliiple jequapces. A numoer of sbort

coesand sequences can be loaded at the same
tase and executed individually by using the
ADYANCE comeand. For exarple, it the second
s3gcence is needed to be performad first, the
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ADYA¥CE cossand could be used to set the memory
address pointer at the address location of the
f2rst coemand word in this sequence. The ADVANCE
cousand must be followed by the STAKDBY command
to move the pointer one address location. Again,
this capability ocly exists from the Standby
state. In addition, if the second sequence has
been completed and the first sequence needs to be
pertorased next, the lndex command can be sent to
place the address poanter at the address location
of the first cosmand vord of the firet sequence.

]

3.6.3.2.3 Startipng the 3CL. The SCL can be started in

three different ways; mnawmely, by a reai-tirve
command, fros the 402 second clock generated in
the TP or by the closure of the spacecraft
separation switches. The 40Y0 second clock gives
an accurate reference point for delaying the
start of a command sequence, and the separation
svitch input is used for spacecraft separation to
start a special comsand seguence to spin—up the
spacecraft. The following sections describe tha
different vays the SCL can be started.

3.6.3.2.3.1 lmmediate 3tart. To start the SCL 1n real-
time, the IMBI“DIATE START command wust be sent

to the CP. The command memory will begin
operetinr vithin 400 milliseconds afte. the
yplink coamand is received by the CP; real-tipe
corrand processing slots occur every 125
millisecords. The actual delay time depends on
the type of coerand, the CP in use, and the SCL
1D usSe, as seelk 14 Table 3.6.3.2.3-'. After the
SCL is started 1t immediately transfers from thke
S5tandby State to the Rnp State (SCL state 12) and
detersines vhether the entry is a cosmand or a
tiee delay. If the entry is a command, the SCL
vill transfer into the Process Comrepand state (SCL
state B); if the entry is a time delay, the SCL
goes into the Load Timer state (5CL state 13),
and extracts that entry in the sequence out of
the memory. The memory aidress poanter, CHMENIC,
vill then indicate the nezt location in remory.
The two SCLs cannot be started simultaneously
vith real-time coamands. 5ince it vakes 12
seconds to trausmit a commaad to the spacecraft,
the closest the two SCLs can be started together
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is 12 seconds. However, if the first entry in
one command sequence® is usaed to comzand the start
of the other SCL, both SCLs can be =tarted within
250 milliseconds by sending one real-time
coridand.

TABL}B 3- 603-2-3_1
TIHE DELAY BANGR FOB CONMEAED

HEXORY OPERATION, POLLOWIAG RECEIPT
QP UPL1EK COHMAED BY CP

e WM%&LM“M\«“,&M'Q‘\/MW A b gy P bt B e
\

Tt Tttt — T L T T
TIKR DELAY (milliseconds)
~YPJ, OF CP1 to SCL1 ~ CP1 to SCL2

‘ (COMH4ARD: - (or CP2 to SCL2z) (or CP2 to SCLY)

- e — - —— —— ——— = —— o e 0—4-- -— —— e e
Discrete 187 to 327 129 to 394
Quantitative - 188 to 388 | 130 to 395

3.6.3.2.3.2 7Tired Start. To start the cowrand memory from

vbe #4096 second clock, the TIBED START command
must be sent to the CP. The 4096 second clock is
a continuous square wave clock that is generated
from tha 2048 second bit of the spacecraft time
code in each ¥P. The output of each TP is cross-
strapped to both CPs as shown in Pigure 3.6.1-1.
Consequently, both SCLs cen be started nearly
simoltareously by this method. Since the two CPs
operate asynchronously, the start of the two SCLs
could be different by a maximum of 125
eilliseconds. Y¥hen the TIBED START command :i8
received by the SCL, it transations froam Standby
to the Tiwed Start VU state (SCL state 1) . The
telesetry indication for this state for CLO6XS is
80003®. Lf the 4096 seocond clock is a logic "O®
wbaen this state is entered, the SCL will rewain
in this state vntil the clock changes to logic
=i® (i.e., from 0 to 2048 seconds in SCL state
1) . ¥han woe 40936 secand clock switches to logic

3 -6_29
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®1®_ the SCL transters to the Timed Start 1 state
(SCL state 5), and remains there for 2048 seconds
until the clock again switches to logic 20%,
CLOGXS is ™0101® in the Timed Start 1 state. If
the 4096 second clock 28 a logic "1% when the
TiMED START comsand 1s sent, it will transition
ipzediately from SCL state 1 to SCL state 5, and
redain there until the 4096 second clock switches
to lc7ic ®)J)® (i.e., duration from U to 2048
seconds). The 40%6 second clock is a square vave
so that “here is ample tise to receave a
telezer,y status on the logic state of the clock
(i.¢., the second BSB of DCLOK2). <%he SCL
transfers imaediately into the Bun state when the
clock svitches from logic "1™ to logic ®0°, and
the menory begins to process the loaded seguence.

The first ccamana i1n the seguence will be
executed within 129 to 254 milliseconds (for a
discrete command) or 130 to 255 milliseconds (for
a gquant.tative coamand) of the 4096 seconda clock
transition because the CP can only process stored
compands every 125 milliseconds. This is one of
three error sources in starting the SCL.

The second error source is due to the vay the
clock is generated 10 the TP. The TP outputs the
8096 sccond clock transitions synchromously with
the vord rate clock. Therefore, the accuracy of
this output 1s a function of operating bit rate
at the time of the occurrence of tae clock
transition and the bit rates osed prior to
selecting the bit rate used during the
transition. The previous bit rates affect the
accuracy because soma bit rates have word and
minor frame periods that are not integer
submultiples of 4096 seconds. ?Table 3.6.3.2.3-2
presents the results of an analysis of the
maximom inaccuracy of the 8096 second clock due
to the TP. The vertical scale ir the matrix is
self-expianatory, but the horizontal scale
requires some discussion. This scale shows the
highest bit rate that the TP vas coemanded to
operate at, from the time it was first turned on,
until the tame it was cowsandaed to the bit rate
at whach the 4096 clock traamsition tcok place.
This does not mean that all bit rates had to be

e e e g A T A S
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used up to and including the highest bit rate
selected, but that at least tho highest bit rate
vas selected at some time prior to geing into the
bit rate at the transition. This scale starts at
16 bps, because the TP is initialized to start
operating at this rate.

A4 subtlety in these results is that the length of
time in the highest bit xate has an effect on the
accuracy. 1f the length of tiee is just right
the error will be 2zero, but if the length of tise
is some special value the maximur error given in
the table will rasult. This is best illustrated
by an example. Take, for instance, the case
vhere the bhigkest bit rate sslected is 341 1/3
bps and the bit rate at the transition is5 8 bps.
In the matrix, the maximus error is given as 500
milliseconds. One way to arrive at this maxieum
error (and cthere are a nuaber of combinations) is
to command on the TP and have it operate at 16
bps for 135 minor frames vhich is 40bd4 seconds
into the first full 4096 second tise perioa
because the TP is 1nitijialized to start the first
8096 clock period 256 seconds after turn on.

Then comsand on 341 1/3 bps for 21 mincer frames,
vhich 18 an additional 31.5 seccends. This novw
gives a total time period of 4095.5 seconds. If
the TP is pow transferrea to 8 oups, the 4096
second ciock will trapsition to logic "0® at
4096.5, for 4an error of 0.5 secands. The reason
for this is the word period at & bps is 1 second
and the transition aust wait untail the end of the
telemetry word to occur. If the starting bit
rate of 16 bps vas maintained for 134 Einor
franes instead of 135 (i.e., 4032 secoands into
the period) and the 341 1/3 bps was used for a 42
minor ftramw=s rather than 2% (i.e., an additional
63 seconds i1nto the period), the error would Dde
zero after the 8 bps bi*t rate was comamanded 1into
cperation. This is because only one second
resained ip the clock period wnich is coincident
vith the word period at 8 bps. T[herefore, it is
obvious that the arror in starting the coamand
memory is highly dependent on the bit rates and
tire periods over which they are used.
Consequaently, this eftfect must be accounted for
in programmiag the start of the smemory. In
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&ddition, an IBMBEDIATE START cozsmand can be sent
to the SCL when it is eithaer in the Timed Start O
or Timed Start ) states to override the use of
the 4096 second clocsx.

The third error source in starting a cosmand
seqyuance or executing a defined function is due
to the stability of the oscillator in the CP. If
tise delays are used in the commrand sequence,
either as the first entry in the sequence or
interspersed throughout the seguence, the
variation in the oscillator frequency will effect
the programeed delays. This will cause the
execution of the final event to be in error. fthe
longer the accomulated time delay, the larger
vill be the uncertainty. The oscillator
stability is 50 ppam sorst case.

Additaonal discussion and exzaples are contained
in Beierence 1.5.3.

Separation Switch start. To start the SCL from

the closure of the spacecraft separation
svwitch, the ABB SEPLARALION SWITCH cowmand, vwbhich
is part of the CP CONP1GURE quantitative command,
must be sent to the CP. This command Rust also
be sent to the redundant CP to arm the redundant
separation switch that, upon closure, activates
the sequence loaded in the redundant CP comaand
Pe2ory. The purpose of this command is to
prevent an inadvertent closure or premature
closure of the separation switch from starting
the SCL and causing the spacecraft spin-up
sequence to begin. The ARK SEPARATION SWITCH
command transfers the SCL 1nto Separation State 0
(SCL state 0). The telermetry status of CLOGXS
for this state is "0000®. If the separation
svitch is closed (i.e., SSBPIS egqual to loqac
%1% prior to sendiuig this command, the SCL will
remain in state 0 and never start the spin-up
sequence. Referring to Pigure 3.6.1-1, it can be
seen that each separation svitch is connected to
only one CP. Therefore, the premature closure oif
only one switch prior to the ars coasand vill not
prevent the spin-up sequence from occurring
because the normal clcsure of the other switch
vill initiate a siwmilar soguence loaded in the
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othex SCL memory. In additior, Separation State
0 carn be overridden by an IBAEDIATE START coapand
which transfers the SCL to the Run State (SCL
state 12). If the separation switch is open
prior to sending the ARE copmand the SCL
transfers iasediately fror Separation State 0 to
Separation State 1 state (SCL state 4) . The
telemetry statuz as given by CLOGIS for this
state is "0100®. The SCL remains in this state
antil separation switch closure. at which tiae
the SCL jumps to the hun State and executes the
spin-up sequence. C(Closing of the separation
s¥itch causes a latch in the SCL to be set vhich
prevents svitch bounce froe affecting the
operation of this function. If needed, the
Separation State ' state can be overraiddemn by the
IBRREDIATE START comxpand.

{
}
a
g
1
1
}
§
%
)

3.6.3.2.4 Stoppirg the SCL. After the SCL transfers to the
Bun State, 1t extracts a coamand aemory word from
the memory and hegins the processing cycle. If
the comnand memory vord is a cogsand (either
discrete or quantitative), the SCL transitions to
the Process Command State (SCL state 8), ana
remaine there, instead of returnang to the Run
State, as long as the following cormand memory
entries are comrands. The telesetry status will
rerain coastant at 21000*™ for CLOGXS for all the
time that contiguous cosxmands are processed out
of the memory. To stop the SCL froa tkis state,
the STCP comrand »ust be sent to the CP. then
this cosmand is received by the SCL, a transfer
will be made to the STOP 1 state (SCL state "},
and the SCL will rewain in this state until
another comsand is received. The SCL will
complete processing of the current command before
it switches over to STOP 1. An (EMEDIATE START
coagand, an ADVANCE command or a STARDBY coemand
follovwed by a BUX command is needed to get out ot
the STOP 1 state and coaulnue processing. In
this state they are effectively the same corepand.
The ADVANCE coxmand causes the SCL processing
route to go through the Run State wvhile the
INMEDIATE STABRY command terminates directly in
the Procass Command or Load Timar status. The
saipling of tie telemetry system is not fast
enough to distiaguish the different paths; the

3.6’33
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vhole process takes place in 125 millisecornds
including the axecution of the comrand if the
next entry is a coapand. In susmary, if either
coazand is sent, the SCL wvill end up ia the
Process Command State if the next entry in memory
is a coemana and in the load Timer State (SCL
state 13) i1f the next entry 18 a time delay.

¥her the SCL is in the Load Timer state,
independent of how 1t got there (i.e., frox
states 2, B8 or 12j, the SCL can again be stopped
by sending the STOP <oaeand. Prom this state,
the SClL will go to the Stop 2 state (SCL state 3)
and vill give a telematry readout on CLUGXS of
®0011®. 1n the procecs of counting dovn a time
delay (T = ™1? an Figure 3.6.3.2-7 vhen the tine
delay comzand has been executed, and the timge
count has not yet decrecenteac to zerov), the SCL
goes to 4and resains in the SUB 1 state (5CL state
9) until the time count is decrerented to zero
(.., T becomes "0%). 1f the tipe delay has not
been corplet2ly counted cdown when a STOP cnezand
is issued, the SCL will go to the Stop 2 state
and hold the last time count in the Subtract 1
counter (T regains "1%). The time countdowrn can
ve resuncd by sendwng the 1M3AEDIATE STABI cowkand
and the SCL will rexorn to the Sub 1 state.
Bowever, 1f the resaining tise count must be
skippel, the ADVANCE command will extract the
DexXt entry out of the memory by tramnsfarring the
SCL to tone Hubp State. 1It, by chauce, the STOP
coemand arrives just after the countdovwn of the
¢iee delay has been coapleted, the SCL will
advance to the Stop 1 state. Teleamexry status
vill pe recognizable in the Stop 1, Stop 2,
Process Command (for many contiguous commands)
and Sub ' (for long tame delays) states, but will
not be observable for the Bun or Load Ti.er
states bacause the SCL trabnsters through these
states rapidly. saapling of the status of
these states will occur on & very infrequent
basis. Lixewise for very short time delays or
alternating commands ind time delays in the
memory, the Process Coamand and Sub Y states will
not be observea on a regular basis.
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Copsideratiops for pPesigning Copmapd Sequences.
The methcd for loading cocamand words into the
Bensory tiarough the use of real-time commands has
been discussed in a previous section. However,
there are certain facts that should be copnsidered
prior to designing a sequence to be placed in the
mexory. The first fact is that the SCL will
continue to process entries fros the memanry until
commanded to stop. The SCL will cycle througa
all 128 memory sSlots and then repeat thesa
entries over and over until terminated by a
STAMDBY, STOP or OFF command. Bcwvever, if for
exeaple, only the first 20 slots are used in the
senory for a particular coassand sequence, the SCL
v1ll process these 20 entries and then step
th~ough each of the rewmaining 108 slots in 25
Bitlisecond steps (z2ssuming each of these slots
contains all zeroes) . TIhe SCL will repeat this
process continuously, unless the 20th entry is
one of three stop-type commands mentioned above.
An extension of this is whea rultiple coamand
sequences are lioaded into the eemory at ome time.
1f each sequence 15 not terminated by a STARDBY
or SIOP command, all the sequences ¥ill e
eiecuted 1p sories and continuously repeated.

A second consideratinn 1s that the SCLs in both
CPs can be operated sieultaneously, as with the
spacecratt spin-up operataon, but that the
compands in each sequence rust not address the
same COX at the same time i.2., w thin the same
62.5 msec. paraod. Jf a control word 1S received
at a COB from both CPs, the cowrand will not gat
processed through the COS. The two CPs operate
asynchronously; each nscallator 1o each CP 15
independent with a 50 ppa stability requirement.
As a result, copmand wocds occupying the sasme
Slot in EBeacry could be executed at the sare
time. or many seconds apart wvith a Bequence
containing nany compands and long tire delays.
This fact must be accounted for in designing
paraliel sequedhces.

Another consideration is that both SCLs cannot
start precisely at the same time because tha
storead copkand prooassing tise glots are not
synchronized betveen the CPs. Therefore, the
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SCLs could start as auch as 125 @illiseconds
apart with nominal clock frequancies in each CP.

Another use of the SCLs is for series operation
to eftectively increase the cormand memory to 256
locations. This can be accoeplished by designing
the sequence 1n ola cozmand eeamory to transfer to
the oth :r coomand memory. An example of thi.
operation is g'van as follows:

i

- . s e 5 - . B
8 e K R 0 e el bt e e e i e e

SCL 1

0 145 126 127
SCL <
Cad (1) .... CAD(F) JRMEDIATE 5CL 1
START STANDBY

————— b o e - — e e —— — - — e — e — __—_—‘

| | SCL 2
CAD (1), .... CKD (F) STARDBY

N IO

Th.s example shows hovw the twe SCLs are used
togetrer to execute one 256 copmand sequence once
vithout repeating it automaticaliy. It 1is
assumed that both SCLs were commanded on through
real~time commanding prior to starting the
sequence iu SCL 1. Por SCL 1, mepory slots 0
through 125 are used for the tirst part of the
desired sequence, baot the last two slots must be
reserved to transter over to SCL 2 anda term.inate
SCL 3. 1in slo¢ W26, the SCL 2 INEBDIATE START
copzand is inmerted to start SCL 2. Fcllowing
this comsmand, the SCL 1 STAKDBY comaand is
inserted in slot 127 to place 5.. Y in standby
and prevent it fror repeating its s»quence. SCL
2 vill stact between N and 145 rilliseconds afwer
the SCL 2 IBBEDILATE S5TARF command is executed
because of tdhe asynchronous opdaration of the two
CPs. T@herefore, the farst command word ia aemory
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2 should be a 1325 eillisecond time delay or a
coamand that ies not routed to the sasme CON
through vhich tke SCL ? STAEDBY corpand is
processed. Interference between the SCL 1
STAUDBY commeand and the first command ip memory 2
vill cause neither coamand to be executeld and
result in the SCL 1 seguence being repeatec
simultaneously with the SCL 2 seguence. The
final comsrand in the SCL 2 sequence 3ust beg the
SCL 2 STARNDBY cormand to prevent repeating the

Q
4,
S

g

a 5
&g
€

o 51 sequence in SCL 2.

‘fﬁ Jf there is no jimtention to repeat the 256 word

%1 saguence, the STANDBY compmands should be replaced
o

with NPF commands to congerve pover. Should it
be iesired to repaat the sequence coatinuously.
slot 126 in SCL 2 must contain the STARYT coamand

DT

i
e

q} for SCL 1. 7There are & number of wdariations to
g this procedure, but basically this 1is the wmethod
So that =ust be used to operate both 5CLs in series.
s
':% 3.6.3.2.6 SCL Operatapg Copstraipts. The configuration
A control logic in the CP capn receive both real-
7 ol time coseands and stored commands to control the
g1 SCL operation. BHowever, tahere wust be a miniauw
{ 5f 125 milliseconds between al’ comzaids received

~y the SCL. If a stored command sequzpce is
being processed, & reail-tivwe command should not
be sent to the $SCIL within 125 milliseconds ot the
tise the SCL 15 outputiing a comekand to itiself.
Siuce the real-time command and stored cowmmaand
procesusing tiwe slots are 2.5 rialliseconds
agart, it 1s possible for the SCL to receive tvo
compands as clcse together as ©62.5 milliseconds.

Sasilarly, if zoth SCLs are processing coazmands,
one SCL should aot send a co~mand to the other
SCL wvithin €2.5 milliseconds of the time the
other SCL is sendinog a cozmand to itself or
reC#1ving a real—<ine comapar”’.

3.6.3.3 Pyroteckpic peglioe Opexatiops. .“e operational
aspects rslated to pyroteckaic devices on the
Multiprobe spacecrait iavolve faring the Large
and S$azll Probe In-#light Disconnects (IFDs),
separation of the large Aand sSmall Prcbes, and

3.6-37
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deploynent of scientific instruzent davices, such
as the BBAS Br2akout Hat and BHES Cal uas. The
following tvo sectione describe thesea opsrations.

3.6.3.3.1 Seppratjop of IPPs. The 1PDs on the Larye and
Small Probes are separated prior to the release
of the probes froam the Bus spacecraft. To
Separate ths lLarge Probe IPD, the ARE LABRGE PROBE
IPD AND BMNHS B/O HART cosmand (OBRD13 or ORDA3)
sust flirs. be sent to U 1. Contiguous to this
arms Cosmand, the PIRE LABRGB PROBE IFPL cosmand
{OED 14 or ORDA4) aust be sent if real time
compands are used.

g, e, . ey o b S v
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The IFD for each of the Small Probes are
separated in a similar way, except that all three
17Ds are separated simultadeowsly. To arm the
PCU for this event, the 2R%M SBALL PROBR IFD AND
BNMS CAL GAS FPYBO command (OBRD22 and OBDBZ) must
be sent to PCU 2. Pellowving this comrand the
FIHE SEALL PROBE I¥YD command (OkD23 or CRDBJ)
must be sent contiguously to separate the IFPDs.
Again, this is necessary if real time cozgands
are used for this operation.

/
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The probe shelf temperature sensors monitored on
the Bus spacecraft vill go to full scale vhen the
IPDs separate. These outputs are routed via the
IPDs for teieretTy in the Bus data handling
subaysten.

I

g ",/‘

. ’}1
3
T

Examples of the use of the anove coredands durang
the mission are shown in Sections 4.2.2 and
h.2.3.

Probe is separated froe the Bus spacecraft by an
arm and fire cuamand sent directly tc PCU 1. If
tbte commands are to be sent in real-tiwe, they
Bust be contiguous. The are command is ARM LARGE
PROBE SEPAERATICH (OBD1Y or ORDAY) and the fire
cozmand is LARGE PROBE SEPARATION (OBD12 oI
ORDhZ2). Whrn separation has occurred, telemetry
output SLEKELS will go to logic ®0".

&
o

<,

k!
A
f
$ 3.6.3.3.2 lagge and Snall Probes Separation. The Large
!

Tne s2paration of the Small Probes is described
in Section 3.6.3.5.

4
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LC De . The bNES 1s the
only sclientific instrument that contains
pyrotechnic devices on the Bus spacecraft. The
BEAS has squibse to deploy the Breakoff Hat and to
open the Cal Gas cobtainer.

There 1s one ar'm and rtwo fire ccamands needed to
deplr+ the Breakoff Hat. The arm coamanrd is ARK
LARGE PROBE 1PD AND 3EAS B0 HAT (ORDY3 or ORDA3)
and tt tvo fire coemands are FIRZ BNAS B/0 HAT
PRIBARY (OED15) aad FIkKR BMNS By/0 HRT SECOEDARY
(OBD16) . Rach fire command activates two squibs.
If the are and fire commands are sent in real-
tize, the arnw command must be sent prior to each
one of tkhe fire commznds to activate all four
squibs.

The Cal as container is broken by one pair of .
ars 2nd fire commands. For thi:s event, the arm :
corsand is AMWA SMALL PROBE IPD and BEMS CAL 635 ‘
PYRO (0ORD22 or CkDb2) and the fire command is

PIRE BEES CAL ¢AS PYRC (ORD24 or URDb4). Again,

these compands aust be contiqguous ir they are _
transmitted ip real tiwe. f

Recgiver Reverpe Operatjons. The receiver
reverse capgability in the co®mand subsystes is
designed to prevent loss of uplink control of the
spacecratt for more than 3% %4 hours. The CP
sends out tyo discrete com®2ands automatically
every 3o 14 bours when no valid uplink commands
are received in that time period. Obe cormand 1s
used to select the forward omni and the other is
sent to change the recaivers/antenna RP switch to
the normal or reverse position. Waen the switch
is in the normal positicn, the reverse pulse as
sent out, and vice versa. PFor redunuancy, each
CP perfores the samse function.

¥hen power is initially applied to both CPs the
receiver raverse countar in each CP 1s reset to
zero and each begins couunting. If a valid
command is received by either CP, the counters in
both CPs are reset to 22ro through the cross-
strapping betveen (Ps, Under nosinal conditions,
there is no way to defeat the operation of this
tacgcion once prime power is applisd to the CPs.

3.6-39
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The aspplication of power may cause the two CPs to
initialize in different logic states, i.e., cne
CP may be in thke normal state ready to send oot
the reverse pulse and the other in the reverse
BEtate ready to output the pormal pulse. In order
to place the CPs 1n the same state, both CP
configure commands, CRCQ1 and CPCQ2, mvet be sent
ih the Becaiver Normal mode, or both cowmands
Eust be sent in the Receiver Reverse mode. If
this condition is Dot corrected, thc two outputs
from ths CPs will negate sach other and the
receiver switch will not chauge position. The
loyic state of CPY and CP2 are given in telenetry
as CREY1S 2nd CREY¥2S, respectively, vhere logic
®1% 1s pormal and logic "™0® is reverse.

To insure that the receiver reverse logic in both
CPs are in the same state, the CP quantitative
command msust be sent to each CP. Bitg 33 and 34
of .he guantitative commands must be set to ®01*
to obtaia the normal stake and ®10% to get the
reverse state. If the "Bither CP®™ address 1or
Bits 39 and 40 (i.e., "119) is not used, then
those tvo bite Rust be carefully selected to
address the CP to which the command is to be
sent, 1i.€., 201 fcor CP 1 and “10* for C? 2.

Even though there is only a single quantitative
coarand to esch CP fromr a different COH, thexe is
a possibility that the receiver reverse function
can be deteated through selection of the ¢rong
address bits in the queuntitative coazand sent to
a CP. 1f the wrong CP address 18 sent, the
normsal and ravers: outputs will be inhibited, but
the oEni select output will always occcor at
receiver reverse tiseout. The two tlip-flops
that control the power strobe to the oatput
buffer and the gating oi the output pulse are
placed in opposite logic states. Consequently,
the outpet pnlse will be gatead to an "off™ outpat
buffer and vill be inhibited from goang to the
®on* output buffer. Thkis occurs basically
becanse one flip-flop 15 connectad to & decoder
that senses the address bits and the other is
connected to a decoder that does nov. Ihe status
of the normal/reverse logic is only sensed on one
flip-flop sc that it 18 impossible to determine
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froe telemotry if the wrong aldress bits vere
sent.

it takes a combination of three human errors and
hardware failures for this probler to have a
catastrcocphic effect orn the mission. The
coabination is: (1) a receiver failure to
necessitate the use of the raceiver reverse
capability, (1) a CP failure (or a human error
that causes the CP to be addressed incorrectly).,
and (3} a human aerroxr that csuses the remaining
operatioral CP (or second operational CP) to be
addressed incorrectly. If there is uncertainty
as to vhaether the CPs are correctly confignred
prior to enterang & long period witbout comaand
*rans®is3ions, the correct guiantitative comzands
could be retransaitted to the spacecraft. This
is done by sending both CP configure coamands,
CPCQ1t and CPCQ2, in the Beceiver Xormal mode, or
sending both commands in the BReceiver Reverse
aode .

To praclude the occurrence cf this problem, it is
best to always coae bits 39 aud 40 as "11®. This
code selects either CP, and bit 15 of the uplink
cosmand should be used only to select the desired
CP.

?urihernsore, if the CP should experience an
overcurrent condition that causes the pover
supply to be turred off by the cyciic fuse, and
if the fault was later reeoved and pover re-
applied, the receiver reverse counter will be
reset to zero and the logic will initialize in
some random state. This means the tso CPs aay
not be synchronized and, conseguently, the CP
CONFIGDRE quantitative cossand should be sent to
each CP so0 that the tvo CPs will cutput the sanme
coamrands simultaneously.

Smal) Propes Releacs Operations. The three Ssall

Probes on the Bultiprobe spacecraft axe released
sipaltaneously with a singla PIEE command to the
PCU that is routed through the Attaitude Data
Procesgor (ADP). AS shown in Pigure 3.6.71-1, the
COB outputs a discrete comaand to an RDP and the
ADP an turn transfers the cormrand to the PCU.

3.6-41
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There are four discrate cummands jinvolved in this
operation; two that go to ADP % and two that are
sent to ADP 2. The purpase of all these cgrmands
is to provide redundant inputs to each ADP from
redundant COBs without cross-strapping in the
spacecraft Larness.

Prior to releasing the Small Probes, the ARN
SMALL PROBE SEPARATION comrand (OBD.Z1 and QORDBG)
must be sent to PCU 2. The spall Probes will be
released by real-—time commands so that the ADP 1
SEALL PROBE RRLEASE comseand (BEEL11 or RERLA!) or
the ADP 2 SKALL PROBE EELEASE command (KEL2Y or
EELB1) must follow coatiguously the ARM command.
Only one ADP is powered on during the Saall »2robe
release operation, sov the appropriate command
pust be sent.

The ADP that receives the RELEASE command delays
the 1ssuance of the comnrand to PCU 2 until the
occurrenca of the next RBoll Index Pulse (RIP).
The delay through the ADP is 3 function ot the
time of arrival of the command and the spain rate
of the spacecraft. The no®inal spin rate planced
for Small Probe release 1s 46.5 rpr so that the
worst case delay is on tke order of 1.2 seconds.
Ihe PCU timing diagram presented 1in Section
3.6.2.3 shows that the PCU will automatically
disarae 18.5 4.5 Beconds after receipt ot the ARA
coekand. Under wcrst case conditions, this
pareits a deiay of tdo seconds through the ADP.
The two second worst deldy results from the time
difference betweaen the time 1t takes to receive a
reai-time command (i.e., 12 seconds) and the
ainimea tige to disare (i1.e., 14 seconds). The
ainimu® spin rate is expected to be 40 rpm which
results in a delay of 1.5 seconds 1in the ADP or a
rargio of 0.5 secomia. Consequently, the ARH anad
HRELEA!'iZ costands wust be contiguous to release
the prvbes. When the ADP issues the cokmand to
PCU 2 synchrofiously vith the RIP, a telemetry
status flag 15 set in bit position 5 (1.e.,
APRELS) of ADP Status Word 5.

The comrand from the ADP 1S cross-st.oapped in the
harness to the A and B sadas ox PCU Z and fires
Bax (6) sguibs simultaneously; the primary three
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(3} and the redurdant three (3). This
mechanization prevents non-simultaneous release
of the three Small Probes. When the probes are
relsased fros the attachment ring, a status flag
for each Small Probe is sent to telemetry
indicating release. The telemetry cutputs for
Srall Probes 1, 2, and 3 are SI1RELS, S2RELS aad
S3RELS, respectively.
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AL example of the use cf the above cosmands is
given in Section #.2.3.
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3.6.3-6 Coas iR [ 2 J ’s s \8. The coast timer
on each of the Large and Slnll Probes is used to
start the 2ntry Sequence Programaer (BSP), which
in turn issue€ tine dependent comrands during the
descent phase of the probe's sission. The time
delay 15 loaded into the coast timer by the COAST
TIBER SET quantitative command to the
Comaand/Data Unit (CDU) on each prebze. uUn the
Large Probe, the primary command (LCIy1l) is
processed by the Large Probe CON (i.e., COR 7 on
CON channel 701} and the redundant command

"3 (LCTQR) 15 processed by a COM (i.e., COR 1 on COM

. channel 1Q3) oan the Bus spacecraft. For the case

P of the Small Probes, both the primary (SCTQ1,

5 SCTQ2, and SCYQ3 for COH assignments (1Q0, 3Q0,

- and 5Q0 respectiwvely) and redundant (SCTQA,

] SCTQB, SCYQC for CON assiganpents -- 200, #QC, and

;% 600 respectavely) commands are received through

51 the In-Plight Disconnect (IFL  frum COMs on the

[

P

o .
A

H .,
s T

3 .
Ty R

U A e B

Bus spacecraft.

o The coast timer kis the capability to process a

p 24 .27 day taime delay (i.e., 2'¢ x 32 seconds)

¢ vith a resolution ot 32 seconds. The time delay

i consists of 16 bits of data placed into the
gquantitative conmand format LSB tirst. To
coppute the binary number nee2ded tor the coemana,
the following formula should be tsed:
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ATo —63
N & ————— vhere ATo is in seconds
32
Exgnpl =~ Suppose a coast duration of 22 days,
1 hour, 32 minutes and 5 seconds is
desired.
Alo = 1, 906, 3254, secondx
8 = 59, 570.687,, seconds

Sance N i8 not an integer and since the coast
timer can omly be programmed with integers, we
select the programming nusber ¥ to be 59, 5704,
and account for the .687 seconds by issuing a
start timer comwand .687 seconds later than
required. (WVe assumed in this example that the
32 second divisor is exact, i.e., the time base
is pe. fact). Tae 16 bit coast magnitude command
nusber is sieply the binary equivalent of
59,5704, .

LSB KSB
§F=01003%31T071T00011T0 11%1

1a€.,
595704, = 2842442042742334203422084215

After the cuast time is loaded in a probe, the
countdown is started by the STAR? CUOAST PIRKR
comaand unigue to the probe. This comrand (LCTAS
or LCI19) 1s processed by the Larye Probe COR
(A.e., COR 7) and 2 Bus (OB (i.e., CON 5) for the
Large Probe respectively; and two COEs on the Bus
spacecraft for each Sesail Probe (SCT19 or SCTAS;
S5CT29 or SCTBY: SCT39 or SCPCY for SP1, 2, and :
respectively). Prior to sending the START COAST
TIBRER coammand, the time code stored in the coast
timer can be verified by Bus telemetry. The
teleretry output is LSB first as loaded amnd
consists of tvo eight bit words read out into
chanpnel CXTIAC, where X eguals L, 1, 2, 3 for the
large and three Seall Probes, respectively. The
tvwo eigat bit vords wmust be ordered by the ground
softvare into t._ 8 BSP and 6 LS5B bits to
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reconstruct the origisal 16 bit time code. The
coast timer cmtputs one 8 bit word with each
sampling by telemetry and does not account for
the ordering of the vords except when the START
TIRER CORRAND i3 received. W®hen the START
command ie raeceived, the ccast timur reorders the
time code so that the correct 16 bit code will be
processed.

Tl .0

g T

PPN

emaa

#

Before the START is sent, the full 16 bit time
code can be verified. Howvever, once the coast
timer has started ccunting, the time code can no
longer be verified. The coast timer is under the
control of its own 0.5 Bz clock and ignores the
read clock frow telemetry once it has started
running. ¢Therefore, the telemetry output vwill be
the LSB of the shift regaster holding the count,
and so the telemetry will shov all oneg or all
2zeros. Tne shift register performs an end around
shift every tvo seconds, so it is possible for
the LSB to change from a one to a zero, Or VicCe
versa, in the middle of a teleazetry sample. Ir
this case, the eigant bit telemetry word waill
consist of groups of -~aes and zeros. While the
coast timer is runriang, & random readout into
telenetry of these types of words indicates that
it is most likely performing properiy, but does
not show conclusively that a failure has not
occurred.

IThe coast timer can be stopped by sending a ney
quzntitative command containing a sew time code
or just s.me random time code. There 1S no other
vay to stop it once the START cozmand has been
@xecured. After receipt (£ tne quantiiative
comnand, the coast tiker will remain stopped
antil the next START coamand. The data contained
ia the quantitative comeand will be loaded into
the coast tieer as a nev tice delay.

Exexples of the use of the above cozmands doring

tae missior are shown is Sectaons U¢.2.2 and
bo2.3.

3.6-45
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Copmpand Rpsponge. 7Table 3.6.4-1 preseats the
coapand responses for the coazand subsystem. The
table lists every command that directly affects
the scbsystem and the telemetry indication that
verifies the proper execution of the comwand.

The mnemonics for each of the coamand and
telemetry parameters are also included.
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TABLE 3.6,2,7.6~1
COMMAND PROCESSOR TELXMETRY OUTPUTS
Telemetry F ¢ Active State; logic 1 Mnemonlc
Word orma Inactive State; Loglo 0 (See Note 1)
Word 1 Bit 0 —=Bit 3 SCL State Status: ree SCL State CLOGXS
MSB) (LSB) dlagram, Figure 3,6,3.2-1,
Bit 4 SCL ON/OFF Status, CSCLXS
Bit 5 Demodulator Status that indicates CDMDXS
squelch state,
Bit 6 —=Bit 7 These two bits are the MSB bits RREVXC
(MSB)  (LSB) of the receiver reverse timer,
and produce four time combina-
tion: 27.3 Hrg,, 18.2 Hrs.,
9.1 Hrs., and O Mrs,
Word 2 Bit 0 Reject flag indication that real CREJXS
time processor has detected an
error in & RT command,
Bit 1—=Bit 7 7-Bit count {ndicating number of CCMDXC
(MSB) (LSB) verified real ime commands
processed,
Word 3 Bit 0 Separation switch status, SSEPXS
Bit 1 —=Bit 7 SCIL address pointer {ndicating CMEMXC
(MSB) (LSB) present looation {n SCL memory,
—
Word 4 Bit 0 —=Bit 7 Represents 8 bits of 24-bit SCL CMEMX
(MSB) (LSB) command word stored {n memory,
During CL memory dump, 3
welemetry words are needed to
completely read the 24~bit SCL
command word,

NOTE1l: Xr=1lforCP1,
X=2forCP2,

3.6““7
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OPERATING BIT RATE AT 4096 SECOND TRANSITION

o2}

p—t
=2}
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128

TABLE 3.6.3.2.3-2
ACCURACY OF 4096 SECOND CLOCK

HIGHEST BIT RATE SELECTED SINCE TP TURNON

2
16 64 128 1707 256 341% 512 682% 1024 2048
0 0 0 0 0o |s500 | s500 |750 | 750 |750
0 0 0 0 0 0 o |2s50 | 250 |250
0 0 0 o | o 0 0 0 0
0 0 0 0 0 0 0 0
311 | 321 311 |31} | 31} |31} |31}
0 0 0 0 0 9
2 |12 | 152 |18 |10
CONTENT OF EACH CELL
IS THE MAXIMUM ERROR IN 0 0 0 0
MILLISECONDS BETWEEN THE r TRERT
7 i.'i° START TIME AND THE Cr A T
C...%%.. - {CE BY THE CP OF THE
<ty ' 'LOCK TRANSITION. 0 0
0
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TABLE 3

.6.4-1

COMMAND RESPONSES FOR COMMAND SUBSYSTEM

switch among States 8, 9, 12
and 13 deperding on the stored
command being processed. If
SCI. 18 ON and In Stale 2 and

COMMAND TELEMETRY VERIFICATION
Mpemona:c Title Responso Mnemanto Indication and/or Remarks
The sixth Stored Command The SCIL. of the appropriate CLOG1S SCI. State: State 144 (Load)
alphanrumedd CP, {f it (s {n the LCAD state,|] CLOG2S
is "A" for \rill accept the storeu - Im-
CPr1, or "B" pn'nnd, and Its address pointer | CMEMIC Command Memory Address Pointer: Command
for CP2, will advance by one count for | CMEM2C Menory address will Wdvance one coun’ for each
each «tored command. memory load command .
CMTQ1 for | Stored time delay No apparent difterence from e Samr ay [ ;v any stored command, above,
CPl1; or command, response to any stored ° “emory verif(s ytion will indicate If correct
CMTQ2 for command (above), time delay was lc ded.
CcP2. )
CPCmﬁgﬂr‘d SC1. Standby (0001) If SCL 18 ON and {n omny state CLOG1S SCL State: State 15,
SCL Com- | (s—ORCMD = eacept 10, SCL will go to C10G28
wnand) STDBY) State 15.
(CPCQl or - -
CcCPTQ2) SCL Yomediate Start | If SCL 15 ON ard (n States 0, CLOGIS SCL sitey Bistes 8, 9, 12 and 13, depending on
STORCMD = | (00100 1, 4, 50r 15, SCL ~1llgo o CLOG2S stored command being processed and TM sampling
p o 0008 State 12 for 62.5 ma and th-n of state.

CMEMIC

Command Memo.y Addreas FNointer: Command
Memory address will be advancing us commands
and time delays are belng processed.

the next memory cantry s a
command (MSB=1), SCL will
o to State 8 and continue pro-
ceasing. [f SCL is ON and (n
State 2 and the next memory
entry 18 a Jelay (MEB-0), SCL
will go to State 13 and cmumxd
processing. If SC1. s ON and
{n State 3, SCL will go to Xate
9 and contmue procesaing the
delay stored in the time delay
counte:.

Other TM: Cther subsystems will be commanded
by the stored commands.
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TABLE 3.6.4-1 (Continued)

TELEMETRY VSRIFICATION

COMMAND
M.armonlo Title Response Mpemonto Indloation and/or Remarks
CPCcafigure] SCL Timed Start If SCI. Is ON and (n any state CLNOGIS SCI1. State: State 1 until the 4996 clock (1. e., the
(SCL.Com- (0011) except 6, 10, 11 or 14, SCL CLOGZS second MSB of DC1L.OK2) goes to one and then the
and) (STORCMD = TIMED)| will go to State ? ¥ apd when SCL goes to 5. If clock 18 olready one, the tr -asi-
(Contimued) the 409€ clock ! , SCI. tion frow. State 1 to 5 will occur ut once.  When
(CPCQI or will go to State fhen the clock «s from one to ze.'n, 6witcr.'cg between
CPCQ2) 40896 clock (1. e., the second Giates o, o, 12 and 13 will accur, dependipg an
STORCMD = HSB of DCI.OK2) goer from stored comminds being processed and TM sampling
XXX, onc to zero, RCI. will go from of state.
State S to State 12 for 62,5 ms
then switch omong Jtatea 3, 2,] CMEMIC Command Memory Address Palnter: When 4086
12 and 13, depending on the CMEM2C clock goes fro1n Jme to zero, command memory
stered commands being address will start advancing as commands and time
processed. delaya arc being processed.
Other T™M: Other subsystems will be commanded by
the stored commands.,
ST Load (0100) If SCL. {8 ON and {n State 15, C3 OG1S SCL State: Stote 14,
(STORCMD = LOAIN SCL will go to State 14, SCL | CLOG2S
must be in State 14 1o load
the memory by sending mem- | CMEMIC Command Memory Address Pointer: Command
ory load coinmands, CMEM2C mem.-ry nddress will advance one count for each
memory load command.
SCL Advance (D101) If SCL. {8 ON and (n Rate 15, CLLGIS SCI. State: State 6 (Advance complete). State 11
(STORCMD= ADVAN) | SCI, will go to tate 11. The C1.OG28 will p robatdy not be cbserved by TM.
memory | . shifted 24 bits
which resul*s (n o one-word CMEMIC Command Memcry Address Point: Advances count
advance In memory, SCL will] CMEM2C by ane for each tasuance of advance/standby com-

then go to State 6 and remaln
there until a standby command
I8 reccived.

s mand patr,
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TABLE 3,6.4-1 (Continued)

(STORCMD=ARMSP)

will go to State 0 and remain in-
definitely until commanded out
of that state, 1fSCIL.isOMandin
State 15, and separation switch
{s open, SCL will go to Statc 0
and then irnmediately to State 4,
When the sep:aration switch is
closed, SCL wiil go from

(Continued)

COMMAND TELEMETRY VERIF'. ' TION
Mpemonlic Title Response Mnemonlc Indfcation and, or Remarks
CPConfigure| SCL. Advance (0101) If SCL is ON and in State 2 or | CLOG1S SCL State: States 8, 9, 12 and 13 depending on
(SCL.Com-~ (STORCMD=ADVAN)| 3, the SCL then goes to State CLOG2S stored commands being processed and TM sampling
im and) (Cont'dJ 12 for 2,5 ms, and switches of state.
(Cont'd) .
(CPCQ1 or among States 8, 9, 12 and 13,
CPCQZ)— depending on the stored com- | CMEMI1C Command Memory Address Pointer: Command
mands being processed. CMEM2C memory address will be advancing as commands and
STORCMD = time delays are being processed.
XXXXX,
Other TM: Other subsystems will be commanded
by the stored commands,
SC1. Stop (0110) If SCL is ON and in State 8, CLOG1S SCL State: State 2 or 3, depending on conditions
(STORCMD = STOP) SCI will go to State 2. If SCL| CLOG2S listed under command response.
ts ON and in State 13 or 9, and
the time delay counter is zero|
SCI will go to State 2, U SCL
is ON and in State 13 or 9 and
the time delay counter is not
zero, SCL will go to State 3.
The counter will stop counting
and retain the count that
existed when the STOP com-
mand was received.
SC1 Arm Separation | IfSCLis ONandinState15, and|] CLOG1S SCL State: State 0, if the separation switch is
Switch {¢11hH separation switch is closed,SCI{ CLOG2S closed (l.e., SSEPXS = 1), State 4 if the separation

switch is open (l.e., SSEPXS = 0),
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TABLE 3.6.4-1 iContinued:
COMMAND TELEMETRY VERIFICATION
Mresnonic Tiue Response Mremonic indication and/or Remarks
CV Tonflgur:| S0 T Arm separation | State 4 to State 12 and start
ySC1 Comn- switch (€111 processing stored commands
pr.and i Cont'di] ISTORCMD=ARMSP) | ab described undes SCIL. Im-
b mm and,
L CPCQ or (Contimued: mediate Start Comman
cPCon (Closing of the separation
switch sets a latch {p SCL
FTORCMD = which can only be reset by
).9.0.0.9 & removing essenttal bus volt-
age from the unit which Is not
possible by command).
SC1 Clear/ON If SCL {8 OFF, SC1 power will] CLOG1S SCI State: State 15,
{1000 or 1961, be turned ON with SCI in State} CLOG2¢
(STORCMD = CLFR1 { 15, Command memory will be
or CLER2), clenred and the command meq CSCL1s SCL State: ON ilLogic 1)
ory address pointer will be cscras
zero, If SCL {8 ON and in
State 15, command memory CMEMIC Command Memory Address Pointer: Zero.
will be cieared and the com-~ CMEM2C
mand memory address pointer
wiil be zero, CMEM1 Command Memory Readout: Emire memory reads
CMEM2 zero,
PBUSIT Spacecraft oads Current: An increase of about 72
milliampzres /1 LSB) when SCL. is turned OX,
PLIMTI Bus Voltage Iimiter Current: Decreases as much

as PBUSLI has Increased, {f suffictent surplis solaq
pane] current i8 present,

gotetaey
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TARBLE 3.6,4-1, (Com*inued,
CGMMAND TELEMETRY VERIFICATION
Mpemonic Title Response Mpemonic Indication and/or Remarks
IC P Configure} SC1. Index 1410 or I <C7 te ON and §in states 17 ClO401~ 1 Stawe: State 15,
(SC1. Com- 1011, or 16, coummans memory will | CLOG2ZE
mandyContdg (STORCMD =1NDX1 b emet aroune shifted antl the
. or INDX2) first stored word occuptes CMENLC Com.mand Memory Address Pointer: Zero,
NC PCQL or - L RS
i addrese O, SCI w1l go o CMEMZO
CHCWE2) -
State 175,
STORCML =
MO SC1. Read 11196 or S 1= O and {5 state 13, CLOGIS SCI Rate: State 10,
1101, SC L will go W State 16, 3CL CLAAG2ZE
ISTORCMI = KEAD! | must be in State 16 for memn. -
or READZ: ory verification, SCI will go | CMEMIC Command Memory Address Pointer: Command
from State 10 to State 15 when| CMEM2C memory a’dress will be advancing during memory
the ar¥ress pointer goes to verification.
zero during memory verifica-
tiop or by an {ndex command.
SCIOFF 11116 or SCI. Power will be turned OFH PBISL! spacecraft Loads Current: A decrease of about 72
1111 milliamperes (1 1.SB: when SC1 is turned CFF,
(ISTORCMD = OFF1
or HFF2) PLIMTI Bus Voltage Limiter Current: Increases s much ag
PBUSLI has decreased, {f sufficient surpius solar
panel current {8 present,
CSCL1S SCI. siatus: OFF (Logic Oy
CsCr.28
CLOG1S SCL Status: All Logic 1 Bits,
CIG2S

R
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TABIE 3,6.4-1 (Continued)

COMMAND TELEMETRY VERIFICATION
Mpemonic Title Response Mnemonlc Indication and/or Remarks
hP Configure {Recetver Hormal The Recelver Normal command CREV1S CP Recelver Reserve State: Normal (Logic 1).
kRecelver and [(RCV = NORMIL) will set the Command Proces- | CREV2S
Telemetry sor Receiver Reverse State to
Commands) NORMAI and generate an RRCVRS RF Switch Position: Receiver 1 to forward antenna
(CPCQ1 or envelope to select the normal and Recefver 2 to aft antenna (Logic 1).
CcCPCQ2) omni antenna/receiver config- -
RCV = XXXX uration, '
Recelver Reverse The Receiver Reverse com- CREV1S CP Recelver Reverse State: Reverse (Logic 0).
(RCV = RVRSE) mand will set the Command CREV2S
Processor Receiver Reverse
State to REVERSE and generatg RRCVRS RF Switch Position: Receiver 2 to forward antenna
an envelope to select the re- and Receiver ! to aft antenna (Logic 0),
verse omni antenna/receiver
configuration.
Clear Command The command counter and CREJI1S |Command Reject: Zero.
Counter and Reject reject flag in the CP will be CREJ2s
Flag set to zero.
(RCV = CLEAR) CCMD1C Command Counter: Zero,
cCMD2C
CP ConfigurejCommand Processor | Sets up logic to configure N/A No telemetry verification.
(CP Select) |Select receiver reverse for normal
(CPCQ1 or [(CMDPROCSEL = or reverse outputs,
CPCQ2) None/No, 1/No, 2/
CMDPROC- |Either 0/1/2/3\.
SEIL =XXXX
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TABLE 3.6.4-1 (Contlnued,
COMMAND TELEMET™™ VERIFICATION
Mnemontc Title Response Mnemonic Indication and/or Remarks
coM1d COM 1 E£20FF For some faflure modes fn the N/A 1f a COM fails to respond to a command, send a
cCOM¥M COM3 & 4 OFF COM which leave the COM COM OFF command and try to send the command
COM4 COM 5 & 6 OFF powered ON, the COM can still again. If the COM responds to the command, the
be used by sending a COMOFF COM can still be used by sending a COM OFF
command after each command command after each command using the COM,
using that COM. In normal
operation, the COM {8 auto-
matically turned OFF at com-
pletion of command processing,
MEM1§ SC1. 1 OFF Discrete command which will CSC1.18 SCL 1 Status: Zero,
turn SCIL 1 Power OFF,
PBUSLI Spacecraft Loads Current: A decrease of about 72
milliamperes (1 LSB) when SCL {8 turned OFF.
PLINTI Lus Voltage Limiter Current: Increases as much
as PBUSLI has decreased, f sufficient surplus
solar pznel current is present,
MEM2¢ SC1 2 OFF Discrete command which will CSCL.28 SCI. Status: Zero,
turn SCI. 2 Power OFF,
PBUSLI Spacecraft Loads Current: A decrease of about 72
milltamperes 1 1.SB) wh n SCI. is turned OFF,
PLIMTI Bus Voltage Limiter Current: Increases as much
a8 PB1 SL1 has decreised, if sufficient surplus
solar panel current (s present,
ORDI11 Arm Large Probe Provide power to the squib N/A Verified if assoctated fire comm.und is accepted.
ORDA1 Separation drivere for Large Probe Separ- There is no telemetry indication of PCU arm/
aticn starting 4.0 seconds after disarm functions.
the command and ending 15,5
seconds after the command,
MR A s amoidl ’ B
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TABLE 3.6.4-1 (Continued,
r
COMMAND TELEMETRY VERIFICATION
Mnemonic Title Response Mnemonic Indication and/or Remarks
ORG1Z l.arge Frobe ! associated squib drivers are | SLRELS large Probe Stowed/Released Status: Released
ORDAZ Separation b rmmed, this command fires Togic 1.
large Frobe Separation squibe.
N/A Bus spacecraft attitude and spin rate dis-
turbances,
GRD13 Arm l.arge Probe Frovide power to the squib N/A Verlified if associated fire command 18 aceepted,
ORDA3 1FD and BNMS B/O rivers for Large Probe [FD There {5 no telemetry Indication of PCY arm/
Hat BNMS B/G fai, otatt=r disarm functionsd,
mominally 4.0 seconds and end-
¥ng 1%. 5 seconds after the com-
}nand.
ORD14 Fire large Probe associated squib drivers are N/A All telemetry channels routed to Bus DIMs via [FD
ORDA4 1FD rarmed, this command fires go to full scale.
Large Probe 1FD squibs,
ORD15 Fire BNMS B/O Hat {If associated squib driver is N/A Indirectly verified by proper instrument operation,
Primary larmed, this command fires
IBNMS B/O Hat Primary squib.
ORD16 Fire BNMS B/O Hat [If assoctated squib driver {8 N/A Indirectly verified by proper Instrument operation,
Secondary armed, this command fires
BANMS B/O Hat Secondary squib,
ORINg Disarm PCU | For some iatlure modes in N/A There is no telemetry indication of PC1" arm/
ORDA¢ which the timer in the PCU disarm functions.

falls to disarm the squib
ldrivers, this command will
disarm them if sent after 15,5
seconds from arming.
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TABIE 3.6.4-1 (Contimued)
COMMAND TELEMETRY VERIFICATION
Mpemonic Title Response Mnemonic Indication and/or Remarks

KORI)21 Arm <mall Probe Frovides power to the squib N/A Verified if associated fire command Is accepted,
ORDBA Separation drivers for Small F'robe SeparH There §s no telemetry indication of PCU arm/

ation, starting 4.0 seconds digsarm functions,

after the command, ending1%. 3

seconds after the command,

The associated fire commands

are Issued by the attitide con-

trol subsystem.
ORD22 Arm Smail Piobel} D | Provides power to the squib N/A Veriflied {f assoclated flre command {8 accepted.
ORDB2 and PNMS Cal Gas drivers for Small Probe [FD There in no telemetry indication of PCY” arm/

Pyro, and BNMS Cal Gas Pyro start- disarm functions.

ing 4.0 seconds after the com-

mand and ending 1%, 5 seconds

after the command,
ORI23 Fire Small Probe IFD | If associated squib drivers are N/A Verified if all Small Probe temperatures, bilevel
ORDB3 armed, fire Small Probe 1FD and timer verification telemetry go to full scale.

squfbs,
ORIN24 Fire BNMS Cal Gas If associated squib drivers are N/A Indirectly verified by proper {nstrument operation,
ORDBA4 Pyro armed, fire BNMS Cal Gas

Pyro squibs,
ORIRY iAgarm PCV 2 For some fallure modes in N/A There 16 no * '‘zmetry Indication of PCI" arm/
ORDBE which the timer in the PCU digarm functions,

fails to disarm the squih dri-

vers, this command will dis-

arm them Hf sent after 14,5

seconds from arming.

.
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COMMUNICATIONS SUBSYSTEN

Subgystes DPescraption. The Bus communication
subsystem generstes an S-band downlink signal,
phase modulates it with the PSK modulated
telemetry subcarrier fros the telemetry
processor, and transaits it, with nominally
either 10 or 20 watts of RP power fed into one of
seversl antennas. The subsystem also receives
and demodulates the uplink paase modulated S-~band
signal and provides the FSK tones to the coamand
processor. Hemispherical transeit and receive
coverage is provided for the S-band signals by
the multiple antennas shown in Figure 3.7.1-1.
The torvard omni covers approximately zero to 95¢
from wne ¢Z axis, and 950 to 1800 is covered by
the aft omni. 7The medium gain horn covers
approximately 1500 to 1809 from the +Z axis.
S2iection of the desired antenna and
‘transmitter/receiver combination is accomplished
by mvans of the RF switches, as shown 1in the
functional block diagras of Figure 3.7.1-2 and
the appropriate ®ON/OFP* cosmand of the powver
awplifiers and transponder exciters. Transponder
1 recciver or transpounder 2 recelver selection is
done by tuning ton?» uplink frequency to the
desired receiver®s unique operating frequency
(2111.266204 ¥Rz and 2110.584105 MHz,
respectively) since botl receivers are always on.
The “in-lock® status signal from each receiver is
sent to the command processor to guard against
the aoise output of the unused receiver €roms
being processed by the cosmsand prsceessor. The
transmitter consists of four 1W-vatt solid-state
povwer aaplifiers which can be cperated one at a
time or in pairs. Wwhen operated in pairs, their
outputs are suamed by a 3 4B hybrid to provide
the 20 vatt S-band kP capability. Each of the
four pover amplifiers is driven by a dudicated
sulid-state driver amplifier tb ¢ receives its dc
pover from the power amplifier power converter
that it is draving. a1l four driver amplifiers
are driven simultaneously by means of the four-
vay power divider (6 dB hybrid, whose input is
selected by the SPDT switch (S-switch) <o be
either one of the transponder exciters). A
simultaneous transmit and receive capabirlity
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3.7 .2

3.7.2.1

thyouyh either of the two omni antennas is
provided by the two diplexers. (The sedium gaiun
horn is usable for spacecraft transsission only.)

The communication subsystem uanits are arranged on
tae spinning equipsent shelf as shown in Pigure
3.7.1-3. Placement of the units is intended to
ainimize coax line length and RP insertion loss.
The power amplifiers, due to their high internal
heat dissipation, have been located over the
shelf thermal louvers.

A detailed Logic Plovw diagram for the subsystea
is shown in Piqure 3.7.1-4 (Appendix C). It
identifies all command inputs to thoir terminal
points, and aill telemetry ottputs from their
generic sources.

gnits Descriptions

Trapspondefgf. The transponder consists of a
ieceiver section and an exciter section. A
tunctional block diagram of the transponder is
shown 1n Figure 3.7.2.1-1. The frequency plan
stova in the block diagram is given in terms of
the S-band downlink frequency, nominally 2294
MHz, as indicated by 240 Fq. The frequency
andicated by P, is the seccnd 1P frechency and is
nominaily 12.25 HH2.

Iransponder Beceiver. The transponder receiver,
hereafter referred to as the receiver, is an S-
band phase lock receiver that demodulates the
tplink command tones from the carrier and
provides a frequency source for the exciter that
1s phase coherant with the uplink carrier. The
uplink HF is routed first to the BP converter
module. This module limits the receiver
predetection bandwidth to 60 MHz by means ot the
pres2lector ftiltexr.

after conversion to the first IF frequency of
13P4, the signai 1s routed to the first IF
aaplifier where it is amplified and converted to
the second IF trequency of P,. The second IP
amplifier furthe, amplifies the signal, performs
narro¥-band filtering and provides & hard limited
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outovut and 4 lan=ar ovutput to the phase detector
asseably.

fhe detector demodulates tme linedr anput to
provide a ooherent AGC and the an-jock signals.
The hara limited input as demodulated to provide
the error signals tor the phase lock loop and the
conmand subcarrier. The phase loch error signal
15 conaltionpad by the second order loop filter in
the VOO moaule. The output of tne loep 1lter
controuls the V€O phase and trequency and 15 also
telepetered as the static phase error (SPE). The
VUU output frequency 1s muiltiplied end translated
{(via a tired cscilliator at 2 P,) 1in the local
oscillator asseably to provide the mixer
freguencies ot 26 Py to the KPP converter, and
{(13¥1) - F, to the first IF amplitier modules.

It also provides the reference trequency (2P ) to
the detector module tor the coberent phase
detection process.

Power tor the receaver modules is provided by a
power converter that converts the nominal 28 volt
1nput volitage (essential bus) to +9¥ (receiver),
+9V (relay voltage for excater control functiouns)
and -bV (recelver) . Uvercurrendt protection Lor
the teceiver is provided by a current limiter set
2t 200 +30 ma. RBeceiver fusing is included
exteinally an the spacecraft harness (3/8 amp
tuse). [he receiver cannot be commanded OPF, and
1is ON wvhepever dc¢ 1s applied te the dc 1nput.
Sincve both receivers are onnnected to the
spacecrait essential bas, tlie2y ave always ON and
Lecelver aJddressing 1s via appropriate uplink
trequency selection. The 1mportant operational
characterastics of the receiver dre as iollows:
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e Noise Figure

e C(Carrier Threshold (at
receiver inpnt terminal)

» Tareshold Loop Woise
sandvidth (2Byn)

¢ Tracking Capability

e AGC Raange

Conawand Capability

s (Coomand Ihrashold
(Calculated, for
SR = 3.5 x 1W0—e)

WAV

1SS

7.4 dB
-153 dBm

15 Hz

+200 kHz at

55 Hz/sec at

~140 dBm ainput

level

7100 d3 minimunm

None

-18.6 JBm/m?
(vorst case
flux dernsity)
{(-13b.01% dBe at

the recelve i

auntenga output

port) .

_;»_1 Lock_Fredyendcy Stabijity (Also See Figuig

1.2:3-2) ¢
Transpoander Transpoander
Conditjop NC._ 2 (SH S) d#o. 1 (SN _6)
~40F to +1260F 22 -0 kHz 15.4 kBz
+3.9F to +900F 6.0 kHz &.1 xHz
it +310F tor 10 hours 3.8 kHz 2.3 kHz

Felumesry Informatjop (More Jdetails are found in

Arpendlx A):

Automatic Gaiu Control (AGC)
static Phase Error (SPEK)

[ ]

*®

e ln-lock Status
e ¥CO Tesr- rature

[ransponder Excitel-

The exciter provides an S-

band signal that 1s phase modulated by the

telewetry subcarrier.

The frequency source for

the exciter is either the receiver YCO output, or
tae redurdant transponder V¥CQ, or an auxiliary

osciliator in the exciter.
18 selected according to
J.7.2-1.

The fregquenc:
@ logic shown
The suxiliary osciliator is ON vhenever

source ,
in Table ’

the exciter is UN, regardless of uhetoer the
1teceiver 15 locked to the uplink frequency or
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not. The inhibit coberent mode coamand causes
the exciter to use the auxiliary oscillator
frequency source vhen the receiver is locked and
the trapsfer to VCO command (test only, shorted
out by flight test access connector) causaes the
exciter to use the unlocked VCO as the frequency
source. Sselection of the frequency source is
dune by a solid-~state switch, with both sources
always present at the input to the switch.

A 30 Pi{ signal, generated in the X11/X15
multiplier, is applied to the phase modulator
where it is phase modulated by the telemetry
subcarrier. The telemetry subcarrier from the
telemetry processor is regenerated in the exciter
in order to control the amplitude of the
moduiating signal that is applied to the phase
modulator. 7This makes the sodulation inoex
stabiiity independant of the interface between
the telemctry processor and the communication
subsystem, thus resulting in a stable modulation
index. The commandable selection of modulation
index 1s acromplished by attenuating the
redJenerated subcarrier vith a variable voltage
davider. The X3 multiplier/S-band power
ampaiitier generactes the 240 P4 output, amplifies
1t agc keeps the output level constant by means
of an automatic leveiing loop.

A dc o d¢ power converter provides +11, +9 and -
b ¥dc¢ for the exciter modules. vvercurrent
protection for tue exciter 1s provided by a
current limiter set for 360 50 ma. Exciter
fusing 1s inciuded externally in the spacecraft
harness (34 amp tuse). The excirter is commanded
ONAOFF by the command that turns the pover
converter ON/OFF. The ONAOFF command 1s such
that only one @xciter can be on at a time, but
botr can be oftf simultaneously.

The 1mportant operatioral characteristics of the
eXxCcater are as follows (further details of
companis and telemetry are in Section 3.7.& and
Appendix A, respectively):
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e FEus Rodulation Commandable to 1.18
Index radians or 0.65 radians
{67.69 or 37.2¢
respectively)
e Probas Nodulation Commandable to 1.17
Index radians or 1.025
radians (679 or 57.3¢
resractively).
e Auxiliary Oscillator Prequency Stability vs
Temperature:

Prequency (AHz)
Teppergture  Trapspopder ¢

(°F) (SN 5) (SN 6)
-40 2292.019800 2292.762000
+140 2282.030120 2292.771840
+320 2292.C6 000 2292.773240
+4 10 2292.037680 2292.778680
+500 2292.038400 2292.779280
+610 2292.038280 2292.7177160
+680 2292.037800 2292.778680
+770 2292 .037080 2292.7771720
+900 2292.035640 2292.776280

+ 1258 2292.034080 2292.773600

e (Command Capability Bxciter 1 ON, 2 OPP
(kefer to Section Exciter 2 ON, 1 OFP
3.7.4) for detaiis) Exciters 1 and 2 OFF

Bus High %od Index
Bus Low %od Index
Probes High Mod Index
Probes Low Mod lndex
Inhibit Coherent Rode
Zestore Coherent Mode
Transfer to VCO ON
(test only)
Transfer to vCO OFP
(test only)

e Tlelemetry Auxiliary Oscillator

Information Temperatuyre
(Betexr to Appendix Exciter ON/OFF Status
A for aetails) Inhibit/Restore

Coherent Mode Status
Transfer to ¥YCu ONLOFF
Status

3.7-6
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Driver Applifier. The driver amplifier consists
of three transistor stages that amsplify the +14
dBm icput from the exciter to approximately +34
dBa. The {i.St stage operates as Class B and the
second and third stages operate as Class C. The
dc power for the driver amplifier is supplied by
the pover amplifier dc regulator. There are no
fuses or current limiting in the driver
asplifier. There are no coamands or telemetry
for the driver amplifier. The driver amplifiers
are turned ON/OFF whenever the pover amplifiers
ar turned ONJOFF respectively.

Power Aapljifjer. The power amplifier amplifaes
the S-band output signal from the draver

awplifier and provides a msinimum of 9.5 watts
output. This is accosplished by two high povwer,
HSC3005, transistors in parallel. The K¥ ipput
pover is split into tvo paths by the sam: type of
3 @B hybrid that combines the output from the two
M3C3005s, as shovn by the block diagras in Figure
3.7.2.3-1. The two transistors are protected by
the output isnlator, so that it is possibls to
operaie the amplifier into an open circuit or
short circuit (due to spacecraft failure),
although operationally this should always be
avorded due to the additional stress encountered.

DC power for the two RF tramsistors is provided
by a temperature compensated series regulator.
Temperature compensation is necessary to limit
the current consumption to the specified 1.2
amperes at the apbient and lower temperatures
wnere the transistoxs put out more KHP power but
drawv more current. This requlator also supplies
the dc power to the driver amplifier. The
conhtrol circuits for the amplifier are in the dc
section or “dc frame®. On/Off control is
accomplished by means of 2 latching circuit that
latches the regulator on with the ®ON® pulse
command and tarns it off with the "OPF™ pulse
compand or if the bus voltage drops to a level of
approximately seven volts. There is also current
limiting, which is set at two amperes, and if the
tavlt is sach so as te cause moye current to be
drava, the requlated voltage vill decrease (*fold
back®) in order to maintain the two awmperes

3.7-7
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current limit. PFurthersmore, for a severe fault,
the regulated voltage can fail below the seven
volts threshold and the reguilator will unlatch,
that is turn off. The amplifier can be turmed on
again by the "ON" command but, if the fault still
exists, it will only shut off again.

The pover amplifier is fused internally with two
(2) four ampere fuses and a 0.2 ohe resistor is
in series externally in the bharness with one fuse
S0 that one fuse will always blov first.

e Power Applifier Operatjonal Characteristics
Ootput Pover 5.5 vatts minimo»
Current Consumption 1.2 asperes (Q.4

amperes additional
for driver

amplifier)
current Liwie 2 amperes
Minimum Bus V¥oltage 7 volts
to Remain "latched™ On
Telemetry 1nformation Pover Qutput
Amplifier

Terperature
(Refer to Appendix
A for details)

Hybrids, Diplexer, Jsolator. Tvo types of
hkybrids are used in the Bus Communication
Subsystem., The 6 dB hybrid is used to split the
output povwer Of the exciter four ways to drive
the tour driver amplifiers. The 3 dB hybrid is
used as a power susper to combine the output of
tvo power amplitiers. Both hybrids are passive
devices and have no command or telemetry
capability.

Diplexer. The diplexer permits simultdneous
transmission and reception through the sawe
antenna. The diplexer utilizes two coaxial (TEN)
pode filters connected as shown in the schematic
in Piqures 3.7.2.4-3A and 3.7.2.¢~1B; operation
1s explained by the block diagram in the same
figures. rnerqgy from the transeitter is
prevented from entering the receiver by the
bandpass filter at the receiver port that is
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tuned to the receive center frequency. This
filter has high attenuation at the transmit
frequency and lov attenuation at the receive
frequency. Transmitter energy due to spurs that
might fall into the receive band is attenuated by
the band reject filter that is tuned to the
receive frequency also. This filter has high
attenuation at the receive frequency at the
transsitter input port but looks like an cpen
circuit at the antenna port at the recuaive
frequency.

The response of the SB 5 diplexer, for a
combination of each of the ports, is shown in
Fiqure 3.7.2.4-2. Since the diplexer is a
passive device, it has neither a comwmand nor a
telumetry capability.

Isvlator. The isolator is a three-port ferrite
ciiculator vwaith a watched tervination on the
thard port. The tersination 1s capable of
dissipating 12 vatts. The signal is passed an
the torward direction with very low insertion
loss {less tnhan 0.3 dB) and witch very high
inseition loss (greater than 25 4B} in the
reveise direction. It is used between the driver
akplitier and the power amplifier. The pover
amplifier i1s protected by its own bult-in
isolator (same basic design, but 40 watt
teraination).

Switcoes apd Swjtch prjver. Two types of RF
latcning relay switches are used 1n the Bus
coBmu.lcations Subsystem, an S switch and a C
switch. The S switch i8 a SPDT switch and the C
sWwitcn 18 a cross-over switch in vhich two inputs
atre aiternated between two outputs, as shown in
Figqure 3.7.2.5-1.

Two Ccor18 are used on each switca, one tor each
positior, thus requiring two circuits to provide
the switching current pulses. 1In the absence of
svitcaing pulses, the switches remain in the
state corresponding to the last pulse. A minimunm
Thec.tied pulse voltage of 24 volts is required
to cause svitching.

3.7-9
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Swateh Driver. The switch driver consists of
seven identical modules packaged in a single
upit. Each moaule 1s basically two command pulse
anplifiers which increase any one of the input
comsané siguals to the voltage and currest levels
requiiecd to operate the RPF switch. The standard
35 msec, Y to 17 Vac command pulse at any iaput,
contriuls a transistor switch that applies the
unregulated Bus (essential bus) to the designated
K switch coal; pulsiang a *2™ command iuput
provides a pulse tu the *2% side of the KF
switch, ana a pulse at a "1" input provides a
pulse to the ®1® side of the switch. A bilevel
telemctry output is provided to indicate
comranaed switch status. A *0" indicates that
the last executed signal was position "I® or
"normal"™ and a "1* indicates that the last
executed s1gnal was position "2™ or “reverse¥,

dhen power 1s ftirst applied, or removed and
reapplied, the telemetry comes up in the ™0O"
state, regardless of the actual switch position.
Pae S4itch drivers are connected to the
spacecraft essential bus.

Antennas. The Bus utilizes a forward omni and an
ait omni antenna to obtain 8 7 steradian antenna
coverage for command reception (each 1s connected
to 1ts own command receiver a4t the s e tize),
and telemetry transmiassion (only one omni time is
usable vith a transmitter in a norral operating
aode) . Aaditionally, the mediua gain horn
provides (transmission only) directional coverage
centered on the spacecratt mirus 2 axis. A brief
description and a performance supmary for these
antennas is given balow:

Antenna Descpiption

Medium Gain Horn Aptepnpa Description. The mediunm
gain horn antenna is a simple conical

configuration. The horm is mounted on the aft
end of the Bus to provide coamunication coverage
(transmit only} fer elevation angles from 150 to
1800 referenced to the plus Z axis. Right hand
carcular polaraization is provided. The horn is a
thin aluminum snell 0.030 inch thick with a 4-
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bult aole base flange, two adjustable tuning
screvs (also aluminum) and a TNC connector.

Forward Opni Aptepna Description. The forward

uRni antenna is a tvo-arw log conical spiral.
ldentical units are mounted on top of masts
located on the forward side of both the
Multaiprobe Bus and Orbiter spacecrafts to provide
BF communication coverage over angles froa 00 to
approximaiely 95© from the plus % axis.

The antensa consists of an epoxy glass conical
shell cn which two copper conductors are
deposited. The radiating #lements are fe¢il at the
top of the cone by a microstrip balup which is
supported in a fiberglass tube. A coazx to
microstrip transition is located at the base of
the antenna. This design radiates a right-haad
circularly polarized axial mode pattern.

Aft Omni 2ntepns pescription. The aft ompi

antenna is a common turnstile aslement above a
conical ground plane. Identical units are
nounted on top of masts located on the aft end of
both the Muitiprobe Bus ana Orbitar spacecrafts
to provide RP communication coverage uver angles
trom 950 to 1809 from the plus Z-axis.

The turnstile element is used to produce circular
pclarization and typacally produces a relatively
narrey 3 4B beamvwidth (70°) pattern. The conical
arouna plane is incorporated to broaden the
Deamwidth and generate the nearly hemispherical
galin coverage.

The antenna is all aluminum welded construc:ion
except forn a small teflon dielectric bead in the
input congector.

Antenna Patterns

Omn: Apteppsg. Lk plot of the minimum EIKF
(Effectaive Isotropic Radiated Pover) for the
forvard and aft owmni antennas, is gqiven in Pigure
3.7.2.6-1. The drfference between this plot and
actual antennpa gain 1s that the transmitter power
and circuit loss to each antenna has been

3:7"'.!
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included; however, the shape ot the curves is
identical to the actual antennz gain. Swoch a
presentation has been judged to be sore useful
due to¢ the desirability of indicating the
spherical antepna coveriage of the spacecraft on
one set of coordinate axes and since c»ch antenna
has difteient feed circuit loss. It is important
to note that FPigure 3.7.2.6-1 includes the
minimum gain of the antennas at each elevation
angle as a function of azigsuth. That is, the
plots are obtainel by waking ~n antenna
~easurement while bolding elfrvation angle

« 'mstant and varying the azisuth angle. The

ax auth angle, for vhich the gain is minimus, is
then used to derive Figure 3.7.2.6-%. The
variatios between minimum and saximum gain is
indicated by the conic plots, or gain versus
aziwulh arjle, gaiveu a constant e¢levation angle
(0, as shuwas im Pigure 3.7.2.6-2) for the
Forward vani, and Pigqure 3.7.2.6-2B for the Aft
U®RLni.

The minimur receive gain for the cmnl antennas is
shown in teres of flux Jensity an Pigure 3.7.2.6-
3. The command link tureshold, is based on the
specitied -102.3 dbm per square meter maximum
uplink powver density, and a bit error rate (BER)
of 3.5 x 10~¢. This BER has been shown to
proviae the specified probabiiity of faise
command executioud ana missed command, and
corresponds to a signal to noise ratio of 17.2 4B
at the transponder output.

Bedjum G6aip Horn. A suamary of the medium gain
horn perforwance is given ja Tablie 3.7.2-2. A
diagram of the Huru antenna pattern coordinates,
with definition of 9 and ¥, is showa in Figure
3.7T.2.6-4, The azimuth (¥ = 0°) and elevation (§
= 900) patteras ftor the Horm ftlight unit for
£=2295 MHz are shown in Figures 3.7.2.6-% and
3.7.2.6-6, respectively. Conic pattern cuts at 8
= 50_ 20°, and 309 are shown ip Pigure 3.7.2.6-7.
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3.7.2.7 Engiueering Instrumentation - (See ApPeddix A)

3.7.3 Operatiops pescription
3.7.3. Normal Operating Bodes

3.7 *.1.1 Tragsm)ssion ¥Yodes. The Bus communication
subsystem has a number ot operating wodes wkich
are defined accordi~q to the transmitter
con.iguration, the antenna used, and the receiver
used. The two basic transmitter modes are high
pover and low power, but since there are
redundant powver amplifiers, there are severa)
comdinations of amplifiers available tor each
»ode. Purthermore, there are two hazicC rout s
that the WY power can take, either to 'the horn
or fwd omni) or to the att orni. Table 3.7.3-1
lists the rodes which result from these var.ous
combinations. TIhe switch positions, and
associated commands and telemetry plus the powver
amplafier commands and telemetry for the twelve
transmitter modes, are given in Table 3.7.3-1.
Eighteen spacecr:ft RFP transmission modes result
from the 12 transmitter modes being used in
cunjuaction with the three spacecrsft sntenna, as
given in Table 3.7.3-2 (only odd aumber
transmitter modes are used with the horn or
forvard oani antennas and even number transmitter
gudes are used with the aft ompi) . Another
eighteen spacecraft transmission modes (total of
36) exist as a result of using transponder asusber
tvo exciter (number one exciier is used for the
first 18 modes). Swvitch positions, coamands, and
associated telemetry for the thirty-sizx
spacecratt transpission modes are given in Table
3.7.3-2. The telemetry 1ndications given in
Tables 3.7.3-1 and 3.7.3-2 provide a convenieut
means tor i1dentitying the spacecratt transeission
sodes. The spacecraft EBJEP tor the first 1d
mudes (identical for second %*8) is given in Table
3.7.3-2.

‘he communication suosystem has the capabiiity ot
being cormanded to either a Bus higb modulation
index (1'.18 radians) (MIHY or BIHAT) or a Rus
low Lt.aulation i1ndex (0.65 xadians) (RIL11 or
Bila 1) for bus teiemetry subcarrier mcdulation ot

3-7-13
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the downlink carrier. 1In genera!,6 for Bus
subcarrier only operation (All Probes suabcarriers
OFF) the Bus high modulation index is utilized
for tae Bus higher data rates, and the Bus low
aodulation index 1s used for the Dus low data
rfates. When the Dus data stream is operated
voncurrently with any probe data strear (dual
subcarrier rode) howevecr, use of Bus low mode
index is recommended. 1egardiecces of choice of Bu«
data rate.

Analogously, the ceapability of being cosmanded to
either a probes high moduiaticn index (1.17
radiaas) (MIH21 or ®1HB1) or a probes low
modulation index (1.025 radians) (MXic1 or RIL31)
exists for probes telemetry subcarrier rot! liation
cf the o>wnlink carrier. 1In general, fo ~Probe
subcarrier only operation (Bus subcarrier OPF),
the prohes high modulation inder is utilized for
the hagher data rate irom the pyruebde, and the
probes low modulation 1ndex is used for the iowver
data rate froa the probe. Wnen any probe dz2la
streaE 1S operated ccencurrently with the Bus data
streae (dual subcarrier sode}, use of the probe
10w mod index is recommended for must phases of
the mission, regardless of choice of the probe
aata rate.

¥hen either the probes high or probes low
sod:olation index is comemanded, the Bus modulation
1npdex is cutomatically switcned to low. Bus high
rodulation index could be reinstated, if desired,
tollowiug a Probes Nod laodex command, by
comzanding B1s High Modulation Index Select,
althouuh such a configuiation 1is geheraily not as
efficient (Higher Bit Error Rate} as using Bus
Low Yoduiiatioa Index in the presence of a probe
subcairier.

The Probes suwulation index selection is applied
vithin the <oemunications subsystem to whichever
probe subcurrier it receives, i.e., whichever
vrobe is powered OM. Whenever any probe is
turned OM, the associated subc.usirier is turned OR
auvtomatically. The Large Probe subcarrier can be
comranded OFF via the Bus uplink while Large
Probe pover remains ON, but the same is not true
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for any Small Probe (a Small Probe subcarrierx can
be commanded OFF while it*s power remains ON only
via it's entry sequence prograsmer capability).
The Lirge Probe subcarrier can be commandad ON
again via the Bus uplink by sending a data rate
selective command (LBR13 for 256 bps select, or
LBR14 for 128 bps salect), or sending the (Large)
Probe Checkout Power ON coamand again (PCO19 or
PCOAY) .

Atteaprang to transsit two pyobes subcarriers
simultaneously will result in garbled data, as
~ach Small Probe subcarrier is at the same
‘requen~y (x4KHz), anl the Large Probe subcarrier
1s close enough in frequency (x7KHz) to cause
garbled data when generated situltaneously with
any one Suall Probe subcarrier.

Purther details regarding Probes® comaunications
vperation is contained in Sections 3.7.4, 5.1 and
5.2.

Downlink S-band carrier only operation is
pussibie by commanding the BUS subcarrier OPF via
the Telemetry Processor Control command (TPCQYV
for Irp¥; TPCQA for TP2), concurrent with all
pLobes being powered OFFP.

Telemetry will indicate a non-zero RF ocutput
power for a pover amplifier only when an exciter
1$ turmed ON to provide RF ianput to that
arplifrer. (Reference: Paragraph 1.5.18).

fejemetry data rates vs. time 1n the nominal
mission for Bus only traopsmission are shown in
Figures 3,.,7.3-1 and 3.7.3-2. These vaere
extracted from Reference: Paragiuph 1.5.31.

Telematry data rates vs. time in the nominal
wission for Bus/lLarge Probe, and Bus/Small Probes
cosbinations (all via the Bus Jdownlink cacrier)
are shovn in Tables 3.7.3-3 and 2.7.3-4.

Receptiop Bodeg. Since the two transpondew
reculvars are always powvered "OR®, their us¢ for

teception of the uplink signal is controlled by
selecting the wplink frequency to rcorvespond to

3.7-15
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the norinal rest freguency cof the desired
traasponder {(transponder 1:2111.266204 MHz and
transponder 2:2110.588105 BHz2) . 1t is also
peCessary wo take into coamsideration which
autenna 1s connected to the desired receiver and
tue cosmunication angle as determined by the
spacecraft attatude. 1n general, whenever the
bus 1n oriented perpendiculir to the eclaiptic
yylane =2ither the Ait Cmni or the Fwd Oomna will be
selected for both transmission and reception.
The ait omnix antenna 1s always contected to one
recelver and the fwd omni asntenna is always
connected Lo the alternate receiver, as shown in
Table 3.7.3~5, but the choice between forvard
umnl ond att oweni tor reception i1s dependent oo
commundcation anqle {as dictated by spacecraft
uTlentdtieon) and the desaired transkission mode,
as given 1n flable 3.7.3-2.

The foecciver reverse command eliminates the
possiprliity of losing reception capakility due to
several possible spacecraft railures. These
pusSiidle tailures are receiver tailure, asd other
farlures .wiTh Cause uplink communications to be
lJost. In the 2vant of ote of these failures
occuriing, the on—-tward comsand processor
autowatrcally 1s3ues a recelver reverse comman’
atter a pericd ot 35 hours has occurred without
erovessing any spacecraft coemand. The comrmand
x5 sent Lo coax swiatch 1SWUL2Z2 and causes the
forvard omn: feaed line to be conpected to the
Jdownlink s.gnal vath. At the same tige, the
altenia 1pput conpections to both tvaunsponder
Fecelvers are reversad by actuation of coax
switch ISNUIY.

¥nen tae receiver reverse coamand 13 executed by
tue spacecratt, the uplink freguency must be
shiited to that of the tranmsponder which wil]l be
connected to the forvard omni. Also, the
down:ink will be connecied automatically to the
torward omni, and the new downlink freguency wilil
become 240/22% times the new uplink frequency
a1ter onboard phase-lock 1s established.

The roceiver reverse command may aiso be actuated
by qround command, as discussed in Section 3.6.
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Hovever, when actuated by ground cosmand, only
swatch 1SW019 is actuated.

wigiter_and Coherent A8 Usage. Either Exciter
1 or Exciter £ can be used wvith either receiver.
Automatic cross strapping of the ccherent
frequency rource from the rece’ver that is in
lnck 1s provided, as described in 3.7.2.%1.2.
I'bus, although Exciter 2 (also Receiver 2) 1is
desiguatea as the primary exciter, Exciter 1 can
be used as well. Bovwever, after scme in-flight
operational history of the spacecraft has been
accumulated, one of the exciters may appear mnore
2esirable from the standpoint of frequency
stapility of the auxiliary oscillator when in the
non-coherent smode.

Coherent Bode Yersus Non-Coberent Bode. The
normal operation of the spacecraft will be with
simvulitaneous uplink and downlink, thus providing
for coherent operation of the communication
links. As long as the last coherent mode coamand
executed by the space-raft vas "Restore Coherent
Aode™ (COH19 or COHA9), then selection of the
auxiliary oscillator aut*omatically cccurs vwith
the absence of an uplink, and the coherent mcde
is auntomatically seleccted when uplink lock
reoccors. The ®"Inhibit Coherent Bode"™ cospand
(COH1y¥ or COfAR) prevents this antomatic
transterence in elther direction, and causes the
auriliary oscillator to be the freyuency source
whother &7 not an uplink is present.

3.7- 17
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3.7.3.7.4 Communicatiop Suybfystes Jpitialization. Upon
applicaticn of DC power to the communication

subsysteam, the units will be im the followirg
states:

{ | ®lgitial DC Power | |
x Jnit . QN State: Compents :

| m— S R T T I T N T AN L N RS SR EX I EEEIIISETX xx:.:.:z:.:::;:.::r:x::l

. Receiver is on the S/C
essential bus and is there-

|Transponder’ I
i
] fore alvays .-i.
|
L

' Racerver |

N/A

]

— ——

Exciter ' ONSOFF 1M - ®QPP®

U S U R

i Transfer to ¥CO Test only - Wired out for
TH - “OFFP" flight.

J. ———— ——

T

- - e

1 Inhabat/kestore

i Coherent - Mode |
T™ - ®“Restore® i '

T T I —
Probes Bod Index

! (Mo TM) - Bigh

Bus Mod Index
(No TM) - High

St s e e e e e o et e e

‘Pover Amp , ONJOFF TH ~ OFP™.

iDriver Amp |
i |
e R io- -
'RP Coax Sw.: K/A ~ Maguetic latching; will be
} ; | in state of last comrand

! : | that was sen!.

Same as Power i
Amplifier :

B S - e . - ;
Switch j H/A . Bach Switch Driver is on the
Driver ; . essential bus and is there-
i ‘ ' fore always ON. FHowever:

% | e Por injitial 5/C power up, -
i the swvitch draver 1LM 4
| will initialize regaré- |
' less of switch ,ositiow
, in the logic "(" stzce
’ (= position 1).

!

S R i UV SO
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®*Initial DC Possr i
ON™ State: Comments

Switch
Driver
(Continued)

T I EISEEXIEME I ITEEXETESZI IS X TEEZFEXIIIRLETIE_]

e The svitches must be

, cownanded to their

i desired position in order
| to force the status bits
10 indicate actual switch
position.

e The fact that a switch
courand changed the
, appropriate status bit to
indicate the switch has
| moved to the proper
’ pogition does not guaran-
tee that the switch
actuaily woved. It osly
| ! indicates that the
| ‘ ‘esired ccmmand pulse was
| yenerated.

P AU e —_——— -

Use _9i_Bedundancy. The Bus Coamunication
Subsystem contains four (d) powver asplifiers
whicno otfer a redutaa..; ~{ hign and low power
modes, as discucsed in 3.7.3.1. Iwe transponders
offer unliux recertion <edundancy, as discussed
i 3.7.5.1, also. The Aft Omni offers redundancy
for the 3edium Gairn Horn for earth look angles
15C% to 1809 w.r.t. the spacecratt +2Z axis.
Howevor, this redundancy is at the expense of
degraaed link performance, 1.e€., a lower data
rate.

Non-Stapdard ¥edg¢s. The non-standard modes for
the sus Cummunication Subsystem are as follows:

(a) Only 1 pover amplifier ®"ON® tnat 1s
connected to the 3 dB hybrid (power
susmer): It is possible to contigure
3SW0 19 oxr 35W022 so that either
amplifier 3, 2, 3 or 4 only is ®ON™ aad
connected to the input of the 3 4B
hybrid. This will result in a power
output froe the hybrid of approximately

3.7-19
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(b)

5 watts, with 5 wvatts being dissipated
in the integral hybrid load. 1In this
mode, the hybrid mounting surtace
tesperature will reach the acceptacce
test level of 1369F, but thermal
analysis indicates that the internal
temperature may reich 1650F. Although
the nybrad will probably survive, this
mode 1s not recomzended as a noreral
operating mode.

Simultaneous transmission thkrough a
{horn or fwd oxni) autenna and the aft
omni antemna: The communication
subsystem may be configured so that the
dovnlink telemetry signal is
transsitted by (either the horn or fwd
osni) antenna and the aft omr’ . There
is no readily apparent advantage to
this mode and it may create an erratic
and poorly shaped radiation patterrn due
to the interferosetric effect of two
nearpy antennas radiating the same
signal. Furthermore, this non-standard
node necessitates the use of non-
standard sode 1 discussed above, since,
by design, one antenna would be fed by
a pover amplifier (%t or ) that
bypasses the 3 dB hybrid, and the other
antenna would be fed by a pover
amplifier (3 or 4) wia the 3 dB hybrid.

Operatiopal Restpictions. The following
restrictions apply to the operation of the Bus
Comagrication Subsystes:

(a)

Do not svitch ®Hot"™, i1.e., do not
change the position of an RF switch
vhile an RF transmitter signel is
passing through it, except in an
emergency sitoation (Reference:
Paragraph 1.5.2%) . The power
applifiers should alwvays be commandea
"OFP*® bhetore actuating the RP svitches
that f¢~d HP into thek, or pass EF from
them. This 1is to protect both the
swatches and the pover amplafiers.
Inadvertent failure to observe this
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restriction is not likely to damage
these units, but repeated violations
may eventually inflict damagye.

The following sequence of
operations should be carried out if
switching of BF switches is to be
pertormed:

(1) Turn off units which provide input

RP power to the switch (if such
units are commaandable}.

{2) Turn off units which obtain RF
power f£rom the switch (if such

units are coammandabdle).

{3) Initiate switch command.

(4) Turn on units turned off in (2).

(5) Turn on units turned off in (1%} .

(6) Verify svitch is in proper con-
figuration by telemetry and/orx

spectrus analysis.

1n an emergency situation, where
an RFP link may be lost unless switching
1s quickly performed, hot switching is
allowed. Steps (3) and (6} should then
be executea in that orxder.

Never operate a pover amplifier into an
open circuit. This restriction applies
to amplifiers 3 or 4. Caction must be
used to easure that switch 358022 is
configured so that the 3 dB hybrid is
connected to whichever amplifier 1is
turned *ON®™ or about to be commanded
"ON®,. Refer to Table 3.7.3-1 for the
correct switch position and command.
The spacecraft Aft omni should not be
used at launch, as the geometrical
interference fros the attached Centaur
is significant.

The 3 dB hybrid ig used as a power
suamer to combine the output of two
pover amplifiers. Should only one of
the tvo power amplifiers, that supply
an input signal to the hybrid, be "ON",
halt of the uignal pouer will Le
dissipated in the integral hybrid load
and the other half, approximately five
wvatts, will be output signal from the
hybrid. OCperation of the hybrid in

3.7-2}
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this manner will cause the hybrid to be
hotter than norral. Aalthough the
temperature will be within the hybrid
design limitations, this mode is not
recommended for normal operation.

{¢) The best lock frequency of the P~V
receivers will "push® if the
acquisition sveep rate is lov. That
is, the spacecraft receiver VCO will
rove away from the uplink signal.
Sotorola has stated the maximum rate
the ¥CO will “push™ is 5.9 Hz/sec and
have recoamended that acguisition sweep
rates be greater than 10 RHz/sec.

During the weak sgignal compati-
bi1lity testing at CTA--21, an
acquisition sveep rate of 10 Hz/sec
caused no pusking while 4 5 Hz/8ec rate
definitely did. It 1s recomzended a
Binimum anquisition rate of 15 Ez/sec
be used to provide a healthy margino of
safety.

3.7-22
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Copmunicatiops S te) ] 4 Re nse. Table
3.7.4-7 presents the command responses for the
Communications Subsystem. The table lists every
command that directly affects the subsystem, and
the telemetry indication that verifies the proper
execution of the command. The mneronics for the
command and telemetry paraseters are also
included.

¥hen a unit is ips the unpowered OFF state, all
telemetry from that unit will be reading zero
(uncalibrated) , except temperature telemetry
which is powered by DIAEs.
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TABLE 3.17.2-1
TRANSPONDER EXCITER FREQUENCY SOURCE SELECTION LOGIC
Telemetered Telemetered
Command Status In Lock Status
Inhibit Own Redundant qs"‘e"";d FI’:‘“';:'“: onl
Coherent Transfer to* Recelver Recelver source for Lowniin y
Mode vCo In Lock In Lock
(RCOHXS)*3 (RVCOXS)*3 (RLOKXS)*3 (RLOKYS)*4
0 0 No No Auxiliary Oscillator *2
0 0 No Yes Redundant Recelver VCO
0 0 Yes Either Yes Own Receiver VCO
or No
0 1 No No Own Recetver VCO
0 1 No Yes Redundant Receiver VCO
0 1 Yes Either Yes Own Receiver VCO
or No
1 Either 0 or 1 Efither Yes Either Yes Auxiliary Oscillator *2
or No or No
*Test Only, This command is disabled (set to a permanent ''0" state) by ground connection made

by test access flight plug.

*2 Auxiliary oscillator is always the one on in the exciter of interest, since only one exciter can
be commanded on at a time,

*3 X=1lor2,

*4 Y = Designation for Redundant Recelver, (l.e,, when X =1, then Y = 2; and when X = 2, then
Y=1.

3.1"2.
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TABLE 3.7,2-2
MEDIUM GAIN HORN PER FORMANCE SUMMARY

Measurement Angle From i5° i200 130o
— w**
Gain in dBi 13.8 10.3 6.3
(At f = 2295 MHz)
L

*NOTE: Electrical Boresight axis i{s mount<u, within a maximum misalignment
tolerance, to be coincident with the cruise mode S/C minus Z axis,
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TABLE 3.7.3-1,

BUS S-BAND TRANSMITTER MODES

8 Telemetry Indications
Power Power Switch Positions switch Commands Switch Drivers (it Stata)
Mode T | Antenma | Amp(s) Amp ISW019 | 35Wo022 | 25w019 Power aswols Iswor: 28%WVls
No. Mode | Used 1 sed Commands Position | Position | Poslilon 3SWo19 3swoz22 25,WN19 Power Out. Temp RAMP1S RAMPIS RANTIS |
orn or
l® Low w;,ol,_j sl on, | AMPIS AMPAY 2 NA 2 AMP11/ I NA ANT11/ RAMPIW RAMPIT 1 NA lm
Pert [Antenna | Rest AMiap AMPCH | AMPAl ANTAL
OF F i
T
2 1ow At #14N, | AMPIS/ANMPAY, 2 fooxa AMP1I1/ NA ANT.2' RAMPIW RAMPIT 3 NA °
Pwrl | Omai Rest AMPS'/A\H'(" AMPAL ANTA2
OFF —
3 1ow MHornor | *2 ON, | AMP29/AMPBY 1 NA 2 AMP12/ A ANTI1/ RAMPZW RAMP2T 0 NA 1
Per2 Fuwd Omnf Rest . | Avpog/ampcy] AMPA2 ANTAL
ntenns OFF
4 Low AR 420N, | Amp2ze/ampne| 1 NA 1 AMP12/ NA ANT12/ RAMPZW RAMP2T 9 NA °
Pwr2 | Omnd Rest AMPY/AMPCH, AMPAZ ANTAZ
OFF¥
Horn or N
3 HiEh |r g Omnf 2 & 4 AMP29’AMPBS| 2 1 1 AMP11/ ANMPIT/ ANTI2/ RAMP2ZW RAMP2T 1 ° °
PeT 284 (A ngenna | ON, Ak 49/ AMPDS| AMPAL AMPDL ANTA2 HAMPAW RAMPAT
Rest
S OFF
M T
o | gh | Aft 284 AMP29/AMPBY] 2 1 2 AMPIL/ AMP41/ ANT1Y/ RAMP2ZW RAMP2T i 0 1
Pwr244) Omnl oK, AMP<S/AMPDR| AMPAL AMPDL ANTAl RAMP4W RAMMT
Rest
OFF
-
? High ‘:_:': ofF 1143 AMPIS/AMPAS 1 2 1 AMPLZY AMP3LY ANT12/ RAMPIW RAM DIT [ 1 0
Ra T t]4 Omat ., AMP39/AMPCY) AMPA2 AMPCE ANTA2 RAMP3W PavoaT
Rest
OFF
[ High | AR 163 AMPIDAMPAY 1 2 2 AMPI2 AP/ ANT11/ RAMPIW RAMPIT ° 1 1
Pwr 14 Omnd ON, AMPIS/AMPCY AMPA2 AMDPC1 ANTAL RAMPIW RAMPST
atOF P
[} High ;‘:"" OF | 144 0N, | AMPIS/AMPAY 1 1 1 AMP12/ AP ANT12/ RAMPIW RAMPIT [} ] []
Pwrlsd M.o_."‘“ Rest AMP4S/AMPIDR AMPA2 ANPDL ANTA2 PAMPAW RAMPST
OFF
10 Mgy | AR 140N, | AMPI®/AMPAY 1 1 2 AMPL2/ AMP41/ ANTIL/ RAMPIW RAMPIT ] 9 1
!}‘wrll.l Omnt Rest Al P49 AMPDS, AMPA2 AMPDL ANTAL RAMP4W RAMP4T
| | OFF
11 | High “::" °F | 230N, | AMP2S, AMPRY 2 2 1 AMP1Y/ AMP31 ANT12/ RAMP2ZW RAMP2T 1 1 0
Pwr 263 FA‘ Rest AL P/AMPCY) AMPAL AMPCL ANTA2 RAMP3W RAMPIT
AL | oFf I
12 High | AR 830N,] AMP29 AMPBS) 2 2 2 ANP1Y, AMPIL/ { ANTI1/ RAMPZW RAMP2T 1 1 1
Pwr283] Omni |Rul AMP38, AMPOY AMPAL AMPC1 | ANTA2 RAMP3W RAMPST
| OFF 1 i

NOTES: D) Launch Moder

Forward Omai is in use.
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TABLE 3.7.3-2
BUS SPACECRAFT RF TRANSMISSION MODES

Sw. Drivers Telemetry

R (Bit State)
Tn::;:nlon Antenna Transmitter | Exciter Switch Positionsa; Switch C 3 1swoz2 Jz*swon EMP: Comments
No. Used: Mode: Used: 1SW022 | 25W022 1SW022 | 25W022 RANT28 | RXCTRS «dBm/SR.}
1 M adium 1 1 2 2 ANT21/| EXC11/ 1 1 4.5 Peak of Beam, @180° Elevation
Cain Horn ANTRB1 EXCAL argle from +Z Axis,
2 3 ! 41.7
3 -1 44,3
4 7 44,3
-3 4 ] 44,4
] 11 44,3
2 v ]
7 Fwd Ompl 1 1 ANTZ2/ ° 29.1 @ 0° from +Z Axis.
A*™R2
L] 3 29,1
9 5 3,7
10 ’ 31, 6
n ) L 3.7
11 3,
12 v ] 1.6
13 Aft Omni 2 NA NA NA 32.6 @80° from +Z Axia.
14 4 l 32.8
15 [} 35, ¢
18 e i 35,3
17 10 35,5
] * 12 L ﬁ i L 35,2
19 Thru 36 Same com- Same com- ? Same 1 Samecom{ EXC21/ | Samecom- 9 me ¢om-
binationsas| binations aa jICcmhin- binations | EXCB1 binations Inationa as
ahove. above, ions as as shove. as above. shove.
above.
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Saction Mo. 3.7,4

voc.

No. -

Orig. Issue Date _5/22/78
Rovision No.

Revisicon

TABLE 3, %,3-3

LARGE PROBE CHECKOUT (DUAL SUBCARRIER) DATA RATE CAPABILITY

Output Power = 20 Watts

Ground Antenna = 64 Meter

Bus Antenna = Medium Gain Horn

A. L +60 Days
Output Power = 20 Watts
Ground Antenna = 64 Meter
Bus Antenna = Forward Omn{
Launch Date Maximum Data Rate Modulation Index
Large Probe Bus Large Probe Bus
Before August16 256 32 67.0° 37.2°
After August 16 256 64 67.0° 37,2°
B. E - 27 Days

Communications Maximum Data Rate Modulation Index
Angle
(Angle from -Z Large Probe Bus Large Probe Bus
Axis)
0° - 22° 256 256 67.0° 37, 2°
22° - 30° 256 128 67.0° 37,20
30° - 36° 256 64 67.0° 37, 2°
36° - 38° 128 64 67.0° 67.6°

3.7-28
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Section Mo. dalsd
DOC. '0. -

o 1 ) I—
Orig. Issue Date _5/22/18

Yevision No.

Revision

TABLE 3,7,3-4
SMALIL PROBE CHECKOUT (DUAL SUBCARRIER) DATA RATE CAPABILITY

A. L _+60 Days
Output Power = 20 Watts
Ground Antenna = 64 Meter
Bus Antenna = Forward Omni
Maximum Data Rate Modulation Index
Small Probe Bus Small Probe Bas
64 128 58, 4° 37,20
B. E - 27 Days
Output Power = 20 Watts
Ground Antenna = 64 Meter
Bus Antenna = Medium Gain Horn
Maximum Data Rate Modulation Index
Communications Angle
(Angle from -7 Axts) Small Probe | Bus | Small Probe | Bus
0° - 20 64 1024 58, 4° 37,20
2% _ 16° 64 512 58, 4° 37, 2°
16° - 25° 64 256 58, 4° 37,20
25° - 32° 64 128 58, 4° 37,2°
32° - 37° 64 64 58, 4° 87.2°
37° - 42° 64 32 58. 4° 37, 20
420 - 44° 16 32 58.4° 67.6°

3 -7-29
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TABLE 3.7.3-5

RECEIVER/ANTENNA COMBINATIONS

Lwitch Telemetry Antenna S/C Antenna s/c

Receiver Position for Indicator Used By Xmission Used By Xmission
Mode 1SW019: (RRCVRS Recejver 1 Mode (From Receiver 2 Mode (From
L ’ Bit State) Table 3.7.3-2) Table 3, 7.3-2)

Normal Position 1 (] Fwd Omni/Any Aft Omni/Any

(Switch

"NOI“ma.l"

State)
Reverse | Position 2 1 Aft Omni/Any Fwd Omni/Any

(Switch

""Reverse"

State)

NOTE: See Table 3,6.4-1, Section 3, 6 for explanation of

used to change the receiver modes,

"CP Configure' command that is
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TABLE 3.7,4-1

BUS COMM UNICATIONS SUBSYSTEM COMMAND RESPONSE

|——-"--._-__’ —————————————— i intnthtiatnbetesni i sttt 1 b Sttt bt -
¢ COMMAND COMMAND TITLE | COMMAND DESCRIPTION AND Y™ i TM TITLE AND/OR REMARKS
) | SUBSYSTEM INTERNAL RESPONSE | MNEMONIC
| | .
- - T T T e e e e e - A B e atab e e
| POWER AMPLIFIERS i | Assumes PA2 was praviously O,
1
E AMPI9 ] Power Amplifier 1| ON/2 ; Actuates solid state switches within PA1 and PAZ so that RAMPIW | RF Power Output | - 7 to 10 Watta @ 8/C Ambieut)
AMEAD OFF. o N. 5
: FA :; FF I; PA2 is turned OFF and PAl 1a turned O | RAMDIW RF Power - <1 Watt (0 3/C Ambiect)
E ! ! ! RAMPIT PAT Temperature rises and setilss sk (500 o 184 F) A 5/C Amblent)
. E :. RAMPIT PAZ Temperature Decreases & settios ot the range of 17 to $EOF. 1
]
1 { ! PBUSLIL 8/C Loads ourrent increases by approximately 1.5 Amp.
- RS S T U e 1™ Assumes PA1 waa pr reviously ON: TTTTTTTTETTTTT T
! AMP29 { Power Amplifier 2 ON/1 | Actuates solid state Switches within PAL and PAZ so that sumes PAl w4 previously OM:
) AMPB9 ! OFF. | PAZ te turned ON and PAl Ls turned OFF, RAMPIW RF Power Output 1 - <1 Watt (@ 8/C Ambient)
I t
i { ! RAMP2ZW RF Power Outpit 2 - 13 to 16 Watta @ 8/C Ambieat)
! | ) RAMPIT PA] Tempersture Descreses and settiss ot the range of 80 to 10407,
] 1
% .' i RAMPET PAZ Tempersture Rises and Bettles ot the rengs of (31° to 106°F),
: : PBUSLI 8/C Loads current increases by lppmu-uoly 1.5 Amps.
S R B SR == Bee Note #1: -
t AMPIS Power Amplifiers « and Actustes nolid state switches within PAL and PAZ so that | _
: AMPAS 2 OFF. PAl and PA2 are turned OFF. RAMPIW R¥ Power Output 1 - <1 Watt (At 8/C Ambier’).
i } ! RAMPIW | RF Powar Ouipat 3 - <1 Wait (8 8/C Ambiewt).
{ ! RAMPIT/ | Aooording to which of the PAL or PA2 was previowsly ON, PAl
! . QAMPIT or PAZ temperaturs decresses and settles st rangs of (u‘ to 104°7).
1
:n PBUSLI 8/C loads ourrent decreases by approximately 1.8 amps,
! PLIMTI Bua voltage limiter current likely incresses by the same amount as
S U JRU U RO ﬁ____.____._h,_!.’l’ysy_!.é_@!!'_.sﬁ ..... ——— —
i AMPI® Power Amplifier 3 ON/ Actustes solid state switches within PAS and PA4 o that Assumep PA3 uad PA4 were previously OFF:
AMPCY 4 OFF PA4 is turned OFF and PA) s turned ON, RAMPSW RT Power Output 3 - 1] to 13 Watts @8/C Ambient).
} RAMP4W RF Power Output 4 - <1 Watt.
} RAMPIT PAS Temperature risss and settles at 789 to 88°F,
PBUSLI 8/C Loads ocurrent i by approximately 1.8 amps.
PLIMTI Bus voltage limiter current ltkely 4 by same mt a8 PBUSLY
. O Aemomo - bas tocressed. e
| AMP49 Power Amplifier 4 ON/ Actustes solid state awitohes within PA3 and PA4 »o that Aseums & PA3 a5d PA4 were previously OFF:
| AMPD® 3 OFF. PA4 1¢ turned ON and PA3 is turned OFF, RAMPSW RF Power output 3 - <1 Wait,
RAMP4W RF Power output 4 - <11 to 13 Watts, @ 8/C Ambimt)
RAMPAT PA4 Tempurature rises & setilss at -789 to $4UF.
PBUAL] 8/C Loads current {ncresses by spproximately i. 5 Amps.
PLIMTT Bua vollage limiter current likely decreases by the sams smount as
(L I ——— e _1_PBUSLIbad inoreaved. __ ____ ——————

FOI‘E #1. The following tol-mdry will not be monftorable when the command 15 exeouted unisss PA3J OR PA4 s fu use for the downlink (this would result in non-standerd mode 41 as described in

Secticn 3.7.3.8).
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T' TABLEZ.T.0) Comiseet) . . ____ P e e S ey e e —
w | COMMA XD : COMMAND TITLE ! COMMAND DESCRIPTION ARD ! ™ : T™ TITLE AND/OR REMARKS i
~ x. ! ' SUBSYSTEM INTERNA L RESPONSE MNEMORIC |
3
i
:
| AMPYM | Power Amplifiers 3 & 4 OFF. ' Actuates solid state switches within PA3 aad PA4 80 < RAMPIW HY Power (xtput 3 - <1 Watt § 8/C Ambiemt.
MpPCe ) urned .
A + that PA3 and PA4 are t PF |_BAMPAW _  AF Power (ntput 4 - <1 Watt § 8/C Ambiemt.
1 . b
' : . ' RAMPIT/ According o which cf FAS or PA4 was previowsly ON, PA) lemgersture or
X : . . RAMPAT PA4 tempersture decreases & ot the of 80P - 88°F.
X : — RAMPAT ____ PA4 tempersture decreases & setlss ot the rango of @97 - 80°F. |
; } ! PBLSLI 8/C loads current decreases 1.§
' : }
f ; ; . PLDLTI Bus voltage Limiter 2urrect likely Inoresses by the mme smewnt as PBUSLI
e e U P T j---baddecrensed ___________________ _____
i SWITCH DRIV ERS ! ' L See Yns 02, i
L ANTIL ' Low Power to Pwd faomi or | Actustes coax switch 28W019 8o that outprr of the 3 dB | RANTIS | Aft rnm/rm-dornmamwm/wmmmlaa.“l'j
; ANTAL ! Horn Anlenra/High Powerto | hybrid is conbected to the aft omni antenss and the , i (= Aft to HI).
. ! Aft Omnl Selsct. , output of efther PAl or PA2 is connected to the foput !
' ! of conx ewitoh 18W022. : [
e e e e e e 4
| t : 1 Bee Note 02,
! ANT12 : High Powmer to Pwd Omaé or ;Ammnuchmon.ommmwduu : s
+ ANTA2 | Horu Axtenoa/low Power to :aawumwmmdwmwh 1 RANTIS ; Aft Omal/ Fwd Omat or Horn Astenms to HI/LO Power Jstes = Bllevel Legie
) ;AR Cmmi Select. | LIWORS md he ottt of sither PAL or PA2 ls con- | | 0" = AR to LO).
o - P e e e e e B e e —————— e - b e e e e e e e e —— e e -
! ! | ; j__ Ses Note 93,
i ANTZ21 ! Medium Galn Horo Antesna | Actustes mast mounted coax switch 15W022 so that f X - o
! ANTBI : lect. ! the an is 0 ove owt- | RANT2S : Fwd Omat /Hovn Switch Position » Bilevel Logic "¢ (» Horw). ;
! ! t st of coux ewitch 28W019. The forward omnf s not ¢ j i
{ |’ : usable ' ; ]
S I Sttt it oo T T e e e oo —-
{ : ! i ] See Note #2
| ANTT2 i Forward Omal Antennz Select. . Actustes mast mounted coax swilch 19W022 30 that — T
! ANTE2 ! | the Fwd Omnl Antetna 18 connectsd to one output oA ! RANTZS | Converse of sbove, {.e., Logic 1" {= Pwd Omni},
] 0
[ ' , comx switch 25W019. The Horn Antenns is not usable. | !
'r—--————-¢-1'> ---------------------- A e e e e -+ mm e — e o e e —— e —— e
; AMF31 , Amglifler 3 Belect. : Actustes conx swilch 3ISW022 so that Amplifier 3 is ' RAMPIS | Amplifier 3/4 switch position = Bilevel logic "1'{sAmp 3} Switch 35W022
! AMPC) ! | connccted to sme of the inguts of the 3 dB hybrid. 1 ! must be in this position before seading commend AMPIS/ANPCY furns 3
1 } ! _ : . PAA TRy, _J
| sttt | Sttt S et bbbttt habinntatuintet boeess T e e e e S C e —e e 1
| AMP41 t Amplifier 4 Select. ! Actuates coax switch 38W022 so tha Amplifier 4 ia | RAMPIS | Amplifier 3/4 Switch Position = Bilevel bogic "0'1:Amp 4)Dutich 39WeL2 |
| AMPDI ! ! counected 1o ane of the inpts of the 3 dBs hybrid. ! ! must be in thie position before sending coamand AM PeS/AMPDS Rures |
! O )
Uomomm b e e L B N e e e —
Note #2. If the comnstraiat of never switching "HUT" (Refor to Section 3.7.3.4) is bowored, the following TM will not be monttorable when the command ts exsculed (No downlink present).
Xate #3, If the comstraimt of mever switching HOUT™ (Refer to Section 3.7.3.4; is honored, the following TM will be mounitorable when the command 19 sxecuted only if the downlink ts via the AR Omai.
/-
‘!—" p—
' - 3 - - - - < o e * . LY o
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: Anplmcr 1 to Low Powsr/
. Amplifier 2 to High Power ’

. Amplifier 1 1o High Power/
' Amplifier 2 to Low Power

1 T )
COMMAND DEBCRIFTHON AND ¢ ™ ) |
SUBEYITEM INT ERNAL RESPONSE | MNEMONIC | TM T/ILE AND/OR REMARKS :
---------------------------------- i
. | Ses Note #4. ;
H ] el
Actustes coax switch XSWO10 o0 that PA2 e comnected © RAMP12? ' Amplifier 2/1 to HI/LN Powsr atus. Bilevel logic "¢ (= PAl to HI) :
to one of the taputs of the 3 4B hybrid sad PAL is ! !
comected to Bwitch 25We19. . !
————————————————————————————————————— i ittt
4 tustes coax switch 3BWO19 so that the PAl is i | _Bee Note #4.
¢ smacted to one of the inputs of the 3 dB bybrid and | i re
PAZ t8 4 1o swritch 25W019. : RAM 18 : Amplifier 2/1 to H1/LD Power Statas. Bilevel Logic "1” {= PA2 to HI),
______________________________________ g UL S
Mcmmwuuwmnmatumnumnl | Bee Note #5.
o e 10 Commecte tothe 6 A8 | RXCTRS  : Exciter 1/2 Bwitch Positicn = Bilevel logic "1" (Emz. 1) Commend sbould be
der . I i
power dtv that drives amplifiers . i accompanied by command ¥XC19/EXCAS® thet turus oo Exoiter 1 snd tarne
3 . off Exciter 2 sormal opsratice.
————————————————————————————————————— -"-»—————————-‘!—--————————_—_-——‘——‘——--———-‘-————-—————————————-—-.—’J
mmmhﬂwmwmﬂthmturoﬂul | See Note #5.
from trasep ber 2 ta dtothe 8dB | pyirns ! Exctier 1/2 switch position « Bileve! logic “¥ (= Exc 1) Command should be
] ]
po'ndlv\dtr!udnvu&.mpuﬂcu. ! : panied by 4 EXC29/ EXCBS that on Exciter 2 and
| | off Exciter | for sormal operation.
_____________________________________ S TR gl e e e
H | _See Note 05,

Actustes magnetic latching relsy switches inside trlnl—‘&r RXCTIE i Exciter 1| ON/OFF = Bilevel logic "1 {Emc.1 ON),
0"""""”““”’”“"'0""‘“""“'"“' RXCT2E | Emciter 2 7/OFF = Bilevel logic "8” (=Exc.2 OFF). if trameponder 1 is
) ! ! auxiliary oucilistor mods, downlink frequency will shift if Pagiter 3 wae

_____________________________________ e _previocsly ON._ —
Converse of above. ! ! Ses Note ¢5,
i 1
: RXCT18 H Couverse of above. (Interchange 1" sad "2” in comment).
e BRCTEB ————
A ic 1 ng relsy switches {nside trans-! !  See Note #5.
porslers wo that both excitars are turned OFF. ! RXCT1S . Exciter | ON/OFF = Bilevel logic "9 i= EXC 1 OFF).
T L
! RXCT28 ! Excttar 2 ON/OFF = Bilavel logic @ (= EXC 2 OFF). Dowslisk will esase
i 1
1 ¥

when this command is received. !

i the counstraimt of never switching “HOT' (refer to Section 3.7.3.4; is honoted, ths following TM wiil be movitorabi = wheo the command is sxacuted ouly if non-standard Mode #1 (PAS or

PA4 8 ON - described in Section 3.7.

3.3) is ip use.

The following TM will act be monitorable wheo the command is executed, as the downlirk has 10 be re-sstabiished.
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:" TABLE 3.7.4-1 (Contiaued)
T I S BN DRI ARG T T R T !
w ! i . SUBSYSTEM INTERNAL RESPONSE ! MNEMONIC | T TITLE AND/OR REKA }
@ b fomemon oo B S fo o Yoo e ——
i mgs_g(y_rpf_n_s_l_g_z_rcm ) i E s ‘P:‘r ::ch;:lrcr:;clkr ;- .();.h: co';:ew-( buowm::unm
| COH1# i Inhibit Cobherent Mode | Actuate« logic inside traneponder that s ON that prevents solid | bllz:el * c"; o“:!re‘d 0 ther pa er indicstes
! conas ! | state switch from selecting the VCO) a3 the exciter freq { logic 9 umpowered).
i : : source when the ruceiver is locked to uplink signal. Auxllhry RCOH1S | Exciter 1 Inhibit/Restore ooberent mode,
- ¥
: ; i oscillator is trequency source. |__RCOWZS | Excfter 2 inhibit/Restore ooherent rmode,
I T
! ! ! H | The downlink frequency will correspond to suxiliary osciliator fre-
! ' : " | quency of the exciter that {8 ON, Cor~mands =y still be received &
S e e J S, .}_E‘L@S'.‘ﬂ ________ -
| comis | Restore Coberent Mode ! Allows soiid state switch instde transponder that la ON toselect | HCOH1S | Exciter 1 Inbibit/Restore coberent mode = 0 (~ Restore)
I COHA® 1 | VOO as exciters’ freauency source, when the recetver is locked | - | -
: ; ' 1o an uplink signal. Downlink frequency will be 240/221 times [~ RCOH2S | Exciter 2 [nhibit/Restore coberest mode = § (= Restore)
; ; ! uplink frequency. | i Downlink frequency will be 240,221 times the uplink frequeacy when
s e e OSSO U 4= mmmmm 4 _phase locked. ey
; VHI : Bus High Mode Index ) Actuates solld state switch {nside transponder that is ON o i NONE | No TLM, Downlink carrier supp:ession will increase by approxi- =
} MIHAY | Setect i cause !.i8 rafiana mod index to be selected for exciters for ! | matelv 6.4 dR ~ver iow mod (adex culy operstien. {
________ el epececratTMwbearmter. L _ 4
) MIL11 ! Pus Low Mod Index ! Actuates eolid state switch inside transponder that is ON to " NONE | NoTLM. Downlik carrier suppreseion will decrease by sppromi- |
| MILAL | Select. ' cause 0,85 radtans mod index to be selected for exciters for i i mately 6.4 B relative to Hi Mod Index only quenﬂo.a or decresse by
| S e | __spacecraft TM subcerrier. __ ___ _ ________________ A em L. 3pproximately 2.0 dB over carrier caly operation. 5
| veons : Eaciter Transfer to VCO : Actuates solld state switch inside transponder that 1s ON thet : i For whichever exciter is ON, the corresponding Mmg telemetry
: VCDAS , OK (Test only-wired out). : causes exciter frequency s rce to be VCO, when the recelver ! , indicates bilevel logic 1 (= ON); the other parsmeter indiostes logic ¢
' ‘l 1 18 not locked to uplink signal. ' ! (= Unpowered),
{
! ! ! ;L RVCO1S 4. Exciter 1 Transfer to VCO ON/OFF
] ] +
: : ] H RVCO28 | Exclter 2 Transfer to VCO ON/OFF
} : | ] : Downlink frequency will shift fror~ auxiliary ocscillstor frequency to
:L _________ ‘?' __________________ O _% ________ 4:_24_01_'21 times the recelver best losk frequescy.
: vCcold : Exciter Transfer to VC) ! Actastes solid atate switch Inside transponder that {s ON that :, KVCO1S | Exciter | Tranefer to VCO ON/OFF = 0 (= OFF),
| VCOAS 1 OFF (Test only-wired out), : causes exciter frequency scurce o revert to aux‘liary osefl- i . T ca s
: : : Iator whether receiver {sor {s not lock=d to uplink signal. 'f RVCO2% # Exctter 2 Transfer to VCO ON/OFF = 0 (= OFF).
: : § : : Downjink fraquency will shift back to suxiliary oscillstor frequency
1 . 1 i _of the exciler that is ON.
--------- e el el i i
| WH21 ! Probes High Mod index ! Actustes solid state swiich inslde transponder that {» ON to ; NONE ! No TIM, Downlirk carcier suppression will Incresse by 8.2 dB over
: MIHB) " Select 1 cauwe: : : Bus Subcarrier (Low Mod Index) only operation, !
' 1 : (a) 1,17 radians mod irdex to be selected for Probes’ TM i | 1
\ H sutcarrier. 1 ) i
, ! ' ) 0.85 radians mod index to be selected for Bus TM sub- : i 4
| 1 carrler, e o e ]
T b oo SRR oo T meoee !
| Mz f Probes 1.ow Mod (ndex : Actustes #olld ntate switch Inside transponder that is OX to i NONE | %o TLM, Downlink carrier suppression will Increase by 5.7 dB over f
H MILB) : felect . cause: H ) Bus subcarricr (Low Mod index) only operation. :
| ! : (s) 1,025 Radlans mod index to be selected for Probes’ TM i : |
! H i subcarrier. | | !
! ! [ fb) 0.65 Raclans mod index to be selected for Bus TV sub- ! ! !
L IS d___. sareler, M. e -
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SUBSYSTER

Pover Subsystem Descriptiop. The Bus gower

subsystem provides semi-regulated power at 28
volts $10% to all Bus loerls, probe heaters and
probe checkout buses. Prior xo each probe's
release, power is transferred fronm the probe
checkout bus to the probe interaal batiery. The
probe batteries provide power to their respective
loads at 28 volts £10% during atmosphere entry
and descent, although at probe release, with a
relatively high battery temperature and minimun
electrical loads, the Lary Probe bus voltage can
be as high as 32.0 volts and the Small Probe
buses can be as high as 33.7 volts. The
individual users condition this power, “hers
necessary, by additional reqgulatioa, power
svitching, and dc/dc converters that deve' v the
specific voltages required by that user.

Pupctiopal Descriptiop. Figure 3.8.1.1:-1
{dppendix C) shows a functional block diigram uf
the pover subsystem. Power is provided to all
loads on 4 different power buses:

(a) The aessential bus - which cinaot be
cosmanded OFP,

{b} The scildnce bus - for Bus sc.ence and
probes checxout.

(c) 1The switched loads bus, and

{(d) The RF transsitter bus.

The primary powver source is the solar pasel. The
Bus panel has a total of 13,060 solar cells
connected in a series parallel srrangement that
optimizes power output nd min.3zizes stray
magnetic fields, ripple, and shadovw.ng effects of
the thrusters and star sensor sun Shield.

DuriLg most mission phases there vill be a
surplus of solar panel power available to meet
the load requirements. A power surplus alvays
forces the solat panel voltage upwvard above the
noainal 28 voit value. To prevent excessive
pover bus voltages, the voltage limiters sense
the bus toltage and shunt off surplus solar panel
pover to lcad resistors mounted on the rear

3.8"‘
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sections of the solar array substrate and the
equiprent shelves. The bus limiters saintain the
bus veltages below 30.0 volts at all times.

¥hen the solar panel c¢anaot provide adequate
power for all spacecraft loads at lov sua angles
and during lauwnch, tane tvo nickel cadmiuvm
batteries come on line automatically through the
discharge regulators. The regulators normally
maintain the bus voltage above 27.5 volis at all
times. ‘'attery enerqgy is subseguently
repleprished through small charge arrays tkat
boost the main array voltage to a voltage level
that results in recharging of the batteries.

1f a spacecraft overcurrent or undervoltage on
erther battery occurs, loads are removed by the
undexyvoitage/ovexload (UV/0L) switch to protect
the spacecraft from potential catastrophic
farlure. Those loaas, however, that are deemed
vital to the spacecraft survival are hardsired to
the essential bus and cannot be svwitched off.
These include all command subsystem units,
propulsion heaters, and r.f. subsystem switch
drivers.

If a fault occures that raises the total
spacecraft load current above 16.5 10.75 amperes,
the other 3 power buses (science, switched load,
RP transmitter bhuses) will sequentialls trip off.
1f the spacecraft loads dacrease belov 16.25
amperes, the tripping sequence is terminated. 1f
a fault occurs that lowers the battery voii.age to
27.55 £0.15 volts, all three buses will be
switched off. d#hen the bhattery vonltage recovers
to 28.3 volts, a UV/0OL reset relay command can be
sent to power up all turee non-essential buses
again.

The 0YV/0L svitch has an override acde that
inhibits load removal. This feature can be used
if the trip circuitry fails or if it beromes
necessatry to operate selected spacecraft loads
even uader fault conditicas.
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Excitatio.. for the pyro bus is derived from a
battery tap located 16 cells (of a total of 24)
fros the ground reference level. This tap is
also used to provide large fault clearing
currents to the power bus in the event of a heavy
fault current that saturates tiue discharge
controllers.

A total of eight current sensors are used to
monitor power subsystem performance. Rach sensor
consists of a 50 millivolt resistive shunt and a
hybrid differential amplifier with a gain of
102.4 that develops a 5.12 volt ovutput signal at
full scale. Pour of these sensors are integrated
into the charges/discharge controllers - they
measure battery charge and discharge currents.
The spacecraft loads current sensor is integrated
into the UV/0L switch because it not only
provides a telemetry signal but also an
overcurrent trip signal to the OvV/0lL turnoff
sequence generator. The other 3 currfent sensors
shovwn in Pigure 3.8.%.1-1 are packaged as
individual units.

The charye controller provides a high rate charge
by connecting the bcost charge string directly to
its associated battery and a low-rate charge by
inserting a 47 ohm resistor between the charge
string and the battery. EFEach battery pack has a
thermal svitch that closes at 95 250F and
automatically turns off battery charging. After
the battery temperature drops znd the thermal
switch opens again, battery charging is resumed
automatically.

Near Earth iow solar heat input conditions or a
UV/0L trip can reduce the equipment shelf
temperature to dangerously lov levels. For this
reason two of the five bus limiters are connected
to heater resistors mounted on the back side of
the equipment shelves. To guarantee t:rat the
first 130 watts of excess solar panel power is
shunted into these shelves the operating set
voltage of each of these two limiters (82 anad #5)
is lowered by closure of thermal svitches when
the shelf temperature drops to 35 $59P or the RP
shelf drops to 60 5¢F.

3.8-3
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Thae power interface unmit (PIU) provides power
svitching for the probe checkout buses, probe and
propulsion heaters, and excitation of probe
internal/externai power switching relays. PFuses
for the heaters and science instruments are also
located in the PIU.

; - The coaplete
Multiprobe power subsystem consists of the
folloving mnits:

e Solar panel (with six 26.0 oh® load resistor

circuits bonded to rear of substrate)

four 12-cell battery packs {2 per baitery)

Two chargesdischarge controllers

Three 29.5 volt (-1) bus limiters

Tvo 30.0 volt (~-2) bus limiters

One undervoltage/overload switch

One pover interface unit

Three current sensors, three types: 0-1.5%,

0-12, 0~-18 amperes (Five additional current

sensors are integrated into the

charges/discharge coantrollers and the UO¥,0L

switch) ..

e Pouxy shelf thermal switches

e Pour 26.0 ohm equipment chelf load resistor
circuits.

e ® & 9 & ¢ O

The locations of the shelf mounted units are
shown in PFagure 3.8.1.2-%.

Upits Descrjptions. Described belowv are the
indavidual pcwer subsystem units.

Sojar Panrel. The Bus solar panel 1s designed to
supply the pover regquiresents of the loads under
varying conditions ot solar intensity,
tesperature and sun anglae. A total of 13,060 two
X tvo ca solar cells are used on the Bultiprobe
panel. A thin 8 mil, 20 ohm-cm lightweight cell
vas selected to minimize panel weight. Each cell
has a 6 mil microsheet coverglass to minimize
radiation degradation.

The Basic layout of the Bus solar pavel uses a
total of sixty 3 x 70 cell groups interconnected,
three cells in a parallel set, 70 such zets in
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series. The cell groups are positioned at the
bottoa of the substrate to sinimize shadowing at
low sun angles by the radial thrusters and the
star sensor sun shield.

The Bug has ten individual ®1 x 23" battery
charge strings for each battery (boost charge
array). They are all connected in parallel and
spaced approximately 36 degrees apart on the
cylindrical substrate. This ssall nuaber of
solar cells (230 per battery) easily provides the
fequired charge current.

The Bus panel is designed to survive a massiv2
solar flare. Solar panel degradation
comprtations have been made assuming that tais
flare can occur at any tise. At any point in the
mission the equivalent fluence of this solar
proton event is scaled according to the inverse
of the sguare of the distance from the sun. If
this solar flare occurs when the Bus is near
Venus, a permanent loss of approximately 13% vill
result. (See Pigure 3.8.3.3-1).

The two Bus science instruments require that all
exposed solar cell terminals and viring be
covered vith a non-conductive material to
niniwize plasma charging of the spacecraft
structure. To meet this requiresent, the void
area between and surrounding each solar cell is
filled with BTV 566 adhesive. This aencapsulation
or grouting process results ia a ssall ioss in
solar panel power due to blockagse ~f 1i3ght to the
solar cell active area and is acc xiated in the
solar panel performance predictio,

Panel temperature is telemsetered by PPRE2T (Solar
Panel Temperature 2) located at 0=25%90,
approximately 4«5 inches froam the top of the
panel; and PPABIT (Solar Panel Ttemperature i)
located at 6=2590, approximately 9 inches from
the bottom of the panel.

3.8.2.2 Nickel Cagmjus Battegjes. Bach battery consists
of two 12-cell packs. A pack asseably sketch,

wvhich illustrates the wmethod of construction, is
shown in Pigure 3.8.2.2-1. Bach pack containszs 12

3.8-5

[ T -y



Section No. 3.8.2,2

Doc. No.

P

C 03
Orig. Issue Date _5/22/78
Revision ¥o.

Revision

3.8-6

individually insulated 7.5 AR nickei cadmium

cells, 11 extruded thermal shunts and two end
plates, all held together by two temnsion bars
torqued to compressively load the cells.

The batteries will be fully charged prior to
lavnch at a C/10 (0.75 ampere) rate through the
uxbilical connector from the blockhouse. The
batteries can be charged independently with the
battery enable plugs removed and the spacecraft
completely powvered dovn. Charging can also
continue through the uvabilical after the plugs
are installed, if desired, until liftoff.

The batteries are charged during the mission with
a small boost charge solar array. In order to
fully charge the batteries, their voltage aust be
raised above the nominal 28 volt bus voltage. At
a C/10 (0.75 amperes) rate each cell voltage must
rise to approximately 1.45 volts/cell or 24 x
1.45 = 34.8 volts for the complete battery. At
C/50 (0.150 amperes) each cell voltage must rise
tc approximately 1.413 volts/cell or 24 x 1T.416 =
33.9 volts for the complete battery. This
voltage boost is obtained by means of a small
array that boosts up the main array voltage to
the desired value.

Each of the four packs has a temperature sensor
located near the middle of the pack. Each pack
also has a thermal switch that turns off battery
charqging if its temperature reaches 95 150F.

Maximum battery depth of discharge (DOD) will
occur during Small Probe release when the sun
angle is relatively low (17 to 26 degrees,
deperding on launch and probe entry dates}.

Pigore 3.8.2.2-2 describes battery performance as
a function of enerqgy (A-B) removed at 750p; 4.5
AH represents a DOD of 60% of rated capacity.

Por a battery load of C/2 or 3.75 amperes, the
battery voltage stays above 29.5 volts or 1.23
volts per cell at the 60% DOD level. At this
relatively high battery voltage the discharge
controllers will stay in regulation at output
voltages exceeding 27.4 volts. This data
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indicates that with a relatively high discharge
rate the batteries will provide svfficient
voltage to maintain the regulator ocutput above
27.4 volts, even at 80R% DOD.

The data shown in Figqure 3.8.2.2-2 is for a new
battery. Mission simulation data indicates that
there will be a small amount of voltage fade due
to time aging. However, the maximum battery
current during Small Probe release will not
excaed C/5 or 1.5 amperes. Therefore, the
discharge characteristics shovn in Piqure
3.8.2.2-2 are very close to those that vill be
obtained during Small Probe release.

The nickel cadmium batteries must provide high
peak currents (up to 30 amperes) for 35
rilliseconds to actuate pyrotechnic devices. The
ENMS pyrotechnics will be actuated wnen the
batteries are fully charged. The Large and Small
Probes® pyrotechnic devices will be actuated with
the battery DOD retween 0 and 50%, depending
primarily on the sun angle at the probe relcise

attitude.
3.8.2.3 Bus Voltage Lipiter ERlectronics. Voltage

limiters are used to dissipate excess panel
capacity in load resistors in order to maintain
the bus voltage below 30.0 volts. The limiters
are divided into two groups vith different set
points to prevent simultaneous operation of all
limiters at their saximum internal pover levels.
The low set point limiters (-1) begin to conduct
after the bus reaches 29.5 volts and achieve full
conduction or saturatiocn before the bus voltage
becomwes 29.6 volts. When the bus reaches 30.0
volts the upper set point limiters (-2) start to
operate in a siwilar manner. When the bus
voltage reaches 30.1 volts all of the bus
limiters are in full conduction.

A simplified block diagram of a bus limiter is
shovn in Pigure 3.8.1.1-1. EBach ot the five bus
limiters can be enabled or disabled by command.
Bach limiter has controlling circuitry that
senset the bus voltage and applies drive carrent
to two power transistors vhich shunt current

3.8-7
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through load resistors to ground. The two power
transistors tura on sequentially, as the bus
voltage rises, in order to minimize the maximua
thersal dissipation in each limiter. The offseot
diode forces Q2 {and the B shelf heaters) to go
into full o»nduction before Q1 (and the A shelf
heaters) starts to conduct. The dissipation in
each power tramsistor is very lov after
saturation is reached because the saturation
voltage drop is less tbhan 0.15 volts.

The upper set point limiters have two additional
tersinals. Their nominal 30.0 volt set points
can be lowered to either 28.5 (limiter 5) or 29.0
(imater 2) volts by the closing of shelt
thermcstatic swvitches.

Three limiters (3, 3, 4) start to conduct at 29.5
volts and dissipate surplus panel capacity in the
solar panel substrate. Two voltage limiters (2,
%) start to conduct when the bus voltage reaches
30.0 volts and dissipate surplus panel capacity
inh shelf heaters. when the shelf is wvara,
limiters 2 and 5 are inactive and all surplus
solar panel power is dissipated in the solar
panel substrate lioad resistors.

Liziter 5 is connected to thermostatic swvitches
located near & = 350°¢. Transistor Q2 is
connected to battery shelf heaters and trausistor
Q1 is connected to RY shelf heaters. As
explained above, Q/J goes into full conductiou
before Q1 starts to conduct. The thermostatic
switches will come on when their temperaturw
reaches 35 :50F and lower the voltage limiter set
point to 28.5 volts. This is lower tban all the
other limiters and jorces the first excess 33
vatts of solar panel pover to be dissipated in
the battery shelf heaters. The next 33 vatts
will be dissipated in tha RP shelf heaters. The

switches oper vhen the shelf temperature reaches
55 250p,

Limiter 2 is cornnected to therwostatic switches
located near pover amplifiers 3 and 4 at & =
2109, These switches come on when their
temperature drops to 60 t59F and lower the set
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point of limiter 2 to 29.0 volts. If the battery
shelf thermostatic svitches are not closed, 66
vatts of excess panel capacity will now be
dissipated by limiter 2 and its associated load
heaters. Once again, the first 32 watts is
dissipated in the battery shelf. This guarantees
adequate heat for the batteries even if bus
limiter 5 fails. The thermostatic switches are
set to operate at a relatively bhigh temperature
of 60 ¢t59F .n order that they track the battery
shelf teaparature in case limiter 5 fails. The
BF shelf _aermostatic switches open vhen the
shelf temperature reaches 70 ¢#50F. If both Sets
of thermostatic switches are closed
simultaneously, the first 66 wvatts of excess
solar psnel capacity is dissipated by limiter 5.

Bys Lisjter Load Resistors. The five bus
limiters each require 26 ohm load resistors for a
total of 10 lcocad circuits. Six of these are
bonded to the rear of the solar array substrate
and the other four are bonded to the bottom of
the equipment shelves.

Bach solar array circuit consists of five
parallel 130 ohm sections and each 130 ohm
section, in turn, corsists of two 65 ohm
resistors in series. Each of these ten 65 ohe
sections are approximately 1.80 inches high and
26 .5 inches vide and cover a comsplete 1.8 inch
bund around the entire inside perir-ter of the
substrate. The wire is non-magnetic and twvisted
to provide magnetic field cancellation.

Bach shelf load circuit consists of four 6.5 ohsm
sections connected in series. ERach load resistor
section is 8.8 x 2.3 inches in size.

e_con ers. Pigqure 3.8.1.1-1%
shovs a block diagram of the charge/discharge
controller associated with each battery. The
charge controller section connects a boost charge
array in series with the battery through
swi’c-hing relays XKV and K2. High charge rate is
selected by commanding both relays to their upper
positions (BATY9 or BATA9; and BAT13 or BATA3 for
battery 1. Por battery 2: BAT29 or BATBY9; and

3.8-9
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BAT23 or BATB3), which results in a direct
connection between the charge array and the
battery. Low charge rate is selected by
commanding both relays to their lower positions
(BAT ¥ or BATAY; and BATW4 or BATAU for battery
Y. Por battery 2: BAT28 or BATB@; and BAT24 or
BATb&4). This places a 47 ohs resistor betwveen
the battery and charge array and forces the
operating point of the latter belcow the knee
(constant voltage portion) of its voltage-current
characteristics. Battery charging is turned off
wvhenever the two relays are in opposite
positions.

The charge rate ot one battery 1is selectable by
ground command independent of the charge rate
selected for the other battery. An
overtemperature trip carcuit is included to turn
off battery charging if the temperature of either
of its associated battery packs reaches 95 259P.
The battery thermal switches are connected in
parallel and closure of either switch results in
a trip command pulse to the XV relay driver. 1f
relay X2 1s in the high charqe rate or upper
position, relay KV will be transferred to the
lower position. 1f relay X2 is in the low-charge
rate or lower position, an overtemperature trip
signal will drive relay X1 :.to the upper
position. 1n both cases charging will turm off.
when the battery pack temperature decreases by
approximately 109F, the thermostatic switches
vill open again, an onboard automatic reset
command pulse will return reiay K1 to its
previous position, and charging will be resuned.
Charging can also be restored after a trip by
ground command to relay Kt.

¥hen the essential bus voltage is maintained
above 28 volte  the .ischarge controllers are in
a staad-by mode. when the solar panel cannot
provide sufficient current to pover the
spacecratt loads by itself, the bus woltage will
decrease. Either the primary or redundant
discharge controller (wvhichever had been selected
by ground command) comes on line automatically at
27.80 $0.065 volts. The 0.1 ohm resistors in
series with each regulator force load current



Section No. __3,8,2:6
Doc. No. __PC-403
Orig. Issue Date _3/22/78

Revision No.

Revision

sharing between the two batteries. These
resistors cause the bus voltage to decrease as a
function of load current although the regulator
output voltage is maintained at 27.80 20.065
volts by the regulator feedback loop.

The¢ maximum load wvill be 3 amperes per regulator
during launch, resulting in an output voltage
downstream of the 0.1 ohm resistor of 27.80 -
0.30 = 27.50 volts. At this load current, the
minimum required drop acress the reguiator is
approximately 0.6 volts. The output voltage will
continue to be regulated as long as the battery
voltage resains above 27.50 4 0.6 = 28.% volts or
1.171 volts per cell. If the batteries dischbarge
beyond this point the regulator will saturate ard
the output voltage will decrease in accordance
with the decrease in battery voltage. When the
batiery voltage reaches the UBV/OL trip point of
27.55 volts or 1.148 volts/cell the regulator
output voltage will drop to 27.55 ~ 0.60 = 26.95
volts.

If the primary discharge regulator of either
controllier fails, the redundant regulator
associated vith that controller can be switched
in to replace it. Should a battery fail
completely, the remaining battery and its
controller can support the entire load
requirement wvithin the ampere-hour energy
limitations of the one remaining battery. Each
discharge regulator is capable of providing a
maxinum of 11 amperes continuously. 1In the
example cited above, & single regulator would
requlate at 27.80 - 0.5 = 27.2 volts at 6 amperes
until the battery reached 27.2 plus 1.2 volts
regulator drop for a total of 28.4 volts (1.183
volts/cell).

Two current sensors are incorporated into each
controller to measure battery charge and
dischargye current (PCHG11 and PDIS11 respectively
for battery 1; PCHG2I and PDIS2I respectively for

battery 2).
3.8.2.6 Pover Ipterface Upjt. The Power Interface Unit

(P1D) provides centralized switching and fuse

3-8-11
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protection for the propulsion heaters, probes
heaters, and science instruments. It also turnms
on and off a coamon probe checkout Bus and
provides relay drive power to probe relays to
transfer to internal power prior to probe
release.

Magnetic latching relays are used wvhere load
svitching is required. Each latching relay is
driven by its own hybrid relay driver circuit.
In those cases vhere flight critical fuactioas
are controlled, redundant relays are connected
together to ensure reliable switching. The
status of all relays is monitored with bilevel
telemetry signals.

All fuses are comnnected in a parallel redmndant
configuration. The series resistor in the
redundant leg is sized large enough to force
approxisately 90% of the current through the
primary fuse, yet small emocugh to ensure a
min)mun bus voltage of 25.2 volts to the loads,
if the primary fuse fails.

All pus and Probe heaters are on the essential
bus and are fused in the PI0O. The four small
radial jet and tank heaters are onh continuoucly;
they cannot be commanded OFPF. The tank heaters
are redundant. A latching relay selects either
the primary or secondary tank heater group by
ground command (HTT19 or HTTA9; HTT29 or HTTBY9).
No sangle point failure will prevent one of the
tvo heater groups from being turned ON.

The probe checkout relay applies Bus chechkout
pover to all four probes simultaneouslye.
Hovever, only one probe should be turned on at
any one time, since the sodulation schese for
each probe®s telexetry bit stream has been
designed for only one-probe-at-a-time operation.
Probe checkout power is connected to the science
bus output of the UV¥/0OL and a short circuit in a
probe during checkout will trip the science bus
only. Altaough probe checkout is obtained froa
the science bus, the science current sensor
(PSCICI) reads only Bus instrument curreant.

. tlge Th L T
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Ppdervoltageverl - The Undervoltage/
Overload swvitch unit (Uv,OL) provides power to
the four spacecraft load buses. A 0-18 ampere,
50 mv resistive shunt is externally mounted on
the UV/0L anit. 1t measures the load current
(PBUS1L ~ Spacecraft Loads Current) provided to
all four pover buses. Three of these buses pass
through magnetic latching relay contacts which
are tripped open if the spacecraft l1oad current
is excessively high or if either battery ter=inal
is too low.

The essential bus ioads cannot be svitched off
because they are vital to the survival of the
spacecraft. The other loads can be tripped oft
if either battery terminal voltage drops to 27.55
20.15 volts or the spacecraft load current
exceeds 16.5 ¢0.75 amperes.

A trip signal is generated to turn off science
loads 75 milliseconds after a fault condition
occurs (refer to Table 3.8.2.7-1). 1f removal of
the science loads reduces spacecraft loads to a
value less than 16.5 amperes within 50
milliseconds, the txipping sequence is inhibited.
If spacecraft loads are still above 16 .5 amperes,
another trip signal is generated 125 milliseconds
after the fault occurs. This will trip off the
switched loads bus also. 1f the current still
does not recover after trip of the switched loads
bus, the RP transmitter bus is also tripped off
by a signal generated 175 milliseconds after the
fanlt occurs.

The same trip signals described above are also
generated vhen the voltage of either battery
decreases to 27.55 10.15 volts. #When the battery
voltage rises above 26.3 volts after ¢ .
undervoltage trip, as a result of a transition
from battery d. ‘charge status to battery charge
status, the tripping sequence is inhibited.
However, it norsally requires several seconds to
recover to this voitage. Since the three trip
signals are gonerated within 100 milliseconds ot
each other, a battery undervoltage trip will
alvays svitch off all three non-essenticl power
busas. After the battery voltage rises %o 28.3

3.8-13
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volts, a "UV/0L relay reset® ground comsand
(PSP 11 or PSPAT) wvwill reset all three buses.

The three relays, K1, K2 and K3 which preovide the
bus protection described above, are all resaet by
the ®Uv/0L relay reset™ cosmand. Relay K4
provides aa override capability that caa be
ntilized, at the discreticr of ground contrel, to
bypass the trip function and remove ihe
protaction feature (PSP1§ or PSPAP) .

Once the "UY/0L relay reset®” ccamand is sent,
cnly the science bus can le povered down again by
ground command (INS1¥ or IN3AF) unless an
overcurrent or undervoltage condition occurs.

It is possible tc power up temporarily after a
trip, in order to make a quick spacecraft
telemetry assessment, and then pover down again
in the following manger. PFirst, the overriau
{not protected} feature via relay K4 must be
enabled (PSkFI¥J or PSPA@) . Then spacecraft loads
are torned on, a2 fev major frames of TH data are
recorded, and then K4 is disabled again (PSP19 or
PSPAY). The override feature is also used if a
failure occurs in the trip circuitry (trips when
it should not), or 1t any one of the two
batteries fails.

A capacitor precharye circuit is incorporated
into the 0OV/0L switch. The purpose of thas
circuit is to limit the magnitude of current
inrush to the “nput capacitors of all the loads
on the large probe checkout and switched loads
buses through ¢vo ohm Series- resistors. This
prevents large switchiag voltage trapsients wvhen
these buses are connected to the essential bus
through relays K1 and K2.

A relatively large 390-ohm resistor is in sAaries
with t -2 switched loads bus to liait irrush
current to less than (.1 ampere when this bus is
powarelC up. Hovever, a small 3-ohm resistor is
used in the science precharge bus. fThe reason
for such a swmall value is duae tc nature of the
probe powver loads. Pigure 3.8.2.7-1 shows how
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the Bus power is applied to the larje probe for
checkount.

Io order to precharge the probe science
instrument input filters, it is necessiry to
first turn on the CDU and a nomber of other small
loads appcoximately 300 milliamperes »re
required) through the precharge switch, isolation
diode, and 3-ohm isolation resistor. In order to
insure a minisum voltage of 25.2 volts iu the
probes at all times, the isoclaticn resistance
aust be kept low. After the CDU is turmed on,
the probe science relays are cosaanded on; this
applies bus voltage to the imnput pover terminals
oif all »f the probe instrumsents and precharges
their respective iuput capacitors. The science
bus is then turned on with a UV/0Il relays reset
command, the prechaige circuit is turned off, =2uad
probe chechout 1s initiated.

Two raverse connected diodes are wiled across
each of the three switchable buses. They prevent
potentially dangerous negative bus voltages whick
could be generated by turrning off loade with
large inductive eiements jn their inmoet filters.

Engipeerjng Instrymentation- The pover subs;stew
teleretry sioguals are explained in detail in
Appendix A.

The temperatuce s2nsors om the solar panel are
precision wide range platinua resistors.
Theraistors are used on the battery packs.

The current sensor uses a dual 50 av current
shunt and a hybrid differential amplifier with a
gain of 102.4 to develup a full scale telemsexry
signal of 5.72 volts (0.05 x 102.4 = 5.12). %Tha
current sensor is ccpnected ipn series with the
positive buses. I% is powvered édirectly from the
bus where the meazurewment is made.

Pour of the current semnsors are ouilt{ into the
charge/lischa.ge coatrollers. One of the current
sensois is aa integral part nof the GV/0L unit.
The other taiee Sensors are packared as

3.8-15
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individual units. Purther deotails about these
telemetry signals are located in Appeadix A.

cperacions Descrpiption. This section describes
how to pover ranage the Multiprobe spacecraft.

It explains hovw to configure the power subsystem
properly by groand command and how to assess its
perforsance from the available telemeiry signals.

Power Bus Voltaqe Operatjing BRanges. Pigure
3.8.3.7-1 describes the power bus uperating
voltage ranges during various mission operating
wodes. The nominal power kus voltage is 28.0
volts. Duiing those operational phkasas wvhen the
sol~r panel is fully illuminated, the actual bus
voltage ¥ill "e hijher than this value. During
iaunch and possibly during Large and Small Probe
release, when the discharge controllers are
aciive, the bus voltage will be under 28.C voits.

The sclar pamel is sized to provide power
somewhat in excess >f that which is required by
the loads and the bus voltage is driwen upward
until clamped by the bus limiters. Bus limiters
1, 3, aad 4 have set points at ?9.5 volts and bus
“imiters 2 and 5 have set poiics at 3.0 volts.
During most mission phases there is a surplus of
solar paunel power. Bus limiters 1, 3, and &
together are capabie of absorbing over 7 asperes
of excess panel capacity. The otter two limiters
vill not recome active unless a laxge number of
spacecraft loads are turned off or the shelves
are cold.

Vcltage limiters 2 and 5 are connected to load
heater resistors bonded to the rear of the
equipmeut shelves. The thertsostatic switch
associated with voltag. limitexr 5 will be
activated near Bartt and its set point will be
lovered to 28.5 volts. The [irst excess 33 watts
of panel capacity will be forced into the battery
shelf heaters ana n2rxt 33 watts will ne
dissipated ir the rf shelf heaters. If the
therncstatic switches associated with voltage
limiter 2 are activated due to a cnld rf shelf,
its set point will be loweted to 29.0 volts and
the first incremental c¢xcess of 33 watts of panel
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capacity will once again be forced into the
battery shelf heaters and the next 33 wvatts will
be dissipated in rf shelf heaters. PEven if one
of the above two limiters fail, the first 33
vatts always goes into the battery shelves.

When the solar panel output slovly decreases
(during probe pre-release maneuvers, for
instance), the current provided by the solar
panel slowly decreases and the powver bus voltage
also de reases. When the bus voltage drops to
27.80 20.065 volts, the discharge coatroller
comes on automatically to help share the load.
The discharge controller outguwt is regulated very
close to 27.80 volts even at high loads. There
are 0.7 ohm resistors connected between each
regulator output and the pover bus to force
accurate locad share betvween the two regulaters.
fince the highest battery load will be
approximately 3 amperes per battery (during
launch), the lorest bus voltage durimg eclipse
will be 27.80 —-(0.1) (0.3)=27.50 volts.

The Haltiprobe battery loads are relatively lov
and the voltage bas lixiters 2 and 5 vill
probably never come on at their higher set
points. This tends to restrict the powver bas
voltage range to 27.5 -25.6 wvolts. Harness drops
vill reduce this voltage somevhat but the lovest
voltage at any load will not be lower than 27.3

volts.
3.8.3.2 Energy balance Hajptenzpnce. The spacecraft wust

be powered managed to stay in a suitable energy
balance situation at all times. During acst of
the mission, the spzcecraft will be in full
1llnpination and the sun line will be nea— 90
degrees with respect to the spin axis. Duriang
this time, the spacecraft loads aust rot exceed
the solar panel capability for any appreciabdle
period of time. The batteries can supprlement the
solar panel during short transition periods, boi
2 continucus negative energy situation caunct be
tolerated.

The spacecraft energy balance condition is best
assesgerl with the current sensors. A sisplified
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diagraw of the power sources, loads and current
sensor measyresents is shown in Pigure 3.8.3.2-1.
A1l power sources are shown on the left and all
pover loads are on the right.

The crrrent providied by the main array for
spar-.craft load use is measured by the solar
panel current sensor. Rattery charge carrent is
provi .ad by the maipn array, plus the boost charge
arrays, and is scasured by the two battery charge
current sensors. 1f battery charging is turned
off or reduced by switching from high rate to low
rate, the sclar panel current sensor teleametry
signal will increase by the same amount as the
decrease in charge current. The solar panel
current that is wtilized by the loads, plus the
current suvpplied by the batteries when they ar in
a discharge state, 1s measured by the spacecraft
load current sensor. The excess current that is
not needed is shunted off by the limiters and is
reasured in the limiter current sensor.

Total Bain Array cucrrent is the sum of Igp + Iy
o Iy (refer to FPigure 3.8.3.2-1) Solar Penel
Current (lgp) measures soiar panel current
supplied to the spacecraft loads. It neasures
total main array current only if battery charging
1s coamanded off.

Full illumination conditions can be defined by a
current equation that shows the pover sources on
the left and the loads on the right: Zgp ¢ 1.y
+ Ioyp = ISCL + Igp (Batteries charging)

vherle

W

) solar panel cuarrent

Iscr = spacecraft loads curreunt

Ipy, = bus limiter current

I~y and Iyo = telemetered battexy 1 and
battery 2 charge currents

i<ing launch, all spacecraft loads are supported
by the batteries through the discharge

-
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controllers. The battery currents are measured
by the twc battery discharge current sensors.

The spacecraft load current is again smeasvred by
the spacecraft load current sensor. However, the
small shunt carrent loss in each discharge
controller is not measured directly. Pigure
3.8.3.2-2 describes this shunt current loss as a
function of load current. The bus limiters, of
course, are not active during ecliipse. Each bus
liriter dravs only 5 milliamperes of standby
current. Since the bus limiter current sensor
full scale range is 0 to 12 amperes, or 47
milliampcres per telemetry bit, the telemetry
signal will be very small. The eclipse sitaation
can be sumsarized by the current equation:

Ippy * Tgp2 = Igcn * Ipp * Isur * Tsm2

vhere

telemetered battery 1 and
battery 2 discharge
currents

1gpq and Igp)

Igcr, = spacecraft load current

= bus limiter current
(approximately 25 ma)

Ipg,

1 and 1 = discharge controller shunt
SH1 SH2 .
currents as determined from
Pigure 3.8.3.2-2

There 4ill be short tise perinds vhen the solar
panel and batteries must share the load. This
includes launch, Ssall Probe release, and
possibly Large Probe release. When the
spacecraft spin axis moves avay froe being normal
to the sun Jine-of -sight, the available solar
panel current decreases and the bus limiter
current also decreases by 2 corresponding amount
and then becomes 5 ailliasperes/limiter standby
current. After the bus voltage drops to 27.80
volts, the discharge controllers become active.
The charge current will then by-pass the
batteries aud tlow directly into the discharge
controllers through the battery dischertae aurrzaat

3.”-19
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sensors. As the solar panel current continues to
decrease, the batteries will then start to
discharge. The current equation for this
situation is somewhat more complex than the two
preceding conditions. Once again, all power
sources are on the left and the loads are on the
right:

Isp ¢ Xpppr * Ipppy ® Tgep * Tpp * Tgur ¢ Igne
where

Igp = solar panel current

Irpp1 * True battery 1 discharge
current = IBD1 - ICm

[}

True battery 2 discharge

Lrpp2

Igc1, = spacecraft load current

Ipp = bus lisiter current
(approximately 25 ma)

Igyq1 and Igy, = discharge controller shunt
ctrrent as determined from
figure 3.8.3.2-2

It should be noted that whei loads are being
shared by the solar panel and batteries, the true
pattery discharge currents are Igpy - I and
Igp2 - Icpp: During launch, of courcze, the
charge current sensors read zero and Ippy and
igpy indicate the true battery discharce current
directly.

The discharge controller shunt loss, shown in
Pigure 3.8.3.2-2 represents the shunt current
required when the battery voltage is high enough
to mainrtain the regulator in an active regulator
mode. When the battery voltage drops to a
voltage level wvhere the series pass requlator
transistor drop gets too lov, the latter goes
into a saturated non-regulating mode and the
outpnt vcltage starts to decrease. 1In the
saturated mode, the drive circuitry 1is attempting
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to waintain regulation by delivering its maximum
drive current capability to the series pass
transistor. This value is approxiaately 230
milliamperes. Therefore, the shunt loss of the
regulator will sharply increase from the small
values shown in Pigore 3.8.3.2-2 to approximately
23C milliamperes vhen the controllers go out of
zegulation. Under aormal operating conditions,
it is not anticipated that the battery voltage
levels will drop down to levels that result in
saturated mode operation. This would occur oaly
under failure mo‘de conditions.

3.8.3.3 Solar_Panel Performance 3s Fugctiop of Solar
Constant. In order to plan power operations, it
is very useful to knov what the available current
vill be at the nominal 28.0 veolt bus voltage for
all solar constants that will be encountered
during the Multiprobe mission. Pigure 3.8.3.3-1
shews plots of solar panel current at 28 volts as
a function of solar constant. The lower curve is
a worst case predict that assumes a massive solar
flare will occur. The upper curve is a maximuwm
predict that assumes that no radiation damage
occurs and that the solar cells will perform at
their maximum potential.

3.8.3.4 Battery Usage apnd Chargipg.- During most of the
rission, the batteries will be on trickle charxge.
High rate charging will be needed only before and
after piobe release sequences.

Section 3.8.2.5 describes how the battery charger
operates. The charge current available during
the various mission times is a function of a
number of factors. This can be most easily
explained by tkhe use of battery boost charge
array voltage/current curves and load lines for
various critical wission times (Pigure 3.8.3.4-
1.

During high rate charge the load line operating
region is always above the knee or on the
constant current portion of the curve.
Ther2fore, the charge rate is a direct functior
of the solar constant. It vill vary from 0.17

3.8-1
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amperes (during Small Probe separation) to 0.7
amperes near Venus.

During lowv rate charging the load limes intersect
the curves beyond the knee of the curve. The
charge rate will vary between 110 and 170 wa when
the bus voltage is at 29.5 volts and from 80 to
140 ma at a bus voltage of 28.0 volts.

PN

The trickle or lov charge rates quoted above

assume that the battery is fully charged or near :
full charge and has a termimnal voltage of -
approximately 34 volts {1.416 volts/cell}. #Wwhen
a partially dascharged battery is initially
placed on charge, its voltage will be somewvhat
lower by approximatcely 2 or 3 volts. This aoves
the abscissa intercept of the load lipnes to the
left and increases the initial charge current to
a value that igs 40 to o0 ®ma higher. The trickle
charge rate will then slowly decrease as the
battery reaches full charge. Charge currenat
increases by approximately 20 ma for each 71 volt
reduction in battery terminal voltage or 1 voit
increase in power bus vecltage. '

- e

Battecry cra:tging will be coamanded to lovw rate

charz2 at liunch and remain in this confiquration )
apgproxivat:ly 95 days. Approximately 1 day {
refore the battery is needed for Large or Small :
Probe release, high rate charging should be ;
comsanded on for approxim_tely 4 hovis. This '
will maximize the capacity and battery voltage E,
for the probe release sequences. BHecharge of tue ‘
batteries after probe release sequences should ,
also be perforsed at high rate. ‘

The maximum battery DoD will occur during Small
Probe release. Battery discharge current at this
time is a function of sun angle and the
spac..craft S-band transmitter load coafiguration.
A high sun angle (near 260) and low power (10
watts) S-band transmitter output results in a .
relatively low battery discharge current (or :
possibly zeru discharge curreant) vhereas a low ;
sun angle and high power (20 vatts) S-band

transsitter output results in a much larger .
discharge current. High power S-band op.rat.,on '

3 Lnsa—
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must be time limited to prevent battery DOD in
excess of 60 percent.

Battery charging will normally never be tu:ned
off. \s explained in Section 3.8.2.5 battery
charging is turned off when relays K1 and K2 are
in opposite positions. If it is necessary to
turn off battery charging for some reason, the
preferred relay states for charging turnoff are
relay K1 high and KZ lov. The reason is as
follows: 1If, instead, relay K2 was lefi: In the
high state, and relay K1 was left in the luw
state, a battery overteaperature condjtion
folloved by a battery cool down would generate a
reset signal to relay K1 which would transfer the
latter to a high position and high rate charging
wvould start automatically. If, on the other
hand, caarging is turned off in the preferred
manner, a battery overtemperature condition
folluved by a cool down would result in a reset
signal to K1 which would transfer the latter to a
low position and low rate charging would start
automatically. Although, it is extremely
unlikely that turning off battery charging would
be followed by actuation of the overtemperature
switch, it is preferable in this case that low
rate rat-er than high rate charging be turned on.
In any case, if charging comes on automatically
as a result of a reset signai, the
overtemperature circuit will tuarxz charging off
again if the batteries get toc hot. The
overtemperature switch and its associa*ed circuit
would continue to automatically turn pattery
charging on and off and, thus, protect the
batteries from excessive temperatures.

The solar panel charge strings are spaced
approximately 36 degrees apart on the cylindrical
substrate, as explained in Section 3.8.2.1. This
results in approximately a 6 percent ripple of
the current over the constant current portion of
the V¥/I curve. At uigh charge rates this ripple
current will be seen on the charge current
telemetry signais. Low charge rate operation is
performed belny the knee of the ¥/I curve. Since
the opea circu‘* voltage of a solar cell is
relatively insensitiv. to solar illumination
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levels, there vill be a much lower charge current
ripple during lov rate charge.

To get an accurate measurement of charge current,
approximately 10 measurements should be »veragwed.

Dse_of Precharge Cjircuit. As explained in
3.8.2.7, a precharge circeit is inccrporated into
the Bus undervoltagj2/ overload unit to sluwly
prech.rge large capacitors on the Large Frobe
checkout and switched load buses in order to
minimize inrush currents and prevent svitching
transient distarbances to the other spacecraft
loads.

The rrecharge circvuit should be used during Large
Probe checkouts to precharge the input filter
capacitors of some of the Large Probe
instruments. Precharging of Bus and Swmall Probe
instruments is not necessary. The command
segquence to accorplish Large Probe power tarn-on,
with initial precharge, is as follows:

UV/0L relays reset

Pover system protection OR

All science OFPF

Probe checkcut power ON
Precharge ON

LP Command/data unit ON
Science power primary relay ON
UV/0L relays reset

Precharge OFP

The precharge circuit should be used as a first
step in powering up the switched loads bus again
atter an undervoltage or overcurrent fauvlt has
resulted in a trip of this bus. All of the loads
on the switched loads bug (with one exception)
are turned on and off by electronic latch
circuits. Only the star sensor is turned ou and
off with a mechanical latching relay. Therefore,
1f a OV/0L trap occurs, the star semsor load will
still be on the bus after it is reactivated.

When the precharge circuit is turned on, the star
sensor will drav a continuous current of
approximately 25 milliamperas throuqh the 390 ohm
isolation resistor. This resvlts in a switched

o A
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loads bus voltage ot only 16 to 18 volts.
Portunately at this low voltage, star sensor OFP
command circuitry still functions. After sending
a "Precharge ON® command, both the star seasor
channels sust be commanded off to allow the
switched loads bus to be precharged to
approximately 28 volts before the “UV/0OL re_ay
reset™ or “Power systeam protection OPF"™ command
is sent.

The precharge circuit can also be used to verify
that there are no short circuit faults on the
probe checkout buses before the probe checkouts
are performed. The probe checkott bus goes to
all four probes through 1PD's, a large number of
connectors, and long harness runs. These buses
are not protected by fuses. It is possible that
launch vibrations can induce a short circuit in
one of the probe checkount buses. Therefore,
prior to initiation of probe checkouts, it would
be prudent to use the precharge circuit to verify
that there are no short circuits on any of the
four probe checkout brses. This can be
accosplished in the following mapnner: Verify
that UV/0L Protection is OR (PSPROS is in 3
state) and Science Bus Reset Relay (PSCBDS) is in
0 state (i.e., all science OFPP). Send command to
precaarge circuit to turn it on (PCG19 or PCGASY)
and verify that PRCHGS goes to 1 state. Then
send command probe checkout power OGN (PCO19 or
PCOA9), verify that precharge circuit stays on,
and that there is no increase in the spacecraft
loads current /PBUSLI). A short circuit on any
of the four probe checkout buses would turr the
precharge circuit off. A partial faulit condition
vould result in an inciease in the reading of the
spacecraft loads current. The fault current
would be limited to 1 aspere by the precharge
current limited switch. If a fault condition of
this type is detected, the precharge circeit
should be turned off immediately.

The precharqge carcuit can service only one probe
at a time (Reference: Paragraph 1.5.178).
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Pover Bys Fault Rrotection apnd UV/0L Trip
Recovery. The spacecraft has a nusber of
features that protect it from pover bus faults.
Potential fault conditicns are overvoltage,
undervoltage and overcurrent.

The Bus voltage limiters provide overvoltage
protection by absorbing excess solar capability
and restricting transient overshoot voltages to
values less than 31 volts.

Fach spacecraft load has protective fuses and
most spacecraft units also have electronic
current limiting to protect against overcurrent
conditions. It is almoust impossible to protect
against harness shorts, but internal unit short
circuits will be effectively isolated by the
fuses and current limit circuits.

It is possible for the spacecraft to go out of
energy balance if the spacecraft spin axis drifts
off the sun line normal, if excessive loads are
comnanded on inadvertently by equipment faults or
pission operations errors, or a spacecraft unit
develors a fault current that is of insufficient
magnitude to open a fuse. The net result wvould
be that batteries would start to discharge at a
time wvhen they normally should be on charge.
These operating conditions could deplete the
battery and threaten the spacecraft vith
marginally low voltage conditions. To remedy
these battery undervoltage and/or overcurrent
conditions, the UV/OL switch will trip off
science, switched load, and KP iransmitter baus
loads as explained in Sectionp 3.8.2.7.

In most instances, an analysis of the telemetry
data, prior to a UV/0L trxip, will reveal the
nature of the difficulty and thereby suggest
corrective action. However, if a trip results in
sudden loss of the downlink carrier and/or
digitul telemetry signals with no clues to the
nature of the problem, it ¥ill be necessary to
make an assessment of the spacecraft operating
conditions to formulatc corrective action. 1In
this case, it would be prudert to power up the
svitched loads and EFP transajtter buses
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temporarily to get a few major frames of data and
then power down again to the minimus essential
bus loads vhile the data is being evaluated.

When it is desired to power up the buses
temporarily after & *rip, it should be
accomplished by commanding to an override or
“pover system protecti~n off® pode. Execution of
the ®iV/0L relay re. - command is undesirable in
this case, since the svitched load and RP
transaitter reset relays, K2 and K3, can
subsequently be powered down only by another
undervoltage or overcurrent trip signal.

The command sequence to temporarily powver up the
spacecraft after a UV/0L trip is as follows:

® Precharge cn (vait one second)

® PSI* off and PSI2* off (star seasor off
cormands)

s Pover systesm protection off (override on)

e Pprecharqge off

® (Commanis to restore KEF downlink and
telenetry

® Powver system protection om (override off} to
pover down again.

After corrective action has been implemented to
remove the fault, the power buses should be
comranded back into the "protected”™ mode vith
relay K4 off and X1, K2 and K3 reset relay
enabled by the "UV,AOL relay reset®™ coamand.

Almost all non-esseatial spacecra’ . acience
loads are turned on with electron . :h
circuits. BRemoval of bus pcwer t¢« . - se °  ds8

also torns off the ie latches. Af¢. ©neov.. .
restored to their respective huses, i+

necessary to seud pulse turn-onh comie TLrn
thew on ayain. Tkere are only twe no - aptlal
power hus units that do pot have eiect. .gic latdl
circuits. As explained above, one of thea is the
star sensor. The other is the transponder
exciter. They are both turned on by mechanical
latching relays. When power is restored to their
respective power buses after a trip, they will
turn on aqain. The star sensor can be turned off

3.8-27
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througb ~he precharge circu t as explained above.
The transponder exciter can be turned off (if it
is necessary to do so) only after RP transaitter
bus pover is restored. Howvever, it does not
interfere with the normal operation of the
precharge circuits on the science and switched
load buses.

A battery undervol tage trip wili remove al} 3
non-e@ssential nnwer buses aven if the battery
starts to _.aige ‘ter the Science amd/or
Switched .oads bus. are tripped off. Battery
voltage “oe aot rise fast ennugh to interrupt
the trip sequence. A- overcurrent condition that
does not reduce !.ttecy voltage below 27.55 volts
will be interrap.>d waen load removal drops total
spacacraft lovads cur .ent under 16.25 amperes;
this could 1+svit | removal of 3, 2 or 3 non-
essential pover buses (Reference: Paragraph
1.5.18) .

The all science OPP command will pe ineffective
vhenever the spacecraft is operating with the
pover system protection NPP. Thus, in this
configuration, instrumeants must be turned OPF Dby
r*ilizing irdividual OFF commands (Refererce:
raragraph 1.5.18).

Ose of Bus_Voltage Limiters. The faive voltage
limiters vill be enabled prior to launch and they

should stay enabled throughout the mission. A
voltaje limiter shouid be disabled only if it is
detactive. Each bus limiter is capable of
2w801b1ng 2.35 amperes or 11.75 amperes total fur
the f.ve liwiters. They vill easily absorb all
excess solar panel capacity at an> time in the
mission, even i1f a UV/0L trip occurs.

Propu}siop H pter Perforsance Eyajvatjon. The
Bultiprobe has the following coaplemént of jet

thiusters: four radial, one aft axial and one
forvard uaxial. A1l of the radial lire heaters
and the four radial jet thruster heaters are on
continesously. The axial jet thruster heaters and
associated line heaters can b2 commanded on and
off.

s
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k1l six jet thrusters have temperature sensors;
the axial linez alsc have temperature sSensors.
Hovaver, the loaqg radial lines do not have
temperature sensors. Radial line 182 heater
status (VJ12HS) is moni: red by a smsall series
12-ohm resistor wvith a scule factor of 83.3
sa/volt. At 28 volts, ihis heater requires 51.6
wa 216 results in a relemetry signal of 0.62
vyoits (31 data units). Radial line 364 neater
status (¥J34HS) is also monitored by a small 12-
cha resistor vith a scale factor of 83.3 ra per
70lt that also requires 51.6 na at 28 volts.
Imprope: nneration ot the radial line heaters
vill Le denoted by a sharp change in the TH

sign 1.

The promulsion tank heater switch i the PI1U
controls c.peration of not only the tani heaters
themse!ves but also a large number of associ.tad
heaters for nropellant, fill and drain, and gas
lines; fill and drain valves; latch valves; and a
pressure transducer.. ' a propulsion tank ' :aters
and their associated heaiers are all upstreas of
the latch valves. A1l of these heaters are
reuundant*. The PID svitch selects either the
primary or secondary group of aeaters kPP19 of
HTTA9; HTT29 or HTTBY9). No siagle point fajlure
¥ill prevent cne of the two heaters from being
cormanded on. Either the primary or secondary
group is on coantinuously.

The tvwo tanks and their propellant lines, anave
tenperature sens'rs to monitotr the op2ration of
their heaters. At launch, the primary heaters
vill be commarded on. If any of the tank or
propellant lire temperature seansors iudicates
heate- failure, the secondary group of heaters
shoula be¢ svitched on and the primary group
should be swvitched off.

Thecre . 1ot a sutficient number of temperature
sensols to monitor all ot the other small hentlers
in parailel with the tank and priupellant lire
heaters. The resolution of tne 0 *> 18 ampere
spacecraft loads current sensor is inadeguate to
verity their proper operation. Theretore, two
additicnal current sensor aeasurements, with good

3.8-27

P YN PR

pr



g

LY

Se=’.1ou Noe.

Doc. Bo. |

~PC803

3.8

Orig. Issue Date _5/22/78
Revision No.

Revigion

3.8-30

lov current resolution, were added to monitor two
primary tank heater subgroups. The following
group of heaters and their nominal curirent at 28
volts is mcaitored by a 6.5 ohe current sensor
(VLVYPHS ~ Latch Valve Primary Heater Status):

Latch valve 1A 10.46 ma
Latch valve 2A 10.46 ma
Pressure transducer 10 .46 na
Fill and drain line 1 8.20 ma
Pill and drain line 2 8.20 ma

47.78 ma

"™his TM channel will read 0.788 volts at 28
volts. The scale factor is 60.€1 aa/volt or 1.21
ma per data unit. Pailure of any one of the
above heaters will rezult in a minimum change of
6 or 7 data units.

The second group of priwary heaters and their
norinal current at 28 vclts is (¥PDVHS -~ Pill and
Drain Valve Primary Heater Status):

Fill and drain valve ? 18.42 ma
Fill and drain valve 2 18.42 ma
P11l and dr.in valve 3 16.42 ma
Fill ara arain 3 gas line 19.36 =ma

74 .62 ma

This TM chaanmel has ar 8 ohm current sensor that
develops a 0.597 volt signal when the voltage is
28 volts. .he scale factor is 125.1 ma/volt or
2.50 ma per data unit. Pajlure of one of the
above heaters will result in a mininwm change of
7 or 8 data units.

The t2lemetry values of these 4 propulsion
heaters will fluctuate slightly as the bus
voltage fluctuates. Aiso the propulsion heaters
and the small current sensoxrs each have a 5%
tolerance. 1In addition, heater resistance
increases by approximately 10% when the
propulsion heater temperatures are near their
maiimum levels. Therefore, the actual measured
data deviates slightly froca the above nowinal
values. Shown below are actual measured values
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at a bus voltage of 29.5 volts at approximately
toBOF:

Latch valve heater group 48.9 ma
Fill and drain valve 75.0 ma
heater group
R1/R2 line heaters 51.6 ma
R3/E4 line heaters 53.3 ma
Bus/Probe 1PD rower Interfaces. FEdch prove has

tvo relays to transter froa checkout power to
insternal battery power prior to probe separation.
Each relay has a dedicated relay driver circuit
in the bes P1lU. Actuation of either one or both
relays will accomplish the desired transfer to
internal power. The status of these eight relays
1s continuously monitored by Bus telemetry
through the IFDs.

The Large Probe has two shelf heaters that are
turned on and off by relays located in the Bus
Pl1U. Each Small Probe also has a shelt heater
that 1s controlled by relays in the Bus PIU.

The temperature sensors for each probe battery
are also hardvired to Bus telemetry for
continuous monitoring during crulse.

Each probe battery has a heater that is actuated
by a relay. This relay shouid bhe ott during
cruise - it will be actuated by the probe pre-
timeout signal approximately 3 hours before Venus
atrosphere entry. The 4 battery relay on/off
$1ynals are provided across the 4 1PDs for
continuous monitoring during cruise. It 1is a
menitoring function only - there is no means of
actuating the battery retays from the Bus.

Failure Modes, Redundapcy and Corrective Actjon.
The power subsystean has redundant voltage
limiters, discharge requlators, and battery cells
vtich allov normal or neer normal spacecraft
operation to continue ia case nt failure. The

DV OL protective circuits have an override sode
that alloxs by-passing of the reset relays. The
propulsion tank heater circuit. are redundant and
their operation cannot be compromised by any
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single point failure. A summary of potential
failure modes and corrective action is shown in
Table 3.8.3.10-1.

Pover Subsysiem Compand Response. Table 3.8.4-1
2xplains the function of each power subsystem

command and ho¥ the associated telemetry signals
measure the response to these commands.

During all wmission phases (with the exception of
Small Probe Release), there will be excess solar
pan:l capacity, that forces current through the
voltage limiter load resistors. Whenever this is
the case, an increase in solar panel current
results in an increase ot bus limiter current by
the same amount. Also, when a load is turned
off, as reflected in a decrease in the spacecraft
load current, the bus limiter current must
increase by this same amocunt.
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TABLE 3.8.2,7-1

RECOGNITION OF UV/OL TRIP

Time of Ground Recognition

Occurrence Subsystem -

After Fault Responae ™ TM & Response

Appears Mnemonic

75 Msec. Science Bus Relay to OFF; PSCBUS Science Bus Relay Status =0 (OFF)
Power to science loads is
cutoff, science loads reset PSCICI Science Current decreases to zero,
to OFF.

PBUSLI S/C Loads Current decreases by
same amount as PSCICI,

PLIMTI Bus Voltage Limiter current likely
increases by same as PSCICI
decreased,

125 Msec, Switched L.oads Bus relay Loss of downlink telemetry data.
to OFF; all switched
“oads reset to OFF, except
the star sensor.

175 Msec. Xmtr Bus Relay to OFF; Loss of downlink carrier.

all RF Xmtr Bus loads
reset to OFF, except
Xponder-exciter.
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TABLE 8, 8.3,10-1

FAILURE MC :ES AND CORRFCTIVE ACTIONS

Fatlure Mode

Corrective Action/Comments

Bus Voltage Limiter fafils

Send disabled command to remove from power bus;
1 limiter is redundant,

Discharge Controller fails

Each battery has redundant discharge regulator - select
redundant unit by command,

Current sensor fails

Current sensor ¢lements consist of 2 parallei power
resistors (shunts) to prevent open in power bus - {f
sensor electronics fails, unknown current can be derived
from other current sensor measurements with «id of
equations in Section 3.8, 3.2,

Charge Controller Relay
K1 fails in high state

By means of relay K2 can command to high charge and off
only - {f battery gets too hot in high charyge state, must
periodically command on and off by ground or memory
command,

Charge Controller Relay
K1 fails in low state

By meuns of relay K2 can command to low charge or off
only.

Charge Controller Relay
K2 fails i{n high state

By means of relay K1 can command to high charge and off
only - if battery gets too hot in high charge state, must
periodically commanc on and off by ground or memory
coinmand,

Charge controller Relay
K2 fails ip iow state

By means of relay K1 can command to low charge or of
only,

Overiemperature Circuit
inndvertently torns off
Relay K1

Relay K1 car be commanded back to previous positicn by
ground command,

UV/OL. trips off inadvertently

Bypass UV/OL, reset relays by turning on relay K4 with
"Power Subsystem Prntection Off'" command.

Precharge Circuit fatls

If UV/OL. trip occurs and loads unlateh after "UV/OL
relays reset" command, send pulse commands to turn
them on again,

Radial Jet Heater 1, 2, 3,
or 4 fatls,

Redundunt radial jets avallable if defective heater results
tn excessively cold jet. -
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Revision No.

Revision
TABLE 3.8,3,10-1 (Continued)
Fallure Mode Corrective Action/Comments
Cannot turn on or turn off Use redundant axial jet with suitable temperature as
axial jet heater verified by temperature sensor,
Cannot turn forward axial If forward axial jet temperature not suitable, use redun-
jet heater on or off dant aft axial jet.
Open cell in a battery pack Loss of complete battery - turn off charge to failed
(very low probability event) battery.
Shorted cell in u battery Battery will continue to operate with one or two shorted
pack cells with reduced capacity.
One or more heaters of pri- Transfer to secondary tank heater group.

mary tank group fails

Cannot turn on large or small Probe temperature near Earth may fall below micimum
probe heater non-operating specification levels,

Cannot turn off large or small Minimize operation time during probe checkout, Heaters

probe heater will turn off after IFD separation,

Probe internal power transfer Relays and drive circuits redundant, Actuation of either

relay 1 or relay 2 fails relay will isolate checkout bus and transfer to internal
battery.

Cannot turn on probe checkout Brief probe checkouts and commands to timers must be
bus performed on internal battery power,

Cannot turn off probe checkout | All four probe timer circuits will have power applied con-
bus tinuously resulting in small continuous parasitic load.

R1 and R2 Lire Heater Status Radial 1 and 1.1dial 2 Line Heaters defective; use Kadial
TM Value not niminal 3 and Radial 4 jets instead,

R3 and 4 I.ine Heater Status Radial 3 and Radial 4 line heaters defective; use Radial
TM Value not nominal 1 and Radial 2 jets instead,
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TABLE 3, 6,4-1
POWER St BSYSTEM COMMAND RESPONSE

f Command Telemetry Y
Mnemontc Comirrand Title Command Response Mnemonte Telemetry Title/Comments
BAT1S attery 1 - Relay 1 ICommands hattery 1 to lo PBIR1S Battery 1, Relay 1 Status goes to low
BATAS 1ow Rate Charge kcharge rate if K2 in lo state (=''0")
ate; tu ba* .
pate phing ):f tery 1 PCHG Battery 1 Charge Current changes value tol
charge off if K2 in hi stated
low charge rate level or to zero.

PPANII! Solar Panel Current changes by same
lquantity as battery charge current but
ichange is In opposite direction,

BATI1Y Battery 1 - Relay 1 ICommands battery 1 to PB1RIS Battery 1, Relay 1 Status goes tohi state (=" 1
BATAS Hi Rate Charge hi charge rate if K2 in hi
tate; turns battery 1 BCHGI1 Battery 1 Charge Current changes value
harge off f K2 in low to high charge rate level or to zero.
tate.

FPANII Solar Panel Current changes by same
lquantity as battery charge current but
jchange {8 in opposite direction,

BAT11 [Battery 1 Primary Dis- nput of primary discharge PREGIS Primary/Redundant Discharge Regulator
BATAL charge Regulator Select egulator connected to 1 Status goes to primary state (="'1")}
attery 1 and output to
ssential bus.
BATI12 [Batter, 1 redundant IMs- [Jnput of redundant dis- PREGI1S Primary/Redundant Discharge Regulator
BATA2 ch? rge Regulator Select charge regulator connected 1 Status goes to redundant state (=''0").
ko Battery 1 ond output to
essential bus,
1 -

-
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TABLE 3.8.4-1

(Conttnued)

(‘:\:2::1 Command Title Command Response ;Zl:::;g Telemetry Title/Comments
BATI3 Battery 1 - Relay 2 Commands Battery 1 to PB1R2S Battery 1, Relay 2 Status goes tohi state fw])
BATA3 Hi Rate Charge hi Charge Rate if K1 in

hi State; Turns Battery 1 PCHGI1I Battery 1 Charge Current changes value
charge off if K1 in lo to hi charge rate Level or to zero,
state,

PPANII Solar Panel Current changes by same
quantity as battery charge current, but
change {8 in opposite direction.

BAT14 Battery 1 - Relay 2 Low Commands Battery 1 to PB1R2S Battery 1, Relay 2 Status goes to lo state (=0)
BATA4 Rate Charge lo charge rate if K1 in
lo State; turns Battery 1 PCHG1! Battery 1 Charge Current changes value
charge off if K1 in h! to low charge rate level or to zero,
state,

PPANLI Solar Panel Current changes Ly same
quantity as battery charge current, but
change is in opposite direction.

BAT28 Battery 2 - Relay 1 low Commands Battery 2 to PB2R1S Battery 2, Relay 1 Status goes to 10 State(=0)
BATB# Rate Charge low charge rate if K2 in
low state; turns Battery PCHG2I Battery 2 Charge Current changes value
2 charge off if K2 in h! to I ow charge rate level or to zero,
state,

PPANLI Solar Panel Current changes by same
quantity as battery charge current, but
change 8 in opposite direction,

BAT29 Battery 2 - Relay 1 Hi Command Battery 2 to al PB2R1S Batberyé, Relay 1 Status goes tohi state (=1)
BATB9 Rate Charge charge if K2 in hi statc;
turns Battery 2 cha.-ge off PCHG2} Battery 2 Charge Current changes value
if K2 in Yow state, to high charge rate level or to zero,
PPANLI Solar Panel Current changes by same

quantity as hattery charge current, but
change {38 in opposite direction,
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TABLE 3. 8, 4-1 (Continued)

Command
Mnemonic

Command Title

Command Response

BAT21
BATB1

Battery 2 Primary Dis-
charge Regulator Select

Input of primary dis-
charge regulator connecte
to Battery 2 and output to
essential bus.

BAT22
BATB2

Battery 2 Redundnat Dis-
charge Regulator Select

Input of redundant dis-
charge regulator connecte
to Battery 2 and output to
essential bus,

BAT23
BATB3

Battery 2 - Relay 2 High
Rate Charge

Command Battery 2 to hi

charge if K1 in hi state,
turns battery 2 charge off
{f K1 in lo state.

BAT 24
BATB4

Battery 2, Relay 2
Lo Rate Charge

Commend Battery 2 to
lo charge if Kl in lo
state; turns battery 2
charge off if K1 in hi
state

PSP19
PSPA®

Power System Protection
ON,

Commands relay K4 of
UV/OlL into OFF position.

PSP1S
PSPAS

Power System Protection
OFF,

Commands relay K4 of
1'V/0OI1 into ON positior.

INS1S
INSAS

All Science OFF

Commands relay K1 of
UV/OL1. into OFF position.

Telemetry

Mnemonic Telemetry Title/Comments

PREG2S Primary/Redundant Discharge Regulator

o] 2 Status goes to primary state (="1"').

PREG2S Primary/Redundant Discharge Regulator

] 2 Status goes to redundant state (=''0")

PB2R2S Battery 2, Relay 2 Status goes to hl state (="' |

PCHG2I Battery 2 Charge Current changes value
to high charge rate level or to zero.

PPANII Solar Panel Current changes by same
quantity as battery charge current, but
change 18 in opposite direction.

PBZRS Battery 2, Relay 2 Status goes to
lo state (=""0'")
PCHG21 Battery 2 charge current changes
value to lo charge rate level or to zero_|
PPARLI Solar Panel Current changes by same
quantity as battery charge current but
change is _in opposite direction.

PSPROS Power System Protection ON/OFF goes
to ON state (UV/OL Protection active)
="1").

PSPROS Power System Protection ON/OFF goes
to OF'F state ("'0''); applies power to
sclence, switched load and r.{. transmit-
ter buses (I'V/OL Protection overridden).

PSCBUS Science Bus Reset Relay Status goes to OF
state (~'0'');power to science bus removed.

PBUSLI Spacecraft Loads Current will decrease.

b —_— —
PSCICT science Current will decrease to zero.
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TABLE 3.8.4~1 (Continued)

Command Telemetry
Mnemonic Command Title Command Response Mnemonic Telemetry Title/Comments
HTNS Forward Axial Jet Heaters |Turns CFF Forward Axial PHTFJS Forward Axial Jet Heaters ON/OFF goes
HTJAS OFF, Jet Heaters, to OFF state (="0'"}
VJETST Forward Axial Jet Temperature decreases
HTJ29 Aft Axlal Jet and Line Turns ON Aft Axial Jet 6 PHTAJS Aft Axtal Jet Heaters ON/OFF goes to
HTJB9 Heaters ON Hraters and Lines OFF state (="1')
VJET6T Aft Axial Jet Temperature rises,
PBUSL} Spacecraft Loads Current sensor resolu-
tion inadequate tc measure 42 ma current
change.
HTJ2¢ Aft Axial J 't and Line Turns OFF Aft Axial Jet6 PHTAJS Aft Axlal Jet Heaters ON/OFF goes to
HTJB§ Heaters OFF Heaters and Lines, OFF state (="0'"
VJETST Aft Axial jet Temperature Decreases.
LIM19 Bus Limiters 1 and 2 Latching relay connects PLIM1S Bus Limiter 1 Enable/Disable goes to
LIMAS Enable, bus limiters 1 and 2 to nabled state (="'1')
easential bus,
PLIM2S Bus Limiter 2 Enable/Disable goes to
enabled (="'1'")
LIM18 Bus 1imiter 1 Disable, Latching relay disconnecty PLIM1S Bus Limiter 1 Enable/Disable goes to
L[MM bus l:oiter 1 from disabled state (#uou)
easential bus
LIM2# Bus Limiter 2 Disable. Latching relay disconnectd PLIM2S Bus Limiter 2 Enable/Disable goes to
LIMBS bus limiter 2 from disabled state (="'0")

essentiai bus,
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TABLYF 3,8,4-1 (Continued*

Command Telemetry
Mrcmonic Command Title Command Response Mnemonic Telemetry Title/Comments
HTL1# Large Probe and Small Rermoves power from PILHTRS Large Probe Heater ON/OFF g2cs w
HTLA# Probe 1 Heaters OFF., Large Probe and Small OFF =mate ="
Probe 1 heaters,
PIHTRS Small Probe 1 Heater ON/OFF goes to
OFF state ="'0"}
TouSLI Spacecraft loads current decreases,
HTS19 Small Probe 1 Heater ON 1Az ,es power to Small PIHTRS Small Probe i Heater ON/OFF goes to
HTSA® Probe 1 heater ON state (="1")
PBUSLI Spacecraft loads current increases by
0,09 amps.
HTS29 Small Probe 2 Heater ON |Appliez power to Small PZHTRS Sniall Probe 2 Heater ON/OFF goes to
HTSB® Probe 2 heater ON state (=""1")
PBUSLI Spacecraft loads current increases by
0.09 a.aps.
HTSJ® Small Probe 3 Heater ON, [Applies power to Small P3HTRS Small Probe 3 Heater ON/OFF goes to
HTSC9 Probe 3 heater ON state (="'1")
PBUSLI Spacecraft loads current increases by
0.09 amps.
HTS26 Small Probes 2 and 3 Removes power from P2HTRS Small Probe 2 Heater ON/OFF goes to
HTSBS Heaters OFF Small Probes 2 and 3 OFF state (="0")
heater
P3HTRS Small Probe 3 Heater ON/OFF goes to
OFF state (=''0")
PBUSLI Spacecraft Loads Current decreases.
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TABLE 3.8.4-1 (Continued)

Command . Telemetry /
Mnemontc Command Title Command Response Mnemonic Telemetry Titie /Comments
LIM39 Bus Limiter 3 and 4 Latching relay connects PI IM3S Bus Limiter 3 Enable/Disable goes to
1.IM(C9 Enable, bus limiters 3 and 4 to enabled state (="1"
essential }us
F'LIM4S Bus Limiter 4 Enable/Disable goes to
enabled state (="1™)
LIM34 Bus Limiter 3 Disable, Latching relay disoonne PLIM33 Bus 1 Imiter 3 L.nable/Disabl> goes to
LIMCS bus limiter 3 from disabled state {="0")
essentlal bus,
1IM4d Bus I imiter 4 Disable. Latching relay dlscon.nect.sl PLIM4S Bus Limiter 4 Enable/Disable goes to
LIMIY bus limiter 4 from disabled state (=''0'")
essential bus
1IM59 Bus Limiter 5 Enable. .Latchmg relay connects PLIMSS Bus I tmiter 5 Enable/Disable goes to
1 IME9 bus limiter 5 to enabled state (=''1"")
essentlal bus
1.1M58 Bus Limiter 5 Disable, I atching relay disconnects| PLIM5S Bus limiter 5 Enable/Disable goes to
1 IME? bus limiter 5 from disabled state (="'0")
essential bus
oy :® Probe Checkout Pewer ON |Applies bus checkout PCHEKS Probe Checkout Power ON/OFF goes to
PCOAS power to all 4 probes ON state (="1")
- . mwoown
rcolp Probe Checkout Power OFF|R.moves bus checkout PCHEKS Probe Checkout Power ON/OFF goes to FEGE-X )
PCOA# power from all 4 probes OFF state (-"'0") E z- (2] g
)
HTIL.19 lLarge P'robe Heater ON, Applies power o large PLHTRS Large Probe He..ers ON/OFF goes to > ' w :.
HTILAS probe heat:.. ON state (="1") O~MO D
20N
PBUSLI Spacecraft L.oads Current increases by - g :
approximately 0. 75 amperes. o0 M
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TABLE 3.8,4-1 (Continued)

:::::;’c Comm.and Title Command Response :s::;::cy Telemetry Title/Comm: nts
ir LPP19 [arge Probe Internal Applies 37 ms pulses to PI PR1S 1 arge P'robe Internal Power Relay 1 ON/
1.Ppre Power ON ON colls of T arge ’robe OFL goes to ON state (='1")
mternal power relavs 1
and 2, PI PR2S large Probe Internal Power Relay 2 ON/
OFF goes to ON state (="1'")
LPPLY large P:robe Internal Applies 35 ms pulses to P’ PR1S I arge Probe Internal Power Relay 1 ON/
1LPPAY Power (1t OFT coils of 1.arge Probe OFF goes to OFF state (=0
interpal power relays
1 and 2, b1 PR2K 1 arge Probe internal Power Relay 2 ON/
OFF goes to OFF state (=0,
SPP19 Small Probe 1 Internal Applies 35 ms pulses to P1PRIS Small Probe Internal Power Refay 1 ON/
SPPAS Power ON OFF cotl« of small Probe OF ¥ goes to ON mate (='1")
1 internal power relays
1 and 2, PIPK2S small Probe Internal 'ower Relay 2 OR/
O! F goes to ON state ="'17)
SPPLA Small Prone 1 Internal Applies 25 ms pulses to P1PRIS Small P'robe 1 Internal Power Relay 1 ON
SPE g Power OFF OF¥ coils of Small Probe OFVF goes to «'FF state (=0}
1 internal power relays
1 and 2, P1PR2S Smail Probe Internal Power Relay 2 ON/
OFF goes to OFF state (=701
— —
SpPP29 Small Probe 2 Internal ~pplles 35 ms pulses to roTRIs Small Probe 2 Internal Power Relay 1 ON/
SPPR® Power ON ON cotls of Small Probe OFF goes to ON state (="'1")
2 internal power relays
1 and 2, P2PR2S small Probe 2 Intcrnal Power Relay 2 ON,
OFY goes to ON state (="'1")
spp2¢g <:nall Probe 2 Internal Applies 3 ms pulses to P2PR1S Small Probe 2 Internal Power Relay 1 ON
SPPBRY Power OF ¥ OFF coils of Small Probe OFF goes to OFF state (="'0")
2 internal power relavs
1 and 2. P2PR2S Small Probe 2 Internal Power Relay 2 O/
QOFF goes to OFF state (=""0""
— &
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TABLE 3.8.4-1 (Continued)

Command Telemetry
Mnemonic Command Title Command Response Mneronic Telemetry Title/Comments
PSPIl UV/OL Relays Reset. Commands Relays K1, PSCBUS Science Bus Keset Relay Status,
PSPAl K2 and K3 into ON posi- PLDBUS Switched Loads Reset Relay Status,
tion, PRFBUS and Xmtr Buc Reset Relay Status signals
all go to hi state (="'1")

PBUSLI Spacecraft Loads Current will increase
from last observed value Lf science bus &
switched loads bus had tripped OFF.

PCG19 Precharge ON Commands precharge PRCHGS Precharge ON/OFF status goes to ON
PCGA9 switch ON. state (=""1")
PCG1¥ Precharge OFF Commands Precharge PRCHGS Precharge GN/OFF Status goes to OFF
PCGAY switc.. OFF, state (="'0")

, ]
HT119 Primary Propellant Tai- }Switches essential bus PHTTKS Primary/Secondary Propuision ink
HTTAS Heaters Select power from secondary to Heater status goes to Primary state (=''1™")

primary tank heaters.

VLVPHS L/V Primary Heater Status {s nominal

VFDVHS 48 ma; F&D Valve Primary Heater Status
is n~minal 75 ma,

HTT29 Secondary Propellant Tank |Switches essential bus PHTTKS Primary/Secondary Propulsion Tank
HTTBYS Hezaters Select power from primary to Heater Status goesto secondary state (="'0"y
secondary tank neaters

V1 VPHS L/V Primarv Heater Status and

VFDVHS F&D valve Primary Heater S.atus both go
{0 zero ma.

HTJ19 Forward Axial Jet Heaters {Turns ON forward axiai PHTFJS Forward Axial Jet Heaters ON/OFF goes
HTJA9 ON jet Yeaters, to ON state (=''1""). Spacecraft load curren
sensor resolution inadequate to measure
15 ma current change.
VIJETST Forward Axial Jet Temperature rises,
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TABLE 3.8,4-7 (Continued)
mm Tel ; .
Co and Command Title Commuand Response elemetry Teiemetry Titie/Comments
Mnemontc Mnemonic
SPP39 small Probe 3 Internal Applies 35 s pulses io ItPR1S Smal’ Probe 3 Internal Fower Relay 1 ONA
SPPC9 Power ON ON coils of Smail Probe OFF gees to ON sate (="'1")
3 internal power relays —— — 4=
1 and 2, 13pp2s Small ’roc« 3 'nternal Power Relay 2 ONg4
OF. gees t 7N grate i= 1)
Spp3g sSmall Probe 3 Internal Applies 35 ms pulses to MIPR S Small PProbe 3 internal Power Relay 1 ONA
SPPCH Power OFF OFF coils of Small Probe OF} goes to OFF state (='"0")
3 internal power relavs
1 and 2, P3PR2¢ Small Probe C Internal Power Relay 2 ONA

OFF goes to OFF state {="0")
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4.0  SPACECRAPT N]ISSJION OPBRATIONS

Detailed performance of the Multiprobe system in
norral operating mod2s and backup nodes is presented
ahead.

4.1 BISSION MECHANICS

The mechanics of the Hultiprobe mission are delineated
by descriptions of (i) the nominal mission profile
(4.1.1), {ii) disturbances to nominal spacecraft
configurations (4.1.2}), and (iii) changes in
spacecraft coafigurations (4.7.3).

4.1.1 Nomanal Missiop Protile. The nominal mission
profile is introduced by a couprehensive mission

description from lift-off to end of life
{4.3.7.1) . A detailed attitude profile {and
vptions) follows (4.1.1.2), with illustrations of
spin axis attitude, sun angle and communication
angle vhen appropriate. The spin rate profile
(and options) are presented in 4.1.1.3. The
maneuver profile propellant budget, maneuver
charactersitics and constraints are discussed in
T R I

4.1.1.13 dission Description.

(a) Launch Phase (Ljft-Off to_Spacecraft
separation). The Multiprobe will be
launched with an Atlas Centaur launch
vehicle from Cape Canaveral. Launch
will take place during a3 one hour
window on one of ten successive days in
the period from 11 August through 23
August 1978. The launch vehicle will
place the Multiprobe on the desired
interplanetary trajectrory after a 16
to 21-minute coast period in a 90 nmi
earth parking orbit.

After Centaur second bern (MECO 2) and
prior to spacecraft separation, the
Centaur will reorient the spacecraft +2
axis to an appioximately normal to the
wcliptic attitude in the direction of
the south ecliptic pole. The south

4.1-1
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(b)

eclipt.ic polar direction has been
selected for the Muitiorobe spin axis
crulse attitude bacause of the greater
number ot visible stars in the southern
ecliptic hemisphere. The spacecraft +2
axis is injtially tilted =12 degrees
avay frorw the south eciiptic toward the
local sunline in order to compensate
for a4 deterministic attitude
displacement during spinup.

Near Earth_Phase (Separatjion to

36 _Hours After Lift-Off}. Spacecratt
separation switches initiate redundant
command sequences, each sequence being
stored in one of of the two spacecraft
command processors prior to launch.
Two Lpinup thrusters are tired to
impart a 15 +0.5 rpm spin rate and the
spacecraft is then configured for
initial ground station acquisition
(Section 4.2.1). 1t 1s exmected that
ground station acquisition at
Honeysuckle will occur within the first
hour after launch. Cebreros, DS$-62,
provices nosinal coverage during the
first 6 to 16 hours while Goldstone,
DS5-12, should acguire =14 hours after
lifr—off.

The spacecraft is designed so that the
nominal spin (+2) axis will be the axis
of maximum moment of inertia. Centaur
reorientation nominally tilts the +2
axis approuximately 12 deqrees from the
south ecliptic pole toward the sunline
11 order to compensate for a 12 degree
deterministic attitude displacement
during spainup. However, Centaur,
Separation and spinup errors contribute
tc a 10-degree uncertainty in the
average attitude so that the averaqge
sun angle at acquisition is 90 210
degrees. 1n the absence of nutation,
wue +Z axis would be aligned to the
angular momentum vector. Since
nutation induced by spanip 1) small,
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i.e., less than 2 degrees, any residual
nutation snhoula be damped out by the
nutation daaper prior to acquisition.

The spacecraft is initially below the
ecliptic after centaur ir jection.
However, it rapidly rises above the
ecliptic, sou that several hours after
separation, the initial earth look
aagie would be 75 to 90 deqrees w.r.t.
the +2 axis, if the +2Z axis were
oriented toward the south eclaptic
pole. Becaus:c the average attitude
after spinup has a potential 10-degree
error, the average €. .;th look angle at
acquisition liec betwe~n 65 and 100
degrees.

Spacecraft engineering telemetty wili
nominally be transmitted via the
spacecraft aft o»2i antenna during the
iritial acquasition perind and via th
torvard omni during the later
acquisition period. The sun sensor 1i.
used to initially assess spin speed,
suh angle and residual nutation. 1In
the presence of nutation, the averaage
value of . time 1ntervals represents
the spin period (nominally 15 $0.5 rpw)
while the average value ot .2 time
intervals divided by spin period is a
measure of sun look angle (nominally 90
$10 aeqgree). Nutation generates a
quasi-sirnusoidal variation in .ip about
the average value at Lody nutataion
freqrency (i1nertial nutation frequency
ainus spin frequency), i.e., =28% ot
spin frequency. The amnplitude of the
variation in .. ) time intervals is a
measure o. residual nutatiaon (nomanally
<2 degree) .

The attitude will be nomincily
reoriented to vitnin 2 deqrees of the
south ecliptic pole in preparation tor
the cruise phase. 2rior to this reor
(< 310 degress), star sensor
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(c)

measurements are obtained to define
attitude as well as maneuver
paramaeters. The maneuver to the south
ecliptic pole will nominally be based
on attitude information so that when
attitude measurements are obtained
after the maneuver, an initial
calibration of axial jet (s) pulsed
perforrzance can be made.

The spacecraft trajectory carcies it
abcve the ecliptic plane so that the
earth®s elevation witn respect to the
spacecraft spin plane will be positive,
i.e., toward the spacecraft +Z2 axis.
The earth®s elevaticn starts at +10 to
+18 dogrees and decreases sliowly
through the cruise phase. The forward
omni provides the best earth loo0x angle
for telemetry and cormand thicughout
the cruise phase with the spin axis
orient -3 along the south ecliptic pole.

Internlanetary Cruise Phase (36 Hours
After Liftoff to_Venus Encounter. For
a Type 1 Barth-to-Venus trajectory, the
angle between the sun-Earth line at
launch and the sun-venus line at
arrival (helioceniric transfer angle)
is less than 180 degrees. As shown in
Figure 4 .1.71.7-1, this trajectroy will
always remain inside ot the Barth's
orbit, pass pvetween the Earth and sun
(inferior conjunction) at aboui 75 days
and proceed to intercept ¥enus at 0.72
ATl from the sun at about 116 days aiter
launch.

Trajectory correction maneuvers (TCHM)
vill be needed 4c¢ compensate for launch
vzhicle injection errors and maneuver
execution errors. The corrections are
experted to total not more than 12.8
B/s §30) in spacecraft velcecity change
(AV; » Taree t-ijectory correction
®aneuvers are pianned, fos
approxirately five and twenty dayes
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after launch, and twventy-—-eight days
before Venus encounter. The first
saneuver is tha largest, requiring a
(39.5% probability of not exceeding) AV
of 12 m/sec to correct launch vehicle
injection errors. This maneuver czn be
perfermed in the south ecliptic polar
attitude using successive firings of
axial and radial dets. Since either
radial jet pair generates thrust norsal
to the spin axis and the aft and i
forvard axial jets generate thrust !
parallel to the spinm axis, the ieguired ’
AY can be delivered in any direction by
& tector combination of individual
axial and ra“’ial jet impaulses.

However, the weight penalty asscciated
with use of the vector mode for the
firet midcourse can be significant, so
that use of the axial mode (precession
e continuous axial thrust) or radial
mode (precession ¢ pulsed racdial
thrust) for thia maneuver could save as
such as 9 lbs. of propellant. The
magnitude of the multiprobe first
midcourse and the large cant angles of
the multiprede radial jets necessitate
the trade. At the time of the first
aidcourse, spacecraft sun angle is
constrainred to be greater than 65
degrees and less than 120 degrees if a
specific attitude is to be maintained
for at least 4 hours. This constraint
always permits use of the radial mode !
vhen the AV direction is within 62 i
degrees of the sunline and use of the :
axial mode when the AY direction is

withip 90 225 degrees of the sunline.

The second and third TCH®s expected to
require not more thanm a AV of 0.7 m/s
and 0.)% a/sec, respectively, are
executed with the vector mode; these
Raneuvers correct execution errors
resultang from the previor:s maneuver
and modelling errors cowpared with the

8.1-5
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actual solar pressure encountered ir
the sissicn. The vector mode has been
nominally selected for these TCH's
because it does not appreciably change
the steady state cruise configuraticen
while incurring a sasall propellant
penalty for the worst case AY
direction.

Command and control of the Multiprobe
vill normally Le exercised utilizing
the D5N 26-meter net except that when
Eaneuvers are being performed, the bu-
aeter stations will be used. Prior to
the start of the first tvo TCA's, the
darth look angle is 72 to 80 degyress;
prior to the third TcCAa, the look angle
1s 76 to 84 degrees. The combination
of forvard and aft omni®s #ill ensure
cosmand function in the event of an
anomalous attitude change. Prior to
and following any axial or radial jet
fiting, attitude, spin rate and
nucation will = determined from sun
end star sensor data. Barth look angle
during TCH®s in the cruise attitude
cause 20 to 30% of the AV ixparted by
axial jets to be reflected in .anqge
rate change and thus doppler frequency
shift. The large cant sngles ot both
radial jet pairs can cause as much as
30 to 454 of any AV amparted to be
reflected in range rate change and thus
doppler frequency shift. Thus, near-
real-time measurement of performance
during the TCHs is available via
doppier shitt.

The order of axial ana radial ijet
firing can be significant. Por radial
jet pair pulsed maneuvers of five
peters/sec, the accumulated precession
and span speed change 15 obn the order
of 3.9 degrees and 1.4 zpm,
respectively; the residual nutat-oa is
negligible. Por a single axial jet
continuous maneuver of the same

.y ————— g
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magnitude, precession iz 0.5 degree,
spin speed change is =0.6 rpms, and
nutation is 2 degrees. In order to
minizize the effect of coupling errors
due (o the first part of the vector
maneiuver on the performance of the
second part, the following sequence 1is
recommendad: radial jet pair pulsed
maneuvers have first priority when tne
AV correction is small such as the
second and third corrections; axiali jet
maneuvers have first priority when the
radial AV is more than several m/sec,
but at least a half-hour should be
allocated botveen parts of nutation
damping. An attitude touchup and spin
speed trim will be executed if required
after the maneuver is complete and
nutation i1s damped.

The initial reorientation to the south
ecliptic pole affords an opportunity to
calibrate the axial jet(s) in the
pulseé mode. A radial jet pair in the
pulsed mode has potentially strong spin
and precession coupling during a
velucity maneuver. A calibration
maneuver (perhaps a day earlier than
the first TCK) on the cruise radial jet
pair is recommended to antiacipate and
plan for any large coupling errors that
might be experienced during the first
TCA.

Star and sun Ssensors vill he used to
provide attitude data i1or maneuvers as
vell as steady state operations. The
star sensor with its rrdundant silicon
detectors is expecied to be responsive
to 25 stars. The star sensor field of
viev is the sector between 46 and 70
duegrees from the spacecraft spin axis.
This field sveeps out a 2U-degree wide
band of the sky as the spacecraft
spins. The stars which fall in the
sensor field of viev depend on the
spacecraft attitude. For the nowinai

4.1-7
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(d)

cruise attitude (south ecliptic polar),
five stars are potentially wisiki2:
Sirjus, Rigel Kentaurus, Rigel, Beta
G6rus, and Fomalhaut. Sometime during
the interplanetary cruise, the relative
celestial longitude of each omne of
these stars with respect to the sun
will cause sun interference. However,
at least taree of the five star. at
.3eful attitude references at all
times. Sun angle measurements are
availabie for sun .vwok anglu.. yreater
than 15 degrees and less than 165
degrees, when the appropriate mid-range
or extended range sensor is selected.

Attitude deteraination in its simplest
form requires a sun measurement and a
star measurement. MNultiple stars
permit estimation of sensor biases, and
therefore improve attitude accuracy and
evaluation ot solar disturbance
torques. Star sensor data on the
available star set vill be obtained
periodically throaghout (ruise to
improve attitude estimation.
Assesswent of attitude changes in
association with TCM'*s cr attitude
touchups employs the minimum data set
with updated sensor biases. Spin
period determination is routinely made
by averaging sun sensor (| time
intervals. Nutation tvansients and
decay can be observed in the quasi
sinusoidal variatiom in yy, tame
intervals at 25 to 50% of spin
frequency, depending on the HMultiprobe
configuration. Telemetry will be
transazitted primarily via the torward
osni during the first = 89 days.

Qultiprobe Bncoynter (¢8 Days Entry to
Bus Ent{y). The encounter phase of the
mission starts, for targeting purposes,
at 28 days before entry into the Venus
atmosphere with a third midcourse
correction, which will provide
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additional precision for targeting of
the Large Probe. Pollowing this
’aneuver, the spacecraft spin axis will
be precessed to an attitude in the
ecliptic plane so that the medium gain
horn can be used for communications.
This reorientation is executed with
both axial jets to minimize any
velocity perturkation. The
communications angle is =150 degrees
v.r.t. the spacecraft +Z axis,
consistent with use of the horn. The
sun angle is approximately 5S4 degrees
in the new attitude. The planet
Jupiter and the stars Al Suhail and
Procyon are also available for attitude
determination. Pour days of tracking
fc'low to permit precise determination
ol the trajectory before release of the
Large Probe.

At T+ ..ysS before entry the multiprobe
¥ill be oriented (with *he axizl jet
couple} so that the Large Probe will
enter the atmosphere at zero degree
angle of attack. The release attitude,
wvhich Cecuires a 44 degree precession,
has a communications angle outside the
usefu. range of the wedium gain horn,
so that the aft omni is primary. The
sun angle can vary between 24 to 37
degreaes depending on launch date. The
Flanet Saturn and the stars Arcturus
and Al Suhail are available for
attitude determination. Data
collection begins immediately after the

. reorientation; confirmation of attitude
and any required touchup nominally
takes place within the next several
hours so that the release sequence can
begin.

Iwmediately after Large Probe release,
the spin axis orientation vill be
precessed to the Small Probe targeting
attitude to once again allow use of the
medium gain horn. The communications

4.1-9
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angle changes to about 163 deqrees
while the sun angle increases to about
48 degrees. The planet Jupiter and
star Al Suhail are again visible. At
E-23 days, the Multiprobe will be spun
up to 48.5 rpm and a pulsed radial jet
AV maneuver uwill be performed to effect
a AY of 5 m/sec to achieve the desired
Small Probe targeting. Three days of
trackiang tollow to permit precise
determination of the trajectory before
release of the Small Frobers.

At 20 aays before entry the multaprobe
will be oriented {wit' the axial jet
couple) so that the proper separation
of tae probes on the surtace of the
planet will be providea oy the spin-
indeced ceniritrugai force acting
perpendicular to the spacecratt span
dxis. The velease attitude, which
reguires a 50 degree orecessaicen, has a
communications anale less than 150
degrees, so that the att omni is
primary rather than the medium 31ain
horn. The sun angle cal vary between
16 to 25 dearees Jepeniing on launch
date. Power limitations at such low
sun angles l:mit the dwell time at the
Llelease attitude to 4 hours.
Conseguently, the precession to the
release attitude 1s done 1n two parts:
An initial precession to a holding
attitude with a 20 degree sun anqgle;
and 4 second precession to the required
attitude. This strateuy increases the
overall Jdwell time to 10 hursa.
Several other penetits also result:
The star sensor coceldown period is
longer, upyrading pertormance at the
release attitude; the star= 1 Suhail,
Arcturus, and Saturn are v. ‘e at the
holding atiituue, insuring a jp.ecise
attrtude determination; and the first
part or the maneuver provides updated
jet calibration data ton use for the
second part, a small precession of

4.1-10
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about 10 degrees. After reorientation
to the release attitude, the star Al
Suhail is available and Arct<ras may be
available for attitude determination.
Data collection begins immediately
after reorientation. Cornfirmation of
attitude and possibly an attitude
touchup take place within the next two
hours. The release segquence begins
vhen the attitude and spin rate are
judged satisfactory.

Immediately after release, the spin
axis will be precessed to an attitude
vhich allows use of the medium gain
horn and provides a sun angle of 40
degrees. The stars Al Suhail, Acrux
One and Regulus are available for
attitude detersination.

At E-18 days, the bus will be oriented
so that a AV maneuver of 19 ma/sec with
the forwvard axial jet will move the
trajectory aim point to that desired
for bus entry and slow the arrival by
90 minutes so that the bus will arrive
atter impact of al) prches on Venus.
The required AV attitude, which
requires a 34 degree precession, also
has a communications angle less than 30
degrees, so that the aft omni is
primary. The sun angle is about 28
degrees. The star Al Suhail 1is
available for attitude determination.
After the continuous forward axial jet
burn, the bus i1s precessed back to the
E-20 transit attitude. The forward
axial jet is employed for all
pPrecessions associated with this
maneuver in order to take advantage of
its retarding velocity increment.

At E-8 days, the bus wiil be oriented
to the final entry attitude so that
angle of attack will pe near zero at
atmospheric entry. The entry attitude,
vhich requires an 18 degree precession,

4.1-M
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has a communications angle near 180
dogrees so as to take advantage of the
medium gain horn. The sun angle is
about 50 deqrees. The planet Saturn is
available tor attitude determination.

At E-2 days, the bus will be despun to
9.45 rpm 1n prepatration for entry.
This mapeuver is delayed to this time
in the mission in order to lirit the
propagation time of the accelerating
velocity increment due to the canted
spinup jets. A final trajectory trinm
maneuwver may be done, 1f recuired, at
one day before entry to reduce the
uncertainty in eatry flight path angle.
The bus nominally arrives at Venus on
December 29, 1978 and provides the
desired scientific sampling before its
destruction during atmospheric entry.

Attitude Profile. The spacecratt spin axis is
the axis of maximum moment of inertia about which
the spacecraft is spun for attitude
stabilization. The positive spin axis 1is
no®inally coincident with the spacecraft +2 axis.
In the absence of nutation, the positive spin
axis 1is also coincident with the spacecraft
angular momentum and angular velocity vectors.
Spacacraft attitude is the direction of the
spacecraft anqular momentua vector. 1In the
absence of nutation, spacecraft attitude is
identical with spin axis attitude. With nutation
present, spacecraft attitude represents the
averaqge direction of the pousitive spin axis.
Attitude will be defined by the celestial
latitude and longitude ot the "™average™ direction
0f the positive spin axis, as shown in Pigure
B.1.1.2-7. A detailed attitude profile expressed
1n these coordinates is discussed bpelow.

(a) Launch _and Near Earth Phase. Prior to
spacecraft separation, the Centaur will
orient the spacecraft +Z and +X axes
such that, after separation and spinup,
spacecratt attitude will nominally be
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parallel to the south ecliptic pole and
the average sun look angle vill be =90
degrees. Pigure 4.1.1.2-2 shows that
the Centaur orients the ¢Z axis to -
78.2 degrees latitude, ©g5 degrees
longitude, and the +X axis to +11.€
degrees latitude and 8g -10.6 degrees
longitude. @85 is the celestial
longitude of tue sunline prior to
separation; it varies from 134 to 150
degrees over the launch opportunity.
Separation and spinup nominally
establish spacecraft attitude (angular
mRORentun vector) at the scuth ecliptic
pole. The cone of possible attitudes
indicated in the fiqure reflects a
possible attitude error of 10 degrees
due to Centaur control, separation and
spinup errors. Therefore, the average
sun look angle can range between 80 and
100 degrees. The earthline is also
delineated in the figure with latitude
6g and longitude 8. Both angles vary
rapidly during the first two hours
following injection., The latitude, §
then settles to -10 to =15 degrees
depending on launch date. The
longitude, 8, becomes quasi steady at
40 to 50 degrees as a function of
launch date. The resulting average
earth look angle lies between 65 and 90
degrees.

EI

The spinup process generates =2 degrees
of residual nutation and causes a 2
degree variation in sun and earth look
angles as the positive spin axis cones
around the spacecraft attitude at
inertial nutation frequency
(approximatley 25 percent greater than
spin frequency). Figure 4,1,1,2-3
illustrates the motions of the +2 axis
and positive spin axis, and how the
look angle to an inertial target will
vary in the presence of nutation and
spin axis tilt from the +2 axis. The
nutation damper will damp out the $2

“-1"’13
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degree variation in look amgles (<30
minutes time constant at 15 rpm spin
rate) .

The sun sensor transfer fanction and
field of view are illustrated in Piqure
4.%.3.2-4. The mid-range sun sensor is
noasinally selected after spinup for
initial observataon at acquisition.

The stars Rigel Xentaurus, Rigel, Beta
Grus, Pomalhaut and Hadar are availatle
for attitude determination after
acquisition. The touchup reor to the
south ecliptic pole will noainally be
based on sun and star information. An
initial calibration of axial jet (s)
pulsed performance can thea be made
after attitude measurements at the
cruise attitude are obtained.

{b) Interplanetary Cruise Phase. During
the interplanetary cruise portion of

the multiprobe mission, the spacecraft
positive spin axis (42 axis) will Dde
maintained within 2 degrees of the
south ecliptic pole (except as peeded
for trajectory correction maneuvers).
Therefore, the celestial latitude of
the positive spin axis is -88 to -90
degrees. The celestial longitude would
be arbitrary (0 to 360 degrees) if the
attitude were not biased to take
advantage of the wentire attitude
deadband and winimize the frequency of
attitude touchups required to
coapensate for solar torque precessione.
Attitude biasing implies that the
difference in celestial longitudes of
the sunline and spin axis is 190
degrees, so that as solar torgue
precesses the spin axis around the
sunline, the entire attitude deadband
is uvtilized.

The Multiprobe sun look angle history

for the cruise phzse is shown in Pigure
4.1.1.2-5. The +Z axis is assumed

a.1-14
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oriented to the south ecliptic pole.
The Multiprobe earth look angle history
for the cruise phase is shown in Pigure
4.1.7.2-6. Part of the attitude
variation due to solar torque would be
reflected in earth look angle through
most of the cruise since the earth and
sun lines of sight are near coincidence
for short periods of time only. This
is illustrated in PFigure 4.1.3.2-7 by
the sun-spacecraft-earth aagle during
cruise.

Five stars are availalble for attitude
determination and roll reference during
cruise vwhen the spin axis is oriented
near the south ecliptic pole. At least
three stars are useful at any tiae.
Rigel, Beta Grus, and Fomalhaut do uot
suffer any sun inteference throughout
cruise. Sirius has interference during
the initial 20 days after lauvnch, while
Rigel Kantaurus has interference during
the last 30 days of cruisc.

Trajectory correction maneuvers are
nozinally executed in the south
ecliptic polar attitude by a vector
combination of individual axial and
radisl jet impulses. Foruard and aft
omnis are available for command
function in the event of an anomalous
attitude change. Two optional ICH
sethods exist which might avoid any
propellant penalty associated with the
vector mode, particularly during a
large first TCM. The axial jet wode
requires precession of the spin axis to
the desired AV direction, continuous
4ft or forward axial jet thrust, and
reorientation of the spin axis back to
the south ecliptic pole. Powver and
thermal considertions rejuire sun lock
angles between 65 and 1.0 degrecs for 4
hour dwell at any potential maneuver
attitude. Wwith the earthline about 90
degrees froe the sunline at first 'ICN,
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<he earth look angle could range
between 0 and 180 degrees. The
available stars or planets are
dependent upon the specific attitude
required. The radial jet mode requires
precession of the spin axis until the
desired AV dircction lies in the radial
jets thrust plane (i.e., the plane that
contains radial jets thrust vectors),
pulsed r dial jet pair thrust, and
reorientation of the spin uxis back to
the south ecliptic pole. The sun look
angle range is 65 to 120 degrees while
the earth look angle range is betveen 0
and 18(C degrees. The available stars
again are dependent upon the specific
attitude required. Both of these
metheds require precession at the cost
of =1 1b/69 degrees. The maximue
veight saving associatcd with these
methods for the worst case first TCH AV
magnitude and direction is =9 povunds.
The use of either method wiil depend obn
a trade-off ot actual weight saving
against operational complexity and star
availability at the maneuver attitude.

(c) Bpcounter Phagse. Figure 4.1.1.2-8
summarizes the Multiprobe spin axis
attitude history during the encounter
phase. At F-28 days, the spacecraft
spin axis is reoriented into the
ecliptic plane to initiate use of the
medius gaxn horn. The communications
and sun angles w.r.t. the snacecraft +1
axis are 151 and 54 degrees,
respectively. The plapet Jupiter and
the stars Al Suhail and Procyon are
nominally visible in this attitude.

At 24 days before entry, the Nultiprobe
is reoriented prior to lLarge Probe
release so that its spin axis is co-
linear with the large Probe velocity
vector at atmospheric entry. The loci
of requirea Multiprouve attitudes
associated with lLarge Probe entry
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points on the bouvndar.es of tie regions
of acceptable target points are shovn
in Pigure 4.1.1.2-9 for thtree lauach
dates anG arrival on December 9, 1878.
In the figure, the boundaries on
Multiprobe attitude for viewing stars
and planets are also shown with the
shaded side of the boundary indicatinc
the star or planet is either not in tle
field of view or subject to sun
interference. The figure indicates
that tour stars -~ Arcturus, Al Suhail,
Canopus and Requlus -- may be in the
star sensor field of viewv, the planet
Saturn vwill alwvays be visirie. The use
of Arcturus as a reliable reference is
somevhat questionable because it 1is
subject to sun interference over part
of the attitude region of interest.

The sun argle at release can vary
between 4 and 37 degre.s and tends to
deczecase as the launch date is delayed.
The communications angle at release can
var~ between 140 and 154 degrees, and
also tends to increase as the lauanch
date is delayed.

Atter Large Probe release, the spin
axis »s recriented to the Small Probe
targeting attitude as illustrated in
Figure 4.1.1.2-8. The commuuications
and sun angles are 163 and 47 degrees,
respectively. The planet Jupiter and
star Al Suhail are nowinally visible in
this attitude.

At 20 days before entry, the Multiprobe
is reoriented s0 that proper separation
of the Small Probes on the surface of
the planet will be provided by the spin
induced centrifugal force acting
perpendicular to the spacecraft spin
axis. The range of required Multiprob.
attitudes as a function of launch d:te
and tiee of release are shown in Pigure
4.1.1.2-10 for arrival on 9 December
1¢78. 1In the fiqure, the boundaries on
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Multiprobe attitude for viewing stars
ana planets are also shown. The figure
indicates that the planet Saturn and
star Arcuturus ®»ay be visible; the star
Al Suhail will always be visible.
Arcturus say be too clocse to the region
of sun interference to provide a
reliable reference. The pianet Saturn,
vhile not in the field of view at most
Small Probe release attitudes, does
provide a very reliable reference for
the small probe holding attitude
discussed in 4.1.1.1 and defined in
Pigure 4.1.1.2-10. Arcturus is also a
reliable reference at this attitude.
The sun angle at release can vary
between 16 and 29 degrees and tends to
increase as either launch date or
release time is delayed. The
compurications angle at release can
vary between tu46 and 152 degrees and
tends to 1ucrease as the release time
is delayed.

After release of the Small Probes, the
spin axis is reoriented back toward the
eclintic as shown in Pigure 4.%.1.2-8.
The comrunications and sun antles are
166 and 40 degrees, respectively. The
stars Al Suhail, Acruvz One and Regulus
are nosinally visible in this attitude.

At 18 days before entry, tne Multiprobe
is reoriented for bus targeting as
shown in Pigure 4.1.1.2-8., The
comrunications and sun angles are M3
and 28 degrees, respectively. Only the
star Al Suhail is nominally visible in
the bus targeting attitude. The
Multiprobe is reoriented to the E-20
transit attitude after the maneuver is
completed.

At 8 days before entry, the Multiprobe
i1s reoriented to the final entry
attitude with angle of attack near
Zero. This attitude has a
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copmunications angle near 130 degrees
to take full advantage of the mediua
gain horn at entry. The sun angle is
40 degrees iraediately after the
maneuyver, and 52 degrees just prior to
entry. Onrnly the planet Saturn is
nominally visible in the bus entry
attitude.

4.1.1.3 Spin_Rate Profile. 1mwmediately following
separation from the Centaur, the Multiprobe is
spua up to the nominal cruise spin speed range of
15t.5 rpa by a prestored command sequence. The
cruise spin rate has been selected on the basis
of several trade-offs. The cruise spin rate
provides sufficient spin "stiffpness™ to limit
attitude ervors and residual nutation resulting
from subsequent ®idcourse maneuvers. Thrust
pointing error and nutation induced by a
continuous axial jet AV maneuver (both inversely
proportional to spin speed sgquared) are bounded
at 0.6 and 2 degrees, respectively. Attitude
change induced by a pulsaed radial jet pair AV
maneuver (inversely proportional to spin speed)
is bounded at Y.3 degrees. The same gyroscopic
stiffness limits cruise attitude precession due
to solar torque (inversely proporticmal to spin
speed) to =0.1 degree/day. The spin rate 1s
limited to 15 rpa during cruise to minimize
propellant required for precession maneuvers
(proportional to spin speed) while being
consistent with mainimum gyroscopic stiffness
requirements.

Pollowing release of the Large Probe at the 15
rpra spin rate, the Multiprobe is spun up to about
48.5 rpm. This is the nominal rate corresponding
to Small Probe release at E-20 days. The spin
rates required for release at tises other than E-
20 days vary between 40 and 60 rp». The increase
in spin rate contributes a total of approxisately
2.2 meters/second useful AV (approximately 0.066
Reters/second/rpu) for Small Probe targeting
because of the significant cant of the spiaup
thrusters.

4.1-19



Section MNo. _ _8.1.1,4
Doc. No. __PC-403
Orig. Issue Date _5/22/78

Revision No.

Revision

4.1-20

After Small Probe release, the bus spin rate is
left at the high 43.5 rpm rate until twvo days
prior to entry, vhen the bus is despun to 9.u45
rpm, the desired entry span rate. Earlier despin
would contribute an axial AV which wvould
accelerate the time of bus arrival. Mission
requiresents dictate a retardation of bus
velocity to effect a 90-minute delay in entry
time with respect to Large Probe entrye.

Figure 4.31. .3-1 illustrates the noainal
Multiprooe spin rate history. The phase lock
loop (PLL) spin ranges and spin rate detector
limits are also shown in the figure. Since the
acceptable spin rates tor lLarge Probe entry,
Small Probes deployment, and bus entry are well
defined, the only spin rate option is during
cruise. A spin rate uigher than 15 rpm 1incurs
additional weight penalty while a lower spin rate
suffers large attitude perturbations.

Span speed can vary as a result of cross-couvling
during thrusting maneuvers and externai
disturbance torques generated during separation
events. Spin change accruing from the first TCM
is expected to be less than 4 rpa;: the spin
change resulting from any targeting mwaneuver
should be less than 3.5 rpm. Spin trims during
cruise or encounter should be consisteat with the
nominal profile or an available option.

Variaiion in the spin rate of the Multiprobe as a
result of either Large Probe or Small Probes
separation 1s expected to be less than 0.25 rpm.

Mapeyver Missaiop Profile. Table 4.1.1.4~1
delineates the chronological segyuence of noainal

spin speea, attitude and velocity maneuvers
during the Multiprobe mission. Each maneuver has
an associated rowv of tabulated values defining
caneuver magnitude, required propellant, maneuver
mission tiwme, nominal thruster (s) employed, pulse
vidth selected, number of pulses and execution
time. S5pin speed maneuvers are nominally
executed by continuously firing a pair of radial
jet spinup or despin thrusters. Attitude
maneuvers are nominally executed by pulsing the
axial jet couple a2t spin frequency. Attitude
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Raneuvers associated with bus targeting are
executed with the forvard axial jet to take
advantage of the associated velocity increment.
The midcourse velocity maneuvers are assumed to
be executea in the vector mode, and the
magnitudes ot both ax:al and radial AV
corrections are assumed maximum and equal,
corresponding to the worst case reguired AV
magnitude and direction. The maximum available
pulse width has been selected for the first
radial AY midcourse corrections to limit
execution time; this Cesulis in negiigible change
in overall impulse efficiency.

The Multiprobe is initially loaded with 60 lbs of
propellent. PFigure &.1.1.4-1 illastrates
remaining prcpellant versus missicn time. Note
that the first pidcourse consumes the most
propellant. This maneuver is discussed further
in Section 4.3.%. About 37 1bs of propellant are
nominally required for all maneuvers so that
approximately 23 1bs of propellant are available
for calibration saneuvers and contingency
planning.

All maneuvers should be executed within a sun
look aspect angle range of 65 to 120 degrees in
order to avoid any lieitation in attitude dwvell
time due to thermal and power considerations.

If, in addition, the sun aspect angle is
maintained greater thaa 55 degrees, the mid-range
sun sensor is always visible and no sensor
switching is reguired. Maneuvers are nowinally
executed in sunlight so thdat the sun can always
be employed as the spin reference pulse for the
PLL and spin rate detector. This is particularly
impoOrtagt during long continuous axial jet burns,
since a single bit error in the jet select
magnitude ccwmand or a logic failure could cause
one of the spia thiusters to inadvertently fire.
Earth look angle is ualimited when both forward
and aft omnis are 1a receive wode. Howvever, the
forvard omni should be in traanssit mode for look
#ngles less than 95 degrees while the aft omni
should be in transmit wode for look angles
greater than 65 degrees. If an attitude saneuver
reqguires crossing either barrier, prcvision
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should be made to switch the appropriate omni e¢»
the transamit mode in ord.r ta avoid loss of
telemetry. LlLong, continuous burns are executed
vitk both omnis in receive mode and with the omni
having the best eactth look angle in transeit
mode; this practice would insure telemetry
coverage of any anosalous behavior and provide
command capability for any immediate actions that
might be required.

During any maneuver, spin period and sun angle
should be the selected attitude measurement
words. After the initial spin-up maneuver at
separation, the spin rate detactor should also be
enabled for the remainder of the wission. Por
continuous axial jet buras, the sun gate and PLL
loss of lock are enabled so that the maneuver
will terminate automatically when the time count
reaches zero, the JCE output is switched off, the
PLL loses lock or the spin rate range is
exceeded. One of the last twvo conditions will
gnickly terminate the maneuver iu the event a
spin thruster is inadvertently fired. PFor
continuous radial jet burns (spin maneuvers), the
PLL loss of lock and sun gate are disabled to
permit the maneuver to continue as the PLL loses
lock and to always provide a spin reference pulse
to the spin rate detector, respectively.
Therefore, this type of maneuver will terminate
vhen the time count reaches zero, the JCE output
is swvitcheo off or the spin rate range is
exceeded. For pulsed maneuvers (precession,
velocity or spin), the PLL loss of lock and sun
gate are enabled anud the same shutdown conditions
as those for the continuous axial burns apply.
These conditions insure accurate thrust direction
and no erroneous spin thruster firing. However,
a duty cycle detector enabled oply in pulse mode
can also terminate the maneuver. If the duty
cycle exceeds limits dependent on spin speed and
thruster pulse wadth selection, antomatic
shutdown occurs. This feature basically limits
any apocmalous pulse widths to less than 60
degrees of the spin cycle and therefore limits
the error in the direction of applied jet
impulse. The duty cycle detector, which cannot
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be disabled by ground command, precludes the use
of the 512 ms pulse width above 20 rpm.

4.1.2 Disturbances. External forces will perturb
spacecraft attitude during the mission. Attitude
drift due to solar pressure is discussed in
Section 4.1.2.1. Attitude perturbations due to
aerodynamic forces arising during bus entry 1is
presented in Section 4.1.2.2. Nutation can be
induced by external forces (e.g., jet maneuvers),;
nutation is discussed in Section 4.1.Z.3. Wobble
refers to the tilt of the +Z axis relative to the
axis of maximum moment of inertia; the sources
and effects of wobble are summarized in Section
b.1.2.4.

4.1.2.1 Solar Dicturbance Torque. An external torque due
to solar pressure arises when the spacecraft
center of pressure (c.p.) and center of mass
(c.n.) are not coincident. The magnitude of the
torque and therefore the attitude drift rate are
proporti.iual to the solar pressure {lux and the
C.p./c.m. offset. Since solar pressure is
inversely proportional to *he square of the
distance from the sun, the precession rate of the
Mulcviprobe at Venus (0.7 Ru) would be about tvice
that at earth (1 Au) for a given C.p./C.R.
offset. During cruise, the center of pressure
lies about 20 inches below the spacecraft center
of mass. Pigure 4.1.2.1-1 illustrates a tiaeline
of the Multiprobe solar precession rate during
cruise. Positive precession rate indicates that
the c.p. is aft of the c.m. and that the
direction of precession is given by the right-
hand rule with the right thumb pointing from the
sun to the spacecraft.

The cumulative solar torgue precession for the
Aultiprobe during cruise in the ecliptic nornmal
attitude is about Y degrees. Appropriate biasina
of the attitude relative to the sunline to take
advantages of the entire attitude deadband wounld
1imit the number of attitude touchups to three.

4.1.2.2 Aerodynamic Disturbances. An erternal (drag)

torque arises during bus entry when the
spacecraft aerodynamic center of pressure and
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center of mass are not coincident. The
approximate altitude at which earth
communications can be expected to be lost is of
interest.

n—

Because the bus is spinning, the surface
configuration presented to the oncoming gas flow
is symmetracal about the spin axis. Therefore,
the net force vector applied to the vehicle wuill
always lie in a plane containing the velocity
vector (V) and the spin axis (@) . The
instantaneous torgae vector and, hence tke
instantaneous momentum change vector, are normal
to the plane containing ¥ and w. As the spin
axis precesses in a direction normal to the
instantaneous V-u plane, the force components
rotate in such a way that they stay in that :
plane. The resulting motion of the spin axis '
will describe a cone about the velocity vector.

If the torque cowrponents that tend to drive w

avay from V are larger than those that tend to

arive them together, the flight mode is unstable

and @ will coue about ¥ in an ever increasing

spiral. It the_mode is stable, & will spiral

invard, toward V. The mode is unstable for the

Probe Bus. Since the earth-vector is

approximately W9 from the spin axis at encounter

and since the gaia margin of the earth

communications antenna becomes negative at a cone

angle of 300, the earth comaunications will be

lost when the spin axis spirals cut to a point

that is about 160 from the velocity vector.

e

The nominal angle of attack is zero, which, if
precaisely tiue, would yield no initial
disturbance torque and no spiral. 1In actuality,
the angle of attack will not be exactiy zero and
the spiraling motion will occur. The exact
choice for an initial angle of attack has little
effect on the outcome. The rate of change of
atmospheric density vith altitude is such that
from 250 ka to about 120 ka2 the spiraling motion
will add oaly about ) degree to the angle of
attack no matter what the initial angle is over a
10-degree range. Then, vher the spiral does
begin to increase, 1t diverges so rapidly that
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communications would be lost at about the same
altitude for any initial angle of attack.

Nutation. A spinning body will always tend
towaxds a spin about its axis of maximum moment
of inertia, because this is the lowest rotational
energy state., A "pure spin" equilbrium is
characterized by coincidence of the body spin
(maximum inertia) axis, angular velocity vector
and angular momentum vector. External moments
such as those arising during jet maneuvers will
usually perturb the "pure spin" state by
accumulating angular velocity and angular
momentum orthogonal to the body spin axis.
Nutation refers to the angular motion of the
spinning body wader such a perturbation. The
resulting nutational motion for a body whose spin
axis is an axis of symmetry (i.e., moments of
inertia about all axes perpendicular to the spin
axis are equal) s illustrated in Figure
4,1.2,3-1. In inertial space, the body spin axis
is observed to cone counterclockwise around the
angular momentum vector at the inertial nutation
rate, w,. The latter frequency is the product of
the spin-to-transverse moment of inertia ratio, o
(greater than one), and the spin speed, w,. Two
important observations can be made from study of
the figqure. The first is that with respect to a
body~-fixed observer, the angular momentum vector
appears to cone counterclockwise around the body
spin axis at inertial nutation frequency minus
spin speed (i.e., body nutation fregquency,

Q= (0-1) w,). This is the frequency at which
any dampers on the spinning body are excited.

The second observation is that any sensor (e.q.,
sun sensor) which samples the angle between the
spin axis and an inertial target direction once a
spin period, will detect an amplitude modulation
on the measured angle at the difference (body
nutation) frequencv. Thus, for example, nutation
would generate a sinusoidal variation about the
average value of the {{ -, date type at 20X of spin
frequency, if o were 1.2, An attitude
sensor/spin rate detector such as the sun sensor
is, therefore, a useful nutation/mass properties
sensor on a gpinning body.

4,1-25
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The Pioneer Venus Multiprobe is a slightly
asymmetrical body, i.e., moments of inertia about
axes perpendicular to the spin axis are unequal.
The resulting nutational motion for such a body
is somevdhat more compiicated than the symmetrical
case, as illustrated in Figure 4.1.2.3-2. The
body spin axis is observed to precess
counterclockvise around the anqular momentum
vector at a nutation angle, O, which varies
between Opin and Opax- The precession rate can
still be identified as the inertial nutation
rate, w, , vhere the latter frequency is the
product of the effective spin-to-transverse
moment of inertia o0, (greater than one) and the
spin speed w,. 0, is defined by:

o, = 1+ Vo= (o,m1)

Where 0, is the ratio of the spin to maximum
transverse moment of inertia (l1z/Ix), and oy is
the ratio of the spin to minimum transverse
moment of inertia (Iz/1y). The nutation angle
varies because of the tendency for the nutation
angle to increase when the angular momentus
vector approaches the plane defined by the axes
of spin and maximum transverse momerts of
inertia. Since the angular momentum vector
appears (to a body-fixed observer) to cone about
the body spin axis at body nutation frequency (Qe
= (0g-1) w,;), 1t will approac. the plane of
interest at twice this frequency. 1In ainertial
space, then, the spin axis spirais trom &p;p, to
Omax and back to Bi, at twice body natation
frejuency, while precessing about the angular
momentuee vector at inerttial nutation frequency.
The ratio of the maximum to minimum nutation
angles is defined by:

= v AR A e—— T - -
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This ratio is approximately 1.03 for the Pioneer
Venus Multiprobe, so that any distortion in the
amplitude of the sinusoidal variationm in sun

angle at body nutation frequency is negligible.

Nutation will be induced by any thrusting
maneuver which generates a torque about the
spacecraft center of mass that is orthogonal to
the spin axis for a noninteger number oi body
nutation periods. After spinup, the continuous
firing of a single axial jet i1s the major source
of nutation. A thruster firing for an integer
plus a half nutation period will develop a peak
average nutation proportional to the transverse
torque and inversely proportional to the spin
rotational energy (1/2 1 w;?) and (0,-1).
Maximum nutation perturbation during cruise at 15
rre is 2 degrees. A small nutation (<0.25
‘degree) will also be induced by continuous

" firings of radial thrusters during spin trims
wjyheuvers.

Axial and radial thrusters will always be pulsed
for a small fraction of the body nutation period.
AS 2 result, e€each puise vill induce a change in
fhe nutation angle equivalent toc the precession
(angui.: movement of the angular momentum vector)
per pulse. However, since the pulsing
frequercies (spin speed and twice spin speed) are
asynchronous with body nutation frequency, g,
nutation vwill alternately increase and decrease.
The maximue nutatior, ©,, resulting froe a
Pulsinq maneuver at fregvency LI which generates
A precession per pulse, Qpe is given by:

- p

= —— i —— —— — -

Bp { /Q
’ < “p

9

Precession maneuvers vhich pulse arxial jets at
spin frequency vill generate the maximum nutation
disturbance associated with pulse maneuvers. Op

4.3-27
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is approximately 30% greater than the precession
per pulse.

Nutation 1s damped by employing omboatrd movable
devices that dissipate energy associated with the
transverse angular rates so that the principal
axis of maximum moment of inertia can become
coincident vith the angular mowmentum {(constant in
the absence of external torque). The cpin speed
%111 always increase slightly during the passive
damping process, consistent with both
conservation of angular momentum and the lovert
possible energy state for ®pure spin™. Th->
analytical method, corroborated by many in-orbit
observations, for describing the converging
character of the nutation angle is the time
coustant approximation. The basic assumption is
that the rate of nutation angle change is
proportional to nutation angle; the resulting
exponential decay of nutation angle is described
via the time (nonstant (the reciprcc:-al of the
prorortionality constant). Nutation dampers will
generate ditferent rates of decay over different
ragions of nutation angie; time constants,
therefore, are identified with specific ranges of
nutation.

The =method for onboard nutation damping 1is
provided by the freon tube damper described in
3.3.2.6. The dawmping performance of this device
1s a function of spin speed, @aass properties,
temnperature, and nutation andgle level. Pigure
3.3.2.6-1 illustrates its pertormance over spin
speed and temperature for small nutation

angles (<19} . Table 3.3.2.6-1 defines damper
perforwance for key ®mission events and their
associated spin speed and nutation levels.

Wobble. The spacecraft 2 axis is nominally
aligned along the axis of maximum moment of
inertia. In the absence of nutation, then, every
pocint on the Multiprobe rotates about the Z arxis.
Uncertainties in the spacecraft alignment and
balancing processes cause the true spin axis
{axis of waximum moment of inertia) to be tilted
vith respect to the spacecraft 2 axis.
Consequently, every poant on the multiprobe
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rotates about tue tilted spin axis. This implies
that the Z axis cones about the truae spin axis at
the tilt angle. This motion is referred to as
wobble i+ deferenc: to the behavior of the despun
3GA beam on the orbiter; the motion is more
properly labeled spin axis tilt on the
Bultiprobe.

The wobble or spin axis tilt aagle is
proportional to the spacecraft resicdual dynamic
imbalance and inversely proportional to the

d .fference between the spin and transverse
moments of inertia. Since the Pioneer Venus
Bultiprobe is a slightly asymmetrical body, the
wvobble angle would be largest if the dynawic
imbalance were located in the plane defined by
the spin and maximum transverse moments of
inertia. The dynamic imbalance component due to
each error source has been assumed to lie in the
vorst plane in order to coanservatively bound the
total wobble angle error. The Multiprobe is a
variable composite of the bus and probes. Three
distinct configurations can be identified for
vobble angle summaries; namely, the bus only, the
bus ¢+ 3 Small Probes, and the bus + 3 Small
Probes e Large Probes. Therefore, any dynamic
imbalance of the parts (bus or probes) and
installation tolerances in their assewmbly will,
in general, generate different wcohble angles tor
each configuration.

Table 4.1.2.4-1 lists the various uncertainty
errors and their contributions to the wobble
angle of the bus only (all probes separated) .
Residuals associated with any contributor are
sma.l so that the total wobble angle uncertainty
is less than 0.014 degree. There are systematic
error sources that are also listed in this table.
The bus will be nominally balanced for the cruise
configuration. Since the cap or the neutral aass
spectroseter is nominally ejected prior to entry,
a systewmatic 0.1 degree tilt of the true spin
axis from the +Z axis (toward & = 1600} vill be
present during entry. Retraction of the Large
Probe IPDL connector vill cause a small additional
tilt (=~ 0.0039) the total rigid body vobule of
the bus only configuration is 0.1 20.0%4 degree.
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Table 4.71.2.4-2 lists the various uncertainty
errors and their contribution to the wobble angle
of the Bus and 3 Small Probes (Large Probe
separated) . The residual imbalance of the bus
(described above) contributes a wobble angle of
0.005 degree in this configuration. An
uncertainty of 0.005 inch in the lateral location
of the bus center of mass 1s the main integration
error, causing an additicnal) wobble of 0.003
degree. Uncertainty in the dynamic imbalance of
each Small Probe is small, with a wvobble
contribution of only 0.007 degree. An
uncertainty of 0.035 inch in the station of any
Sezall Prohe center of mass is the wmain
incegration error, causing a vwobble of 0.027
degree per probe. There is a systematic error
source that is alsc listed in this table. A
measurable dynamic imbalance has been allocated
to each Small Probe tc accommodate potential
difficulty in balancing the probes (balance
veight/plane limitations). Recent preliminary
balance of tvo Small Probes indicates that the
allocated wobble contribution due to this source
1s conservative. The total rigid body wobble of
the probe bus + 3 Small Probes configuration is
$+0.007 $0.04b degree.

Table #4.1.2.4-3 lists the various uncertainty
errors and their contribution to the vobble angle
of the probe bus + Large Probe + 3 Small Probes
(cruise configuration). Wobble contributions Jue
to residval bus imhalance, Small Probe imbalance
and their integration into the Multiprobe have
been appropriately scaled to this configuration.
The residual imbalance of the Large Probe
contributes a wobble angle of 0.006 degree in
this confiquration. An uncertainty of 0.032 inch
in the lateral liocation of the lLarge Probe ceunter
of mass is the wain integration error, causing a
wobble of 0.047 degree. The Large Probe is
assumed to be nominally balanced; any difficulty
in realizing this state can be overcome by
laterally positioning the Large Probe on the
Bultiprobe such that the measurable center of
mass offset counterbalances any measurable
product of inertia. The total rigid body wobble
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of the probe bus ¢+ Large Probe + 3 Small Probes
configuration is $0.011 $0.087 degree.

There are twe non-rigid parts of the spacecra’t:
namely, hydrazine propellant and nutation dazper
fluid, that can increase the wooble. Any spin
axis tilt tovard one hydrazine tank would cause
fluid to migrate to the other tank in order to
keep the free surface in each tank equidistant
from the spin axis. The result of this migration
is to amplify the wobble component in the plane
containing the tanks and the Z axis. The
magnitude of the axplification is dependent on
the propellant f£ill fraction, ditference n
station betveen the system center of mass anAd
propellant tanks, and the diftererce between the
spin and transversc moments of inertia. Studies
indicate that the wors* case amplification of
1.85 occurs in the cruise configuration at a
propellant fill fraction of 33%. The substantial
difference (=30 inches) between stations of the
systen center of mass and propellant tanks is the
main contributo:r to the large amplification.
vorst case amplification factors of 1.08 and 1.18
apply to the bus only and bus +3 Szall Probe
configurations, respectively.

Similarly, any spin axis tilt tovard the nutation
damper would cause damper fluid to move sach that
the free surface is alvays parallel to the spin
axis. The readjustment of damper fluid amplifies
the wobble component in the plane containing the
damper and the Z axis; the wors. case
amplification is 1.03. when both hydrazine aad
damper fluid are present on-board, the
displacement of one fluid is ccupled to the
displacement of the other. Studies indicate that
the worst case resultant amplification factors
due to both fluids are 1.9, 1.22 an? 1.12 for the
bus + all probes, bus + Small Probes and bus only
cont igurations. Table 4.1.2.4-1 indicates that
the maximum expected wobble angle for the bus
prior to entry 1s 0.128 degree. Tabie 4.%.2.4-2
indicates that the maximum expected wvobble angle
for the bus ¢+ 3 Swmall Probes is 0.067 degree. 1In
order to assess the total wooble angle for the
bus + all probes, it 1s necessary to note that
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any Large Probe center of mass offset toward
propellant tanks to compensate for its measurable
dynamic imbalance will cause propellant
redistribution between tanks. Table 4.1.2.4-3
indicates that an intentional offset of the Large
Probe center of mass by 0.05 inch causes a wobble
angle of 0.03 degree. After amplification, the
maxiaum expected wobble angle fcr the bus + all
probes is 0.196 degree.

Multiprobe wobble causes a small reduction in the
received signal strength from the zmedium gain
horn and a negligible change in the omni

pat* 2xyns. Wobble will also affect sun and star
sensor alignment parameters; calibration of
biases in these parameters due to spin axis tilt
will be necessary in order to accurately define
attitude. Wobble will also affect axial jet
alignment, causing equal and identical spin
biasrs on the two axial jets.

There are several times in the mission where
wobble has a transitory nature. AV maneuvers may
temporarily drawv propellant asymmetrically from
one tank causing momentary wobble changes of at
nost 0.5 degree; after redistribution of
nrupellant (less than 1 hour), only “he fuel
amplification effect discussed above will be
present. It is expected that wobble will also
chaunge whenever any of the probes are released.

Mission Dynawmics

Launch Vehicie Separation Spacecraft Spinup
Dynamics. Spacecraft separation occurs when the
Centaur sequencer fires the two 2xplosive bolts
releasing the V-pand clamp which holds the
spacecraft to the attach fitting. When the
attach fitting ana spacecraft ohysically
separate, two redundant separation switches are
activated, each independently initiating one of
the two command memories that contains the spin-
up sequence of commands. The spacecraft clears
the attach fitting 2.12 seconds after separation
(Ts+2.12 seconds), spinup jet firing follows at
Ts+3.5 seconds, and spinup to 15 rpm 1s completed
at Ts+122 seconds.

e e v e T P I
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With all probes attached, the center of mass
(c.a.) of the Multiprobe spacecraft is located
along the Z-axis. As a4 consequence, the lateral
force of each of the four separation springs
(arising froe the axial compression) can be
selertively aligned to hold the deterministic
portion of the spacecraft tip-oft rate to 0.03
degree/second. The tip-ofi rate indicated in
Table 4.%.3.1~-) is inclusive of the Centaur rate
prior to separation, estimated at 0.7
degree/second (RSS for pitch and vaw).

¥ith the Multiprobe separated, the initial spinup
maneuver beqins at Ts+3.5 seconds. During
spinup, the spacecratt momentum vector will he
under the influence of deterministic torques
perpendicular to tke nominal spin direction.
These deterministic transverse tcergues result
frok the independent canting of the two pairs of
radial jets to fire through system c.r. locations
at different times 1in the missioun. As shown in
Figure 3.4.1-3, jets R3 and L4 are aimed at the
spacecraft c.e., location prior to Large Probe
release to mininize precession during the nominal
AV maneuvers. The other pair of jets (R1 and Kk2)
is aized at the center of mass with only the
three Small Probes attached to minimize
precession during AV maneuvers in that phase ot
the mission.

The radial jet pair which 1s not aimed at the
current c.m. locstion could be used for precision
attaitude control, or as a backup attitude
precession acde.

The transverse torque causes a deterministic
attitude displacement of the spacecraft momentun
vector tovard the initial direction of the total
torque, as shown in Pigure 4.1.3.71-7. This
dynamic phenomeuna can he wnderstocd by noting
that for a body whose ratio of roll inertiaa to
pitch inertia is near one {1}, the principal axis
tends o cone about the instantaneous angular
momentum vector in inertial space at nearly the
same rate at which the body spins about its
principal axis. Therefore, the total torque
exerted on such a body tends to be fixed in
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inertial space and moaentus tends to accumulate
along the initial direction of the total torque.

The results of this analysis are seea to yield a
romcntur vector tilt of 11.8 degrees as shown 1n
the review of spinup performance given an Table
4.1.3.1-2. A priori knowledge of the magnitude
ana dicfection of this motion enables the Centaur
vehicle to be used tou bias the spacecraft
attitude prior to separation so that the
deterministic effects experienced during
separation and ipitial spinup will position the
average attitude vector to a desired attitude.
In this way, vith deterministic errors cosbined
vith Centaur reorientation, the final atticude
uncertainty of 0.2 degrees is seen to result
purely fros random sources.

Since the desired average attitude vector
pointing for the Multiprube spacecraft following
spinup is in the general direction of the south
ecliptic pole, it 1s, therefore, necessary only
to position the attitude of the Centaur along a
cone about the south pe'e pointing direction
whose halft-angle is 17.8 degrees, as is shown 1in
a siwplified view (Payure 4.1.3.1-2), loocking at
the spacecraft average atititude vector from the
south ecliptac pole. With the desired roll
orienctation of the spacecratt X-axis deterzined
from other requirements, the roll position of the
Centaur (an effect, the location of the CTentaur
attitude vector along the edge of the cone) can
be prescribed so that the momentur tilt occurrang
during the subsequent spinup maneuver will returt
the spacecraft to a south pole pointing
direction. Por the situation pictured i1n Pigure
4.1.3.1-2, vith the requirement that the tilt bde
performed in the spacecratt Z-geometric
axis/sunline planc, the Centaur must place the
spacecraft coordinates as shown in Fiqure
4.1.3.1-1,

4.1.3.2 Larqe Probe Separatiop From Probe Bys. The
release of the Large Probe is scheduled to occur
24 days prior to Venus entry with the vehicle at
a sun angle of =309 and spanning at 15 rpa.

4.1-34
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The release subsystea consists of three matched
springs located at a 22.5 inch radius around the
base of the Large Probe. The spring
characteristics are listed in Table 4.%.3.2-1.
The springs are actuated by an expiosive nut with
redundant pressure cartridge, with a 3/8" bolt
which is held captive after ejection.

The only conceivable clearance problem existing
during separation conceras potential recontact of
the lower 1lip of the aeroshell of the Large Probe
with the forvard omni-antenna. This antenna lies
radially outboard at a distance of 38.5% froe the
bus centerline and extends axially to a point
some 54" from the separation plane. The first
bending natural frequency of the antenna is above
30 cps, and with the vehicle spinning at 15 rpnm,
flexibility effects were not considered important
in the separation analysis.

Worst case studies of off-nominal conditions such
as c.g. offset, probe dynamic imbalance and
offset, misalignment impulse and 1initial bus
nutation show positive clearance when .3i1itial
nutation is less than 4 degrees. (The nominal
clearance 1s 10.3 inches). A summary of Large
Probe separation syste® performance is shown in
Table 4.1.3.2-2.

Small Probe Separation From Probe Bus/Small Probe
Despin. The three Small Probes carriea by the
Multiprobe are scheduled to be released 20U days
prior to Venus entry, with the spacecrait at a
sun angle of =z00 and with a 48.5 rpm spin rate.

In the stowved position, the S5Small Probes are
carried equidistant around the edge c¢f the bus,
vith their centers nominally locateu at a radius
of 39 inches fro® the geometric Z-axis of the
bus. As shown 1in Figure 4.1.3.3-1, each probe is
supported py 4 pus mounted ring, and is held to
the vehicle #ith a pre-~loaded semicircular ciamp
of radius 15 inches which cups the edge of the
probe. At one end, the clamp interfaces with the
bus mounted ring with an open hinged tang, while
the c¢xplosive nut/bolt release asseambly is
located at the other end.
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The explosive nut/bolt interface also houses a
spring vhich provides energy to accelerate the
clamp avay from the probe during separation. The
open hin~ e at the other end is machined so that
the clamp wi1ll separate from the bus after it has
rotated sufticiently (approxinately 900) to clear
the ermerging probe.

The release spraing has been chosen to 1impart a
relative velocity of 5409/sec to the clamp at
relaxation to provide sufficient radial clearance
between the prope and clamp, and the clamp 1is
preloafed to 1200 lbs. to withstand centrifugal
forces acting on the probe in the spain
environment. Other release systea
characteristics are outlined in Table 4.1.3.3-1.

At the separation event, the probe is under the
infiuence of the centrifugal forces and also an
impulsive type force due to the release of energy
stored in pre-loading the clamp. As the probe
moves froa the bus, at follows a trajectory
closely approxaimdating an involute, as shown in
Figure 4.1.3.3-2.

Potential recontact of two structures which
protrude downvard from the Small Probe, the
SNPE/SAS housing, and the orni-antenna radoxe,
are of primary concern. The nominal clearance
values for thece structures, and the clearance
geometry for both the radial and axial planes is
shown in Pagure 4.1.3.3-2. To provide for
additional clearance the upper surface of the bus
structure has been cut out, as shown in these
figures.

The maximu® radial and axial clearance losses
recorded in analytical studies of the separation
are given in Table 4.1.3.3~2 which indicates that
there wvill be no clearance problem. The
performance ot the separation subsystem as
perteining to AV targeting biases and post
separation attitudes is given in Table

4.1.3.3-3.

R R T



LE-L°N

TABLE 4.1.1.4-1
MULTIPROBE MANEUVER PROFILE

NOTES: S = Time of Separation A = Axial Jet

L = Time of Launch R = Radial Jet

E = Time of Encounter + = Spin-Up

* = Two Part Maneuver

Mission Phase
(Cross-Coupling Errors Treater.
Manevver Description In 4.3.1) Nominal Maneuver: Prop. Mtission Pulse Execution
AV AP A Req. Time Width No. of Time
L M/Sec Deg. RPM ibs, (Days) Thruster {(Msec) Pulses (A Hours)

Initial Spin-up 0,69 11.6 +15,0 1. 64 S R1 - R3 - - 0.032
First Midcourse Rad AV 12 - - 11.27 L+5 R3 - R4 512 1813 2,01
First Midcourse Ax. AV 12 - - 9. 93 L+5 A5 + A6 - - 0. 547
Second Midcourse Rad AV 0.7 - - 0. 63 1.+20 R3 * R4 128 444 0.493
Second Midcourse Ax. AV 0.7 - ~ 0. 57 1.+20 AS + A6 - - 0,032
Third TCM Radial AV 0.1 - ~ 0.09 E~28 R3 * 34 128 63 0,070
Third TCM Axtal AV 0.1 - ~ 0.08 E-28 A5 + A6 - - 0. 005
End Fire Reorientation - 90 - 1.3 E-28 A5 + A6 128 935 1,039
I.arge Probe Reorient. - 44 - 0. 64 F-24 A5 - A6 128 457 0. 508
End Fire Reorientation - 48 -~ 0. 64 E-24 A5 * A6 128 462 0,513
Small Probe Spin-Up 2,24 - +33.5 2,93 E-23 R1 « R3 - - 0.087
Small Probe Target (Rad.) 4.0 - ~ 2,34 E-23 R1 - R2 128 1779 0,611
Small Probe Sep. Reor, * - 49,7 ~ 2,17 E-20 A5 - A6 128 1724 0. 592
End Fire Reorientation - 31.5 - 0. 61 E-20 A5 - A6 128 488 0.1A8
Bus Target. Reor, 2.15 33.8 ~ 0. 63 E-18 A5 128 1003 0.345
Bus Target., (Axial) 15,0 - ~ 3.9 E-18 A5 - - 0, 257
End Fire Reorlentation 2,17 33.8 ~ 0. 63 E-18 A5 128 1078 0.370
Reor for Bus Entry 1.27 18 - 0,37 E-8 A5 128 629 0.216
Bus Spin-Down 22 - -38.5 1. 66 E-8 R2 + R4 - - 0,051
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TABLE 40 1. 2. 4"1
MULTIPROBE WOBBLE ANGLE SUMMARY I
(BUS ONLY)

Wobble Angle

Contributor
u (De E)

UNCERTAINTY ERRORS

. Alignment to Spin Balance Machine

o
furt

. Spin Balance Machine Residual
Propellant Tank/Lines Residuals
. Battery Pack Changeouts

. Thermal Distortion

L R
g 15 13 185 13
o o é o o

RSS Uncertainty 10.014

MEASURABLE ERRORS

1. Large Probe IFD Connector 0.003
(Retracted at Separation)

2. BNMS Cap (Elected Prior to Bus Entry) 0.104
Total Rigid Body Wobble 0.1 +0,014
Worst Case Amplification Factor 1,12
Maximum Expected Wobble Angle 0,128

“-'—38
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TABLE 4.1,2,4-2
MULTIPROBE WOBBLE ANGLE SUMMARY II
(BUS + 3 SMALL PROBES)

Contributor Wobble Angle
S VO—= —
UNCERTAINTY ERRORS
A, Bus
° Residual Bus Imbtalance +0,005
' Integration of Bus in Multiprobe +0.003
B.  Small Probe
° Residual Small Probe Imbalance Per ’ +0.001
° Integration of Small Probe in i?oaéi ) +0,027
Multiprobe
RSS Uncertainty 10,048
MEASURABLE ERRORS
Allowable Small Probe Dynamic Imbalance ;);;ll +0.004
Probe
Total Rigid Body Wobble 0.007 +0, 048
Worst Case Amplification Facto 1, 22
Maximum Expected Wobble Angle 0,067
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TABLE 4. 1. 2. 4-3
MULTIPROBE WOBBLE ANGLE SUMMARY III
(BUS + LARGE PROBE + 3 SMALL PROBES)

Contributor Wobble Angle
;zzmz%_———(—iki——

UNCERTAINTY ERRORS
A, Bus

® Residual Bus Imbalance 10.008

° Integration of Bus in Multiprobe 10,009
B, Large Probe

° Residual Large Probe Imbalance +0, 006

. Integration of Large Probe in +0, 047

Multiprobe

C. Small Probe

° Residual Small Probe Imbalance Per +0,001

° Integration of Small Probe in ix;u(al)i { $0.041

Multiprobe
RSS Uncertainty 10,087
MEASURABLE ERRORS
Per
Allowable Small Probe Dynamic Imbalance Small { +0.006
Probe

Total Rigld Body Wobble 0.011 +0.087
Propellant Redistribution Due to Large Probe 40,03

Center of Mass Offset of 0,05 Inch
Worst Case Amplification Factor 1.9
Maximum Expected Wobble Angle 0.196

N.1-40
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CENTAUR REORIERTATION REQUIRENENT FOR HULTIPROBE

Spacecraft 2-Axis
Direction

Spacecraft I-ixis
Direction

e e e ———

~78.20

+11.69

..L—--—

CBLESTIAL
LATTITUDE
(DEGRERS)

EEEEEREE X ]

CELESTIAL
LONGITUDE
{DEGREES)

—F 3 ¥ FF 2

8, - Desired celestial longitude for spacecraft

X-axis
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TABLE 4 .1.3.1-2

MULTIPROBE SPIN-UP PEBPORMANCE SUMMAKY

‘ e —————
; : F;ESIDUAL {
| ; | NUTATION }
| { ' AT END OF|
3 | ATTITUDE ERROR | MANEUVER
; ERROR SOURCE L_z (DEG) ' (DEG) [
=i T T3 F 2R ==:=:.=:===:==?:z==:=.:==; ;
1. TRANSVERSE TORQDE ; 1.8 ! 1.9 |
(DETERMINISTIC, 19% ' |
OF SPIN TGRQUE) ! |
|
2. TIP-OPP RATE (RANDONM, 5 8.9 ; 0.4
. 0.729/SEC) | | ’
| i
! x
RESULTANT® 8.9 | 2.0
|
3. ATTITUDE ONCRRTAIRITY OF E 5.0 | -—
© CENTAUR | | !
1 1 ) !
: TOTAL : 10.2 i 2.0
S Y S R

| ® DETERBIRISTIC ATTITUDE ERROR CANCELLED BY CENTAUR
| REDRTENTATION AND ROLL CONTROL.

. —— . . T — —— ——————— T — —— ———— . W - —— - ———— ————— - o= |
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~ ABATION SPRING CHARACTERISTICS

FREE REIGHT

CONPRESSED REIGHY
SPRING RLATE

COMPRESSED SPRING PORCE
STROKE

NUNBER OF SPRINGS

e e e

5.2 INCH
3.2 INCH
125 LB./1IN.
250 3 LB.

1.1 +.03 1IN.

- — — — —— o -
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LARGE PRCBE SEPARATION SYSTER PERFORMANCE

e SEPARATIOR VELOCITY ~2.5 PT/SEC (SPIN RATE 15 RPH)

e TINE T0 CLEAR OBNI ~7.8 SEC (NMAX NUTATION PRIOR TO

SEPABATIOR < 4 DEG

RER)

e MAX ANGLE OPF ATTACK BRROR ~8.8 DEGREE

]

|

!

ARGLE OF ATTACK 1
ERROR SODRCE ’

EREIXEOEITSESZIIIXITI |

BOS ATTITUDE
UNCERTAINTY

LARGE PROBE DYRANMIC
IMBALANCE (1.259)
(1.259)

SEPARATION TIPOPP
{20 /SEC)

BSS |
|

———— D A T Ay S e i ! o W Wl 22

8 .9-48

DEGREES
ATTITUDE }

ERROR | NUTATION WOBBLE
(ANGOLAR | (PRINCIPAL | (GROMRTRICAL
BONENTUN) | AXIS) AXIS)

!
2.00  0.t0 17
|
6.30 0.95 ) .25
; :
| :
I
: |
2.23 i 1.33 { 1.26
|
e e o e e <o o e e e e i ) -—
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SMALL PROBE SEPARATION SUBSYSTEM CHARACTERISTICS

SPINNING RATE

100 +5 1b/In

COMPRESSED SPRING 86 1b,
FORCE
STROKE 0. 66 In.
NOMINAL SPIN RATL (RPM) 48.5
NOMINAL PROBL VEILOCITY (ME1 ERS/SEC) 5.0
SPRINT RELFEASE TIME (MILLISECONDS) 6.0
RUTATIONAL VELGCITY OF
CLAMP AT END OF SPRING (DEG/SEC) 538.3
STROKE
CI.AMP RELEASE TIME (MIT.LISECONDS) 141.0 l
CLAMP ROTATIONAL RATE (DEG/SEC) 1073.1
AT TIME OF RELEASE
TABLE 4.1, 3.3-2
SMALL PROBE CLFARANCE
w t 1oss
Point No. Nominal orzf Toss
(See Fig,4.1.3.3-2) Clearance Clearance
(In,) (In.)
1 0.38 0.06
.U‘)
§ 2 0.99 0.33
3 0,00 *
=
3 4 0.00 .
=
5 0.00 *
101 0.96 n.48
= 3
3 £ 102 1.60 0.80
<)
- 103 5,00 1.47

*Grows Monotonically during release,

] .".5
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TABLE 4,1.3,3-3

L

R T e ST S

QoS TADE

SMALIL PROBE SEPARATION AND DESPIN SUBSYSTEM PERFORM NCE
Degrees {M/Sec) Degrees
Description Max, Angle | Out~of- In~Plane
Spin Speed Attitude Nutation | Wobble | ol Attack Plane In-Tlane AV
{(RPM) £rror Error AV AV Direction
After Separation/Before
48, . 1.25 . 0.1 . .
Despin S 3.8 2.2 7.25 8 0.1 l.1
After Despin 12,1 4.8 7.4 1.25 13.5

NOTE: ® Error Sources include Probe location, Mass, Dynamic Balan ¢, Release Time, Tip-off, Bus Attitude and Targeting

Uncertainty.

® Maximum Allowance Entry Angle of Attack.
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Multiprobe Trajectory Trace In
Ecliptic Plane
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ECLIPTIC NGRTH

T~ ATTITUDE VECTOR
(POSITIVE SPIN AXIS)
[
' /
e
SPACECSAFT
ROTATION ™ CELESTIAL
7 LATITUDE
- N\
-
Pl CELESTIAL \
LONGITUDE \

ARIES
OIRECTION

ECLIPTIC PARALLEL

Figure 4.1.1,2-1, Representation Of Multiprobe
Attitude
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SOUTH ECLIPTIC POLE
4 MOMENTUM VECTOR

MOTION OF SPACECRAFT AVERAGE

CONE OF POSSIBLE - Y
ATTITUDE AFTER g\';I;LIJFEJDE VEZTOR DURING INIT!AL
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4.2 KEY BISSION EVENTS

The step-by-step sequence of actions ior each of
several key mission events is described below.

4.2.1

4.2.%.1

4.2.1.2

Separation_and_Inatial Spanup

Introduction. Multiprobe spacecraft separation
froma the Centaur laurnch vehicle occurs at a zero
spin rate and out of view of ground stations with
command capabilitiy. Depending on launch date and
time, ground station (s) become visible anywhere
between 20 minutes and 4 hours after launch. To
achieve attitude stability and prevent tumbling,
spacecraft spinur must be accemplished as soon as
possible after separation; much before initial
ground station acquisition.

Multiprobe spacecraf’ spinup is effected vith
simultaneous use of the spacecraft stored command
processors. The spinup sequence of commands is
loaded into the command memories prior to launch,
and initiated upon spacecraft/Centaur separation.
The +4> spinup thrusters are fired to effect a
5.0 1pm spin rate and the spacecraft is then
conficurel for initial ground station
acgeisiticn, &ll via stored command. Centaur
reorientat.on requirements and Centaur/Nultiprobe
sepatration dynamics are presented in Section 4.1
of this dJucum=nt.

Command Memory loading and_Verification. The two
Nultiprobe command memories will be loaded with
their respective spinup command seguences about
three hours prior to liftoff. This corresponds
to the beginning of the standard 60-minute built-
in hold in the countdown. Both memories will
have their coatents verified after loading. A
final veritication will be made approximately 15
minutes before liftoff, after the spacecraft has
LLeen svitched to internal power. (Svwitching from
external power to internal power does not atfect
the contents of either cowmand memory) . Detailed
procecures for loading and verifying the comsand
memories are delineated in Section 3.6.3.2 of
this document.

“ 02-1
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Spacecraft Subsystem_Laupch Confjquratjon. At
liftoff, the Multiprobe subsystems will be
configured in the folloving operational status
modes as listed in Table 4.2.1.3-1.

Command Memory_ lnitialization. At liftoff the
Stored Command Logic (SCL) 1 and 2 are in the
“Arm Separation Switch®™ state. Upon closure of
the spacecraft/attach fitting separation switches
at separation, the SCL states switch to
*"immediate start" (initiation of the stored
command sequences) . Figure 4.2.1.~-1 depicts the
functional spinup sequence implementation. One
contact of each separation switch shorts its
respectaive ADP "ON"™ ccmmand to ground while the
sWwitch is in the launch contiguration. Each
switch prohibits its respective command processor
from executing the spinup seguence prior to
separation, and circumvents a mission
catastrophic failure due to a possible single
point failure an the sSCi. This failure causes a
change of state in the SCL; e.g., "“arm®™ to "run".
(See Section 3.6.3.2 for further delineation of
this failure mode) . 3Separation Switches 1 and 2
inhibit ADP Y ON and ADP 2 ON (ADP19 via CON
acsignment 5D28 and ADPBY via CO" assignment
6D31), respectively. ADPs 1 and 2 may still be
commanded ON prior to launch via commands ADPAY
and ADP2S (via COM assignments 6D28 and 5D31),
respectively. The stored scguences will only
send ADP 1 commands via COM 5, and ADP 2 coamands
via COM 6.

Stored Command_Sequence. Table 4.2.1.5-1
presents the detailed sequeunce of commands stored

in each SCP along with time of execution relative
to separation. Heasons for time delays, etca,
are given in the "comments" column of the Table.

Spacecraft Subsystem Acgujsition Confjiquratijone.
The spacecraft configuratior at initial ground
station acquisition is shown in Table 4.2.1.6~-1.

Large Probe Separation

Geperal.. This phase of the mission encompasses
all ot .he evcnts from reconfiguring the S/C for




St o

Y R ey et

4.2.3

4.2.3.1

4.2.4

4.2.4.1

Section No. __4.2.3

Doc. No. __PC-403

Oorig. Issue Date _5/22/78

Revision No.

Revision

the Small Probes' stable oscillators "bakeout"™
period (nominally at E-45 days) through release
of the Large Probe (nominally at E-24 days).

The overall timeline of time-tagged -vents is
shown in Table 4.2.2-1, the detailed flight
sequence of commands and verifying telemetry are
shown 1in Table 4.2.2-2, and the reftererces are
listed in Tabie 4.2.2-3.

The starting anu interim configurations,
including earth l.o.s. and sun l.o.s., are shown

Much of the information is based also on
References: Paragraphs 1.5.6 and 1.5.34.

Smpall Probe Targeting and_ Separation

General. This phase of the mission encompasses
all of the events occurring immediately after
Large Probe Separation (nominally at E-24 days)
through release of the Small Probes (nomimally at
E~-20 days) .

The overall timeline of time-tagged events is
shown in Table 4.2.3-1, the detailed flight
sequence of commands and verifying telemetry are
shown in Table 4.2.3-2, and the references are
listed in Table 4.2.2-3.

The starting and interim configurations,
including earth i.o0.s. and sun l.0.s. are shown
in Table 2.3.1-1.

Much of the information is based also on
Reference 1.5.6.

Bus rgeting

Introduction. The Bus targeting maneuver is
required to move the trajectory aim point and to
delay the time of Bus entry until after all
probes have impactea the surface to provide a
radio signal reference for analysis of probe
trajectories vwithiu the atmosphere. The Bus
targeting segment of the Multiprobe mission

4.2-3
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consists of three separate maneuvers. At E-18
days, a AV maneuver totaling 19.2 m/sec maximun,
will be performed to move the trajectory aia
point to that desired for Bus entry and retard
Bus arrival.

At E-8 days a Bus targeting touchup w’1ll be
performed (if necessary) and the Bus will be
oriented to the final entry attitude. At E-2
days a despin from 48.5 rpm to 9.45 rpa, the
entry spin rate, and a final attitude touchup
will be performed. This section describes the
entire Bus targeting sequence of events fror post
Small Probe release at E-20 days until final
despin at E-2 days as chronologically listed in
Fable 4.2.4-1. The history of Bus attitude
during this mission segment is shown in the polar
hemispherical plot presented in Section d4.%.1.2.
The hus entry sission segment, from E-2 days
until entry, is presented in Section 4.2.5 of
this document.

Cruise Attitudc From Small Probes Release.
Immediately after Small Propbe release at E-20
days the spacecratt transmitter will be returned
to low power mode, and the spacecraft spin axis
will be precessed to an attitude which pernmits
use of the medium gain norn antenna and provides
a minimum spacecraft sua angle of 400. The Bus
cruise attitude atter Small Probe release is
selected to satisfy communications and thermal
constraints. For cruise or "non-critical®
mission periods, ohly the DSN 26 meter netwvork is
available for spacecraft coverage. To effect a
26 neter net downlink for the communications
distances encountered in this latter ohase of the
Multiprobe mission, the amedium gain horn antenpa
must be employed. Since its effective Leamwidth
is a halt-cone angle of 300 aligned with the
spacerraft negative Z-axis, an earth
communications angle of at least 1500 measured
v.r.t. the spacecraft +2 axis must be maintained.
At the same time, spacecratt sun aspect angle
must be maintained greater than 40°. This is to
preclude Bus thermal problems (see section 3.2.3)
as well as provide adequate solar panel pover
margin (see section 3.8.3.9). The celestial
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attitude for the bus positive z-axis which
satisfies both of these constraints vhile at the
same time minimizing hydrazine propellant
consumption is a celestial latitude of -6.0° and
celestial longitude of 204.0°.

During this cruise phase, the Bus subsysteas will
be configurad in the operational status modes as

Targeting Reguirements. The Bus is to be
targeted to a point within the region of entry
locations as shown in Pigure 4.2.4.3-1 for entry
flight path angles (PPA) of -70, -80 or =90,
Scientific preferences are to guarantee descent
to a svecified minimum altitude (125 km) while
minimizing tne rate of descent to this altitude.
To satisfy both of these preferences the
targeting of the Bus would be chosen so as to
have the entry FPA as close to the skipout
boundary as would be permitted by navigational
uncertainties. The vicinity of the skipott
boundary for a typical trajectory is between PPAs
-70 and -89, In addition, Bus ertry is tc be
retarded to occur at least 60 minutes after entry
of the last prcbe vehicle. These twn
requirements are met by effecting a Bus AV
targeting maneuver with direction and magnitude
as shown in Fiyures 4.2.4.3-2 and 4.2.4.3-3,
respectively. Note the dependence on launch and
arrival dates for the AV magnitude and direction.

Precessjon/Targetipng_Maneuver. It is desirable
to perform the Bus targeting maneuver as sSoon as
possible astter Small Probe release in order to
conserve propellant. The closer to Venus, the
more propellant required to effect the same
targeting/retardstion. A nominal 48-hour period
is allocated after Small Probe release to allow
for tracking data assimilation and recharging of
the Bus batteries. Hence, the selection of E-18
days for the nominal execution ot the Bus
targeting maneuver.

Since the required AV maneuver is one to effect

retardation of the Bus approaching Venus, the
nominal method of delivery will be t precess the

4 .2-5
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Bus spin axis to the required attitude and
deliver the AV ®magnitude with a continuous burn
of the forward axial thruster. Also, the forward
axial thruster will be used alone in the pulsed
rode in precessing to the targeting attitude ard
returning to the same cruise attitude after
delivering the continuous AV burn. The two
precessions (. .t 18 minutes each) are each
approximately 309 to 35° in magnitude (depending
on launch and arrival dates). By executing the
precessions wvith the forward axia. thruster aliohe
as opposed to usiag the dual axial thriister mode
(optional mode), a utilizable AV component of
about 2 m/sec (each precession) can be realized.
The AV components produced by the precessions
¥v1ll slightly change the attitude fros Pigure
4.2.4.3-2 at which the Bus must deliver the
continuous-burn AV. Sisilarly, the magnitude of
the continuous-burn AV will be reduced
significantly (approximately 4 m/sec¢)} from that
shown in Pigure 4.2.4.3-3.

Prior to precessang to the Bus targeting
attitude, an attitude determination will be
performed. The details of this operation are
presented in Section 4.3.2 ("Attitude
Determination') of this document. Once the
cruise attitude and spin rate have been
determined, the precise precessiol Raneu.er
rarameters required suck as ACS angle delay,
pulse width, and number of pulses can be

determined. The Bus targeti- ttitude that is
anticipated will preclude u- ine medinm gain
horn aantenrna. AS such, the .ALi antenna and
the hign RF power mode 2111 .« o3&~ 4 by the
commands li-:¢ed in lable 4.. --1, *. 1 w»ill be
transaitted just prior to the prr. on . Once
uplink and downlink have Leen . . " »hed on the
64—meter DSN station the prece. weneuver vwill
commence accorzing to the seguc. oi Tadle
§.2.4-1.

Once at this nominal Bus targeting attitude,
spacecraft sun aspect angle and earth
(comuaunication) lock angle will be in the ranges
of 240 to 350 ard 1380 to 148®, respectively.
The spread in raages is due to the variations in
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launch and arrival dutes as well as Bus entry
location parameters. Either one or both of the
stars Al Suhail and Arcturus arz vithin the star
sensor POV tor the entire range of Bus targeting
attitudes. This will provide adequate attitade
measurements for an attitude deteraminatioan
operation as presented in Section 4.3.2 of this
document.

For arvi-~vimately four hours at the Bus targeting
att.tude, . * Bus subsytems will be configured in
the operatic.,:l modes and configurations as

liste in lebhl-~ d4.2.4-2. The continuous forward
axial AV raneunver 1s performed according to the
detailled s. juen-e presented 1u Section 4.3 1.2.
Following the continuous AV maneuver the Bus will
be reoriente. b:ck to the poest-Small Probe
release att'..ude presented i1n Section 4.2.4.2.
DS station coveraqge will return to the 26-mever
network after the Bus downlink is switched to the
medium gain horn antenna according to Table
bo2.4-1%.

Battery discharge current must be monitored
during the entire bus targeting san2uver detailed
apove to 11imit excoessive levels of battery DOD.
Depending on the sun angle at the cargeting
attitude and accumulated solar panel degradation
up to this portion of the mission, battery
disrharge current may vary anyvhere betveen zero
and 3.7 amps.

The above outlined nominal precession/tarjeting
maneuver is predicated upon the exciusive use cf
the forward axial thruster. 1In the event the
forvard axiai thruster cank t be used, one of two
optional modes of performing the precession and
AV maneuvers may be used. These optional modes
are:

(a) Precess the spacecratt +Z axis (with
tne aft axial thruster in the ;" 'sed
mode) to an attituije 1800 opposite the
nominal Bus targeting attitude given
above, and deliver the vequired AV with
a ~ontinuous burn ur the aft axial

v g e e e
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b,2.4.6

4.2-8

thruster. Reorieant the spacecraf” back
to the cruise attitude.

(b) Prece.s the spacecrart to an attitude
with tue "post-small-probe-release®™
radial thruster pairs® (R1 and k2) line
o: thrust parallel to the direction of
2he required AV. Deliver the AV
magnitude requirea by using Rt and R2
in the pulse pair mode. Reorieut the
spacecratt back to the cruise attitude.
Use of the radial pair R3 and R4 for
this optional maneuaver woulid result in
a significant unvonted attitude
precessiJ.n since R3 and R4 are aligned
througn the spacecraft cruise center of
grdavity.

Exther ¢* the two optional modes listed
above reaquire about 5.5 to 6.0 pounds
mere .sropelilant to execuce than the

L. ~inal torward axial mode previously
presentea. In adaxtion, the maneuvers
detalled in alternate modes 1 ard 2
required about 2 and 2.5 hours longer
to execute taan the nominal fo.ward
axlal mode.

Cruise_ to E-8 Days. The cruise attitude
(celestial latatule -6.00 and celestial longitude
084.09) 1s again chosen lor the same reasons as
delaneatrd in Section 4.2.4... The Bus supsysteams
wi1ll be contigureu 1n the operational status
modes 31s listea 1n lable 4.2.4-2. This cruise
attitude is #aintained until E-8 days for two
reasons; 1) this auration allows for ten davs of
undisturbed tracking data assimilation, and 2)
beginning after L-4 days the Bus may le
reoriented tc¢ the Bus entry attitude without
.olating the »1ni1mue 409 sun angle steady-state
thermal requirenent.

Targeting Touchup/Reor to lLi.ry Attitude. Ac¢ E-8
days a targeting touchup will be performed, it
necessary, Lasec or the previous ten days of
undisturbed tracking in the prevailing cruise
attituae. A precession t. the Bus entry attitude

"!"’
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will be performed with trims and touchups (if

n Tessary) in the sequence detailed in Table
4.2.4-1. Spacecraft attitudes for Bus entry
spacecraftt for the full range of launch dates,
arrival dates, and entry flight path angles are
depicted in Pigqures 4.2.4.6-1 and 4.2.4.6-2.
Subsystem operating modes and configurations are
listed in Table “4.2.4-2.

Despin_(E-2 Days). At E-2 days the Bus will be
despun from 48.5 rpm, the nominal Small Probe
release spin rate, to 9.45 0.1 rpm, the desired
Bus entry spin rate. Despin vill be effected in
the sequence detailed in Section 4.3.1.3. Pinal
despin is delayed until tnis point because the
radial despin jet thrusters are significantly
canted towards aft and cause a +7Z axis AV
component which is opposite in direction than the
desired retarding AV maneuver performed for Bus
targeting. Delaying final despin beyond BE-2 days
vill interfere with preparations for the Bus
entry phase as delineated in Section 4.2.5.
Despin at E-18 days would require approxinmately
an additional 3 m/sec forward axial continuous
burn; or roughly a 1.0 pound propellant penalty.
Subsystes operating modes and configurations are
as listed in Table 4.2.4-2.

Bus Entry. The purpose of this section is to
describe the Bus spacecraft mission operating
sequence from two days before entry (just after
final spacecratft despin to 9.45 rpm) to final
burnup in the Venusian atmosphere. This entire
command/event sequence is delineated in Table
4.2.5-1.

Following finai spdacecraft despin to 9.45 20.1
Tpr at E-48 hours as described im Section
4.2.4.7, final attitude and spin rate trinm
maneuvers will be planned and performed.

Attitude and spin rate determinations are
performed as shown in Table 4.2.5-1. The
appropriate trim maneuvers, if required, are then
calculated and executed. These will be the final
maneuvers of the Bus mission. Two hours after
the final maneuver, the BNMS scientific
instrument calibration gas pyro and tlL~ breakoff

u -2—9
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hat {cover) pyro will be fired. The two-hour
time periou is to allov for all final outgassing
to occur which maght contaminate the experiment.

buring the tvo-hours "wait” period described
above, the spacecrdait command processor command
memories are loaded with the backup spacecraft
contiquration coamand sequence (timed to execute
at E-4 hours) and the final entry command
sequence (timed to execute near £=0). The Bus
entry stored command sequence portion will be a
series of scientific instrument compands for the
tvo Bus instruments, BNMS and BIMS, and will be
specified by NASA/ARC. Spacecraft subsystem
configuration will not nominally be changed from
that presented in lable 4.2.5 2. One at a time,
the two command processor units® stored command
logic subunits (SCLs) are loaded, verified, and
finally started as detailed in Table 4.2.5-1 and
Pigure 4.2.5-1. Tne entry sequence is stariod at
this early time (E-44 hours) to preclude the
possibility of the SCLs not being able to be
loaded because of a spacecraft receiver failure.
At tne Bus entry attitude, a command uplink can
only be maintained with the aft omni antenna.
The torward osni antenna is not visible from
earth at this attitude, and the medium qain horn
antennas has a transmit only capability. 1If the
receiver switched to the aft omni should fail, a
36.4 hour time period will elapse before the
receiver revese tunction switches the remaining
receiver to the aft omni. Planning to load the
SCL nominally at E-44 hours allows a margin of
about seven hours prior to entry (worst case) in
which the SCL may be loaded.

After starting the SCL sequences the BNNS
calibration gas pyro and breakoff cover will be
fired via the commands listed in Table U4.2.5-V.
Pinal scientific instrument commands (set up for
entry) wiil be transmitted, 1f required, and the
spacecraft will be configured as shown in Table
4.2.5-1 to alternately assimilate attitude and
engineering Jdata for the remaining until entry.
Trajectory data will be gathered on the ground in
support of the radio science experiment.
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About ten hours prior to entry the Bus dowvnlink
vill begin «o continuously monitored for
reference against the Large and Small Probe
dovnlink frequencies throughout their respective
entries into the atmosphere. During this period,
as many as two uplinks (Bus and Large Probe) and
five downlinks (Bus and all four probes) must be
simultaneously maintained by the DSN. Bus and
probe relative eantry and descent times are to be
specified by NASA/ARC. Pinal Bus configuration
commands are sent; high RF powver, Bus entry
format, and 1024 bits per second in preparation
for Bus entry one hour after the last probe
vehicle has entered the Venusian atmosphere.

8.2-11
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TABLE 4.2.1,3-1
MULTIPROBE SUBSYSTEM LAUNCH CONFIGURATION
SUBSYSTEM/UNIT OPERATIONAL CONFIGURATION
COMMUNICATIONS
Transponders e Exoiter 1 ON/2 OFF
e Reatore Coherent Mode (ON)
¢ Bus Hi Mod Index Select
e Probes Mod Index Select (don't care)
Power Ampiifiers e Power Amp 1 ON
e Power Amps 2, 3, 4 OFF
Switch Drivers e Exofter 1 Select
e Power Amp 3 Select
¢ Forward Omni Antenna Select*
e Amp 1 Low Fower/Amp 2 High Power Select
o High Power to Aft Omn{/Low Power to Fwd Omni
or Horn Select
e Recelvers Normal Select (via Command Processor
Configure Command)
COMMAND
Command Processors e Command Processors 1 and 2 ON (both memories
in "Arm Separation Switch' State)
COMs e All Seven (7) COMs ON
PCUs e PCU 1 Disarmed
e PCU 2 Disarmed
CONTROLS
Attitude Data Proceasors e ADP1OFF
e ADP2OFF
¢ JCE Buffers Output Disabled
Star Sensor o All Star Sensor Channels OFF
POWER
Bus Limiters e All Five (5) Bus Limiters Enabled
Charge/Discharge Controller | &  Low Rate Charge Select (both relays - both
batteries)
e Primary Discharge Reg Select (both batteries)
'\ /OL Control e UV/OL Power System Protection OFF
e Pre-Charge OFF

*Centaur/1Launch Vehicle Constraint - Prohibits RF radiation into Centaur (. e, , do not use

Aft Omni during Launch phase),

4 .2-12
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OPERATIONAL CONFIGURATION

SUBSYSTEM/UNIT J

PRCBES

SCIENTIFIC INSTRUMENTS

DATA HANDLING

Telemetry Processor

PCM Encoder

DIM

PROPULSION/THERMAL
Latch Valves and Heaters

All Heaters OFF
All Subsystems OFF
All Science OFF

Al) Science OFF

Telemetry Processer 1 ON/2 OFF
Bus Engineering Format

256 Blts/Sec

Data ON

Coavolutional Encoding OFF

PCM Encoder 1 ON/2 OFF

All Eight (8) DIMs ON

All Jet Heaters ON
Primary Tank/Line Heaters Select
Latch Valves 1 and 2 Closed

..2-’3
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TARE 6.2.,1.%-1

MULTIPROBE FLIGHT SEPARATION/SPIMCP SEGLENCE

UOIS T ADY
*ON UOYSTAS®Y
*ON UOT3 288

SELATIVE COPUANG YDUORY | COMMARD YZARY 2 TOL.DETRY VERIFICATION
XELTION
A3 A COeWND LA
[ s COBRIC MW x COMND L HEX COaNTs MTEHONM 1L TITLE & STATUS
0-06 04 Ssparation (All times Separgtion (All times Sepgrjtion Telemetry verificetion
below ar¢ reterenced rc Yelow are rafrrenced to Separation switch signals channels are listed be-
this event) this event; inftiste SCL cowmend low {n the event that s
seguences and enable ADP OM downlink dats stresm is
crmmands . received.
1 0'00‘%.!21 Time delay = 7 375 sec el 26 06 0G| Time Delay = 0.37% sec o2 20 00 00| @ This time delay plus otherd

listed in meversl steps
shesd sre for the purpose
of clrcumventing a SCP
feilure mode in which time
delsy codes in one SCL are
ignored snd the commands
stored in thet SCL ere
executed st 1/8 second
intervals. The alternete
SCL will then reccmfigure
. the $/C (after 1t’'s own
correctly processed time
delsys) to execute ®
nowinal spioup sequence.

® These initial time deleys
elso sllow for clearance
(snd sn expected tip off)
from the Centsur before
the S/C jets sre fired.

Sk 4k

T t0h-3d _ °oK *doq

9L7%27% ®iuq enssy - 6tv10

- - T

NN

2 00000500 ADP )| OK ADP19 AR O 1C| ADF 2 M ADPB9 B 00 1F AADPLS (ADP 1 OM/OFP? = OB (1)
AADP2S (ADP 2 OR/OPY = ON (1)
3 P 00-05.62Y Time Delay = 0.125 sec Gl 00 €7 04 ) Time Delay = 0 12. sec ome2 o0 nn K
{TD Code = 0.0 sec.) (TD Code = C.0 sec.)
L
4
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TARLE 4.2.1.35-1. (Continued)
——
REATIVR COMAND MENORY 1 COSUND MEMORY 2 TELOMEYLY VERIFICATION
UTION
krer | tDm cosum COMID
"o, n:N:s CAID WRWNTC L. -4 COMWUND MRIONIC mx COMNTS RDIowIC TITLE & STATUS
4 .00:00.7 50 ATQ#3 AR 4D YO |apoP | Y ATQéC B6 4D PO |e The PLL loss of lock cir- Cannot verify ADP stotus-|
o PLL Spin Renge: e PLL Spin Renge: cuit s inhibitod, as the TH {¢ mssningless with
32-70.8 rpa 32-70.8 rpm FLL canmaot track lsrge spin both ADPs OW.
o PLL Loss of Lock » PLL Loss of Lock rate changes.
Inhibited Inhibited
o Star Gate A: Channael § ® Star Gate #' Channel 1 ¢ The lgrgest aveilable spin
® Star Gate B: Channel 'ﬁ @ Btar Gate B: Channel rate range is selacted to
s Sis PSI Input e Sim P8I Input aid the PLL to settle
® Bun Select e Sun Select fester, prior to jets
o Sim SER Seflect o Sim SRR Select firing,
© Star Wormal o Star Worwal
« Disable Sun Gate ® Disable 3un Gate
o SRR Worwal ® SRR Normsl
S P:00:00.875) ADR L FLL Sain Feriod ATQ88 AX K0 5O|aDP 2 Fid Spin Paried AToSn B6 Z0 50 | o Inserting s siaulgted epin -
Hagnituds - Like - rate (60 rpm) that 1is the
o PLL Spta Parind Mag; @ PLL Spin Period Mag; largest availsble integer
LSBs for 60 rpm LSBe for 60 rpa multiple of the post-spin-
up spin rate sids the FLL
to lock onto the resl SAR
tirat will be selected sfter
spioup to 15 rpa.
¢ P:00:01.000/A00 | Mode Sslect ATQ$) AT 4D VO|ADP 2 Modc Select ATQSC  [B6 4D PO | @ Repeat of step & was for -
asse of verification in
pre-launch ground test.
This identicsl seguence
for Flight gerves the
| purpose of beck-up commend -
ing.
i
7 p:00:0t.12% 430 | ML S2ia Pexiod l 1087 Az 67 0 4pP 2 ML 3p1n Pariod ATQSG B6 67 00| » Bame comment ae for step 5 -
Hesaituds - Mibe Hasnityde - WEhe
o FLL Spin Period o PLL Spin Period
Magnitude; MEDe for Magnitude; WiBe for
0 rpm 60 rom

uoysSTASY

“0of UOoysSTARMY

BT77%7% eaeq sussy 6130
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TARLE 4.2.1.%5-1. (Continued)
RELATIVE COMMAND MEMORT 1 COUAND MEMORY 2 TE.D®TRY VERIFICATION
Lm xacrTIon
T COMAND COMMAND
wo. wn:s oD romoN1C HEX COmum MNDIOWIC HEX COMENTS MeENONIC TITLE & STATUS
8 [0:00:01.2%] ADR L1 Mods Salsct ATQ8) AX 4D PO{ ADP 2 Mode Felect ATGdC B6 4D PO | ¢ Second repeat of step &; Cannot verify ADP statws-
see cosment 17 step 6. TH 1s meaningless with
both ADPy ON,
9 (0:00:01.371 ATQS2 12 8A d Latch Valve 2 Open VALB9 90 00 1D | For ATQE2(&ATRUB shead): VALY 28 Latch Valve 2 open/
o Enable Jet 1 o Salect X1, A3 {spinup jets closed = open (1)
® Enable Jet 3 @ Select time count g Cannot verily DF State |
! o Normal Pire Mode & Select Cont., Mode TH is mesningless with
® Wida Pulse (512 m sec ¢ Spin rate detector imhibit ADPs OM.
o T{ime Count (spinup begins below
® Continuous Pire 3.7 rpm)
® Inhibit Spin Rate
Detector
10 }0:00:01.50d a ATQds ax c8 7q ppr 2 Jay Control araes 36 34 1A] & Input time code equivalent -
® Jat Countdowm ¢ Enable Jet to 117 see. jat firing dur-
Magnituda = 225 ® Znable Jet 3 stion to bring 8/C from
Counts = 115.200 sec ® Normal Vire Mode 0 to 15 rpm.
o Wide Pulse (512 m sec)
© Time Count
® Continucus Fire
e Inhibit Spin Rate
Detsctor
11 P:OO:OLGI! Latch Valve 1 Open YALL19 88 0018 | ADP 2 Jat Couptdown ATQ9D B6 C8 70 " VALV1S Latch Valve i open/
e Jat Countdown Magni- :losed = opeen (1)
tude = 225 counts =
115.200 sec
12 :00:01.75Q Tiees Delay = 1.125 sec omel 08 00 04 Time Delay = 0.525 sec cMq2 10 00 00| » Time delay {s split into
{TD Code = 1.000 sec) (TD Code = 0.500 sec.) two successive blocks in
order to stagger events
for unsabiguous veriff-
cation during pre-lsunch
ground tests.
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TAREZ 4.2.1.5-1, (Continued)
RELATIVE COMAND WEMORY 1 COMMAND MDIRY 2 TILDEIRY YESIFICATION
EXBCUTION
prSr e COMAND COAND
. NS CONND RONIC X CONUAND MWEMONIC COMENTS MEONIC TITLE & BTATOUS
13 P:00:02.875]Latch Velve 2 Opew VAL29 88 00 1D[Time Delsy = 0.750 spec o2 50 00 00 VALV2S [astch Valve 2 Open/
(TD Code = 0.625 sec) Closed = open (1)
14 [p:00:03.000{Time Dalay = 0.250 sec Q2 40 00 LOjLatch Valve 1 Open VALA9 %0 00 1B VALVIS Ratch Valve 1 open/
(TD Code = 0.125 sec) lc10eed = open (1)

13 P:00:03.375]ADP 1 ICE Buffer Rnable ATQ¥9 AE 10 OG[ADP 2 JCK Buffer Enshle ATQ#1 36 10 00 cannot wverify ADP status-
™ is weacingless with
both ADPs ON.

16 P:00:03.375|ADP | Jet Fire Interlock | ATQlL AR 50 OO{ADP 2 Jet Fire Interlock ATQEK 36 S0 00 "

17 :00:03.500{ ADP 1 Jet Pire ATQ12 AE DO DOIADP 2 Jet Fire ATQIL 86 DO OC | & Spin-up nominally begins. vIETIT el jet 1 tempersture

al jet 2 temperatera
increases.

18 9:00.03.625|Time Dalsy = 1 win oml 22 20 CO{Time Delay = 1 min onQ2 22 20 00 verify ADP status-

56.375 sec. 56.375 sec. is sesninglens with
(YD Code = 1 min. %.2% (TD Code = 1 wmin. 56.250 h ADP ON.
sec.) sac.)
19 P:02:00.000|a08 1 JCE Buffer Disable | ATQIS AR 90 OO{ADP 2 JCE Buffer Dieable Q63 90 00 | ¢ To backup nominal JCE countp -
down register timsout for
thruster shutdown.

20 §:02:00.125 ATQS4 AE CO 00fLatch Valve 2 Close VALDS 90 00 1E { @ Purther backup of ADP 1 VALV2S B.atch Valve 2 open/

e XCB Countdown Magni- countdown . iclosed = Closed (0)
Magnitude = O counts
=0 sec
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TAK.Z &.2.1.5-1.

{Continued)

THDETRY VERIPFILATION

uoysYA®Y

only s resi-time cowmend
will changs the SCL 2
state.

RIRATIVE COMMAND MENORY 1 COOUND YMDIRY 2
TXRCUTION
g TN coMMD oM
w. LK 1] COMANR, MDAONTC L4 CRORND MNDIOWTC nzx COemITS IO TITLE & BTATUS
n 0:02:00.2% ATQS?2 JAZ 80 11 } ADP 2 O7P ADPM B0 00 20| @ ADP 2 turvoff perwits valid ApDP 2B oFy = OFY
o Disable 4All Jets attitude aseasursment & ADF ﬁ Count -
® Norwal Pire Mode etatus ™. [ ct Bies =
o Rerrow Pulse ® Purther backup of Jets thru serTon.
{128 & sec) shutoff
® Time Count AIINE Rorasl/Alterasts Fire
® Pulse Pire - Pl £l|-
¢ Basble Spin Rate ys. kK] e ¥ -
Detactor ] |
RS se/Time Count Select =
Time (0)
ATETMS Cont /Pulss Pire Select =
,_____.hln_ﬂl-_——-—-——
ASDETS Spin Rats Detecteor o
Basbled (1
AXK1S Buffer Output State
-
AJCT28 JCE 2 Buffer Output Scate
-
TR [t Fire Inable Stetus =
Disabled («0).
22 F:OI:w.!‘l Latch Yalvs 1 Close VALLS 88 00 1C | Command Procespor 2 CPOQ2 B5 00 07] @ 8CL 2 is set to Standby cLos 28 SCL 2 State Status =
contigurs to insure no repest of Standby {=1111).
e SCL 2 Standby spinup sequence.
e 5CL 2 is not yet turped
OFF in order to retain
eemoTy contents in the
event the spinup diJ not
occur, end it is elacted
to repaat sxscutiom of
the 8CL 2 contents. If
the Standby commsnd 18
effective, the subsequent
commands in this coluen
vill not get executed. VALY1S  |Latch Valve 1 Open/Closed

= Closed {0).
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TARLE 4.2.1,5-1.

{Cont {rued)

b ~
E AP I T S - -

RILATIVE COMAND MDORY 1 COSAND 'ENRY 2 TO.DETRY VER1FICATIN
TXRITION
pTEr DR COMAND COMAD
wo. nn:s COMRD YINDOWIC L - ¢ COMAID MNERON] C X COENTS MWRNONIC TITLE & STATUS
2) [0:02:00.500 ATQE) ME 49 99 | Command Pyoceggor cPoQ2 B5 00 1B | e SCL 2 STOP {s backup to theg CLOG2ZS SCL 2 State Status = STOP
e PLL Spin Range: 2 Configurg (Wote 1) previous commend . 1 (=0010), only 1f stendby
8-17.7 rpm ® SCL 2 sSTOP ¢ PLL spin range selected to comspnd 18 ineffective.
® PUL. Loas of Lock encompass nominsl post- Otherwise, STOP commend
Inhibited spinup spin rate of 15 rpm hes mo effect in Standby
@ Star Gate A Channel 1 ® SER & $XR Advance Selacted
o Star GCate B Channei 1 for lock onto sun as SER. spin renge select =
e Mid Range Sun Seveor 10 (8 - 18
® Sun Select
o SRR Select
@ Star Normal
® Disable Sun GCate
o SER AMvance A'GISS Star Cate B Select = 1
(P$1%)
ASUNGS Sun Sensor Select = 00
1d —
Roll Referemce Select = 1)
& Star Acq./Norwsl « 9)
W T =
ADVANS SKR Advence Stetus = 1
(Mvance)
24 P:02:00.62% ADP 1 Measurewsnt Selsct | amed: AZ 00 05 | Command Procegsor 2 CcPR2 85 00 3P| & SCL 2 OFF is backup to AM1ADS Heasurews: ¢ 4 Address =
o SR - X Configyre (cge 1) previous commsnd
e SRR - PSI 2 e SCL 2 OFF

wrs 1:

These commands will not be executed and ire inciuded in the SCL as bacikups.
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TARE

“.2.1.5-1 {Continuedl

UOTS T A8Y

REATIVE

COAND MDHORY

COMMAND MEMORY 2

EXRCUTION
TIME
H'M-$S

COMv O

COaPuxD

COVGAND

oM
HNEMONTC

TOLDETRY VERIFICATION

COMeENTS

MNDOWIC

TITLE & STATUS

15

j0-02-00 . 750 Power Amplifieras 1 and 2
orr

AMP1@

98 )0 18

SCL 2 OP? (Noteil)

90 00 2B

® SCL 2 OFF discrete command
is backup to the previovs
OFP command .

Pover Amps OFF is firset
command to communications
subsystem to ewitch down-
1ink to APFT ocen!. (Aft owni
is favoreble for initfal
ground station acquisition
st Honeysuckle clrcs
Launch plus 1 hovr.)

hoss of downlink - We TH
available.

0:02:00.879 Low Puwer to Aft Omni
Belect

ANT1.

A8 00 01

Bo TM avatiladle.

7

0:02:C1.00 | Command Proceupor L

® RCVRS Normal

cPaQL

AD 00 43

e Command places the priue
receiver on the cant that
is favorable for infrial
ground staet) m acquisttion
& sets CP 1 receiver
logic to "normal” state.

No T availadle.

28

P:02:01.125 Commend Proceasor 2
confimurs

» RCVAS Normal

CPQ2

BS 00 43

® Command {8 backup to above
and also {3 required to
set CF 2 recetver logic
to "normal” state,

“ON UOTSTADY
s3eq anssy *byap

“Ton=3d _ "ON *20q
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TARR 4.2.1.5-1.

{Contimued)

TELIETIY VERIFICATION

o BCL { Stamdby

insure no repest of the
oplnup.
.nll-m,uur-dﬂ'ﬂ
in ovrder to retaln memocy
contents ia the svent the
opinug dove aet eccwr, ond
it t» elected te repeat
emscution of the OCL 1
contants. If the Stamdby
coumend 19 offective, the
subsaguent commsads will
not get ewecuted; saly »
real-tims commend will
chonge the SC1 1 etste.

condby (= 1211)

REATIVE COMUD MBIRY 1 COMWND MBIRY 2 J
EEUTION
TR DR COPID CANAD
"o, n:e-s FOuND WD € [ -] COMID MWL C COowNTS YIIOWIC TITLE & STATVS
29 :02:01.250f Power Amplifier 1 oW/ NP1 8 00 19 @ Applies low trensmissioe Recovery cf dowalimk
2 ory powsr to sbove selected strier amd TH
aft omai. BANTIS APT/(Ped o Bora) te Wi/Lel
« 0 (Aft te Low)
R IV 7 powetr eutput © -i-
ely some rc-vcl {? te 10
ta for gubiemt 8/C) es
fore step 23.
CREV1S 1 Raceivar reveros
tate ~ Bormal (=1).
CRIV2S [P 2 Recelver reveves
kiate = Wormal (=1).
ARCYRS RP switch positiom = O
(Woruel :RCY 2 to aft emmi)
] 30 P:02:01.573] Restore Comersar Mose comy 9 00 O7 ® Inserted heve to {asure ROON2S citar 2 Ishibit/Mectore
that cohereat msde i¢ ohgrent asds = 0
onabled for initial ecqguist = Restove)
tion. (8$/C say be lourched
with coherent mode fsh'- -
od te sveid AFI ) eblec
Lownch) .
n 102:01. 500 cragl A 00 07 ® BCL 1 {y sat te stendby te a0c1s 1 Stete status =

uoystASy

wooWn
enge
garp
e, =8
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A
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TABY

rotSsT

TAMLE %.2.1.5-1. (Continued)
RELATIVE COMMAND MIMORY 1 COMMAND FEMORY 2 TE BMZTRY VERIFICATION
Lﬂ CIRCUTION
r TIMR COMMAND COMMAND
0. R'u:s COMHAND MNEXOWIC HEx COPMAND WNEMOWI C COMMENTS MNDMONTL TITLE & STATUS
32 |0:02-01.625 Commgnd Procegsor 1 CcPM1 AD O0 1B + SCL 1 Stop is backup to CLOGLS SCL1 State Status = STOP
on previous comuands. 1 (= 0010) only if stand-
e SCL 1 STOP by cOmmand is lncffo:!ivel
Otherwise, STOP comsmsnd
has a0 effect in
STANDSBT State.
33 0:02:01 70{ Lommand Proceasny i CPQL AD 00 3P ® SCL 1 OFF is backup to CSCL1S SCL 1 Status = OFF (0).
configute previous command.
® SCL 1 OFF
34 }0:52:01.87% SCL 1 OFF ML 88 00 28 ® SCL 1 OFP discrete command | CSCLLS SCL 1 Status = OFF (0).

is backup to the previous
OFF cowmand.

°ON UOTSTASY
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TABLF 4.2,1.6-1

MULTIPROBE SUBSYSTEM ACQUISITION CONFIGURATION

SUBSYSTEM/UNIT OPERATIONAL CONFIGURATION
COMMUNICATIONS ® Same as Launch (See Table 4, 2,1. 3-1).
CONTROLS ® Same as Launch except ADP 1 ON,
COMMAND ¢ Same as Launch except SCL 1 and SCL 2 are "OFF,"

DATA HANDLING
POWER
PROPULSION/THERMAL

SCIENTIFIC INSTRUMENTS

Same as Launch (See Table 4,2, 1, 3-1).
Same as Launch (See Table 4. 2,1, 3~1),

Same as Launch (See Table 4. 2,1, 3-1),

e All OFF,
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TAELE 4.2.2-1

S5TARL OF SMrin, PROELS bAKEOUT PZaIOD
THARCUGH LARGE PRORBE SEPARATION TIMELINE OF EVENTS

START
TIME

MULTIT'ROBE { MISSION PHASE] &
MISSICN EVENT

REMARKS

y

E-45 Da',:s

{START OF SMALL PROBES BAKECLUT PERIOD TH

RO.GH HORYN ATTITUDE OPERATIONS o

itecerligure 5, C for Sonall Protes' statle ~scillator

'vake L ut' per.oo

Ref: Par, 1,5, 34,

E-40Days large Probe Hearor T.rn. CEF Fei, M5

E-30 Days | TCM ¢3 Interplanetary target accuracy to be accomplished
{n three TCMs maximum (Ref: M2),

E-30 Days | Attitude and Orbit Determination, :

E-28D03H | Forward Axlal jet Heater OFF; Precess to Horn Attitude. e Heater 18 turned OFF immediately prior to pre~
cession to attitude that exposes jet to more solar
intensity (Ref: M7 L M13),

® Precession done to use Horn and 26 M. D8N,
Station for transmission, as omnis are usable oaly
via 64 M, DSN Station after 1.483 Days (Ref, Para.
1. 5.19 and M4).

e Precession {s done in two steps, separated by
switching 8/C transmitier to the aft omnl (Refer
to Section 3.7 for antennas gain patterns).

e Nominal A80° precession total,

e Also, Ref, MBS,

E-27D23H | S7itch ‘0 Horn for Tranamission. e Ref: M4, M7 and M8,
oM

E-27D22H| Attituce Determinatfon.
I5M

E-27D22H| Return to Single Transmitter,

uOTSTABY
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TABLE 4.2,.2-1 (Contimed)

START MULTIPROBE | MISSION PHASE] & REMARKS
TIME MISSION EVENT
— [ PRECESS 10 RELEASE ATTTTUDE THROUGH LARGE PROBE SEPARATION }- 4>
[F-24D12H
l=LPR-12H,
iwhere LPR=
[Large Probe
[Release
Time)
| 1lme)
LPR-11H Load Command Memory for last Large Probe checkout; Last
30M Large Probe Checkout.
LPR-OH Retizrn to Singie Transmitter,
LPR-6H Batteries to HI Charge Rate, ® To replenish worst case discharge due to probes
SSM checkout (Ref: M4),
e Ref;: M7,
LPR-8H Batteries to Trickle Charge iiate, Ref: M7,
LPR~-5H Add Second Transmitter; Switch to ACS Format. Ref: M4, M5, M7 and P1A #M-9,
40M
LPR-5H Prepare Large Probe; Transfer to Probe Battery and load 4 LP/Bus Bit rates are 256/8, respeciively.
M Coast Timer, then return to Bus Engineering Format. e Ref: PIA #M-10,
LPR-4H Large Probe Coast Timer fnitiation,
30M
LPR-4H Reduce bit rate; switch to Aft Omni, e Inpreparationfor precession to LP Release Attitude,
10M e UseHornforearthl.o.s.<30%w.r.t, 8/C -Z axis
(Ref: J,Salvatore of HAC),
. e LP Release sttitude produces earth1. 0, s, =36°
w.r.t, 8/C ~-Z axis.
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TADLE 4.2.2-1 (Contir.. =d)

M® TIPROBE [ MISSION PH..SE] &

(=E-24 D)

S1ART
TD'E MISSION EVENT REMARKS
LPR-4H Precess to Large Probe Release Attttude, e To produce 0° angle of attack,
e Nomipal A44° precession - Ref: MS,
® Ref: M1 and M8,
LPR-3H Attitude Delermination and Attitude Trim (if required). e To attain attitude within +2, 5% of destred attitude
(Ref: M1),
LPR-2H Spin Rate Trim (Y recuired), e To attain spin rate of 15 +0,15 rpm (Ref: M1l),
15M
LPR-30M Prepare LP for Release,
LPR-15M Separate IFDs,
LPR =0 Release Large Probe,

TADY

uovy
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TABLE 4.2.2-2

START OF SMALL PROBES' BAKEOUT PERIOD
THROUGH LARGE PROBE SEPARATION DETAILED FLIGHT SEQUENCE

STEP #

REMARKS & VERIFICATION

COMMAND
L(START COMMAND OR ACTION TELEMETRY
TIME) MNEMONIC MNEMONIC REMARKS & TM DATA
o Initial conditions are as shown in the appro-
priate columns of Table 2.3. 1-1 (Multiprobe
nominal equipment configurations during the
mission). Essentially, 1t consists of: 64 M.
DSN 1n use (for imminent TCM #3), Fwd omm
1in use for downlink, transmatter Hi power, S/C
in cruise attitude, and spin rate at 15 rpm.
Q Reconfigure S/C fo? Small Probes' Stable Oscil- ® Stable oscillator in each
{(E-45D) lators "bakeout' period. Small Probe is turned ON and left
ON continuously for *25 days in
order to siabilize the frequency
during .ts use just prior to S. P.
entry through S. P. Impact.
® It is very important that the
bakeout be continuous, i.e., the
cumulative OFF time of the stabl
oscillators during bakeout should
be kept to an absolute minimum
K2 HRS between first turn ON
and last pre-release turn-OFF).
@ [} Verify that the Science Reset Relay 18 PSCBUS Science Bus Reset Relay Status =
closed {"ON"). 1 (ON).
® Turn ON Probe Checkout Power:
@ PCO19 OR | Probe Checkout Power ON. PCHEKS Probe Checkout Pwr ON/OFF =
PCOAg9 1 {ON)
® For X =1 and 2 and 3:
PXPRI1S SP X Internal Pwr Relay 1| ON/
OFF = 0 (OFF).
PXPR2S SP X Internal Pwr Relay 2 ON/

OFF = 0 (OFF}.

worsTaRY

=bta0

“ON UOTSTAdW

(-1} gzzgf e3eQq 8ABNY

£04-34" =om °20q

*Of UOTIDeS

L]

e {

- ——



e I S B PR Oh g

TABLE 4.2 2-2 {(Continued)

STEP ¢
L(START
TIME)

COMMAND
MNEMONIC

8Z-T°n

COMMAND OR ACTION

REMARKS & YERIFICATION

TELEMETRY
MNEMONIC

REMARKS & TM DATA

L] Reduce Bus Bit Rate:

[} For simultaneous trans-
mission with impending Small
F robe subcarrier data.

‘E::) TPCQI:
Bit Rate = %

Telemetr, Processor | Control (Select 5 bps)

Momentary loss of bit sync.
then:

wWora 3

Bit Rate Selection = 8 bps

° Select Prokes’ Lo Mod Index (and Bus Lo
Mod Index):

[} Recommended choices of
Mod. Indices for simultaneous
Probe/Bus Operation (Refer to
Para. 3.7.3.1.1).

[ Sending sither Probes’ Mod
Index select ~ommand also auto-
matically selects the Bus Lo
Mod Index.

MIL21 OR
MILBI

[ Probes' Lo Mod Index Select.

L] No TLM available for ver:i-
ficatior.

® Since only the Bus Subcar-
rier i1s ON at this time, the
downlink carrier suppression
will decrease by approximately
6.4 dB relative to H1 Mod Index
only operation.

Turn ON SPX CDU and then SPX Stable
Oscillator:,

[ X =lor2o0r3

@ SCDX9

SPX C/DU and RF Power Relay ON.

° Probe X subcarrier appears
- Downlink carrier suppression
will increase by 5.7 dB over Bus
Subcarrier {Lo Mod Index) only
operation.

e SPX Telemetry appears at
64 bps rate and in the Upper
Descent format (imitial condn\on#

P
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TABLE 4.2.2-¢2

(Continued)

STEP ¢
L(START
TIME)

COMMAND
MNEMONIC

COMMAND OR ACTION

REMARKS & VERIFICATION

TELEMEZTRY

MNEMONIC

REMARKS & TM DATA

nt

{Co ;d)

PBUSLI

S/C Loads current increases a
norminal 436 ma (@ 29 Vdc).

PLIMTI

Bus voltage limiter current likely]
decreases by the same amount as
PBUSLI had increased - if there
18 sufficient excess solar panel
current.

e After lockup tc the SP
telemetry stream occurs, verify
as follows:

PXCD1S

SPX C/DU and RF Power Relay |
ON/OFF = 1 (ON!.

PXCD2S

SFX C/DU and RF Power Relay 2
ON/OFF = 1 {ON).

PXBUSV

SPX Bus Voltage: Should read
same value as PEBUSV (Essen-
tial Bus Voltage)

PXOSCS

SPX Stable Oscillator ON/OFF =
0 (OFF).

PXBUSI

SPX Bus Current should read
same value as the & increase in
PBUSLI.

RXHTO!

SPX Stable Oscillator Heater
Current shouid read zero amps.

SOsX9

SPX Stable Oscillator ON.

PBUSLI

S/C Loads
Current

Each increases
about 200 ma (cold

PXBUSI

start) immediately,

then each decreases
with time {see Fig.

4.2.2-X) for a typi-
cal net increase of

30 ma.

SPX Bus
Current

nOTSTASY
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TABLE 4.2.2-2 (Continued)

STEP ¢
&(START
TIME)

COMMAND
MNEMONIC

REM/ RKS & VERIFICATION

COMMAND OR ACTION

TELEMETRY
MNEMONIC

REMARKS & TM DATA

®

{Cont'd)

RXHTOI

SPX Stable Oscillator Heater
Currentx0.2 Volts (TM) imtially,
then rises as seen in Figure
4.2.2-X.

PXGSCS

SPX Stable Oscillator ON/OFF =
1 {ON).

Monitor telemetry liated 1n previcus step
for about 20 mindtes to verify proper atable
oscillator current consumption.

® Refer to Figures 4.2.2-X,
4.2.2-5, and 4.2.2-6,

Turn OFF SPX CDU and turn ON SPY Stablel

Oscillator.
(X=1or2or3 Y=1or2or3and

also Y £ X)

Bus Communications Subsystem
is designed to accommodate only
one Probe subcarrier ON ata

time without garbling telemetry.

SCDX#

SPX C/DU and RF Power Relay OFF.

[ Probe X subcarrier disap-
pears - Downlink carrier
suppression will decrease by
5.7 dB over Bus subcarrier
(Lo Meod Index) only operatios

PBUSLI

S/C Loads current decreases 2
nominal 436 ma. @ 29 Vvdc.

PLIMTI

Bus Voltage limiter current like-
ly increases by the same amount
as PBUSLI had decreased - if
there is sufficient excess Solar
Panel Current.

1¥

3

Turr ON 5PY CDU and then its Stable,
Oscillator.

Y is a different SP than the
previous SP.

1F2.1

Repeat Steps{1E]) through (IE3} for SPY.

@

Turn OFF SPY CDU and turn ON remaining
third SP:
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TABLE 4.2.2-2 (Continued)

STEP #

REMARKS & VERIFICATION

COMMAND
L{(START MNEMONIC COMMAND OR ACTION TELEMETRY REMARKS & TM DATA
TIME) MNEMONIC
@ Repeat Sig for SPY, then Step @
through “E) r the third 5P
NS
@ Turn OFF third SP:
@ Repeat Step (IF) for the thurd SP.
‘lJ ’ As further assurance that the Stable Oscil- o Execute for X = 1 gnd 2 and 3
lators are ON, repeat turn ON Command . There 18 no Step@
Py for each SP Stable Oscillator:
131 SOSX9 SPX Stable Osciliator ON. PBUSLI S/C Loads | ® Current consump+
Current tion of 30 ma for a
PLIMTI Bus Voltage stable oscillator that
Limiter 13 powered ON 18
Current less than 1 count for

each of these TM
parameters -

e A 200 ma
transien’ cccurs
upon turn ON that
lasts anywhere be-
tween a few seconds
{even if the stable
oscillator had been
OFF for a matter of
seconds) and a durad
tion as seen in Fig.
4.2.2-X for a cold
oscillator.

1K

Throughout the 25 days ''bakeout' period,
do as follcws:

UOTSTARY
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TABLE 4.2.2-2

{Continued)

REMARKS & VERIFICATION

STEP ¢
COMMAND
L(START COMMAND OR ACTION TELEMETRY REMARKS & TM DATA
TIME) MREMONIC MNEMONIC
[ Verify frequently the TM at the right. PSCBUS Science Bus Reset Relay Status =
1 (ON})
PCHEKS Probe Checkout Power ON/OFF =
1 (ON)
. For X = ) and 2 and }:
PXPRIS SPX Internal Power Relay 1 ON/
OFF = 0 (OFF).
PXPR2S SPX Internal Power Relay 2 ON/
. OFF = O (OFF).
@ ° Verify that none of the following commands
are executed. If any one 18, then the affec-
ted Probe(s) Stable Oscillator should be
turned ON immediately via the appropriate
part or all of Steps @ through @ :
Command that will Turn OFF One or More SP AFFECTED SP:
Stable Oscillators:
SAMX6 SPX Fower Amplifier OFF/Stable Oscillator SPX, where X = 1 or 2 or 3.
OF F
PCOI# OR | Probe Checkout Power OFF. All 3S.P.
PCOA®
INS1$# OR All Science OFF All 35, P,
INSA#
—@ . It 18 suggested, as irurther insurance, that
the following actions be done immediately
following periods of S/C activaty (e. g.,
L~ Probes Checkout, TCM #3):
rlK}.l [} Verify Probe Checkout Power 1s ON. PCHECKS Probe Checkout Pwr ON/OF = =
1 (ON)
For X = 1 and 2 and 3:
PXPR.S SPX Internal Pwr Relay 1 ON/

OFF = 0 (OFF)

UOTSTADY
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TABLF 4.2 2-2 (Continued)

STEP # COMMAND REMARKS & VERIFICATION
&(START COMMAND OR ACTION TELEMETRY REMARKS & TM DATA
TIME) MNEMONIC MNEMONIC

K3.1 PXPR2S SPX Internal Power Relay 2 ON/
(Cconra) OFF = 0 (OFF).

D e

1K3.2 . Execute turn ON Command for each SP ° Execute for X = 1 and 2 and

Stable Oscillator: 3.
1K3.2. SOSX9 SPX Stable Oscillator ON, PBUSLI S/C Loads ] e® No change indi-
Current cates each Stable
PLIMTI Bus Voltage

Limater
Current

Oscillator is ON, onj
had been OFF for a
short time, & the
turr ON trans:ient
of 200 ma was too
short in duration to
be seen by the TM
system (current
consumption of 30
ma for a warm
Statle Oscillator is
less than 1 countfor
each of these TM
parameterr.-)

e Discernable
change of 200 ma
indicates the Oscil-
lator had been OFF.

1K3 2.

» If there had been a detectable change :n the

telemetry listed 1n the previous step that
indicated one or more stable oscillators
had been OFF, then the cause of that un-
wanted turn OFF muast be avoided through-
onut the '"bakeout'' period.
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TABLE 4.2.2-2 (Continued)

STEP ¢ COMMAND REMARXS & VERIFICATION
& (START COMMAND OR ACTION TELEMETRY CMA D
TIME) MNEMONIC MNEMONIC REMAPKS & TM DATA
@ HTL1f OR  |Large Irobe and Small Probe 1 Heaters OFF. |I'LHTRS Large Probe Heater = 0 (OFF)
(z-sopy | HTLAS
F1L BHRS Large Frobe Battery Heater Relay
ON/OFF = 0 (OFF)
PBUSLT S/C Loads current decreases a
nomisal 768 ma., due to Large
Frobe shelf heater turnoff.
FLBAT Y Large Probe Battery Temperature
Decreases and stabilizas N
e Perform TCM #3 per the appropriate de-
talled sequences in Section 4,3.1
(E-30D) (Maneuvers).
e FPerform Attitude Determiration per Section
4,3.2,
e Perform a trajectsry determination per the
standard tracking procedure.
@ HTJIf OR  [Forward Axial Jet Heaters OFF. PBUSLI S/C Loads current dacreases a
HTJIAP nominal 31 ma., due to heaters
(E-28D
s turnoff,
4}
VJETST Forward Axial Jet & Tempersature de—|

creeses L stabilizes

UOTST AIY
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TABLE 4.2.2-2,

(Continued)

STEP ¢ COMMAND REMARKS & VERIFICATION
& (START COMMAND OR ACTION TELEMETI'Y
TIME) MNEMONIC MNEMONIU REMARKS & TM DATA
@ (Process to Horn Attitude) Ref: M7
(E-ZTSDOIH
# Perform tte appropriate detalied precession Precess spproximate'y 4200 to
sequence in Section 4.3.1 (Maneuvers), a30° (of a total required 390°
except load the number of puises required oomimal), or until ground re-
for this precession maguitude, and the angle ceived BER Increases f0 TBLD,
delay magnitude corresponding to that or S/N ratio decreases o TBD
uniquely required for this precession. dB, (Ref: M8, M9 and M1l).
® (Part!al precession - Do not close latching
valves sfter this precession, Refer to
remarks.)
e After the above partiai precession is com- Ref: Par. 1.5.21,
pleted, switch L/C transmission to the aft
omal:
AMPY OR Power Ampilfiers 3 & 4 OFF. Likely loes of bit sync &
AMPCS telemetry.
Possible loss of carrier,
AMPS OR Power Amplifiers 1 & 2 OFF, Loss of downlink carrier.
AMPAS
ANT11 OR | HI Power to aft omn! select. No downlink - not verifisble in
ANTA1 real time.
@ AMP19 OK Power Amplifier 1 O.i/2 OFF, Possbble recovery of downlink
AMPAS® carrier (should be phase-locked

to uplink).
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TABLE 4.2.2-2, (Continued)
STEx ? COMMAND REMARKS & VERIFICATION
& (START COMMAND OR ACTION TELEMETRY .
1 ME) MNEMONIC MNEMONIC REMARKS ‘& TM DATA

AMP39% OR

Power Amplifier 3 ON/4 OFF,

e Recovery of downlink carrler

AMPC9 demod sync to subcarrier, &
bit sync to telemetry. Frame
sync will follow [ater because of|
low bit rate,

e Ground recelved signal strength
should be strgnger than at the
start of step @ .
RANTI1S Hi Pwr to Fwd or Horn/Lo Pwr to
Aft Omnf = {(Hl Pwr to Aft Omni),
@ e Precess the remaining segment of the total
required precession (performed funcilonally
the same as the laat precession) - then
Close latching valves,
@ Switch to Horn for Transmlssion e Ref: Par.1,5.21
27D
23 30M)
ANT21 OR | Meditm Gain Horn Select. e No change in Ground Recelved

ANTB1 signal,

RANT2S Horn/Fwd Omni = 1 (Horn)
AMP3¢ OR Power Ampliflers 3 & 4 OFF ¢ Likely loss of bit sync &
ANTCY{ telemetry.

e Possible loss of carrier.

R
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TALLE 4.2.2-2, (Conttmuerh
STEP ¥ COMMAND REMARKS & VERIFICATI!ON
& (START . COMMAND OR ACTION TELEMETRY
TIME) MNEMONIC MNEMONIC REMARKS & TM DATA
AMP1S OR Power Amplifiers 1 & 2 OFF e Loss of downlink carrier.
AMPAS
ANT12 OR | Hi Power to Fwd/Horn Select. e No gownlink - not verifisble in
ANTA2 real time.
AMPLl9 OR Power Ampiifier 1 ON/2 OFF, s Posatle recovery of downlink
AMPAS carrier (should be phase~-locked
to upiink),
@ AMP39 OR | Power Amplifler 3 N/4 OFF. ¢ Recovery of downlink carrier,
AMPCY demod sync to srbearrier, &
bit sync to telemetry, Frame
sync will follow later because
low bit rate.
e Ground received signal strength
should be strgpger then at the
“‘lt d 4 ) o .
RANTI1S Hi Pwr to Pwd or llorn/Lo Power
to Aft Ot = 1 (Hi Pwr to Horn).
Increase Bit Rate o Assumes 256 bps (s sustainable
for Xmtr Hi Pwt, Horn, &
remsainder of link budget.
@ TPCQI; Bit Telemetry Processor 1 Control (Select 256 bpe) Momentary loss of bit sync, then:
Rate = 256
WORD 3 Bit Rate Selectiop = 258 bpe.
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TABLE 4.2,2-2 (Continued)

iTMARKS & VERIFICATION

STEP ¢
COMMAND T LT e
- : - ‘ TELFMETDY ey s .
& sr;n‘r M NEMONIC COMMAND OR ACTION SR RELATRKS & T LATA
C; e Perform Attitude Determination pe:r Section
, E-T1D 4.3.2,
! 22H15M)
@ Decrease Bit Rate and Retur to Single
1 (27D Transmitter:
2
@ Decrease Bit Rate: e Assumes 128 bps is sustainable
for Xmtr Lo Pwr, Horn &
remainder of link budget,
TPCQI; Telemetry Processor 1 Cootrol fSelect 126 bps) Momentary loss of bit sync, then:
Bit Rate =
128 bps WORD 3 Bit Rate Selection = 128 bps.
@ Return to Single Transmitter:
!“' AMPYM OR Power Amplifiers 3 and 4 OFF. ® Likely loss of bit sync and
AMPCS telemetry,
o Posaible loss of carrier.
@ AMP1f OR | Power Amplifiers 1 and 2 OFF. e  Loss of downlink carrier,
AMPAS
GE; ANT11 OR Low Power to Horn Select. &  No downlink - not verifiable in
ANTAL real time,
(E’ AMP11 OR |Ampitfier 1 to Low Power Select, ¢ No downlink - not verifisble in

AMPAL

real ime,

Tany
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TABLE 4.2,2-2 (Continued)

STEP ¢ W REMVARKS & VERITICATION
COMMAND = =
& START | COMMAND OR ACTION TLLEMTZTRY | .
TIME MNEMONIC MNEMONIC :EMARKS & TM DATA
AMP18 OR Power Amplifier 1 ON/2 CFF. e Recovery of downlink carrier,
AMPAS demod sync 1o subcarrier & bit
sync to telemetry. Frame sync
will follow later becsuse of low
bit rate.
® Ground received signal strength
should be we than at the
start of step (§B) .
RANTI18 High Power to Fwd or Horn/Low
PowertoMtOmnl-O(umrw}
Horm).
RAMP3W RF Power Output 3 = 0 Wgits,
RAMP3T PA 3 Temperature - Decreases and
stabilizes st 69°F to 88°F.
RAMP18 Amp 1/2 to Hi/1Lo Power =G (Amp 1
to Low Power).
Add Second Transmitter and Increase Bit Rate:
(E~ZAD128
: LPR-1H
where LP#
: LP
Release
Event)
m Add Second Transmittcr:
-@ AI'PI:‘Q_R Power Ampitfiers 1 and 2 OFF. e Loss of downlirk Carrier,
AMP.
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TABLE 4.2,2-2, (Continued)
STEP # ROMANRMS & VERIFICATION
COMMAND COMMAND OR ACTION TNk
& START |\ NEMONIC COmMARD OR ACTION T,LI FrLiky [ REMARKS & T DATA
TIME 4 FIOUIC
10A2 ANT12 OR High Power to Fwd/Horn Select, ® No downlink - eat verifiable in
ANTA2 real time,
10A3 AMP12 OR Ampiifier 1 to High Power Select,
AMPA2
@ AMP19 OR | Power Ampiifier 1 ON/2 OFF. e  Possaible recovery of downlink
AMPA9 carrier (should be phase-locked
to uplinky,
10A AMP39 OR | Power Ampitfier 3 ON/4 OFF. ® Recovery of iownlink carrier,
AMPCY demod sync .. subcarrier, and
bit sync to telemetry. Frame
sync will follow later beosuse of
low bit rate,
® Ground reczived signa) strength
should be stronger than at the
start of Step ip.
RANT1S High Pewer tc Fwd or Horn/Low
Power to Aft Cnnl = 1 (High Power
to Horr;,
RAMP3W RF Power Crtput 3 = 10 Watts.
RAMP3T PA 3 Tempe zature - Increases and
stabilizes a5 78°F to 88°F.
RAMP1S Amp 1/2 to High/Low Power = 1

(Amp 1 to High Power),

In. ~esse Bit Rate:

Assumi 256 bps 13 sustainable
for Xm* High Power and
remaincer of link budget,
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TABLE 4.2, 2-2 (Continued)

STEP # REMARKS & VERIFICATION
COMMAND
& START COMMAND OR ACTION TELEMETRY
TIME MNEMONIC ANEMONIC REMARKS & TN DATA
10B1 TPCQ1; Telemetry Processor 1 Control (Select 256 bps), Momentary loss of bit sync, then:
: (BIt Rate =
256 bps) JORD 3 Bit Rate Seleztion = 256 bps,
@ Load Command Memory for Last Large Probe
{LPR - 11H Checkout,
30M)
@ CPCQ1L; Command Processor 1 Configure - (SCL OFF) ® To clear SCL memory ccntents
Either CP (CP with certainty,
Select); No OP
(RCVR); OFF CSCL1S SCL = 0 (OFF).
(SCL)
——— R ans san
@ CPCQl; Command Processor 1 Configure (SCL C.»ar/ON) ¢ Turns SCL Fower ON, sets SCL
ither CP (CP to Standby, an<d initializes
ect); No OP memory address pointer (Ref:
(RCVR); Clear/ Section 3.6.3.2,2).
ON (8CL)
CSCL*S SCL = 1 (ON),
CLOG1S SCL Logic State = 15 (Standby)
CMEMI1C Commapd Memory 1 Address Polnter
= All Zeros - Points to first 24-bit
word slot in memory,
@ CcPCQl; Command Processor 1 Configure (SCL Load) CLOG1S SCi Logic State = 14 (Load)
Either CP (CP
ect): No OP
CVR); Load
(BCL).
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TABLE 4.2,2-2 (Continued)

RUMARKS & VERIFICATION

STEP ¢
- COMMAND et . i — -
51.1;1':;:RT MNEMONIC COMLAND Ot ACTION x}.x;lgjs;\:g;:é‘{ JEMAKKS & TM DATA
Checkout power 18 already ON
in order to support S. P. stable
oscillators cperations.
(llC’) As Req'd. T{rst Command to be Stored CMEMI1C "Cormand Memory 1 Address
Pointer" has advanced by a count of
@ As Req'd, Second Command to be Stored 1 after fssuance of this command;
gy’ : v and will Increase by a count of 1 for
M ! ' each subsequent {ssuance of a
— P ! i ! } command.
T - } Caecsout pov. 2. must be left ON
@ {Nth Command to be Stored, ! after i.. P c..eckout in order to
support S. P. stable oscillators
o operation.
@ After last special commard for this aequence has
been stored, mend:
CPCQl; Command Processor 1 Conflgure - (SCL STOP) e To insure no automatic repeat of
[Either CP (CP |- (STORED COMMAND) . the atored command sequence
Select); No OP once 1t has been inftiated,
(RCVR); STOP
(8CL), CLOG1S SCL Logic State = 14 (Stfll = Load
State).
CMEMI1C "Command Memory 1 Addreas
Pointer” = Location of this last
command stored in tnemory (record
for later use).
@ CcPCQl; Command Processor 1 Configure - (SCL STANDBY) e To take SCL out of load state; no
‘ther CP (CP other command will accomplish
‘ .eo0t); No OP this and keep memory contenta
(RCVR); intact (Ref: Section 3,86,3,2).
(8CL).

CLOG1S

SCL Logic State = 15 (Standby).
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TABLE 4. 2.2-2 (Continueu,

STEP # RAMARKS & VERIFICATION
COMMAND Cegn ~ T
&;s;r;ia'r MNEMONIC COMLAL 1 OR ACTION T‘;I\;Egugri{ {f ME IAKKs & T'i DATA ‘
@ cpCQl; Command Procesacr 1 Configure (SCI. INDEX). e To move address pointer to
Either CP (CP firat 24-bit word slot in
Select); No OP | memory.
LlC VR); Index +
(8CL), CLOG18 8C1. Logic State = 15 (Swandby).
CMEM1C Command Memory 1 Address Polnter]
= All Zeros - Points to first 24-bit
: word slot ia memory.
® Command Memory is now (ndexed to first
stored command, and ready to be verified or
executed,
g;; Verily Command Memory Contents Before
(= - Execution:
11H16M)
(:B CPCQl; Command Processor 1 Configure (8CL Read) ® Hequired logic state for memory
tther CP (CP readout,
1 No Op
NRCVR); Read CLOG18 S8CL Logic State = 10 (Read)
(8CL),
CMEM1C Command Memory 1 Address = All |
Zeros -~ Required in order to read
eptire memory in one cycle (Hef:
Section 3.6,3,2),
@ TPCQ1; Telemetry Frocessor ! Control - (Select WORD 3 Telemetry format selection = 0101
CMRO "Command Memory Readout" TM Format), {Command Memory 1 Resdout). i
CMEM1 Command Memory 1 Readout - ne
i read anmquaMnn m
: et of the memor is reached,
H ! mmnucnlly trmferu to the 8’1‘AHD-
] BY mmummmnnuhnﬂnmp
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TABLE 4,2.2-2 (Continued)

STEP #

RiIMARKS & VERUFICATION

COMMAND . N
& START \ COMMAND OR ACTION TELEMETRY - ” . -
TIME MNEMONIC AMNEMONIC REMARKS & TXA DATA
CMEMIC Command Memory 1 Address Pointer
Cont'd - Increases by a count of 1 after each
¢ ) 24-bits {8 readout fn CMEM1, Resets
to all zeros when the end of the mem-]
ory 18 reached, and stops i{ncreasing,
CLOG1S SCL Log~ State = 10 (Read) Until end
of memory s reached, thea automa-
tically transfers to 15 (STANDBY) and,
stays in that state,
TPCQ1; Telemetry Processcr 1 Control -~ (Select "Bus e To evaluate bus prior to contin-
ENGR, Engineering'' TM Format) uing to Large Probe checkout,
WORD 3 Telemetry Format Selection = 0001
(Bus Engineering Format)
‘,13; Last Large Probe Checkout
(= -
11H)
@ Reduce Bus Bit Rate: [ For simultaneous transmission
(L SK with impending Large Probe sub-
30M) carrier data,
TPCQL; Telemetry Processor 1 Control (Select 8 bps) Momentary loss of bit sync, then:
Bit Rate= 8§
WORD 3 Bit Rate Selection = 8 bps,

e Initiate contents of Command Memory, and
record all telemetry:

e Large Probe data rate of 256 bps
as required for some scientific
instruments, is assumed to be
selected via the Command Mem-
ory sequence,

I - e e A - o e —_—
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TABLE 4.2.2-2,

(Continued)

R

STEP # COMMAND _ REMARKS & VERIFICATION
& (START . COMMAND OR ACTION TELEMFTRY
TIME) MNEMONIC MNEMONIC REMARKS & TM DATA
13B1 CPCQl; Command Processor 1 Configure (SCL CLOG1S SCL Logic State: Transfevs first
Either CP Immediate Start) to "Run" state (=12), If a stored
(CP Select); command {8 not & time delay, this
No OP (RCVR); will trunsfer to the "Process
Immediate Command' state (=8); f a stored
Start (SCL). command i8 a time delay, this
will transfer to the '"Load Timer"
state (=13). Last stored command
i8 & "STOP"” commaad, and this
will become."STOP 1" (=3)
CMEMI1C Command Memory 1 Address

Pointer: Increase .by count of 1 as
each stored command I8 executed.

Return to Single Transmitter

(LPR-9H)
o 'Repeat Step(d), then return bere,
(Batterics to Hi Charge Rate)
(LPR-8H
58M)

For Batiery 1 to Hi Charge Rate:
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TABLE 4.2,2-2. {(Cont'd)
STEP # REMARKS & VERIFICATION
COMMAND 2
& (START COMMAND OR ACTION TELEMETRY
MNEMON. T
TIME) MONIC MNEMONIC REMARKS & TM DATA
@ BATIS OR Battery 1 - Helay 1 Hi Rate Charge PH1R1S Battery 1. Relay 1 Status = 1
RATA9 (To H1 Charge Position)
PCHG1 Rattery 1 Charge Current = U Amp
PLIMTI Bus Voltage Limiter Current -
Increasges
@ BAT13 OR Battery 1 - Relay 2 Hf Rate Charge PBIR2S Battery 1, Relav T Status = 1
BATA3 (To Hi Charge Position)
PCHGU Battery 1 Charge Current = 0,750
Amps (C/10)
PLIMTL Bus Voltage Limiter Current

Decreases

e Battery 2 to Hi Charge Rate:
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TABRLE 4.2,2-2,

(Contimued)

STEP # COMMAND REMARKS & VERIFICATION
& (START COMMAND OR ACTION TELEMETRY
TIME) MNEMONIC MNEMONIC REMARKS & TM DATA
@ BAT29 OR Battery 2 - Relay i Hi Rate Charge. PB2R1S Battery 2, Relay 1 Status = 1 (Te
BATB9 Hi Charge Position).
PCHG21 Battery 2 Charge Current = 0 Amp.
PLIMTI! Bus Voltage Limiter Current
Increases.
@ BAT23 OR Bsttery 2 - Relay 2 Hi Rate Charge PB2R2S Battery 2 - Relay 2 Status = 1
BATBS (Tc Hi Charge Position)
PCHG2I Battery 2 Charge Current = 0.750
Amp (C/10).
PLIMTI Bus Voltage Limiter Current
Decreases
e Monitor TM at Right. PB1P1IT Battery 1, Pack 1 Temperature.
e When conditions are met, return batteries
to trickle charge rate via event ahead.
PB1P2T Battery 1, Pack 2 Temperature
PB2PiT Battery 2, Pack 1 Temperature
e
PB2P2T Battery 2. Pick 2 Temperature
PBAT1V Battery 1 Terminal Voltage.
PBAT2V Battery 2 Terminal Voltage.
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TABLE 4.2,2-2,

(Contiouech

STEP # COMMAND REMARKS & VERIFICATIGN
& (START iy COMMAND OR ACTION TELEMETRY
TIME) MNEMONIC MNEMONIC REMARKS & TM LATA
Whaen e battery vullage riscs dur-
ing high rare charge & then''rolls-
{ ' over' &k decreases by 2 aata units
{x0,3 Vifromits peak value; and/
or the battery temp, rate of rise
suddenly becomes ateep, transfer
to Low (trickle) charge rate via the
: event ahead.
‘16 , (Ratteries to Trickle Charge Rate) r
(=LPR
-8H)
@ e To Reduce Pattery 1 Charge Rate:
@ BAT1§ OR Battery 1 - Relay 1 i.0 Rate Charge. PB1R1S Battery 1, Relay 1 Status = 0
BATAS (To Lo Charz Position)
PCHG1U Battery 1 Charge Curreut = 0 Amp.
PLIMTI Bus Voltage Limiter Current -
Increases.
@ BATi4 OR_ Battery 1 - Relay 2 T.o Rate Charge. PB1R2S Battery 1, Relay 2 Status = 0
BATA4 {To Lo Charge Pdsition).
PCHG1I Battery 1 Charge Current = ]50ma
(C/50) Average,
PLIMTI Bus Voltage Limiter Current -

Decreases

¥
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TABLE 4.2,2-2 (Continued)

— - — - —
STEP # COMM: ND o — hvfl.":\!}.R}CS L VERIFICATION
& START MNEMONIC o AL IDN TOLINIIIY EMARKS 2 TM TA
TIME LINEMONIC REMARK> 2 TM DAT.
e To reduce Battery 2 Charge Rate:
669 BAT2f OR Bettery 2 - Relay 1 Low Rate Chs ge PB2RI1S Battery 2, Relay 1 Status = 0 (To
BATHS Low Charge Position).
PCHG21 Battery 2 Charge Current = 0 Amp,
PLIMT! Bus Voltage Limiter Current
L_' Increases,
BAT24 OR B. tery Z - Relay 2 Low Rate Charge. PB2ZR2S Battery 2 - Reiay 2 Status = 0 (To
BATB4 Low Charge Position).
PCHG21 Rattery 2 Charge Current = } 50 ma.
{C/50) Average,
PLIMT1 Bus Voltage Limiter Current
Decreases
‘172 Add Second Transmitter; Switch to ACS Format,
(= -
SH40M)
_@ e Repeat Step ., then return here,
TPCQL; Telemetry Processor No. 1 Control - Selact ACS When loading a probe ~oast timer, a
ACS Format Format, Bus format that does not contain sub-
Select com C should be selected until the

loadtng has been accomplished, Thi.
will prevont any Interference betwee
che Subcom C read envelope and the
load!ng process which would result {
a misloaded register.

e
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TABLE 4.2.2-2 (Continued)

REMARKS & VERIF'CATION

STEP # _
COMMAND n
& START CCAAMAND OR ACTION TELEMITRY . . "
TIME MNEMONIC VNEAONIC REMARKS & TM DATA
Prepare Large Probe for Release; Transfer to
{LPR- Large Probe Battcry, Load and Initiate Coast
SH30M) Timer:
LPP19 OR Large Probe Internal Power ON, PLBR1S Large Probe Internal Power Relay 1
LPPAS ON/OFF =1 (ON),
PLBR2S Large Probe Internal Power Relay 2
ON/OFF =1 (ON),
PLBATT Large Probe Battery Teniperature
rises and stabilizes a3 a
result of battery being steadily dis-
charged,
LCTQ1 OR Coast Timer Set (Time Delay as Required).,
LCTQA
TPCQ1 Telemetry Processor No, 1 Control - Bus Eng To verify a coast time that has been

Format Select,

loaded Into a coast timer, a Bus for-
mat that contains subcom C must be
selected. Witkinsubcom C, the LP

coast timer value i8 located in worda
5 & 6 and SP's 1,2,& 3 are located

fn words 21 & 22, 37 & 38 and 53 & 54
respectively. In each case, the first
wourd contains the eigh! Jeast signifi-
cant bfts and the second ‘ord contains

the eight most significant bits, Ifthe

change to select the format containi

subcom C should happen to occur

exactly between the two coast timer

readout words, such as between wor

5 & 6, the contents of those two wor
(Continued)
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TABLE 4, .,2-2 (Continued)

STEP ¢
& START
TIME

COMMAND
MNEMONIC

Cor DI AL

PRSI S

(C@!)

will be interchanged, 1,¢,, the first
word will contain the eight most sig-
nificant bits and the second word will
contain the eight least slgnlﬂc:mtbltaﬂ
The contents of the remalaning three
coast timer rezdouts will be correct,
To alleviate the situation, it will be
necessary to command out of the for-
mat and reicad the coast timer.

i
{

CLTIMC

J.arge Probe Coast Time Verification
- Telemetered as commanded,

LCT19 OR
LCTAS

Start Coast Timer,

CLTIMC

D G

Large Probe Coast Time Verificatior
- Indicates Countdown,

Switch to Aft Omni; Increase Bit Rate, if posstble.

)
-~
e Assumes 16 bps {8 sustalnable i
via Aft Omnf and impending

Large Probe Releasc Attitude,

Repeat Step , then Return Here.

B © G

TPCRQ1;
Bit Rate =
1€ tpe

Telemetry Processor 1 Control (Select 16 bps)

Momentary loss of bit sync, them:

WORD 3

Bit Rate Selection = 16 bps.

®

Precess to J.arge Probe Release Attitude

e Perform the appropriate detailed precession
sequence {n Section 4,3.1 (Maneuvers), except
load the number of nulses requirad for this
precession magnitude and the angle delay
magnitude correepom{ainz to that uniquely
required for this precesston.

e A 44° Nominal precession,
Ref: M8, M9 and M11.
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TABLE 4.2,2-2 (Continued)

TIARKS &€ VERITICATION

LP@.’)M.

STEP # COMMAND

& START - i C oy INND O ACTION RIGATGES & T DATA
TIME MNEMONIC REATGE: TM L
@ Attitude Determfinadon and Attitude Trim (If

(LPK-3H) Required).

@ ® Perform Attitude Determination per Section ® This is performed to insure
4.3.2 for the stars visthle at this point tn Large Probe release attitude 18
misston, eufficlently accurate. (Ref: M1

- Within 42, 5° 7 desired
attitude),

@ Attitude Trim (if Required)

® 1f a refinement In attitude {8 required, per-
form the appropriate detalled precession
sequence in Section 4,3.1 (Maneuvers),

@ Spin Rate Trim (If Required) ATTM1Z OR | (SRR to SRR) should be a spin
(;‘HI;M ® If ATTM telemetry indicates a need to trim ATTM2Z ;p:;l;d;olr:espondlng‘ u;;; spin rate
) the spin rate, perform the appropriate $0.15 rpm (Ref: )

detalled spin mancuver sequence in Section
4.3.1 (Manevvers),
@ Prepare Large Probe for Release; Separate [FD's,
(LPH-30M and Release Large Probe,
ORD13 Arm large Probe [FD and BNMS B/O Hat

n aximu

PMum 8S, ORD14
&

Fire Large Probe [FD

4 Sec be-

ORDA4

Fire large Probe IFD

tween 1st
Arm & Fir
Comm

IFD Separation {8 indicated by all
Large Probe TM to the Bus changing
suddenly to full-scale values,

4
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TABLE 4.2,2-2 (Continued)

r;TEpQ COMMAND RIIARKS & VERITICATION
& START R COMMAND OR ACTION TLLEMETRY . e P ,,
TIME MNEMONIC MNEMONIC REMARKS & TM DATA
@ PLBATT Large Probe Battery Temp.
All
(© & Change
SLAFIT Large Probe Aft Shelf 4ng
Tems 1 Suddenly
v to
SLFWIT Large Probe Fwd Shelf S?;}:
Temp 1 alues,
CLTIMC Large Probe Coast Time
Verification
ORD1§ Disarm PCU 1,
ORDAf# Disarm PCU 1
@ ORD11 Arm Large Probe Separation
(LPR=0)
Mintmum ORD12 Large Probe Separation & May cause detectable transient
8 Secs; in Cownlink Signature,
Maxtmum
14 secs. ORDA2 Large Probe Separation e May cause detectal.l~ transtent
between 154 in Downlink Signature.
Am &
Fire SLRELS Large Probe Stowed/Released Status
Commands changes to Released (=0).
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TABLE 4.2,2-3

REFERENCES FOR TIMELINE AND COMMAND SEQUENCES
OF SECTIONS 4, 2,2 AND 4,2, 3,

— J—

! REFERENCE
IDENTIFIER
| M1 Paragraph 2,2.2 of Reference 1,5.20
M2 View Graph 1,4.16 of Reference 1.5.5
M3 View Graph 1,19,4-1 of Reference 1,5.5
M4 Multiprobe Mission Sequence - HAC Memo No.HS507/1679 -
Hartenstein - Dated 4 November 1974,
M5 Paragraph 2.1 of Refcrence 1,5.3.
M6 Table 2.5.2-1 (Page 2-65) of Reference 1.5.3
M7 Page 2.49 and Table 2,4.1-1 of Reference 1,5.3
M8 Table 2.3,2-1 (Page 2-48) of Reference 1.5.3
M9 Figure 2.2,1-21 of Reference 1.5.3
M10 Page 4-9 of Reference 1.5,13
M11 Figures 2,2,1-23, 6.2,12-4, 6.3,12-5, 6,3,13-2 and 6.3.13~3 of
Reference 1,5.3.
M12 Paragraph 2.2.1 of Reference 1,5,20,
M13 AVO from R, Fehr of HAC, dated 6/13/77.
Mi4 Multiprobe TTM Review, February 24, 1977, and Lee Hennis

of HAC.
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TABLE 4.2,3-1

i O

POST-1., P, SEPARATION THROUGH S, P, SEPARATION TIMELINE OF EVENTS

START MULTTPROBE | MISSION PHASE | &
TIME MISSION EVENT REMARKS ‘l
— 4 POST-~1.,P, SEPARATION THROUGH S, P.} SEPARATION ]r ——
LPR+15Min Reorient for Small Probes targeting; Switch to Horn. e 448,4° Precession - Ref: M8,
(LPR &
1.arge Probe
Release
Event)
LPR+35Min] Return tc Single Transmitter o Ref: M7
e Earth l.o.s. ~18° w,r.t, 8/C ~Z axis permits
increase In bit rate even at low 8/C Xmtr power,
LPR+50Min] Batterfes to Hi{ Charge Rate e Par R. Danlel of HAC cir~a 6/12/77
E-23D Spinup to 48.5 rpm (Nominal) e To produce lateral AV of 5.08M/Sec for Small
2H30M Probes at their release - Ref: M12,
E-23D 2H Attitude Determination & Attitude Trim (If Requlred)
E-23D 1H Retarget for Small Probes ¢ Nominal AV of 5.1 M/Sec - Rei. M5 & M8,
e Allows 3 days of tracking prior to Probes’'
release,

E-23D Attitude and Orblt Determination
E-20D 14H AV Trim,
= SPR-14H

here SPR

P Release
Event)
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TABLE 4.2,3-1.

{Contimed)

START

MULTIPRCBE [ MISSION PHASE | &

REMARKS I

(E-20D)

TIME MISSION EVENT
SPR-13H Load Command Memory for last S.P, Checkout; S. P, /Bus bit rates are nominally 64/8
Last S, P, Checkout (Each Sequentially), & stable oscalla- Thisis the terminationof the twenty-five days
tors turn OFF. stable oscillators "bakeout' period.
SPR-9H Prepare Small Probes; trarsfer to Probes' batteries &
30M load S.P, coast times,
SPS%&FH S. P. Coast Timers Initiation.
SPR-TH Precess to Intermediate Attitude. Allows star sensor to cool while the S/C batter-
1es remainina charging or zerodischarging state.
(Sunlook angle 18 nominally 28°).
SPR -3H Precess to 5. P. Release Attitude Nominal A583° precession,lncluding ;recess to
Intermediate Attitude - Ref: M3, M5, M7 & M8,
SPR-21M4M{ Att!tude Determination & Attitude Trim (If Required) To attain attitude within +2,5° of desired
attitude - Ref: M1,
SPR-2H Spin Iate Trim (If Required) To attain spin rate of 48.5 +0.4 rpm =~
Ref: M1 & M4.
SFR-30M Prepare for S,P, Release Switch to S/C Xmtr Hl Pwr & 128 bps (nominal).
SPR-15M Arm S,P, & Separate I[FD's,
SPR = 0 Release Small Probes

uoTST ALY

*ON UOTSTADY
*ON UOTIDAS
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TABLE 4,2,3-2

POST-L, P, SEPARATION THROUGH S, P, SEPARATION DETAILED SEQUENCE

STEP ¢

&(START
TIME)

COMMAND
MNEMONIC

REMARKS & VERIFICATION

COMMAND OR ACTION

TELEMETRY
MXNEMONIC

REMARKS & TM DATA

o Initial conditions are as shown in the appro-
priate columns of Table 2,3, 1-1 (Multiprobe
Nominal Equipment Configurations During the
Misslion). Essentially, it consists of: 64M,
DBN in use, Aft Omnl in use for downlink,
transmitter Hi Power, S/C In L.P. Reléase
Attitude and Spin Rate at 15 rpm.

(LPR-15M)|

Reorient for Small Probes [argeting

e Perform the appropriate deti.iled precossion
sequence in Section 4.3.1 (Maneuvers), except
load the number of pulses required for this
precession magnitude and the angle ’slay mag-
nitude corresponding to that uniquely required
for this precession, -

® =~ A489 precession (Ref: MS,)

®

(LPR+36M)]

Switch to Horn for Transmission

o Perform step(6)of Table 4.2.2-2, then
return here.

®

(LPR+50M)

Batteries to Hi Charge Rate

e Perform ltop@of Table 4.2,2-2, then
return here.

uoySTASY

“Oj UOTISTADY

B8L/72%/G e3yeg enssy *6130
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FABLE 4.2,3-2 (Contlnued)

REMARKS & VERIFICATION

STEP ¢
COMMAND - e i
&(START COXMAND O ACTION TELEMETRY . . .
TIME) | MNEMONIC INEAICNIG REMARKS & TM DATA
Q Sotoup to 48, 5 RPM (Nominal)
(ESAD2H
303

¢ Perform the appropriate detatled spinup
sequence in Section 4.3.1 (Maneuvers)

(E@Dlﬂ

30M)

Attitude Determination and Attitude Trim (if
Required)

Q)

¢ Perform attitude determination per section
4. 3.2 for the stars visible at this point in the
mission.

o If a refinement in attitude 18 required, per-
form the appropriate detatled precession
sequence {n Section 4,3,1 (Maneuvers).

Attitude required to be withia
#2. 59 of desired attitude,
Ref: M1,

Do

Retarget for Small Prohes

® Perform the appropriate detalled AV sequence
in Sec‘'on 4.3,1 (Maneuvers),

Nominal AV of 5.1 M/sec.
Ref: M5 and M8,

Allows three daye of tracking
prior to Probes’ release,

RON

Attitude and Orbit Det- rmination

——d

¢  Perform attitude determination per Sectiorn
4,3.2,

® Perform a trajectory determination per the
Standard Tracking Procedure,

UOTSTAY

“ON TOTSTADY
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TABLE 4.2.3-2

{Continued)

STEP ¢
&(START
TIME)

COMMAND
MNEMONIC

COMMAND OR ACTION

REMARKS & VERIFICATION

TELEMETRY
MNEMONIC

REMARKS & TM DATA

®

E~-20D 14H
(a8PR-14H
lwhere SPR
ESmall
Probes
Release
Event =
E=20D)

AV Trim (If Required)

¢ Repeat &ep@for vernfer correction, if
Required,

®

(SPR-13H)

T

Load Comniand Memory For Last Small Probes'
[Checkout

1)
@

@)

e Perform step of Table 4.2.2-2, except:

Load com
checkout,
The capacity of one command memory
may be insufficient. The second
command memory may have to be
linked to operate sequentially afier the
cortents of the first command memory
have been executed. Refer to section
3.6.3 for further information,

After loading the memories, return
here

s unique to small probes

Checkout power 18 already ON
at start of checkout sequence,
in order to support S. P. stable
oscillators operation (stable
oscillators should have been ON
continuously since E-45 days
for an intended “S-day "'bake-
out' per:.od).

Stable oscillatprs & checkout
power should be turned OFF at
end of checkout sequence.

uoTsSTASY

T8TARY
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TABLE 4.2,3-2 (Continued)

kg
REMARKS & VERIFICATION

STEP &
s J v -
&T(‘n':g?.'r M%?E%A%ﬁg COMMAND OR ACTION TELEMETRY REMARKS & TM DATA
10 Vertfy Command Memory (IES) Contents Before
~12H Execution:
153

e Perform Step @ of Table 4.2,2-2, then
return here,

l@mn

Last Small Probes' Checkout

® Checkout the Small Probes
sequentially.

e Perform Step (13) of Table 4,2,2-2, then
return here,

@ Includes turn OFF of stable oscil
lators & checkout power at the
end of the checkout sequyence. |

After all Small Probes’ subcarriers have been
turned OFF, increase Bus Bit Rate to highest
supportable level:

TPCQ1 Telemetry Processor 1 Control (Select 64 bps). e Assumes 64 bps is highest
it Rate = 64 supportable via Horn, Low
Transmitter Power, and
remainder of link budget.
12 Prepare Small Probes for Release; Transfer to
SPR-9H Small Probes Batteries, lLoad and Inftiate Coast
SO0M) Timer:
TPCQ1 Telemetry Processor No, 1 Control - ACS Format When loading a probe coast timeyr, a

Select,

Bus format that does nct contaln sub-
com C should be selected untf] the
loading has been acocomplished. This
will prevent any .nterference between!
the subcom C read envelope an2 the
loading process which would result in
a inisloaded register.

UOTST A®Y
“ON UOTSTADY
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TADLE 4.2.3-2 (Continued)

iTEPAD COMMAND REMARKS & VERIFICATION
(START COMMAND OR ACTION TELEMETRY
MNEMONIC
TIME) MNEMONIC REMARKS & TM DATA
@ SPP19 OR Small Probe 1 Internal Power OK, P1PR1S SP 1 Internal Power Relay 1 ON/
SPPAS OFF =1 (ON),
P1PR2S SP 1 Internal Power Relay 2 ON/
OF " =1 (ON).
P1BATT Small Probe 1 Battery Temperature‘
rises and stabilizes as a
result of battery being discharged.
@ SPP28 OR Small Probe 2 Interaal Power ON. P2PRI1S SP 2 Internal Power Relay 1 ON/
SPPBS OFF = 1 (ON),
P2PR2S SP 2 Internal Power Relay 2 ON/
OFF =1 (ON),
PZBATT SP 2 Battery Temperature rise -
and stabilizes as a result
of battery belng discharged.
@ SPP3% OR | Small Probe 3 Internal Power ON, P3PRIS SP 3 Internal Power Relay 1 ON/
SPPC9 OFF = 1 (ON),
F3IPR2S SP 3 Internal Power Relay 2 ON/
OFF = 1 (ON),
P3BATT SP 3 Battery Temperature rises
and stabilizes as a result
of battery being discharged.
@ SCTQ1 OR ] SP 1 Const Timer Set (Time Delay as required),
SCTQA

Taoy
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TABLE 4.2.3-2 (Contirued;

STEP 4
& (START
TIME)

COMMAND
MNEMONIC

COMMAND OR ACTION

REMARKS & VERIFICATION

TELEMETRY

MNEMONIC

REMARKS & TM DATA

@

5C"Q2 OR
SCTQB

SP 2 Coast Timer Set (Time Delay as required)

&9

SCTQ3 OR
SCTRC

$P 3 Coast Timer Set (Time Delay as required)

@

TPCQ1

Telemetry Processor No. 1 Control - Bus
Eng. Format Select.

To verify a coast time that has been
loaded {nto a coast timer, a Bus
format that eontains subcom C must
be selected. Within subcom C, the

I P Coast Timer value i3 located in
words 21 & 22, 37 & 38 and 53 & 54,
respectively. In each case, the first
word contains the etght leas! signifi-
cant bits and the second word cnntairg
the eicht most significantbits, I the
change to select the format contain-
ing subcom C should happen to occur
exactly beiween the two coast timer
readout words, such as between
words 5 & 6, the contents of those
two words will be interchanged, f.e,
the first word will contain the e!ght
most significant bits and the second
word will contaln the eight least sig-
nificant bits, The contents of the
remaining three coast timer readou!
will be correct to alleviate the situa-
tion it will be neceasary to command
out of the format and reload the coast
timer,

C1TIMC

SP 1 Coast Timer Verification -
Telemetlered as commanded.

4

.
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TABLE 4 2 3-2 (Continued)
STEP ¢ COMMAND ] REMARKS & VERIFICATION
VIV I B8 . . .
L(START ; . COMMAND OR ACITION ’TELEMETFY
TIME) MNEMONIC MNEMONIC REMARKS & TM DA A
@ C2TIMC SP 2 Coast Timer Verification
- [elemetered as commanded
{Cont d) C3TIMC SP 3 Coast Tamer Verification
(7SD10Y - Telemeterid as commanded
—
@ SCT19 OR SP 1 Start Coast Timer C!TIMC . SP 1 Coast Timer Verifi-
s -BH SCTA9 cation - indicates count-
IOoM) down.
S7~T2v OR SP 2 Start Coast Timer C?7IMC ° SP 2 Coast Timer Verifi-
SCTBI cation - indicates count-
— down _
Q@ SCT3vy OR SP 3 Sart Coast Timer C3TIMC » SP 3 Coast Timer Verifa-
SCTCHY (75D10Y cation - 1ndicates count-
down —
<l]> Precess to Small Probes Intermed.ate
S -7TH Attitude
. Perfarm the appropriate deiailed | (] No' 1inal 4 40 © preces-
precess.on sequence in Section | s16on to a sun look angle of
4 3 ] (Maneuvers) | 28% and in earth ook angle
of 30°.

. Allows star sensor to cool
while the S: C batter'es
remain 1n a charging or

. iero d:scharging state
(14) Precess 10 Small Protes Release Attitade
Jér."-.”‘l
o Per »rm the appropriate detailed . Nominald 8 © preces-
precession sequence :n Section 8100 tc a sun look angle ot
4 3 1 (Maneuvers). 17° and an earth lookangle
of 31°,
[ Batteries are 1n a d's-

charging state

o
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TABLE 4.2 3-2

{Continued)

STEP # COMMAND REMARKS & VERIFICATION
&(START i . COMMAND OR ACTION TELEMETFY REMARKS M A

Tivg) | EMONE MNEMONIC M & TM DAT
L @ Attitude Determination and Attituce Trim (If

PR=ZH Regquired)

45M

. Perform Attitude Determina.ion per
Section 4. 3.2 for the Stars vis.ble at this
point 1n the mission

[ ] .t a refinement’ in attitude 18 required,
perform the approprizte detailed preces-

Attitude required to he
within +2. 5° of desired

sion seguence in Section 4. 3.1 (Maneuverr). attitude.
Ref: MI.
16 Spin Rate Trim (If Required) To attain spin rate of 48 5
(SPX-2H) +0 4 rpm - Ref: MI
¢ If ATTM Telemetry indicates a neec to ATTMIZ OR [(SRR to SRR} should Le a spin
trim the spin rate, perform the appropriate{ ATTM2Z period corresponding to a spin
detailed spin maneuver sequence in Section rate cf 48.5 +0.4 rpm. Ref: M.
4 3.1 (Maneuvers)
17 Prepare for Small Probes Release:
{SPR-30M)

Load the desired Small Probes' Roll Release
Angle.

Prelaunch tests have indica-
ted that the conservative
time delays between (apph-
cation of e'ectrical power to
the Release Squibs) and (the
instant that a Small Probe is
no longer influenced by the
rotational motion of the Bus)
are:

SP-1 (Dummy): 8, ¢ maec.,
Sp-2 : 9.Z msec.
Sp-3 : 10, 7 rhsec,

The actual release delay times
may be a8 much as 8 miili-
seconda less,
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TABLE 4.2. 3-2 (Continued)

STEP # COMMAXND REMARKS & VERIFICATION
% (START . . COMMAND OR ACTION TELEMETRY
MNEMONIC REMAR T
TIME) MNEMONIC M KS & TM DATA
@ ATQ8& (for ADP Configure - Roll Irdex Delay Magnitude ARIPAT Roll Index Delay Magnitude =
ADP 1 Onlw (Address No. 5) (Magnitude = A3 Required), Commanded Value,

ATTM1Z OR| (SRR to RIP): Step functlon change
ATTM2Z to commanded value (angle ‘n
degrees) divided by #, v 10te,

@ e Switch tp Spacecraft High Power via Horn per
Step A of Table 4.2, 2-2, then return
bhere,
@ @ Increase TM bit rate to highest available levei
(assumed to be 128 bps for nominal link budget
TPCQl, Telemetry Processor 1 Cnntrol (Select 128 bpa) Momentary loss of bit sync, then:
Bit Rate = -
128 bps WORD 3 Bit Rate Selection = 128 bps.
{Arm Small Probes, Separate IFD's_and Release
Small Probes:

{SPR-15M)

G9-2°n
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TABLE 4.2.3-2 (Continued)

STEP ¢

REMARKS & VERIFICATION

Timer Verification,

&(START S{%‘é;g;?c COMMAND OR ACTION TELEMETRY | REMARKS & TM DATA
TIME) MNEMONIC
P — S —
ORDZ2Z Arm Small Probe 1FD & BNMS CAL Gas Pyro.
Mimimum ORD23 Fire Small Probe IFD
6 seconds
& Maxi- ORDB3 Fire Small Probe 1FD 1FD Separation is indicated by all
mum 14 telemetry from a probe to the Bus
seconds changing suddenly to full-scale values
between | s
Arm & P1BATT Small Probe 1 Battery Sudden
Fare Temperature change to
Commands full-scale
S1AF1T Small Probe 1 Aft Shelf
Temperatnre 1 values
{ndicates
SIFWIT Smail Probe i Fwd ::"r’;zm_
Shelf Temp 2
C1TIMC Small Probe 1 Coast

|

UOTST AR
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TABLE 4.2.3-2 (Continued)

Lo~ TaRT
TN

CONLIANE G ACTION

LARKS & VERIFICATION

REMARKS & T DATX

&)

P2BATT Small Probe 2 Battery Sudden
Temperature change to
Full-scale
SZAFIT Small Probe 2 Aft Shelf | values
Temperature 1 indicutes
SP2 IFD
S2FWIT Small Probe 2 Fwd Separatfon.|
Shelf Temperature 2
C2TiM(C Small Probe 2 Coasgt
Timer Verification,
P3BATT Small Probe 3 Battery \ Sudden
Temperature change to
Full-scale
S3AF1IT Small Probe 3 Aft Shelf [ values
Temperature 1 indicates
SP3 IFD
S3FWI1T Small Probe 3 Fwd Separation,)
Shelf Temperature 1
C3TIMC Small Probe 3 Coast
Timer Verification,

m & Fire

IORD2¢ Disarm PCT" 2,
JORDBZ Disarm PCU 2,
ORD21 Arm Small Probe Separation,
(SPRCS 0)
in, 8 sec.
Max.14
ec. be- EL11 ADP 1 Small Probe Release

® May cause detectable transient in
Downlink Signature,
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TABLE 4.2,3-2 (Continued)
lTnDa L ULUARKS & VERIFICATION
.. (SCART COn ANy COUMMAND CR ACTION TEZLEMLTRY
P 1) ® 1 MNINONIC R i T ONIC REMARKS & T) DATA
adaviae wranrewaraliivg
[ -

RELAl

ADP 1 Small Probes Release

® May cause detactable transient

in Downlink Signature,

S1RELS Small Probe 1 Stowed/
Released Status.
: All
S2RELS Small Probe 2 Stowed/ | &
Released Status, ) ged
S3RELS Small Probe 3 Stowed/ :e:,) -sed

Released Status.
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TABLE 4.2,4-1

BU S TARGETING SEQUENCE OF EVENTS

TELEMETRY VERIFICATION

COMMAND
RELATVE TIME| MNEMONIC COMMAND TITLE OR EVENT
TLM MNEMONIC TLM TITLE
E-20 Days Small Prove Release (see Section
4,2.3)
E-20 Days Post SP Release Crulse (see Section
4,2,4.2)
E-18 Days Begin Bus Targeting Mission Segment:
{T=0)
AMP39 or Power Amplifier 3 ON/4 OFF RAMP3W (Radliating via Aft Omnl) RF Power Output
AMPCY 3 = 10 Watts
PBUSLI 8/C loads current increases a nominal
1,20 amps
PLIMTI Bus voltage limiter current decreases a
nominal 1,20 amps
AMP12 or Amplifier 2 Low Power/Amplifier 1 RAMPIS Amp 1/2 to Hi/Lo Power Status = 1 (1 to
AMPA2 Higt. Power Select Hi) (Hi Power radiating via aft omni).
MTIH11 or Bus High Mod Index Sclect DSN Receive Parameter
MIHA1L

Lock-Up DSN 64-m Station

DSN Recelve Parameter

Perform Attitude Determination (see RS
Section 4,3, 2) < O Q
- Bo° o
Determine Precession Parameters - ' =z 0
see Section 4.2,4.4 OO P
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TABIE 4.2,4-1 (Continued)

TELEMETRY VERIFICATION

COMMAND
RELATIVE TIME! wyNEMONIC COMMAND TITLE OR EVENT
TLM MNEMONIC TLM TITLE
T + 2 Hours Execute Precession to Bus Targeting
Attitude (see Section 4,3.1.1)
Perform Attitude Determination (see
Section 4, 3. 2)
T + 6 Hours Attitude Trim Manpeuver (Optional)
(see Sectton 4.3.1,3)
Perform Continuous AV Targeting
Maneuver (see Section 4,3.1.2)
Execute Precession to Horn Attitude
(See Section 4.3.1.1)
Perform Attitude Determination (see
Section 4, 3, 2)
ANTI12 or Low Power to Aft Omni/High Power to RANTI1S Hi/Lo Power to Fwd or Horn/Aft Omni
ANTA2 Fwd Omni or Horn Select Status =1 (Hi power to horn)
T + 8 Hours Return to DSN 2G-m Siation DSN Recefve Parameters
E - 17 Days Return Batteries to Low Charge Rate:
BATI1f or Battery 1 Relay 1 Low Rate Charge PBATI1S Battery 1 Relay 1 Status = 0 (low charge)
BATAf#
BAT14 or Battery 1 Relay 2 Low Rate Charge PBCRI1S Battery 1 Relay 2 Status =0, Battery 1
BATA4 PCHG11 Charge Current is nominally 150 ma.
BAT%% or Battery 2 Relay 1 Low Rate Charge PBAT2S Battery 2 Relay 1 Status = 0 (low charge)
BAT

UOTS T AdY

*OR UOTSTADY

8L7227G6 @3iuq anssT * HTIp

“EON-5d  *ON °*20q

[ 4

*“ON UOT3Dag




LL-2°0

TABLE 4.2.4-1

(Continued)

RELATIVE TIME

COMMAND
MNEMONIC

COMMAND TITLE OR EVENT

TELEMETRY VERIFICATION

TLM MNEMONIC

TLM TITLE

E-17 Days
{Continued)

BAT?24 or
BATB4

Rattery 2 Relay 2 Low Rate Charge

PBCR2S
PCHG21

Battery 2 Relay 2 Status =0,
Battery Z Charge Current l¢ Nominally

150 ma.

PLIMTI

Bus voltage limiter current increases

Cru 'e to E-8 Days (See Section
4.2.4.5)

E - 8 Days

Perform Attitude Determination (See
Section 4,3.2)

Perform Targeting Touchup (Optional)
{See Section 4.3.1.2)

Perform Precesslon to Bus Fntry
Attitude (See Section 4.3.1,1)

Perform Attitude Determination (See
Section 4.3.2)

Perform Attitude Trim (Optional) (See
Section 4,3.1.3)

Begin Crulse to E - 2 Days (See
Section 4,2, 4, 6)

E - 2 Days

Perform Despin to 9.45 +0.1 rpm (See
Section 4.3.1.3)

Perform Attitude Determination (See
Section 4,3,2)
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TABLE 4.2.4-1 (Continued)

RELATIVE TIME

COMMAND
MNEMONIC

COMMAND TITLE OR EVENT

TELEMETRY VERIFICATION

TLM MNEMONIC

TLM TITLE

E - 2 Days
{Continued)

Perform Attitude Trim (Optional)
(See Section 4,3.1,3)

Begin Bus Entry Mission Segment
(See Section 4.2, 5)
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Section No. _ _8:2.,5

DoCe NOa -

M—-
orig. Issue Date _5$/22/178

Revision No.

Revision

TABLE 4, 2,4-2

BUS SUBSYSTEM OPERATIONAL CONFIGURATION

SUBSYSTM/UNIT

MISSION PHASFE

POST-SMALL PROBE RELEASE
(Section 4, 2.4, 2)

CHANGES FROM POST-SMALL PROBE KELEASE CONFIGURATION

COMMUNICATIONS
Transponders

Power Amplifiers

Switch Drivers

COMMAND

Command Processors

COMs
PCUs

CONTROLS

Star Sensor

Attitude Data
Processors

Exciter 1 ON/2 OFF

Restore Coherent Mode (ON)

Bus Low Mod Index Select

Probes Mod Index Select
(don't care)

Power Amp 1 ON
Power Amps 2, 3, 4 OFF

Exciter 1 Select

Power Amp 3 Select

Medium Gain Horn Antenna
Select

Amp 1 Low Power Select

o High Power to Aft Omnl/Low
Power to Forward Omn! or
Horn Select

® Receivers Normal Select (via
command processor configure
command)

® Command Processors 1 & 2
ON (both memories in "OFF"
state)

® All Six (8) COMs ON
¢ PCUs Disarmed.

PSI® ON

PSI2® OFF

PSI* Sensor Gain & Bandwidth
(As Required)

ADP 1 ON

ADP 2 OFF

SRR to SRR

SRR to PsI2

All Jets Disabled

Spin Rate Detector Enabled

SRR Advance Disabled

Sun Gate Enabled

Star Acquisition to Normal

Selected SRR = Sun

Sun Sensor Seiect (extended
Range-Upper)

PLL losas of Lock Enable

PLL Spin Range Select 32 to
70. 8 rpm.

PLL Spin Period Mag FEquiv-
alent to 44, 8 rpm,

¢ JCE Buffer Output Nisabled

¢ Other Parameters (don't care)

TARGETING CRUISE TO E-8 DAYS TO FINAL DESPIN
ATTITUDE E-8 DAYS E-2 DAYS E-2 DAYS
(Section 4,2, 4, 4) | (Section 4, 2, 4, 3) [(Section 4.2, 4, 6)[(Section 4.2, 4,7)
Hi Mod Index Hi Mod Index Hi Mod Index Hi Mod Index
Amps 1L 3ON | Ampa 1 &3 ON [Amps 1 & 30N Amps 1 &3 ON
Amps 2 & 4 OFF| Amps 2 & 4 OFFj Amps 2 & 4 OFF] Ampa2¢ 4OFF
Amp ? Low Pwr | Amp 2 Low Pwr [ Amp Z Low Pwr | Amp 2 Low Pwr
Selsct Select Select Select
- High Power to | High Power to High Power to
Horn Horn Horn
Psi2* ON - - -
- - - 8,01017, T rpm
- - - 9. 45 rpm

“ .2-73
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Section No.

$228e3

Doc. NO.

Oorig. Issue Date 5422472

kevision No.

Revision

TABLE 4,2.4-2 (Con ‘nuad)

SUBSYSTEM/UMIT

MISSION PHASE

POST~SMALL PROBE RELEASE

(Section 4.2.4.2)

CHANGES FROM POST-S.1A1.L PROBE RELEASE CONFIGURATION

Uv/OL Contral

Primary Discharge fieg. Select
(Both Batteries)

Power System Protection ON

TARGETING CRUISE TO E-8 DAYSTO FINAL DESPIN
ATTITUDE E-8 DAYS £-2 DAYS E-2 DAYS
(Section 4, 2.4.4) fon 4, 2, 4. 5) | (Section 4,2, 4, 6) {(Section 4.2,4.7)
TROPULSION, ERMA
Heaters o All Jet Heaters ON, except Fwd - - - -
Axial Jet Heater OFF
¢ Primary Tank/Line Heaters - - - -
Select
@ All Probe Heaters OFF - - - -
DATA HANDLING
Telemetry Processor |o Telemetry Processor 1 ON/20OFF - - - -
¢ Bus Engineering Format ACS Format - - ACS Format
o 128 Bits/Sec 64 to 256 Bps 128 Bps 256 Bps 256 Bpe
o Data ON - - - -
o Convolution Encoding ON - - - -
PCM £ncoder o PCM Encoder 1 ON/2 OFF - - - -
DIM e All Eight (8) DIMs ON - - - -
POWER
Bus Limiters @ All Five (5) Bus Limiters Enabled - - - -
Charge /Discharge « High Rate Charge Select (both - 1ow Rate Chg, |Low Hate Chy, 1.0w Rate Thg,
Controller relayt - both batteries) select Select Select

SCIENTIFIC INSTRU- (@ All Science OFF - - - .
MENTS
OTHER o Probe Checkout Power OFF - - - -
o lLarge Probe Internal Power OFF - - - -
o Small Probe 1 Imtemal Power - - - -
OFF
o Small Probe 2 Internal Power - - - -
OFF
o Small Probe ) Internal Power - - - -
OFF
“ .2-1“
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TABLE 4.2, 5-1
BUS ENTRY SEQUENCE OF EVENTS
TELEMETRY VERIFICATION
COMMAND
RELATIVE TIME| ynEMONIC COMMAND TITLE OR EVENT
TLM MNEMONIC TLM TITLE
E-40 Hours Complete Final Despin Maneuver
(See Section 4.2.4.7).
Transfer to DEN 64 Meter ground Lockup of uplink and downlink at 64-meter
station (If not already transferred), ground station,
Perform Attitude and Spin Rate
Determinations (See Section 4.3.2)
E-47 Hours Perform Attitude and Spin Rate Trim
Maneuvers (if Necessary), (See
Sections 4.3.1.1 and 4,3, 1.3).
£-46 Hours Determine precise occurrence of next DCLOK1 Spacecraft clook (24 bits)s Calculate near-
4098 seoond clock transition after E- DCLOK2 est multiple of 4096 seconds, (MSB of
44 Hours, Resclve In Universal Time DCLOK3 DCLOK2 {f 4096 second clock bit).
UT relative to time of Bus entry.
Load and verify Bus Entry sequence as
shown in Figure 4,2,5, (See Sectlon
3.6.3.2).
START STORED BUS ENTRY
SEQUENCE:
=E-44 Fours -to CcPCQ1 Command Processor 1 Configure CMEMI1C Verified at next transition of 4096 second
{Timed Start) Crose olock it from 1" to ""0." Command mem-
ory address pointers will inocrement one,
t, 12 Seconds CPCQA Command Processor 2 Configure CMEM2C and SCL state will change from “TIMED
{Timed Start) CLOG2S START 1" ¢= 0101) to "RUN" (= 1100).
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TABLE 4.2.3-1 (Contimued)

TELEMETRY VERIFICATION

COMMAND
RELATIVE TIME MNEMONIC COMMAND TITLE OR EVENT
TLM MNEMONIC l TLM TITLE
~E-42 Hours, . l Scientific Instrument Commanris to
%0 E-40 Hours, « configure BNMS for calibration gas
. , sequence; TBD by NASA/ARC,
'l ORD22 OR Arm SP IFD aud BNMS Cal Gas Pyro, No "arm'" siatus telemetry exists,
ORDB2
l‘ + 12 Seconds ORD24 OR Fire BNMS Cal Gas Pyro, Verification from: BNMS instrument
ORDB4 ! telemctry.
‘l + 24 Seoonds ORD13 OR Arm Large Probe IFD and BNMS B/O No "arm" status telemetry exists.
ORDAS Hat.
01 + 36 Seoonds ORD15 Fire BNMS B/O Hat Primary Verification from BNMS Instrument
telemetry,
t; + 48 Beonnds ORDI3 OR | Arm Large Probe [FD and BNMS B/O No "arm" status telemetry exists.
ORDAS Hat,
'1 + 1 Mimte ORD1S Fire BNMS B/0O Hat Secondary Verification from BNMS instrument
telemetry,
‘l + 1 Mimute ORDIS OR Disarm PCU 1 No "arm"” status telemetry exists.
12 Seconds ORDAS
E-40 Hours o Scientific Instrament Commands to . Telemetry verification of "TBD"
to B } oconfigure BNMS and BIMS for entry; . } Commands.
E-10 Houre . TBD by NASA/ARC. .
E-40 Hours TPCQ1 Telemetry Processor 1 Control Cbeerved change in format status (word 3)
to (select 1024 bpe and ACS or Bus of every minor frame,
E-10 Hours

engineering formats)
te

e
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TABLE 4.2, 5-1 (Continued)

TELEMETRY VERIFICATION

COMMAND
RELATIVE TIME| yunpmonic | COMMAND TITLE OR EVENT
TLM MNEMONIC TLM TTTLE
=E-10 Hours TPOQ!1 Telemetry Processor 1 Control Obeerved change in format status (word 3)
(Select 1024 bps and Bus entry of every minor frame.
format).
Pegin continuous moaitoring of Bus
downlink until ‘armup after Bus entry
(E = 0).
E-4 Hours STORED ‘ BACKUP SPACECFAFT CONFIGUR-
OMMANDS ATION STORED CCMMAND
* = §CP1 SEQUENCE {BEGINS AUTOMATI-
¢ = 9CP2 CALLY:
TLMI9* Telemetry Processor 1 ON/2 OFF )
TLMA®** | Telemetry Processor 1 ON/2 CFF ¢ DTLM1S TM Processor 1 ON/2 OFF
TPCQI® Telemetry Processor 1 Control Observed change informat ststus (word 3)
TPCQL** (Select 1024 bps/Bus entry format) of eve , minor frame,
AMP19* Power Amplifier 1 ON/2 OFF RAMPIT Power 1 (80°F to 104°F)
AMPAR** Power Ampitfier 1 ON/2 OFF RAMPIW RF Power Oatput 1 ~ 10 Watts
AMPY* Power Amplifier 3 ON/4 OFF RAMPST Power Amp 3 Temp (78°F tc 88°F)
AMPCoH** Power Amplifier 3 ON/4 OFF RAMP3W RF Fower Cutput 3 = 10 Waits
ANT21* Medium Gein Horn Antemp» Selcot RANTZS Horn/ Forward Omni Switch. Position = 1
ANTBI1** Medium Gain Horn ‘stenna Sei~ct (Yiorm),
ANT12* Low Power to Aft Omnl/High Power High/Low Power to Forward or Horn/Aft
to Forward Omni or Horn Select RAN. .3 Omni Status = 1 (High Power to Rym).
ANTA2** Low Power to Aft Omnil/High Power b

to Forward Omni or Horn Select

uoysyaALy
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TABLE 4,2,5-1 ("ontinued)

R ?#f?»*'n St i .

TELEMETRY VERIFICATION

COMMAND .\
RELATIVE TIME] yNEMONIC CC YMAND TITLE O™ _VENT
. TLM MNEMONIC TLM TITLE
E-4 Houre AMPI1* Amplifier 3 Select RAMP3S Amplifier 3/4 Switch Position = 1 (#3
{Continued) AMPC1#* Amplifier 3 Select Selected).
»
AMP12 ll::::“:o:'ei Slflchower/Amplmer 1 Amplifier 1/2 o High/lLow Power Status =
AMPA2++ Amplifier 2 Low Power/Amplifier 1 RAMPIS 1 (#1 to High Power).
High Power Select

EXC11* IExclter 1 Select RXCTRS Exciter 1/2 Switch Position = 1 (#1
EXCA1** Exciter 1 Select Selected),
EXC19* Exociter 1 ON/2 OFF RXCT1S Exciter 1 ON/OFF =1 (#1 ON),
FXCA9** Exciter 1 ON/2 OFF
COY19* Rostore Coherent Mode RCOHI1S Exciter 1 Inhibit/Restore Cohere~t Mode
COHA9** Restore Coherent Mode ) Status = 0 (Restore),
MIH11* Bus High Mod Index Select DSN Receive Parameters Indicate High
MIHA1** Bus High Mod ‘ndex Select Mod Index in use,
PCM19* PCN Encoder 1 ON/2 OFF DPCM1S PCM Encoder 1 ON,OFF =1 (ON),
PCMA9** PCM Encoder 1 ON/2 OFF

E - 4 Hours . Scfentific Instrument Commands TBD . Telemetry verification of "TBD"

to . at times TBD by NASA/ARC, . Commande,
Bus Entry . .
(E=0) All commands sent in redundant pairs

from SCP1 and SCP2,
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Orig. Issue Date _izzzgﬁ

Revision No.

TABLE 4.2, 5-2

BUS SUBSYSTEM ENTRY CONFIGURATION

SUBSYSTEM/UNIT

OPERATIONAL CONFIGURATION

COMMUNICATIONS

Transponders

Power Amplifiers

Switch Drivers

COMMAND

Command Processors

COMs
»CUs

CONTROLS

Star Sensor

Attitude Data Processors

j

Exciter 1 ON/2 OFF

Restore Coherent Mode (ON)
Bus High Mod Index Select
Probes Mod Index (don't care)

Power Amps 1 and 3 ON
Power Amps 2 and 4 OFF

Exciter 1 Select

Power Amp 3 Select

Medium Gain Horn Antenna Select

Low Power to Aft Omni/High Power to
Forward Omni or dornm Select

Recelvers Normal Select (via command
processor configure command)

Amp 2 Low Power/Amp 1 High Power Select

Command Processors 1 and 2 ON (both
memories in "RUN" state)

All six (6) COMs ON
PCUs Disarmed

PSI* ON
PSI2* OFF
PSI* Sensor Gain and Bandwidth (As Req'd)

ADP1 ON

ADP 2 OFF

SRR to SRR

SRR to PSI2

All Jets Disabled

Spin Rate Detector Enabled
SRR Advance Disabled

Sun Gate Enableu

Star Aoquisition to Normal
Selected SRR = Sun

R ———

Revision
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Orig. Issue Date _5/22/78
Revision Reo.
- TABLE 4,2,5-2 (Continued)
Revision
SUBSYSTEM/UNIT OPERATIONAL CONFIGURATION
CONTROLS (Contipned)
Attitude Data Processors ® Sun Sensor Select (extended range-upper)
(Cont'd) ¢ PLL Loss of Lock Enable
e PLL Spin Range Select 8,0 to 17. T rpm
¢ PLL Spin Period Mag Equivalent to 9, 45 rpm
e JCE Buffer Output Disabled
e RIP Delay for BNMS Selected
e Other Parameters (don't care)
DATA HANDLING
Telemetry Processor o Telemetry Processor 1 ON/2 OFF
e Bus Entry Format
e 1024 Bits/Sec
e Data ON
e Convolutional Encoding ON
PCM Encoder e PCM Encoder 1 ON/2 OFF
DIM e  All Eight (8) DIMs ON
SCIENTIFIC INSTRUMENTS e All Science ON (configuration modes as
specified by NASA/ARC)
POWER
Bus Limiters e All Five (5) Bus Limiters Enabled
Charge/Discharge ® Low Rate Charge Select (both relays - both
Controller batteries)
e Primary Discharge Reg Select (both
batteries)
UV/OL Control o Power System Protection ON
e Pre-Charge OFF
OTHER e Probe Checkout Power OFF
e Large Probe Internal Power OFF
¢ Small Probe 1 Internal Power OFF
¢ Small Probe 2 Internal Fower OFF
e Small Probe 3 Internal Power OFF
PROPULSION/THERMAL
Heaters e All Jet Heaters ON, except Forward Axial
Jet Heater OFF
o Primary Tank/Line Heaters Select
e All Probe Heaters OFF
R
4.2-80
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Note: Separation Switches
Are Shown in the

"Launch' Pogition.
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Spinup Sequence Functional Implementation
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LOCI OF BUS ENTRY POINTS
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