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Revision. Document: SPACECRAF'I' 4431/URSALA.IV 1 ............... 
A 

B 

C 

C 
Change 

pages: 

Basic Issue 

This revision incorporates the following changes: 

a. Changes relative to mission requirements, orbit 
parameters, sepa.ratlon, and horizon sensor de­
pression angle. 

b. Upda.'te of solar module installing drawings, 
spin motor alignment requirements, temperature 
sensor requirements, current monitor part num­
bers, separation relay logic, a.nd wording of 
LVCO select command titles, 

c . Add octal f'orm of uplink address and added 
requirements for new antenna c3. 

d. Update of power summary, -weight summary, ter­
mination commands, and termination sequence. 

e. Added timer reset to deployment sequence. 

This revision incorporates .the following 

a. Changes tape recorder from 150 kHz to 1 MHz. 
b. Removes detailed test requirements. 
c. Updates launch sequence requirements. 
d. Changes functions of commands 0.01-l(F and -4T. 
e.· Changes wording of PE-3B and BME-1. 
f'. Clarifies clocking angle of payload antenna A. 
g. Changes mission requirements statement. 
h. Adds antenna B tiedown EED. 

This revision incorporates the following changes: 

a,, Changes command assignment for switching between 
phase land phase 2 monitors. 

b- Clari:f1es overlapping read-in requirement. 
c. Deletes remote mode change from the operational 

capabilities requirements. 
d. Updates power summary using latest pa.yloa.d levels. 

These pages inoorporat.a minor changes to the document 

73 Mar 21 

73 Jul 5 

74 Feb 5 

74 May 1 

Note: Changes incorporated ir\to the current revision are indicated by change 
bars ai"f'ixed to the right tnargin of' a.ttected pages. 
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REVISION RECORD 

Spacecraft l.i4)1/lJR.SALA IV 

Pages have been changed to reflect changes in the 
spaceeraft weight and power summary and to add a 
TRG command selection :restriction. Carriers 4 and 5 
pre~emphasis has been changed. 

Pages have been changed to show an increase in 
on-orbit altitude and to update power available and 
tasking. 

Pages have been changed to update power information and 
to correct wideband transmitter power and f~equency 
requirement$. 

This revision incorporates various modifications to 
the payload and vehicle. 

This revision incorporates an update to the power 
summary and clarifies some command functions a.nd the 
wording of section 6.3.1. 

78 Dec 20 

Note; (i!hanges incorporated into the current revi.sion are indicated by change 
li>ars ai'f'ixed to the right margin ot af'f'ected papa. 
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This document describes the total spacecraft 4431/URSALA IV operating system 

from mission to data product.* It provides the justification for the system 

configuratipn as well as references to all top system documentation. The 

format of this document has been organized to provide the following; 

a. Description of mission objectives in terms of target 
emitter characteristics (section 2) 

b. Description of payload requirements to meet the above 
objectives (section 3) 

c. Description of subsystems required to support the pay­
load (section 4) 

d. Resultant system configuration (section 5) 

e. Resultant test and flight operation requirements 
(section 6) 

f. D~ta processing requirements (section 7) 

g. List of applicable qocumentation (section 8) 

*As modified by LCP 78 
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The miGs ion :ob Jective of the Spacecraf.t 4431/tffiSALA IV intercept system is 

Lo provide Eilectronic order of battle (EOB) and general search (GS) inter­

cept ca.pa.bill ty against pulsed and CW emitters over the radio frequency range 

01' 2 to 12 GHz. The requirements for the intercept system agaim.,t pulsed 

emitters are: as follo'Ws: 

a. Locate targets by means of sidelobe intercepts to an accuracy 
correapondin~ to a half-cone a.n~le at the satellite of no more 

b. Measure· the following para.meters on a. pulse-by-pulse basis: 

l. Pulsewidth 
2, Pulse amplitude 
3. Pulse time~of-arrival 
4. Radio frequency. 

The ~equirementa for the intercept system against CW emitters a.re as follows: 

a. Locate targets by means of centroiding 

b. Measure the radio frequency of 

All sid.elobe intercept data are to be iigitized into a single, serial, PCM bit 

stream. The. intercept system shall have a minimum on-orbit lifetime of 24 months, 
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The requirements of the URSALA IV system payload to accomplish mission 

objectives; a.re presented in this section. 

3.1 PULSED SlGNAL RECEIVER 

The pulaed.;.signeJ. (or pulse) receiver shall provide coverage of the entire 

radio frequency range from 2 to 12 GHz. Instantaneous frequency coverage 

shall nominally be 2 GHz. There shall be no, frequ.ency cove~age gaps between 

adjacent bands . 

Four W/IF:channels shall be provided: sum, difference, and two otnni inhibit 

channels. , Each channel she.ll be provided with tvo input ports: one port (B 

port) will·cover the fi'equency range from 2 to 8 GHz, and the other port (A 

port) will cover the frequency range from 4 to 12 GHz. The system shall be 

capable of selecting any of the following f~equency band/RF port combinations: 

Band -
1 
2A 
3A 
2B' 
3B 
4 
5 

frequency Range 
(GHZ) 

2 to 4 
4 to 6 
6 to 8 
4 to 6 
6 to 8 
8 to 10 

10 to 12 

Port -
B 
A 
A 
B 
B 
A 
A 

The system 1must be capable of mee~ing me~su~ement requirements for the follow­

:i.rig measur~rnents over its dynamic'. range, 

a.. Feak power measurement 

b. Pulse time-of-arrival 

c. : Pulse frequency measu:tement (coarse• and fine) 

d. • Pu.lsew:tdth (ma.y have 4 dB less dynamic range) 

SECRET1 
Approved for Release: 2024/08/06 C05098872 

25X1 

25X1 



C05098872 
Approved for Release: 2024/08/06 C05098872 

SECRET□ 
8IF003W/2*078566-78 
hyiaion E 

Tho aystem sha.11 alGO meet all inhibit function and spurious signal rejec­

tion requ:iremeni~s over the specified dynamic range. 

The system shall perform an omni inhibit f\tnotion by comparing the signal. 

power rec~ived by the sum channel with the total signal power received by 

the two omni channels. The two omni channels shall be combined after de­

tection, 

The syste~ shall also perform a difference-channel inhibit !Unction via poat­

detection amplitude compe.riaon of the ,sum and difference channels. When the 

amplitude of the signal in the difference channel exceeds the amplitude of 

the signal in the sum channel, the reporting 0£ the monopulse direction­

finding signals (1/6, A/B, c/n) shall always be suppressed. It shall a.leo 

be possible, by command option, to suppress the reporting of the entire 

pulse intercept word group and the au.m video output. ~is option sha.ll be 

commanda.ble on a half-spin basis. 

A small-signal inhibit function aball be provided vhere~n the maximum in­

crease in. either omni channel or difference channel input power required 

to go from a 1O-percent pulse inhi.bit condition to a 90-percent pulse in-
. . 

hibit condition sba.11 be 4 dB. 

3.2 CW SIGNAL RlWEIVER 

The CW signal ( or CW) receiver· ahall provide coverage or the entire RF band 

from 2 to l2 GHz. Each frequency vithin the 2-Gliz band used for pulse inter­

cept must.be searched in a period of 3.3 msec, maximum. 

The inter~ept system anaJJ. provide frequency mea.aurement of CW emitters over 

the instantaneous 2-GHz band selected. The frequancy meaauremant subsystem 

shall have a resolution of 8 MHz and an accuracy of !,15 MB~ (~1th caJ.ibra­

tion) a.n~here vi thin the 2-GHz band being searched. 
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The CW channel shall have the following sensitivity for each of the input 

HF bands: 

BF Band 
Sensitivity 
(dBm +2 dB) 

.. 93 

-94 

The following subsystems shall be pa.rt of the CW ~eceiving system: 

a. BF measurement subsystem 

b. Ampl.itud.e measurement subsystem 

c. TOA measurement subsystem 

c... Sidelobe inhibit subsyateru ( optional) . 

3.3 CALIBRATION SUBSYSTEM:3 

A set of on~board calibration subsystems sheJ.J. be provided to check the 
.. 

performance of the pulse receiver system and the CW receiver syntem. A 

set of test signal generators (TSG) shall generate a.nd insert ~ignals into 

the DF a.nd omni cha.nnels at the system inputs to verify proper payload 

operation. The intercept system shall provide the £ollo'Wing four calibra­

tion modes. 

Mode -
1. Start of rea.d~in 

calibration 

2. R~peat c~libration 

3. Continuous caJ.ibra.tion 

4. No calibration 

Function 

C~ibrate all five possible bands 
for pulse signals and c&l.ibrate CW 

Calibrate bands selected by two 
program steps for pulse signa.ls 
and cal.ibrate CW 

Calibra.te system for pulse sign&ls 
continuously 

Calibration disabled . 
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Mode 1 shall be performed at the begiruu.ng of each read-in period. Mode 2 

shall l'epeat the calibration sequence at approXimatel,y )-minute :intervals 
for the duration of a read-in period and shall cover only those bands pro­

grammed for. that particula~ read-in .period. Mode J shall provide a conti.nu~ 

ous pulse and CW calibration sequence. The calib~ation mode for each l'ead-in 

period shall be selected by ground command. A canm.andabl~ override of the 

hor-izon sensor shall be provided to enable the payload to switch bands every 

two seconds. 

3.4 DATA MEASUREMENT AND CONVERSION UNIT 

The data measurement and conversion unit (IMCU) shall provide pulse signal 

measurement, CW signal measurement, and miscellaneous do.ta. The m.iscellaneow, 

data shall include the following: 

a, Horizon sensor data 
b. Solar aspect sensor (eye and word) data 
c. Payload status data. 
d. Time, referenoe generator data 
e. Day counter { up to 256 days ) 
f. Read-in counter to COW'l.t each time (up to 256 times) read-in 

power is applied 
g. Spacecraft num.ber 
h. '.riming synchronized to the TRG. 

The data conversion portion of the EMCU will convert a number- of analog and 

digital inputs into a continuous PCM output. It will also prmride a buffer 
storage for a minimum of 512 intercept word groups a~ well aa synchronization 

of the PCM to the. 'tRG. Tha bit rat,e shall be 128kbps with revised biphase­

mark coding._ Typical structUl'e l:lhall be 8 bits par wol"d (or 80 bits in a line 

or word group) and 800 ~ord groups per½ sec (approx:1.m.a.tel,y 750 word groups 

pel'.' -~ sec. available for de.ta pulses and ,o wo:~ groups for time, attitude, 

sync, and subcamn data.). 

3.5 S~STEM:CC!MANDING 

A command storage eubaystem and a programmer shall provide logical control of 
i:;he ope:r-ation of the URSALA rv subsystem. The pa,yloa.d command memory shall 
be controlled b_y the 11 £unction bits o~ magnitude commands 5, 6, and 7 . 

The first three function bita shall be used to steer the last eight £unction 

3-L 
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bits to as r:n,any aa eight registers for each magnitude canmand. Each register 
shali contain as many as eight bits of memory. The memory shall be read out 

in the payload aubcamn and spacecraft telemetry, in 8-bit bytes related direct­

ly to individual magnitude commands. 

J.6 DATA INTERFACE SUBSYSTEM 

A data inte~face subsystem shall provide signal procesBing and tape recorder 

and transmitter selection~ Figure 3-1 is a sim.plified block diagram showing 
l 

the payload:read ... in and readout signal flow. 

J'.7 TIME REFERENCE GENERATOR 

The time reference generator ('tRG) identifies the exact time of data acquisi­

tion and generates :reference tones. The word output shall be in the AN/GSQ-

53A time code format. 

3.8 REDUNDANCY REQUIREMENTS 

The intercept system shall include the following redundancy provis1orui:: 

a. Time Reference Generator .. ~) 

To be supplied by the contractor and incorporated into the system 
by- the subcontractor. The redW1dant TRG shall be used on ol'bit 
in an unpowered, standby redundancy mode. The subcontractor shall 
provide the necessary circuitry for switching power and selecting 
the TRG output. 

b h Sum Channel IF ~1?.!£.kJ:l.,E 

'l'l}e intercept system shall provide mechanical switches to aliow 
the difference channel IF amplifier to be switched in in place 
of the aum chanm1l IF a.mpllf:Ler. 

c. Redundant Local Oscillators 

The system shall provide redtmdant local oscillator-s for bands 2, 
3,. 4 and S. The redundant local.oscillators are to be used on 
o~bit in an unpowered, standby redundancy mode. The subcontractol' 
elia.ll provide the necessary ci~cuitry tor switching power and 
s~lecti.ng the local oscillator output. 
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A redundant memoey sha.ll be provided which shall perform the 
functions of' command storage and payload data buf'f'ering. The 
memory shall be used in an unpowered, standby redundancy mode . 

. The subcontractor shall provide the necessary ci~cuitry for 
switching power and memory inputs and outputs. 

c. fower Converters 

.The system shall provide redundant power converters. The re+ 
·dunda.nt power converters are ta be used on o:rbit in a.n unpowered, 
standby redundancy mode. The aubcont:t-actor shall p:rovide the 
:necessary circuitry f'or swit(!h;!,ng :Power Lnto and out of the iJO.,rer 
converters . 
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SUPPORJ.IING SYSTEM REQUIREMENTS 

4.1 PAY.LOAD ANTENNAS 

BIFOOlW/2•078566-78 
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Sign.a.ls of intel"eat -will be collected by seven antennas: two high-gain an­

tennas to intercept target sidalobes and four omnidirectional. antennas to 

provide inhibit protection. :for the high-gain antennas. The b1gh~ga.in an­

tennas are 6-root-di&meter and 3-foot-d18llleter pare.bo1ic retlecto~s. The 

6-root-diameter antenna (entenna B) covers the 2~ to 8•0Hz band, and the 

3-foot-diame'ter antenna. (antenna A) covers the 4- to 12-GHz band; thus pro­

viding overls.pping COV'erage ot C-band (4- to 8-GHz). Ee.ch antenna has a 

four-arm Are~imedesn spiral feed and associated besm..-form:Lng network (BFN). 

The BFN gene-~tes S\Ull and difference patterns simultaneously; the sum and 

differsnce channeis are used in the system to deveiop monopulse direction­

finding error signals. The axes o:f both antennas are at s.n angle o:r e.ppro:x~ 

ima.tely 55 degrees with respect to the spacecraft spin axis (the -Y axis). 

Four omni a.ntenna.s are circul.arly polarized~ conical logarithmic spire.la . ' 

mounted on deployable booms (two antennas per boom) and positioned so that 

their ampl.1 tu.de patterns 11cover" the sidelobes and ba.cklobea of' the high.-

gain antennas. One antenna on each b~)om covers the band from 2 to 8 GH2:, 

and the other antenna. covers the band from 4 to 12 GHz. Signal amplitudes 

received on the high-gain and omni antennas are compared to reJect signals 

ou1;Gide of' the high-gain antenna ma.in beams. The fifth omni antenna (antenna 

CJ) is a cir9ula.:rly polarized waveguide horn., which "'11.8 added to reduce poke• 

through of close-in sidelobes of the A antenna •. 

The principal cha.racteriatics of the various antennas B?'e listed in tab::..e 4-1. 
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Table 4~1 

PHXNCIPAL ANTENNA CHARACTERISTICS 

Antenna. 
Desig- Frequency 
nation (GHz) Function ~ Location 

I 

A • 4 to 12 Sidelobe Inter- 3•ft diameter flexible On -X side 
cept and toca- rib reflector with 
tion dua..1.-mode opira.1 fee,l 

B :2 to 8 Sidelobe Inter- 6-ft diameter flexible On +X side 
cept and Loca.,. rib re~lecto~ with 
tion dual-mode spiral f◄':.'!ed 

Cl 4 to 12 Omni and lnhibi t Conical log spiral On -Y side 

C2 .4 to 12 Omni and Inhibit Conical log spiral Ch +-Y side 
CJ 4 to 12 Onni and Inhibit Waveguide horn On -Y side 

D1 2 to 8 Omni a.nd Inhibit . Conical log spiral On ... Y side 

D2 2 to 8 Omni and Inhibit Conical log spiral , On +Y side 

T/C-1 1.7 to·2,3 Intercept Data Conical log apirel On -Y ,side 
Transmission and 
Ranging, TLM and 
Command 

T/C-2 1,7 to 2.3 Intercept Data Conical log apiral On +Y side 
Transmission and 
.Ranging, TLM and 
Command 

• 
25X1 

Approved for Release: 2024/08/06 C05098872 



C05098872 
Approved for Release: 2024/08/06 C05098872 

• 

SECRETn 

4 .2 PAYLOAD/SPACECRAFT INTERFACE REQUIREMENTS 
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This sect:ion describes the necessary interface requirements between the 

space:crafit and the payload. These requirements allow the payload and space­

craft to function together to achieve mission objectives. 

4.2.l Mechanical Interface 

4.2.1.1 Physical Location. Payload A shall be installed in the -Z wing of. 

the spacecraft~ and payload B shall be installed in the +z wi~g. (See Space­

craft 4431/URSALA IV Configuration Drawing, (2P24256l. 

4.2. 1.2 Payload Antenna/Spacecraft Interface. The mechanical requirements 

for this interface are defined in section 5. The payload antenna installa­

tions are $hOWn in figure 5~2 .. 

4.2.1.3 Payload Envelope. Payload A shall be sized robe installed within 

the envelope defined by EnveloRe Drawing - Payload A, 2P24224-5; Payload B 

shall be sized to be installed within the envelope defined by Envelope D~aw~ 

ing ~ Payfoad B, .2P24224-7. 

Payload Downlink Encl)'.'.ptor. A GFE, KGX-28B Encryptor shall be installed on 

the -X,+Z wing bulkhead and shall encrypt downlink payload data. The mech­

anical interface shall be as shown in figure 4-1. 

4.2.1.4 Weight_and Center of Gravity. The maximum combined weight of the 

payloads plus any interconnecting cabling shall not exceed 157 pounds, unless 

authorized by the chi~f systems engineer. The individual weight of each pay­

load shall:be evenly matched, within ±5 pounds, with the center of gravity of 
' • each unit being matntained as closely as·possible to the -X end of the payload 

structure and as closely as possible to the spacecraft X-Y plane. Compliance 

with these'requirements shall be confinned by actual weighing of the payloads 

and by measuring rheir centers of gravity in all th~ee axes as soon as practie­

ab1e. The$e data shall be submitted to the chief systems engineer's office. 
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The spacecraft/payload electrical i*terface is defined in and controlled by 

the Interface Control Document, BIF003W/2~063285-72. 

4.3 PAYLOAD COMMAND REQUIR.EMEN'I'S 

Four corrunand types are required to support the URSALA IV system. These com­

mands shall be supplied by the spacecraft command receiver/decoder/timer sub­

system. The commands are as follows: 
' • 

a .. Mafil}_itude Commands. Magnitude commands (with 11 associated 
function bits) and basic COlJllllands shall be used to select 

: the payload configuration and to program the frequency band 
: switching sequences. 

b. • Basic Commands. Basic commands shall be provided to satisfy 
• the requit'ement of transmitter switching, tape recorde~ 
selection, data switching 1 etc. 

c .. Progra:m:mable Events (PE 1s). Since the target areas are not 
within range of tracking and conim.and stations, four program-
mable events are provided so that the URSALA IV system can 
be activated over the target area. Associated with this 
turn-on event is a programmable companion event (CE) which 
is used to turn the system OFF. 

d. Single Events. The single events are fixed time delay out­
puts provided by the timer. One event (SE-1) is started by 

• the TLM ON command and is used to turn off the TLM data at 
• the end of a station acquisition. The second event (SE-2) 
is started by a "primary event11 (PE) and provides a delay 
p~ior to the read-in of the tape recorder and payload-on 

. that is used to allow the horizon sensor to warm up. 

The signaL characteristics of the above commands shall be as follows: 

: Cooxnand 

Magnitude 
: Basic 
• Function Bit 
. CE, PE, SE 

Voltage 
(vdc~ 

+20.0 to +30.0 
+20.0 to +30.0 
+4.0 to +5.25 

+l8.5 to +30.0 

4-4 

Duration 
(m.sec) 

50 (min.) 
50 (min.) 
50 (min.) 

lOO +30 

SECRET□ 
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Four discrete unregulated power modes are required for the URSALA IV system 

from the spacecraft power control unit. The power modes are as follows~ 

Power Mode 

Continuous Power 
Re~d-In Power 
Telemetry ON Power (TR ON or OFF) 
Transpond (Bypass) Power 

4,.5 DATA STORAGE AND TRANSMISSION 

Wol:':s:t~Case 
Current 

55 ma 
5.65 amp 
1.00 amp 
5.42 amp 

The payload system will combine its digital data output signals~ along with 

specific spacecraft-generated signals, into a form suitable for recording on 

a two-channel spacecraft tape recorder and for transmission to ground on an 

S-band telemetry transmitter. The payload data shall digitize the systems 

output into a serial hit stream. The tape,~ecorders will have a normal read­

in/readout ratio 0£ 4:1 and will have a 500 kHz bandwidth for readout through 

a digital interface unit (DlU). One track of a tape recorder will be selec­

ted to read out through a DIU to accomplish a dejitter function and to pro­

vide both data and clock outputs. These data will be encrypted by a KGX-28B 

encryptor and transmitted via one UHF transmitter to the ground. 

The other track of a tape recorder can be read-out through another DIU in the 

event of a DIU failure. Using this arrangement, tape recorder data can be 

read out dejittered from any tape recorder via two DIUs. Also, a 1:1 tape re­

corder read-in/readout ratio is available which can be handled on a na:z;--rowband~ 

PM-modulated data link. 

In addition, two other tape recorder and ~IU combinations will be installed 

and will be interwired with the other 2 t.~rpe recorder/DIU combinations. One 

$pare transmitter will also be available that can be interchanged with either 

of the othe,r two payload data transmitters (or the spacecraft status trans­

mitter.) The complete tape reco~der data format and spectrum are detailed 

in section 7.3. 

4-S 
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To s'Ui'nn'lar;ize, the sy$tem is redundant to the extent of having three tape re­

corders~ three DIUs, and th:ree transmitters, all capable of accepting payload 

data. Ona tasking is defined as one tape recorder wholly or parw 

tially read tn and read out. 

4.6 UHF. DATA LINK REQUIREMENT 

Any tape recorder may be selected to readout over any of the three type 25A 

UHF transmitters selected. Two transmitters can be turned on ~tone time $0 

that two tape recorder/DIU combinations can be read out simultaneously. This 

capability will permit fe~er acquisitions for a given number 0£ read-in opera­

tions. Both the traµsmitter and tape recorder/DIU transfer capability shall 

be incorporated in the payload logic. The UHF transmitter shall have a mini­

mum input modulation bandwidth of 2 MHz and shall be capable of +2.1 MH.z de­

viation of the output. 

4~6 
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OPERATIONS 

6.1 C~D CAPABILITIES AND LIM.ITATIONS 

aIPOOlW/2•078566-78 
:b:Yidlie1l ! 

Command capabilities and limitation~ for the spacecraft shall be according 

to the Spa~ecraft 4431 C~nd Capabilities and Limitations Document, BIF003W/ 

2-071095-78 .. 

6.2 CONTOUR PLOTS 

Contour plots used for readout and antenna switching criteria shall be accord­

ing to the •S!!fACecraft 441). Si.s.naJ Contour Plots (to be published). 

6.3 DATA AND TRANSMISSION SYSTEM (See Figure 6-1) 

6.3.1 Cha~acteristics 

6.3.1.1 UElink Characteristics. The frequency of channel l is 
~----~ 

25X1 

±0.002 percent 1 and the frequency of channel 14 is~----~±0.002 percent. 25X1 
The modulation indexes of the SGLS transmitters are as follows: 

a. PRN: 0.125 

b. Cotnl.'t'land Tone: 0.3 

6.3.1.2 Do-wnlink characteristics, 

SGLS Carrier 1. The ,:uodulation indexes of the services on carrier l are as 

follows: 

a. 1.024 MHz VCO 1.4 

b. 500 kHz PRN: 0.180 +10%, P~imaey Configuration 
0~180 ±30%11• Alternate Configuration 

c. ~ommand Tones:* o.3 

The peak ph~se deviation capability of the phase modulated status transmitte~ 

(carrier 1): is three radians. Output power of the type 24 t~ansm.itter is two 

watts, minimum, and the output frequency is~---~;±0.003 percent. 

*Command tones are not removed from the downlink PRN spectrum. 
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S~LS Ca~riers 4 and 5. The transmitter deviation for various data rates and 

modulation modes on URSALA IV are as follows: 

a. 512 kbps PCM data from a tape recorder via a DIU shall be limited to 

prod:uce a deviation of ,:!:2.1 MHz, .:,10 percent in the wideband FM mode. 

b. 128 kbps PCM data :f'rorn a payload. transpond shall be limited to deviate 

. the transmitter with a modulation index of 1.25 radians -1-5 percent in 

the PM mode. 

output power requirements for ca:rriers 4 and 5 is f'ive watts, miniro:um, and 

the output frequencies a.re ~---~ for carrier 4 and ~---~for carrier 

5, The frequency tolerance for the type 25 transmitters is 0.05 percent and 

0.003 percent in the FM mode. 

SGLS Carrier 6. Carrier 6 may be selected to back up carrier l or carriers 

4 or 5- The deviation and pre-emphasis requirements will be the same as those 

carriers lis,ted above. Output power is five watts, minin:rum, and the output 

f~equency is~----- The frequency tolerance of the type 25 transmitter 

is ±0.05 percent in the FM mode and 0.003 percent in the PM mode. 

6.3.2 Spacec~aft Tape Recorder/Dru and S-Band Transmitter 9I?erations 

One tasking is defined as a tape recorder wholly or partially read in and. read 

out. There shall be three type 38 tape recorder/digital interface unit (DIU) 

combinations· and three wideband, type 25 transmitters in the downlink system. 

The DIU's ar~ to he added to URSALA IV for data enhancement and data clocking 

purposes. Ttl,e downlink system shall be d.iyided into two separately controlled 

channels: ~ae to be cypher text, the other plain text. Encryption shall be 

·provided by the on~board l<GX-28 enc'l'yption unit, with the necessary clock Sig­

nal provided by the DIU 1s. The encryption eq~ipment shall be capable of being 
bypassed when it is disabled. 
The T/R's shall be used to store the P/L-generated data during the R/t cycle. 

The PCM data are to be recorded on both ·tracks of any one of the available re­

corders ( selected b,r s/c command). Multiple relay contacts shall be provided in 

the T/R R/I power-on design to eliminate single-point failure possibility. Two tape 

6-3 
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recorder read-tn TTtOdes shall be available: a 4:l mode for normal operation 

and a 1:1 mode where readout is desired at a narro~band tracking station. 

During the readout cycle, the PCM data from track 2 of a tape recorder shall 
' . 

be passed th~ough its associated DIU where it will be dejittered, reshaped, 

and reclocked. The PCM data recorded on track 1 of a tape recorder shall be 

connected to another DIU 1 s track l input and shall be available i£ necessary. 

Logic switching shall he provided to allow a tape recorder to read out 

through this alternate DIU in the event of a failure in its associated DIU. 

In either case:, the reclocked data shall be converted from biphase mark to 

NRZ-L in the payload and encrypted via the KGX~28B. The encrypted NRZ-L data 

shall be reconve~ted to biphase mark in the payload, and any plain text modu­

lation are to be removed before the PCM data are modulated onto a transmitter. 

The transmitter select logic should allow the encyphered PCM data to be 

transmitted on any one of the three S•band telemetry transmitters. Tw'o of 

these transmitters shall be operable at one time to allow two tape recorders 

to be read out in parallel. One readout is to be encyphered~ the other not. 

Both channels could be plain text as a·backup mode. The existing tape re­

corder readout select logic design allows any one tape recorder to read out 

over both c~annels simultaneously. When only one tape recorder is read outi 

in the cypher text, provisions shall be made to automatically disconnect.the 

PCM data from the input of the plain text channel 2 baseband unit (B»U). The 

input to BBU 2 should be s~itched to ground to prevent any extraneous plain­

text data modulations. 

The payload. system ··shall provide the buffering and switching circuits for the 

tape record~rs, .the e~cryption equipment bypass, and the trana-ro.itter selection. 

The payload_system shall also provide the independent channel switching cir­

cuits to connect the PCM data directly to a trans~itter (transpond or bypass 

mode). Provisions shall be ll.'lade to allow only cypher text or only plain text 

transpond data (not both) to modulate a transmitter. the independent switch­

ing of the two cha-nnels ahall allow simultaneous tape recorder readouts via 

the encyphered link and transpond operations via the plain~text link, or 
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vise-versa. The commands which s~lect the realtime data moides fo~ channels 

1 and 2 shall be the same commands used to select the backup transmitter 

(carrier 6).to these chami.els. The normal tranSU1itter-select command must be 

issued subsequently to restore normal operation. 

6.3.3 Digital Interface Unit (DWl 

A DIU shall:be provided at the output of each tape recorder to reshape the ~ 

tape record~r data to remove the effects of jitter. The DIU shall have two 

inputs and outputs: the inputs shall be selectable to a buffer timing circuit 

(BTC), the output of which will be 3 volts ±0.1 peak-to-peak and will remain 

tn $pecification when driving a load a 5 K ohms to 50 K ohms shunted by 50 pf 

maximum at the end of six feet of RG-188/U coaxial cable. The second will be 

a clock signal. This clock signal will have a true level of 2.5 VDC minimum, 

a false level of 0,0 VDC ±0,4 VDC, and output impedence of 250 ohms maximum 

and a time base instability of 1 percent peak•to-peak maximum, 

6.3.4 Transmitter Selection Logic 

The two payload data links are connected to two of the transmitters in one 

of six selectable configurations by use of CO'lmlland 0.06 backed up by comm..:tnd 

0.31 and its six function bits. This feature combined with the transmitter 

transfer capability will permit any combination of transmitter-to-link sel­

ections. During .acquisit:i.on$J the selected transmitter may be turned on by 

command 0.01 (backed up by command 0.36). 

6.3.5 Befcire-and~After Tape Recorder Readoo.~ Mop~ 

Befo~e and after the tape recorder is read out over the ground tracking and 

recording' s~te, the spacecraft $-band transmitters are operational, and~ PCM 

data signal ·modulates any one o~ both the wideband transmitters in plain text 

only. 
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Programmed payload and tape recorder read-ins shall be initiated via the PE 

commands of the dual tinter. Timer CE commands shall tel'minate these read­

ins, and the timer SE-2 command shall be used to delay the payload-on for 

32 seconds (if it was in the off state)·to allow for the horizon sensor 

stabilize. Once.the payload has been turned on in a•read-in mode, subsequent 

PE (:QlDltl8.nds: shall result in 1nc:relllenting the payload read-in \counter at the 

time 0£ the FE as well as selecting other tape recorders to b~gin reading in. 

Remote transpond operations shall be initiated anq teX'minated using the dual 

timer in exactly the same manner as readwin modes. Tape recorder read-in 

during a tr:anspond mode shall be provided. Provisions to ~itch the TC an­

tenna frOUt :~he +Y to -Y or -Y to +Y positions via stored PE ccnmnands shall 

be available in the transpond mode. A PE shall be dedicated to the antenna 

switching ~nd shall not turn on the payload or tape recorder . 

A mixture of payload read-in and transpond operations shall be provided where 

the transpond mode can accommodate a TC antenna switch. PE-1 shall be devoted 

to transpond-mode-on in the mixed mode. PE's 3 and 4 shall initiate normal 

read-ins and, PE-2 shall switch th.e a'.l'.ltenna. Real time conmands to initiate 

and terminate the payl~ad and tape recorder read~ins shall be provided. Read-

in operations shall~ be terminated with the downlink-off or ALL-OFF function; 

however> real time transpond operation.$ 8hall be ~erminated with downlink-off or 

(ALL-OFF). 

Real-time r.ead-in operations initiated to start relllOte tasking must be pre­

ceded by a yalid timer load and statting sequence to tnaure subsequent payload 

and tape re.corder read-in termination by CE COl).'.lffl.and unleas real time control 

is available after tas~ing. 
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a. Single read-in or transpond operation, 

b. Partial or full tape. 

c. Single tape recorder, TR 1 or TR 2 or TR 3 

d. No remote payload mode change capability. 

BIFOOJW/2•018566-78 25X1 
Re•i.liea ti: 

e. Remote mid-pass antenna switching available 
with use 0£ second (PE) and (CE) set. 

P/L On 
/f"T/R R/I 

SE-2 .(PE) 

OFF 

CE (CE) 

6.4.2 Option II: Multiple ~~ad-Ins. SinslC:. Recorder 

e 

a. Split read-in variable durations. 

b. Partial or full tape. 

c. Single tape recorder, TR 1 or TR 2 or TR 3. 

d: No remote payload mode change capability. 

e. Controlled by any combination and sequence 
of PE's. 

£. Off-pe~iod variable from 16 seconds to 5.7 
orbiu. 

g. Any one read-in could be a transpond operation 
~ith antenna switching in the mixed mode of opera­
tion. Thi$ operation would require an additional 
PE and CE (not shown). 
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(a) ~--H• .............. ---~ 

PE SE-2 CE 

(b) ~----....,...___.--. 
PE SE-2 CE 

orr 
PERIOD 

orr 
PERIOD 

~----....,.__....... 
PE SE-.2. Cl 

~·---.....,.___-4 

Pl SE-2 

( C) ~ H • * ..,___....,....-t l'Eo:m ~-• • • a-----« :'Riro ~-•" ••a-----1 

PE SE-2 CE PE SE-2 CE PE · SE-2 CE 

(d) ~-- ..... --.... i:ion ~-- ......... -----1 ,:ion ~--i---......... =on l-➔-.,__,----t 
PE SE-2 CE PE SE-2 CE PE SE-2 CE PE SE-2 

NOTE: In configuration (d) above, the first read~in period could be a 
transpond ~ith antenna switching in the mi~ed mode of operation if 
the initial payload nnd tape recorder read-in~on is handled via 
real time command. The antenna switching could be done midpass 
with a PE~ and its associated CE would term.inate the transpond 
operation .. 

6.4.3 Option III: Multiple Read-Ins, Ttivo Recorders 

a. Two read-ins. 

b. Partial o~ full tapes. 

c. Any two tape recorders. 

d. Any combination of tape recorders. 

e. No reniote payload .mode change capability. 
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£. Controlled by any c:onbination and sequence 
of PE' s • 

g. Transfer period variable from 16 seconds to 
5. 7 orbits. 

h. Any one read-in could be a transpond operation 
with antenna switching in the mixed mode. 'J.'hia 
ope.ration would require the use of an addit:f.onal 
PE and CE (not shown). 

< a.> ~ ....... L!:!!...U!l_-l TRANS.J'!R 
PE:RIOD • • 

PE SE-2 CE CE 

(b) h,·-· lat T/R 

PE SE-2 CE CE 

(c) 

PE' SE-2 CE 

(d) ~·--~-~~~~~-,~~ 
PE: SE~2 CE 

(e) ~---~--~ 
PE SE-2 CE 

~.. .... 1st T/R 

P! SE-2 

PE SE-2 

CE 

CE 

CE 

~ ...... , 2nd T/R 

PE SE-2 

~ ...... 1 1st T R 

PB SE-2 

~---
PE SE-2 

C! 

CE 

CE 

(f) Combinatio:ru, o'f' f'ou.r split read-ins with fou.r 'PE/CE's and two T/R's. 

NOTE: The first read-in of four split read-ins could be a transpond with 
anteri.na switching, providing the read-in i.nitiation is via real 
t.;l~. command. 
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a. Two read-ins 
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b .. Partial or :f'ull tapes (two tull tapes are longer than the 
longest CE delay) 

. o. An::; two tape record~ra 

d.,. Any combination of tape recorders 

e. Controlled by any sequence o~ PE•s 

f. Da.ta overlap during transfer period 

g.. First "CEt' must come a.tter second reco:rder stop 

h. No remote pa.,yload mode change capahility 

1. The firat T/R atarta With the SE-2; the second vith the second Pr. 

P/L ON T/RSTOP 

~----
T/R R/I VlA !X>'l' 

PE SE,,.2 
DATA OFF 

OVERLAP 2nd T/R 

PE SE-2 CE, 

Note; Second SE-2 does nothing. Payload burst counter 
update with second PE. 
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During the first 60 to 75 orbits of the spacecraft; evaluation phase command 

exercises are implemented. 

Approximately one week before launch, a planning meeting is held at the STC 

to merge a nominal predict ephemeris and station acquisition times with the 

proposed cormjland exercises. Normal tasking of the payload is integrated with 

the evalua.ticm phase exercises, subject to approval of the Techni.cal Advisor 

and MD. Selection of specific passes for specific command exercises is subject 

to change in order to optimize SCF capability in tenns of spacecraft demon­

strated perfonnance and actual orbital characteristics (e.g., such factors 

as rnultiops conflictst availability of microwave facilities, and availability 

of tracking station receivers, antennas, and other equipment are taken into 

consideration). 

Upon completion of the evaluation phase,c=Jwill for~ard a formal letter to 

th~ !transferring the spacecraft to the latter organization fo, operations, 

reporting completion of the phase and, if appropriate, operating restrictions 

to be observed. 

6.6 BATTERY CONDITIONING EXERCISES 

During orbi~~l operations, the battery may be subjected to a reconditioning 

exercise as specified by and under the direction of the CSE. 
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Once the spacec:raf't attitude has been dete:nnined, the ACS capability will be 

used to place and maintain the tfpacecraft in the mission ... requ.ired attitude, 

i.e., paraliel to the earth's a.xis. • 

6.8 POWER SUMMARY 

The power calculations in the following summary are based on a spacecraft 

voltage of +25 VDC. 

6.8.1 E9.uipment Power 

Meaimred Powel" Watt-Hours 
Current {ma.2 {Wattsl per d_!l 

a. c:ontinuou.s 

During read-in (PM Mode) 353 8.83 212 
During :read-in (FM Mode) 345 8.63 207 
During readout (FM Mode) 464 11.6 278,4 

Watt-Hours 
b. PL Rea.d-in Mode Band per min 

~ -
With TR 2 4:1 B 2-5 5920 148.0 2.46 

4:1 B l 5520 138,0 2.30 
1:1 B 2-5 6000 150.0 2.50 
1:1 B 1 5600 140,0 2.33 

c. TIM On ~ Dual WB Links} 

Links 1-4 and 5, FM mode 7250 181.3 3.0? 

Add two TRs in l'ea.dout (dual). 
Two TRs and DIUs in readout, 

248.o 4.13 CTO 9920 
o~ add transpond and readout. 
Real time tranapond; one TR~ 

5.o4 . ,DIU readout, CTO 12090 302.3 

d. T~ On (SingleL 
L:ilnks l a.nd 4, :FM 4960 124.o 2.07 

Add readout (single), 
One TR and DIU in R/0 

6500 162.5 2.71 CTO (TR 2) 
Or add transpond only. 
Re:al time transpond, CTO, 

8780 3.66 no TR r-ea.d-in 219.5 
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Actual Power 
current ( ma J \Watts) 

e. Trans;eond 

Transpond with TR read-in (Bl) 9150 228.8 
4:1~ CTO, link• 4 only, FM (B2-5) 9550 239.0 

Transpond with no TR read- (Bl) 8110 202.8 
in, CTO; link 4 only, FM (B2w5) 8510 212.8 

BlFOOlW/!•018566-78 
h'1'11111 :f.n E 

Watt .. Hours 
per min 

3.81-
3-98 

3.38 
3.55 

6.8.2 Power Cons~med ~.!J?S Ta.a~~ 

Assumptions; Read-in time equals four times readout time equals 
four times TIM on without read.out. • 

a. . Dua.1 Re a.dou.ta 

Read-In (l T/R) 
l/4, 1/2 TIM On • 
1/4, 1/2 Readout 

b • s.~ngle aeasi::out 

·nea.d-In (l T/R) 
. J./4 TIM On 
·1/4 Readout 

Total 

Total 

per min. 
0.38 W per min. 
0,52 Hrs per min. -
3.40 w/Rra per min. 

Hrs per min • 
per min, 
per min. 

3. 70 w/Rra per n11n. 
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6. 8.3 Power Available 

I';!., Bcf,t cane gamma., b at case power 
( gamma angle "" 1 , 10()% sun) : 

Less continuous power: 

b. Dt)~:l'i; Ca.Ge: ga.mma., w 
( gamma tmgle = 100 

Total 

t case power 
~ sun) 

LcsG continuous power: 

Tota,l 

6. {3,Lf t.t'a.skine, Ca.pe.bilit~t 

1098 watt-hrs 

201 watt-hrs ---
891 watt-hrs 

6Rl -watt-hrt. 

2E,l wa.tt-bro 

474 wo:tt-hn:; 

a. Dual readout (beat case gamma, .beat caae po~r) 

891. ::= • 262 minutes of tasking per day 
3.40 

b. Single readout (bes·t case gamma, beat ca.se power) 

891 
::e 241 minutes of' tasking per day 

3.70 
c. Dual readout (best case gamma, worst case po1t1er) 

4.-74 
~ = 139 minutes of tasking per day 3.'-1-0 

d, Single readout {beat case ga.mme., worst case power) 

474 
1:"7o "" 128 minutes of'. tasking per day-
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6.8.5 Individual Equipment - Mfg. Suggested Current Drains at -+-25_y 

, 

a. Continuous Equipment 

Command Systems (2) Passive 
Command Systems (1) Active 
Primary Timer 
'PSCA 
TCtJ Passive 
:Payload TRG Passive 
Tape Recorders (3) Passive 

b. Read-in & Transpond 
Payload Band 1 on 
Payload Band 2~5 on 
Horizon Sensor (1) 
Solar Aspect Sensor (l) 
Tape Recorder·4:l 

c. 

Tape Recorder 1:1 
Enc:ryptor 
WB Transmitter FM 
TC Antennas (2) 

TIM en (Dual) RO· RO T:ra.napond 
Payload Status (920)·+ B&A 
Command System (1) Active 
Horizon Sensor (1) 
Solar Aspect Sensor (1) 
PSCA Active 
TCU AotiYe 
TC Antennas (2) 
Status Transmitter 
WB Transmitters (2) (FM) 
RF Switches (at 1/2 value) 
JJlU' s in RO (2) 
Tape Record~rs in RO (2) 
Payload in Transpond Bl 
Payload in T:ranspond :82-5 
Eillceypto:r 
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235 

7 
75 
20 
50 
35 

3900 
4300 

35 
8 

840 
970 
255 

2625 
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la?O 
235 

35 
8 

165 
210 
150 
950 

5230 
75 

620 
1960 
3900 
4300 
255 
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d. TIM On {Si~le2 l TR R0 

Payload Status (920) + B&A 
~omma.nd System (1) Active 
Horizon Sensor (l) 
Solar Aspect Sensor (1) 
?SCA Active 
TCU Active 
TC Antennae (2) 
Status TI'ansmitter 
WB Transmitter (1) (FM) 
RF Switch (at 1/2 value) 
DIU in RO (l) 
Tape Recorder in RO (1) 
Encryptor 
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Current {ma.} 
1020 
235 

35 
8 

165 
210 
150 
950 

2615 
75 

310 
980 
255 
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i""""llllllt--1 orbit--~...,. 

I 

I 

I 

PE-4 
I 
I 
I 

' • CE-4. 
I 

I 
I 
I 

I 
CEr4 

I 
I 

CE-4 
I 

I 
I 
I 

+320 

0 ma 

C:roas .. Plane 

Mode 

Current Profile 

I -320 ma 
CE-3 

' I 
I 
I ♦)20 ma (Full level) 

+16o ma(½ level) 

Oma 

In-Plane 

Mode 

Current Profile 

6. 8.6 Attitude Control Subslf!te.m (ACS) Power Summary 

The ACS will be used on a. noninterference basis with normal ope'.t'ations, and, 

therefore~ will not affect the power summary given in the previous section. 

The length of operation in any given mode is to be detennined., 

AC$ Mode Current (ma) 
a. Cross-Plane., High Gain 320 

b. ~-Plana, High Gain .. 31,&o 

Powe}~_{Watt Hrs/Orbit) 

13.0 
9.,.7 

Values f'or ;the :f'igu.res and tables above should be doubled when both system$ 

are in operation. 
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6.9 SPACECRAFT TERMINATION MODE 

A means has been provided to terminate the spacecraft's operational capability 

when it is no longer desired to task with normal operations. The tennination 
sequence shall be implemented at the direction of the technical advisor and 

is as follow!s: 

0.14-1T & 2F & 3T 

0.04-2T 
0.17-2T 
0 .. 14-lT &2F &3F 

§P!cecrafi Termination 

Enable te.rmi.na.tion 

Enab+e termination (Trickle Charge B1} 

Enable termination (Trickle Charge B2) 

Terminate (If enabled) 

Disconnect solar array from PSCA. 

The continuous current load of the spacecraft (approximately JOO ma.) w:ill 

discharge the battery. To reset the spacecraft out of the termination m9de, 

send the following command: 

Command 

0.04-2F 

0.17-2F 
0.14-1F & 2T & 3T 

Enable reset (Normal Charge B1) 

Enable reset (Normal Charge B2) 

Reset termination 

Connect eo11u• ar-ra.;v to PSCA 

Disable tenninate command . 
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7.1 TEST DATA PROCESSING 

Section 7 

DATA PROCESSING 

.. 1 

Experimental Programs Test (0/76-4o) ie responsible for all test data proc­

e$$ing and an&J.ysea for status carrier data (except pa.yl.oad.subcomin data) . . 
Payload engineering (0/65-24) is reepons1bJ.e for aJ.l payload carrier teat 

data. (and payload subcoR111 data) processing and analyses. Results of ans.Jysea 

and associated discrepancies ehe.U be fonarded to cognizant organizations. 

Systems Engineering (0/65-21) vill be responsible f'or dispositioning all 

systems-level discrepancies. 

7.2 FLIGJ11' DATA PROCESSING 

0/60-90 ~ill utilize.computers and data processing facilities a,ra1lab1e in 

I I tor preparation of finel data output to be torwarded to the :user. 

a.s specified in the DAHOPS plan (BIF003W/2-0790S7•78)1f and as contracted. 

7. 3 DATA FREQUENCY SPECTRA 

Figures 7-~, 7-2, end 7-3 illustrate the treq\lency apectra and data content 

fonna.ta for the different modes deacribed in section 6. 
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Figure 7-1 Narrowband m status Transmitter Fenn.at 
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128 KBflS BIPHASEMMARK 
PAYLOAD DIGITAL DATA 

FREQUENCY (KHZ) 

TAPE RECORDER TRACK 1 INPUT 

128 KBPS BIP'ff.ASE •MA.AA 
. PAn.0AD DIGITAL DATA 

FREQUENCY (KHZ} 

TAPE RECORDER TRACK.2 INPUT 

I 
128 OR 128 (X4) KBPS BIPRASE-MARK 

PAYLOAD DITITAL DATA 

128 
FREQUENCY (KHZ) 

TAPE RECORDER TRACK 1 OUTPUT 

. I 

I , 128 OR 128 (14) I03PS BIP~RK 
I PAl'WAJ) DIGITU. DATA 
I 

128 
F'ft~UENCY (!(HZ) 

TAPE RECORDER TRACK 2 OUTPUT 
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128 

128 

512 

512 

Figure 7M2 T~pe Recorde~ Irtput and Output Data ForMts 
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PCM 
28 KBPS (Ih) 
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PC1'I 

$00 
KHZ 

128 KBPS 
BIPffASE .. 
M/UU( 

100 
KHZ 
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Wideband FM 'I'ranmnitter .t.nput, 4: l Tape Recorder ~ea.dout 
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