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INTRODUCTION



SECTIOK 1
INTRODUCTION

This is the final report for the Seasat A Satellite Scatterometer (SASS) program. It contains the following

major sections:

Section Title
2 Subsystem Engineering
3 Design Dsvelopment
4 Test Program
5 Ground Support Eguipment
6 Software Development
7 Quality Control
8 Documentation Summery

The Subsystem Engineering section reviews and provides summaries for the analyses performed in the
early pericd of the program which formed the basis of the sensor design. A description of the sensor de-
sign is provided in Section 3. Section ¢ reviews the test program listing 211 tests performed and the en-
vironmental exposure (simulated) for each, as applicable. Ground support equipment designed and built
for assembly ‘integration and field testing is described in Section 5. Section 6 summarizes the software
developed during the program and the algorithmes/flow diagrams which formed the bases for the software,
Section 7 details the significant Qualify Control activity, while Section 8 lists all system level documents

prepared for sensor evalustion, trouble shooting, and testing,
it has been the intent of this report to indicate results of principal activities during the program and to
reference documents necessary to enable search of more specific detail, should they be necessary at some

future time.

Personnel responsible for the preparation of this report include:

R, Bianchi ~ Program Manager
A, Heath - Project Engineer
S, Marsh ~ Quality Control Engineer

d, Borusiewiez - Manufacturing

1-1/2



*IECEDING PAGE BLANK NOT FILME

SECTION 2
SUBSYSTEM ENGINEERING



-
SECTION 2 ORIGINAL Eﬁﬁr&
SUBSYSTEM ENGINEERING oF POOR

Subsystem Engineering for the SeaSat-A-Satellite Scatierometer (SASS) includes the determination of instru-
ment parameters based on spacecraft orbit consideration as well as all of the interface associated require-
ments. The interface associated requirements include size, weight, volume, DC power, command/control,

spacecraft mownting and the environmental conditions of temperature, pressure, vibration and EMI/RFI],

2,1 INSTRUMENT PARAMETER DETERMINATION

Tahle 2-1 containg the orbit parameters used in the final instrument design. This tabl; ig based on an up-
date of DRL 16, "Instrument Resolution Cell/Link Analyses" by letter from LARC dated September 17,
1976, An asterisk at the right of 2 parameter indicates that it is a measurzble hardware parameter, In

addition to the parameters defined in Table 2-1, it was also necessary to determine receiver dynamic
range, gain switching points, signal flow analysis, requirements for instriment calibration, instrument
timing, operating modes and instmmnent telemetry. The rationale associated with each of these reqguire~

ments is described in the following sections.

2.1.1 DOPPLER FILTERS

The Doppler filters' center frequency, noise bandwidth and skirt rejection were determined from the re-
guirement for a 50 ¥m cross-track spacing and a maximum resolution cell size of 50 ¥m, The center
frequencies are chosen for the 50 ¥m cross-track spacing and 425 Km between the inmer cells of fore and
aft antenna beams based on the SeaSat-A orbit st maximum latitude (+72°). A computer program, fur-
nished by LARC, was used to caleculate the Doppler filter noise bandwidths correspounding to the 50 Km
resolution cell size. The cell size does ot excesd 50 Km except for cells #11 and #12 which are 53. 2 Em
and 57 Km respectively. The filter rejection bandwidibs are based on having maximum return power in ail
Dappler cells except the cne in question, which has minimum retwrn, Returns fram adjacent cells must be
attenuated to at least 10 dB below returns from the desired cell while all other returns must be attennated
at least 20 dB below the desired return, Tables 3. 1-1 and 3. 1-2 in the Calibration Data Report (DRL I-23
dated 24 January 1978) contain the Integrated Electronics Assembly Level data an the 15 flight Doppler
filters.

2.1.2 RECEIVER DYNAMIC RANGE

The instrument dynamic range was determined for the wideband case up to the crystal Doppler filters and
for the narrowband case for the remaining portion of the Seat Processor. In both cases, due to the stetis-
tical nature of the return signal, an additional 6.6 dB was included for pedks at the upper end of the range
" and an additional 8,5 dB was included at the lower end of the range so i:hai non-saturating cperation would
be obtained in either direction. GE PIR 1J40-JH-055, Revision B delineates the final system level dynamic

2-1



Table 2-1, Data Values for Link Calculations

Fartran Warst-Case Nominsal
Symbol Name Definition Valua(s) Value(s)
a A Antenng Amplitude Rato .55 0,55
, [ ALPHP S/C Roll Errar + 0.5 deg. 0
8, ANGLES Incidence, Avgles for Estab- 0, 10°, 20°, 30° | o, 20°, 20°, 30°
lishing & © Curve 40%, 509, 559 40°, 50°, 65°
w ARGPER Argument of Periapsis 90° + 20° 90°
ASC ASC Ascending or Degcending +1 (Ase,) +1 (Asc, )
Direction of 8/C in Orhit ~1 (Dasc, ) -1 {Dese, )
ATT ATT Mean Altitude on Spherical 772,807 Km 740, 34 Km
Eprth
b B Ant, Waveguide Dimension 1,4986 Cm 1,4886 Cm
8 BETAP S/C Pitch Error - 0.5 dog, 0
d D Ant, Waveguide Spasing 1.651 Cm 1.651 Cm
[+ DELT Angle of Hotation for Squint 1.7 deg. 1.7 deg.
Removal
fm DLFRERUT) Lower Bandedge Doppler Table 2-1a Table 2-1b
Frequencies
£ DOFREN]) Cell Center Dappler Table 2-1a Table 2-1b
Frequencies
fDu DUFREQ(D) Upper Bandedge Doppler Table 2=1a Table 2-1b
Frequepcies
€ EPS Orhit Eccentrieity 0.001 0, 001
o FILAT 5/C Latitude 0% + 207 £ 72° 0°
¥ GAMMP 8/C Yaw Error 0.5 dag. 0
NOM GAMNCOM () Nomingl Value of Earth Angle Table 2-1c Table 2-1c
for Each Cell
Go GGO Peak Anterma Gain 32,5 dB 32,5 dB
- IBEAM Ant. Beam Niwaber 1,2 1,2
a2 a2 Eavth Gravity Harmonie 1, 08263x10™" 1.08263x10°
Parametor
. -6 -6
J3 J3 Earth Gravity Harmonic -2, 5x10 -2.9x10
Pormmeter
La LA Atmospheric Loss -0.4 dB -0.4 dB
Lr LR Receiver Lass -2.15 dB -2.15 dB
L’I‘ T Trangmitter Lioss -1.8 dB ~1.8dB
R MRADE Mesan Radius of Earth 6378,14 6378, 14 km
B MU Earth Gravitational Constant 3. 986005):105 a. 986005}:1.05

| I
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Tahle 2-1, Data Values for Link Calculations (Cont'd)

:
:
i
i
t

Fortran Worst-Case Nominal
Syrubol Name Definition Value(s} Valua(s}
NF NF Noise Figure 5.5 dB 5.5 dB "
o ORBIN Orbit Inclination 104°, 108° 108° oR
IGINA
¢q1 PHI31 Beam #1 Ant, Azimuth ~48.2 deg. -46.2 dSBOF ppo :?- PAGE |
Rotation Angle QUALITY
P32 PHI32 Beam #2 Ant. Azimuth ~133, 8 deg. ~133. 8 deg.
Rotation Angle
233 PHI33 Beam #3 Ant. Azimuth 136.2 deg. 136. 2 deg.
Rotation Angle
¢ 34 PH134 Besm # Ant. Azimuth 43, 8 deg. 43, 8 deg,
Rotation Angle
[ PHHO Narrow Dimension Ant. 0.5 ceg. 0. 5 deg.
Beamwidth
[ BBl Ant. Phase Taper 28 deg. 28 deg.
P A BT Transmitter Power 100 W, 110 W. *
go SIGMAS o O Values at 09, 10°, 30°, Table 2-1d Tgbie 2-1d
40° 50°,55° :
oo SIGNOT g © Values at 89,40°,00 5,8,7d 5,6, 7dB
w/s SPEED Windspeed 4,12,24 m/s 4,12, 24 m/s
c SPEEDL Speed of Light 2, 097925x10° 2, 897925x10°
km/sec. km/sec,
T, TA Antenna Temperature 200°K 200°K
'.I‘p TAUP Transmit Pulse Length 4,8 ms 4.8 ms *
Tg TGO Range Gate Lepgth of Cell Table 2~1a Table 2-1b *
6., THETAP Anterma Pointing Angle 40, 0° 40,0°
8 THETAS 90° - Ant, Squint B8 deg. +.36° 88 deg,
TN TR Noise Integration Time 0.42 sec. 0,48 sec, *
TP TP Ant. Sample Time 1.850388 gec, 1.890399 sec. *
T TPP Pulse Repetition Period 29, 537 mgec, 28,537 msec, *
v vVE Earth Equatorial Velocity 0.4651013 0.4651013
km/gec. km/sec,
g XFREQ Trensmit Frequency 14.50927x10°Hz |  14.58827%10°Hz @ *
£ FL Earth Flatness 3.367 x 107 3,367 % 107

* Measurable hardware parameter




'

Table 2-1a. Worst~-Case Doppler Frequencies* and Range Gate Times

Cell Lower Freq, Center Freq. Upper Freg. Rance Gate
No. (Hz) {Hz) {Hz) (ms)
1 169, 866 182,315 194, 262 7.0
2 206,388 217,497 228,104 7.2
3 239,175 248,989 258,299 7.4
4 268,352 273, 800 284, 844 7.6
5 294,078 301,208 307,996 7.8
6 316,573 322,485 328,125 8.1
7 336,016 340,972 345,716 8.4
8 352,882 357,004 360, 866 R, B
9 367,591 370,901 374,089 8.2
10 880,335 382,952 385,475 9.8
11 381,108 353,415 395.621 10.4
12 400,476 402,514 404, 438 11.2
13 52,358 64,660 76, 754 5.4
14 20,140 32,392 44, 536 5.4
i5 -12,198 0 12,198 5.3

*Before addition of 417 Hz due to LO offset.

Table 2-1b, Nominal Doppler Frequencies* and Range Gate Times

Cell Lower Freq, Center Freq. Upper Freaq. Range Gate
No. (Hz) (Hz) (=) (ms)
1 169,224 182,315 194, 804 6.00
2 205, 816 217,497 228,676 6.20
3 238,672 248, 968 258, 802 6.35
4 267, 918 276, 800 285, 278 8,587
5 293,712 301,206 308,362 6.82
6 316,269 322,485 328,429 7.11
7 335, 761 340,972 345,971 7.4
8 362,774 357,004 361.074 7.83
8 367, 420 370,901 374,260 8.27
10 380,200 382,952 385,610 8.78
11 390,990 393,415 395,740 g.4
12 400,372 402,514 404, 542 10.16
13 51,716 64,660 77,396 5.42
14 19,488 32,392 46,178 5.35
15 ~12, 840 0 12, 8B40 5.29

*Before addition of 417 Hz due to LO offset.




Table 2-1c. Nominal Earth Angles

for Each Cell

Cell Gamma
No. (deg. )
1 2.70
2 3.34
3 8,97
4 4,61
3 5.25
6 5.89
7 6.52
8 7.16
9 7.80
10 8,44
11 9.08
12 9.72
13 0. Bo8
14 0. 447
i5 0.06

Table 2-1d. ¢ Values Versus Incidence Angle

Incidence Angle cro (dB)
(deg. ) 4 m/s-w/s 12 m/5-w/s 24 m/s-w/s

0 12.0 8.4 8.4
10 5.0 5.0 8.0
20 - 9,0 - 5.0 - 2,0
ao ~21.0 -12.0 - 6.0
40 -24.0 -15.0 -8.0
50 -27.0 ~18.0 -12.0
53 -28.0 ~19.0 -13.0

range requirements. The minimom averasge power speciral density (PSD) based on 2 1350°K receiver noige
temperature is -197.3 dBW/Hz while the maximum average power spectral density, (cell #4) is -172.1 dBW/
Hez,

The overall instrument dynamic range mugt also include ihe gain or loss associated with mamufacturing
tolerances of each receiver component as well as temiperature sensitive gain or losses, Table 2-2 is a total

system snwmmary of the receiver dynamic range,




Tahle 2-2. System Summary of Reeceiver Dynamic Range

Description dB

PSD maximum - PSD minirmum 25.2
Instantaneous Peaks 6.6
Instantaneous Valleys 8.5
A Noise BW Cell #4 - Cell 712 6.2
Tolerances + Temperature Variations Below Nominal 4,35
Tolerances + Temperature Variations Above Nominal 4,4

Total System Dynamic Range 55. 25

2.1.3 GAIN SWITCHING POINTS

The gain switching design in the 15 channel Scat Processor is such that the gain of each channel is selected
completely independent of the signal returns in the adjacent cells or any of the other celis, The analysis,
delineated in PIR 1340-JH-074, "Gain Switching Philosophy of SASS Scat Processor, "' shows that a detector
with 30.1 dB dynamic range and four gain stages, separated by a2 nominal 10 dB, is more than adequate to
cover the entire system level dynamic range. Because of this capability, the gain of each channel was set
to anproximately the same level when tuned with a CW signal at the corresponding doppler filter center
frequency, The gain is selected for each channel by looking at the first three return pulses, one at a time,
and stepping in z nominal 10 dB attenuation each time the preset threshold is exceeded. The threshold is

the same for all 15 channels because the same A/D converter is used and simply time multiplexed,

The threshold is set for 4. 785 volts or 490 counts at the integrator cutput to allow for the 6.6 dB expected

peak excursions without compressing the signal,

2.1,4 SIGNAL FLOW ANALYSIS

The GE "SIGFLOW" program was used to verify that uncompressed processing would be achieved in all
channels for all levels of noise, return signal and calibrate signal, This program calculates the effect of
circuit elements on a signal, The common inputs to the progrem include the number of elements, input
noise power density, average input signal power, and peak input signal power. The program input parame-
ters recuired for each element are noise bandwidth, gain or loss, limiting point and element poise figure,
This analysis was done for seven combinations of noise, signal and calibrate levels for cells #1, ¥4, and
712 to cover the widest noise bandwidih, the highest return signal and the narrowest bandwidth respecitvely.
PIR 1J40-JH-24} contains the complete analysis including the computer printouts for the seven cases and

. .3 f the integvator outpuis for the three cells listed above.



2.1.5 INSTRUMENT CALIBRATION

The "on-board' calibration of the SeaSat Scatterometer is somewhat more complex than it appears at first
glance, Since 2 seatterometer is simply an ingtrument that accurately measures the attenuation incurred
between the transmit and receive signhals, it appears that the instrument could be calibrated by directing the
transmit sigral through a known attenuation into the receiver. The problem associated with this approach
is that the trangmit signal‘is pulsed CW whereas the received signsl is basiecally doppler shifted white noise.
Because of this difference, it was necessary to calibrate the transmitier and receiver independently. In
addition, because of the differences in noise bandwidth and gain step settings, each of the receivers 15
chanuels had to be calibrated independently,

It was assumed early in the instrument design. and verified more recently during spacecraft level thermal
vacuum tests. that receiver gain changes are a function of the instrument temperature and that temperature
excursions. being 2 function of orbit position and season, happen very slowly., The steepest gain versus
temperature slope was associated with the Low Noise Amplifier which was subsequently thermally controlled
at approximately 335. GDC‘ to minimize dynamic gain shifts. A frequency of calibration of once every four
minutes, or 25 times per orbit was selected for the receiver since reeeiver calibration precludes the normal
data-taking operation, For the transmitter, however, a transmit power measurement is mads every 1. 89
second period sinee it does not affect data taking.

bDue to the natures of the transmitter and receiver signals, the Scatterometer is calibrated using a diode
detector plus integrator and a broadhand white-noise generator respectively. A "Complete Receiver Calit
bration Cyele" consists of four consecutive 1. 89 second calibratior measurements, Each calibration mea-
surement is done with an order of timing that is identical to the normal cperation timing, but is for four (4)
different combinations of calibration noise level, HI = 28, OODOK znd LO 4 ZQOOK, .and Local Oscillator Fre~
quency, 191.65708 MHz (FORE) and 208, 32292 MHz (AFT).

Component temperatures of the Transmit Power Monitor (Directional Detector), Calibration Noige Source
and Antenna Switching Matrix are measured and telemetered every 15. 12 seconds. These temperatures are
used in the look-up tables and algorithms for {ransmit power {PT) and receive power (PR) respectivaly.

2.1,6 INSTRUMENT TIMING

The two fundamental timing sequences considered in the design of the SASS were the XMIT/REC subeycle
period and the Data Accumulation Period. The XMIT/REC subcyecle period is associated with the transmit
pulse width, signal plus noise integration time and noise only integration time, The transmit pulse width
timing and the noige only integration timing ave essentially the same for all channels whereas the signal

plus noise timing is tailored for each of the 15 channels. DRL Iem I-10 (paragraph 6.0) describes the
trade-off analysis for the Restrictive Range Gate versus Widened Range Gate Integration and PIR 1JL6-JH-333,
Revision A, describes all of the SASS internal control signals associated with one XMIT/REC Subcyele period.

2-7




The Data Accumulation Period was defined such that "quasi~contiguous" coverage at 50 Km spacing wauld
be obtained with "Fore' and "Aft" looks in each of the 15 cells based on a perfect orbit and nop-rotating
earth. Analyses and plois were done by LARC personnel to determine cell overlap for nominal and worst

case cogpditions,

2.1.7 OPERATING MODES (Table 2-3)

The Sealat-A-Scatterometer has ten operating modes consisting of eight transmitting modes, one receiver
calibration mode and one standby mode, The SASS of :rating modes table provides the cross reference for
the mode number, the spacecrait command number, the Seatterometer Electronies Package (SEP) port

sequence, the anfennz sequence and the footprint/polsrization definitions.

Tahle 2-3, SASS Operating Modes

HODE SPACEGRAFT
NIMBER COMMAND NO. SEP PORT SEQUENCE ANTENNA SEQUENCE FOOTPRINT/POLARIZATION SEOUENCE
1 0003478 4 8 2 6 &I v 2v v LF v RF V14 v RA
2 00044/B 3 7 1 5 4R N 3H 21 B LF H RF B LA H RA
3 00D5A/B 4 3 2 1 & 4 v 3H v LF H LF V L4 HLa
4 00064A/8 8 7 6 5 w v 2H V RF H RF v R4 H R4
5 00074/B 4 4 2 2 Ay 4y v 3v vV iF v LiF VLA VLA
6 00L3A/B 8 ] 6 6 W w2 av V &P v BF V Ra v RA
7 00144/3 3 3 1 1 4 4H M 3n HLF H LF H LA H LA
8 00154/8 7 7 5 5 I 2 ®H B RF H RF H RA H RA
9 00214/B 4 4 2 2 W 4V v av - - - -
10 00234/B & 4 2 2 av 4y v 3v - - - -
8ASS
ENABLE 00364/ 4 4 2 2 I A v v - - - -
HVPS
ENABLE 00244/ 4 4 2 2 & v 3v 3v - - - -
5488 033478 - - - - - - - - - - - -
i 00334/
LEGEND: V = VERTICAL
H = HORTZONTAL
L = LEFT
R = RIGHT
F = FORE
A = AFT



The supplemental table (Table 2-4) provides additional cross references including the AESC antenna sexial

-

number,
Table 2-4. SASS Operating Modes Supplemental Table
Footprint/Polarization
LMSC Ant. No. AESC 5/N# SEP Port No, Dafinition
1 A2 7 HRF
8 VRF¥
2 A5 3 HRA
6 VRA
3 A4 1 HLA
2 ViA
4 A3 3 HLF
4 VLF

*Reference: LARC letfer dated 10-14-77.

2.1, 8 INSTRUMENT TELEMETRY

The telemetry data assoeiated with the SASS instrument is either in Bi-level or A/D converted analog voli~
ages, SASS-DRL~114, "Measurement List and Data Format, " dated 8 October 1977, Revisiop D, contains
the details of the Data Stream.

In general, the SASS telemetry is categorized as shown below,

s Bi-Level (Statng) including Synch patiern, gain bits, SLO ireguency selected, calibfation status,
circulator status, mode selected and analog temperatire monitor subcommutator identification
bits.

s Bi-Level (Fault Determination) including input current, body current and undervoltage trips,
receiver protect eiroulator status as well as SLO and SMIT phaselock loop indicators.

» Analog Housekeeping (Instrument Healih) including internal voliages, currents, RF powers,
component and bageplate temperatures, as well as the forty SASS antenna temperatures.

2.2 SASS INSTRUMENT INTERFACE

Three categories of SASS ingtrument/spacecraft interfaces are described in this report. They are the
mechanical, electrical and environmenial parameters associated with the SASS design, Paragraph 4.0
includes the Environmental Interface Parameters while the mechanical and electrical interfaces are
described in this section. The Lockheed document LMSC-1D490728, "Interface Control Document' contains
the details of the murinally agreed upon interface,

2-8
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2.2,1 SASS MECHANICAL INTERFACES

L A e e

1, Size: GE Drawing (Figure 2-1), 47D235021 shows the outline and mounting points for the SASS
instrument,

2, Weight: 59.42 Kg

r 8. Center of Gravity: X = 23.368 cm
¥ = 7.620 cm -
Z = 53.594 cm 1:
4. Moments of Inertia: IXX = 5.786 Kg—mz i
Iyy = 6.780 Kg-m" ‘;

2,076 Kg-m>

2z

2.2.2 SASS ELECTRICAL INTERFACES {

1. Electrical Power Interface: The voltages, currents and power delineated in Table 2-5 are the
worst case valnes measured over the baseplate temperature range of 09C to +35°C for any SASS
transmitting mode,

Table 2-5. SASS Operating Mode 1-8 E

Bus Voitage Current ' Power
{Volts) Amps (avg) Amps (pk) Watts {avg) Waits {pk)

27,7 reg. 2.70 2.70 74,79 T4.72

26.0 reg. 2,70 2. 70 75,60 75.60

28.3 reg. 2.60 2.60 73.38 73.58

24.0 unreg. 2,42 ] 11.00 58. 08 264. 00

28.0 unreg, 2,10 9.00 58, 80 252.00

32. 0 unreg. 1,78 8.50 56.96 292.0 !

Table 2-6 contains the worst case values measured over the baseplate temperature range of
0°C to +35°C for each of the SASS non-transmitting modes.

Tahle 2-6, Worst Caze Values :

Rgg Bug, | Reg Bus, | Reg Bus, | Unreg Bus, | Unreg Bus. | Unreg Bus. | Protal ’ -
Mode Volts Amps Warts Volts Amps Waits Watts

SASS YOFE" | 28.0 0.457 12,8 28,0 0. 0386 1.08() | 13,88
SASS 7.7 2,70 74.79 24,0 6. 35 8.40 80. &
"CONTINOUS 28.0 2.66 74,48 28.0 0.30 ) 8. 40 81.2
CAL (MODE 9| =28.3 2,60 73. 358 32.0 0, 2% ’ 9.28 BL.7
SASS "STBY™ 21.7 2,70 74,79 24.0 0.07 1.68 T8.5
(MODE 10) 28.0 2.66 74.48 28.0 0.10 2. 80 77.3

28,3 2.60 73.58 a2.0 0.11 3. 62 T7.1
31 N4 Thermal Conzrol
)unreg, bus, inrush current control
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Command and Contrel Interface: The two basic command functions associated with the SASS are
the Power Control Commands and the Mode Select Commands. The power control commands are
activated by an 18 to 32 volt pulge with a duration of 100 + 5 milliseconds,

These commands are for SASS "ENABLE", HVPS "ENABLE'" and SASS "OFF" as well as for each
of their respective redundant commands,

The mode select commeands are activated hy 2 momentary closure of 2 DPDT non-latching relay
having a closure duration of at least 10 milliseconds,

Table 2-7 delineates the SASS discrete commands including the spacecraft command number, the
command title, and the command description. All SASS associated gpacecraft commands and their
parzmeter ID's are included for compleieness.

Microwave, RF and Digital Interfaces: The microwave, RF and digital interfaces are associated
with the SASS transmitter, the spacecraft reference clock and the SASS data stream respectively.

The requirements for the microwave interface are:

Freguency: 2920 X spacecrait clock frequency
Transmit Power:  +48.5 dBm minimum

Pulse Width: 4,8 msec

Repetition Rate: 33.86 PPS

Load VSWR: £1,2:1

Wavegnide: WRE2 (RG-349/T)

Mounting Hole Patiern: Compatible with UG-1666/U Choke Flange

The requirements for the RF interface are as follows:

Freguency: 4.989750 MHz + 0.5 Hz
Frequency Stability: . 3 X 107+ Short Term Stability (500 msec)
RF Power: 0 dBm+1dB
Load VSWR: =1.2:1 (50 ohm)
Source VSWR: = 1.5:1 (50 ohm)
Additive Phase: ~-125 dBc per Hz @ 1 KHz
Noise ~125 dBe per Hz @ 10 KHz
-133 dBc per Hz @ 100 KHz to 1 MHz from carrier
Coax Cable: 50 ohm
Connector Type: SMA

The requirements for the digital interface are as follows:

Clock Rate: 156. 242 KHz

Bits per Word: 10

Words per Burst: B2

Length of Burst: 7.910 msec (nominal}, 9.7 msec (maximum)
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Table 2-7, SASS Discrete Commands

Spacecraft
Command No.

Command Title

Command Degeription

Parameter 1D

0036 A/B
0024 A/B
0033 A/B
0003 A/B
0004 A/B
0003 A/B
0006 A/B
0007 A/B
0013 A/B
0014 A/B
0015 A/B
0021 A/B

0023 A/B

0035 A/B

0044 A/B

0032 A/B

0074 A/B

0451 A/B

0462 A/B

SASS ENABLE
HVPS ENABLE
SASS OFF

Op. Mode 1
Op. Mode 2
Op. Mode 3
Op. Mode 4
Op. Mode 5
Op, Mode 6
Op. Mode 7
Op. Mode 8

Op. Mode 9
{Continuous Cal)

Op, Mode 10
{BASS STBY)

SASS SELECT
Conv. No, 4

SASS SELECT
Conv. No, 3

SASS SELECT
PWR ON #1

SASS SELECT
PWR ON #2

SASS Antennas
1 and 3 Deploy

SASS Antennas
2 and 3 Deploy

Power SASS DC/DC Converter
Power SASS HVPS

Remove Power from SAEBS

Meas. Seq. VLF, VRF, VLA, VRA
Meas. Seq. HLF, HRF, HLA, HRA
Meas. Seq. VL¥, HLTF, VLA, HLA
Meas. Seq. VRF, HRY¥, VRA, HRA
Meas., Seq. VLF, VLF, VL4, VLA
Meas. Seq. VRF, VRF, VRA, VRA
Meas. Seq. HLF, HLF, HLA, HLA
Meas. Seq., HR¥, HRF, HRA, HRA
Meas, Seqg. VLF, VLF, VLA, V1A

Meas. Seq. VLF, VLF, VLA, VLA

Regulated 28 + 0.3 VDC
SASS REG Voltage TLM
SASS Total Current TLM

Regulated 28 + 0.3 VDC
SASS REG Voltage TLM
SASS Total Current TLM

Unregulated 28 + 4.0 VDC
SASS UNREG Voltage TLM
SASS Total Current TLM

Unregulated 28 + 4,0 VDC
SASS UNREG Voltage TLM
SASS Total Current T1M

CMD PYRO Firing {o Deploy
Antennas 1 and 3
Antenna No, 1 TLM
Antennz No, 3 TLM

CMD PYRO Firing to Deploy
Antennas 2 and 4
Antenna No, 2 TLM
Antenna No, 4 TLM

Baseplate No. 1 TEMP., TLM
Baseplate No, 2 TEMP. TILM

88700
358701
58702
88703
88704
55708
85706
88707
38708

S5709

LC539
LC117
LC135

LC538
LCii7
LC135

cio
LC135

LC101
LC135

1.A108
LA110

LA108
LA1l1

LA1Z]
LA122




Burst Repetition Rate: 1,890399 sec + RF Clock Drift
Maximum of Bits/Burst: 820

2,3 SASS INSTRUMENT PECULIARITIES AND CONSTRAINTS

The peculiarities and constraints lisied below were excerpted from a LARC letter dated 27 April 1978.

2.8.1 SASS OPERATIONAL PECULIARITIES

1.

3.

4.

With respect to self calibration,
a. Mode 9 is a free running "Continuous Calibrate" operating mode.

b. One full calibrate cycle, lasting 7.56 sec., ogcurs after each mode execution before
hecoming operational in that mode.

c. One full calibrate cycle oceurs periodically every 4 mimites after 2 mode execution,

d. Due to the mode execution logic design, a2 9.45 sec. CAL cycle (5 CALS) may occur
follqwing 2 mode execution. The probability of cccurrence is 1/20.

g, During a2 CAL such as in b or ¢, SASS engincering pavameters take on the same values
as given for Mode 9 in Attachment 1.

At 3ASS ENABLE, trip indicators SS762, 763, and 764 indicate TRIP and will reget only on exe-
cuticn of the first mode command.

At HVPS ENABLE, Under Voltage Trip, 88788, indicates TRIP ard will reset only on execution
of the next mode command.

After HVPS ENABLE, a 8 minute automatic time ont to allow TWT filament warm-up begins,
The first mode command (Modes 1-8) after completion of the time. out turns the transmitter on.

The first mode command (Modes 1-8) after the 3 minufe time out causes the Input Current Trip,
88762, to indieate TRIP, A second mode command must follow to reset 85762 and make it useful
while the transmitter is on. The same applies to excecution of Modes 1-9 after STANDRY.

In Modes 9 and 10, the antenna port switching and logic as monitored on 58711, 712, and 713 is
the same as in Mode 5.

L, 0. Power, S8772, is approximately the same for the high L. O. frecquency and the Low L. O,
frequency but the monitor, 88772, reads quite differently due to calibration differences and
accuracy limitations. POCC processing will use the low L, Q. frequeney curve only and IDPS
will use both; hence, the IDPS data will be more accurate than POCC data, but the low frequency
L. 0. power will still read approximately 1.5 dB higher than the high frequency L.O. power,

Transmitted Power, 88761, is approximately 1.5 percent low on the last data frame before a CAL
cycle and approximately 5 watts on the last CAL frame.

TWT Cuthode Voliage, SS765, has a large y-intercept in its calibration and reads -7. 86 kv for 0
counts in the POCC processing and display.
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10.

11.

SASS Input Current, LC133, is a peak current moniior and will typically read hetween 2, 44 and
9. 2A in random fashion,

Differences in SASS electrical stafus versus mode as monitored in engineering housekeeping data
are defined in Attachment 1.

2,3.2 SASS OPERATIONAL CONSTRAINTS

The SASS shall not be turned v unless the baseplaie temperaiures LA 121 and 122 are between
-10°C and +55°C.

Regulated 28V from converter #3 or #4 must be applied to the SASS at least 30 minutes prior to
operation within specification,

It must be verified that no alarms have been exceeded prior to execution of HVPS ENABLE,
Two mode commands are required at turn or and after STANDBY.

Continuous time in STANDBY or between SASS ENABLE and the first mode command must be
< 4 hours. :

SASS off shonld be gent prior to switching converters 3 and 4 or sending SASS ENABLE to
initialize SASS relays and limit inTush current.

All SASS commands must be sent > 2 seconds apart.

STANDBY must be sent prior to SASS OFF,



i

Attachment 1,

SASS Engineering Versus Mode

Nominal Value

Parameter Modes 1~8 Mode 9 Standby
85781 +5V +5V-
85782 +15V +15V
88783 -15V -15V
55785 -6V -8V
55786 +BV +6V
S8787 Therm, Ref. 1 +5V
85788 Therm. Ref, 2 +5V
S8772 L.Q, Power 11.5/13.5 dBm
58773 Mod, Power 21 dBm
58774 Xmit Drive 16.5 dBm
88775 Upcav., Bias 0.1V
58776 TDA Stage 1 Bias 0,135V
SS777 TDA Stage 2 Bias . 0. 155V
88778 TDA Stage 3 Bias 0,15V
88765 TWT Cathod Voltage 8,02 BEv 8.02 Rv 0 Kv
55766 TWT Cathod Current 57 ma 0 ma 0 ma
85767 TWT Body Current 5.8 ma 0 ma 0 ma
83768 Ion Pump Current WTEN 0 pA 0 pA
58769 HVPS Input Current 2.5TA 0.9 A 0.7 A
85862 TWT Filament Current 1.63 A 1,58 A 1.53 A
LC135 SASS Input Current 9.2 A Peak 2.7TA 1,8A
587681 Transmit Rower 100 Watts 0 Waits 0 Watts
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SECTIOKN 3
DESIGN DEVELDPMENT

3.1 DESIGN DEVELOPMENT {(ELECTRICAL}
The complete SASS Electronics Package (SEP) is shown in biock diagram form in Figure 3-1

(GE 47£235099). The instrument package component and subassembly layout is shown in Figure 8-2
(GE 47J285000), Table 3-1 is included as a convenient cross-reference to the SEP layout, The table
ineludes the component/subassembly item number, the GE drawing mumber, a description, and the GE

SVS specification where applicable,

The descriptions that follow include only the design modifications to the SASS baseline associzated with the

top level assembly operation,

3.1.1 RADIO FREQUENCY INTERFERENCE FILTER

It was found during RFT coupling analyses that a potential interference problem existed between the SeaSat
A Altimeter and Scatterometer (BASS). The interferences investigated included the 14, 59927 GHz + 1 MHz
components of the chirpped altimeter pulge based on a SINX/X curve and the effect of the fundamental alti-
chirpped freguency of 13.48932 GHz + 160 MHz, Caleulations showed an adequate margin for the SINX/X
component of the chirpped pulse at the Scatterometer center frequency. Caleulations alsc showed a
potential SASS LNA saturation problem at the fundamental gitimeter chirpped frequency. It was, there-
fore, necessary to add a RFI filter to the SASS receiver prior to the LMA, The filter added had the

following operating characieristics:

Insertion Is.s5: 0.35 dB maximum at 14,6 + . 025 GHz

Rejection: 40 dB minimum at 14, 18 GHz

80 dB minimum at 13, 685 GHz
Passband Ripple: 0.1 dB maxjimum
Equiripple Bandvidth: 100 MHz minimum, 350 MHz maximum
VSWR (either Port): 1.2:1 maximum at 14, 6 +. 025 GH=z

3.1.2 LOW NOISE AMPLIFIER HEATER

There were two temperature related problems associated with the Low Noise Amplifier. The first prob-
lem was the out-of-spec gain variation over the 0% to +35°C orarating temperature range, The second
problem resulted from an apparent hysteresis in that the ampilifier gain at any partieular temperature was

dependent on the temperature and operating time at the previous point,
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Table 3-1. Cross-Reference to the SEP Layout

ﬁifn GE Dwg, No. Deseription Specification
Al 47D235460P1 Solid State Soures/Local Oscillator 8VS 8890
A2 47E235250G1 Integrated Electronics Assembly N4

A3 47823510062 High Voltage Power Suppl R/A

Al 47D235458P1 Traveling Wave Tube GFE

A5 47D235026G1 Upconverter N/A

A6 47C235451P1 TWT Input Isolator SV5 8896 P2
A7 4£7C235452P1 THT Output Isolator 8VS 8896 P3
A8 47D235028G1 Directional Detector R/4

AD 47E235457P1 Antenna Switching Matrix SVS 8891
AlOD 47D235057GL Tunnel Diode Amplifier SVS 8892
All 47C235453P1 IS0 Adapter SVS B8Y96 P4
Al2 4£7C235455P1 Doun Converter SVS 8894 Pl
Al3 4702354531 IS0 Adapter SVS BBSE P4
Al% 47D235027GL Low Pass Filter N/A

AlS 47023502361 Waveguide Assembly No. 1 N/A

Al6 47C235024G] Waveguide Assembly No. 2 N/A
Al7A1 47C235462F1 Hoise Source SVS 8035
AL7A2 47D235033G1 Noise Diode Power Supply N/A

AlB 47023509561 Bandpass Filter No. 2 H/A

Al9 47023507261 Bandpass Filter No. 3 R/A

A20 47D235461P1 RFI Filter N/A

A21 47C235059G1 Thermal Control Component Assembly N/A
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It was decided to provide proportional thermal eontrol to maintain the LNA at 37 + 2°C. The controlier
operates directly from the regulated 28 volf spacecraft bus and is independent of the SASS operating mode,
including the "off" condition. The thermal design is such that the 37 + 2°C can be maintained for any
baseplate temperature in the range of 0° to +35°C, the temperature range over which the Scatterometer
must operate in specification, Below OO‘C, the controller will maintain a nominal 35° AT above the base-
plate temperature. Above +35°C, the controller will be essentially turned off and the AT will be approxi-~
mately 2. 8° above the baseplate temperature,

3.1,3 HIGH VOLTAGE POWER SUPPLY

There were three eircuit design changes in the HVPS during the course of the program. The eireuit
changes were associated with the following problems:

Minor Looping

Inrush current at HVPS ENABLE Command

nrush current at Mode 1 to 9 Command
3.1,3.1 Minor looping
Minor looping is a phenomenon associated with asymmetrical operation on the' transformer B-H cu-,rve.
This phenomenon caused failures in the boost transistor through an apparent susceptibility to transients.
Previous circuit modifieations to eliminate minor-looping problems were primarily aimed at ieducing the
effect to within tolerable levels. These modifications worked reasonably well for most conditions, but did
not eliminate the problem. Transients cau cause the boost to minor loop severely, even to the point of
destruction. To offset this, a new eireuit was developed to sense minor-looping, generate an "error™
signal that feeds back into the control loop to automatically eliminate the problem. It is an internal con~
trol loop with enough gain to nearly eliminate minor looping, but which does not affect normal operation in

any way.

3. 1.3.2 lprush Corrent al HVES ENABLE Conunund

During system level tests, a problem appeared which caused the crowhar protection circuit in the unregu-
lated bus voltage line in the STC/RSS to actuate when a "HVPS ENABLE" command was issued. This
problem was intermittent, but appeared to be temperature sensitive since the problem occurred more
often at the cold temperature. T;rouh.ieshooting isolated the problem to a marginal controi condition during
the turn-on transient. Oecasionally, both boost transistors would turn-on simuliancously thus effectively
applying & short circuit on the unregulated bus. A slight circuit modification was incorporated into the

HVPS design to insure that the boost transistors are held off during the turn-on transient,



3.1,3.8 Inrush Current at Mode 1 to 8§ Command

inrush current measurements were made when a mode command was given after the three minute time out,
When it was observed that the inrush current exceeded the specification, the input current trip cireuit was
modified to act as a current limiter during "turn-on", At the SASS instrument level, two conditions must
be discussed. The first condition is when a mode 1 to 9 command is given after "HVPS ENABLE"
command but before the three minute time out while the second condition is when a mode 1 to 9 command

is given after the "HVPS ENABLE" command and after the three minute time out,

Condition 1: When the mode 1 to 9 command is given between the "HVPS ENABLE" command
and the three minute time out, the HVPS tries to bring the TWT cathode voltage to -8 KV at
the end of the time out, This causes the input current to exceed the threshold level and the
trip actuates, Since the mode 1 to 9 command is no longer present, the current simply
decays to its previous velue, The TWT cathode voltage and collector voltages are turned off

and the TWT returne to a Standby condition,

Condition 2; When the mode 1 to 8 command is given after the "HVPS ENABLE" command

and after the three minute time out, the HVPS tries to bring the TWT cathode voltage to -8

KV. This causes the input current to exceed the threshold leve] and the trip eircuit again
actuates, However, once the current decays below a certain threshold level, the mode I to 9
command is still present and resets the trip circuit, Once again, the HVPS tries to bring the
TWT cathode from its present level to -8 KV and again the trip circuit actuates. This trip
circuit actuation oceurs typically five times during the first three milliseconds after the mode 1
to 9 command, By this time the HV capacitors in the HVPS are sufficiently charged and the input
current settles down to its normal operation. The digitel controller pulse, agsociated with a
mode 1 to 9 command, was stretched out to 8, 3 milliseconds to assure that the internally genera-

ted mode command pulse was still there after the last trip cireuit exeursion,

3.2 DESIGK DEVELOPMENT (MECHANICAL)

In the proposal concept the SASS was envisioned as a collection of approximately 20 electronic and micro-

wave components to be integrated at the spaceeraft level with GFE antennas and TWT, See Figure 3, 2-1,
At the beginning of detailed hardware design, it beecame apparent that this would have been a difficult and
expensive interface, and it was decided to integrate the experiment as a component on its own bageplate,

which would then be mounted to the spacecraft structure,

A combination dust cover and EMI shield was added later, See Figure 2.2.1-1,

3-9
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The major problems to be overcome iy the mechanical design were: 1) developing a layout of components
having logical signal flow, within the confines of the 1,0 X 0.41 X (.35 M, since most components were
intercopnected by rigid waveguide; 2) designing waveguide supports with sufficient adjustment to provide
for assembly tolerances and capable of meeting vibration and shock requirements; 3) weight optimization
of the strueture design at 2 late stage in the instrument development, and 4) adapting existing high voltage

packaging technigues to meet new, more complex module designs.

Other challenges met in the mechanical development were the thermsl control of the LNA, negotiation and
maintenance of mechanical interfaces with numerous sub- and co~contractors, and electronic packaging

designs for high and low voltage power supplies, digital controller and scatterometer processor,

The mechanical and packaging designs were proven by environmental test, Vibration and shoek to gual
levels produced only two failures (see page 68, SAS 06, 07) neither of which was design related,

Thermal-vacuum testing verified the thermal analysis and high voliage design implementation.
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SECTION 4
TEST PROGRAM

4,1 TESTS PERFORMED AT GE

The SASS instrument test prograa is cutlined in the following tables:

s Table 4, 1~1, Subsystem Qual Tests

®» Table 4, 1-2, Initial Functional and Baseline Tests
s Table 4. 1-3, SASS System Level Test Flow

. lTablc 4,1-4, SASS Instrument Operating Times

e Figure 4, 1-1, Thermal Vacuum Profile

e Figure 4,3 -2, SASS Shock Spectra

s Figure 4, 1-3, Random Vibration Leveis

ORIGINAL PAGE 18
OF POOR QUALITY



Table 4.1-1. Subsystem Hardware Matrix - Qualification Tests

Shock Ra\?ic::m 32:;:; A;‘;‘;gg“ EMI ?;i‘:::ll Hl%:ﬁ;fw lecter “;;’f;f;f
3 Axis | Search J (Amb Pres} ; Fune, | Perform,

S88S8/1.0 (SVS 8890) - X X - - X X X -
W/G Component #1 - - - - - - X X -
Upconverter {ino, BPT) - - - - - X X X X
W/G Component #2 - - - - - - X X -
:ggu;/(gll;i}g; ;solators and % % _ _ x x % %
100 Watt TWT GFP
Directional Detector - - - - - X X X -
High Voliage Power Supply - - - ~ X X X X -
?Srggnglgg?;vuehmg Maltrix X x . _ ~ x % % %
Noize Source X X - - - X X X -
TDA X X - - - X X X X
Downconverter X X - - - X X X -
Integrated Elect, Assy,
(DC/DC, Dig. Cont., - - - - - X X X -
SCAT Processor)

Legend: X

1

Test was Conduected

~ = No Test Conducted




Table 4, 1-2. Initia]l Functional and Baseline Tests

Pre-Power Configuration
Ground Isclation
Continuity and Impedznce Checks
GSE Checkout

lnitial Power On

Interface Signal Verification

Operational Checks
Command Checks
Signal and Test Point Evaluation
Telemetry Signals
Blanking Signals
SSS/L0 Checks
ASM Phasging Checks
Calibration Cycle Verification
R.F, Levels
HVPS Checks
Telemetry Data Verification

Performance Baseline Test (Nominal, Hiph, and Low Input Voltage)
Power Subsystem I
Transmitter Performance
Receiver Performance

Data System Performance

CRIG
LNA Heater Test OF INAL PAGE 18
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Table 4, 1-8,

SASS System Level Test Flow

Operational Checks
Functional Tests

Performance Baseline

-

Vibration/Shock
Sine Resonant Search
Random Vibration
Synthesized Shoek

Between Axis Confidence Tests

l

Thermal Vacuum
Hot/Cold Starts
Performance Tests
Coufidence Tests
EMI {Conducted Emission of Transients)

Final Calibration (25°C)

l

HVPS Retrofit

Final Confidence (0° and 25°2C)

i
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Table 4. 1-4. SASS Instrument - Operaling Times
I;;im .Prawing No, Description 3;1:-;11 (;;}c::.p l;iﬁ?e S,‘;:isl'f:] Total
- 4715235000G1 SASS Instrument JJ732 - 325 Hrs 18 Min 325 Hrs 18 Min
Al 47D235460P1 8SS/1L0 001 162 [Trs 0 Min 325 Hrg 18 Min 487 Hrs 18 Min
A2 47E235250G1 IEA Assembly 001/JH802 ~ 84,1 HIES 325 Hrg 18 Min 409 Hrs 24 Min
A3 47E235100G1 HVPS 001/33090 =~ 101 Hrsf 125 Ilrs 36 Min 226 Hrs 36 Min
Ad 47D235458P1 100 Watt TWT EM-1 778 Hrs 94 Min 113 Hrs 30 Min 891 Hrs 54 Min
A6 470235451P1 TWT input ISOL 4 12 Hrs {}I Min 325 Hrs 18 Min 337 Hlrs 18 Min
AT 47C235452P1 TWT Outpnt 1ISOL 5 12 Hrs d Min 3425 Hrs 18 Min 337 Hrs 18 Min
A9 47E23545P1 Ant, Sw, Mairix 2 80 Hrs 0 Min 325 Hrs 18 Min 337 Hrs 18 Min
Alg 47D235456P1 Tunnel Dicde Amp 6812 129 Hrs 12 Min 325 Hrs 18 Min 454 Hrs 30 Min
Item
4
All 47C235453P1 ISO Adapler 5 12 Hrs 0 Min 325 Hrs 18 Min 337 Hre 18 Min
Al2 47023545521 Down Converter 3 51 Hrs 7 Min 325 Hrs 18 Min 376 Hrs 25 Min
Al3 470235452 P1 IS0 Adapter 6 12 }Ir:'a 0 Min 325 Hrs 18 Min 337 Hrs 18 Min
8
3
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Y Rliy ITN

S A WD




o7

bay
-
":_':\ :
CYCLE 1 a2 % 3 4
VACUUM: =t 10™° TORR
5500 #5 #10 .
f 1 f |
{
W4 ; \\ #7 ll ‘l #
13
o, | ! !
Test #1 35°C \ #9 \ '
Room Test I t 1 | I
oom Test | | \ \ } #14
! \ A !
%G | #2 ! . 16 #8 }
-— \ [ \
B #12
#11
Test No, Test VIN CODE:
Test #1 Conf, and Poarf, Nominal === &@—=-=--- INSTR, OFF
Test #2 *Conf. znd Perf, Hi, Low and Nom, INSTR. ON
Test #3 Confidence Nominal
Test #4 *Conf, and Perf, Hi and Low
Test #5-#13 Confidence Mominal
Test #14 *Conf, and Inst, Cal, Nominal

* Performance test at nominal input voltage only.

Figure 4, 1-1, Thermal Vacuum Profile
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4,2 TESTS PERFORMED AT LMSC

4,2,1 SASS TESTS (INSTRUMENT LEVEL)

Bench Acceptance Test - A confidence test (part of 81250046) was performed at LMSC after the Scattero-

meter had been uncrated, mounted on the handling dolly and eonnected to the STC/RSS (System Test Con~
sole/Return Signal Simulator), The suecessful completion of this test clearly indicated that no damage to

the SASS instrument had occurred during shipment,

Transmitter Tests - A field retrofit, with QM-1 TWT and HVPS #2 replacing EM-1 TWT and HVPS #1
respectively, was made,

Following the retrofit, a bonding check was made on the EMI shield and comectors as well as on any com-

ponents that had been disconnected during the retrofit,

The SASS instrument was then connected to the STC/RSS and a confidence test performed to verify

functicnal performance, The transmitter calibration portions of SI 250046 were also performed to pro-
vide a final set of data for the PT algorithm,

The last test performed at the SASS instrument level was thermal vacuum,

4,2.2 SASS TESTS (AS PART OF SENSOR MODULE) OF FUCR SliaLNY,

The SASS tests performed ag part of the Sensor Module included a review of the Test Procedure, ‘Eupport
at the test facility and 2 post test data review, all performed by SASS sensor personnel. Table 4, 2-1

shows the test sequence at the Sensor Module and higher levels of assembly.

Table 4, 2-1. Test Sequence (Sensor Module and Higher Levels of Asgembly)

e Mechanjeal Fit Check s RFITest

¢ Sensor Integration Test ¢ Acoustic Test

« Bageline Systems Test ¢ Thermsal Vacuum Test

e EMI Test o Baseline System Test (Pre-Ship)
® POCC Compatibility Test ¢  Launch Site Tesis
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SECTION 3

GROUND SUPPORT EQUIPMENT

Figure 5-1 summarizes the Electrical and Mechanical eguipment associated with the SASS development,

Figure 5-2 indicates the command and data portions of the STC/RSS while Figure 5-3 is a functional
block diagram of the refurn signal simulator and transmit power monitor,

the JPL Blue Box, This box stripped the SASS and other sensors fiaia from the spacecraft data stream

Alzo shown in Figure 5-2 is

and fed it to the respeetive GSE's, When the "Blue' box was connected, it performed a monitor function

only and no control of the SASS instrument could be exercised by the STC/RSS, With the "Blue" hox in

line, the Data Handling Unit and Buffer Memory portions of the STC/RSS provided a rezl time display and

a magnetie tape recording of the SASS data stream.
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SECTION §
SOFTWARE DEVELOPMENT

The software for the SASS instriment can be separated into five categories, They are:

@ SASS Corrected Data (Engineering Units)
' PR and PT Algorithm (With Statistics)
& Field Test (Data Compression}

e Operational TLM (Health of SASS Instrument)

’ Opé'rational (Science Data)

SASS Corrected Data (Engineering Units) - The software associated with the SASS Corrected Data is
described in PIR 1JLE-JH~452, Figure 6~1 flow charts this data from the raw deta stream through to the

formatted output of corrected data in engineering vniis,

Figure 6-2 shows one data frame from the SASS Instrument, The data is grouped functionally to include
Statns, Science Data, Analog Housekeeping Data, Instrument Infernal Temperature Datz and Antenng Tem-
perature Data.

P and PT Algorithm (With Statistics) - The Algorithm for PR and P_,, Power received and Power trans-

R zl!’
mitted respectively, was jointly developed by GE and LARC., The majority of the test data reduction,

including statisties to evaluate sensor perférmsance, has been done at LARC, PIR 1JL6-JH-429 describes

the algorithm and identifies the terms and is included as Appendix 1.
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Field Test Data (Data Compression) ~ SASS Field Test Data was reduced using data compression technigues

which included apertures and limits so that a printout was obtained only when a parameter changed by an
amount greater than the aperture, The parameiers associated with each SASS sub-dedk is listed beiow:

SASS Sub-Deck 1-1 SASS Sub-~Deck 1.2
58700 Mode 1 88711 . Polarization
§8701 Mode 2 55712 Left/Right
55702 Mode 3 85713 YWD/ AFT
58703 Mode & l 85714 10 Freq. Sel.
§8704 Mode 5 { 53715 HI Freq. Sel.
§§705 | Mode & 85772 L0 MR
58706 Mode 7 S8773 MOD PHR
. 58707 R Mode 8 85774 ¥MIT Channel PWR
: SS»?VOS" Mode 9 85770 L0 Loop Lock Status
N 88709 Mode 10 Ss771 HMIT Loop Lock Status
” 88779 Ree. Protect
55854 Sub. Com. Count
SASS Sub=Deck 1-3 SASS Sub-Deck 1-4
88761 I@I]“.T MR 55775 Upcenwerter Bias
58762 Input Current Trip 58776 TDA 1 Bias
§5763 Undervoltage Trip 88777 ThA 2 Bias
58764 Body Current Trip 85778 TDA 3 Bias
S§8765 EF 58781 De/dDC Conv, + 5V
85766 IK 58782 DC/DC Conv, +15 V
58767 Iy 85783 DC/DC Conv. =15 V
55768 IIP 88785 DC/DC Conv. - 6 V
55769 HVPS Input Current 85786 DC/DC Conv. + 6 V
55882 IF 58787 TH., Ref, #1
85788 TH. Ref. #2




SASS Sub-Deck 1-5

SS7lé
85717
558718
85719

55731

88732

85733
88734
88746
58747
85748

88749

CH1
CH2
cH3
CH4
cHl
cq2
CH3
CHY
i
CH2
CH3

CHé

Gain

Gain

Gain

Gain

Signal + Noise
Signal -+ Moise
Signal + Noise
Signal + Noise
Noise Only
Noise Only
Noise Onaly

Noise Only

SASS Sub-Deck 1-6

88720 | CH5 Gain

88721 [ CH6 Gain

88722 [ cH7 Gain

38723 | cH8 Gain

88735 CH5 Signal + HNoise
55736 | CH6 Signal + Voise
58737 | CH7 Signal + Noise
88738 | CHB Signal + Noise
8875n | CHS Noise Only
88751 | CHb Hoise Only

58752 | cu7 Noise fnly

8R753 {Cus Yoise Only

iy

OF pogg 53"‘*}: 5

SASS Sub=-Deck 1-7

ALY
SASS Sub-Deck 1-8 .

88724
§8725
58726
885727
§58739
SE740
58741
88742
58754
58755
858756

85757

CH9

CH1D
CH1l
CcH1iz
CHe

CHiQ
CH1l
CH12
cue

CHID
CH11

CHI12

Gain

Gain

Gain

Gain

Signal + Noise
Signal + Modise
Signal + Noise
Signal + Noise
Noise Only
Muige Only
Noise Only

Hoise Only

85728 CH13 Gain

887289 CH14  Gain

88730 CHMl5 Gain

858743 CHI3 Signal + Noise
88744 CH14 Sigpnal + Noise
88745 CHLS Signal + Noise
85758 CH13 Noise Only
88759 (CH14 Yoise Only

85760 CH15  Noise Only




SASS Sub=Deck 2«1

SASS Sub-Daeck 2-2

55789 Baseplate RT 3, 888/1D 58801 Baseplate RT 1, S585/LO

88790 Baseplate RT 5, TWT Gun 55803 Baseplate RT 2, Upconverter

§5791 Baseplate RT 14, THT Coll. 85804 A/D Converter

58792 Baseplate RT 7, HVPS, LNA 55805 Baseplate RT 15, Noise Source

88793 Baseplate RT 17, HVPS TWT Coll. 55806 Baseplate RT 11, Directioml Detectar

58794 Bzseplate RT 18, S5S8/L0 Dig. Cont. 88807 Basaplate RT 4, lst. Mixer

85795 Baseplate RT 6, Gun 58808 2nd. Mixer

55796 Baseplate RT 10, Output Port 55809 Baseplate RT 8, TDA

85797 Baseplate RT 16, Coll, Plate 88810 Crystal Filter P6

58798 Baseplate RT 13, Output ISO 88811 Crystal Filter PL

88799 Bageplate RT 9, HVPS 358812 Crystal Filter PLD

88800 Baseplata RT 12, ASM 55813 Crystal Filter P12

5488 Sub-Deck 2-3 SASS Sub-Deck 2-4

55814 Ant, # Temp. #1 58826 Am, #2 Temp, #3
58815 Ant. # Temp, #2 S5827 Ant, #2 Temp. #4
85316 Ant. #1 Temp. #3 58828 Ant, #2 Temp, #5
55817 Ant. #1 Temp. #4 588293 Ant. #2 Temp. #6
558318 Ant. # Temp, #5 55830 Ant. #2 Temp. #7
58819 Ant. #1 Temp. #6 88831 Ant. #2 Temp. 7#8
55820 Ant, #1 Temp. #7 55832 Ant, #2 Temp, #9
55821 Ant, #1 Temp. #8 55833 Ant, #2 - Temp. #10
85822 Ant. #1 Temp. #9 85934 Aut . #3 Temp. #1
ss823 Ant. #1 Temp. #10 55835 | Ant. #3 Temp. #2
55824 Ant, #2 Temp. #1 55836 Ant. #3° Temp. #3
55825 Ant. # Temp. #2 §5837 Ant, #3 | Temp. #4

6-6




SASS Sub~Deck 2-5

SASS Sub-Deck 2«6

JL

55838 Ant. #3 Temp. #
85839 Ant, # Temp. #6
§5840 Ant. #3 Temp., #7
85841 Ant. # Temp. #8
55842 Ant. #3 Temp. #9
55843 Ant. #3 Temp. #10
85844 Ant. #4 Temp, #1
85845 Ant, #4 Temp. #2
55846 ant. Temp. ¥3
88847 Ant. #4 Temp, #4
55848 Ant. #4 Temp. #5
55849 Ant, #4 Temp. #6
8488 Sub-Deck 2=-7
55864 LO Gain GND RED,
58865 XMIT PWR BED,
55866 XMIT PWR RED.
58867 XMIT PR RED,
55868 MIT PWR RED,
55869 HI @ain GND
53870 HI Gain GND RED.
55871 _ HI Gain GND RED.
58872 HI Gsin GND RED,
58784 L0 Gain JND

55850 Ant. #4& Temp. #7
58851 ant. #4 Temp. #8
55852 Ant. #4 Temp. #
58853 Ant, #4 Temp. #10
58855 Spare (0)
88856 Spare (0)
58857 Spare (1) 15 Cnts.
53858. Spare (1) 15 Cnts.
55859 Spare (0) )
85860 Spare (Q)
55861 Spare (1) 255 Cnts.
85863 LD Gain
GND RED,

_SASS Sub-Deck 2-8
Lal2l Bageplate Temp. #1
LAl122 Baseplate Temp. #2
LC101 Unregulated +28
LC117 SASS 428 Reguiated
LC135 SASS Current
58873 Sync 346
S5874 Sync 602
S§S875 Sync 427

ASS Sub-Deck 3

L.C135
LC135
LC135
LC135

LC135

SABS Total Current
Minimwn
Mean

Standard Deviation

67



Operational TLM (Health of Instrument) - The software for the Operational TIM, Health of Instrument is

being done at the POCC (Project Operations Control Center) at GSFC. The SASS associated soffware

includes the following data:

TLM Page
Quicklook, Page 1
Quicklook, Page 2
SASS, Page 1
SASS, Page 2
SASS, Page 3
SASS, Page 4

SASS, Page 5

Sensor ON/OFF Status

TWT Parameters
Scatterometer Systems Status
Status Data

Analog Engineering Data
Internal Temperatures

Science Data

" Alarm Parameters

Scatterometer System AIl Data Snapshot

A snapshot of each of these pages is ineluded for information purposes.
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Malst DIDDE STAT
HIGH FREQ SCLECT
Lidw FREQ SELECY

SASS PAGE 1

PTCH:l.Uéﬁon SuMs NG

ROLL? ;845837

YAWS

NSEL
SEL

NSEL
ML
NSEL
NSiiL
NSEL
NSCL
SEL

stay

(NLA,

BUS VLT127,.45
PTEINLA, N_A,

«SASS PAGE |

|
3

NCAL

OFF
HiGH
Low

opivl
GGIN
notal
(109l
GOTo
1HnE9l
plat
G0
$:0n0
0004
oniet
o000
b1 2

LMD ACCIYYE  OMT=122:17:40:25

STATUS DATA
IR I

CHD EXCi1n2
AEMSENABLE

POLARTZATION 1
LEFT/RIGHT ANT LLFT
FUORE/AFT ANY Fuh

Lo PUHASE LOCK Lp LGCK
XMET PHASE LOCK L{ICK

BODY CUnR

wip NTRE

INPUT CURR YRIP NTEp

UNDERVUL T
HevR PROY

THIR NTR
CKT ST PROT

[,

|
B .
|

SCI=00130L2:0%5:32
FRAME LoCK:alp04

inh4
NNk
NG5
Ngen
nunnn
G191
QULOHA
QuOes

00004

ke et e ek gmemLS a8 g
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SASS PAGE 2

ORB:GOOND SYS: COT pYCH:=, 95200  S1NeNQ CMD ACC:178  GMT~122:18:02:38

PRI: Pi QUAL1GOOD ROLL:.GUS27E  BUS VLT:27.50 CHO EXC:152 SCI=003:u2:n5:ln
SRCE:TAPE vaw: N.A, PTENLA, N, A, HEMENABLE  FRAME LOCK:nZ20n0
PAGE 25 SASS PAGE 2 ANALDG ENGINECRING ,
CALIDRATE $TATUS NCAL 00204 DC/DC +5V CONY 5.,0682  YALT ous20
STANDRY SEL 00000 DC/NC +15V CONV  T4.970  VOLT 0012 - .

THT CATHORE vOLy -8.072 Ky nnzhie DC/BC -15y Cony -14,94 VOLT 00292
TWT CATHODE CURR 56,702 #AMp 90163 - DC/DC -6V COMY ~5,952  VOLT 00255 ———mu-.-
TWT BOOy CURRENT 65,¥399 MAMP Q0970 pC/DC +6v CONy 5.9649  VOLT 0USIn

ION PUMP CURRENT =,0598 UAre nooo! ur CONY BiAs 10040  VOLT 00214 e o s
HyPs INPUT CURR 2.,4%12 AMPs pn2an TDA STAGE 1 BIAS L14451 VOLT 00308

THT FIL CURRENT  1.4945 AMpS 00376 TOA STAGE 2 DIAS ,1%952 VOLT ao034n - . - ..
TRANSMIT POWER 10127 WATT Nnp339 TOA STAGE 3 BIAS 16750 VOLT NO357

t.oCAL psC pPOWER 11.574 DBM 0358 - .. THERMISTOR MEF 1 553073 VOLT 00522« ovn on o
MORULATOR POWER 21. 194 DBM Q0400 THERMISTOR REF 2 5,0976 VOLT 00521

XxMIT DRIVE 17.232 DBM 90391 e e ,

w4 e - —— B e e memae ww S ey mm ik s e e e

——— e = = P Y
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URG:
Prt:

ganen  SYS: Cnv

PB - QUAL:GDOD

SRCETTARE
PAGE 20

CALIBRATE STATUS

STANUDHEY
Tt 1

TuT 2

THT 3
auTPuE Iso

Hyirs

M
§55/7L0
Up=ComviEnTI-N
AZD CONVERTER
ROISE SOURCE:
DIR_DETLCTOR
0ASS Bp TEMPHL

BTCHe~.9520n  SUMIND CMb ACCHITR

ROLL: 60527 By VLTs27.50  CHMD CxC:152

YauW: N,.A, PTEsN A, N A, BMEMICENABLE
SASS PAGE 3 TEMPERATURES

NCAL 000154 FIrstT MIXLCR

Skl oOMI0 SECIWD P IXER

5.2383  DEGC pnua? TDA

72097 UGC nnetn XTHL FTLIER P}

0,709 DLGC Gonns ATAL FILICR PO

B.6RG4  DEGC o719 XTAL FILTLR PO

6.,1009% LILGC 1,0715 LTAL FTLTER P12

L07Tel DLGC en730 BASCPLATE )

H.46013  VEGC Qua2e BASILPLATE 2

& 4209 VLGC nanTil BASEPLATE 3

20477 DUGE o544 BASEPLATE 4

F.4918 ULGC o748 BASEPLAYE ¢

3.4552 UEGC npTud BASEPLATE 6

37.124 0184 SAsS Bp TCHp#2

DEGF

Limit 14OF to 131°F
-10°C to 55°C

SASS PAGE 3

GMI~122817157s21
SCi-0Gu1:02:05:10

FRAME

64137
17.3003
A5.406

. 250’!‘)“

21.01]1%
26101
24.155
4,73089
42255
%.4233
7,327
356?“5*
5'0055’}
42.719

LOCK §
DEGC.

DEGC
DEGLC
DEGC
DEGC
nEGC
DEGC
DEGC
PEGC
DEGC
DFGC
DEGC
DEGC
DEGF

DITa6

ouTi2
N6:508
QUATT

DOG492 comene o

nusqe
D495
nusl1é
nor2a
no7al

au73l -

novn3

no7ns6 -

00725
no179
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URuIvoQu Sysr Cuy
PRIY Py JuAL tGUOD
SRUEITAPE,

PAGE 27
MOUE
MUODE
MULIE
MOUE
MOUE
MODE
MUUE
MOOE
MULE
MDLE 10
CALIBRATE STATUS
NOISE viYdE STAT
HIbH FRERN SELECT
t.0# FREW SELECT

OW-IG‘UTJ‘-" Wity =

SASS PAGE 4

PTCHE=, 95200 Sungly Ceid uCCy178 GMI=122117:

RULL: 605278 BUS VLT:Z27,5u CMU EXC:152 SCl=00l1u2:

YAan? NeA. PTEIN,A, N,A, MEMIENABLE  FRAME LDCK:
~ SASS PAbh 4 SCIENCE DATA

NSEL ulvl PULARIZATIUN HH

SEL u0191 LEFTZRIGHT ANT RITE

NSEL upligl FURE/AFT ANT AFT

NSEL uuiel GAIN CHANWEL #1 G2

NSEL U019l GAIN CHARNEL #12 Gl

NSEL volg9L GAIN CHANNEL #15 Gl

NSEL o9l SIG+ANISE CH #) 48875 VOLT

NSEL vuigl SIGHNDISE CH #12 1.1730 VOLTY

SkL DV TMY SIG#NDISE CH #15 3,9862 VOLT

STYY Yuony NDISE DNLY CH#l «864516  VOLT

NCAL ouyL4 NOISE ONLY CH#12 ,83089 VOLT

uFF vuisl NODISE OWLY CH#15 5,68Y1 VOLT

HIGH oot

HIGH ups13

5728
05110
01764

00%04%
o904
0G304
ans12
aQuqQo
00000
gousy
a0120
00408
(H4131.95]
oouss

.0on582

ud

i = . " ke g e g .
.

B ¥oog

S AN g

Al
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ORB:u0000 3SYS: CO7
PRLE 1B QUAL sGOOD
SRCE:TARE
PAGE 20 _
S ION - PUMP CUBRERNTY
- HVPS  INPUT CURR
PC/ALC +15Vv CNONY
ne/uc -i15y Coly
RCVR PROT CKT ST
‘BASEPLATE #

PTC = . 95?_0”
ROLL:, 6005270
YAW: N4,
SASS DPAGL
-,0598  UA#p
2.4%12 AKPS
Y4.970 VOLT
1494 VGLT
PROT
T.3370 DEGC

SASS PAGE 5

1N IND CMD ACC:170 GMT-122:17:57:32
FUS VLT:27.50 CMD EXC:152 SCT~001:02:05110 -— -
PTEtN.A. N.A, HEM:ENADBLE  FRAME LOCK:01772

5 ALARM PARAMETERS s R
nongl : ’
NGI30 . PO e e aen C e n e e s s o
20512 .
‘}{\,?_qz _ - £t b e e s e me s s ma s e R de werm e e v mneas e
Ry
L0703 . . T e p— _ . e



LT-8

\ Star 02
MUDE ]
MOuE 2
HOUE 3
M [
- MOBE 8
HUDE &
MODE 7
MOUE B
CRODE 9§
HOVLE 10U
" CRC™ STAT
» NOISE DIUDE STAT
“pgL
+ _L/R ANY
TTUFAA ANT
.__ L0 FREQ SEL
, 7 H! FREQ SEL

. LD LOOP STAT
- TXHET LOOP STAT
IN CURR TRiIP
= "UNDERVULT "TR#
BULY CUR TRLP

TTPRROTEIRTSTAT T

GAIN CH |
StN CH]
N CHI

TGAIN EHE T T

SEN  CH2
N CK2
GALN' {r3
SEN  (H3
N €13
GAIN CH4
SEN CHé

N CHe
GAIN CHS
sau QHg

Gn N CHE
sa& CHb

CHY
GAIN cHY

Shn CHY
N ot

N3EL

SE
nNSEL
E
N3EE
NSLE
NSEL
HSEL
SEL
sTBY

MEAL ==~ = = 0

OFF
HH
AEGHT

AFT
Hi

Hp

Lucx

‘LOCK

NIRIP
NTRIP T
RIRIP

PADTTT T T

+A83TE50

-6#51&20

3,.910072
1.502=0%

3,626592
1.502=0%

3.400414
1.562-0%

3.u0098Y
3,196483

2, 839299

. 2.649523

44179865
As133430

$ ————,

XHIT PHR
MRS
[o% BURY EUR
Hubs INpUT |

TeT FIL I

LU PHR

HOD PHR

XMIT CH PHH
TTUP CCON ‘BIAS

TOA L BIAS

TUR 2 BIAS

TLDA 3 BIAS

UL CONV V415

UC COHY veis

T TUOUT CONYT VEIES

DF CUNY V=b
DC CONY v+b

THERH REFN]

THEAH REFNZ

ANT1 YEHL
ANT] TEWZ
ANT) TEH3

T 7 ANTTCTERA
ANT] TEHS
ANTY TEME
ANTL TENM?
ANT: TENE -
ANT] TENY
ANT1 TEMlU
ANT2 TEHIL
ANT2 TEM2
ANT2 TEM2

. ANT2 TEH%

ANT2 TEMS
ANT2 TEM
ANTZ TEN
ANTZ TEHY
ANT-2 TEM?
ANT IFH!U

vl 2714
$5:98508
2:033348
2+4%7280
14494519
11.5T444

2l 14454
11.23284

T o, lops08e

1445133
118952717

44675041
5 068287

15.97048

T T TRIG L 9%85 T

-5,9%292
5.964902
5.1073%2
5.097428

116.419%
116.419%.
1l6.419¢
T IVA LAY 9
1E&6.419
1lb,4]9%¢
116,419
116.4]9%
116, 419¢
116,419
1i6.419»
Fl16.4]9%
116,419
156,4)9*
iib,. alot
18,4
1674 q#

11b.5]19%
116,419

fig:543t

- - —— -

-~ - SCATTENDAETER SYSTEMTALL DATA -SHAPSHDIT

SUB LON CNTH
B2
gk B 1

gp RI 17

Hp RI 18

THT KT &

THT RT o

INT KT L&

¢[00 ISU HT 13

HYPS R
ASH n! 12

555/L0 RT1

UpP CUNV RTZ

A/D CUNY TEHMP
NOISETSDURTRTLS
OIH UET KT 11

1 MXR AT &

2 MxH TEHP

DA RY 8°

ATk FIL P& TEMWP

C XTAL FIC P 'TENP

ATAL FIL P10 TENP
XTAL P12 TEHP

DOUUELLID
4918283
TR 1t

151 .6h5%
EPUEELEE]
I ELE L
1o 2U9Th*
Jebby [Bh*
h.684478H

109, 414
151, b5

4,35UTH*
452097
40447760
1,691897
3.45523y
6.411T72
17,3039
109,316~
1531977
25,4988
26.18100
24,1552)



810

GAIN cHB
SEN  CHB
N CHE
"GAINT CHY
3 g
Ga
A
N SHig
GAIN CHIL
SEe CHil
W0 CHLL
GAIN CHY2
'sn» cHy2
CH1:2
EIIH‘EHIB
SEN  CHLI
8 e 3
BAIN CHis
SER " CHYA
N CHi4

GAIN CHLS
56N CH15
HT"7CHYS

B ST TR

1.715%3¢
1.652230_

«b311uY
k I9Tuhu

1534703
1,05871y

1.3783¢0Q
JRU[2E

1343695 " 77

_ 18025648

4,04T374
5.659830 "7 7"

3.870971) 7
5;55]§£Q_u*_ .
3,948948
5,718481

e e — rr———— 12 e 5 s = St ——

ART3 TEMZ
A3 TEM2
AnTd TEH4
ANT3 [EMS
ANT3 TENG
ANT3 [EAT
ANi3 TEHH
ANE3 TENY
ANTI TEm]u
ANTA TEM]
*ANT4 TEMZ
ANT4 TEN3
AnTa TEHS
ANT% TENS
AHT& TENE

- “AHT#‘TEHT’

ANT& TEMB
ANTS TEHS
ANT4 TEMIU

e pinet Bl s o e
- g

6.4 9‘
Ll6.419%
116.419%
116,439+
jte.al9¢
116.419*
116,419%
16,419
Plba4i9e

TIIbLal9E T

116,419
{I8,419%
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Operational {Science Data) - The Operétional Seience Data pruéessing is being handied by LARC and JPL

and will not be discussed in this report.
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SECTION 7 ORIGINAL, pagr g

OF POOR oy,
QUALITY CONTROL R QUALMY

7.1 QUALITY PROGRAM

The Quality Assurance Plan described jn document SASS-DRL-QS is the qualify program performed by
General Electric Space Systems in the performance of the SeaSat A Satellite Scatterometer (SASS) contract
guality requirements m’ch NASA/LARC. The quality plan meets the intent of NASA Reliability and Quality
Assurance Publication, NHB5300,4 (1B}, "Quality Provisions for Aeronautical and Space Systems Con~
tractors'' as amended by Exhibif 5 to the Statement of Work, The Quality Program provided controls that

resulted in delivered end-items that met contract requirements as proposed through all phases from de-

sign, procurement, manufacturing, integration and test of the SeaSat A Satellite Scatterometer.

7.2 RELIABILITY
The SASS Reliability Program Plan deseribed in PIR-U-~1312~JH~171 in the program comﬁlied with by GE

to meet the Statement of Work requirements for the SASS program,

7.3 PARTS
The paris and materials list was prepared and delivered with the SASS as part of the End-Item Data Pack-
age (SASS Historical Logbook). ' o '

7.4 NON-CONFORMANCE HISTORY

7.4.1 WAIVERS/DEVIATIONS SUMMARY

.Nmnbei? e Y Descri@:’on' : Submitted 'Aggrdve&

001 Roll Swaged Terminals on PWB 12/12/76  3/14/10
002 Shipment of s;ass with Eng. Model vas | 10/07:/77_ | ;uka;z/"i'z '
003 72 Hour Burn-In of I-I‘VPS Tra_nsisto;':_'s‘ o 11/01/_77 | ié/l_‘yr(
oos Use of Unsereensd Tranmstors n HVPS ',12/05/'57 12/14/77

005 Collector #2 Oufput Veltage of the HVPS  12/12/77 . 12/14/77




7.4.2,wE.%Ii.IIRE‘ ANALYSIS REPORT (F. A, R,) SUMMARY
S e

-

: Failure

i F.A R, Report Description _ Status
1 1163-SAS-01 NR44381 HVDS #1 - Cathode/Collector Module Closed Out

1169-SA8-02 . NR46881 _ HVPS #1 - Cathode/Collector Module Closed Out

1173-5A5-03 001 HVPS #1 - Grid Converter Module Closed Out

1183~SAS-04 o012 Temperature Sensor o . Clésed Out

1186-SAS-05 013 HVPS #1 - Grid Converter Module Closed Out

i ' .

i 1193-SAS-06 021/022 IEA - PROM Microcireuit Closed Out

j .

! . L

i 1194-SAS-07 020/023 S8S/L0O ~ Internal Broken Connection Closed Out

|

y

7.4.3 SYSTEM FAILURE SUMMARY

No. of Failures

Unit Requiring Rework Type Test
HVES #1 2 _ - a. Initial System Infegration
R ' b. Thermal Vacuum
IEA 2 a. Initial System Integration
h. Post Vibration (X Axis)
SSS/LO 1 Post Vibration (Z Axis)
Thermistor : _ 1 o -, Initial System Integration
: Connector 1 Initial System Integration
j Comnector Pin . = - o . . Q/FA Functional
System Wiring . 1. . mitial System Mtegration
{Drawing Error) B D ' '
LNA Heater Elements ° - 1 s Imtlal Syatem Integ'réficn

(Test Error)




7.4.4 FAILURE CATEGORY SUMMARY OF pp
= PUOR QuaLTy

Failure Categories

Test
Top Test Dwg.  Regmt, _ Deiective
: Assemblies Method ~ Instrumentation Error Change  Design Workmanship Part
S5ASS - 1 1 6 - 1 1
HVPS #1 - - - - 6 _ - -
HVPS # s . - 1 2 - -
IEA - - L - - 1 2
885/L0 - - - 1 - 5 - _
LNA Temp, 1 ' - - - - - -
- Control - ' : - S C
Sub
Assemblies
PWE, IEA - - - C e - 1 1
{47D235315) S '
Module, HVPS - - - - 1 1 -

47D235110)




7.4.5 -FAILURE REPORT SUMMARY

Failure Report:

001 to 013, Initial System Integration Testing
014 to 030 Qualification and Flight Acceptance (@/FA) Testing

L)
TTUAA
031 tu 033, HVPS #2 (Flight Unit) Testing
F/R No. ) ) .
Ttem Drawing Test Level | W/R No. Desceription of Hooeonformence Summary
5ASS 473235000 | System ool HVES not responding to the "ONV HVPS module, Grid Medulator
46814 command , {47D235110) defective. Failure
due to aveing. Deaign changes
ineorporated. Ref, Failuze Anzlysis
‘Report #11738AS5-03
SASS 473235000 { System 002 R.,F. envelopes verified, but AGAL Bosrd (47D235291) of IEA
46818 very erratic, failed. Failure caused by a
defective A2l chip (SNC 54LS174W0D).
Part. replaced. Retest OR. Refer
to PIR 1JLG-JH=542.
SASS 473235000 | System 0035 LNA Heater Elements (RT1 and Test methad erroy. Test modified
47027 RT6) overstressed during LNA in 5% 250046, RT1 and RTG6 replaced.
heacer check. .
SASS 477235000 | System 006 IEA Data Update out-gf~gpec Intermittent connection at connector
46825 of A6 wodule of IEA, All connectionz
reinspected and torqued. Reteat OK,
Ref. FIR U=1J40~TH=547 and §«lB40-
JH=557.
5ASS 473235000} System 010 FMIT powaer TLM resds zero. Unit wired incorrectly due to drawing
47031 error. Drawing correcced, Umit
reworked and recested OK. Ref. AN's
474235001-3 gnd 4732350204, Also
ReZ. PIR LIL6-JH-555. :
SASS 473235000 System 012 Output isclator :empenture- Thermistor RT3 found to be shorted.
47036 TIM measurst zerc on data Ref. F/A #11B3.5AS~04, After rework,
stream. Spec is 477 to 357 retest OK.
counts.
GASS 473235000 | System 1302 Multiple put=-of-spec readings. Test procedure changed. In all cases
47038 all data im spec. '
SASS 473235000 | System Q013 Power meaBurement was out of Caused by improper test-setup; akter
47039 spec (LOW). correcting problem power measured in
. spec.
SASS 473235000 | System 016 Multiple out-of=spec conditions Test procedure changed. In all cases
47052 -on TLH tenperature chamels all data in spec.
SASS 47J235000 | System 017 Multiple out=-ofi-spec reedings. Test procedure changed, In all cases
46496 all dara in spec. s :
SASS 473235000 | System 018 Out~of=-spec power meagurements, Test procedure chenged. In all cazex
46497 all dagx in spec, -
SASS 4731235000 System 019 Intermictent indieation of out- Problem due to defective connector
46498 put igolator temperature TEM,. socket on Pin 65 of A8J2 of IEA. Pin
. ’ : replaced and retest was OK, -~
5435 473235000 | System a20/023 Failure in SSS5/L0 (47D235%60) Caused by intemmal broken connection.
46499 during post vibration (2 axis) Ref, to F/A #119&-555-07 after rework
47111 confidence test. . un:.t retested 0K,
SAS5 473235000 | System 021/022 No. uui:i:ur. data frem EA Caused by inretial cnntnminatinn in
46500 (47E235250) during post microeireuit A8 (R9282P29) on the
47110 vitration (X axis) confidence AZA6 P.W.B, in IEA, Ref, F/4 #1193~
test. SAS=06, After replacement of defective
part IEA :es:ad DK
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item

e s

S55/10

585/L0

Module
(HVES)

Hodule
(HVES)

IWB
(1E4)

(IEA)

Drawing

470235460

470235460

"

47p235110

470235110

470235315

470235315

Deserivtion aof Nonconformance

Summary
oo e LA A

F!R Ho.
Tegt Level N/R NHo.
Component oos

46829
Couponent 024

46830
Subassembly 013
Hodule 47048
Subassembly 003
Module 46817
Subassembly no9
(EWE) 47029
Subaseerbly ni1
(7wB) 47035

Multiple out-pfw=spec conditions
measured at vendor prior ta delivery
to GE. : '

S55/L0 faiied pest vibration test
(unit wee being rarested zfter
rework for F/R $#023). The trans-
mirter power monitor began to
vascillate at approximately 10
minutes inte the test, #lgo AN
indicution of phase lock loss was
noted,

Grid Modulator failed imsulation
resistance post pot test.

Eggp output ocut-ofespec and could
not be sdjusted with cecade box.

No putput at Channel A,
Channel "3" cannot be adjusted.

Channel "B" output intermittent,

All items sccepted by change To
specification, Ref, AN 5VS-BBI0-4
and 47D235460-3,

Caused by defective board assembly
znd inadeguate burn~in ef RF

cavity which was- replaced pre=
viously. Ref, to vendor cerrective
action lercter L/N 282 after burp-in
and replacement of bosxd unit
tested OK,

Caused by potting compound adhesion
internal to module, Ref. FfA
F1186=0AS~05, Part scrapped =zfter
analysis.

Reeistor RY of Grid Modularer
Board Al (47D235118) found to be

open.

Open resistor caused by cpesrator
during removal of sleeving, Hanu-
facturing planning medified to
ingpect resgistor after tvemoval of
&leeving.

Cause: CRS defective = damaged
by prior removal during trouble=-
shooting, Unit reworked; revested
OF. ) o

Caused by defeccive pulae trans~
former (Ul6, R965471l). Parc
replreed and retested OK,




Description of Ronconformance

Surmary
SELDSTY

Hultiple out-of-spec yeadings on
temp. TIM during thermsl vacuum

During thermal vacuum test, seversl
GSE power supply brip outs while
attempting to enabile the HVES,

Cutepf=spec temperatucve TIM for
Pl Eilter and A/D converter.

Ion Yump current TIM voltage out=
Ql and 02 fajled during thermal

Filsment current TIM indicated
excessive drift during ambient

Minor looping noted during ambient

During special rear at high temp.,
£luid from the high voltage test
probe flowed ento rerminzl block
nn, 1 (external ro HYPS).

Unable to adfust filamenr curvent
and voltage to 1,554 and =3.18 RY.

voltage oute-pf-spec.
2) ion pump current celemetry

3} cathode voltage(By) outenfe
out=-pfespec by

100 wolts during thermal vacuum
envirommene (at +55°C).

E/R Ne.
Item Drawigs | Test Level ] /R No,
SASE 473235000 | System 028
| anas
U TS F A enviroment.
5458 470235000, | System: | 029
57137
SASS 473235000 | Syatenm 030
47121
HVPS #1 | 47B235108 | Component 004
46824 gf~-spas
HVPS #1 | 47E235100 | Compoment op?
47028 vacwm test of HVPS,
HVES 1 | 47E233100 | Compoment | 025
47133
teat of HVES,
RVPS #1 | 47E235100 | Component | 026
47134 tearing of HVZS,
HVPS #1 | 47E235100 | Component | 027
47133
KVPS #2 | 47E235100 | Component 031
&7155
RVES #2 | 47E435100 | Compament | 032 1) collector #2 (Eyp)
47156
out~of-apec.
spec. :
HVES #2 | 475235100 | Comwponent | 033 Grid voltuge Eyg
. 47159

Test procedure changed. All data

uoy in spec,

Cauged by excesgive inrush current.
H¥PS design change in booster circuir
per AN'3 47E235100~12 and 47A235151.5,
Retested satisfactorily.
Tesk procedure changed, All data
new in spec.

Exceasive noise in ion pump (PWB
47D235103) TIM cireuirxy, Rewoprked
to AN 47D235103~8 (capacitor added),
Tetest OK,

Cauged by minor looping. Pesign
changes incorporated. {AN's
47Dp235124-2, 47D235219-2 and 47
47D235104~4). Ref, PIR U~1M20-JH-577.

Caused hy variations in awitching
apeed in transistors Q1 and Q2 an
A2 board (471235102). Q1 and Q2
changed to ZN1983,  Rafer to AR
A7D235102-2 and PIR«IM20JH=-577.

Csuged by inadeguate design in the
boost transistor ¢ircuit, Design
changes implemenced. Refer to AN's
4702351242, 47D235219-2 and
L7D235104~4, After rework unit
retested OK.

Terminal block replaced; recest 0K,

Ql and Q2 (JTX2H1893) on A2 boaxd,
470235102, not switching propexly.
{Voz sa, too high)

Installed unscreensd JANZNISO3
transistors. Retested OK, ’

Waiver Request (004) for use of
unserecned transistors, approved
12/14/77.

1) waiver reguest 005 approved
12114177, '

2) test procedure changed per SIR
#250048-1; data in spec,

3% reselected select resistors;
d&ca in spee, .

~ Caused by srcing due to bursts

of outgassing during thermal vecuum
= Avc caused the 116 module of the
grid wodulacer (47D235110) to fail.

Correcrive Actions

= Potted entire TB=] terminal
tloek on the HVPS,
= Cleaned T/V chamber.

= ZInstalled iah gauges in chamher.

~ Installed witness mirrors in
chambey.

= Ported internal H,V, términals

of T/V penetration plate.

- Operated with cold chamber walls,
=~ Replaced failed 115 module. = -

= Updated SI where applicable.

~ Retested OK, .
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SECTION 8
DOCUMENTATION SUMMARY

8.1 SYSTEM LEVEL TEST DOCUMENTATION

The following documents were uged in the SASS system evaluation troubleshooting and aceeptance testing:

Document

SI 250046
TR-SASS-005
TR 01

TR 02

TR 03

TR 04

TR 05

TR 06

TR 07
TR 08
TR 09

TRICA&B
TR 11

TR 12
TR 13

TR~SASS-14

| TR-SASS-15
' TR-SASS-16

' TroubTeshoot NR 46500

Title

Qualification/Flight Acceptance Test Procedure
Chedl: TEA after A6A1 PWB Repair
Preliminary Evaluation of A21/A10 LNA Thermal Control
Inrush Current Evaluation
Evalnate FLT SS88/L0 Performance in the SASS Instrument -
Evaluate Receiver Balance mth Fore and Aft Local Oscillators
Evaluate SS8/LO Teiemetry |

Test Outline
Inrush Current Evaluatioﬁ {TR 02)
HVDPS Turn~On (XMIT Inhibit ON)
HVPS Performance/Quick Look
TR 07, TR 08, TLM Data Evaluation and LNA Heater Test
ASM Isolation
Receiver Oaljhranon
Ohtam statzst;cal information on SASS Racewer mth Normal Wavegmde
Termination and with a Cryogenic Load _ : S
EValuatzon of transients associated With the HVPS/TWT when ope.ratbed with the - o
STC/RSS
Calibration of w/G test mamfold under high power operatmg conditions

' Engineering functional test after SASS has been conﬁgared for vibmtim

Troubleshoot NR 46499 (Post Z-Axis 'vihrahon) 7
Angmalies: 1) XMIT Lock Loss indicated e T
~ 2) XMIT PWR TLM Low L

3) Upconverter B:as Low

Anoma;x_ 1) No indication of an outpnt data. stream ‘

.Venfmatmn of anomahes notedm NR 46499 oo L ; S
Gonﬁdem.e Test after replacmg IEA ASAl Board._ Ref I'.B. #021 (NR 46500)

L




Document Test Qutline (cont'd)

TR-5A88-17 Confidence Test mth 8S5/1.0 Breadhoard, R £ F.R. #020 (NR 46499},
TR-SASS-18 Bonding Resistance Measurements
TR~SASS-19 Functional Test after Rework of HVPS, IEA and SSS/LO in preparation for Thermal
' Vacmun Test
TR~-SASS-20 Confidence Test prior to Thermal Vacuum Pmﬁ-Down .
TR-SAS8-21 Troubleshaating, Crowbar Trip Problem associated with HVPS Ensble
TR~-5AS85-22 Continuation of TR21 in Temperature Chamber Only (not Thermal Vacuum). Y
TR-SASS-23 Temperature Test after Rework of HVPS {Croﬁbar Trip Problem)

Note: TR-SASS-24 and TR-SASS-25 were tests conducted on the flight HVPS and QM TWT only,

8.2 SYSTEM LEVEL MAGNETIC TAPES
Below is a list of magnetic tapes made during SASS System Level Testing,

- ORIZINAL{ ASSIGNED

TEST DESCRIPTION DATE TAPE # TAPE # CDT #
Bench Test - Cryogenic Load 8/9/77 408 EX861 01217
Pre, Env. Sysiems Test
Para. 4,2,3.2 -4.3,14, 14, A (SI-250046) 8/25/77 377 Nene None
Pre. Env. System Test : o -
Para, 4,4.1 ~4,4.1.3 8/27/17 10272D None None
Pre. Env. Para, 4.4.1.3.4 8/28/711 10285D - Nene I HNope
Pre. Env., Rec, Dynamic Range
Para, 4.4.1.3,5 8/28/77 102880 EX502 17366
Duped 9 TRK Tape of the Above 8/28/77 | 10288D - 20528 (2838
Pre. Env. Para, 4.4.1.4 - 4.4,1.1.19 8/29/71 10289D None None
Pre. Env, Para. 4.4.3.3 ~4,4,3.3,5 .
(Rec. Baseline & Dynamic Range) - '8'/29/77 - 10271D | - None . None
Pre. Env. Para. 4.4.3.4.1to | | |

4.4,2.3.6.G 8/30/77 10270D None None
Pre. Vib. Confidence 8/2/77 | 3308 I* Nome - | Nome
Vih. After Z Axis C o
Troubleshooting per TR #13 9/3/77 3429 None None
. L T

Pre, T.V. Confidence (TR 20) B ¥ EEE AR RS '
and Room Amb. at Vacuum (Test’ #1) B 9/28/‘77 4227 _ E 04227 11435

Note:  The gbove tape was of poor quality and the CDT contained only the ﬁrst 150 records A duped
tape was made from which a gdod. CDT was made, - ' ' '

Duped tape of the ahove * 9/23/77 04227 | 07157 | 18563

T.V. Test+1 - XMITPulse Shape A P N U
toPara. 5.8.2.L.2- . © .. |.9/28/77 | 04184 | 04184 | None

8-2



Switchout

1gpa1/m L

ORIGINAL | ASSIGNED
TEST DESCRIPTION DATE TAPE # TAPE # CDT #
Duped Tape of the above 98/29/77 | 04184 03021 10504
T, V. Test 42 (0°C) 9/29/71 01982 01982 08707
from 272:17:59:00 9/30/77 (3 files) (File 2 only)
£y 273:04:37:15 {Conf, Test)
T, Vv, Test#2 (0°C) 9/30/77 01831 01831 22509
from 273:04:56:30 (@ files) (File 3 only-
to 273:10:16:30 Dynamie
Range)
T. V. Test #3 (~10°C) 9/30/77 02773 02773 17402
T. V. Test#4 (35°C) 10/1/77 | 02261 02261 15346
(6 files) (File 5 only
Dynamic Range)
T, V. Test #5 (5g°01 - File 1 10/1/71 02816 02816 18659 (File 1)
T.V. Test#6 (0°C) - File 2 20/1/77 02816 02816 22366 (File 3)
.V, Test-#7-{35°C) ~ File 8 10/1/77 02816 02816
T.V. Test#8 (0°C) - File 1 10/2/77 02775 02775 None
T.V. Test Trans%tion- File ¢ 10/2/7% 0277 02775 None
T.V. Test#9 (35°C) - File 8 10/2/11 02775 02775 None
T.V. Test#10 (55°G) Filel i0/8/77 | 732-1 EX078 None
T, V. Test #11 (~10°C) File 2 10/4/77 7321 EX078 None
T. V. Test Transjtion File3 732-1 EX078 None
T.V, Test#12 (0°C) File _ 7321 EX0T8 None
T. V. Test Transition to 85°C - File 5 788-1 EX078 None
T.V. Test £13 (35°C) File 6 7881 EX078 None
T, V. Test #14 (Amb, ) File 7 7321 EX078 None
T. V. Instrument Calibration 10/4/77 782-2 EX077
Para, 6.1, XXX (File 1) 10/5/77 732-2 EXO077 19565
Para. 6.4.XXX (File 2) 732-2 EX077 16928
Para. 6,2, XXX (File 3) 7322 EX077 16638
Para. 6.3.1 - 6.3.4 (File 4) 732-2 EX077 16879
Para, 6.3.5 (File 5) 732-2 EX077 115015
(Dynamic Range)  (File 6) 752-2" EX0T7 | 13979
TR023 Confidence 10/8/71 18468 None Nq;_n_e'
File 1= 09C 10/8/77 18468 None None
File 2 = 250C 10/8/71 18468 None None
Receiver Test® LMSC with modified 11/8/m | 17183 17183 04179 (File 3)
Return Pulse ' : 08045 (File 4)
| ‘Duped Tape of the above - 11/9/77 |- 18183 | 14620 'Sume as above |
Note:  Oviginal of dbove tape was sent ?;o i.angley.
| Ceatidence Test after HVPS-. . 60835 | EXidd

| 05142 (File3) |




