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VOLUME 1
FLEET RELIABILITY ASSESSMENT PROGRAM

GENERAL PROGRAM REPORT

SECTION I. INTRODUCTION

1-1 BACKGROUND

1-1.1 The Chief of Naval Material (CNN) indicated through NAVMAT-06 that thenumber one priority in the reliability area is the development of a reliability
reporting and tracking system for operational equipment. This system must be suit-able for rapid response to reliability problems so that correcti ve actions can beInitiated as early as possible. The CNN requirements are documented in NAVMATINST3000.1 and CNN memo (ADPI I .C. Kidd) of 10 Apri l 1974.

1-1.2 In response to this priori ty requirement, with CNN approval and CNO concurrence,
NAVELEXSYSCON initiated the Fleet Reliability Assessment Program (FRAP) as a pilotstudy of electronics equipment newly Introduced into the fleet.
1-2 PURPOSE

1-2.1 The purpose of FRAP was to test the feasibility of reducing life cycle costsand Improving fleet readiness through an organized program of controlled observationsof samples of newly deployed operational systems followed by early reliabilityimprovements based on these observations. A rapid response is assured by FRAP througha closely coordinated effort Involving the operational fleet, naval and contractor
facilities , and equipment support activities illustrated in Figure 1-1.1. Problemareas and failure mechanisms are identified, and corrective actions reconinended tothe cognizant equipment manager.
1-2.2 GOALS. The primary goals of the FRAP are the following:

• (1) Improve Operational Availability
(2) Reduce Life Cycl e Cost

1-2.3 OBJECTIVES. In support of the FRAP goals the followi ng objectives wereestablished.

(1) Measure the Reliability (1) of electronics equipment early in fleet operation.
(2) Identify equipment deficiencies and take (recomend) corrective actionpromptly.

(3) Improv e logi stics support effec tiveness.
• (4) Reco*miend improvements to 3M NDS.

(1) Both Operational Reliability and Equipment Reliability. See glossary fordefinitions of these terms.

1—1 
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1—3 SCOPE.

1—3 .1 EQUIPMENT. The equIpment included In the pilot FRAP effort were the follow-
ing :

(1) AN/SSR-1 Satellite Coninunications Receiver

(2) AIE/WSC-3 Satellite COtNnunlcatlons Set
(3) AN/URC-85 UHF Coimnunications Set

(4) AN/URC-62 (VERDIN) VLF Conmiunications System
(5) A$/UYK-20 Data Processing Set (Mini-computer)

1-3.2 PLATFORMS. The sample platforms that participated in the pilot FRAP are
susmisrized by platform type and fleet below :

PLATFORM ATLANTIC rACIFIC FLEET
TYPE FLEET FLEET TOTAL

CarrIer 3 3 6• Cruiser 3 1 4
Destroyer 6 4 10
FrIgate 5 1 6
Auxiliary 4 3 7
Landing Ship 5 2 7
SubmarIne 9 6 15

TOTAL 35 20 55

A more complete identification Of platforms is presented In Table 1-1.1

1

.

1-2
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PLATFORM HULL
NAME NO. SHIP TYPE

Adams, Charles E. DDG-2 Guided Missile Destroyer
Albany CG-lO Guided Missile Cruiser
Batfish SSN-681 Nuclear Sub
Brown, Jesse L. FF1 089 Fast Frigate
Capadanne FF-l 093 Fast Frigate
Coronado LPD-ll Amphibious )ock Transport
Daniels, Josephus CG-27 Guided Missile Cruiser
Davis DD-937 Destroyer
Dupont DD-94l Destroyer
Farragut DDG-37 Guided Missile Destoryer
Finback SSN—670 Nuclear Sub
Forrestal CV-59 Aircraft Carrier
Flying Fish SSN-673 Nuclear Sub
Furer, Julius A. FFG-6 Guided Missile Frigate
Guadalcanal LPH—7 Amphibious Assault Ship
Guam LPH-9 Amphibious Assault Ship
Holland AS-32 Submarine Tender
Hunley AS-31 Submarine Tender
Ingram, Jonas DD-938 Destroyer
Kamehameha SSBN-642 Nuclear Ballistic Missile Sub
Kennedy, John F. CV-67 Aircraft Carrier
Key, Francis Scott SSBN-657 Nuclear Ballistic Missile Sub

• Lafayette SSBN-6l6 Nuclear Ballistic Missile Sub
Lake, Simon AS-33 Submarine Tender
Macoonough 006-39 GuIded Missile Destroyer
Madison, James SSBN-627 Nuclear Ballistic Missile Sub
Milwaukee AOR-2 Replenistmient Oiler
Manitowoc LST-l180 Tank Landing Ship
Narwhal SSN—67l Nuclear Sub
Nimitz CV-68 Ai rcraft Carrier
Page, Richard L. FFG—5 Guided Missile Frigate
Sea Devil SSN-664 Nuclear Sub
Valdez FF-l 096 Fast Frigate
Walnwright CG-28 Guided Missile Cruiser - 

-

Whitney, Mount LCC-2O Amphibious Coninand Ship

TABLE l-l.lA FRAP SAMPLE PLATFORMS (ATLANTIC)

_ _ _ _ _ _ _  _ _ _ _ _ _  - 
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PLATFORM HULL
NAME NO. SHIP TYPE

Abraham Lincoln SSBN-6O2 Nuclear Ballistic Missile Sub
Constellation CVA-64 Aircraft Carrier

• Coral Sea CVA-43 Aircraft Carrier
Enterprise CVN-65 Nuclear Aircraft Carrier
Ethan Al len SSBN-608 Nuclear Ballistic Missile Sub
Hawkbill SSN-666 Nuclear Sub
Hoel DDG-l3 Guided Missile Destroyer
Jouett CG-29 Guided Missile Cruiser
Kansas City AOR-3 Replenistmient Oiler
Monticello LSD-35 Dock Landing Ship
Morton 00-948 Destroyer
Proteus AS-l9 Submarine Tender
Plunger SSN-595 Nuclear Sub
Puffer SSN-652 Nuclear Sub
Sam Houston SSBN-609 Nuclear Ballistic Missile Sub
San Bernardino LST-1189 Tank Loading Ship
Somers DDG-34 Guided Missile Destroyer
Waddell 006-24 Guided Missile Destroyer
Whipple FF—1062 Fast Frigate
Wichita AOR-l Replenlstvnent Oiler

TABLE 1-1.8 FRAP SAMPLE PLATFORMS (PACIFIC)

.

1-5
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SECTION II. MANAGEMENT CONCEPT

2-1 ORGANIZATION. FRAP functions through an organizational structure consisting
of a sponsor, Lead Field Activity (LFA), Technical Support Activities (TSA), equip-
ment manufacturers, and participating fleet personnel as illustrated in Figure
1-2.1. The Naval Electronics System Comand (NAVELEX 470) sponsers FRAP, provides
general direction and guidelines to the LFA, and interfaces with cognizant NAVELEX
equipment managers and higher-level Navy management. The May11 Weapons Support Can-
ter (NAVWPNSUPPCEN) Crane is the LFA responsible to NAVELEX 470 for the management
of FRAP.

2—2 LEAD FIELD ACTIVITY. The LFA’s responsibilities include:

(1) Program management and technical direction.

(2) Equipment functional modeling.

(3) Statistical sampling plans.

(4) FunctIonal data requirements for equipment.

(5) Engineering R/WA (Reliability, Maintainability, and Availability) assess-
ment of equipment performances.

(6) Failure modes diagnosis and effects analysis.

(7) Corrective action proposals (ECP’s, training, etc.).

2-3 TECHNICAL SUPPORT ACTIVITIES. The TSAs are responsible for the collection
of failed throwaway~ Items from organizational-level maintenance activities and
for obtaining fleet prepared maintenance forms. The maintenance forms are monitored
for completeness and adequacy; deficiencies are noted and appropriate action taken
for correction. The TSAs also interface with equipment manufacturers, field mainten-
ance activities, and depots in acquiring failure analysis and reliability data on• failed repairable items forwarded to them by the fleet. In addition, the TSA performs
failure analysis on the returned throwaways and reports findings to the~ LFA.

2-4 PLANNING AND CONTROL. Formal program planning was accomplished and implemented
by means of LFA and T5A Implementation Plans. The Implementation Plans provided
for detailed planning and scheduling of the several phases of the program that were
necessary to coordinate the efforts of the field activities involved. The Iiçle-
mentation Plans also established the requirements for other planning documents, such
as Sampl ing Plan, Data Collection Plan, and Report Publication. Program control
was accompl ished through monthly status letter reports and quarterly program review
meetings .

3 
- -
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SECTION III. TECHNICAL APPROACH

3—1 The approach toward accomplishing the objectives of FRAP is an early identi-
fication of maintenance problems encountered with electronic equipment operating
In the fleet environment followed by an intensive reliability improvement program.
Selected samples of each pilot FRAP equipment were closely monitored over a nine-
months period of fleet operation . Fifty-five representati ve platforms were chosen
as sources of organizati onal -level information. Thi s data along with interm ediate
and depot- level repair records Is used to determine achieved operationa l and equip-
ment reliabili ty and to identi fy sign ificant problems .

3-2 Major elements of this approach Include developin g equipment reliability models,
choosing a representative sample from the total equi pment population , collecti ng
data from organizational and depot maintenance level s , performi ng faul t isolation
and failure analysis, analyzing the data in order to assess its significance , identi-
fying correcti ve action, and recomeending for implementation that action proven to be
most cost effective from a life cycl e point of view. In order to cost effectivel y
accomplish these tasks , FRAP makes extensive use of facilities and data collection
resources already established.

3-3 SAMPLING PLAN.

3—3.1 The prerequisites for developi ng the pilot FRAP sampling plan were:
(1) The parameter of prime importance is the Mean-Time-Between-Failures .
(2) FRAP parameter evaluations be no more discriminating than the procurement

test programs .

(3) Confidence level of 90% be used .

(4) Desire to determine appropriate reliability probability di stribution.

(5) Environments are important.

(6) The sample be representative of the existing population.

3—3.2 The sampling plan was developed using the above factors as described below. The
total population sub-divided by platfo rm types was obtained for each equipment. The
platf orm types were then ranked for each of the equipments in decendi ng order of
equipment population. Since environments were Important, it was desired to utilize at
least the two highest ranking types of platforms for each FRAP equipment and to have
samples of each platform type from both the Atlantic and the Pacific Fleet. This also
gave sample representation of platforms with the most equipments. Then, to obtain
a sasure of replication within an expected similar environment, at least two plat-
forms of each type from the same fleet were desired. Further, to determine if different -types of platforms and/or Fleets produce significantly different results at least four

- 

- - . fail ure events were desired from th. expected similar environments.
3—3.3 In order to determine the appropriate reliability probabil ity di stribution

1-8
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and to determine if a failure mod. Is predominant It was desirable to accumulate
approximstely 20 faIlures during the planned six-months data collection period.

3-3.4 Procuraasnt risks (producer ’s and consumer ’s) war, obtained from the
NIL.STD-781 Test Plans when the plans were specified in contract documentation.
Since the probability of accepting the minimum acceptable MTBF (a1) is different
for different Test Plans, the respictlve operating characteristic curves were
used to choose a MTBF for each equipment which would have a 90% probabilIty of accep-
tance. Thus to obtain similar discrimination in FRAP, th. lower 90% confidence limit
for F1tAP should be in the neighborhood of this Value .

3-3.5 To compare the operational MTBF and the procurement MTBF at the expected
similar operational environment, confidence limits were constructed for these
environments beginning with two platforms per environment. The following ass~~ tions
were used to calcu late th. confidence limi ts :

(1) ReliabilIty follows the exponential distribution.

(2) A six-months data collection period with a one-third duty cycle.

(3) The specified MTBF (p0) exists In the Fleet.

With these ass umptions , the following formula was used to obtain expected one-
sided 90% confidence limits and expected 80% confidence intervals,

2T 2T

X20.90, 2r+2 X20.lO,2r

I • equipment operating time

(6 mox l 2O hrs/ m ox l/ 3 x N)
- l44O h r x N

r • No. of failures expected
- (Tie0)
• Chi-square value at indicated percentile and degrees of freedom

N — Sample sire

The desired sample size was determined as the lowest value of N which would
giv e: (1) a lower limi t at least as great as the 111SF having a 90% probabIlity of
acceptance; and, (2) meeting the other cri teria enumerated above. Platforms were
then selected at random from those not having planned overhaul or restricted avail-
ability during the planned data collection period.

3—3.6 Sample sizes and/or platforms were modified as required due to platform un-
availability as determined by type and group Co snders. Also, the six-months data
collection period was Increased to nine-months primarily due to early duty cyc les
being much less than one-third.

-
-
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3-4 E~~IPNENT RELIA BILITY M0O(L.

• 3-4.1 Maintenance of Naval shipboard equipment Is accomplished by replacement or
repair of components at Organi zationa l (0), Intermediate (I), or Depot (0) repair
levels. Ships Maintenance and Material Management (3-H) routinely collects organ-
ization al level repair data but not intermediate or depot level repair data. Using

• 3-N fi eld data requi res that the lowest components of the model be the lowest level
reported by 3-11, the 0-level replaceable component . Thi s 0-leve l component can be
a piece part , printed ci rcuit board , major ass~~ ly, or whatever is planned in the
0-level maintenance conc ept.

3-4.2 Although FRAP equipments may have more than one mode of operation , typicall y
al l modules are completely energized wheneve r the equipmen t Is turned on. Therefore ,
a serial model is both convenient and realistic for most of the pilot FRAP equi pments.

3-4.3 The reliabilit y model s are used to determine the achieved operational
reliabilit y and also to assess the effec t of ECPs and other correcti ve action upon
system reliabilit y . Maintenance Action Reports are compared against the model to
determi ne whether or not a reported component failure results in a system failure , a
degradation of system performance, or has no effect on the system capability . The me-
dels are also used in determinin g logis tics su pport requirements.

3—5 DATA COLLECTION.

3-5.1 Each of the FRAP pilot equipments has two planned levels of mai ntenance--organi -
zational and depot. At the organizational level either chassis-mounted components
or electroni c modules are replaced to complete the repair. The chassis-mounted
components are typically considered throwaway items; but, repairable electronic
modules are returned to the depot for component repair or replacement. Repair records
of organizationa l and depot-level maintenance consti tute the basis for reliability
and maintainabilit y analysis. Organization-level repair and maintenance data for the
selected sample of equipment were received from the fleet by direc t mail usi ng FRAP
prov ided maili ng envelopes . Depot repair records were obtained on the tota l equipment
popu lati on . Besides determi ning equipm ent reliabilit y , FRAP has secondar y objectives
wh ich include : (1) evaluati ng equipment maintenance--especially the reliabili ty of
software diagnostics and bui lt-in-test ; (2) verifying some of the basic assu mption s
used in the reliabilit y model --especia lly the fai lure rate di stri bution and component
MTBF pred Ictions ; (3) developi ng a maintenance model ; and , (4) describing the field
environment. These secondary objectives requi re informati on not generally col lected
by 3-N. Therefore , a rapid means to provide additiona l data beyond normal maintenance
data had to be Identified . Necessary additional data incl uded time meter readings
at time of probl em discover y and completed maintenance , descri ptio ns of di agnostic
procedu re used to isolate malfunctions, and environmental information.

3—5.2 FRAP was coordi nated very early with both Atlantic and Pacific Fleet operationa l
units and NAVMAT to determine a suitable way of obtaining the desired data that
would be both timel y and consistent with presen t 3-N operating procedure without
creati ng an excessive burden on naval personnel .

- - -
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3-5.3 The procedure that was adopted and approved by CNN is simply to report the
additional data Items In Block 35 of th. standard OPNAV 4790/2K Ships MaIntenance
Action Form, Figure 1-3.1. A copy of completed forms is sent by the organizational-
level maintenance activi ty to a designated FRAP point of contact. In addition,
a completed copy of maintenance form should be attached to each repairable item sent
to the depot. A reference Job Control Number on the forms allows the part and main-
tenance actions at the 0-and D-levsl to be correlated. Visits by FRAP team members
to the individual platforms for initial data collection briefings facilitated the
collection of the required data. For the one air cog equipment, the AJ4/ART-5O,
Maintenance Action Forms (NAPs), OPNAV 4790/60, were obtained during visits.
3-5.4 At the start of the data collection period, equipment serial numbers and time
meter readings were recorded to initialize data records. These recordings were
taken during a visit to the selected platforms fo r the purpose of providing briefings
and trai ning material . At the end of the data collection - period, visits were made to
record final serial numbers and tIme meter readings. Also, during the data collection
period monthly feedback reports were sent to the participating platforms.
3-5.5 The depot repair facilit y receives repa1r~b1e units frol the total population
of each FRAP equipment. Each month, the LFA receives repair action si aries from
the depot coveri ng the enti re equip ment population. These si ries are used to
determine which maintenance acti ons initiated by the organizationa l level resulted
in repair actions at the depot. Such failure tracking Is necessary to calcula te
equi pment reliability . Failu re analysis on parts removed at the depot is performed
either by the depot, LFA, or ISA. See Figure 1-3.2 for an illustration of the Fleet
FRAP interface.

3-6 DATA ANALYSES.

3—6.1 The major purposes of the data analyses are to determine the operational rel-
iabili ty or dependability of the selected equipment; assist in proposing and Imple-
menting cost-effective corrective action within contractors ’ warranty periods; and,
assist in presenting methods of Improving the operational reliability of new electronics
equipment. The basic source of FRAP operational reliability data is the additional
data requested for FRAP and entered into Block 35 of the 3-H OPNAV 4790/2K or OPNAV
4790/60 forms for the sample FRAP equipments. The additional data requested included
specific time meter readings and environmental assessment both upon observation
and correction of a failure. Other additional items requested were diagnostic
procedure used and more complete corrective action description.
3-6.2 MaIntenance information Is obtained directly from the data normally recorded
on 3-N forms. For example, Active Maintenance Times (Block 32 of 2K form) is the Time
to Repair (TTR) in hours; and, Date Completed (Block 31) mInus Date Discovered
(Block 17) gives downtime in days. Maintenance actions are uniquely identified by
Job Control Numbers (JCN), thus, aFlowi ng traceability of failures from reporting
units to repair depots whenever a copy of the 2K form accompanies the failed pert.
3-N forms also contain data further Identifying the equipment on which failures
were observed. The Depot Monthly Repair Sumearies list the failed parts received from
the fleet and results of failure analyses . Therefore, when the JCN is given for
each pert returned, the failures are uniquely identified.
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3—6.3 The statistical distribution of the time to failure and other reliability
parameters are determined from the data collected for each FRAP equipment. Statistical
methods such as non-parametric distributions, distribution plots, goodness-of-fit
tests , confidence Interva ls, computer simulation, and other suitable techniques are
used . Thene mett ec s are described in Appendix D. The reliabilit y model is updated
as dictated by such analyses. The updated reliability model is exerc ised using fleet
operationa l data ; and, the results compared wi th specifi cation values. The model
is also used to assess the significanc e of other variabl es suc h as proposed engineer-
lng changes and logistics support. Discrepancies noted between specified reliabili-
ties and measured or predicted reliability val ues are analyzed to identify problem
areas and evaluate wheth r the complexity of reliabil ity models are adequate or need
modifyi ng to account for discrepancies .
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SECTION IV - RESULTS

4-I PROGRAM RESULTS
I

4-1.1 OBJECTIVES ACHIEVED. FRAP achieved its obj ecti ves. The planned management con-
cept was successfully Implemented, and the LFA/TSA organization provided the required
support to NAVELEX despite a SYSCON-wide funding crunch In the second and third quarters
of Fl’ 77. In NAVELEX headquarters a liaison billet was established that greatly faci-
litated coordination and conmiunicatlon between headquarters and field activities.
4-1.2 RELIABILITY MEASUREMENT. The fleet data collection program was successfuly im-
plemented. A computer program was developed to facilitate analysis of the data received
from the fleet . A number of visits were made to platforms at Guam, Pearl Harbor, Subic
Bay, San Diego, San Francisco, New London, Norfolk, Charleston, Mayport, Holy Loch, and
Rota. Information obtained from 4790/2K faIlure reports, ships ’ logs, and direct con-
tact were analyzed by computer to obtain probability distributions for operational reli-
ability, repair time, and down time, as well as mean value and median value estimators
for reliability , repair time, down time, Inherent availability , and operational avail-
ability. In addition to the above analysis conducted at the system level , analysis
and printouts were obtained for WRA and 0-level component levels of assembly. Refer
to Section IX of the Equipment Reports for examples of these analyses. Analysis of
data obtained from Depot Repair Facilities enabled operational reliability parameters
to be converted to equipment reliability parameters. Numerical results are sunmiarized
in Section 4-2.

4-1.3 PROBLEM DETECTION. Both the analysis of depot data and the analysis of fleet
data enable the detection and isolation of hardware problems . The FRAP developed struc-
tured analysis technique Indicates the relative importance of module-level problems
with respect to one another. The analysis of fleet data indicates the severity of the
problem with respect to specification values or operational criteria, such as availa-
blity. In addition to these two formalized methods of problem detection and isolation,
the open coninunication between FRAP and the fleet and between FRAP and Depot Repair
Facilities has resul ted in the detection and identification of problems other than
catastrophic hardware failures . Specific instances are discussed in the Equipment
Reports.

4—1.4 LOGISTICS. The collection and analysis of real time RMA performance data has
led to a better understanding of the mutual influence of reliability, maintainability,
and logistics in the attairunent of necessary operational availability and readiness in
the fleet. The FRAP developed logistics model (Appendix E) permits a better understand-
log of the current Fleet Logistics Support Improvement Program (FLSIP) and the effect
of Best Replacement Factor (BRF) calculations upon operational availability. Specifical-
ly, it has been shown that FLSIP leads to a minimum-element allowance parts list (APL)
rather than a minimum-cost API. Results obtained from the FRAP logistics model using
actual reliability data for the AN/WSC-3 Coninunications Set has led to a significant
Increase in the API for the Ati/WSC-3 and has provided the solid information needed for
realistic logistics planning and decision making .

• 4-1.5 FLEET RECEPTION. FRAP has received the enthusiastic support of , and cooperation
from, shipboard personnel on all the platforms visited. Shipboard personnel are vitally
concerned with the reliable operation, the maintainability, and the logistics support(spares availability) of their equipment. The person-to-person contact between the
fleet and the FRAP team has been highly beneficial because of the willingness and the
abil ty of the men aboard the ships to discuss and analyze their equipment problems.
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One example of the extra effort extended by the fleet is the fault location/failure
analysis packet received from the submarine tender USS SIMON LAKE, AS-33 , dealing
with a failure of the AN/WRR-7 VERDIN receiver. FIgure 1-4.1 is a partial reproduc-
tion of six photographs Indicating the results of an overheating voltage regulator
microcircuit. The original photographs are of excellent quality and clearly show the
blackened case, and the melted solder on the reverse side of the printed circuit
board. Another example of the fleet ’s concern is the 4-page conunentary on AN/UYK-2O
overheating problems submi tted by the USS GUAM, LPH-9, and the 4-page follow-up
report on the solution achieved by relocation of the computer Installation.

4-2 EQUIPMENT RP’IA RESULTS

4-2.1 FLEET DATA SUMMARY. Figure 1—4.2 presents a brief suninary of the basic data
— obtained from f leet data collection. The total operating hours and total calendar hours

are used to compute duty cycle, which varies from a high of 0.733 for the AN/SSR-l SAT-
CON receiver to a low of 0.219 for the AN/ART—SO VERDIN transmitter. The number of failures
and the number of repairs during the data collection period are shown as well as the
total active repair and the total equipment down time.

4-2.2 DEPOT DATA SUMMARY. Figure 1-4.3 sunmiarizes the veri fication factors as ob-
tained from analysis of depot data. The usual practice is to count only those failures
that are verified at the depot as being relevant. In effect, this practice attributes
all errors to the fleet while considering the repair depot to ~e perfect. Having en-
countered specific instances of less than perfect test and analysis at repair depots,
FRAP prefers to consider the fleet and the depot equally likely to make errors ; there-
fore, one-half of the non-verified failures are counted as being relevant.

4-2.3 RELIABILITY SUMMARY. Figure 1-4.4 suninarizes the operational reliability and
equipment reliability for each of the equipments in the FRAP study. Comparing the equip-
ment MTBF with the specification MTBF gives the unexpected result that, wi th the excep-
tion of the VERDIN equipment, all systems meet the specification. The MTBF values
stated are the equivalent MTBF values for exponential reliability distribution. Since
the exponential reliability distribution assumption is implicit in the equipment sped —
fication as well as In the test requirements of MIL-STD-781, the exponential equivalent
MTBF is the only reasonable value that can be compared with the specification MTBF.
For the AN/WSC-3 and for the AN/WRR-7, however, the data indicates the reliability
is distributed according to a Welbull function, which in turn indicates an increasing
MTBF.

4—2.4 MAINTAINABILITY SUMMARY. Figure 1-4.5 suninarizes the maintainability results.
Comparison of mean-time-to-repair (MTTR) with the specified value gives the result that
only the AN/URC-85 meets the specifi cation. Reasons for the large discrepancy between
reported MTTR and specified repair time are discussed in the Equipment Reports. Thi s
discrep ancy is rather insignificant, however , except in the case of the AM/UYK-20 where
an improvement In repair time would have a slightly beneficial affect on availability .
The mean down time (MDI) shown is to a very large extent indicative of the effectiven-
ness of logi stics supp ort provided to the fleet and is only influenced in a minor way
by the equipment desi gn and performance.

4—2.5 AVAILABILITY SUMMARY. Figure 1—4.6 summarizes operational availability results.
FRAP considers operational availability to be extremely important because it is the
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final result of reliability, maintainability, and logistics support. The proper bal-
ance of these three elements to achieve the operational availability needed in the
fleet, at a minimum cost level , is a prime goal of Systems Effectiveness Engineering.
The classi cal calculation of operational availability is difficult in that it
must be calculated by simulation, which requires recourse to a digital computer aid
knowledge of both the reliability and the down time probability distributions. FRAP
performed 2000 calculations for each equipment to obtain the estimates shown for the
population mean and the population median. Considerably simpler to calculate and
more meaningful to the typical user is the value shown as “sample observation”. Thi s
availability Is calculated as the total operating hours divided by the sum of total
operating hours and the tota l down time. For all practical purposes, this number is
the probability that the equipment will work when the user needs it.
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FIGURE 1-4.1 An example of the extra effort volunteered by the fleet is this
partial reproduction of the six photographs submitted by the USS SIMON LAKE.
(a) shows the heat-blackened case of the voltage-regulator integrated circuit ,
(b) shows the melting of solder on the reverse side of the printed ci rcuit board.
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SECTION V - RECOMMENDATIONS
5—1 MAKE FRAP PE~~ NENT.

i

5-1.1 The FRAP pilot program has successful ly shown that It is possible to obtain
data from the fl eet which enables determi nation of actual ~4A values that can be cam-
pared to the stated requi rements of equip ment specifications . Thus , FRAP closes the
control loop and allows the NAVY to determine the effectiveness of its management tools
used to obtain RNA of equIpment In the fleet. Therefore, FRAP provides the prere-
quIsite knowl edge to improve the effectiveness of these management tools - equipment
specifications , standards and handbooks, test, prediction techniques , and other pro-
cedures.

5—1.2 FRAP enables the Navy to reduce Li fe Cycl e cost thro ugh cost avoidance :
(1) knowledge of actua l RMA perfo rmance enables the Navy to avoid putting addition- Val money into sys tems that are NgOOdu.

(2) The potential payback from money Invested in a particular equipment can be
determined so that low-return investoents can be avoided.

(3) Trade -offs between reliabllity/maintalnability improvement and Increased log-
istics support can be evaluated to enable cost eff ecti ve allocation of limited monies
availab le.

5-1.3 FRAP motiv ates contractors to make effec tive correcti ons to equipment deficienc-
ies since the Navy Is in the posit ion of knowi ng whether or not the specification is
being met.

5—1.4 FRAP moti vates contractors to conduct failure analyses and to sol ve their com-
ponent quali ty, screen ing, assembly, or quality control problems before the Navy becomes
Involved .

5-2 MODIFY MOS INSTRUCTION (OPNAV 4790.4). FRAP has shown that only a relatively
fiw modifi cat ions to the present 31 MOS system along with an effective depot data co l-
lection program are necessary. The fol lowin g changes are recomeended:

(1) Report Failure-F ree Time. A periodic report of elapsed-time-meter reading is
necessary for reliabili ty calcu lations .

(2) Report Time-of-Failure . Currently reported for SEL (Selected Equipment List )
Items.

(3) Modify the 4790/2K Form. For example, report active repair time in tenths of
hours Instead 0? whole hours since most specified repair times are less than one hour.

(4) Select Platform s on a Sampling Bails. Data from the entire f leet populationIs not required; typIcally 10 to 20% Of the population is adequate.
(5) Limit Time Frame. FRAP requires only 3 to 9 months of data collection to

make a determination of ~~ performance, depending upon the specific equipment .
V (6) AuthorIze Direct Fleet Contact. Direct conta ct with the men aboard the ship

- - ~~~ Is essential to FRAP.
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5—3 NAVELEXSYSCOM ACTIONS. The followi ng NAVELEXSYSCON actions are recomeended.

(1) Develop Depot Data Collection Requirements. Short term depot data require-
ments can be satisfied by ensuring an effective CDRL (Contract Data Requirements List)
and DID (Data Item Descripti on) are Incl uded in proc urements.

(2) Ensure Elapsed Time Meters (ENs) are required in equipment specifications
and that the ElMs are appropriately located so as to monitor the correct time and to
be accessibl e for readi ng.

(3) Ensure that EN locatIons are specified for 3M SEL items.

(4) Ensure the effec ltve utilization of established equipment experti se in TSA
selection .

(5) Work towa rd standardi zatio n of RNA analysis method.
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