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SECTION I - INTRODUCTION

f 1—1 EQUIPME NT . (

1— 1. 1 A$/WSC—3. The AN/WSC-3 is .a Satellite ConinunicatioVis Set tha t operates in
the Ul tra High Frequency (UHF) (300NHz-3GHz) po~tion of th.~ spectrum. The set pro-
vides voice teletype , and digita l data conmiunicatlons by satellite or line-of-sight
(LOS) for the Fleet on a world wide basis. AN/WSC-3’s are installed on surface ships
In either single or multiple installations utilizing the OE-83B/WSC-l trainable,
directional antenna system for satellite data operation, and a conventional UHF omni-
directional antenna for LOS operation. On submari nes the single AN/WSC-3 installa-
tions can be operated ship-to-ship LOS or with the satellite using the OE-158
antenna or equivalent. ____

1-2 INSTALLATIONS.

1-2.1 At the start of the data collection period, delivery of the A14/WSC-3 from the
contractor had been under way for approximately six months. FRAP platforms designated
by the type coninanders were under an accelerated installation schedule. All platforms
had relatively new installations at the beginning of Data Collection Period. Atlantic
Fleet users had limi ted access to a coninunications satellite approaching end-of-life in
the period before SATCOM satellites were launched.

S

.
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SECTION II - RESULTS

2-1 RELIABILITY , MAINTA INABILITY, AND AVAILABILIT Y

2-1.1 RELIABILITY AND MAINTAINABILITY . In Fleet operations, the AN/WSC-3 is meeting
the specified MTBF of 3000 hours. The Fleet is in substantial compliance wi th the
specified time to repair of ten mi nutes (0.17 hours). The Atlanti c Fleets ’ learning

• experience wLh the end-of-life coninunications satellite appears to be reflected in
differences between the Fleets with the AN/WSC-3’s in the Atlantic Fleet having a
much larger MTBF and smaller repair times than the AN/WSC-3’s in the Pacific Fleet.

2—1.2 AVAILABILITY . The operational availability (average of .9453 and .9355 for
Atlantic and Pacific Fleet, respectively) is being degraded by large down-times. The
Atlantic Fleet has the largest down times and magnitude is such as to nearly overcome
the Atlantic Fleets MTBF advantage. Part of the large down time observed in the Atlan-
tic Fleet is due to it and the Supply system originally having different replacement
modules lists. It is reconinended that the technique described in Appendix E of Volume
7 be used In establishing replacement modules quanti ty and type.

2-2 HARDWARE PROBLEMS

2.2.1 AN/WSC-3. No 0-Level module performed significantly worse than predicted when
operating time was considered. However, analysis of depot repair results indicate
possible problems may be developing. Therefore, It Is reconinended that modules being
returned to the repair depot be monitored for significantly high return rates and for
low verification ratios.

2-2.2 SATCOM SYSTEM PROBLEMS. The maintenance of the proper power output level for
SATCOM operations has been quite troublesome. The scale of the meter should be rede-
signed if its present appl ication is to continue. Al so, the OE-82B/WSC-1(V) steerable
antenna array used on surface ships for SATCOM operations is a major problem area.
There appears to be a need for (1) stressing training of WSC-3 operators in the anten-
na operation , and (2) corrective actions on the Scott-Tee card.

I

3-2

_ _ _ _  

t 
- — — —• — -



• • -•--

SECTION I I I  - SYSTEM DESCRIPTION

3-1 MISSION DESCRIPTI(~M

3-1 .1 The AN/WSC-3 Shipboard Satellite Coninunication Set provides two modes of opera-
tion ; line of sight (LOS) and satellite comunications (SATCOM). The set will trans-
mit and receive AM, FM , FSK and PSK signals via a UHF satellite In the SATCOM mode.
In the LOS mode the set will transmit and receive signals in the 225 - 400 MHz range.
In the line of sight mode the transmit and receive frequencies are identica l , (Simplex).
In the SATCOM mode the receiver frequency is offset below the transmit frequency by
a programable amount. The offset takes place automatically when switching between
transmit and receive.

3-1.2 As the AN/WSC-3 is typically used, it is a dedicated SATCOM system operating in
PSK mode exclusively at bit rates up to 9600 b1ts/~ec,

3—1.3 In addition to the operational functions, the equipment also contains built -in
test capabilities. The built -in test equipment (BITE) provides for a limi ted continu-
ous monitor of those functions which may be checked wi thout interference wi th the opera-
tional signals and manual front panel intiated tests for interrupted service type test-
ing . The BIT permits functional testing of the comunlcations set as wel l as mainten-
ance fault isolation to the replaceabl e module . The status of the monitored functions
and/or testing displayed on the front panel.

3-2 EQUIPMENT DESCRIPTION

3-2.1 The AN/WSC-3 consists of a Receiver-Transmi tter and a Control Indicator. The
transceiver provides 100 watts for FM voice FSK, and PSK data coninunications and 30
watts AM for narrowband voice, or secure voice when used in conjunction wi th the TSEC/
KY-8. The coninunicatlons set Includes an internal modem for transmission and a recep-
tion of 75 baud teletype and 300, 1200, 2400, 4800, and 9600 baud digita l data and
an external Radio Set Contro l unit for remote operation. The transceiver is entirely
solid state and provides for operation on 7000 channels in the 225 to 399.975 MHz fre-
quency band wi th 25 KHz channel spacing. Frequency selection is accomplished either
through a manual thumbwheel 7000 channel selector or through a preset memory. Any 20
of the 7000 channels may be programed Into the preset memory. A 70 MHz provision has
also been included to permit the use of an external modem in the place of the internal
modem. The AN/WSC-3 requires 115/230 Vac 60 Hz at a maximum of 11 amperes.

3—2.2 The submarine installations use a double disk—cone omnidirectional antenna on
an extendible boom. Surface shi ps use two OE-82B/WSC-l trainabl e arrays, one fore and
one af t, linked to the shi p ’s gyro system to hold their orientation (see Figure 3-3.1).
The AN/WSC-3 is typically located in a radio room below deck In an air-conditioned
environment. The coninunications set is rack mounted and slides open forward for ad-
justment and module replacement. A small remote control box is used if manual remote
control Is desired. Maintenance is normally performed by radio room personnel using
the built-in-test equipment (BITE) features of the set. Repair is by module replace-
ment.

3-2.3 Control of the coninunications set may be attained either at the front panel or
through the remote control unit. The remote control unit has provisions for a hand—
set, selection of any of the 20 preset channels, and selection of the type of modula-

• tion . It also contains a handset volume control and has l amps to indi cate operating
conditions.
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SECTION IV - RELIABILITY MODEL

4-1 RELIABILITY BLOCK DIAGRAM

4-1.1 BY 0-LEVEL REPLACEMENT MODULES. Figure 3-4.1 lists all  the AN/WSC -3’ s 0-Level
replacement modules by rel iabi l i ty block numbe r wi th the following i nformation : nomen-

* clature , reference designation , manufac turer ’s stock number , national stock number ,
predicted (MIL-HDB-2l7) failure rate provided by manufacture r , and number used . Con-
sideri ng only on time (no di fference between recei ve and transmi t effects), the reli-
ability block diagram for the AN/WSC-3 is those modules connected in series.

4-1.2 BY MODES. If the reliability by modes is desired, then only the 0-Levels in
that mode are included in the reliability block diagram. Further if it is desired to
consider the difference between transmi t and recei ve effects , the 0-Level involved in
each must be specified. Figure 3-4.2 gives the modules involved in the receive and
tra nsmit functions for the AM, FM, FSK and PSK modes. The reliability block diagram
for each mode is these 0-Levels connected in series.

4-2 MA I NTAINABILITY MODEL

4—2.1 The mathematical model for each mission (mode) reliability is as follows:

R =  R~~’ R-1- (I)

= (~z)
where~ gis the sum of the failure rates of the 0-Level modules Involved in the
receiving function and tgis the time involved In receiving andArand ti-are the
same but for the transmit function. Equation (2) assumes each 0-Level module’s fa i lure
rate follows an exponential di stri buti on .

4-3 COMPUTER PROGRAM

4-3.1 The above model was progranined in “ BASIC” computer language for the AM , FM, FSK
and PSK modes. Using this computer program, the mission reliability and MTBF can be
calculated for various mission times with various allocations of receive and transmit
time. Figure 3-4.3 presents the results of running this program for missions times
of 500 and 1000 hours with 10% transmit time and 90% recei ve time. The failure rates
used are those given In Figure 3-4.1.

I
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AM MISSIO N FM MISSION
I

Receive Tra nsmi t Receive Transmi t

R026 R026 R026 R026

001 001 001 001

002 002 002 002

• 007 007 007 007

024 024 024 024

025 025 025 025
• 005 009 005 009

019 008 019 008

• 021 005 021 005

010 019 010 019

003 021 003 021

004 006 004 006

011 010 011 010

016 016 015

012 012

017 017

018 018

014 014

0
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FSK MISSION PSK MISSION

Recei ve Transmi t Receive Transmi t

026 026 026 026

001 001 001 001

002 002 002 002

007 007 007 007

024 024 024 024

025 025 025 025

005 009 005 009

019 008 019 008

006 005 006 005

010 019 010 019

004 021 004 021

011 006 003 006

016 010 011 010

017 015 016 015

018 012 023

020 017

022 018

021 020

022

021

0

FIGURE 3—4.2 CONT I NUED
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??‘03’28. 15.49.23 .
PROGRAM RMOD9

TYPE MISSION TIME IN HOUR S
? 500 -

TYPE PERCENT OF MISSION TIME TRANSMIT
? 10
TYPE PERCENT OF MISSION TIME RECEIVE
1 90
FOR AN, FM , FSK , OR P5K TYPE 1. 2~ 3~ OR 4

TOTAL REL I A B I L I T Y  FOR AM MISSION .91899?
• M ISSION MTBF* 2567.95

TYPE Y TO CONTINUE
‘V
TYPE MISSION TIME IN HOURS
? 500
TYPE PERCENT OF MISS I ON TIME TRANSMIT
? 10
TYPE PERCENT OF MI SSION TIM E RECE IVE
‘ 90
F OR API, FM, FSK , DR P5K TYPE 1. 2~ 3, DR 4
‘2
TOTAL RELIABILITY FOR FM MISSION .916049
MISS ION MTBF* 2377 .75
TYPE V TO CONT I NUE
‘ V
TYPE MISS ION TIME IN HOURS
? 500 • 

-

TYPE PERCENT OF MIS SION TIME TRANSMIT
? 10
TYPE PERCENT OF MISSION TIME RECEIVE
‘ 90
FOR AM, FM, FSK , OR P5K TYPE 1~ 2, 3, OR 4
‘3
TOTAL RELIA B ILITY FOR FSK MISSION .907506
MISS I ON MTPFs 2327.74
TYPE V TO CON TINUE

TYPE MISS ION TIME IN HOURS
P 500
TYPE PERCENT OF MISSION TIME TRANSMIT

• ? 1 0• TYPE PERCENT OF M ISSI ON T IME RECE I VE
‘90
FOR AM , FPt, FSK, OR PSK TYPE I , 2 , 3, 0R 4
‘.4
TOTAL RELIABILITY FOR PSK MISSION .89235?
M ISSION MTBF. 2141.28

0

FIgure 3-4.3 Page 1 of 2
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TYPE V TO CONTINUE

TYPE MISS ION TIME IN HOURS
1 1000
TYPE PERCEN T OF MISSION TIME TRANSMIT
? 10
YPE PERCENT OF MISSION TIME RECEIVE
‘ 90
FOR AM , FM , FSK~ OR P5K TYPE 1~ 2, 3~ OR 4
‘1
TOTAL RELIABILITY FOR API MISSION .844555
M ISSION MTBF — 2567.95
TYPE V TO CONT I NUE

TYPE MISSION TIME IN HOURS
? 1000
TYPE PERCENT OF MISSION TIME TRANSMIT

• ‘10
TYPE PERCENT OF MISSION TIME RECEIVE
? 9 0
FOR AM , FM, FSK , OR PSK TYPE 1 2~ 3, OR 4

TOTAL REL IABILITY FOR FM MISSION .839145
MISSION MTBF— 2377.75
TYPE V TO CONTINUE
‘V
TYPE MISSION TIME IN HOURS
? 1000
TYPE PERCENT OF MISSION TIME TRANSMIT
‘10
TYPE PERCENT OF MISSION TIME RECEIVE
‘90
FOR AM , FM, FSK~ OR PSK TYPE 1~ 2~ 3~ OR 47 3
TOTAL RELIABILITY FOR FSK MISSION .823568
MISS ION MTBF— 2327.74
TYPE V ID CONTINUE

TYPE MISSION TIME IN HOURS
7 1000
TYPE PERCENT OF MISSION TIME TRANSMIT
? 10
TYPE PERCENT OF MISSION TIME RECEIVE
‘90
FOR AM , FM, FSK~ OR PSK TYPE 1~ 2, 3, OR 4

0 ‘4
TOTAL RELIABILITY FOR PSK MISSION .796301
M ISSION MT$Fs 2141 .28
TYPE V TO CONTINUE

N 
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SECT ION V - PROBLEMS

5-1 AN/ WSC-3

5-1.1 SPECIFIC MODULES . No module level problems were definitely identified. Two
modules showed high failure rates in the Pacific FRAP Sample but not in the Atlantic
and not in the population as a whole (based on depot data) . Four modules were identi-
fied from depot data as high return ra te i tems. None of these showed up as problems
In the field stu4y . It is concluded tha t the four depot i denti f led probl em areas are
not severe enough to be considered significant problems when equipment operating time
is considered. The two Pacific problem areas are probably related to start-up since
the Atlantic Fleet , which has more SATCOM experience , had no problem with these modules.

5-1.2 GENERAL . The fol lowi ng problems were discovered duri ng discussion wi th Fleet
and depot repair personnel :

( 1) FORM 1483. It was discovered tha t i ncomi ng inspectors at the depot repair
facility were pulling and discarding the DD Form 1483, whi ch calls out the reason
for return . Thi s forced repair technicians to work blind and resul ted in some pro-
bl ems not being found. This practice has been ha l ted and the Fleet syn~tomatic Info r-
mation now accompanies the returned module to the test/repair station .

(2) MODULE ADJUSTMENTS . Some modul es have returned to depot maladjusted but other-
wi se ful ly functional. Adjustments made at depot are now being “Glyptol-ed”, i.e.,
secured with a dot of waxy paint. This prevents movement during handl ing and dis-
courages knob twiddling in the field.

(3) INTERCHANGEABILITY. Coninents from Fleet users which were confIrmed by the
check-out technician at Charleston indicate that some inter-reaction probl ems exist
such that not all modules are truly interchangeable. Some will not work in one radio
set but will function fine in another.

(4) DEPOT TEST CORRELATION. Modules from the AN/WSC-3 are tested at depot repair
on test stands using jigs to hold the module and various signal sources and loads to
simulate operating conditions. This Is standard practice and is valid , so long as
correlation is established and maIntained between simulation and field performance.
indications from depot data and Fleet inputs are that a correlation problem exists.

(5) STANDARDIZATION OF LEVELS. Verbal coimients picked up during FRAP field trips
indicates that a problem exists In the area of signal level standardization.
Apparently the tolerances utilized during manufacturing and repair are excessive.
The Phase Shift Keyed (PSK) detector module, for example, shows a low verification
ratio. Symptomatic remarks accompanying the returns clearly detail the observed
problems: TMModule not locking on at the prescirbed level of -3VDC” and “Too high a
voltage shift,  (when measured on the oscilloscope) between 1200, 2400, and 4800 BPS”.
These failures were not confirmed at the Repair Depot. Opinions were expressed that
these PSK modules are being set too close to the spec limi t at the factory . This

• situation apparently is happen i ng el sewhere and Fl eet users feel it is necessary to
attempt to ‘touch up ” the adjustments on the modules (see (2)).  Merely tacking the
factory settings wi th Glyptol will  not succeed if those settings are wrong.
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5-2 SATCOM SYSTEM PROBLEMS.

5-2.1 RF POWER OUTPUT LEVELS . The AN/WSC-3 was designed to output up to 100W

(+2OdbW or +20dB in a 50 oPmi system) In PSK mode. The SATCOM satellite has been
found to be quite suscepti bl e to cross-talk from excessively high signal l evels. The
trainabl e array used by surface ships has roughly 10db (ten times) gain so that a
ship might outpu t as much as 1,000 Watts of RF power at the satellite. SATCON con-
trol has dIrected shipboard users to transmit between 0.5 and 1.25 14 total output
power, whi ch is between -9 and -13 dB at the set. The At4/WSC-3 required circuitry
modi fications to operate at these very low power l evel s (between 0.05 and 0.125W
output). The power output meter , which has a standard logarltPunic scale , is readi ng
in the highly compressed part of its scale at -9 to -13 dB. As the user on the
USS JOUETI , CG-29, put i t ,  “It is fel t a better system shoul d be devised to give
a more accurate output db reading. The present system is more like setting up a
range than setting one level”.

5-2.2 TRAINABLE ANTENNA . The OE-82B/WSC-l steerable array has become an unexpected
major problem . It has been previously deployed wi th the AN/WSC-l and should have
been thoroughly shaken down . However , conmients from users indicate that the antenna
steerable mount control system is a headache . FRAP has no estimates of the mount’ s
performance parameters since FRAP was not authorized to collect data on it (although
some users sent coaunents and several unloaded at FRAP interviewers) . The Scott-Tee
card was f requently mentioned as a probl em. Replacement cards were said not to hold
up and often fai led shortly after Installation . A thermal run-away condi tion was
identi fied on one OE-828 System card by MOTU-l at Pearl Harbor. Other thermally
related problems are suspected since one Pacific user complained tha t the control
syStem “went wacky after 10 mI nutes of op time ” . NESEC Charl eston put forth the
opinion tha t part of the problem is related to tra ining, saying tha t AN/WSC-3 users
g t  virtually no training on the OE-82 mount while the A14/WSC-l users did get train-
I ng and had no problems.

.

3—12

- 
~~~~~~~~~~~ 

~~
•

~- - —-- - ---~---



F- -- -—----- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- - --- - - —- —~~~~-~---—--~—— - — - -  - - —~- - - — —--

— ~~~~~~~~~~~~~~~~~~ ~- -

SECTION VI - CORRECTIVE ACTIONS

6-1 AN/WSC-3 PROBLEM MODULES

6-1.1 No module was conclusively determined to be in need of corrective action.

6-2 SATCOM SYSTEM PROBLEMS.

6-2.1 TRANSMIT POWER LEVEL. An systems level operations problem exists in re-esta-
blishing after maintenance the proper output power level for SATCOM operation. Refer -

to 9-3.2 for a di scuss ion of the problem.

6-2.2 STEERABLE ANTENNA. The OE-82B/WSC-l (V) steerable antenna array used on sur-
face ships for SATCOM operations is a major problem area. Need for corrective action
seems to be indicated for the Scott-Tee card based on Fleet narrative cc-nmients . Al so ,
training of AN/WSC-3 opera tors on the OE-82 mount should be stressed.

6-3 AN/WSC-3 GENERAL.

6-3.1 Although the problems described in paragraph 5-1.2 are not of a magnitude to
cause 0-Level modules to perform worse than thei r predicted (piece-parts) MTBF , it
is recomended that the modules returned to the repair depot be monItored (1) for
significantly high return ra te by the structured analysis technique , and (2) for low
veri fication ratios. -

ii
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SECTION VI I - COST - BENEFITS

7-1 AVAILABILITY

7—1.1 ESTIMATED PACIFIC AND ATLANTIC FLEET. UsIng the assumed exponential distribu-
tion for failure rates and the log -norma l di stribution for down times for the AN/WSC-
3’s In the Pacific Fleet, It Is estimated that the mean and median availability in
the Pacific Fleet is 9355 and .9840, respectively. Then using the assumed expon-
ential distribution for failure rates and the log-normal d1~tribution for down timesin the Atlan tic Fl eet, it is estimated that the mean and median availability in
the Atlantic Fleet is .9453 and .9858.

7-1.2 SPARING EFFECT. When an i tem is vi tal to the mission , it i s of ten dupl icated
in dual or even triple installations. Figure 3-7.1 shows the increase in availability
obtainable using dual or triple installati ons. This family of curves could be contin-
ued but a dimi nishing return on investment is already apparent with the third installa-
tion. These curves are generalized and apply to any equipment with exponential failure
and down time rates. For a 60 day mission of the AN/WSC-3, the greatest potential im-
provenent is shown to be for the Pacific Fleet’s equipment due to its lower MTBF.

7-1.3 RMA PARAMETER IMPROVEMENTS EFFECTS. Figure 3-7.2 and Table 3-7.1 addresses
the sensitivity of the AN/WSC-3 availability to independent changes in MTBF, MTTR I
and MDI. It Is readily apparent that availability is much more sensitive to improve-
ments in NTBF and MDT than to improvements in MTTR. Additionally, the magnitude of
improvement in availability is similar for the same magnitude of improvement in MTBF
and NDT . Improvements in MDT can be made at less cost than improvements in MTBF . The
former can be accomplished through optimum use of spares as discussed in Appendix E,
FRAP TECHNOT E, ALLOWANCE PARTS LIST OPTIMIZATION: AN/WSC-3 SATELLITE COPVIUNICATIONS
SET.

I -

I
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TABLE 3-7.1
AN/WSC-3

OPERATION AL AVAILABILITY IMPROVEMENT

A0 MTBF/(MTBF + NOT )

Observed: MTBF 3770 assLmll ng exponential , MTTR - 4.0 assumIng exponential
MDI 104.1, medIan DI 15.2 , assumI ng log-normal .

RELIABILITY IMPROV EMENT

F1 MTBF MDT A0 u

1 3770 104.1 .973 .027
2 7540 104.1 .986 .014
4 15,080 104.1 .993 .007
10 37,700 104.1 .997 .0024

MAINTA I NABILITY IMP ROVEMENT

F1 MTBF MTTR MDI A0 U

1 3770 4.0 104.1 .973 .027
2 3770 2.0 102.1* .974 .026
4 3770 1.0 .101.1* .974 .026
10 3770 .4 100.5* .974 .026

*164 1 - MTTR

LOG I STIC IMPROV EMENT

F1 ~1TBF MTTR MDT A0 U

1 3770 4.0 104.1 .973 .027
2 3770 4.0 54.0* .986 .014
4 3770 4.0 29.0* .992 .008
10 3770 4.0 14.0* .996 .0037

+ 4.0
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SECTION V I I I  - SPECIFICATION REQUIREMENT S

8-1 RELIABILITY

8-1.1 ELEX-C-168 CO*WNICATIONS SET, SATELLITE AN/WSC-3, dated 4 December 1973,
states n paragrpah 3.2.1, “The set, including built-in-test equipment, shall
have a minimum acceptable MTBF (9 as defined by MIL-STD-781) of 1500 hours ” .
In ADDEND UM 2, dated 24 Apri l 197k, in paragraph 4.7.1, this requirement is ampl i-
fied as follows: “Production reliability testing shall be performed in accordance
with Test Plan VI I I , Test Level C of MIL-STD-781...” Under Test Plan VIII , the
descrimination ratio is 2.0 which makes the specified va l ue, 00 — 3,000 hours.
The 0-Level specified rates used in this report are predicted piece-parts (MIL-HDB-
217) rates developed by the manufacturer. Using these rates the predicted MTBF of
the system is 2678 hours.

8-2 MAINTAINABILITY

8-2.1 The above specification in paragraph 3.3.1 states, “The equipment shall have
an equipment repair time of not more than 10 minutes when corrective maintenance
by module replacement is performed”. The implication is that fault location,
isolation, and troubleshooting time Is in additi on to the specified module replace-
ment time. “Equipment repair time” (ERT) as referred to in the specification will be
taken to mean the median of reported repair times per MIL-E-l6400.

3-18
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SECTION IX - FLEET DATA ANALYSIS

9-I DATA COLLECTION

9—1.1 During the nine months FRAP data collection period, AN/WSC-3 failure
data were reported on OPNAV 4790/2K forms by participati ng FRAP platforms.
Thirty-seven sample equipments were Initialized by FRAP teams duri ng the months
of June and July 1976 and terminated during Apri l and May 1977. These samples
were distributed between the Fleets as follows: 16 samples in the Atlantic on
13 platforms inclusive of aircraft carriers, destroyers, frigates, submar ines ,
and auxiliary craft; 21 samples on 14 platforms in the Pacific inclusive of
destroyers, frigates, subma r ines , and auxiliary craft.

9-2 COMPUTER ANALYSIS.

9-2.1 RMA ANALYSES. These analysis and the computer output are described in
Appendices C and D. Basically the outputs consist of:

(1) Graphs showing:

a. The fit of best fitting probability distri bution to FRAP observed
times.

b. The fit of other distributions tried . These are given for system
time-to-failure, repair and down times .

(2) Tabulation of observed data for time-to-failure, repair, and down times.

(3) Observed frequency distri bution and associated goodness of fit tests and
confidence limi ts for the above parameters.

(4) Confidence intervals on the 0-level parts which failed.

(5) Suninaries of 2K froms where problems were detected in either failures or
repair time.

(6) Values for inherent and observed (predicted operational ) availability .

9-2.2  SUMMARY . These analyses were performed on ~1) all the WSC-3’s on Atlan tic
Fleet platforms, and (2) all the WSC-3’s on Pacific Fleet platforms; and , all these
sample WSC-3’s combi ned. The results of these analyses are suninarized in Table 3-9.1

9-2.3 PARAMETER ASSESSMENT. RMA Fleet parameters are discu~~ed below:

(1) RELIABILITY . Presently the Atlantic Fleet’s operational MTBF (estimated
to be 8620 hours) is significantly greater than the Pacific Fleet’s operational
MTBF (estimated to be 2092 hours) at the 80% confidence level as illustrated by
the non-overlapping confidence intervals. One factor contributing to this difference
is the extra learning experience of the Atlantic Fleet. The Atlantic Fleet had the
opportunity to use the AN/WSC-3 on a limi ted use (near end-of-life) satellite before

S
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TABLE 3-9 .1
SUMMARY OF COMPUTER ANALYSIS

ATLANTIC PACIFIC COMBINED
Total Equipment Operating Time 77,580 54,385 131 ,965

Total Equipment Calendar Time 110,445 92,616 203,064

Duty Cycle .702 .587 .650

No. of Opera tional Fa i lures 9 26 35

Estimated Operational MTBF 8,620 2,092 3,770*
80% Confidence Interval 5,461-14,281 1 ,608- 3,008-

2,758 4,770*
Estimated Median 5,974 1 ,450 2,613*

Specified MTBF 3,000 3,000 3,000
Predicted (MIL-HOB-2l7) MTBF 2,678 2,678 2,678

Estimated Operational MTTR 2.2 4.9 4.0
80% Confidence Interval 1.3-2.4 3.7-6.7 3.2-5.2
Estimated Median 1.8 3.4 2.8

Specified Repair Time .17 .17 .17

Estimated Mean Down Time 168.6 75.2 104.1
80% Confidence Interval 8.4-78.3 6.4—23.0 8. 9-21.2
Estimted Median 25.6 12.1 15.3

Estimated Mean Operational Availability .9453 .9355 .9052
Estimated Median Operational Availability .9858 .9840 .9839

Estimated Inherent Availability .9997 .9977 .9992
Specified Inherent Availability .9999 .9999 .9999

*For Exponential Distribution

S
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SATCOtI was launched . The Pacific Fleet acquired satellite access about the time
FRAP was imp l emented . The duty cycle of .702 in the Atlantic and .587 in the
Pacific could be reflective of this learning process. When the equipments from
the Atlantic and Pacific Fleets are combined, a Welbu ll distribution with~~’.654and a mean of 5221 hours is obtained . However , it Is believed that this resultant
Welbul I is due more to the difference between Fleets than a decreasing failure
rate. Thus, the exponential estimate of 3770 hours appears to be more appropriate
than the Weibull estimate. Even this estimate should be used with caution due
to the signifi cant difference of Fleets.

In order to determine whether the Fleet is meeting the specified and predicted
MTBF exponential estimates given in Table 3-9.1 must be converted to equipment MTBFs.
This is accomplished by using the verification ratio of .86 which is an estimate
(based upon depot repair) of proportion of equipment failures contained in the
operational failures (paragraph 10-1.3). UsIng this ratio, the estimated equipments
MTBF ’s for the Atlantic , Pac i fic , and combined Fleets are 10,023, 2433, and 4384
hours, respectively. Wi th these estimates, the Atlantic and combined Fleets equip-
ment meet the spec i fied MTBF of 3000 hours and the predicted (MIL-HDB-217) MTBF of

• 2678 hours. However, in order to determine if the Atlantic Fleet’s equipment meets
these values , the confidence interval given in Table 3-9.1 for the Atlantic Fleet
needs to be converted to equipment reliability . Using the verification ratio,
the Atlantic Fleet’s equipment MTBF is estimated to be between 1870 and 3207 hours.
As the specified and MIL-HDB-2l7 predicted MTBF’s are wi thin this interval , the
Atlantic Fleets equipment is considered to be meeting these values.

(2) MAINTAINABILITY (REPAIR TIME). The learning curve effect seen in the MTBF
values also shows up in the MTTR observations. The Pacific users show an MTTR of 4.9
hours with a median of 3.7 hours . The Atlantic users show an MTTR of 2.4 hours
with a median of 1.9 hours. The 90% lower limi t on the Atlantic median is about
1.3 hours. In view of the fact that fractional hour repair times are not reported,
i.e., the smallest reportable repair interval is one hour, the 1.3 hour median value
Is judged to be In substantial compliance wi th the specified 10 minute equipment
repair time (ERT). It is expected that the Pacifi c users of AN/WSC-3 systems wil l
ul timately show maintenance performance levels very similar to that of the Atlantic
users.

(3) MAINTAINABILITY (DOWN TIME). The learning curve effect Is not readily
apparent In the observed down times. The Atlantic Fleet had a mean down time of - -
168.6 hours wi th a median down time of 25.6 hours whereas the Pacific Fleet had a
lower mean down time of 75.2 hours and a lower median down time of 12.1 hours.
However, one reason for the Atlantic having the greater down times is that Atlantic
Fleet users originally had a list of replacement modules which was different from
the Supply system’s list.

(4) AVA ILABILITY . The Inherent operational availability (MIBF/(MTBF + MTTR))
for both the Atlanti c and Pacific Fleets is very near that obtained when using
the specified MTBF and repair time. The estimated mean operational availability
(mean of TTF/(TTF + DT) ratios) for all WSC-3’s in the Atlanti c Fl eet is .9453 and
for the WSC-3’s in the Pacific Fleet Is .9355. The median for the Atlantic Fleets
WSC-3’s Is .9858 and for the Pacific Fleets WSC-3’s the median operational avail-
ability is .9840. Thus, the operational availability is similar for both Fleets.

J
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9-2.4 PROBLEMS IDENTIFIED. The following modules were indicated as being signifi-
cant problem areas:

(1) FREQUENCY STANDARD MODULE A1A23. This module is a sealed uni t containing
a crystal oscillator circuit inside a temperature controlled oven. This oscillator
generates the 511Hz reference signal that is used to generate all heterodyne signals
used in the radio. This module was not a problem in the Atlantic Fleet (no replacements)
but was replaced three times in the Pacific Fleet. Those modules have yet to appear at
the depot repair facility.

(2) PHASE SHIFT KEYING TRANSMIT LOGIC MODULE A1A5. The PSK transmit logic
module is the formatting section of the transmitter. It has four straps (a kind
of simple electrical switch in which a conductive link is used to bridge conductors
to select the desired path. Straps are usually held in place by screws) which
select the desired modulation options. It is known that some modules reached
the Fleet incorrectly strapped. Since the user does not normally switch straps, I
several of these modules were turned in as faulty. The Atlantic Fleet had no
PSK transmit logic failures; the Pacific Fleet had four.

9-3 FLEET NARRATIVE DATA.

9-3.1 GENERAL. The SATCOM system which used the AN/WSC-3 has been very, very
favorably received by the operating level Fleet user. Interview coninents were
overwhelmi ng positive even on platforms that had lengthy delays In getting power
level adjustments (see 9-3.2). One FRAP submission from the USS MORTON, DD 948,
contains the remark , “WORKS LIKE A CHAMP”, which seems to sum up the Fleet’s feel-
ings about the AN/WSC-3. This is not to indicate that problems did not occur. For
example, a SNAFU resulted in Atlantic users havlrtg one list of numbers for re-
placement modules while the supply system had another; neither had both. Unti l
that was i roned out , Fleet support organizations ran an “underground railroad” in
spare modules . The effect of that misunderstanding remains In the supply system
computer which (incorrectly) shows virtual no demand for AN/WSC-3 modules for
a sizeable part of calender year 1976. Since future sparing levels are determined
by a computer al gori thm based on past demand , this probl em could return to haunt
the Fleet at a later time.

— 9-3.2 POWER LEVELS. The AN/WSC-3 is designed to work on submarines and surface
ships in Line—Of-Sight (LOS) mode on a ~0db gain antenna. The shipboard train-
able antenna has roughly 10db of gain. This extra gain on the transmit end coupled
with a less than expected power level tolerance at the receiving end (the satellite)

- - 
- have combined to cause shipboard AN/WSC-3 users considerable problems. At first

• the radio set would not operate at power levels low enough for satellite use.
Modification to the automatic shutdown circuitry allowed operations In the sub-
zero 08W (1 watt into 50 ohms) range with -13 dBW being typical. Coordination pro-
blems with the shore-based SATCOM control stations resul ted In lengthy delays in
setting transmit power levels. Further, the meter on the AN/WSC-3 Is Inadequate in
the range below -10 DBW of output power, since the scale there is highly compressed
a small needle movement represents a sizable power shift. When a radio is tested,
repaired , or otherwise disturbed, it is difficult to re-establish the proper output.
Submittals Indicate that the “proper” power setting varies from day to day and

3-22

-- - - ~~ .- -~~~~.—..-- “.— — -  

—----- -=.---~ -
—.— ——— - —--—-‘ ~



pr - ----—-—~,—~ - -
~~ - --- -

~~~~~ -~~~~~~ 
-
~~--

- -—.-- .-- -

- - •--—- - •‘, — - - - - -., -

operator to operato r at SATCOM Control . Suggestions for Improvements ha ve ranged
from replacing the power meter with a physically larger unit to providing an ad-
ditional power range setti ng on the meter function swi tch. Some better means of
power leve l indi cation (even a “Go-No-Go ” light at the “proper ” level ) such that the
lengthy adjustment sequences wi th SATCOM Control can be minimi zed is definitely re-
qui red.

9—3.3 TRA INABLE ANTENNA . The trainabl e array antenna used by the AN/WSC-3 in
satellite l ink operations aboard surface ships has been a major headache to SATCOM
users. Al though not part of the FRAP fiel d study , Fleet users were as quick to
complain about the antenna, a Collins Radio OE-82B assembly, as they were to praise
the AN/WSC-3 radio set. The Scott-Tee card in parti cular was mentioned again and
again as a weak l ink . The user on one platform told FRAP interviewers that they
had one Scott-Tee card that worked that they were swapping it  between antenna mounts
each time the ship turned. Replacement cards for the second mount simply did not
stand up. In other cases, it appears that training Is a contributing factor to the
situation. The technicians are given the Impression during AN/WSC-3 schooling that

• the antenna mount system is simple wi th nothi ng to worry about. It is not simple.
Accurate estimates of antenna system operational performance parameters are not avail-
able since FRAP was not tasked to collect data on it.

I
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SECTION X - ANALYSIS OF DEPOT DATA

10-1 BACKGROUND

10-1.1 The AtI/WSC-3 is manufactured by Electronic Conmiunicat ions , Inc., a
subsidiary of Nationa l Cash Register (NCR) located In St. Petersburg , Florida .
Depot repair for AN/WS C-3 modules is conducted at the contractor ’s facility.
A record of those replir acti ons forms the bills of this analysis.

10—1 .2 STRUCTURED ANALYSIS. FRAP has developed a fai lure rank ing technique useful
for locati ng field problems as evidenced by their module return ra tes . This method
takes into account both the numbers of each module used in a system and the corn-
plexity of each module. A problem is evidenced by an observed return rate which
is significantly larger than the expected return rate. To measure this signifi-
cance, a Poisson Test Of Means is used. The results of this test are expressed
in percent and represent the probability that the observed return rates and the
expected return rates are truely different, In FRAP , 95% sIgnificance (probability )
was chosen as the trigger point for followup study.

10-1.3 VERIFICATION RATIO. For each of the 95% + signi ficant module, a verifi-
cation ratio was calculated using:

V — (N 1 + N
2

/2) /N

where :

N1 Number of failures confirmed at depot repair

N2 Number of failures not cofirmed at depot repair

N • - -  N1 + N2 Total number of resolved fleet failures

This equation states that it is an even chance that an unconfirmed failure did , In
fact, malfunction in the Fleet. Verification ratios range between 0.50 and l.DO with
0.85—0.90 being average. High verification ratios tend to Indicate easily located
problems such as catastrophic failures, while low verification ratios tend to indi-
cate the presence of some unusua l factor such as therma l problems , training or tech—
ni cal manual short comi ngs , or probl ems in test procedures.

10—2 FINDINGS.

10—2.1 OVERALL . Five modules (four and the chassis) were found to be significant at
the 95% + level. These are discussed in the following paragraphs.

10—2.2 CONTROL CONVERTER, MODULE A1A9. The control converter is an interface module
that accepts digital information from the remote control box (or a computer) and
the front panel . This Information is digi tal ly  converted into the form and format
need by the control circuits of the radio. The control converter is 97 .23% signi-
fIcant on 9 returns showI ng a verifIcation ratio of 0.78 , which is low . Transistor
desi gnated “Q3” was replaced 5 tImes. One of the “not veri fied” repairs noted
“updated to revision C”. No other pattern Is apparent. 
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10-2.3 AMPLITUDE MODULATION DETECTOR, NODULE A1A15. The All detector receives the
output of the main Intermediate Frequency (IF) amplifier , A1A16, and extracts the
AM signal information for output to the audio stages. This module also generates the
Automatic Gain Control (AGC) voltages that are used by the receiver front end module,
A1A17, and the IF amplifier, A1A16. The AM detector Is 97.95% significant on 12
returns showing a veri fication ratio of 0.96, which is high. Capaci tor designated
“c23” was replaced five times. Spacers were inserted four times. Two repairs
reports contain the phrase “updated to revision G”. The capacitor designated “C23”
is an interstage coupling capacitor which is protected from excessive voltage spikes
by several resistors. It is unl ikely that the capacitor i~ failing from overst’~ess.A materials problem is indicated.

10-2.4 MAIN INTERMEDIATE FREQUENCY AMPLIFIER MODULE AlAl6. The main IF amp provides
the bulk of the signal amplification and filtering In the radio set. This module
Is actually two IF ampl ifiers, a wide band and a narrow band unit. One or the
other Is disabled by control signals. The IF module also performs signal blanking
under control of the blanking module, A1A17. The IF module is 98.91% significant
on 12 returns showing a veri fi cation ratio of 0.83, whIch is average. There are
four cases of the replacement of filter “FL-2”, a narrow band bandpess crystal filter
manufactured by ECI. Twice the conrent was made, “open ”, which could indicate a
catastrophic failure, such as a crystal fracture, or the shift of the pass band such
that the IF signal no longer can pass through. No other pattern is apparent.

10—2.5 DATA BUFFER MODULE AlAl9. The data buffer provides ampl ification, signa l
control , and level conversion for the output Frequency Shift Keyed (FSK) or Phase
Shift Keyed (PSK) data and clock signals. The data buffer is 99.99% sIgnificant on
8 returns showing a verification ratio of 0.75, which is very low. Microcircuit
“U4” , a quad 2 input HAND gate was replaced 3 times for crosstalk. The schematic
shows U4 as handling (through separate gates) the receive clock, the transmit clock,
and received data. It is noted that the three U4 replacements also contained the
note “Revision B” , which is taken as an indication that the problem has been recog-
ni zed and a f ix fo rmulated . No other pattern is apparent.

10—2.6. CHASSIS. The chassis Includes the metal box , connectors , cables , etc . that
are required to physically support and electrically interconnect the other modules.
The chassis is 100% significant on one failure showing a verification ratio of 0.50.
The failure was not confirmed.

10-3 FAILURE ANLAYSIS

10-3.1 A1A5C23 AND A1A5C26 . Capaci tors C23 and C26 from PSK transmit logic module
seri al number B-49 taken from the USS MONTICELLO , LSD-35 , are Sangaino type CMR4E-68OJ0.
Vi sual examination shows the leads to be broken off adjacent to the molded case
(see Figure 3-10.1). The capacitors passed electrical tests and were deemed to be
good . The leads were broken as a result of mechanical over stress.

10—3.2 A1A15C22 , A1A15C23, AND A1A15C24. Capacitors C22 , C23 , and C24 from the
AM detector module in Al4/WSC-3 serial number B-144 aboard the USS HAWKBILL, SSN 666,
are Westcap .0015 UF SOY type 14J03l52-3 units . The complaint was , “can not set

- squelch” . The depot repair technician coimiented , “can not verify customer ’s reject

I
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but (am ) changing C22 , C23, and C24. This is a coninon intermittent problem. ECI
has changed vendors to correct the problem.” The capacitors looked good visually,
checked good on X-ray, tested good at 50V and 200V with no intermittent opens or
shorts, and were deemed to be good. (See Figure 3-10.1).

10—3.3 RELAY A1A1K1 . AN/WSC-3 serial number B2l9 failed with the followi ng corn-
plaint: “will not transmit data”. An armature relay manufactured by ECI was found
defective and was repl aced . Electrical tests showed a fai lure at pins Bl , 82 and
B3. Removal of the case disclosed welded contacts between pins B2 and 83. The type
of mel ti ng observed (see Figure 3-10.2) requIred an estimated 5 amperes of current ,
which is a gross overload for this relay.

10-3.4 MICROCIRCUIT A1A8IJ1. AN/WSC-3 serial number 8144 aboard the USS HAWKBILL,
SSN 666, failed with the complaint, “Incorrect frequency output from synthesizer
A1A8”. Depot repair isolated the problem to the frequency scaler board and
replaced the microcircuit designated “Ui ” , manufactured by Collins RadIo Company
with part number 72-00141-001. This microcircuit Is a hybrid film circuit on a
cerami c substrate using monoli thic  integrated circui ts (“chips”) bonded to the sub-
strate with epoxy and interconnected using hair-fine wires. The resul ting hybrid
cIrcuit performs a divide-by-five frequency scaling function. The microcircuit failed
electrical tests. After de—lidding (see Figure 3—10.3), visual examination disclosed
a wire bond failure on pin 5 (see Figure 3-10.4). Electrical tests showed the micro-
circuit to be fully functional with pin 5 by- passed. Bond pull strength tests on
other pins were good . The bond defect on pin 5 was j udged to be the cause of the
microcircuits failure. It was further judged that the failure was a chance occur-
rence as the bonding technique employed resulted in acceptable bonds on other pin
posts.

10— 3.5 CAPACITOR A1A8C9. During depot trouble shooting of the microcircuit pro-
blem detailed in section 10-3.4 above, depot repair also replaced capacitor C9
in the phase detector. This capacitor tested good at room temperature. The potti ng
was removed, revealing a loose connection; the silver end cap had separated from
the cerami c diel ectric , see Figure 3- 10.5. This kind of failure is coninon and is
a result of improper process control and cleaning duri ng manufacture . Al though
not observed at room temperature, electrical intermittents (opens) result from such
bond failures. It was concluded that capaci tor C9 was defective in manufacture and
was probably intermittent in circuit performance.

10-3.6 TRANSISTOR A1A3Q2. AI4/WSC-3 serial number 8-125 aboard the USS HOEL, DOG-13
failed with the complaint, “No integrator balance”. Depot repair of the receiver
phase shift logic module from this set found Q2, a JAN 2N2907A transistor manufactur-
ed by National Semiconductor, to be shorting In the circuit. Analysis of Q2 showed
very high leakage from collector to base during el ectrical tests . Exami nation by
scanning electroni c mi croscope after de-lidding revealed an overly long base bond-
lng wi re which was touching the edge of the chi p coninon to the collector , see Figure
3-10.6. Thi s type of failure is a workmanship defect which might have been screened
out duri ng visual i nspection If the part had received JANTXV processing.
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10-4 SU~~ RY.

10-4.1 Neithe r of the problem modules found from the FRAP field study showed
significance on depot data analysi s and none of the four significant probl em modules
from depot analysi s were i dentified as current probl ems in the Fleet. It was di s-
covered that i ncoming I nspecti on at depot repair was pul l ing and di scarding the user
submitted reason for return form. Thi s was causing the repair technician to work
bl ind and lowered the verification ratios on certain complex or marginal modules .
As a result of gathering Information for the FRAP study , thi s practi ce was found and
halted. The r epai r technician now receives the Fl eet user ’s coninents accompanying
the failed part.

.
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Figure 3-10.1 Xray of Capacitors

W r

Figure 3—10.2 Relay (P/N 47-00184) From
Transmitter Module 1A1A1
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Figure 3-10.3 Hybrid Microcircuit  (U i)
From Synthes i zer A1A8
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Figure 3-10.4 Enlargement of PIn 5 of
Microcircuit Ui Above
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- FIgure 3-10.5 Capacitor (C9 ) From Phase
Detector Section of AJA8
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Figure 3-10.6 Transistor (‘)2) From Phase
Shift Logic Module. Note
Base Lead Touch i ng Suhstrate
(Collector Reqion)
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