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SEC Ti01, i
l NTROD UC TIOI^

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 I]esign I3evelopment

^ Test Program

5 Ground Support Equipment

6 Saftivare Development

7 Quality C az^trol

8 Dactunent2.tion 5umlta.a^,

The Subsystem Engineering section reviews and provides stmznaries far the analyses performed in the
earlg^ period of the program which formed the basis of the se^xsor design. A description of the sensor de-
sigm is provided in Section 3. Section ^ reviews the test program listing all tests perfaz^ned and 'the en-

ti^ironmental e^^pasure (simulated) for each, as applicable. Ground support equipment designed and built
for assembly 'integxatian and field testing is described in Section 5. Section 6 summarizes the software

developed during the program and the algorithms /flogs diagrams which farmed the bases far the software,
Section 7 details the significant Quality Control activity, while Section 8 lists all system level documen€s
prepared for sensor evaluation, trouble shooting, and testing.

It has been the intent of this report to indicate results of principal activifies during the program and to	 H
reference dac^nents necessary to enable se2.rch ofinare specific detail, should 'they be necessary at same 	 ^'
future time.	 j

.^

Personnel responsible far the preparation of this report include: 	 _	 ^
.^

R, Bianchi	 -- Program 14Zanager

A. Heath	 -Project Engineer

8. I1€arsh	 - Qualft3• C ontrol Engineer
^;

^. Borusiewicx - Manufacturing	 '-^ ,. %;:
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SEC'T`ION 2

SUBSYSTEM ENGINEERING

i

f

®Rllal^^^- p f:,^a^ ^^

®^ ^ooR ^u^^^^^

Subsystem Engineering for the SeaSat-A--Satellite Scattera^meter (SASS) includes the determination of instru-
ment parameters based oa spacecraft orbit consideration as well as all of the interface associated require-
ments. The interface associated requirements include size, weight, volume, DC power, camnaand/control,
spacecraft znaunting and the envirenmental conditions of temperature, pressure, vibration and EMI/RFL

2, ^. INSTRUI42ENT PARAMETER DETERMINATION
Table 2-1 contains the orbit parameters used in the final instrument design. This table is based on an up-
date of DRL Ifi, 'instrument Resolution Cell/Link Analyses" by letter from LARC dated September 17,
1976, An asterisk at the right of a parameter indicates that it is a measurable hardware parameter. In
addition to the parameters defined in Table 2-1, it was also necessary to detexan.ine receiver dynamic
range, gala switching points, signal flaw analysis, requirements for instrument calibratzan, instrument
timing, operating modes and instrument telemetry. The rationale associated K2th each of these regttire-
ments is described in the following sections.

2. 1. 1 DOPPLER FILTERS
The Doppler filters' center frequency, noise bandwidth and skirt rejection were detez^n.ixeed from the re-
quirement for a 5E} I^zn cross-tracfi sgacizzg 2nd a maximum resolution cell size of 50 Km. The center
frequencies are chosen for the a0 Km Dross-track spacing and x#25 Km between the inner cells a#fore and
aft antenna beams based on the 5eaSat-A orbit at ma^:imum latitude (+ 72°). A computer program, fur-
nished by LARC, was used to calculate the Doppler filter noise bandwidths corresponding to the 5fl Km
resolution cell size. The cell size does oat e^:ceed 5d Km except far cells X11 and #^.2 which are 53. 2 Km

and 57 ^ resgectively. The filter rejection bandwidfhs are based on having ma^muna. return power ^ all
Doppler sells except the one in question, which has minimum return. Returns from adjacent cells must be
attenuated to at least 14 di3 below returns from the desired cell while all other returns must be attenuated
at least 20 dB below the desired return. "sables 3. 1-1 and 3.1-2 in the Ca^ibraizan Data Repert jDRL T 23
dated 2Q January 1978) contain the integrated Electronics Assembly Leve3. data an the 15 flight Depgler
filters.

2.1.2 RECEIPER DYNAMIC RANGE 	 ^ I
The instrument dy^aamic range was determined for the wideband case up to the crystal Doppler filters arad
far the narrowband case far the remaining portion of the Scat Processor. in bath cases, due to the statis-
tical nature of the return signal, as additional 6. B dB was included Yor peaks at the upper ex^d o#the range
and an additional S. 5 d$ was included at the lower end a# the range so that non-saturating ogerafion would
be obtaWed iza. either direction. GE PTR I^4D-JH-055, Revisien B delineates the final system level dynamic

6.,
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Symbnl
F°rtran
Name Definition

Worst-Case
VRlue(s}

Nominal
Value(e}

a A Antenna Amplitudz Ratio O,SS 0.55

ct AI.PHP S/C Rnli Error + U. 5 deg. 0

9 ANGLES Incidence Angles far 8stab- 0, 10°, 20° 30° 0, 10°, 20°, 30°
i listaingm°Curve 40°, 50°, 5S i0 40°, 50°, 55°

w ARGPI;R Argument of Feriapsis 90e t 20° Son

ASC ASC Ascending or Desoendusg +I (Ass.) +i (Aso. )
Direction of S/C in Cxbit -I (use,) -1 (Desc. )

ATT ATT ASenn Altitude an 6pherical 772. fi07 Km 790,14 Km,
Eart}i

b B Ant, wavegt^ido DhAenslon 1,4986 Gm 1.4986 Cm

p BETAP S/C Pit4h Errar • 0.5 deg, 0

a D Ant. waveguide spacing 1. ssi cm i. fi51 cm

G DELT Able of AataLi°n for Squint 2.7 clAg. 1.7 deg.
Aemovel

f^ DI.FREQ(1] Lower Bandedge Dvpgler Table 2-ia Table 2-Ib	 *
Frequencies

fD DOFREQ(n CeII Center Doppler Table 2-ia Table 2-16	 '"
Frequencies

f^ ALTFRIrQ (^ [Tpper Bandedge Doppler Table 2-ia Ta61e 2-ib
Frequencies

e EPS orbit ^^centricity a. oai 0. aa1

QL FII.AT S/G LaLonde 0° + 20° + 72° 0°

y GANlfhiP S/C 3Caw Errcr 0.5 deg. 0

yNOh1 GA14xNOrii (1) Nvminsl Value of Earth Angle Table 2-1e Table 2-1c
for Each CeII

G GGO Peak Anterma Gala 32, 5 dH 32.5 dB°
- IBEAl11 Atd. Been Nu:aber 1, 2 1, 2

J2 32 Earth Gravity FEarmonic i, 082fi3a:10^ 1. 08263x10
-3

Parameter

J3 J3 Earth Gravity Harmenic -2. SKIO^ -2.5x10
Fnrumeter

La LA Atmosgherie Lose -0.4 dB -0.4 dB

1'R LR lieceiver Lass -2.7.5 dB -2, iS dB

I.^, LT Transmitter Lass -f. 8 dB -i. fi dB

R NL.4ADE 14lean radius of Earth . 6378 . 14 km 6378. i4.km .

µ MTJ Earth GraviLaLional ConStanL 5

"^

+IS

^I

i

.^

k
I

3.9	 5
SS005xi0	 3,98fi005x10	 ^` J
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Tahle 2--^., Ufa Va3.ues ^o^ Link Calcu7.ations
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Table 2-1.. Da^a'^2J.ues fox Lix^h CaJ.cul.afio7^s (Canf'c^

5y^6c1
7±artran

blame Defiafticn
Worst-Case

Value(sj
Nominal
Value(aj

NF NF Ncise Figure 5.5 dB 5.5 d13	 ^'

p; i dI;LBIId Orbit 7nelination 104°, 106° t08°

¢31 PHI31 Beam ^1 Ant. Azimuth --46. 2 deg. •-46 .2 deg^^ PD4R Q13otati°n Angle

X32 pHI32 Beam #`2 Ant. Azimuth -133.8 deg. -133. $ de$.
I3°tati°n Angle

¢33 PHI33 Beam ^3 Aut. Azimuth 136.2 deg. 136.2 deg.
Rotazi°n Angle

¢ 34 PIi134 Beam ^ Ant. Azimuth 43. 8 deg. 43.6 deg.
Rotation Angle

^ PHII Narrow Dimension Ant. 0.5 deg. 0. 5 deg.
33eamwidtll

¢ PSI Ant. Phase Taper 28 deg. 28 deg.

pt PT Transmitter Power 100 W. 110 W,

Q o SIGIVIAS c °Values at 0°. 10°, 30°, Table 2-ld Table 2-1d
40°,50°,55° -

^ ° SIGNOT ^ °Values- at 8°,4°, 0^ 5, 6, 7 dB 5, 6, 7 dB

W/S SPEED Windspeed 4,12, 24 m/s 4,12,24 m/s

2.997925x105 2.9979253.05C SPEEDL Speed of I.igl^t
1Qn/sec. lna/see.

T TA Antentla Temperature 200°K 200°K
a

T TAUP Transmit Pulse Length 4.8 ms 4.8 ais	 ^`
P

Tg TG(i) Range Gate Length of Cell Table 2 ••1a Table 2-1b

B ^	 THETAP Antenna 3?°intisig Angle 40.4° 40.0°
P

$ THETAS 90° -Ant. Squint 68 deg. •̂  , 36° 88 aeg.
s

'l' TN Noise Tutegrati°n Tisne 0.42 sec. 0.48 sec.
Iv'

P
TP Ant. Sample Tama 3..890399 sec, 7..890399 sec.

T TPP pulse Relaetition Period 23.537 mse°. 29.537 msee.

ZT V£ Earth Equatorial 'Velecityv 0.4651033 0.465107.3e km/sea. l^/see.

ft XFREQ Transmit 1:`requency 14.59927x10^I3z 1^4.59927x10^Hz

i 1 FL Eazth Flatuass 3.367 x 10
_3

3,367 x 10
m3

^^ ^^
^^^^

*tit
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Table 2-1 a. Worst-Case Doppler Frequencies* and Range Gste Tunes

Cell
No.

Laver Freq.
(Hz)

Center Freq,
(Hz}

Upper Freq.
{Hz}

Range Gate
(ms)

1 169,866 162,315 194,262 7.0
2 206,388 217,497 228,104 7.2
3 239,175 248,869 258,299 7.4
4 268, 352 27u, SOD 284, 844 7.6
5 294,D78 302,206 307,996 7.8
fi 316,573 322,x85 328,225 8.1

7 336,DI6 340,972 345,716 8.4
8 352,982 357,004 360,866 R.B

, 9 367,591 370,901 374,089 9.2
IO 380, 335 382, 952 385, 475 9.8
11 391,1D9 393,x15 395,621 10.4
12 ^Da,476 x02,514 404,438 21.2

13 52,356 64,660 76,754 5.4

14 20,140 32,392 44,536 5.4

I5 -12,19$ D 12,188 5.3

*Before addif i.pn of 417 Hz due to LQ offset.

Table 2 -1b. Nominal Doppler Freque^zcies * and Range Gate Times

Cali
No.

Lower Freq.
(^1

Center Freq.
(^)

tipper Freq.
(^)

Range Gate
Ima1

1 169,224 182,315 194,904 6.00
`? 205,516 217,497 228,676 6.20
3 238, 672 248, 969 25$, 802 6.35
a 267,918 276,800 285,278 6,57
5 293,712 30I,'Z06 308,362 6.82
6 316 , 268 322,485 328,49 7. II

7 ^	 335, 761 3x0, 972 345, 971 7.45
B 352,774 357,004 361.074 7.83
9 367,420 370,901 374,260 6.27

IO 380,200 382,952 385,610 $.78
11 390,990 393,^^.5 395,740 9.41
I2 440,372 402,514 404,542 10.16
13 5I, 716 64, 660 77, 396 5.42
14 19,498 32,392 45,178 5.35
I5 --I2, 840 D 12, 840 5.29

*Before addition of 417 H? dux to LO offset.

,^	 ,^
_ ._ ._ ^.,._...7 .^^ .1.	 -	 -

^^ ^



Table 2-1c. Nominal Earth Angles
for Each Cell

Cell
No.

Gamma
(deg. )

I 2.70
2 3.3^
3 3,97
^ ?-. s1
5 5.25
6 5. 89
7 6.52
8 7.16
9 7. BO

io s.
11 s. os
12 9, 72
13 0.898
14 0. X47
15 0.06

Ta3^le 2-1d. o^ o Values Versus Incidence Angle

Incidence Angle
(deg, } ^ m/s-w/s

o^° (dB}
12 m/s -w/s 2^ m/s-w/s

0 12.0 9. Q 8, 4
10 5.0 5. 0 5.0
20 ^ 9.0 - 5.0 -- 2.0
30 -21.0 -12.D - 6.0

^0 -24.0	 ^ -15, 0 - •9.0
50 -27, o -x.8.0 -1z, a
s5 -zs. a w19. a -13. o

range requirezxsents. The minimum average power spectral density (PSD) based on a 1350°K receiver noise
temperature is -197.8 d1sJV/Hz while the ^^x"+'*num average power spectral density : (cell ^^} is -172.1 dBW/
Hz,

The overall instrument dynamic range must also include the gain ar loss associated with manufacturing
tolerances of each receiver compo^zent as well as i •.emperature sensitive gain ox losses. Tame Z-2 is a total
system ^^**+mary of the xeceiver dynamic range,

^ '
- _ -	 _ _	 -..^... _-	 -^^ --- --	 -- -	

1

r -_ "



Table 2-2. System Summary of Receiver Dynw*nic Range

Descriptaan dB

PSD maximum -P SD Tllihimum 25.2

Instantaneous Peaks B. B

Instantaneous Valleys $• 5

p Noise I3W Cell r? -Cell 112 6.2
To:erances ^ Temperature Variations Below Nominal 4.35

Tolerances + Tem	 nature Variations Above Nominal 4.4

Total System Dynamic Range 55.25

2.1.3 GAIs?T SA ETCHING 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 sigz+.al returns in the adjacent cells or any of the other cells. The analysis,

delinea^ed in PIR 1J .?0-d'Ii-074, "Gain. Switching Philosophy of SASS Scat Processor, "shows that a detector
with 3U.1 dB dynamic range and four gain stages, separated by a nominal 10 dB, is mare than adequate to
cover the entire system level dynamic range. Because of this capability, the gain of each channel was set

to approximately the same 1eve1 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 a nominal 10 dB attenuation each time the preset threshold is exceeded. The threshold is
the same far all 15 channels because the same A/D converter is used and simply time multiplexed,

The threshold is set far 4.7135 volts or 490 counts at the integrator output to allow for the 6.6 dB expected

peak excursions without campressixig the signal.

2.1.4 SIGNAL FLO^i7 ANALYSIS
The GE "SIGFL^W" program was used tv 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 an a signal. The common inputs to the program include the number of elements, input
raise po^cver density, average input signal power, and peak input signal power. The program input parame- 	 _

tens required far each element are noise bandwidth, gain or lOES, limiting point and element raise figure.
Tlus analysis was done for seven combinations of noise, signal and calibrate levels for Dells `1, 1'4, and
=12 to cover the widest noise bandwidth, the highest return signal and the narrowest bandwidth,respecitvely.
PIR 1140-JH_w_;_ contains the complete 'analysis including the computer printouts for the seven cases and

,^ the integrator outputs for the three cells listed above,

f
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?.1.5 II^STRUI42E1CT CALIBR9T1OA
The "on-hoard" calibration of the SeaSat Scafiterameter is somewhat more complex than it appears at first
glance. Since a scatterometer is simpl3^ an instrument that accurately measures the attenuation incurred
between the transmit and receive signals, zt appears that the instrument could be calibrated by directing the
transmit sigua.I through a known attenuation into the receiver. The problem associated with this approach
is that the transmit s a°'nal5,s pulsed CW whereas the received si b•'na7. is basically doppler shifted white noise.
Because of this difference, it was necessary to calibrate the transmitter and receiver independently. In
addition, because of the differences in noise bandwidth and gain step settings, each of the receivers 15
channels had to be calibrated independently,

It t^•as 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 a function of orbit position and season, happen ver3 = slowly. The steepest gain versus
temperature slope teas associated with the Loi n Noise Amplifier which was subsequently i.hermally controlled
at appro^amatel}^ 35. Q oC to znini^nize dynamic gain shifts. A frequency of calibration of once every four
minutes, ar 25 times per orbit teas selected for the receiver since receiver calibration precludes the normal
data-taking operatt.an. For the transmitter, however, a transmit power measurement is made every 1.89
second period since it does not a$ect data taking.

}due to the natures of the transmitter and receiver signals, the Scatterameter is calibrated using a diode
detector plus integrator and a broadband white-noise generator respectively. A "Complete Receiver Cali=
bration Cycle" consists of four consecutive 1.89 second calibration measurements. Each calibration mea-
surement is done zt^th an order of timing that is identical to the no x7nal operation tuning', but is far four (^)
different combinations of ca.Iibration noise Level, N1 = 29, 00D aFf :.nd LO ^ 290 oK, ,and Local Oscillator Fre-
quency, 191.85708 MHz (FORE) and 205.32292 MHz (AFT

Component temperatures of the Transmit Power ll^ionitor (Directional Detector), Calibration Noise Source
and Antenna Stivitchino Matra are measured and telemetered every 15.12 seconds. These temperatures are
used in the look-up tables and algorithms for transmit power (P^,) and receive power (PR) respectively.

'?. I, 6 T1 T̀STRUMEN'J.' TIlI^IlNG

The two fundamental timing sequences considered in the design of the SASS were the Xt+IiIT/REC subeycla
period and the Data Accumulation Period. The ^IIT/REC stzbcycle period is associated with the tr^ssnit

	

pulse width, signal. plus noise integration time and noise anlp integration time. The transmit pulse width 	 -
timing and the noise only integration timitgg are essentially the same far all charmels whereas the signal
plus noise timing is tailored far each of the 15 channels. DRL Item I-1D (paragraph fi. 0) describes the
trade-off analysis for the Restrictive Raz^;e Gate versus Widened Range Gate Integration and PI•R.1JLS-^-333,
Revision. A, describes all of the SASS internal control signals associated with one XMIT/REC Subcyele period.

'G
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The Data Accumulation Perlod was defined such that "gca.si-contiguous" coverage at 50 Km spacing ^vauld
be obtained with "Fore' s atld "_4ft' s looks in each of the I5 cells based on a perl:ect orbit and non-rotating

earth. ATRalyses and plots were done by 7^ARC personnel to deterTnine cell overlap for noTni^.]. and worst

case conditions.

2.3.. 7 OPERATING MODES (Tak^Ie 2w3)

'I"Ile Sea^at--A^-Seatterometer has ten operating Tnodes co^zsistiug of eight transTnitting modes, one receiver

calibration mode and one standby mode. The SA85 of ;rating anodes table provides the crass reference far

the mode number, the spacecra^^t eaTnmand number, the ScatEerometer Eiectranies Package (SEP) port

sequence, the antenna. sequence and the footprint/polarization definitions,

Table 2-3. SASS Operating Modes

MORE
HUMBER

SFACECRAFT
COMh1AND NO. SEP PORT S£ UEHCE ANTENNA SEOUEBC£ FOOTPRTNT/POLARIZATION SEOUEHCE

1 0003A/B 4 8 2 6 4V IV 3V 2V VLF V ftF V LA V RA

2 0004A/B 3 7 I 5 4H !H 3H 2H H LP H RF H LA H RA

3 OORSA/B 4 3 2 i 4V 4E[ 3V 3H VLF H LF V LA H LA

4 0006A/k3 8 7 fi 5 !V LH 2V 2H V RF H RF V RA H RA

5 Ooo7A/B 4 4 2 2 4V 4V 3v 3V v LF VLF v LA V LA

fi 0013A/B 8 8 6 6 LV IV 2V 2V V RF V RF V RA V RA

7 00l4A/B 3 3 1 1 4H 4H 3H 3H H LF H LF H LA H LA

8 OOLSA/B 7 7 5 S LH LH 2H 3H H RF H RF H RA H RA

9 OOZL9/B k 4 2 2 4V 4V 3V 3V - - - -

10 0023A/B 4 4 2 Z 4V 4V 3V 3V - - -

SA55
0036AJB 4 4 2 2 4v 4V 3V 3V - - -

ENAHLE

HVPS
0024A/B 4 4 2 2 4V 4V 3V 3V

-
- -

»ENABLE

SASS 0033A/B - - - - - - - - - - - -
aFF

LEGEND: V =VERTICAL
H HORIZONTAL
L =LEFT
R = RICHT
F ^ FORE
a^ AFT



The supplemental table (Table ?-4) prevides additional cross references including the AESC antenna serial

number.

Table 2-4. 5A5S 4perati.ng 14odes ;supplemental Table

L^4SC Ant. No, AESC 5/I^* SEP Part No.
F o atprint/Polarization

Definjtion

3. A2 7 HRF
6 VRF

2 A5 a HRA
6 VRg

3 A4 1 HLA
2 VLA

A3 3 HLF
^ VLF

*Reference: LAkZC letter dated :c0-1^4-77.

2.1. S LNSTRUME? t̂'I' TELEMETRY
The telemetry data associated ti^dth the SASS instrument is either i.n Bi.-level ox A/D converted analog volt-
ages, SASS-DRL-1J.4, "Measuxement Lisp and Data Format, " dated 8 October 1977, Revzsian D, contains
the details of the Data Stream.

In general, the 5A55 telemetry is categorized as shown below,

• Bi-Level Status including Synch pattern, gain bits, SLO frequency selected, calibtation status,
circulator status, mode selected and analog temperature monitor subcommutator identification
bits.

^ Bi-Level Fault Determination) including input current, body current and undervoltage trips,
receiver protect circulator status as well as SLO and SMIT phaseloek loop judicators.

Analogy Housekeeping; ,^lnstrument Health) including internal voltages, currents, RF powers,
component anti baseplate temperatures, as well as the forty SASS antenna temperatures.

2.2 SA55 INSTRU1VdENT INTERFACE

Three categories of 5A55 instrument/spacecraft interfaces are described jn this report. Thep are the
mechanical, electrical and environmental parameters associated with the SASS design. Paragraph ^4.0
includes the Environmental Interface Parameters while the mechanical and electrical iutex^aces are
described in this section. The Lockheed document LMSGD^90728, "Yz^terface Control Dncumeat" contains
the details of the mutually agreed upon interface.

1
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^.2. 1 SASS MECH.9I^ICAL INTERFACES

3.. Size: CeE Drawi^kg (Fi^'.lre 2-1), 47I^235021 shows the outline and mounting pailats far the SASS
instrument. .

2.	 Wei: 59. ^2 Kg

'	 3.	 Center of Gravity:	 ^f = 23.368 cm
Y = 7. fi20 cm
Z = 53.594 cm

4,	 Moments of Inertia: I^ = 5.78fi Kg-m2
, L^. W fi.780Ifg-m2
I^^ = 2: a7s xg-m2

2.2.2 SASS ELECTRICAL INTERFACES

3.. Electrical Fawex Interface: The vaitages, currents and power delineated i.sl Table 2-5 are the
worst case valves measured over tlke baseplate temperature range of a°C to -:-35°C far any SASS
transmitting made.

Table 2-5. SASS opexatiug Mode 1-8

Hus Voltage
(Volts)

Current Pn^ver
Amps (avg) Amps (pk) Watts (avg) Watts (pk)

2^.7 reg. 2.7D 2.70 74.79 74.79
28.0 reg. 2.70 2.7D 75.6D 75.60
28.3 reg. 2.fi0 2.fiD 73.58 73.58

24.0 unreg. 2.42 E1.00 58.08 2fi4.00

28.D anreg. x.10 9.00 58.80 252. DD

32.0 unreg. 1.78 8.50 5fi.96 272.0

Table 2-fi contains the worst case valves measured over the baseplate temperature range of
0°C to -t-35°C for each of the SASS non-txatlsxr^tting modes.

Table 2-6. Worst Case Values

Mode
Reg Bus.

Volts
Peg Sus.

Amps
Reg Bus.
Watts

Unreg 13us.
Volts

Lnreg Bus.
9taps

Unreg Bus.
tiCatts

PTa^
A'stts

SA55 "O1:P" 1.8.0 0.457 12.8(1) 29.0 0.0386 1.08 f2) k3. 86
SASS 27.7 2.70 74.78 24.4 0.35 8.40 84.4
"CONTINOUS 28. a 2.66 74. s8 29. D 0.3D 8. AO 81.2
CAL (h14D8 9} 25.3 2. G4 73.58 3».D 0.39 9.28 81.7
SASS "STBY" 27.7 2.70 7$.79 24.D 0.07 1.6a 70.5
(141DDE 14) aa. a 2. 66 74.48 ^_8.4 0, k4 2.80 77.3

28.3 2.6D 73.59 32.0 O.kl 8.52 7T.!

{k}LNA Thermal Contra!
(°1Unreg. bus. lnruslt curreat control
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°. Command and Control Interface: The two basic command fuzsctians associated with the 5ASS are
the 1'o1^*er Control Commands and tYie Mode Select Commands. The power control eomman^ are
activated by an 18 to 32 volt pulse Si*ith a duration of 3.00 -^ 5 milliseconds.

These canvnands are for SASS "ENABLE", HVPS "ENABLE` t and SASS "OFF" as well as far each
of their respective redundant caFnmands.

The mode select commands are activated by a momentary closure of a i3PDT non--latching relay
having a closure duration of at least 10 milliseconds.

Table 2-7 delineates the 5ASS discrete commands including the spacecraft commaxad number, the
COmm^^d title, and the command desaripti.an. All SASS associated spacecraft commands and their
parameter II]'s are included far completeness,

3. HicroYVa^tre._RF and Digital interfaces: The microwave, RF and digital interfaces are associated
with the SASS transmitter, the spacecraft reference clocl: and the SASS data stream respectively.

The requirements for the nxi.crawave interface are:

Frequency:

Transmit Power:
Pulse Width:
}3epetiti on Rate
Load VSWR:

r̂^aVE^13.de:

Haunting Hole Pattern:

2JW0 ^i spacecraft clack frequency

T45. 5 dBm minzmum

^. 8 onset

33. 86 PPS

s ].. 2:1

WRS2 (RG-349/U)

Campat"ble with 'CIG-1686/U Choke Flange

The requirements far the RF interface are as follows:

Frequency: 4.999750 MHz -^ 0. a Hz

Frequency Stability: 3 ^ 10`11 Short Term Stabilsty (500 cosec}

RF Power: 0 dBn^ ^- 1 dB

Load VSWR: s 1.2:1 (50 ohm}

Source VSWR: s 1. a:1 (50 ohm)

Additive Phase: -125 dBc per Hz ^ 1 ^Iz
Noise -125 dBc per I^z ^ 10 KHz

-133 d]3c per Hz ^ 100 KHx to 1 MHz from carrier
Coax Cable: 50 ohm
Connector Type: 5MA

The requirements for fihe digital interface are as follows:

Clock Rate:	 156.2d:2 KI3z
Sits per Ward:	 10
Words per Burst: 	 82
Length of Bursfi: 	 7.910 cosec (nominal}, ^.7 cosec {paa,^.m^n)

a	 '
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Table 2-7. SASS Dl.screte Commands

Spacecraft

Command No. Command title Gourmand Description Parameter ID

003(1 A/B SASS ENABLE Po^^er SASS DC/DC Converter --

0024 A/B HVPS ENABLE Power SASS HVPS --

0033 A/B SASS OFF Remove Power from SASS -

0003 A/B Op. Mode 1 Meas. Seq. VLF, VRF, VLA, VRA 55700

0004 A/73 Op. Mods 2 Meas. Seq. HLF, HRF, HLA, HRA 55'^Ol

0005 A/B Op, Mode 3 Meas. Seq. VLF, HLF, 'i'LA, HLA 55702

0006 A/B Op. Made 4 Meas. Seq. VRF, HRF, VRfi, HRA 5S703

0007 A/B Op. Mode 5 Meas. Seq. VLF, VLF, VLA, VL.9 SS704

D013 A/B Op, Mode 6 Meas. Seq. VRF, VRF, VRA, VRA 55705

001.4 A/B Op, Mode 7 Meas. Seq. HLF, HLF, HLA, IiLA SS706

0015 A/B Op, Mode 8 Meas. Seq. HRF, HRF, HRA, HR.^ SS707

0021 A/B Op, Mode 9 Meas. Seq. VLF, VLF, VLA, VLA SS708
(Continuous Cal)

0023 A/B Op, Mode 10 Meas. Seq. VLF, VLF, VLA, VLA SS709
(SASS STBY)

0035 A/B SASS SELECT Regulated 2$ =_ 0.3 VDC LC 539
Conv. No, 4 SASS REG Voltage TLM LC11.7

SA55 Total Current TLM LC135

004 A/B SASS SELECT' Regulated 2$ -^ 0.3 VDC LC538
Conv. No. 3 SASS 1^EG Voltage TLM LC117

SASS Total Current TLM LC135

0032 A/B SASS SELECT Unregulated 28 +_ 4.0 VDC
PWR ON #1 SASS UNREG Voltage TLM LC101

SASS Total Current TLM LC135

0074 A/B SASS SELECT Unregulated 28 + .^. 0 VDC
PWR ON =̂2 SASS UNREG Voltage TLM LC101

SASS Total Current TLII+I LC135

0451 A/B SASS Antennas CMD PYRO Firing to Deploy
1 and 3 Deploy Antennas 1 and 3

Antenna No. 1 TLM LA108
Antetma No. 3 TLM LA11.0

0462 A/B SASS Antennas CMD P^'RO Firing to Deploy
2 and 3 Deploy Antennas 2 and 4

Antenna No, 2 TL14T LA109
Antenna No. 4 TLM LAlll

- - Baseplate No. 1 TEMP. TLM LAl21

- - Baseplate No. 2 TEMP. TL1VI LAl22

r^^^Q.
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}Burst Repetition Rate: 1.890398 sec _ RP Clock ]}rift

illaxiznum of Bits/Burst: 820

?. 3 5A55 L'4STRUi1'lEA7T PECT.TLIARLTI£S AND CONSTRAINTS

The peculiarities and constraints listed below Suers excerpted from a LARC Ietfer dated 27 April 1978.

2.3. 1 SASS OPERATIONAL PECULfARITIES

3.. V4'itla respect to self calibration,

a. Mode 9 is a free xunning "Continuous Calibrate" operating mode.

b. One full calibrate cycle, lasting 7.66 sec. , occurs after each mode execution before
becoming operational in that mode.

c. One roll calibrate cycle oceu.rs periodically every ^ mutes after a mode execution.

d. Due to the mode execution logic design, a 9. MI6 sec. CAL cycle (6 CALS) zzaay occur
fallowing a mode execution. The probability of occurrence is 1/20.

e. Iktring a CAL such as in b ar c, SASS en z"'ineering parameters take an the same values
as given for Made 9 in Attachment 1.

?. At BASS ENABLE, trip indicators SS762, 763, and 764 indicate TRAP and will reset only an exe-
cution of the first mode command,

3. At I3 r̂PS ENABLE, Under Volta ;e Trip, 55763, indicates TRLP cad will reset only on execution
of the next mode command.

^. After HVPS ENABLE, a 3 minute automatic time attt to allow TWT filament wazzn-up begins.
The first mode command (Modes 1-B) after completion of the time. cut turns the transmitter on.

a. The first mode coxnman,d (Modes ].-9) after the 3 minute time out causes the Input Current Trip,
55762, to indicate TRIP. A second made canamazad must follow to resat 55762 and make it useful
whale the transmitter is on. Tlae same applies to exceuution of Modes Z-9 after STANDBY.

6. In IYlodes 9 azad 10, the antenna port switching and logic as monitored an 557I^I, 7I2, and 71.3 is
'the same as in. Made 5.

7. L. O. Rzwer, 85772, is approa3.mately floe same for the high L. O. frequency and the Law L. O.
frequency but the monitor, 55772, reads quite differently cue to calibration differences anal
accuracy l;mitations. POCC processing wi11 use the law L.O. frequency curve only aiad IDPS
will use both; hence, the IDPS data. will be mare accurate than POCC data, amt the Iow frequency
L. O, power will still read approximately 1.5 d3 higher than the higlz frequency L.O. power,

8. Transxaitted Power, S^S761, is approximately 1.6 percent low on the last data frame before a CAL
cycle and approximately 5 watts an the last CAL frame.

9. TC4'T Ctzthade Voltage, SS765, has a large y^-intercept in xts calibration and reads -7.88 kv for 0
counts itz the POCC processing Azad display.	 ,
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10. SASS input Current, LC^.35, is a geak current monitor and will typically read between 2.4A and
8.2A in random fashion.

11. Differences in SASS electrical status versus made as monitored in enagineering )zousekeeping data
are defined in Attachment I.

2.3.2 SASS OPERATIONAL COiv'STRAINTS

1. The SASS shall not be turned ;;n unless the baseplate temperatures LA ].21 and 1.22 are between
-10^C and =55°C.	 'k

2. 1^gul.atsd 28V from convener ^3 ar ^4 must be applied to the SASS at Ieast 3a minutes priflr to
operation within specification.

3. It must be verified that no alarms have been exceeded prior to execution of HVPS ENABLE. 	 ^

?^. Two mode commands are required at turn on and after STANDBY. 	 '

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

i

G. SASS off should be sent prior to switching converters 3 and ^ or sending SASS ENABLE to
initialize BASS relays and limit inrush current.

7. Ali SASS commands must be sent > 2 seconds apart.

8. STANDBY must be sent prior to SASS OFF.	 ':

6
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Attachment 1. SASS Engineering Versus Made

Parameter
Naanix^al Value

]Uiades 1-8 Made 9 Standby

SS781	 +5V -^-5'L'

55782	 +15V +15V

55783	 -15V -15V

SS785	 -6V -6V

SS786	 +6'V +6V

557$7	 Therm. Ref. 1 +5V

SS788	 Therm. Ref. 2 ^+SV

8577?	 L.O. Paver 3.1.5/3.3.5 dBm

55773	 Mod. Power 21 dBm

SS774	 X'mit Drive 16.5 dBm

SS775	 Upcnv. Bias 0. 3.V

55776	 TDA Stave 1 Bias D.3.35V

55 7 77	 TDA Stage 2 Bias 0.155V

SS778	 TDA Stage 3 Bias D.15V

SS76b	 TWT Catizad Voltage 8.02 Kv 8.02 Kv D ISv

58765	 TWT Cathod Current S7 ma D xna D ma

SS7B7	 TR'T Bady Current 5. $ zr^a D ma D ma

SS768	 Ian Pump Current 0 ^.A D uA D ^cA

85769	 HVPS Input Current 2.57 A 0.8 A 0.7 A

55862	 CWT Filament Current 1. 53 A 1.53 A 1.53 A

LC135	 SASS Input Current 9.2 A Pealt 2.7 A 1t 8 A

85761	 Transmit Power 3.00 Watts 0 Watts 0 Watts

2-17/18
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SECTIOr 3

DESIGI` DEVELs']PMEIr'T

3. 1 DESIGI: DEZ'ELOPAiEA'T (ELECTRICAL)

The complete BASS Electronics Package (SEP) is s pawn in i,laek diagxam form in Figure 3-1

(GE 47E235099). The instrument package component and subassembly layout is spawn in Figure 3-2

{GE =i7d235000). Table 3-I is included as a convenient crass -refexettce to the SEP layout, The table

includes the component/subassembly item number, the GE drawing nuxnbex, a description, and the GE

SE'S specification «^hexe applicable.

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

top level assembly apexation.

3.1. Z RADIO FREQUENCY INTERFERENCE FILTER

It vas found during RFI cougling analyses that a potential interfe:,enee problem existed between the SeaBat

A Altimeter and Scatterometer (SASS). The interferences investigated ix^eluded the 1^. 59927 GHz ^ 1 MHz

components of the chirpped altimeter pulse based on a SIl`^;/X curve and the effect of the fundamental alti-

chirpped frequency of 3.3.49932 GHz ± 160 MHz. Calculations showed an adequate margin far the SINXfx

component of the chirpped pulse at the Scatterometer center frequency, Calculations sled shaved a

potential SASS LNA saturation problem at the fundamental altimeter chirpped fxeausncy. It was, there-

fore, necessart^ to add a RFI filtex to the SASS receiver pxior to the LNA, The filter added had the

follat^*ing operating charac^:eristics:

Insextion L{.ss:	 0.35 dH maximuxn at 1^, 6 = .025 GHz

Rejection:	 ^0 dI3 minimuan at :x.4.18 GHz
80 dB minimum at 13.685 GHz

Passband Ripple:	 0.1 dB maximum

Equiripple ]3andti^^idth:	 3.00 MHz minixnuan, 350 I+^iz maximum

^^SWR (either Port):	 1.2:1 maximum at 14, fi ± .025 GHz

3,1.2 LOW NOILSE AMPLIFIER HEATER

There were ttvo temperature related problems associated with the Law Noise Amplifier. Tl:e first prob-

lem was the out-of-spec gain variation over the 0 oC tp ^-35aC operating temperature range. The second

problem resulted fxom an apparent hysteresis in tYtat the amT^;iifier gain at any particula.^ temperature was

dependent on the temperature and operating time at the provious point.

5--1/2
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Tahle 3-l. Crass-Reference to the 5EP Layout 	 ^:;

^,

Ite m
Na. CE ]hv	 No, Dee;cri Eian S	 cificatiaa

Al 47D23S460P1 Solid State Source/I,acal Oacillatar SVS $890

A2 47E235250G1 Integrated Electronics Assembly N/A

A3 47E235100G2 High Voltage Power Suppl N/A

A4 47D23S4S8PI Traveling Wave Tube GFE

A5 47D23502bG1 Ugconverter N/A

Ab 47C235451P1 TI3T Input Isolator SVS 8896 P2

A7 47C235452P1 TWT Outgut Isolator SVS $$96 P3

A8 47D235028G1 Directional Detector N/A

A9 47E235457P1 Antenna Switthing Matrix SVS 8$9l

AZO 47D235057G1 Tunnel Diode Amplifier SVS $892

All 47C23545.1P1 7S0 Adapter SV5 8896 P4

Alt 47C235455P1 Dawn Converter SVS 8894 Pl

A13 47^'235453P1 ZSO Adapter SVS B89b P4

A14 47D23S027G1 Low Pass Filter N/A

AlS 47C235023G1 Waveguide AssemT^ly No, l N/A

Alb 47C235024G1 4iaveguide Assembly No. 2 NJA

Al7Al 47C235462P1 Noise Sauxce SVS 9035,

A1TA2 47D235033Gi Noise Diode Power Supgly N/A

Alb 47D235095G1 Bandgass Filter No. 2 N/A

Al9 47C23S072G1 Bandpass Fi3.ter No. 3 N/A

A20 47D235451P1 Rl'I Filter N/A

All 47C23S059G1 Thermal Control Component Assembly I+Y/A

s.
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It rues decided to praysde proportiona3. thermal control to maintain the LNA at 37 ^• 2°C. The controller

operates directly from the regulated 28 volt . spacecraft bus and is independent of the SASS operating mode,

including the "off" condition. The thermal design is such that the 37 -̂  2oC can be maintained far any

basepla.te temperature in the range of Qo to ^-35oC, the temperature range over which the Scatterometer

na,ust operate in specification. Below O o'C, the controller will maintain a nominal 35 0 4T above the base-

p^.te temperature. Above -3S oC, the controller will be essentially turned off and the Q,T will 6e approxi-

mately 2. 8o above the baseplate temperature.

3.1.3 HIGH VOLTAGE POWER SUPPLY

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

Minor Looping
Inrush current at 33VPS ENABLE Command
lnrush current at Mode 1 to 9 Command

3. I.3. 1 l+iinor l ,00 in
Minor looping is a phenomenon. associated with asymmetrical operation on the transformer B-H curve.
This phenomenon caused failures in the boost transistor through an apparent susceptibility to transients.

Previous circuit modifications to eliminate minor-looping problems were primarily aimed at reducing the
effect to within tolerable levels. These modifications waxked reasonably well fox mast conditions, but did
not eliminate the problem. Transients can cause the boost to miner loan severely, even to the point of
destruction. To offset this, anew circuit was developed to sense miner-looping, generate an "error"
signal that feeds back into the control loop to automatically eliminate the problem, It is an interaal con-
trol loop with enough gain to nearly elzmzna.te minor looping, but which does not affect normal operation in

any way,

:;. I. ^.:.' tiu•ush t;urrcnt ai HVPS i;I^ABLI; Ccimziiand
During system level tests, a problem appeared which caused the crowbar protection circuit in the unregu-

lated bus voltage line in the 5TC /R5S to actuate when a "HVPS ENABLE" command was issued. 'Phis

problem was intermittent, but appeared to be temperature sensitive since the problem occurred more
often at the cold temperature. Troubleshooting isolated the problem to a marginal control condition during
the turn-on transient. Occasionally, both boost transistors would turn -on simultaneously thus effectively

applying a short circuit an the unregulated bus. A slight circuit xnedificatinn was incorporated into the

II^rPS design to insure that the boost transistors are held off during the turn-on transient.

3-8
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3, 3. 3. 3 Inrush Current at Mode 1 to 9 Command

inrush current measurements were made when a mode command was given after the three minute time cut,

«'hen it «^as observed that the inrush current exceeded the specification, the input current trip circuit was

n^adified 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 made 1 to 9 command is given after "HVP5 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 "HVP5 ENABLE" command and after the three minute time out,

Condition 1: When the made 1 to 9 command is given between the "HVP5 ENABLE}' command

and the three minute time out, the HVP5 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 Z to 9 command is no longer present, the current simply

decays to its previous value. The TWT cathode voltage and collector voltages are turned off

and the T't^'T returns to a Standby ca^nditian,

Condition `?: ^irhen the made 1 to 9 command is given after the "HVP5 ENABLE" command

and aftex the three minute time out, th° HVP5 tries to bring the TWT cathode voltage to -8

I^'t'. This causes the input current to exceed the threshold level and the trip circuit again

actuates. However, once the aurrent decays below a certain threshold level, the mode 3. to 9

command is still present and resets the trip circuit. Once again, the HVP5 tries to bring the

TVL'T cathode from its present level to -8 IiV and again the trip circuit actuates. This trip

circuit actuation occurs typically five times during the first three milliseconds after the mode 1

to 9 command. B3^ this time the HV capacitors in the HVP5 are sufficiently charged and the input

current settles down to its normal operation. The digital controller pulse, assacsated with a

made 1 to 9 command, was wtretched out to 8. 3 milliseconds to assure that the internally genera-

ted mode command pulse was still there after the last trip circuit excursion.

3.2 DESIGN DEVELOPMENT (M..ECHANICAL}

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

^vave components to be integrated at the spacecraft level with GFE antennas and TWT, See Figure 3.2-1.

At the beginning of detailed haxdware design, it became apparent that this would have i^een a difficult and

expensive interface, and it was decided to integrate the experiment as a componenk on Its own baseplate,

which would then be mounted to the spacecraft structure,

	

A combination dust cover and E11Ii shield was added later. See Figure 2. Z.1-Y,	 li

i
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'	 The major problems to be avercomc i,x the mechanical design were: 1) developing a layout of eomponents

having lagicai signal flow, within thc:^ confines of the 1. U X 0. ^l X Q, 35 M, since most components were

interconnected by rigid waveguide; 2) designing waveguide supports with sufficient adjustment to provide

for assembly tolerances and capable of meeting vibration and shack requirements; S) weight optirn.ization

of the structure design at a Late stage in the instrument development, and ^} adapting existing high voltage

pactsaging techniques to meet new, more complex module designs.

Other challenges met in the mechanical development were the thermal. control of the LNA, negotiation and

maintenance of mechanical interfaces with numerous sub- and ca -enntractars, and electronic packaging

designs fur high and law voltage power supplies, digital controller and scatterameter processor,

The meclia.nical and packaging designs were proven by environmental test, Vibration and shock to qual

levels produced only ttvo failures (see page 88, SAS 06, 07) neither of which was desigm related,

Thermal-vacuum testing verified the thermal analysis and high voltage design implementation.

i
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SECTION 4

TEST PROGRAM

^.1 TESTS PERFORMED AT GE

The SASS inst-suanent test program is outlined in the following tables:

s Table ^. 1-J., Subsystem Qual Tests

s Table ^. 1-2, Initial F!.uxetional attd Baseline Tests

s Table a. ^-3, SASS System Level Test Flow

s Table 4.1-x, SASS Instrument Dpera.tizig Times

e Figure 4.1-1, Thermal Vacuum Profile

• Figure 4.3. -2, SA86 Shock Spectra

s Figure ^, l^s, Random Vibration Levels



Table 4. 1-1. Subsystem Ilardware Matrix - ^ualificatian Tests

i

llandottt Sine Acoustic Thermal High/L:nw i;lectrical
MagneticShock Vib. Reson. NMl Temp.

€'unc. Perform.3 Axis Search Noise Vacuum (Amb Pres} Moment

SSS/LO ^SVS 88^J0) -- X X -^ X - X X X -

W/G Goraponeut #I -- -- - - - - - X X -

Upconverter (Inc. I3PT`} - - -- -- -- - X X X X

4u/G Gamponet^t #2 - - - - - - - X X -

Input/Ouput Isolators and
ISO Adapters

X X - -- - X X X X

IOi} Watt TW'I' GI'P

Directional Detector _ - _ .. .. .. X X X !	 _

High Voltage -Power Supply -- _ - - -- X X X X -

Asttenna Switching Matrix X x -- -- - -- X X X X
(SVS 8891}

Noise Source X X - - - - X X X -

TDA X X ^- -- -^ -- X X X X

Downeonverter X X -- - - - X X X -

Integrated >rlect. Asst'.
(DC/DC, Dig. Cont. , - -- - - -- - X X X -
SGAT Processor}

Legend: X =Test was Conducted

- = No Test Conducted
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Table ^. 7.-2. Initial Functional and Baseline Tests

r Pre-Power Configuration

Ground Isolation

Continuity and Impedance Checks

GSE Checl^out

r Initial Power On

Interface Signal Verification

^ Operational Checks

Command Checks

Signal and Test Paint Evaluation

Telemetry Signals

Blanking Signals

555/LO Checks

ASM Phasing Checks

Calibration Cycle Verification

R. F. Levels

HVPS Checks

Telemetry Data Verification	 ^^ ^^

LNA Heater Test	 ^^' ^a

^ Performance Baseline Test (Nominal, High, and Low input Voltage}

Powex Subsystem
Transmitter Performance

Receiver Perforznanae
Data System Performance

^t^t^^.. ^^^^ ^^

^^^ ^^^^^
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Table ^. 1-3. SASS System Level Test Flow

• Operational Checks

• Functional Tests

o Performance' Baseline

Vibration/Shook

• Sine ^tesonant Search

• Random Vibration

• Synthesized Shack

e Between Axis Confidence Tests

Thexmal Vacuum

• Hot/Cold Starts

• Performance Tests

• Confidence Tests

• EMT (Conducted Emission of Transients)

s	 Final Calibration (25°C)

• HVPS Retrofit

• Final Confidence (i3° and 25oC)
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Table 4. 1-4. SASS Instrument - Operating 'Times

Item
No.

Drawing No, Description Serial
No.

("ornpleted
Deer, Tune

System
Time

Total

- 47>r235Q00GI SASS Instrument dJ732 - 325 Firs 18 11^Iin 325 Tlrs lA f41in

Al 47D2354GOP1 SSS/LO flfll 1(i2 [Trs G Min 325I^Irs 18 141irt 487 Iirs lt; Min

A2 47);23525UGI Il!;A At^sembly 001/JI38fl2 ^ 84. 1 Il ^s 325 Tirs I8 114in 40J firs 24 14Iin

A3 47IJ23510flGI HVPS fl(31/ddt}30 -;; 1flI Iirs I25 Iirs 3G Min 22G lira 3G A1in

A4 ^7D235458P1 1Q0 Watt TWT EM-1 778 Iirs 24 Min 113 Iirs 30 Min 8J1 lIrs 54 147#n

AG 47C23545IP1 TWT Input ISOL 4 12 Iirs i1 Min 325 Iirs 18 Min 337 Tlrs 18 Min

A7 47C235452PI TWT Output ISE}L 5

i

12 Firs ^ Mfn 325 Iirs 18 Min 337 ITrs 18 14[in

A9 ^i7);23545PI Ant. Sw, Matrix 2 80 Iirs [l Min 325 Hrs I8 Min 337 IIrs 18 Min

AIt? -	 47D23545GP1 Tunnel Diode Axnp G$12 I2rJ Firs 12 Min 325 Hrs 18 Min 454 ITrs 30 'lrlin
Item

4

All 47C235453P1 ISO Adapter 5 I2 Iirs 0 Min 325 Iirs I8 l4lin 337 Iirs 18 Min

Al2 47C235455PI Down Converter 3 51. Ilrs 7 Min 325 Hrs I8 Min 37G Iirs 25 Min

A13 47C235453P1 ISO Adapter G I2 Ilrs D Min 325 Iirs 18 Min 337 Iirs 18 Min
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4. 2 TESTS PERFOR11Ilri7 AT Ll'ISC	 '^

A

a. 2. Z SASS TESTS {FNSTRUM^3^T LEVEL)
Bench Acceptance Test - A confidence test (past of SI 250046) was performed at LMSC after the Scattero-

meter had been uncrated, mounted on the handling dolly and connected to the STC/R55 [System Test Con-

sole/Return Signal. Simulator). The successful completion of this test cleaxly indicated that na damage to

the SASS instrument had occurred during shipment.

Transmitter Tests - A field retrofit, with QM-1 TVJT and HVPS ^2 replacing EM-1 TWT and HVPS #1

respectively, was made,

Following the retrofit, a bandzng checi: was made on the En2I shield and connectors as well as on any com-

ponents that had been disconnected during the retrofit.

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

functional performance. The transmitter calzbratian portions of 8I 250046 were also performed to pro-

vide afinal set of data for the P, I, algorithm.

The last test terformed at the SASS instrument level was thermal vacuum..
.'.^ _ E>^C^a 4 I4_	 '^^' T,

4.2. 2 SASS TESTS (AS PART Off±' 5E^SOR MODUS_	 - ^	 ^ -^:I
^.

The SASS tests performed as part of the Sensor Module included a review of the Test Procedure, 'support

at the test facility and a past test data review, all perfarzned by SASS sensor personnel. Table 4. ^-1

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

Table ^4.2-Z. Test Sequence (Sensor Module and higher Levels of Assembly}

• ^ Mechanical Fit Check

s Sensor Integration Test
s Baseline Systems Test
• EMI Test
s :t^QCC Compatibility Tast

s RFI Test
s Acoustic Test
a^ Thermal TJacuum Test
• Baseline System Test (Pre-S#^ip}
^ Launch sire Tests
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GROUND SUPPORT EQUIPa1^SElv'T

Figure 5-3. sumrnarizES the Electrical and Mechanical equipment associated with the SASS development.

Figure 5--`? indicates the command and data portions of the STC/R55 while Figure 5-3 is a functional

block diagxa^n of the return signal simulator and transmit power monitor. Also shown in Figure ^-2 is

the JPL Blue Box. This box stripped the SASS and other S^ellsars dais from the spacecraft data stream

and fed it to the respective GSE's. When the 1 °Blue" bax was connected, it performed a monitor funetian

onit• and no control of the SASS instrument could be exercised by the STC /RSS. With the "Blue" bax in

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

a anagnetic tape recording of the SASS data streaxzs.
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SECTIO1tiT &
SOFTWARE DEVELt^PMENT

The softteare for the SASS instrument can be separated into five categories. They are:

• 5A5S Corrected Data (Engineering units)

s PR and P,I, Algorithm (With Statistics)

• Field Test (Data Compression)

• CJperatianal TLM (Health of SASS lnstrument)

^ ^ Operational (Science Data)

SASS Corrected Data !E'x^t:ineerin^ I7nits) -The software associated with 'the SASS Corrected Data is

desarihed in PIR 1JL6-JH-452, Figure B..x flaw charEs t3tis data from 't'^e raw data stream through to the

foz^zxatted output of corrected data in engineering traits.

Figure 6-2 shows one data frame from the SASS Instrument, T'he data is grouped functionally to include

Status, Science Data, Analog Housekeepixzg Data, Instrument Internal Temperature Data ar:d Antenna Tem-

perature I}ata.

PR and P^, Algorithm (With Statistics) -- The Algorithm for x''R and P^„ Power received and Power txans-

initted respectively, was jointly developed by GE and LARC, The maj rarity of the test data xeduction,
inclsading statistics to evaluate sensor perfaz^^naaae, has been done at LARC, PIR 1JLB-JH^29 describes
the algorithm and identifies the terms and is included as Appendix I..
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Field Test Data ^3]ata Compression) -- 5,958 Field Test Data was reduced using data cozopressiox^ tec3aniques

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

c

SASS Sub-Deck 1-1

55700 Mode 1

SS701 Mode 2

SS70Z Made 3

55703 Mode 4
{

55704 Mode 5	 î

55705 Merle 6

55706 Made 7

55707 Mode 8

55708' -Made 9

55709 Mode 10

SA55 Sub-Deck 1-3

SS763. SIT PWR

SS762 Input Du^ent Trip

S5763 Undervoltage Trip

SS764 Bodq Current Trip

55765 EF

55766 Ig

55757 Tyi

55768 IIP

SS769 HVPS Input Current

SS862 7F

SASS Sub -Deck 1-2

SS711 Polarization

5573.2 Left/Right

5573.3 Ft^fD/AFT

S5"r'3.^'^ LO Fred. Sel.

5a,^i5 H?. Freq	 Sel.

5S772 LD P47R

SS773 MOD PWR

55774 ^T Channel PS+IR

55770 LO Laap Lack Status

55771 ^IIT Loop Loek Status

SS779 Rec. Protect

55854 Sub. Com . Count

SASS Sub-neck 1-4

SS775 1Tpcct^r;^arter Biss

55776 TDA 1 Bias

55777 TDA 2 Sias

58778 TDA 3 Bias

55781 DC/bC Conv. -F 5 V

SS782 DC/DC Conv. -h15 V

55783 DC/DC Conv. -15 V

55785 DC/DC Conv. - 6 V

SS786 DC/DC Conv. -h 6 V

SS787 TH. Ref. ^rI

SS7'88 TH. Ref. ^^2



SASS Sub-Deck 1-5

SS716 CH1 Gain

55717 CH2 Gain

55713 CH3 Gain

5571 C^I4 Gain

55731 C^I1 Signal -+• Noise

55732 C?i2 Signal •!- hTai se

SS733 CIi3 Signal -^ Noise

55734 ^rli4 Signal + rToise

55746 ^?i1 Nai.se Only

55747 CH2 Noise Only

55748 CH3 Noise Only

SS749 C?I4 Naise L^nly

SASS Sub-Deck 1-6

5572] CHS Gain

55721 CH6 Gain

SS722 CH7 Gain

55723 CH8 Gain

55735 CH5 Signal -!- : •raise

55736 CH6 Signal -i- Noise

55737 CH7 Signal a- Noise

55738 CHS Signal -^ Noise

SS75O C?i5 r?o^.se :ln1y

55751 CH6 t?aise Only

SS752 CH7 *Iaise ^Jnly

5S7S3 CTlB r?oise Only

?) F .	 Y	 9

SASS Sub-Deck 1-7

55724 CH9	 Gain

S57ZS	 CFI10 Gain

85726 CH11 Gain

55727	 CIi12 Gain

55739	 CH9	 Signal -^- *raise

SS74O	 C?ilO	 Signal ^• *9oise

SS741	 C^I11	 Signal -F *ioise

55742	 CH12	 Signal -F Noise

55754 CK9	 Noise Only

SS755	 C?Ilf1	 'Inise Only

S57S6	 CH11 '?aise Only

55757 CgI2 Naise Only

SASS Sub-Deck Z-8

SS728 ^H13 Cain

SS729	 C?i14 Gain

55730 CH15 Gain

55743	 CH13 Signal ^• Noise

55744	 CH14 Signal -t- Naise

55745	 nFi3.5	 Signal -F Noise

55758 C313 Noise Only

55759 CHl4 'poise Only

SS750	 CH.15	 Eloise • Only
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SASS Sub-Desk 2-1

55789 Baseplate RT 3, 5SS/LO

SS790 Baseplate RT S, TWT Gun

55793. Baseplate RT I4, TWT Coll.

55792 Baseplate RT 7, HVPS, LHA

55793 Baseplate RT l7, HVPS TWT Coll.

55794 Baseplate RT I8, SSS/LO Dig. Cant.

5S79S $aseplate RT 5, Gun

SS796 Baseplate RT 10, Output Port

SS797 Baseplate RT l6, Coll. Plate

85798 Baseplate RT l3, Output 3:S4

55799 Baseplate RT 9, 33VP5

85800 Baseplate RT l2, ASM

SASS Sub -beck 2-2

SSSOI Baseplate RT I, SS5JL0

55803 Baseplate RT 2, Upconverter

SS804 A/D Converter

55805 Baseplate RT I5, Noise Source

SS80b Baseplate RT II, Directional Detector

55807 $aseglate RT 4, 1st. Mixer

SS808 2nd. Mixer

SS809 ^	 Baseplate RT 8, TDA

55810 Crystal Filter P6

5583.1 Crystal Filter P3.

55812 Crystal 3?filter Pl0

558I3 Crystal Filter Pit

SA55 Sub-Deck 2-3

SS814 Ant . rl Temp . ,kl

55815 Ant. ri Temp. ,^^2

55816 Ant. ^rI Temp. ^3

SS 8l7 Ant . ^^I Temp . ^^4

SS8I8 Ant . ^,•̀I 2`emp, ^,`5

55819 Ant . ,^l Temp. ^^6

SS 820 Ant . ^kl Temp, ^^7

SS821 Ant. ,^l Temp. ^^8

55822 Ant . ,^I Temp. ^^'9

55823 Ant. ^^I Temp. ^^IO

SS8l4 Ant. ^2 Temp. ^I

SS 825 Ant . ^r2 Temp . ^^2

SASS Sub-Deck 2 -4

55826 Aat:. ,^2 Temp. ^^3

55827 Ant . ^^2 Temp . ^^4

55828 Ant . ^^2 Temg. ^^5

55$29 Ant . ^'2 Temp. ^^6

55830 Ant. ^^2 Temp. ^fi

55831 Ant . ^^2 Temp. ,^^8

SS$32 Ant. ^r•̀2 Temp. ^^9

55833 Ant . ^^2 Temp. ^^IO

55934. Ant. ^^3 Temp. #I

S 5835 Ant . ;k3 Temp . ^^2

SS836 Ant. ^^'3^ Temp. ^^'3

SS837 Ant. ^r^3 Temp. ^^4



SASS Sub-Deck 2-S

SS838 Ant. ^r3 Temp. ;`5

55839 Ant. ,^3 Temp. ^^6

55840 Ant. ^'^3 Temp. ^^7

5S84I Ant. 7r3 Temp. ,^^8

55842 Ant . ^^3 Temp . ^^9

SS843 Ant . ^^3 Temp . ^^ZO

SS844 Ant. ^^4 Temp. ^^I

SS845 Ant. ^^4 Temp. ,^^2

SS846 Ant . ^^4 Temp . ^`r3

SS847 Ant. ^^4 Temp. ^^4

S 5848 Ant . ,^4 Temp . ,^5

SS 849 Aut . ^^4 Temp . ^k6

5AS5 Sub-Deck 2-6

SS850 Ant. ^^4 Temp. ^r7

SS851 Ant. ^^4 Temp. ^r8

SS852 Ant . ^^4 Temp , 7r9

55853 Ant. ^k4 Temg. ,r10

SS85S Spare (0)

55856 Spare {0)

55857 Spare (I) I5 Cnts.

SS858 Spate (x) 15 Cnts.

55859 Spare (0)

55860 Spare (0)

SS86I Spare {1) 2S5 Cnts.

55863 LO Gain
GhD REb.

^^': ^,

SA55 Sub-Deck 2-7

SSS64 LO Gain GISD RED.

5S865 XM2T PWR RED.

SS866 XMZT PWIt RED.

SS86I ACT P4.rR RED.

55868 ^i2T PWR RED.

5S869 H2 Gain GAID

55870 HI Gain GN13 RED,

SS871 H2 Gain GIQD REb.

55872 ^T Gain G^iD RED.

55784 T.0 Gain .^i1D

5AS5 Sub-Deck 2-8

LAI2I Baseplate Temp. ^F1

7rAI22 $aseplate Temp. ^r2

I,CIOI Tlnregulated -t-28

LC1I7 SASS X28 ReguYated

LC135 SASS Current

55873 Sync 346

55874 Sync 502

55875 Sync 427

SASS Stzb-Deck 8

LCx35 SASS To^a1 Current

Lcxs^ Ma^;;^mum

LLY.35 Miaixnum

LCx35 Mean

LCx36 Sfiaz^dard J]eviation

}
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Gperafa.onal TLM (Heap of Instrument} -The soft<vaxe for the Operational TIM, Health of Instrwnent is
being done at fhe POCC (Project Operations Control Center} at GSFC. The SASS associated software
includes the following data:

.^	 • TLM Page	 - Sensor ON/OFF Status

• Quicklook, Page Y	 - TWT Parameters

•
1

Quicklook, Page 2	 - Scatterometer Systems Status

• SASE, Page ^	 - Status Data

•i SASS, Page 2	 - Anaiog Engineering Data
i

• SASS, Page 3	 - Internal Temperatures

• SASS, Page ^	 - Seienee Data

'	 • SASS, Page ^	 - Alarm Parameters

• Scatterometer System. All ]]ata Snapshot

A snapshot of each of these pages is included for information purposes.

}
M ^	 ^ '
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11ICKLUOK PAGE. 2

i1r^d:UUi/ rJU	 SYS I 	 (.U7 PPGH:— .Y^r 4UC) SUIa:t^U CMU AGC;178 GMI•-17.2:1?':48:14
.	 r'rtl:	 Nts	 rJUALiiiUUU Rt,LL=. i ^h y '37 ta t±5	 VLT:Z7,5U Cr•tU	 EXC:15Z SCI-UG^:U,^:[i5:1^

5^2t.L:1'r11?E YAr[: rv.A. !}IF:^:.A. rv,u. MEM;EPlA}ILk FKAM^ ULrciuUyy

t^Atut:	 }ti	 LIUIG ^.uUrC
^.

I^ut,^	 2 St:faT?EH{1MFT^; rt SYSFCM STATUS_
I[vUUT	 C^JHk^NI f194 +vr'S UuU34 [•;UL}^ H r+yEL {[0141

•	 +Z8	 VU1.15	 Kf:t	 P5 ZFl.114 Vu1wT UU14 y '^UUE 9 5EL DpuUO
1WI CAiHUU^ VULT -[^.UL3 KV UU^^1 yTlkhrUHY 5^L Ur)Ui?U

TwT ^CATriUI^^	 i.UHR 56.U^u MAMP uU164 UC/UC CUi^^3	 STAT UPI UQllb
fwi	 t3UUY	 CUrtrtCNT 5. f157 hiAMP UUub9 UCIUC CU^v^k	 SFAT UFF Clr)Zlti
I{lh NUMN CURFtEN1 — .U5Y8 UAMP UvurJl UC/i)C ;5V CUrvV S.Ue^T7 VULT UUSZZ
tiVt'S	 IiVPUT	 (.URK 2.4312 At+'rP5 uu^89 UC/UG +15V	 CiTruV 14.9fU VpI,T DU51Z
Tr[T	 FEI.	 CURfZtwNf 1."+894 AMPS Uui75 UC/ifC «!5v CUNV —14,y# VULT Dt)Z^1Z
r1[[u^	 1 I,l5EL U[ilyl r1G/UC -6d	 Gr]rvV —5.9f6 YULT UU2'S4

^r^'iUUF	 z b^L UU141 UC/IJC ^6V CC[NV 5.9648 VULT OQ51U
^^	 rsUiif	 3 cvSEL uU1^31 1KAN5^1T Puwi;k lU1.Z7 HATT uU.^39

MUC^s;	 4 NS^ L UU191 KCV[t PrtUl	 CKT	 ST PRCIT UUUU4
.	 MUt^E	 5 NSrL uUlyl INF^rJT GUF2K TRIP rvTRN flC)UJ4

ntrr^lF	 6 NSf:I. UU19} UrdDERVULT TRIP NTHP UgU04
Ml]L3E	 7 NSI~L. UUlyl HU^IY CUftkNT	 TRIP NTRP UU191

;.
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^M r̂ !]L	 (, lVSf:L ^,01^# F3l7DY	 Cl1i;R	 Ti?IP N7Ttl^ n[+i91
t^:[)l1i	 T ^ISEi_ =	 tittl47 tlVf`T3'f	 CtlRR	 3'R1 p h^Tl'T= ©[,pr,^^
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NN SASS PAGE 1

cl^^;claoucl S`^s: co7	 la^•c^+;^.=^^r,uT^ 5u^:^n	 •^:^JO ncc;l-r^ rlrT-122:}7;bE]:25
( ? Ri: .i^FS	 tJUAL:G40i1	 Rt]!.i~:;l3 r► 5837	 F1lS VCT;z7,t=^	 CbIR t:X£:15^	 SCI'-tlt)1:1,^:Q5:32



5AS5 PAGE 2

ORa:[;aaU q SYS: C{]7	 P1^Ch;—,^^57_s]r^ 5UN:ND	 Ch+U ACC:]7t1 r=i•^T—].^2:1a:n7.3^
R(21; I^if	 Qi1AL:G[1DD	 R[iLL:.C,t)577C	 E;!^; ^ILTt7.7,5^1	 CttJ EXC;;SZ	 ;C l'—Oi1^tcJ7,U5;1t+
SrICF.;T'1^f^C Yr♦ W:	 f^.A, I'T^:N.A„ N, A.	 I•iFM;ENn[iL^ rrn htE LOCK;tt2znn
PAGI: 25 5n$S PliGE 7	 ANALOG Cr^GTNC[[tING

[:nLl i3 r:nTE:	 STA]'US KCAL pt)^?t)^^ Ut:/UC +3V Cf]n!V 5.i^f,^2 VDLT nt^SZn
STr1rdU13Y SE:L t3[)r;(.'E] DCInf: +15V CDNV i^i.tJ7^^ VOLT t)U ^lZ	 ••	 -
^'I^IT" CnrHilp i=	 VOLT -13.077 KV rsn2^c^ E]C/DC	 -I5V CEaIdV -^.ti.4rr VDLT Q0^9,^
TwT C1lTI^i00r_ CURB 55. ?az r^ltsr^p g U1G3 DC/DC -t5V CDNV -5.^5Z VQLT r^ttZS.:;	 —•---_____..
TIdT	 i3Lli7y	 cUrlrtrN'f 5.'!`^^9 I•t,lt4is pG^7t3 t}C/t?C +fiV CONV 5.°Gf,p VQLT g05Ir^
ION	 i^tJt•1E^	 CUrlIZi:NT --,(^5^8 U:Ih+p f!t?^.3I)r UP CDNV DThs .Ia^lfi() VDLT t}(1^1^r	 ^---	 __	 ._.._..
HVI^J	 INnUT CUEl^Z ^,^a4.! Z Att PS UG7^(1 TDn S fAG^ 1	 RIAg .14^i51 VDLT t)()3r^F3
T'k'T	 FIL	 CURttI:NT ] * /r`14S n t"^S t1r^37G TUA 51'AGf z DIAg .I5^J5^ VOLT ao3 ^if}	 -	 _ . .
Tr:ArdSMIT	 PU^E^I! ]UI.7.7 wnrT n^334 TDn STnGC ^ [31n5 .1(,75E^ VDLT r7U357
r,.pCAL DSC pDWCR 1].x74 Ut3tr V035tT - -•- Tiri_I;rtiIS'^'DR	 !?f:^	 l 5^Jct'r3 ^ V p LT t)052Z^ •	 .._._	 ._	 ......
"^D^?Ctt,ATDI'.	 PQW!~E2 ,^1.]^i4 [}EF1 ^^[14 p t] TIlCI?.hliSl'DR	 ^?^F	 ^ s°.09'lG VDLT Qit52i
X^^1 I T	 DK I VG 17. X32 U.Bh4 ^a391 ^	 - -----	 ..	 _ _^___ -^---	 _..	 _
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^5AS5 PAGE 3

!,Il:Grt;c)rrr;ri	 SYS: C07	 I;TCr^:--,')5?.Urr	 S.r.;P^iil	 CJ^ti ACC:^7t!	 Grtr^j^c^:l^r':5'I: ?.1
PI^1; i a f3 -	 GJirI1SL;Gt][)D	 1;7LL;.C, g 5^7JS	 J:Ir; :=i.T;7.7.5u	 C;•4D CxC:I.3Z	 SCi'^CEJI:c,Z;nS:ln
SEtiCf_:TAi^k Y'rtt^:	 N,11. PT[;I^l,Ti, nl,,l,	 t^11_Ff:CiVll[3L.0 f=ttl+hiE ^(]CK,[117=,6
Parr	 zc, sn^s	 ^^^^	 ^	 Ttr^ll^[Itn •rfJl;fs _ _	 _.

CAI_ 1 f3f:/ITF	 5 •i'Ai''U5 NC i1 L ; il^ r^r} fr f` l It ST	 h31 XCI: f^.^t.[ 1 ^T REGi^,., pU 71
ST^ NUijY tif:L f:t).'^1t7 SECr):^)D	 i^1KCt^ 17.3ri3 [lE:6C flt^5fif3
7't•!T	 ^ 5.?.^f63 U;:GC fd^^ts c }^ TU!! 3a.^sU'u DEGC UUrr17
t'ult^	 ?. 7..'^.t7^'7 La{'i,C t.t;.•^;rl XTItE,	 I= it 1£R	 f> 1	 ^ ^5. lr^Fi DEGC t) r)/t9^	 --^-	 ---	 -•-•
1'f'JT	 3 ;?,"lt^='j {)[:GC r;•;It:i^1 XTI',L	 fFlli=lt	 PG z1.U11^` DFGC 1]i15^i^}
CtE11'I'11 •{'	 tSt3 ^.CiRf;4 i}f^iiC i:C714 XT1lL	 FiLTC{;	 t^ji} ^G.[tlt nrGC Q{1/i95	 ...---__
'MI Vi'S G.lUUy^ I)f.GC i^U711 xT^L.	 riLTCI'.	 Pl2 2^i.1,55 DEGC nU516
A	 J•1 .7filhl taCGC ^:t)73e= l3flSCt^LAI'C	 ? 4T73t19 DCGC rfU72Ef	 -	 -. _	 ..	 _.

SSS/i,C ^:.4f^] 3 L}E:GC (^i1G +̂ 4 t3A5f:PE_/! pE	 z fr.2?;sS []f=GC t1U7ts1
t_ I N~Ca^rvl'i?T{-R 4•,^r?_t]n !)[GC nt^731 [IASuPIAfC	 :3 r.4?:33 {)CGC g U73i	 ....----	 .--_._
C.!{^	 {:[7?+V{-R!'f:fZ 2U.r► 77 I. 1 1'CC {: :i ^i tr^r LzA5f:PLlt {'f 	 ri 7.33'!ti Dt^6C tlU7fr3
ra^^I^,C	 ;,CrLlliCi= 1,4`^l8 ;}E.GC r^tt7;F! L]ASt{^LAI'^	 ^ 3?f^7n5^ DEGC t}U7r)6	 - -	 -.
fr iR^U(= t CCT©ft 3 , r+55^ UCGC r: p 7^:U E1r15EP! ATE	 G 5.f155 ►̂ I]EGC Flti7^5
^,r'•.S5	 lily 	3"f:PiPrfi[ 37.1?.^: L^CGF npitt^ Sl!$$	 61'	 TCEdP#Z ^Z.71^ DCGF 4U17z1	 -

Limit 14°Ii >~a 133.°I' --	 ^ ^ - ^ -- -	 --	 -
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5A55 PAGI: ^

[lkEc;uUUUU SY5Y GU7	 pTCN^—.^35^UU SUra.:.it]	 GrtU u CCm17^ GME~12Zt17:57tzti
4^it1, ^hr 	.El1Al.![iUUU RUt_L:.bt15zT$	 t3US VLTtLT.Su	 Gf'rl] EXCm15Z	 5Cl—UnittlZ:05tlt}
5r;i:t=T &PE , Y4sv! N.A.	 Piy:W.A.	 i+l.A,	 Mt^iENAE1LE FRAME: LUCK:t}17b4
PAi+E	 Zt 5A55	 Pt[t,E	 4 SCIENCE DATA

rit]UE 1 N5EL uU 191 PULAK 1 LAT I11t'd HH U09i)4

MC^tili: Z SFI_ u[}1^?1 I.EFTIFtIGHi	 ANT ttITE (lU9Qk
t^IUUE 3 iVSI:L uU19! I=UkEIAFI	 AtVT AFT UU9t)4

MU[}E ^. NSEL UU191 GAIN CH4Ni^r•:L	 i^l GZ Qt)5I2
MIJUE 5	 -' NSkL UUIYI GAIN	 CHAi+iNEE_	 ak12 G1 UQUt]U
t•[CfUE 6 fdSEL UU191 [iA IN CNANI^EL X15 G1 flUUUt)
MI?UE 7 N5I=L UU141 SIG+rVt)IS^	 Ct`1	 #1 .4H875 1/OLT t7t?U5U
MiJOE 8 N5EL Dul'^1 SjG +NOISE CH ^1^ 1.17^U YflLT ±}U1^U
sy Ul]E 4 Si:L UUUUU 5lti{NO15E	 Cht #15 ^.98[iL Y[]LT Qp4[i8
rlE]I_^E 10 STtiY UUUUU NpISE	 CtNLY	 Cri^l1 .b451b VOLT U0U66
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O eratianal (Science Data} -The Operational. Science Data processing is being handled by LARC and JPL

and will not be discussed sn this report.
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SECTION 7
QTJALTTY CONTROL

^^f^a1^^i^. ^;^^^ G

^^ ^^^ ^ Q^^^^'^t'

,^ 7. 1 QUALITY PROGRAM

The Quality Assurance Plan described in decument SASS-DRL-Q9 is the quality program performed by

^.	 General Electric Space Systems in the performance of the SeaSat A Satellite Scatteremeter (SASS) co^ztract

i	 qualit3^ requirements with NASA/LARC. The quality plan meets fibs infiettt of NASA ReliabiI,ity and Quality
Assurance Publication, N'rIB5300. ^{IB), "Quality Provisions for Aeronautical and Space Systems Con-
tractors" as amended by Fxh^bit 5 to the Statement of VJ'ork. The Quality Program provided c p^ttrols that
resulted in delivered end-items that znet contract requirements as proposed thr^gh aIl phases from de-
sign, procurement, manufacturing, integration and test of the SeaSat A Satellite Scatterometer:

7. ^ RELIABILITY
..-	 3	 1:

The SASS Reliability Program Plan described in PIR--U-13J:2-JH-1'^I in the program complied with by GE 	 ^ x
!	 ^^to meet the Statement of Work requirements for the SASS program. 	 xl

7.3 PARTS

The naxts and materials lisfi was prepared and delivered with the SASS as parfi of the End-Item Data Pack-

age (SASS Historical. Logbook).

r.4 NON-CONFORMANCE HISTORY

7.4.1 WAIVERS/DEVIATIONS SUMMARY

Number ^	 Description Submitted :At^praved

001 Roll Swaged Terminals on PWB 12/]2/7B 3/3.4/77



7.4.2,^^FAILURI;' ANkrxF^YSiS REPORT (F. A. R.) SUMMARY

Failure
F. A. R. ^x^ Descri^pt9.an	 Status

'!
':I

13.63-SAS-01 NR.44381 HVPS #1 -Cathode/Caitsctor Module	 Closed Dut

1189-SAS-02 NR4B881 HVPS #1 ^- Cathode/Collector Module	 Closed Dut

1ZT3-SAS-Q3 UUZ HVPS #1 - Gx^,d Converter Math^ .e	 Closed flat
y

1183 -SAS-Q4 Q12 Texuperature Sensor 	 Cl6secI dtit

ZZ86-SAS-45 OI3 IIVPS #1 -Grid Converter Module 	 Closed Out
I
i	 1183--SAS-QB Q21./022 YEA - PRDM Microcircuit	 Closed Out
R

^	 1194-5A5-(37 42Q/023 SSS/LO - Tn#eraal Broken Cor^neetion 	 Closed E^ut

-E

T. 4.3 SYSTEM FAILURE SUMMARY

No. of Failures
Unit Reuuixing' Rework	 a Test

HVPS #1 2	 a.	 Initial System. Integration	 II
b. Thermal Vacuum

IEA 2	 a.	 Initial System Integration
b. Post Vibration (X Ass)

SSS/LD 1	 Post Vibration (Z -Axis)	 a
•	 i

Thermistor 1	 Initial System Integration

'	 Connector 1	 Initial System integration

`	 ConnECtar Pin ^-	 4/FA Functional

System GViring 1	 Initial. System Integration
(Drawing Exxor)

_.

LNA Heatex Elements 1	 Initial System. Integration	 • .
(Test Errox) -
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r. 4.4 rAILURE CATEGORY.' S[7M11'IARY	
^..rt,^.^.u.^^ 

^^^^ ^^

Failure Categories

Test
Top	 TESL Dwg.	 Regent, Defective

'	 Assemblies	 Method	 Instrumentation E^rar	 Clean a	 Deli Wnrl^ar^shiP Part

SASS	 -	 J. 1	 6	 - 1 1

HSrPS ^I	 -	 - -	 -	 6 .. ..

HVPS 12	 -	 ^. w	 ^	 2 - -

IEA	 -	 - 1^	 -	 - Y 2

SSS/LO	 -	 . - -	 ^	 - 2 -

LNA Temp.	 ^.	 - -	 -	 -
G ontrol

Sub
Assemblies

PVJk3, IEA	 -	 -	 -	 1	 1
(47D2353Z5)

112odule, HVPS	 -	 -	 -	 -	 ^	 Y	 -
(4'7D23511^)



Item nravfn Test Level
FIR Ha_
H^No: i3 scrf tfon of t7oacnnformance Summer

SASS 473235000 System 001 FIVPS net responding Co the "Ot^P' HVPS module, Grid Hadulatar
46814 command, (47D235II0) defective.	 Failure

due Ca arcing.	 Design changes
faenxpaxaCed.	 ReE, Pailuxe Aaalyaia
Report ^1I73 SASS-03

SASS 477235000 System 002 R,F. envelapea verified, but ,16AI Board (47D235291) of IEA
4G818 vary erraCie, failed.	 Failure caused by a

de#ective Azl ehfp (SNC 54LSI74WO0).
ParG.replacad.	 Retest OR.	 Refer
to PTA 1,,x,6 SI{-542.

SAS.' 473235000 System 005 LHA Beater Elements (RTL and Test method error.	 Test modified
47027 RT6} over&Grassed during L2tA in SI 250046,	 RT1 sad RTfi replaced.

heaCer dteck.

SASS 47323SOOD System 006 IEA Data Update nut-a#-spec Zntexmittent connection at cannectar
46825 of AS module a# TEA,	 ALl cannectiona

reinspected and tarQued.	 ReteaC DK.
ReE. PIR u-1340^7H-547 and U»LB40-
33-SST.

SA55 47723SDOD System 010 RHIT poster TL?i reads zero. Unit wired inenrxecCly due to draviag
47031 errmx.	 Drawing earrecked,	 IIait

revarked and retested OR.	 Ref. AtT s
47A23SD01-3 and 477235020-4.	 ALso
Ref. PAR 1,TL6SH-555.

SASS 477235000 System 012 Output isolator temperature Thermiatnr RCL3 found Co be sharked.
47035 TIFF measures xera on data Ref. F/A A^1183-SAS-04. 	 A#ter revatk,

stream.	 Spec is 477 to 557 retest OK.
CallnGa.

SASS 473235000 System OIk MuLCiple out-af-epec readings. Test procedure changed.	 In all caeca
47038 all data in spat.

SA55 473Z3S000 System .015 Paster measurement was out of Caused Toy fmpxoper test-aetup^ after
47039 spec (LOW), correcting problem power measured in

spec.

SASS 477235000 System Olfi Y^fultiple out-af-epec conditions Test procedure changed. 	 In ail cases
47052 on 1713 Gea4rerature channels all data in spat.

SASS 475235000 System OI7 Hultiple ouk-of-epec readings. Teat procadut:e changed.	 Tn all coxes
4649fi all data in spec.

SASS 473235004 System OL8 Out-af-epee power measuremanta, Test procedure changed,	 Yn all caeca
46447 aLI data in epee..

SA55 477235040 System 019 Iatetmittent indication of out- Problem due to defective canaactor
45498 put isolator temperature TL'{.. sackeL on Pin SS .of A832 of IEA.	 Pin

replaced and recent was OK,

SASS 473235064 System 020/023 Failure in SSS/LO (k7D235460) Caused by internal broken connection.
46499 during peak vibration (2 axis) Ref. tp F/A ^1I44-SAS -07 after revatk
47I1L confidence teat. - unit retested OK,

SASS 477235000 System 621/022 Ho . oueput dace from IEA Caetsed by 3aterttai canteminetfnn in
46500 (47E235250) during past microcircuit A8 (R9282P29) on .the
-47110 vibration (7C axis) confidence A2A6 P.S7.B, in TEA.	 Ref.:£/A X1193-

teat. SA5-46,	 AfCer repiacemenC of defectiv
part XEA Castel OK,

a	 'i
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7.4. 5 •FAILURE SPORT SUiN1MA:RY

Failure Repnl^: 001 to 013, Iuitia]. 5ysteTn Integ'rati..nn Testing

•	 014 to 030, QuaTi.ficatiozl aril Fligist Acceptance (Q/FA; Testing

. , ^', ^ 031 to 033, H'VPS #2 Flight Unit) Testing
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Item Drawi Teat Leve!
FR No.
H A No. Deanri Lion of Noneanfmrmanee Summary

SSS/LD 47D23S460 Component Od8 Multiple aut-af-spat coaditiaas A11 items accepted by change to
46829 measured at vendor prior to delivery apecificatiaa.	 Ref. AN SVS-8890-4

to GE. cad 47D23S45p-3.

S55/LO 47D235460 Component d24 SSS/LO failed pest Vihratian test Caused by defective board asaembiy
4683D (unit uas being retested after and inadegwte burn-ia df AF

. zeWOrk for F/A $023}, 	 The trans- Cavity t^hieh vas•replaeed pre-
" mister pacer monitor began to viahaly.	 Ref. to vendor corrective

vaseillace at approximately !0 actinh Iettez L/R 292 after burn-in
minutes into the teat, oleo AH sad replacement of board unit
indication of phsae lack loss wsa tesCed OK.
noted.

Module 47D23511D Subassembly D13 Grid Madulatpr failed inaulakian Caused by patting ccmpoupd adhesion
{HVFS) Module 47D49 resistance post pot feet. internal to module,	 Ref. P/d

X1186-SAS-OS.	 Part ncrapped after
analysis.

Module 47D23S1I0 Subassembly Oda Ely output act-af-spec sad could Aesiaeor A4 of Grid Modulator
(MVPs} 3^lodule 46817 sat be adjusted vith r^ecade box. Board Al (47D235118) faemd to be

cpea.

Open xcaistaz caused by operator
during removal of slccving.	 Haau-
faeturing glaaaiag modified to
inspect resiatar aftez removal of
alseving.

Pi1B 47D23S31S Subassembly p09 No output at Channel A. Cause:	 CRS defective - damaged
(IEA) (PWA) 47029 Chancel "8" canaat be adjusCcd. by prior removal during traublc-

ahoatiag.	 Veit rettarked; retested
0&:

PGiB 47P2353I5 Subassembly 011 Channel. "8" output intermittent. Caused by defective pulse ixans-
(IEA) (PW8) 47035 farmer (l7lfi, R9654P1). 	 Part

xaplseed sad retested OK.

a

i
i



Item Dravi Test lcvc!
PAR Ha_
R/R 340. Rescri tiara of nonconformance Sammary

S:15S 473295p00 SyaCQm 028 Metltiple cut-af-apec readings en Tcat pracedure changed.	 All data
4713fi tamp. TIM dating khermai vacuum now in apec,

_..

eaviraia+aent.

SAS5 473235004:.

i

: System -" 024 Raring thermal vacuum teat, several Cauaad by excessive inrush current.
47237 G5E power asspply krip outs tdefle HVl'S design change in booster circnit

attcmpking Ca enaliZe the Hi1PH, per AI4'3 478235100-12 aad 47A23515I-5.
Retested aatisfackorfly.

SA55 473a95noo System 030 but-af-spec tempezature TIM for TeaC pracedure changed,	 A!1 data
47121 Pl filter add A/D converter « nvv in apec.

AVPS ^1 47E23S104 Component 004 Ion isennp current Tlki valkage out - Excessive nano is ion pump (1'RH
4682rc of-apse 47D23S103) TIM circuitry.	 Reworked

ca AN 47D23SI03-S (capacitaz added).
Retest oY:,

I3VP$ ^l 47E235100 Component 007 QZ and Q2 failed during thexmal Caused 6y mfnar ivapiag. 	 I786igR
4702H vacuum test of HVPS. changes iacorporatad. 	 (A3i's

47R235Z24-2, 47D235239-2 and 47
k71}233104.4).	 Ref, PIR u-LTSZO-38.577.

Hv3'S ^1 47£23SI00 Component 025 Filament curtest TI2S iadieated Caused by variatloas in awitehfng
477.33 excessive drifC during amhieat speed in Craasiators QL and Q2 as

teak of 7iYP5. A2 beard (47R23SIO2).	 Q1 and Q2
changed to 2n1983« 	 Refer ko. AN
478235102-5; aad P38«Ili2Q3DE-S77.

HVPS ill 47E23SI00 Campanent 026 Hiner looping sated during ambient Caused by inadequate design in the
47134 tearing of }iVPS, boost tranaiator Circuit. 	 Resign

changes implemencad. 	 Refer to AN's
47AZ3SIZ4.2, 47D235214-2 aad
47A23SIC4-4.	 After rework unik
retesCed OK«

HVPS 41 47E23S100 Component 027 During apeciaZ teat at high temp., Terminal block ropiaced; retest OR,
47135 fluid from the high voltage test

probe £laved rata terminal 61atk
ao« ! (externs}, to HVPS),

HVP5 ^2 475235100 Component 031 Efnable to ad^uat fflament current Q! and Q2 (JTX2N7.&9J} on A2 boazd,
k71S5 aad voltage to l.55A and •3.18 7N. 47823510F, net switcFtiag properly.

(V^ Sat. toe high)

Installed unacreened 3Ati2NIH43
transistors.	 Retested OK.	 '

Haiver Request (fl04) for use of
unecreaned eransistazs, appraved
12/14/77.'

FiVPS 42 47E23SI00 Goapoaent 032 Z) collector 42 (E62 ) 1) Waiver request 005 appraved
47155 voltage out-o£-spec. !2/14/77.

2) ion puarp current telemetry 2) text procedure changed par SZR
ant-of-apeo. 4250048-Z; dais in spec,

3) cathode valtage(EK) out-of- 3) reaelccted select resistors;
apec. data in spec.

RY]'S 42 4782353.00 CamponeaC 033 Grid voltage EgK out-o£•spec by -	 Caused by arcing due to bursts
473.59 100-volts during thermal vacuum of autgaeaiag during thermal vacuum

anviraament (at -FSSvC). -	 Azc wuaed the 216 aadule of the
grid unodu].acar (47D23511{!) La fail.

Carrettive Action:
-	 Potted ehtire TH •1 terAinal
blag3c on the- RVPS,
•	 Cleaned T/V chamber.
-	 ^nctalled iait . gaiiges in chamber.
-	 3:nstslled witness mirrors in
chamber.
-	 ` Patted-inteznal H,V, terminals-
of TIV penecraciaa plate.
-	 Operated c^ith cold chamber walls.
-	 `Replaced failed. II:S module.
-	 Vpdaced 53: where applicable.
-	 Retested OK._
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DOCUIVI^ENTATION SUMMARY



SECTION 8

DOCTJIw2ENTATION SFJMIVIARY

8. ^. SYSTEM LE^rEL TEST DOCUMENTATION

The following documents 6vere used itf the SASS system evaluation troubleshooting and acceptance testing:

Dacuxnent Title

5I 250046 Qualification/Fliglxt Acceptance Test Procedure

^^

r
^	 TR-SA55-DUS Check ^A after A6A1 pWB Repair ^	 $;^,
^

TR 01 Preliminary Evaluation of A21/A10 LNA Thermal Control
,:,.

I	 TR 02 Inrush Current Evaluation 	 ^	 ^ ^	 '	 ^	 ^^

TR Q3 Evaluate FLT SSS/LO Perfox^aance itt fhe SASS Instrttuxent .^t
^	 TR 04 Evaluate Receiver Balance with Fore and Aft Local Oscillators '	 ^"

^j
TR a5 Evaluate	 /LO Telemetry. SSS ,	 I

C

1 Test Outline ^^^

TR 06 Inrush Current Evaluation {TR fl2) ^

HVPS Tarn-Oa (XMIT Inhibit ON} ^^

HVPS Performance/Quick Laok

TR 07, TR 08, TLM Data Evaluation and LNA Heater Test

TR 07 ASM Isolation

^^TR U8 Receiver Cal3bratitaa

i	 TR Q9 O$tain statistical, ixafarmatzon an SAGS Receiver with Normal Waveguide t^
`l

Texxa..inatirna aad wlfi^t a CTyqgen3.c Laad	 ^ fi
TR IQ A &; B

.
Evaluation Qf transients associated with. the H^^PS/TWT wken operated with fhe

^:

STC/RSS `,
.^

TR 11 Calibration of W/G test mani .folc^ ;order hfgh power operating condii^ons ;	 .
TR 3.2 Rngixeeering fi^netional test after SASS $as been canfi^g^tred for vibration 	

.^^

I	 ^

TR I3 Troubleshoot NR 46495 {Post 2-Axis vibration}



^^
i
I

^^
i

^,

'	
£.

I	 :I

^^

ORI FINAL ASSIGNED
TEST DESCR^TION DATE TAPE ^ TAPE ^ CDT ^

Bettch Test - Cryogeni.c Load 8/9/77 408 E^S61 01217

Pre. Env. Systems Test
Para. 4.2, 3, 2 - 4.3,14,14. A (SI-250046) S/25/77 377 None None

Pre. Env. System Test
Para, 4, 4.1 - 4.4.1.3 8/27/77 10272D None None

Pre. Env. Pars., 4.4, x.3.4 8/28/77 10285D None None

Pre. Env, Rec, Dynamic Range
Para. 4.4,1.3, 5 8/28/77- 1.028817 X502 17368
Duped 9 TRK Tape of the Above $/2fi/77 1fl288D 20526 02838

Pre. Env. Para. 4.4. 1.4 - 4.4, 1.1.19 8/29/77 10289D Noae None

Pre. Env. Para. 4.4, 3.3 - 4, 4..3.3.5	 .
(Ree, Baseline & Dynamic Range) . 8/29/77 10271D None None

Pre. Env. Para. ^. 4, 3, 4. I to
4.4, 2.3.8. G 8/30/77- 1.Q270D None None

Pre. Vib: Confidence 9/2/77 3308 None None .

Vih. After Z Axis
Troubleshooting per TR x-13 9/3/77 3429 Nane Noae

Pre. T. V. Canfidence.(TR 20)
'.and Room Amh. at Vacuum (Test#^) 9/28/77 427 04227 1.3.425.

Note:	 The- aiaove-tape was of poor quality ar^d the CD's' contained aaly the first 150 records.	 A duped
`..

tape teas made from which a aood.CDT ,was 'a^r.ade.

Duped tape of the above 9/28/77 04227 0.71.57. 15563

T, V. Test `1 - EMIT Pulse Shape
to Para. S. 3.2.1. P ^ .	 ^	 ^	 ^	 ^	 ^ , 9/2.9/77 ^ ^ .0^#1^84^ ^ 	 ^ . ^	 04184' ^	 Nnne

j
^.

e

j

;t

;.

_....
1.

...+_	 ^_

Document	 Test, Octtline (cont^dl

TR-SASS-A7	 Confidence Test with SSS/LQ Breadhaard, R f. F. R. ^02fl (N.R 46439).

TR-SASS-18	 Bonding 1^esiStance IVIeasurements

TR-SASS-19	 Functional Test after Rework of HVPS, XZjA and SSS/LO in preparation for Thexzrial

Vacuum Test

TR-SASS-20	 Confidence Test prior to Thermal Vacuum Pump-Down

TR-SASS-2^	 Traubleshocting, Crot^rbar Trip Problem associated with HVPS Enable

TR-SASS-22	 Continuation of TR21 in Temperature Chamber ^y (not Thermal Vacuum),

TR-SASS-23	 Temperature Test after Rework of ^IVPS (Crowbar Trip Problem)

Nate: TR-SASS-Z4 and TR-SASS-25 were tests conducted on the ^igl^t I^VPS and QM TWT only.

S. 2 SYSTEM LEVEL MAGNETIC TAPES

Belaty is a list of zna^netie tapes made during SASS System Level Testing,

,.

#^ {



..

O.I^.IG]3^IAL ASSIGNED
TEST 7?ESCRIPTION DATE TAPE # TAl?E # CDT #

l]uued Tape of the abave 9/29/77 04184 03021 10604

T. ^'. Test #2 (p°C} 9/29/77 0x982 01982 03707
fxaan 272:Z7:'a9:00 9/30/77 {3 files) (File 3 only}

t.,^ 273;0:37;15 (Goof. Test)

T,'L'. Test #2 (0°C} 9/3p/77 01831. 07.832 22509
fraxn 273 : 04:56:30 (3 files) (File 3 nnly-
to 373:10:1G :30 37yn.amic

Range)

T. t'. Test r3 (-^0°C) 9/30/77 02773 02773 17482

T. ^'. Test #4 (35°C) 3.0/1/77 02261 02261 .1.5346
(6 files} (Fa.^e 5 only

Dynamic Range)

T. ^'. Test #5 (55°C) -File 1 ID/1/77 02816 02616 18559 (File 1)
T. V. Test #6 ( 0°C}	 -File 2 10/1/77 02816 02A'^fi 22386 (File 3}
T: V. Test--(35°C) -File 3 10/1/77 p2f?16 02$1.6

T. ^'. Test ^8 (0 aC)	 -- File 1 10/2/77 02775 02775 None
T. V. Test Transitian-File 2 10/2/72. 027'75 p2775 Noce
T. V. Test ^9 (35°C) - File 3 10/2/77 02775 02775 Nane

T. V. Test #10 (550 )	 File 1 10/3177 '732 -1 EX07B Done
T. V. Test #11 (W10 C) File 2 10/4/77 732--1 Ex078 None
T. V. Test Transition File 3 732-1 1;X478 Nox:e
T. V. Test #12 (0°C)	 File 4 732 -1 EX078 None
T. V. Test Transition xo 35 nC -- File 5 732-1 EX078 None
T. V. Test #13 (35°C)	 File 6 732-1 EX078 None
T. V. Test m14 (Amb.) File 7 732-1 EX078 Nozze

T.'L', instrument Calibration 10/4/77 732 -2 EX077
Para. 6. 1. X^ (Fzle 1) 10/5/77 .732 2 EX077 195G5
Para. G. 4. XXX (File 2) 732-2 EXp77 16928
Paxa. G.2.h^^ (File 3) 732.-2 EX477 26633.
Para. 6.8,1 - 6 . 3.4 (Fi3.e 4) 732 2 EX077 16$79
Para. 6.3, 5	 (File 5) 732-2 EX077 . 3.5015
(Dynamic Range)	 (File 6} 732-2 ^ EX077 13979

TR023 Confidence 10/$/fi7 3.6488 Nane None
File x =	 0°C 10/8/77 18468 None Nane
File 2 = 25 oC 10/6/77 18468 Nome None

Receivex TastO LMSC with modified 11/9/77 17183 17163 04179 (Fire 3)
Returxs Pulse 08045 {File 4)

^zped Tape of the. al7aye ^ X1/9/77 ; 1.8183 14620 Same as above

Note: O^•iginal of above tape was sent ^o Laugle^.

Cc-.^.dence Test afiter AUPS
..	 ,	 .

1.2/21/77	 ^OS3n ` FX1A4 Q5142 (File 3}.,
Stvitc^out


