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1. SUMMARY AND CONCLUSIONS

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 conrTanded off and on with no response. Comvrnand

to coherent operation also produced no response. It was assumed that

transmitter No. I (or its power converter), which was operating normiially

20.5 hours earlier, had failed. At 1100 p.m. local time, January 21, (the

next pass), the redundant transmitter was commanded on and is now operating

normal I v.

"The satellite was launched November 21, 1979, and was in transit

toward 5'W longitude (East Atlantic Ocean). No unusual telemetry, tracking

ano command subsystem conditions or other satellite anomalies wore noted

during the two months of orbital operation.

An orbital anomaly investigation team was formed t-'.

o Determine possible failure causes

o Investigate unit and part test histories

o Examine telemetry and test correlations w'hich
might give clues to the caucs of failure

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

After an exhaustive a.nalysis and investigation, no definit.iv y cause of

failure could be found. Transmittcr ground test history and orbital per-

tformance were normnoal prior to the failure. '),csihlby a random elrctronic

part failure, such as an open or short, in a oinde or transistor, caused the

failure; howev ,r, there is no evidenar, for sospec ing any particular part.

Other possibilities include an open circuit -,n a connector, wiring or

printed circuit board trace, but it is unlikely these would have escaped

detection during( ground testing. No val I reason to sis,aect any specific

failure modo is evident from the informat ion available.

W '144 -8(
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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 block diagram of the TT&C subsystem is shown in

Figure 2-1.

2.2 TELEMETRY SUBSYSTEM

The downlink transmission path through the TT&C subsystem begins with

the individual sensing element which is connecteýd to the pulse code modu-

lation (PCM) encoder and/or multiplexer. The encoder accepts all telemetry

data (analog, hi-level and digital) from the spinning section, whereas the

multiplexer (located on the despun platform) receives all data from the

despun platform. The serial data stream from the multiplexer is rnoited

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 PM

bit stream. Normally, the r' lting digital data output it 9!)0 hits per

se(conld is routed to the er(.ryp t(er for encryption. An enc:ry t(.r bypass i

providid, upon command, which will route the data directly from the encoder

to the baseband assemhly. lhe PCM data stream fed to the baseband assem-

bly, either from the ericrypter or encoder, is phase modulated on a

1.024 MHz subcarrier and combined with a ranging code into a composite

output signal. this composite telemetry signal is then routed to the

transmitter wherte it modulates the phase of the RF carrier. A spacecraft

component layo.ul , showing the location of the telemnetry transinitter is

shown in Fiuqure ?-?.

i R 5-~ ? 14 00H
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2.3 IRANSMITrER INTEGRAIION AND TEST (I&T) HISTORY

At the time of failure, the satellite was operating with telemetry

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-li 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 mod index had degraded,

both in the thermal-vac chamber during Phase I testing and during the

subsequent ISI, at which time the transmitter was removed and rcturned to

manufacturing, other TT&C related units were changed at this time and

no further out-of-spec conditions were experienced on the F-li 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, to acceptance
limits per EV-2-23C

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

c) Thermal vacuum test per DR-12A-01, plus two complete
thermal cycles with soak time at the high acceptance
temperature and at the low acceptance temperature for
24 hours per exposure during each cycle (4 day T-V test)

d) Final functional test per DR-12A-0O.

No anomalies were observed during reacceptance testing, subsequent

integration testing or prelaunch checkout at Cape Kennedy. The results of

integration testing on both F-li and F-14 are shown in lable 2-1. Trans-

mitter output power versus calendar time are shown plotted in Figure 2-3

together with least squares trend lines. Note the significant improvement

in output power after retuning. The effect of temperature on output power

is shown in Figure ?-4. There was very little correlation on Flight 11;

sonewhat more on Flight 1.4, but not enough to tL cons lered significant.

1 2-4
R , 14- 1i
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'able 2-I. IMT Hi st:ory of Transwmitter 3-2?'

A) On F-il

IT&C Conv Transmi tter
lest Date Bus I + 15 V Power I emp Mod Ind.ex

JST 1 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
IST 3 6-09-78 1.28 15.01 .964 88 1.46
IV 1 II EQ 6-11--78 1.30 15.01 1.130 85 -
TV ( ii WS 6-12-78 1.29 14.97 1.040 95 -
lV I EQ 7-7-78 - 15.01 .933 79 1.48
TV I WS 7-9-78 - 15.01 .909 91 1.48
IST 4 7-19-78 1.30 15.01 ,/39* 91 1.46

Spec limit .800 W minimum. Unit removed for mcdification and
retuni ng.

B) On F-14-

TT&C Cony lransmitter
Test Date Bus I + 15 V Power Tlmp 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 15.02 1,41 93 1.60
TV ( 1 3-28-79 - 15.02 1.72 82 1.57
IST 4 4-01-79 1.30 15.02 1.46 94 1.51
TV ( 2 4-04-79 1.29 15.02 1.67 85 -
HAT 1 7-17-79 1.28 15.02 1.42 92 1.58
FHAT IR 8-23-79 1.28 15.0? 1.44 94 1.00
HAT EIR 10-02-70 1.28 15.02 1.38 91 1.56
OSF 11-02-79 1.28 15.03 1.53" * 79 --

AOSF 11-18-79 1.28 15.02 1.58f 82 --

Measured via omni antenna. Previous measurements made via AGEI hardline interface,

S2 -5
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24 TRANSM ITTFR OPO ITAL PERFORMANCE

Durinq its two months of orbi tal operation, transmitter 3-45 performed

no nnalIly. A graph of serveral operating parameters is shown in Figure 2.-S.
Converter output voltage was, steady at 15.06 V. Transmitter output power,
increased sl ightly huring the first f-ew days of operation and becamfe steady
at 1. 05 W , a nom inal val ue. Transmitter internal temperature increased
initially when the transmiitter was -turned-on, then stabilized at a normal
valune, var/ing by only 2 -to 3 degrees. Ti&C bus current also was steady
and normal. Thus, there was no evidence of degrdAaticn or anomalous
bc-havior of the transmitter prior to the failure.

RS.-214 -80
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3. TA ILUPI. ANALYSIS

3.1 POSSIBLE FAILURI CAUSES

Two general categories of possible failure causes exist" externl!

and internal. These are diagramned in Figure 3-1. Although there is

,io evidence to suggest any particular external failure cause, they were

considered by the anconaly investigation team and are shown here for

completeness. Radiation and particle impact were ruled out. early as

failure c!auses because Ihey 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 a 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 power converter, have the highest likelihood. 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

sampl es.

An interconnection failure, such as a broken wire, open printed cir-

cuit board trace or improperly mating connector, would fit tho observed

sudden loss of sli•nal; however, iL is highly unlikely that these would not

have been detected during ground testr: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 consumiption in the T&( 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

considcred on] ikely as this would be reflected on the redundant downlink.

f Fail re (Inalysis efforts were considerably hampered by the loss of

SA-side telemetry measurements when the A transmitter stopped transmitting.

lhe number of tele(metered parameters is small and the frequency of role-

metry samples from the SCI preclUdes observing any fast occurrinq events.

R5-143-1
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1 11 11rh , orbhitI a d i aqlno-1i c n r mat'l i on ii I i migh t h~e oht~.a: ned hy mon nitor i nql

vtu'rent Ie;aus lt and hat t tery d ih hl (c I d ircharge at. orset o t I he next ec I i p!;"
Anot her d iaqnjo:.t i c ,ppr'oach d i s!, used by t,ht, inves t.. ,it. iaon tfear i' t. o

c (11111attd t he t a i ld It ransm itt er on Ioc a per iood of t iIe ( sly. I ? hIours) ,.!n

)erv cv iny i c01.,';ri a i n ;z::; t if;',t:2 " >1 ' .'

hb i ny di s ssi pa: edt ikowvevvr, no ruch rec r drla t. ion was made 7i5s it h ,s h. Pn
the po1 icy not. to Jeopard ize the operoation of the satellit., t n any way

simply to obtain failure diaqnost.ic inforination.

3.? CONV:•RIR FtJLI..BAC'K

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

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

The overload characteristics of the converter were tested, using nQ ua1

Unit: S/N 3-25. Care was used not to overstress the convcrt er beyond its

normal 1oad capability.

The test data (Table 3-1.) shows that the convertcr does not exhibit:

any fold-back characteristics. Instead, t:he output maintoins regulation as

the load is increased until the series pass transitor runs out of drive,

then voltage starts t:o drop as the current jncroasvs. This happened to the

-15 V output during test: No. 2. Putput oscilloscope traces are shown in

Figure 3-2.

It was concluded that as the output load is incroas'd, th,, input

current increases until the input bus fuse blows, thus precludidr damage to

the transmitter or dual baseband unit.

3.3 F-1W UNIT FABRICATION TEST HISTORIIS

Fabrication test histories of the tailed t:ransnitter and its power

converter were reviewed to identify any possible anomalies which might

provide clues for identifying the cause of orbital failure.

3.3.1 TransmitLer

A review of the fabrication test hi story of transmitter S/N 3-25

j irevealed the following:

a) Assembly of the unit was cemidet~ed in August 197/

S I
I 3-3
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b) 1/est Discrepancy Report (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/al titude
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 output was
then normal. Seve,'al temperature cycles were performed with no
power output anomalies. Although no hard evidence of a 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 sequence 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 Cower had degraded about. 200 rrW, 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 brought the mod
index within specification. Extensive temperature testing did
not reveal any sensitivity to temperature transitions. The unit
passed all acceptance tests with no anomalies in October 1978.

The above described anomalies are typical for the DSCS II 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 sunmmary 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. ' Converter

The transmitter converter (PN 252?(?-3) S/N 4-61 unil test data package

No. W56-1 was reviewed and is sumlmorized in Table '3-3. A review of the

data showed no degradation in output. voltage levels durinn testingo

3.4 UNIT FAILUR[! HISIORIIS FROM PASTI FlGU(T

lest discrepancy follow-up (TDF) repor\s written against the trans-

niO tter, converter, and dual-.hasehnd unit , u-ed on DSCS 1I and DSOP were

reviewed and cateigorizen. I ni addi t i on five transr.ii t t',e failI res frcoml i he

Fort icivs and I ields proj r•ct. w•ere a 1 u ( p• irev ,', 'd Th e I IM, ro rýilli t t( r tot

t hoa, t hrc, programs has ,,,!sr i atl y the sut11 d l qn.

I
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Table 3-2. Summary of Fabrication Test Results fc" Iransmitter S,/N 3-25

POWER UF DC MO INDEX SIlD 3ANU
(2.4 RADr"N) SYMMEIRYKh7  T~on-Coh. ~8Min. 5.136 Volt 24kD~I

Min. Min. Max. Max. 7.704 Volt Max. 10%
800 mW 800 mW 340 mA 120 mA .0..0 -OK 'z' -500,K T-1 110- -0 -KH-z

1st Acc. Test1
Post T/C 1304 1272 200 85 6.495 6.430 5.870 3.9

Post Vib 1415 1399 210 86 6.152 6,153 5.807 2.9

Temp Alt NA 1281 ?20 86 NA NA NA NA

Tbh Vac P-, 1187 1187 260 S6 6.732 6.410 5.933 4

10 Vac Lo 1344 1281 ?50 86 5.463 5 478 5.934 3.9

rPost Env 1302 1323 270 86 6.015 6.010 5.769 1.9

2nd Acc. Test
(After L.1,
Return)

Flinal a, 1330 1360 250 102 6,50 6,15 6,150 <1

1C lii 9 2&, 955 205 101 6.92? 6.833 7.168 1

SC I.e o 1440 1465 20) 102 5.727 6,0 5.961 3

Post T/c 14S5 1360 250 10i 6!)62 6.1? 6.960 1

POS t V) 1300 1:340 245 101 6..12 6. () .25 1

Temp Alt NA 1296 240 101 NA NA NA NA

Th Vac 1ih 9/2 1008 210 110 7.002 1.04!/ 7.318 0

Th Vac Lo 1530 1611 285 102 6. 236 6.2;,0 6.068 2

1Post Lnv 1424 1484 240 102 /,043 1 7068 7.023

" I
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Tah1e 3-3. Converter S/N 3-61 Test Hi story

Parameter Test

Final Pre Post TV T V I1ost
Output Limit Fab En V Vib Low THigh En V

+28 Vdc +27.44 28.18 28.17 28.06 28.12 28.09 28.08+28. 56

415 Vdc +14.70 15.02 14.96 15.02 15.01 15.03 1.5.02
115.30

-15 Vdc 14.70 -1a.80 -14.89 -15.13 -15.13 -15.14 -15.12
-15.30

3.4.1 DSCS II 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 into six cate-

gories: (I) 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 outnut spectrum as well

as miscellaneous problems. The details are tabulated in Appendix B,

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

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

A total of 96 TD~s were written against the telemetry transmitter. Of

these, 32 "DFs were related to the output power paramecer, and 64 were

related to some other parameter. Of( the 32 output power TLDKs, only one

dealt with a no-power situation (S/N 2--I; due to a procedural problem in

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

3.4.2 DSP Transmitter Failures

A similar review was perfonred on the DSP 0.P. W transmitter, P/Ns

235855, 246027-5, ?46021-6, S/N 2-I through 029. The same six categories

mentioned above were used. Details of this can be found it, Appendix B,

I
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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 pa;rameter and 44

dealt with other parameters. Of the 63 TDFs reliting to output power, 20

TDFs 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 outgassing/m)isture, one was caused by

a faulty transistor, one was caused by a loose screw on transformer T2, one

was caused by a converter failure, and one failure cause was unknown. See

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

3.4.3 Particles and Fields Satellite Transmitter Failures

Also reviewed were five TDRs written against the Particles and Fields

(P&F) satellite transmitter. Two concerned a no-power output condition.

The failure cause was an open junction of a part on the low-power board.

The part, TRW Semiconductor C255185-011, 2N4428, was retro-fitted on DSCS

11 hardware after, this P&F failure.

3.4.4 Converter and Dual Baseband Assembly Failures

DSCS 1I and DSP converter failure history was reviewed. DSCS II

converter P/N 256295 aod DSP converter P/N4 237974 had 18 and 44 TDFs,

respectively. Of the 18 DSCS II TDFs, three concerned a complete loss of

output: (1) -15 V to 0.0 caused by a too-long screw, corrected by E.O; (2)

+28 V to 0.0 caused by a shorted diode which was considered a one-time

occurrence; (3) all outputs to 0.0 caused by a shorted transformer, also

considered a one-time occurence. Of the 44 DSP 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

testing; (3) -1.5 V to 0.0 due to a too-long screw corrected by E.O; (4) no

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 Ii TDFs written, all were related to the RF output spectrum (such as

intermittent output, or out-of-tolerance power versus frequency) rather

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

3 1-2 4
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dvtermnined that. RF output prob I ems could not resultt in the orbital anomitly

of F14. Of the DSP TDFs written, all were also related to the RF output

spectrum rather i han an input paramter.

3.4.5 Conclusions Frcrm Unit Failure Histories Review

A review of the falure hist.ory 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, outgassing or moisture, and the loose screw.

DSCS II 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 II 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 HISTORY

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 t~o identify critical parts whose failure would
produce the observed conditions. Since a very large number of p1arts coul

have caused the failure, the critical parts listed were I umited to the

higher failure rate parts. Many lower failure rate parts, 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.

r 3-11
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3.5.1 Transmitter Critical Parts

After reviewing the transmitter schematics (297452. 297451), the

following piece parts were identified 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

QI C255270-0ll Transistor Short/Open Loss of carrier

Q2 C255172-011 Transistor Short/Open Loss of carrier

2. Switching Circuit

CRI-- CR255212-011 Diode Short/Open Loss of carrier

CR4

3. Buffer Amplifier

Q4 C255169-021 Transitor Short/Open Loss of carrier

VR4 C25507-071 Diode Short/Open Loss of carrier

4. Doubler Amplifier

Q5 C255169-021 Transistor Short/Open Less of carrier

CR5 C255116-011 Diode Short/Open Loss of carrier

5. Modulation Amplifier

Q6 C255169-021 Transistor Short/Open Loss of carrier

VR5 C255097-0 3 1  Diode Short/Open Loss of carrier

VR6 C255122-021 Diode Short/Open Loss of carrier

CR6, C255104-131 Diode Short/Open Loss of carrier

CR7

6. Buffer Amplifier

Q7 (.255169-021 Iransitor Sho-t/Open Loss of carrier

7. Final Amplifier

4Q8 C255185-011 Transitor Short/Open Loss of carrier

3-1?
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B. High Power Board (Schematic 297451)

1. Low-Level Quadrupler

CR1, C255104-031 Varactor Short/Open Loss of carrier
CR2

2. Low-Level Amplifier

Q2 C255164-011 Transistor Short/Open Loss of carrier

3. High-Level Amplifier

Q3 C255163-021 Transistor Short/Open Loss of carrier

4. Quadrupl er

CR3, C255115-lhli Varactor Shcrt/Cpen Loss of carrier
CR4

3.5.2 Convertcr 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 conmand relay contact closure would result in a

turn-.off of the converter.

Part N.o Part Tye Failure Result

Oscillator Drive Al Board

C2551J89-2661 Capacitor Short Open Input Fuse
C255i.60-011 Transistor Short/Open Low Voltage Output
C2551.62-011 Transistor Short/Open Low Voltage Output
C2551.72-011 Transistor Short/Open Los Voltage Output
C255'102-021 Zener Diode Short/Open Low Voltage Output

Power Output Board (A2j

C255.,196-011 Transistor Short CE Open Input Fuse
C25!: 196-.011 Transistor Open Ce No Output Voltage
C25!. d]4-021 (Q5) Transistor Open No 415 V Output
C25:dil)'4-021 (Q5) Transistor Short 115 V Output Increase

to approx +17 V

C25.54P9-2546 Capacitor Short +15 V goes to zero
may blow input fuse

C255489- /661 Caacitor Short +28 V qoes to zero,
415 V goes low may tl)ow

r input fuse

3-13
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3.5.3 Parts H istory_ Review

GIDIP Alerts, reliability action requests (RAR) and destructive

physical analysis (DPA) history of the critical components used in DSCS II

that could have caused the failure were reviewed. The following critical

parts, taken from the lists in Sections 3.5.1 and 3.5.2, were researched:

Part 'Type Part No. Generic Part No.

I. Diode, Voltage C255097-031 IN748A
Regulator (Zener) -071 1N752A

2. Diode, Varactor C255104-031 PCIO0

3. Diode, Varactor C255115-021 VAE802EC

4. Diode, Switching C255116-011 1N3600

5. Diode, Temp C255122-021 IN4295A
Compensated Ref.

6. Diode, Step C255212-011 PPA-023
Recovery

7. Transistor, NPN C255163-021 2N4430
UHF Anp

8. Transistor, NPN C255164-011 2N4429
Med. Power UHF Amp

9. Transistor, NPN C255169-021 2N2369
High Speed Switch

10. Transistor, NPN C255172-021 2N2222A

11. Transistor, NPN C255185-OIl 2N4428
Low Power UHF

12. Transistor NPN C255270-011 2N999
Darl ington Arip

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 C255097-031 and -071 but

none of the suppliers was used by TRW on the DSCS II Project. Other GIDEP

Alerts were written on parts in the same series as the C255097 family from

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

cal steps have since been taken by the suppliers and TRW specification

I1 modifications have been made to minimize the possibility of problem

repetition in later parts.

3-14
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GIDP Al erts of 2N22?A transistors or t~he mil itary version of this

part (which is the same basic type as the C?-51 /?-021) were located, but
only one alert. was from a suppl ier used by DSCS 111. This parriricular alert.

was on parts manufactured in 1968 and could not have been used on this
Ssatellite. Aga-in, manufacturing changes by the suppl ier' have eliminated

the problem in later lots.

Only one RAR (No. 37) was found on any of critical parts ui,;ed. ihis

was written on a JANTXV2N2222A for parts made in 1972 by a supplier not

used on DSCS 1I for, the C255172-021 part.

Two unsatisfactory DPAs were found on critical part types. The first

was on one transistor type C255169-021 (similar to 2N2ý369) which was mariu-

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 siight 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 C255212-011

which was manufactured by Hewlett-Packard. Two of the diodes 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

lot, of parts was 100 percent screened visually internally and all parts

with particles removed. However, none of the parts from this lot (lot date

code. 7511) were used on DSCS II. In the meantime Hewlet--Packard was

apprised of the problem and made significant improvements in the cleanli-

ness of the assembly operation and al so 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

JANi XV1N3600 or trcisistor type JANTXV2N2222A. In all such cases however

the parts were manufactured by suppliers not used by DSCS 11, or were of

older lot date codes than the parts used.

Based on this review of TRW and industry part failure infornmation, it

was concluded that there is no historical evident to indicate a specific

r c,••oiponent part as the cause of the TT&C failure.
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1. INVI SIIGAIION Of IUMPtIAZAItURI VAT1A

fn an a t.teimpt to ob)h i ni add it i ona 1 cIties regarrd i ng t lhe cause of

fa i ure, the invest, iiat i on team took a close look i' tel emetered

temperat.ures in the vicinity of the fail ed transmi tt (er anrid cmiHpar'ed them

with pt, d ic ted voluies usi nr the DSC II anal yt i cal thermaI model.

lable 3-4 shows the receivr internal temperatuore for several days

before and alter the failure. The receiver temperature sensor is in the

same assembly housing as the transmitters, and its telemetry was not

affected by switchovey to the redundant transmitter. Note that the

temperature dropped 5 degrees after the failure, then rose to a stable

level at 82-83°F. This reflects shutdown of transmitter No. 1 and warm-up

of transmitter No. 2. The stabilization temperature after the fail ure is

lower because trainsmitter No. 2 is located farther away from the

telmperat:ure sensor within the receiver, than is transmitter No. 1.

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

Date Time (Z) Temp 'F

1-15 0426 860)
1-15 1014 860
1-15 2300 8T"
1-16 1024 860 Transmitter,
1-17 0419 86') No. 1 ON
1-18 1100 86'
1-19 0609 86"
1 -2 0 172? 8'( Q
1 -21 093? 85 "

Transmitter #1 Fa led During This Period

] -22 0"702 R00
1-23 0655 8330
1-24 0224 830
1-25 1253 83,
1-26 0058 830 Transmitter
1-27 2204 V80 No. 2 ON
1-28 0352 83()
1-29 014i P30

£'1-30 101l7 (1)

1-31 0559 82?

r
3 -1

R 5-214-80I!
I



[(, 1 iiieterird t~eilerol ore iuca streinent s for t.r an sini tlers No. 1 an :c12, t, he

rve'ei vet and batl ery No. 1 are. shown pl ott ed in i ue3-3 for several

minuteos hbefore and after, t~he lail ur'e. Ihi1s figure (:1 carly shows the

watri-ti p of t ransm it ter, No, ?2.

A t~hermal aria]lysis was performed usinrg the DSCS 11 i:13 16 spun) [Otat-

f orui anal1yt ical therma] model to p)red i t the effect of t ran sriit'. t ,r opera -

t ion on aIdiac cot fl igqht Sensor tenipera tires . 1 he cond ii.ion anal yzed was

Wiitier So] tice , beginning of life in orbit. Table 3-5S tabul ates the pro-

di ctcd fligih[t. sen so r ternperal ores . In :he analvt ic a] thermal mode]l, toot.h

transmitter No. 1 arid transmi tier No. 2 are 1 umpfed into one isothermnal

node, therefore, only one temperature is predicted and app]lied to both

transmitters. These temperature predictions are shown plotted ats

horizontal lines in Figure 3-3.

Table 3-5. Predicted Temperatures wit~h Transmitter ON and OFF

Predicted Te9mperat~ure, "F
Flight Sen sor

XM IT ON XMIT OFF

2-78, TMXlT 99 71

2-80, TMX2T 99 71
2-82, RCVRT' 85 76

2-24, BAIT 70 (38

Before the fail ure , tra~lsnhlt'er No. 1 was operat.ing at 95'F, 4'F below

the predicted 997F. This was not consideýred significant since it is within

the accuracy of the measurements and analytical predictions. The receiver

and battery were operating very close to t~he predicted values.

After the failure, transmitter No. 2 temperature was very close

(within I"F) to its predicted value, in t~he 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, brcause failuore of t~he rum r couJld

a]lso re(Iucý, power out~puy of the converter causing it t~o cool downr. The

receiver temperature dropped to wit~hin 4'F of pred i-r~ed. F~;0 ftery niumber

Fone teiiperdtUre changed on]ly 1 -2 -F as pr-ed icted . Thus no! 6ý . onus ua i
could be inferred from this temperatlure data.

3-17
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3.7 TRANSMI1TTR POWER OUTPUT COMPARISONS

lhe most indicative paramter for measuring transmitter perfonnance is

output power, measured in, watts. The transmitter is designed to nominally

produce 1 watt.. However, the senseitivity of the transmitter t-o tuning has

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

Records fro, Integration and Test for- each DSCS 11 spacecraft through

Flight .5 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 correcticr 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 Figure C-I. (Appendix C)

Figure 3-4 provides an overall picture cf transmitter output power for

30 transmitters. Shown for each transmitter are the range of power values

measured, the mean value and the last value measured during I&T. Note that

output power has varied from less than 0.8 W to over 1.- W, a range

variation of 100 percent from the nominal design power. For compari son

purposes, Figure 3-4 also shows an overall mean (i.e . mean of the mean

val ties) for all transmitters arid one, two and three sigma deviations from

the mean. The mear val ue is 1. 26 W, one sigma 'is 0. 185 W.

In gener al , Flights J through 5 tended to have transmitter powers

above the mean, Flights 7 through 12 were general ly bel ow the mean and

Flights 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 testeed while the B-side transmitter (S/N 3-30) was the highest.

Of particiular interest. is that the mean ouLput power of the failed

transmitter or. Flight. 14 (S/N ',.95) during I&T was one of the highest ever

imeasured. Only transmitter 3-30 on Flight 13 and the two transruitters on

Flight 1 (which had problemis in orbit) had higher average output. Trans-

mitter 3-9 on Fl igHt. 4 (which failed in orbit) also had some relatively

hiqh powe. measuremients, although the last measurement in I&T was near the

0 ovcerall min n This raised the quest ion of whether high transmitter output

power was Aorrelted with failure.

R!14.Y
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The problems experienced with Flight I transmitters were of a com-

pletely different nature from the failures on Flight 4 and 14. Both Flight

1 transmitters turned off intermittently during eclipses. Difficulties

were also encountered getting them turned on again. These problems were
traced to an open circuit caused by thermal expansion and contraction in

the plated-through holes of a nor,-redundant part of the transmitter turn-on
circuit. Stebsequently, 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,

appear to be nearly identical (see Section 4).

To assure that the transm.itter power variations shown in Figure 3-4

are not just due to normal random variations, statistical sionificance
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 suummarized in Appendix D. As mi.qi't

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 ou0put power of 'the two failed 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 how it is related to output power has not been

determnined.
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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 II 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 experienced on DSCS II Flight I had very

different symptoms. They were traced to a likely cause, were reproduced by

ground test and, thus, were not considered similar to the nther failures.

4.1 DSCS II FLIGHT 4 TRANSMITTER FAILURE

At 1240Z August 25, 1976, transmitter one on Satellite 9434 failed (no

downlink carrier output with upl ink carrier signal presence").

Due to satellite power limitations, transmitter No. 1 was being turned

off at the end of each pass and was normally turned on by a "signal pres-

ence" corruiand at the beginning of each pass.

Accordingly the Satellite Control Facility:

1) Sent the downlink "on" cormmand at 1315Z without success (this
bypasses signal presence circuits)

2) Selected transmitter Wo. 2 at 1435Z. This command was
successful and transmitter No. ? has been left on ever since.

Prior to the failure, there was no indication of a pending problem.

Transmitter No. I had been cycled on and off approximately 250 times prior

to fail ure. The failure could havo been in the transmitter itself or its

power converter. It was not pssiole to isolato it to either unit.

A review was made of the history of selected critical parts used in

the transmitte rr flnd it,. converter; howi.,vor, no Si'qnificant, ,v(ide , ne w,,irs

found to link the orbital failure with a spec ific part.

At this point i urmw(roloqi St would ,,rque that thr, ( iuve of the fail ur" is
bov ious" all ll iqht numbers tmltiinf nq ths diiji t "4'" ar'e su ,lb e.; t to

trans)Mi t tar fa i l re

'1-
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it (1d(i not appear that there were significant changes in either the

transtnitter or its converter other than those necessary to acconinodate

unavailability of original parts. There were several transmitter and two

converter ECPs incorporated since Satellite 9434. They are listed below

together with coiments as to possible effect.

FCP No. dfld

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 Ii.

68 (9439) Communications Converter Transformer Inspectability
Tmproveme-nt -- __

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

76 (9439) TT&C 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 Wavecon with Teledyne unit. ECP 123 added a
20K resistor to spacecraft harness to control source
impedance of power monitoring circuit of Teledyne
Diplexer ((lid not impact transmitter).

98 (9443) Single Configuration Transponder Con'erter

Made both Tx and Rx converters alike with minor increase
in power dissipation (converter manufacturability

K improvcrent)

!i! 8



FC(P No. and

Effect.ivity ECP Title

106 (9441) ILM Transmi tter P roduc i hi Ii ty

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

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

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

4.2 DSP FLIGHT 4 TRANSMITTER FAILURE

On 13 July 73, Flight 4 transmitter 2B (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

conmnanded 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 misalignments, Johansen capacitor failures, corona and operator errors.

Early in Phase II the DSP instituted the following relevant changes:

a) RF cable impedance matching to transmitters

b Improved Johansen capacitors

c) 3-point (frequency) tuning

d) Revised Acceptance Test Program.

A concerted effort was made to evaluate the possible failure modes but

no evidence was found which could provide a unique failure signature and

identify a specific failure cause. It was concluded it was not po,,sible to

isolate the problem with the orbital data available or with unit and part

ground test history.

S~4-3
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5. ANOMAIY INVF[,I(IGA[IION 11 AM

,he follow nl(n IRW personnel (.:1on t:itunted the orbhit:l an(nllaly

investigation team For the F--light 14 transmitter failure:

G. F. Neuner Chairnnan

R. Al born Orbi tal Operations

G. Van der C(ipellen Transmitter Unit Engineer

R. Montague Converter Unit Engineer

D. Hutchinson integration and Tect

J. Wrobleski System [ffectiveness

J Streisand Fng i neeri ,q

R. Doyle Parts, Materials and Processes

Other significant contributors to the investigation were:

R. Glynn Orbital Operations

R. 0. Henrich Reliability

J. Sharp System Engineering

A. H. Sharp DSP

B. Burdit k Reliability

H. Pan Thermal Analysis

5-i
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l, B II I. W(iRAAPI Y

0. . I ICS I I G I( 10 14 IRANSMIITIR FAILUJRF

1()C , )DsCS-14-10/. f:roY i J I. St.reisarld, Sub,jeet.: RCacccept.an( 0 lest of
Irausiimit.er S/N 3-?5, 1/ October /8ý.

10C 1).%CS.-G/-0?4, from D). W. uthtchinson, Subject. I&T Hiist~ory of llX
Traunsmiliter' S/N 3--25, 12 1 ebruary 1"10.

10C 80.8/24.2-001., from R. L. Montague, Subject. Review of Fabricat ion
lest IHistory of Iransmwitter( Converter S/N 3-0!, 18 February 80.

J08C 80.8/24.2-002, from R. L. Montague, Subject. Transmi tter Converter
I ol d-Back , 19 February 80.

IOC 80. 8724. 2-003, from R. L. Montague, Subject Ideittif cation of
Critical Piece Parts That Could Cause Converter Failure, 19 February 80.

IOC DSCS-C4-226, from A. G, Van d(e Capel]en, Subject: Review of
Fabrication Test History of 777 Telemetry Transmitter S/N 3-25,
21 February 80.

IOC 80-.8715.1.3-04, from H. M. Pan, Subject: 777, 9444 Predicted Orbital
Temperatures for Flight Sensors in the Vicinity of the S-Band Transmitter
with the Transmitter Operating and Not Operating, 25 February 80.

IOC DSCS-C4C-268, from G. A. Van der Capellen, Subject: Identification of
Cr1Critical Piece Parts that Would Cause Transmitter Failure, 6 March 80.

JOC DSCS-C4C-267, from G. A. Van der Capellen, Subject: Review of
Fabrication Test Hi story of 711 Telemetry Transmitteir S/N 3-25, 6 March 80.

IOC 80.8/24,2-005, from R. L. Montague, Subject: Fabrica! ior, Test History
of Transmi,. ter Convur Ler S/N 3-01, 7 March 80.

::7 K5CS.4.2-2249, from B., Burdiak, Subject: DSCS and M-35 Transmitter,
Co,verler and OH U Failure History, 10 Ma rch 80.

IOC 5512-108/80 DSCS-D3-2215, from R,. Doyle, Subject: Review of History of
Critical Component Parts Used in, DCS 11 that Would Cause Telemetry
Iransmitter Failure, 30 April 80.

6. ? DSCS II FLIGHT 4 TRANSMjTTFR FAILURE

OC DSCS-D2-1/?, from R. J. Hlenrich, Subject: Action Item Response for
A.I. No. 5 Launch Readiness Review Team, 3 Dec 76.

1OC I)0CS.- Hx-276, from J. A. Nisenhaum, Subject: Failure of 9434 TelemetryJra'nsmitter, 22 November 76.

j+ 6-1,I ,R5 -2 14 .- 0

'1- - - -



0. 3 I)SI1  I11(tlH 4 IRANSMIITtl [ FAI[ URE,

!(CO 3t.,83-340 dat-ed b December 13, F1 iqht: 4 link 213 Anomaly Cl(;.s(. Out..

IOC 3').83-339 dated 24 Auqust 73, Fl ight 4 Link 213 Anomaly.

IOC 35. 5, -- 341411 dated 25 July 73, 0.8 W Transmitter S/N 1 Anomaly on
Lcaunch 4.

IOC 3b.51-18211 dated 20 July /3, Review of Link 2 Transmitter and
Converter, Model 35, Phase I.

IOC 35-83-288 dated 18 July 73, Preliminary Operations Anomaly Report:,
Fl iqht. 4 Link 2B Transm;itter.

N 5ý-14-80
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APPEN•JX A

Functional Test: Data Sheets
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Transmitter S/N 3-25
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APPENDIX

Tabulation of '..'nit Failure

Histories for nSCS II, flSP

Particles and Fields Satellite

TT&C Transmitters, Converters

Dual Baseband Asserblips
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APPENDIX C

nSCS II TT&C Transmitter

Inteqration and Test History
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APPEND'IX D

Analysis of Variance of DSCS II

Trarismi tter Output Power Measurements

During integratior and Test

I.)- 1
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ONE-WAY ANALYSIS OF VARIANCE ON
TRANSMITTER OUTPUT POWER

Objective: To deter•iine if observed variation in transmitters is
statistically significant.

Dalta: 30 normal populations, with equal variances
.; unequal sample sizes, one from each population

Si (i = 1, 2 ... , 30)

N = n 1 + n2 + +n 3 0

Null Hypothesis- 1 p I 2 = P30

Alternative Hypothesis: At least two of the means are unequal

Results from TI-59 Prooram ST-15:

SSource of Dearces of SLIm of
Variation Freedom Squares Mean Square
Between v = 30-1 = 29 SS(= 13.01 MS 13.01 0. 4 4 9

Samples 1

2.26
Error J -- 230--3C 200 SSE 2.26 MSE 0.0113

TIlotal 4229 5SFS 15.b1

lest Statitstc'

MS B 0.449 39./

1 Fl(=l e: =' 1.()0

r t l0 01 29,I 00 =

in , 1 4 ,/ 1./, the n ll hypothe(Jis must definitely he 'i Ct20 . it 1oy
hbe :oncluded that the ohs.er•ed vari, ion in transmitter output power fr.rn

eunit to unit is sýatisti(altly sionificant and ot least two ot the,
t ra n¶,mi t tevr 1, d,) not Come f rom the ame populI at i on.

P) -?4



APPENDIX E

Statistical Significance Test

on

Output Power of Failed Transmitters
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TIST FOR IA I LID TRANSM I TTERS HI\VI NG SIGN I F ICANTI Y H I GHUR

POW[R OUTPUT DURING I&T

(Normal Distribution, Unequal Variances)

Reft Nart.vella P 3-36

1) Let cx - 0.10, 0.05, 0.01

2 2

2) x A =1. 22, -, : A o. 16; 0. 0256, nA^ = 26

XB 1.45, sB = 0.09 = 0.0081, nB = 2

2
SA 0.0256 0.000985

VA n A A0

S 2
SB 0.0081

VB n - 0.0 - 0.00405

(VA + VB) 2
4) d.o.f, f -VTA - B- - 2 2.61

5) f' 3, t6 9 0  1.638, t6.9 5 = 2.353, t' 9 9  4.541

6) u = t VA + VB 0.216 e 0.10
0.167 • 0.05
0.322 • = 0.01

7) - i - 1.45 - 1.?2 0.23, which is greater than u

for, , > 0.10 and 0.05. Group B mean is significantly higher
at • 0.05 level of significance.

I

1-2

R5-214-80



R)AIA Mn I)r trarl¾w itt ert out put power uririnq I&T

(GROtIUP A: I ,r .-suoolit. ters operatinriq 7(o) ial~ ly in orbit.

dliehtlS S/N Watt, s

A :3- 5 1.0/
13-4 1. 33

3A 3-7 1.41

311 3-6 1.30

411 3 -8 1.3/

5A 3-11 1.21
5B 3-1(0 1.34

OA 3-13 1.33

{1h 3-1?

/A 3-15

7B 3 -- 18 .8

8A ,3-14 0. 90

813 3-17 1.09
()A 3-2.1 1.03
913 3 - '16 1. 13

IOA 3-19 1.21

1 }B 3-?? 1.07

IIA 3-26 1.23

I IB 3-20 1.23

IA 3-23 1.3p

IAl? 3-24 1.26,

13A 3-34 0. 88

1 3B 3-30 1.63

14B 3-29 1.35
15A 3-33-39 1.29

1513 3-32 1.>i

Sx 1 .??2

,1 = 0 . 1 6

E-3

R5-214-80



FH.Ii Uh./Side S/N Watts Rank

4A 3-9 ] .38 25

14A 3-25 1.51 21

n = 2, x 1.45, o 0.09

GROUP C" Transmitters which failed or had problems in orbit.

Flight/Side S/N Watts Rank

4A 3-0 1.38 2 .3

14A 3-25 1.51 27

IA 3-3 1.59 29

1B 3-2 1.56 28

n 4, x = 1,51, o 0.09

Statistics for, all transmitters:

Means x = 1.26

Means s = 0.185

Means n = 30

95% conf. limits on x:

Upper: x + Z,12 - = 1.26 + 1.96 1.326
,/-- ý30

S

Lower: x 7/2 - 1.194

X + Is - 1.442, 1 2!, 1.627, 4 3s 1.811

x - is - 1.07?, ?s = 0.88/, - 3s 0./03

. -4

R 5-• 214- 8U
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