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1. SUMMARY AND CONCLUSTONS

On January 21, 1980, at 10:00 p.m. local time during a routine pass,
the downlink telemetry carrier for Flight 14 (Satellite 9444) could not be
located. The downlink was commanded off and on with no response. Conmand
to coherent operation also produced no response. It was assumed that
transmitter No. 1 (or its power converter), which was operating normally
20.5 hours earlier, had failed. At 11:00 p.m. local time, Januarv 21, (the
next pass), the redundant transmitter was commanded on and is now operating

normally.

- The satellite was launched November 21, 1979, and was in transit
toward 5°W longitude (East Atlantic Ocean). Mo unusual telemecry, tracking
and command subsystem conditions or other satellite anomalies woere noted

during the two months of orbital operation.
An orbital anomaly investigation team was formed to:
o Determine possible failure causes
0 Investigate unit and part test histories

0 LEtxamine telemetry and test correlations wiich
might give clues to the canse of failure

o Compare with similar failures on Flight 4 and tne
Defense Space Program (DSP).

After an exhaustive anaiysis and investigation, no definitive cause of
failure could be found. Transmitter ground test history and orbital per-
formance were normal prior to the failure. Dossibly a random electronic
part failure, such as an open or short in a arode or transistor, caused fhe
failure; however, there is no evidence for suspec.ing any particuliar part.
Other possibilities include an open circuit in a connector, wiring or
printed circuit board trace, but 1t is unlikely these would have escaped
detection during ground testing. No val ! reason to susvect any specific

failure mode is evident from the information available.

kbH-214-80




2. BACKGROUND

2.1 TELEMETRY, TRACKING AND COMMAND SUBSYSTEM

The telemetry, tracking and command {TT&C) subsystem performs the
primary functions of radiating an RF carrier required for angle tracking
and range and range rate determination of the satellite telemetry of
measurements required for mission operations, and command of the various
satellite subsystem modes of operation. Other functions include telemetry
of measurements of subsystem parameters for engineering evaluation of
satellite performance, telemetry of data which is useful in diagnosis of
failure and/or data which simplifies satellite control facility (SCF)
record keeping. A biock diagram of the TT&C subsystem is shown in
Figure 2-1.

2.2 TELEMETRY SUBSYSTEM

The downlink *ransmission path through the TT&C subsystem hegins with
the individual sensing element which is connected to the pulse code modu-
Tation (PCM) encoder and/or multiplexer. The encoder accepts all telemetry
data (analog, bi-level and digital) from the spinning section, whereas the
multiplexer (Tocated on the despun platform) receives all data from the
despun platform. The serial data stream from the multiplexer is routed
through the slip ring assembly to the PCM encoder. The encoder and multi-
plexer operate in synchronism to encode and format all inputs into one PCHM
bit stream. Normally, the r¢ ulting digital data output at 250 bits per
second is routed to the encrypter for encryption. An encrypter bypass 16
provided, upon command, which will route the data directly from the encoder
to the baseband assembly. The PCM data stream fed to the baseband assem-
bly, either from the encrypter or encoder, is phase modulated on a
1.0724 MHz subcarricr and combined with a ranging code into 2 composite
output signal. This composite telemectry signal is then routed to the
transmitter where 1t modulates the phase of the RF carrier. A spacecraft
component layout, showing the Tocation of the telemetry transmitter is

shown in Figure 7-/.
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2.3 TRANSMITTER INTEGRATION AND TEST (I&T) HISTORY

At the time of failure, the satellite was operating with teiemetry
transmitter No. 1 (the A side of the redundant transmitter assembly); part
number 256164-3, serial number 3-25. This unit was originally integrated
onto satellite F-11 and was on board through the entire environmental test
series including the post thermal-vac integrated systems test (IST). At
this point, it was noted that the output power and mocd index had degraded,
both in the thermal-vac chamber during Phase 1 testing and during the
subsenuent IST, at which time the transmitter was removed and recturned to
manufacturing. other TTAC related units were changed at this time and
no further out-of-spec conditions were experienced on the F-11 satellite.

The unit was reworked by manufacturing to incorporate stability
modifications (ECP 106) and retuned. It was then integrated into satellite
F-14 after being subjected to the following reacceptance testing:

a} Vibration - 3 axes, one minute per axis, %o acceptance
limits per EV-2-23C

b) Post vibration functional test per LR 12A-01

¢} Thermal vacuum test per DR-12A-01, plus two complete
thermal cvcles with soak time at the high acceptance
temperature and at the low acceptance temperature for
24 hours per exnosure during cach cycle (4 day T-V test)

d)  Final functional test per DR-12A-01.

No anomalies were cbserved during reacceptance testing, subsequent
integration testing or prelaunch checkout at Cape Kennedy. The results of
integration testing on both F-11 and F-14 are shown in Table ?-1. Trans-
mitter output power versus calendar time are shown plotted in Figure 2-3
together with least squares trend Tines. Note the significant improvement
in output power after retuning. The effect of temperature on cutput power
is shown 1n Fiqure 2-4. There was very little correlation on Flight 11;

somewhat more on Flight 14, but not enouqh to b - cons fered signiticant.

2-4
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Table 2-1. I&T History of Transmitter 3-25%

A) On F-11
TTAC Conv Transmitter
Test Date Bus I + 15V Power — Temp  Mod Index
IST | 4.22-78 1.26 15.01 1.000 81 1.57
IST 2 5-23-78 1.25 15.01 .983 87 1.52
I[5T 3 6-09-78 1.28 15.01 .964 88 1.46
™V g 11 EQ 6-11-78 1.30 15.01 1.130 85 -
TV @ II WS 6-12-78 1.29 14.97 1.040 95 -
TV ¢ 1 EQ 7-7-178 - 15.01 .933 79 1.48
Ve T WS 7-9-78 - 15.01 .909 91 1.48
IST 4 7-19-78 1.30 15.01 . 139%* 91 1.46
+
Spec limit .800 W minimum. Unit removed for mcdification and
retuning.
B) On F-14
TT&C Conv Transmitter ‘
Test Date Bus I + 15V Power Temp  Mod Index

IST 1 2-19-79 1.30 15.02 1.56 85 1.60
IST 2 3-17-79 1.31 15.02 1.43 90 1.60
IST 3 3-24-79 1.31 i5.02 1,41 93 1.60
TV @1 3-28-79 - 15.07 1.72 82 1.57
IST 4 4-01-79 1.30 15.02 1.46 94 1.57
TV g2 4-04-79 1.29 15.02 1.67 85 -
HAT 1 7-17-79 1.28 15.02 1.42 92 1.58
HAT 1R 8-23-79 1.28 15.07 1.44 94 .00
HAT ETR 10-02-79 1.28 15.02 1.38 9] 1.56
0SF 11-02-79 1.28 15.03 1.53 x 79 -
AQSF 11-18-79 1.28 15.07 1.58 82
I —

Measuied via omni antenna. Previous measurements made via AGE
hardline interface.

S ot o e L e ol i e N Lt
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2.4 TRANSMITTER ORRITAL PERFORMANCE

During its two months of orbital operation, transmitter 3-25 performed
normally. A graph of serveral operating parameters is shown in Fiqure 2-5.
Converter output voltage was steady at 15.06 V. Transmitter output power
increased slightly during the first few days of operation and became steady
at 1.05 W, a nominal value. Transmitter internal temperature increased
initially when the transmitter was turned-on, then stabilized at a normal
value, varying by only 2 to 3 degrees. TT&C bus current also was steady
and normal. Thus, there was no evidence of degr.daticn or anomalous

bechavior of the transmitter prior to the failure.

2-8
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3o FATLURE ANALYSIS

3.1 POSSIBLE FATLURE CAUSES

Two general categories of possible failure causes exist: external
and internal. These are diagrammed in Figure 3-1. Although there is
a0 evidence to suggest any particular external failure cause, they were
considered by the anomaly investigation team and are shown here for
completeness. Radiation and particle impact were ruled out early as
failure causes because they are remote and shielding is provided by the
satellite structure and unit housings. The possibility of ground station
failure was eliminated because the loss signal from the satellite was

verified by & second ground station.

Based on past experience with electronic assemblies, it is more likely
that the failure cause is internal. Of these, the transmitter itself, or
its pover converter, have the highest 1ikelihood. Hence, efforts of the
investigation team were concentrated in this area. Drift failure was ruled
out quickly because, as seen in Figure 2-5, there was no indication of drift
in any of the transmitter parameters. Drift from 1.05 W output power to
less than 0.1 W would have had to occur in the 20.5 hours between telemetry

samples.

An interconnection failure, such as a broken wire, open printed cir-
cuit board trace or improperly mating connector, would fit the observed
sudden loss of signal; however, it is highly unlikely that these would not
have been detected during ground test:ng if they existed prior to launch,
and are unlikely to occur while the spacecraft is operating normally under
relatively benign orbital conditions. Fuse failure is unlikely as there
was no indication of any unusual power consumption in the TT&C subsystem.
The possibility of corona, as was observed during F-15 thermal-vac testing,
was discussed but considered unlikely since the transmitter would have
vented completely long before two months in orbit. A diplexer failure is

considered unlikely as this would be reflected on the redundant downlink.

Failure analysis efforts were considerably hampered by the loss of
A-side telemetry measurements when the A transmitter stopped transmitting.
The number of telemetered parameters is small and the frequency of tele-
metry samples from the SCF precludes observing any fast occurring events.

-1
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Further orbital diagnostic snformation might Le obtained by menitoring
cucrent usage and battery depth of discharge alt orset ob the next eclipse,
Another diagnostic approach discussed by the investigation team 15 to
copnmand the tailed transmitter on for o period of time (say, 17 bours) and
observe any changoe in trarsr3ttoy tomerrotiuy o Y et cain e F aouery i
being dissipated.  However, no cuch reconmerdation was made as it hes boen
the policy not to jeopardize the operoiion of the satellits in any way

simply to obtain failure diagnostic information.
3.7 CONVERTER FOLD-BACK

A possible failure mode investigated by the team is damage to the

transmitter or dual bhaseband unit due to converter fold-back.

The overload characteristics of the converter were tested, using Qual
Unit S/N 3-25. Care was used not to overstress the converter beyond its

normal Toad capabiltity.

The test data (Table 3-1) shows that the converter does not exhibit
any fold-back characteristics. Instead, the cutput maintoins regulotion as
the load is increased until the series pass transitor runs out of drive,
then voltage starts to drop as the current increases. This happened to the
-15 V output during test No. 2. Qutput oscilloscope traces are shown in

Figure J3-2.

[t was concluded that as the cutput Joad is increased, the input
current increases until the input bus fuse blows, thus precludirg damage to

the transmitter or dual baseband unit.
3.3 F-14 UNIT FABRICATION TEST HISTGRIES

Fabrication test histories of the tailed transmitter and its power
converter were revicwed to identify any possible anomalies which might

previde clues for identifying the catuse of orbital failure.
3.3.1 Transmitter

N review of the fabrication test history of trarsmitter S/N 2.25

revealed the following:

a)  Assembly of the unit was cemplieted in August 1077

R5-214-80
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b)  Test Discrepancy Keport (TDR) T31691 indicates low output power
during fabrication test. This type of TDR is typical for the
transmitter and is usually caused by alignment problems and/or
air-variable capacitor wear-out.

c) TDR T25594 indicates low output power during temperature/altitude
test. The unit was opened and the output filter housing was
found to be sensitive to pressure and shock. The output filter
cavity was opened and repacked with pith balls. Power cutput was
then normal. Several temperature cycles were performed with no
power output anomalies. Although no hard evidence of & discrep-
ancy was found, a possible cause of the anomaly was concluded to
be due to pith ball contamination. The transmitter completed a
full acceptance test cequence with no further anomalies.

d)  TDR TA5921 indicates an out-of-spec condition on the modulation
index during IST No. 4 Satellite 9441. In addition, the trans-
mitter output power had degraded about. 200 mW, although this
parameter remained in specification. The unit was returned to
Manufacturing. No damage or defects were found. Minor realign-
ment significantly increased power output and birought the mod
index within specification. Extensive temperature testing did
not reveal any sensitivity to temperature transitions. The unit
passed ail acceptance tests with no anomalies in October 1978.

The above described anomalies are typical for the DSCS Il telemetry

transmitter, as indicated by a review of other transmitter data packages.
Nothing was discovered in the data review that would indicate a problem

with the transmitter. A summary of the fabrication test data is shown in
Table 3-2. Copies of the functional test data sheets for transmitter S/N

3-25 are shown in Appendix A.
3.3.7 Converter

The transmitter converter (PN 2562¢-3) S/N 2-61 unit test data package
No. 856-1 was reviewed and is summarized in Table 3-3. A review of the

data showed no degradation in output voltage levels during Lesting.
3.4 UNIT FATLURE HISTORIES FROM PAST FLIGHTS

Test discrepancy follow-up (TDF) reporvs wreitten against the trans-
mitter, converter, and dual-baseband units used on DSCS 11 and DSP were
reviewed and categorized. In addition, five transmitter failures from the
Particies and Fields project were also rveviewsd.  The THAC tvansmitter for

these three programs has essentially the same destan,

RE-214.80




Table 3-2. Summary of Fabrication Test Results for Transmitter S/N 3-25

POWER OUT b MOD INDEX SIDEBAND
_ . (2.4 RADI’N) SYMMETRY

“Coh, Non-Coh.| +78 +157 7 Min. 5.136 Volt (2.4 EADIAN)
Min, Min, Max. Max. Max, 7.704 Volt Max, 10%

800 mW | 800 mW | 340 mA | 120 mA [ 100 KHz! 500 KHz] 1100 KHz

1st_Acc. Test

Post 7/C 1304 1272 200 &5 6.495 6.430 5.870 2.9
Post Vib 1415 1369 210 86 6.152 6.153 5.807 2.9
Temp Alt NA 1281 220 86 NA NA NA KA
Th Yac M 1187 1187 260 §6 5.732 6.410 5.333 4
T Vac Lo 1344 1281 250 86 5.463 5.478 5.934 3.9
Past Env [ 1302 1323 : 270 86 6.015 5.010 5.769 1.9
- - e

nd Acc. Test
(After 1.7.

Returnj
Final fab 1330 1360 250 102 6.550 6.615 6.850 <1
T Hi 924 955 205 101 6.92/ 6.833 7.168 1
TC le 1440 1465 280 1¢2 5.727 6.0 5.961 3
Post T/C 1545 1360 250 101 6.562 6.67¢ 6,960 1
1 Poust Vib 1300 1340 245 101 6.512 6.0607 7.025 1
Temp Alt NA 1296 240 101 NA NA NA NA
Th Vac HAa 9/2 1008 210 110 7.002 7,043 7.318
" Th Vac Lo 1530 1611 285 10?7 6,236 6.700 H.068 2
i Post Env 1424 1484 240 102 7.043 7,068 ] 7.023 i |
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Table 3-3. Converter S/N 3-61 Test History

i Parameter Test

f

; Final Pre Post TV TV Post
© Output Limit Fab En V Vib Low High tn V

+28 Vdc | +27.44 28.18 28,17 28.06| 28.127 28.09] 28.08
128, 50

+15 Vdc | +14.70 15.02 14.96 15.02 15.01} 15.03 16.02
+15,30

-1% Vdc 14.70 -14.80 -14.89] -15.13| -15.13]-15.14 | -15.12
-15.30 |

3.4.1 DSCS Il Transmitter Failures

Failure reports written against DSCS II telemetry transmitter, P/N
256164, all dash numbers, S/N 2-1 through 3-34 were divided inte six cate-
gories: (1) No power; (2) Low power; (3) Fluctuating power; (4) Modula-
tion problems; (5) Bandpass, frequency, or spurious response problems;

(6) Other. The first three categoies deal with the output power parameter,
while the last three relate to other aspects of the output spectrum as well
as miscellancous problems. The details are tabulated in Appendix B,

Attachment 1. The firsi three categories are then each subdivided by fail-

ure cause. These are shown in Attachment 2 of Appendix B.

A total of 96 TDFs were written against the telemetry transmitter. Of
these, 32 "DFs were related to the output power parametzer, and 64 were
related to some other parameter. Of the 32 output power TDFs, only one
dealt with & no-power situation (S/N 2-1; due to a procedural problem in

thermal-vacuum test, a longer soak time was added).

3.4.2 USP Transmitter Failures

A similar review was performed on the DSP 0.8 W transmitter, P/Ns
235855, 246027-5, 246027-6, S/N 2-1 through 029. The same six categories

mentioned above were used. Details of this can be found in Appendix R,

3.9
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Attachment 3. The subdivision of the first three categories by failure

‘ cause is found in Attachment 2. Of the 107 TDFs written against the

‘ transmitters, 63 TDFs were related tc the output power pacameter and 44
dealt with other narameters. Of the 63 TDFs relating to output power, 20
TOFs discuss the no-power situation. Of the 20 no-nower TDFs, seven were
out-of-tune transmitters, two were caused by employee error, five were
caused by corona, two were caused by cutgassing/mdisture, one was caused by
a faulty transistor, one was caused by a loose screw on transformer 72, one
was caused by a converter failure, and one faiiure cause was unknown. See

Appendix B, Attachment 2 for the breakdown of failure causes.

3.4.3 Particles and Fields Satellite Transmitter Failures

Al so reviewed were five TDRs written against the Particies and Fields
(P&F) satellite transmitter. Two concerned a no-power output conditien.
The failure cause was an open junction of a part on the low-power beard.
The part, TRW Semiconductor C255185-011, 2N4428, was retro-fitted on DSCS
| : I1 hardware after this P&F failure.

3.4.4 Converter and Dual Baseband Assembly Failures

DSCS 11 and DSP converter failure history was reviewed. DSCS II
, converter P/N 256295 and DSP converter P/M 237974 had 18 and 44 TDFs,
? respectively. Of the 18 DSCS Il TDFs, three concerned a complete loss of
' output: (1) -15 V to 0.0 caused by a too-long screw, corrected by E.0; (2) g
+28 ¥ to 0.0 caused by a shorted dicde which was considered a one-iime .
occurrence; {3) all outputs to 0.0 caused by a shorted transformer, also
considered a one-time occurence. O0f the 44 [S? TDFs, six concerned a

complete loss of output: (1) no outputs due to a broken wire {considered

workmanship); (2) a short in the converter power board during integration ;1
v testing; (3) -15V to 0.0 due to a too-long screw corrected by £.0; (4) no
k output, caused by operator error; {5) no output to the receiver due to a
) damaged J2 connector on the converter; (6 same as 5.

Finally, the dual-baseband unit failures were reviewed. Of the five
| DSCS 11 TDFs written, all were related to the RF output spectrum (such as
intermittent output, or out-of-tolerance power versus frequency) rather

{ than an input parameter (such as input current). Earlier failure analysis

3-10
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determined that RE output problems could not resuit in the orbital anomaly
of F14. Of the OSPF TDFs written, all were also related to the RF output

spectrum rather than an input paramter.

3.4.5 Conclusions Frem Unit Failure Histories Review

A review of the falure history of transmitters, converters, and
dual-baseband units on DSCS II, DSP and Particles and Fields projects
revealed relatively few failure modes which could result in the complete
loss of transmitter output. In the past, transmitters lost power by detun-
ing, corona, part-failure, ocutgassing or moisture, and the loose screw.
DSCS IT transmitters had no hardware failures resulting in a complete loss

of power.

Several DSP converters failed in a fashion that would result in a
complete loss of transmitter signal. Some of the failure causes mentioned
earlier (a broken wire, a short in the converter power board, and a damaged
connector) figure as possible F-14 anomaly causes. The two DSCS 11 con-
verter failures caused by a shorted diode and shorted transformer are also
possible F-14 anomaly causes. It is very unlikely these faults could have
escaped detection during unit test and integration and test of the
satellite.

The history of the dual-baseband units reveals no possible failures

such that a condition of no transmitter output power would exist.
3.5 CRITICAL PART FAILURE HISTCRY

In an attempt to identify one or more piece-parts which could be
suspected of having caused the orbital failure, transmitter and converter
schematics were reviewed to identify critical parts whose failure would
produce the observed conditions. Since a very large number of parts could
have caused the failure, the critical parts listed were !imited to the
higher failure rate parts. Many lower failure rate narts, such as standard
resistors and capacitors, could also have been the failure cause, though
much less likely. Government alerts and TRW historical parts failure data
were reviewed to determine if any of these critical parts had been problem
parts in the past.

RE-214-40




3.5.1 Transmitter Critical Parts

After reviewing the transmitter schematics (297452, 297451), the
following piece parts were jdentified along with the type of failure and

its effect on the transmitter performance.
A. low Power Board (Schematic 297452)

1. Voltage Regulator

Ref. ~ Part No. Part Type  Failure Result
01 £255270-011 Transistor Short/0pen Loss of carrier
Q2 €255172-011 Transistor Short/Open Loss of carrier

2. Switching Circuit

CR1- CR255¢12-011  Diode Short/Open Loss of carrier
CR4

3. Buffer Amplifier

Q4 £255169-021 Transitor Short/Open Loss of carrier
VR4 €25507-071 Diode Short/0Open Loss of carrier

4. Doubler Amplifier

Q5 (255169-021 Transistor Short/0pen Less of carrier
CR5 €255116-011 Diode Short/Open Loss of carrier

5. Modulation Amplifier

Q6 £255169-0¢1 Transistor Short/0pen Loss Of carrier
YRS (255097-031 Dicde Short/Open toss of carrier
VR6 {255122~-021 Diode Short/0Open Loss of carrier
CR?, €255104-131 Diode Short/QOpen Loss of carrier
CR

6. Buffer Amplifier

Q07 ((255169-021 Transitor Short/Upen Loss of carrier

7. Final Amplifier

(8 C255185-011 Transitor Short/Open Loss of carrier

3-17
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B. High Power Board (Schematic 297451)

1. Llow-Level Quadrupler

E§1° €255104-031 Varactor Short /Open Loss of carrier
2. Low-Level Amplifier

Q2 255164011 Transistor Short/Open Loss of carrier
3. High-Level Amplifier

Q3 £255163-021 Transistor Short /Qpen Loss of carrier
4. Quadrupler

ggg, £255115-011 Varactor Short/Cpen Loss of carrier

3.5.7 Converter Critical Parts

After reviewing the transmitter converter schematic (256513) the
following piece parts were identified along with the type of failure and
its effect on the converter performance. In general, any part failure
resulting in a loss of the command relay contact closure would result in a

turn-off of the converter.

Part No Part Type Failure Result
Oscillator Drive Al Board
(255489-2661 Capacitor Short Open Input Fuse
C255160-011 Transistor Short/0Open Low Voltage Output
C255.62-011 Transistor Short /Open Low Voltage Output
€255172-011 Transistor Short/Open Los Voltage Output
£255.02-021 Zener Dicde  Short/Upen Low Voltage Ouvtput
Power Output Board (AZ)
£255196-011 Transistor Short CE Open Input Fuse
£25%196-011 Transistor Open Ce No Output Voltage
C25H174-021 (Q5) Transistor Open No +15 V Qutput
£255174-021 (Q5)  Transistor Short +1% V Output Increase
to approx +17 V
£255489-25406 Capacitor Short +15 V goes to zero
may blow input. fuse
C255484-72601 Capacitor Short +28 V yoes to zero,
+15 V goes low may blow
input fuse
3-13
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3.5.3 Parts History Review

GIDI'P Alerts, reliability action requests (RAR) and destructive
physical analysis (DPA) history of the critical components used in DSCS 1]
that could have caused the failure were reviewed. The following critical
parts, taken from the Tists in Sections 3.5.1 and 3.5.2, were researched:
Part Type Part No. Generic Part No.
Diode, Voltage €255097-031 IN748A
Regulator (Zener) -071 IN752A
Diode, Varactor €255104-031 PC100
Diode, Varactor €255115-021 VARBOZEC
Diode, Switching €255116-011 IN3600
Diode, Temp £255122-021 IN4295A
Compensated Ref.
Diode, Step £255212-011 PPA-022
Recovery
Transistor, NPN €255163-021 2N4430
UHF Amp
v Transistor, NPN C255164-011 Z2N4429
E Med. Power UHF Amp
' ‘ 9. Transistor, NPN £255169-021 ZN2369
High Speed Switch
10. Transistor, NPN €255172-021 N2222A
11.  Transistor, NPN 255185-011 2N4428
‘ Low Power UHF
. 12. Transistor NPN €255270-011 2N999

Darlington Amp

The review of the critical parts revealed several GIDEP Alerts, RARs
and unsatisfactory DPAs. A total of four GIDEP Alerts have been written on
zener diodes of the same type and voltage as the (€255097-031 and -071 but
h none of the suppliers was used by TRW on the DSCS II Project. Other GIDEP
; f Aleris were written on parts in the same series as the C255097 family from

- -

suppliers that DSCS Il used, but these were old lot date codes and techni-

L e e -
USRS e,

cal steps have since been taken by the suppliers and TRW specification
modifications have been made to minimize the possibility of problem

repetition in later parts.
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GIDEP Alerts of 2N2222A transistors or the military version of this
part (which is the sane basic type as the C255172-021) were located, but
only one alert was from a supplier used by DSCS T1. This particular alert
was on parts manufactured in 1968 and could not have been used on this
satellite. Again, manufacturing changes by the suppliier have eliminated
the problem in Tater iots.

Only one RAR (No. 37) was found on any of critical parts used. This
was written on a JANTXVZNZ2222A for parts made in 1972 by a supplier not
used on DSCS II for the C255172-021 part.

Two unsatisfactory DPAs were found on critical part types. The first
was on one transistor type (€255169-021 (similar to 2N2369) which was manu-
factured by an approved source, Motorola. The cause of the DPA being
unsatisfactory was metallization bridging between the base bonding pad and
one of the emitter fingers. There was a very 5iight separation between the
pad and finger so that the unit was probably not electrically shorted.

This part was very old {lot date code 6813) and the lot was not used. It

was scrapped.

The other unsatisfactory DPA was for a step recovery diode €255212-011
which was manufactured by Hewlett-Packard. 7Two of the dindes in the DPA
sample contained a particle of sufficient size to cause shorting between
the anode ribbon and the cathode side of the die or mounting pedestal. The
1ot of parts was 100 percent screened visually internally and all parts
with particles removed. However, none of the parts from this lot (1ot date
codge 7511) were used on DSCS II. In the meantime Hewlett-Packard was
apprised of the probiem and made significant improvements in the cleanli-
ness of the assembly operation and also in their preseal inspection proce-
dures and equipment.

There were additional unsatisfactory DPAs on parts used by other
projects at TRW which are similar to the critical parts such as diode type
JANTXVIN3600 or traasistor type JANTXVZNZ2222A. 1n all such cases however
the parts were manufactured by suppliers not used by DSCS II, or were of
otder Tot date codes than the parts used.

Based on this review of TRW and industry part faiiure information, it
was concluded that there is no historical evidenc: to indicate a specific
component part as the cause of the TT&( failure.

3-1b
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J.60 INVESTIGATION OF TEMPERATURLE DATA

In an attempt to obtain additional clues regarding the canse of
failure, the investigation team took a close look at telemetered
temperatures in the vicinity of the failed transmitier and compared them

with predicted values using the DSCS Il analytical thermal model.

Table 3-4 shows the receiver internal temperature tfor several days
before and after the failure. The receiver temperature sensor is in the
same assembly housing as the transmitfers, and its telemetry was not
affected by switchover to the redundant transmitter. Note that the
temperature dropped b degrees after the failure, then rose to a stable
Tevel at 82-83°F. This retflects shutdown of transmitter No. 1 and warm-up
of transmitter No. 2. The stabilization temperature after the failure is
lTower because transmitter No. 2 is jocated farther away from the

temperature sensor within the receiver than is transmitter No. 1.

Table 3-4. TTC Receiver Temperature Refore
and After Failure

Date Time (2) Temp °F

1-15% 0426 86°

1-15 1014 e6°

1-15 2300 &by

1-16 1024 8o° Transmitter
1-17 0419 86° No. 1 ON
1-18 1100 86°

1-19 1609 oY

1-20 17¢72 8G©

1-21 0032 ghe

Transmitter #1 Failed During This Period

1.22 0702 goe

1-23 0655 83v

1-24 0224 83°

1-25 1253 83¢

1-26 0058 83° Transmitter
1-27 2204 gav No. 2 ON
1-28 0352 83¢

1-29 0741 g3°

1-30 1017 gee

1-31 0559 82°

3-16
R5-214-80




VIR | R 3
" o ¥ \ weg abiiba s 3}

felemetered temperature measurements for transmitters No. 1 and 7, the
receiver and battery Noo 1 are shown plotted in “igure 3-3 for several
minutes before and after the tailurce. this figure clearly shows the

warr-up of transmitter No. 2.

A thermal analysis was performed using the DSCS 11 Fi3-16 spun pYat-
form analytical thermal model to predint the effect of transmitter opera-
tion on adjacent flight sensor temperatures. The condition analyzed was
Winter Soltice, beginning of life in orbit. Table 3-5 tabulates the pre-
dicted flight sensor temperatures. In the analylical thermal model, hboth
transmitter No. 1 and transmitter No. 2 are Tumped into one isothermai
node, therefore, only one temperature is predicted and apnlied to both
transmitters. These temperature predictions are shown plotted as
horizontal lines in Figure 3-3.

Table 3-5. Predicted Temperatures with Transmitter ON and OFF

Predicted Temperature, °F

Flight Sensor

XMIT ON MIT OFF
2-78, TMXIT 99 /1
2-80, TMXZT 99 71
2-82, RCVRT 85 16
2-24, BAlY 70 68

Before the failure, transmit.er No. 1 was operating at 95°F, 4°F below
the predicted 99°F. This was not considered significant since it is within
the accuracy of the measurements and analytical predictions. The receiver

and battery were operating very close to the predicted values.

After the failure, transmitter No. 2 temperature was very close
(within 1°F) to its predicted value in the off condition. This indicated
that neither the transmitter nor its converter was dissipating power.
However, this does not necessarily infer that the converter failed causing
loss of power to the transmitter, because failure of the transmitter could
also reduca power output of the converter causirg it to coel down. The
receiver temperature dropped to within 4°F of predicied. Patiery number
one temperature changed only 1-2°F as predicted. Thus, nethirng unusual
could be inferred from this temperature data.

3-17
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3.7 TRANSMITTER POWER OUTPUT COMPARISONS

The most indicative paramter for measuring transmitter performance 1S
output power, measured in watts. The transmitter is designed to nominally
produce 1 watt. However, the sensitivity of the transmitter to tuning has

resulted in considerable fluctuation in output power from unit to unit.

Records from Integration and Test for each DSCS I spacecraft through
FTight 15 were researched and transmitter test measurement values were
tabulated. This data is shown in Appendix C. For Flights 7 through 12, it
was necessary to apply a correcticn factor to the power output measurements
to convert power measured at the diplexer to output power for the trans-
mitter. This correction factor curve is shown in Fiqgure C-1. (Appendix C)

Figure 3-4 provides an overall picture of transmitter output power for
30 transmitters. Shown for each transmitter are the range of power values
measured, the mean value and the Tast value measured during I&T. Note that
output power has varied from less than 0.8 W to over 1.E W, a range
variation of 100 percent from the nominal design power. For comparison
purposes, Figure 3-4 also shows an overall mean (i.e. mean of the mean
values) for all transmitters and one, two and three sigma deviations from

the mean. The mear value is 1.26 W, gne sigma is 0.185 W.

In general, Flights 1 through % tended to have transmitter powers
above the mean, Flights 7 through 12 were generally below the mear and
Fiights 13 through 15 were above the mean. Flight 13 is a notable excep-
tion; the A-side transmitter (S/N 3-34) was one of the lowest power trans-
mitters tested while the B-side transmitter (S/N 3-30) was the highest.

Of particular interest is that the mean output power of the failed
transmitter or. Flight 14 (S/N 2-?75) during 18T was one of the highest ever
measured. Only transmitter 3-30 on Flight 13 and the two transmitters on
Flight 1 (which had problems in orbit)} had bhigher average output. Trans-
mitter 3-9 on Fligiht 4 (which tfailed in orbit) also had some relatively
high powe. measurements, although the Jast measurement in 14T was near the
overall mean, This raised the question of whether high transmitter output

power was correlated with failure.

3-19
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The problems experienced with Flight 1 transmitters were of a com-
pletely different nature from the failures on Flight 4 and 14. Both Flight
1 transmitters turred off intermittently during eclipses. Difficulties
were also encountered getting them turned on again. These problems were
traced to an apen circuit caused by thermal expansion and contraction in
the piated-through holes of a nor-redundant part of the transmitter turn-on
circuit. Svbsequently, the design was changed to incorporate redundancy in
this circuit and the plated-through hole manufacturing process was
improved. The transmitter failure symptoms on Flight 4 and 14, however,
aprear to be nearly identical (see Section 4).

To assure that the transimmitter power variations shown in Figure 3-4
are not just due to normal random variations, statistical sienificance
tests were performed on the data in Appendix C. First an analysis of
variance was conducted on the output power measurements made during I&T on
the 30 transmitters. This analysis is surmarized in Appendix D, As mignt
be expected, the results show that the observed variation in output power
is significant and it is highly unlikely that all transmitters come from
the same statistical population. Although all transmitters are of the same

design, their performance is highly dependent on their tuning.

A second statistical test was performed to determine if the two trans-
mitters which failed abruptly in orbit (S/N 3-9 and S/N 3-25) had signifi-
cantly higher output power than the average of non-failed transmitters
{(excluding Flight 1}. This analysis is shown in Appendix E. The results
indicate that the observed higher output power of the two faiied trans-
mitters is statistically significant and there is less than a 5 percent
chance that this observation is due just to random fluctuation. The
mechanism of failure and huw it is related to output power has not been

determined.

3-71
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4. REVIEW OF OTHER ORBITAL TRANSMITTER FAILURES

Two other transmitter failures, similar in nature to the failure on
Flight 14, have occurred in orbit. They are transmitter No. 1 (S/N 3-9) in
DSCS Il Flight 4 and transmitter No. 2 on DSP Flight 4.* These are essen-
tially the same design as the DSCS II transmitters. As discussed in Sec-
tion 3.7, the transmitter problem exverienced on 0SCS II Flight 1 had very
different symptoms. They were traced to a likely cause, were reproduced by
ground test and, thus, were not considered simiiar to the other failures.

4.1 DSCS 11 FLIGHT 4 TRANSMITTER FAILURE

At 12407 August 25, 1976, transmitter one on Satellite 9434 failed (no
downlink carrier output with uplink carrier "signal presence™).

Due to sateilite pcwer limitations, transmitter No. 1 was being turned
off at the end of each pass and was normally turned on by a "signal pres-

ence" command at the beginning of each nass.
Accordingly the Satellite Control Facility:

1} Sent the downlink "on" command a1t 13157 without success (this
bypasses signal presence civcuits)

2) Selected transmitter No. 2 at 1435Z. This command was
successful and transmitter No. 2 has been left on ever since.
Prior to the failure, there was no indication of a pending problem.
Transmitter No. 1 had been cycled on and off approximately 250 times prior
to failure. The failure could have heen in the transmitier itself or jts

power converter. 1%t was not possinle to isolate it to either unit,

A review was made of the history of selected critical parts used in
the transmitter and its converter; however, no significant evidence was

found to VTink the orbital failure with a specific part.

i o _
At this point a nmmerologist would argue that the ccuse of the failure s
obvious: alY fVight numbers containing the digit "4" are subject to
transmitter failure!

A-1
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it did not appear that there were significant changes in either the

transmitter or its converter other than those necessary to accommodate
unavailability of original parts. There were several transmitter and two
converter ECPs incorporated since Satellite 9434. They are listed below
together with comments as to possible effect.

£GP No. and
Effectivity ECP Title

21 (9437) Varactor Diode Replacement (Due to parts availability)

Replaced the pair of varactors used in the X4 multiplier
(output stage) with the same part used in the DSP 1.6 W
transmitter. Some circuit changes were also necessary.

34 (9437) Change of TT&C Transmitter Crystal

Change of value of an inductor shunting the crystal to
accommodate the crystal manufacturer's product being
procured for DSCS 11.

68 (9439) Communications Converter Transformer Inspectability
Improvement

Added shims under transformers and inductors to improve
inspectability for "solder bails."

76 (9439) TT& RCVR/XMITR Interface Spec Change

{ Reduced manufacturing problems associated with receiver
tuning (did not impact transmitter).

88/123 (9443) S-Band Diplexer Supplier and Design Change

Replaced Wavecom with Teledyne unit. ECP 123 added a
20K resistor to spacecraft harness to control source
impedance of power monitoring circuit of Teledyne

N Diplexer (did not impact transmitter).

) 98 (9443) Single Configuration Transponder Converter

Made both Tx and Rx converters alike with minor increase
in power dissipation {converter manufacturability
improverent) .

S e
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FCP No. and
Effectivity ECP Title

106 (9441) TLM Transmitter Producibility

An attempt to reduce the effort required to tune the
transmitter (design effect considered negligible).

120/124 Battery Charge Controi Mode
(9441 /9443)

The only impact was to change the main bus voltage from
32.4 V to 31.8 and 33.8 V respc tively. This did not
have an effect on the converter. '

4.2 DSP FLIGHT 4 TRANSMITTER FAILURE

On 13 July 73, Flight 4 transmitter 28 (S/N 007) failed abruptly,
going from full data with no discrepancies in one data frame to fully off
with no transmission in the next. After 31 days of operation, the carrier
stopped instantaneously and without warning within the sampling interval of
the telemetry. After multiple attempts to command it on, Link 2A was

commanded on and has been operating since.

Orbital tests checked for temperature influence, RF switch intermit-
tancy, and coherent oscillator switching. Ground test history showed
S/N 007 typical of Phase I transmitters, with their relatively large number
of misalignnents, Johansen capacitor failures, corona and operator errors.

Early in Phase I1 the DSP instituted the following relevant changes:
a) RF cable impedance matching to transmitters
by Improved Johansen capacitors
¢) 3-point (frequency) tuning
d) Revised Acceptance Test Program.

A concerted effort was made to evaluate the possible failure medes but
no evidence was found which could provide a unique failure signature and
identify a specific failure cause. It was concluded it was not possible to
isolate the problem with the orbital data avaitable or with unit and part

ground test history.
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h. ANOMALY INVESTLIGATION

et b

1AM

e following TRW personnel constituted the orbital anomaly

investigation team for the Flight 14 transmitter failure:

G. t. Neuner

R. Alborn

G. Van der Cgpellen
R. Montaque
Hutchinson

J. Wroblesxi

J. Streisand

R. Doyle

Other significant contributors to
R. Glynn
R. J. Henrich
J. Sharp
A. H. Sharp
B. Burdiak

H. Pan

2

R5-214-80

Chairman

Orbital Operations
Transmitter Unit Engineer
Converter Unit Enginecer
Integration and Test
System tffectiveness
Engineering

Parts, Materials and Processes

the investigation were:
Crbital Operations
Reliability

System Engincering

DSP

ReTiability

Thermal Analysis
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APPENDIX ©§

Tabulation of Unit Failure
Histories for NSCS II, NSP
Particles and Fields Satellite
TT&C Transmitters, Converters

npual Raseband Assemblies
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APPENDIX D
Analysis of Variance of DSCS II
Transmitter Output Power Measurements

During integratior and Test

ROH-214-80




Objective:

Data:

ONE-WAY ANALYSIS OF VARIANCE ON
TRANSMITTER OUTPUT POWER

To determine if observed variation in transmitters is
statistically sianificent.

30 normal populations, with equal variances

) unequal sampie sizes, one from each population

n, (i =1, 2, ..., 39)

N o= np+ny+ .00+ N0
Null Hypothesis: O PR . = g
Alternative Hypothesis: At least two of the means are unequal

Results from T1-K9Q

Procram ST-15:

Sovrce of Dearees of Sum of
Variation Freedom Squares Mean Saquare
Between a1 - o cep = 1 o . 13.01 _
Samplies Vl = 30-1 = 29 SSB 13.01 MSR — 0.449
i B ?.26
~ " = - e |‘ - 90 ‘Q’ ol - - -_—' - . .~
Erroy Vo 230--3( 200 SSE 2.26 MSE -0 0.0113
Total 224 SST = 16027
Test Statistic:
(- MSR 0.449 39,/
MST 0.0173
Vl 29, v 200
brom b Table: §U.01, 24 200 1.7/
Since 3907 o> 1070 the null hypothesis must definitely be regectea. 1t may

he cvoncluded that the obaerved vari. rion in transmitter output power from
umit to unit is statistically sianificant and at Teast two ot the
transmitters do rot come from the same population.

R5-214-80




B ihas . T T T T Ao s ¢ s

APPENDIX E
Statistical Significance Test
on
Qutput Power of Failed Transmitters

k-1




Ret:

1 e -

TEST FOR FATLED

(Normal

Nartvella P 3-36

1) Let o = 0.10,

2) Xp = 1.22, s
- ?
XB = 1-45, SB
S2
A
3) V, = — =
A Na
S2
) _ B -
Vg = w0 T
B
4) d.o.f. f

) f' = 2, tg g0
6) u =t JV,
7) XB

i anistiisn s bt Lol L 28 = ™ P

TRANSMITTERS HAVING SIGNIFICANTLY HIGHER

POWER OUTPUT DURING T&T

Distribution, Unequal Variances)

0.0h, C.01

- 0.16° = 0.0256, ny = 26
2 _
= 0.09° = 0.0081, ny = 2
f
0’0%51 - 0.000985
9L9%§l - 0.00405
(Vg + V)2
- ?7A B o - 2 = 2.6)
A
nA+I nB+I
S 1638, 1 oo = 2.353, 14 g
'vagfr: 0.116 4 = 0.10
= O- 1()7 o = 0-05
2 0.322 4 = 0.01

- ?} .45 - 1.22 = 0.23, which is greater than u
for .. » 0.10 and 0.05.

at ¢  0.05 level of sigrnificance.

R5H-214-80

Group B mean 1is significantly higher
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!
E DATA: Mean transmitter output power during &7
\ GROUP A Transmitters operating normally in orbit.
t1ight/side SIN Hatts
A 3-5 1.0/
B 3-4 1.33
3N 3-7 1.41
3B 3-6 1.30
a8 3-8 1.37
HA 3-11 1.21
bHB 3-1¢ 1.34
OA 3-13 1.33
Ol 3-17 1.729
A 3-15 0. <6
3 78 3-18 1.18
‘ 8A 3-14 0. 96
&R 3-17 1.09
9A 3-21 1.03
9 3-16 1.13
10A 3-19 1.21
108 3-27 1.07
11A 3-26 1.23
118 3-20 1.23
12A 3-23 1.32
128 3-24 1.26
i3A 3-34 0.88
b 138 3-30 1.63
&; 14B 3-29 1.35
Y 15A 3-33-39 1.29
% r 158 3-32 loes
F i
! R
% ¢ X 1,02
. o 0.16
-
i‘ f
f
| A{ £-3
L R5-214-80
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Flight/side SN Watts Rank
an 3-9 .38 25
L4A 3-25 1.51 21

n=2,x =145 4 = 0.09

GROUP C:  Transmitters which failed or had problems in orbit

Flight/Side SN Matts Rank
an 3-9 1.38 2o
14A 3-25 1.51 27
A 3-3 1.59 29
18 3-2 1.56 28

Statistics for all transmitters:

Means x = 1.26
0.185
30

n

Means s

1l

Means n

95¢ conf. limits on x:

Upper: X +7 o S = 1.26 1,06 8185 ) 306
@t /n 30
- —_ __S- =

Lower: x Z“/Z = 1.194

X+ 1s = 1.442, + 29 = 1.627, + 3s = 1.811

X - 1s - 1.072, - 25 = 0.887, - 35 = 0./03

£-4
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