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VOLUME 1 CENERAL PROGPAM REPORT

SECTION I - INTRODUCTION
‘Q(} BACKGROUND

'“"I‘he FLEET RELIABILITY ASSESSMENT PROGRAM (FPADP) was created ¢< a
esult of a top nriority Chief of Naval Materiel (CHM) reocuirement for
a fast, reliable, and accurate system of problem identification on new
electronic equipment installations aboard ships. FPAP typically monitcrz
a sclected samnle of an cauipment pooulation over a period of six rerths,
The failure data collected fror maintenance actions nerformed durin:
this neriod is anelyzed and reports are jenerated which identifv the
nroblers and recommend corrective actions, The basic qoals of the protrar
are to irprove operaticnel reliability and to reduce life cvcle c“‘ff.
Ar imoortent obijective of the proarar is the aulck idertification
of nrovvlers o that corrective actions can be taken ecorly in the eaviirent
life cycle. There are several distinct advaentages to this an-roesore:

a. Peliability - Wcaknesses in desiqn and/or comnonny to Wi
result in failures are more likely to occur during oneratior in o v
service ~nvironment, FRAP is designed to detect the ecuiprent fau
durint the first few menths of operation so that steps cer boe take
auickly to resolve the problems, thus improving the ccuinment anCt])hql
reliability within a relatively short time framec.

. Contracter Iliability - Detection of new eauinrent frulte
while the warranty nrovisions are still in effect results in cost savings
to the Flecet since the manufacturer remains responsible for re-dcziqgr.,
retrofits, and renairs,

c. Cost Avcidance, - Costs involved with mcdifyira, or
retrofitting eauinmant can be curtailed through use of the FPAP sar~linc
technique to identify isolated failures that do not effect entire
equipment populations.

d. Allowance Parts List - FRAP provides information on the
eauipment and comoonent failure rates, thus effectina APL cuartities
and central supnply depot stock levels.

e. Data Collection - FRAP assists in reducing or eliminatina
extraneous or diverse data collection and special reprorting reauirements
while imnroving the Navy’'s 3-M system responsiveness.

f. Information Distribution ~ FRAP publishes and distritutes
a monthly feedback report to all participants regarding equipment/syster
status, fixes, proposed corrective actions, and other nertinent information
of qgeneral intecrest.

qg.’ "Corrective Actions - FRAP informs the Navy Program Manaaer
of problems while the contractor is responsible for the eauipment
performance and still has design teams organized to resolve the fallures.
Fnaineering Chanae Provosals can be processed more effectively while
knowledqge of system theory and component structure is recent.




The initial phase of FRAP proved the feasibility of obtaining the
desired goals through an organized effort using a controlled sampling
technique. The FRAP sy.tem assures a rapid response through a coordinated
ef fort of Fleet personnel, naval and contractor facilities, and eguipment
support activities. The activities involved in this effort are illustrated
in Figure 1-1. The results of the pilot phase are available in the FRAP
document "FINAL REPORT, FLEET RELIABILITY ASSESSMENT PROGRAM", dated 1
SEPTEMBER 1977 and can be obtained from the Defense Documentation Center
at Alexandria, Virginia. A summary of the program and its accomplishments
were presented to the 3-M Policy Committee (chaired by OP-43, RADM L.
W. Fisher). The members agreed that the program is "beneficial/necessary".
The committee authorized continuation and expansion of FRAP to encompass
NAVAIRSYSCOM and NAVSEASYSCOM shipboard equipment in addition to that
of NAVELEXSYSCOM and reguested MAT-04 (RADM S. A. White) to prepare &
proposed change to OPNAVINST 4790.4, volume II (3-M manual) to incorporate
the FRAP program,

1-2 PURPOSE

The purpose of this document is to report the results of the FrAl
second phase effort. VOLUME 1, GENERAL PROGRAM REPORT, provides the
equipment summary reports, a discussion of the FRAP organization, and
program modif ications, VOLUME 2, EQUIPMENT REPORT, details the reliability,
maintainability, and availability of the eguipment in the FRAP sample
and includes the reliability model of each equipment type.

1-3 SCOPE

This report presents the results of FRAP maintenance data collection
and analysis on four types of equipment/systems. The system types and
guantities used in the FRAP sample are listed in TABLE 1-~1. The types
and number of platforms participating in the program are shown in TABLE
1-2. TABLES 1-3 and 1-4 provide a complete listing of the ATLANTIC and
PACIFIC FLEET platforms that participated in FRAP.

TABLE 1-1. EQUIPMENT LIST

TYPE EQUIPMENT SAMPLE TYPE
DESIGNATION NAME QUANTITY NO.
AN/TPX~42A (V) ( ) CATCC-DAIR Interrogator Set 3 1
AN/SYQ-7 (V2) NAVMACS A+ Communication System 19 2
Cv-3333/U Audio Digital Converter 22 3
AM/ON-143(V5) /USG Interconnecting Group 12 4

2
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TABLE 1-2. FRAP SHIP SAMPLE TYPES

SHIP TYPE LANTFLT PACFLT
CARRIER 3 3 6
: DESTROYER 4 1 5
3 FRIGATE 4 0 4
' CRUISER 3 1 4
AUXILLIARY 5 G 5
LANDING SHIP 3 3 6
SUBMARINE 4 11 15
TOTAL 26 19 45
TABLE 1-3. FRAP SAMPLE PLATFORMS (LANTFLT)
PLATFORM HULL SHIP
i NAME NUMBER TYPE
ALBANY CG-10 GUIDED MISSILE CRUISER
AYLWIN FF-1081 FRIGATE
BARNEY DDG-6 GUIDED MISSILE DESTROYER
BLUEFISH SSN-675 NUCLEAR SUB
BOWEN FF-1079 FRIGATE
CORONADO LPD-11 AMPHIBIOUS TRANSPORT
DACE SSN-607 NUCLEAR SUB
3 DALE CcG-19 GUIDED MISSILE CRUISER
?‘ DEWEY DDG-45 GUIDED MISSILE DESTFROYER
3 EISENHOWER CVN-69 NUCLEAR AIRCRAFT CARRIER
i GLOVER AGFF-1 RESEARCH FRIGATE
] GUAM LPH-9 AMPHIBIOUS ASSAULT SHIP
» INCHON LPH-12 AMPHIBIOUS ASSAULT SHIP
i INDEPENDENCE Ccv-62 AIRCRAFT CARRIER
JACK SSN-605 NUCLEAR SUBMARINE
LUCE DDG-38 GUIDED MISSILE DESTROYER
MULLINNIX DD-944 DESTROYER
PUGET SOUND AD-38 DESTROYER TENDER
SANTA BARBARA AE-28 AMMUNITION SHIP
SARATOGA Cv-60 AIRCRAFT CARRIER
TINOSA SSN-606 NUCLEAR SUBMARINE
TRIPPE FF-1075 FRIGATE
VREELAND FF-1068 FRIGATE
VULCAN AR-5 REPAIR SHIP
YARNELL (HARRY E.) CG-17 GUIDED MISSILE CRUISER
YOSEMITE AD-19 DESTROYER TENDER
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TABLE 1-4., FRAP SAMPLE PLATFORMS (PACFLT)
PLATFORM HULL SHIP
4 NAME NUMBER TYPE
BLUE RIDGE LCC-19 AMPHIBIOUS COMMAND SHIP
CONSTELLATION CVA-64 ATTACK AIRCRAFT CARRIER
DRUM SSN-677 NUCLEAR SUBMARINE
FLASHER SSN-613 NUCLEAR SUBMARINE
GUARDFISH SSN-612 NUCLEAR SUBMARINE
GURNARD SSN-662 NUCLEAR SUBMARINE
HADDO SSN-604 NUCLEAR SUBMARINE
HAWKBILL SSN-666 NUCLEAR SUBMARINE
KINKAID DD-965 DESTROYER
KITTY HAWK Cv-63 AIRCRAFT CARRIER
LEAHY CG~-16 GUIDED MISSILE CRUISER
NEW ORLEANS LPH-11 AMPHIBIOUS ASSAULT SHIP
OKINAWA LPH-3 AMPHIBIOUS ASSAULT SHIP
PINTADO SSN-672 NUCLEAR SUBMARINE
POGY SSN-647 NUCLEAR SUBMARINE
POLLACK SSN-603 NUCLEAR SUBMARINE
QUEENFISH SSN-651 NUCLEAR SUBMARINE
RANGER Cv-61 AIRCRAFT CARRIER
SEADRAGON SSN-584 NUCLEAR SUBMARINE
5 i
!




SECTION TI - RESULTS SUMMARY
2-1 CAPCC-DAIR
2-1.1 TNTROPUCTION

the Carrier Alr Traffic Control Center-Direct Altitude and Ident;te
Readout (CATCC-DAIR) 1is a shinboard aircraft identification ~na
coordination system used for air traffic control and surport of flignt
operations within a fifty mile radius of the ship. The system is escential
to the safety and combat readiness of the ship which recuires tne system
to be operational at all times while the ship is underway.

The CATCC-DAIR consists of a nrogrammable Interrogator Set AN/TPX-422 (V)8
utilizing the AN/UYK=-20 (V) electronic digital mini-comouter. Fnhanced
reliability is obtained by installing a second AN/UYK-20(V) in a narallel
redundant scheme. All of the systems in the FRAP study were so confiqured.

2-1.2 SUMMARY

Only three CATCC-DAIR systems were studied by FRAP, However, nvy
extending the data collection neriod to nine months, sufficient dat:
was obtained to cnable statistical calculations withmeaning ful conf idence.
3ased on analysis of data received from the Fleet and from FNMSD, the
following 1is concluded:

(1). The equinpment reliability reauired by ELEX-I-198 is not teiny
met in Fleet oneration. The specification, which is based on an exrnorirrisl
failure distribution, requires a mean-~time-to-failure of 760 - ;
which is eauivalent to a median-time-to~failure of 48% hours. 'ni
observed failure disfribution, being Weihull, is best compared wicn to
specification by comparing medians, The median of the ohserved (ol are
distribution was only 126 hours — considerably leszs than the soocit iod
435 hours.

(2). Upncrational reliability of the system was very qood, witn
no failures observnd that reduced the system capability by more than
10 perceént. NOTL: The most freouent failure was the deflection arplifier
in one of the five Control Groun PPI Consoles.

(3). The maintalnability (repair time) requirement is not being
met. Specification FLFX-1-198 requires a Mecan Time To Repair of 0.75
hours, whereas a 40Tk of 18 hours was obscrved.

(4. Cffective availability is very qo00id hecause of the redundancy
in the svstem desian,

Table 2-1 cummarizes the reliability, maintainability, and availability
analvses, NOTFE: Although 3 ships participated in the FRAP data collection,
data from one of the ships is considered to bias the statistics because
of the fact the CATCC-DAIR system aboard this ship wan never fully
onerational. Theretore, only the data from the remaining two ships in
summagized here; however, the complete data analysis 15 presented in
volume 7 of this revart,




~LEGEND

1. A1 Data = All Colleoted Data (Fatlures/Haintensnce Aottona)¥**
2. EQUIP = EQUIPMENT ##
3. PARTS = PARTS REPLACEMENT %*
4. EXP = EXPONENTIARL
S. LN = LOGNORMML
TABLE 2-1 . DATA SUMMARY FOR CATCC--DAIR.
PARAMETER |pi1 Data] EQUIP | PARTS
OPERATIONAL oo e
] Calendar Hours IE,GIGJVIIJBIS 11,616
Operating Hours _ 5873 5873 5873
Duty Cycle 8.437 B.437 8.437
Sample Size 2% 2% 2%
RELIABILITY =
Number of Faflures 12 10 ]
Time Between Faflures-Mean 661 971 1304
Time Between Failures—Median| 111§ 126 1i1
| _Distribution WE'TBULL [WETBULL| KEIBULL
MAINTRINABILITY
Total Repair Time 126 1i1@ 118
Number of Repairs ?_ 1 __=8 2]
Time to Repair—Mean 18 118,3 12.5
Time to Repair—Medi{an | 5.3 | 4.4 4.6
Distribution N 1w LN
| __Total Down Time _ 1132 272 7’83
Repairs (or Maint. Act.) s 6 8
| _Down Time—Mean 162 129 192
Down Time-Med{an 112_ 83 46
___Distribution EXP_ |EXP WEIBULL
AVAILABILITY
___Inherent 8.9734 [ 9.981S5 | 2.9868
Observed-Mean —— 8.525 —
Observed—Med{an e 8.5°72? ——
Effoctive 0.83386 ——- ——=

:SRTCC-DHIR SUMMARY Toes Not Include USS INDEPENDENCE Datas.
Reference Volume 1, Paragraph 3-4, and Yolume 2R, Paragraph 7-2

NOTET A!! Time Untte Are in Houra
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2=1.3 PEMARES

In addition to hardware nrobleirs, FRAP has received cormente from
IFleet users reqgardint huran interface inconveniences and software
nrohlems. The comments from the users of the "Huran Fnaineerea" kevkhoard
in the OD=58 consoles were stronaly nejative, The kevboard is laid out
in a seauentiel alnhaketic "A3C" order from the unner left-hand corner
which makes touch typina practicallv impnossikle and forces onerators
to "hunt and neck". The desiqn builds an inherent safetv hazard inroe
air treffic control hecause of slower tyoing sreed and reduced onerator
accuracy.

joftware nroblems encountered inrn the earlv nhases of the samnle
period are being resolved by renlacing the interim software with o
"fourth genceration” mnackaje currently under develorrent.,

2-2 'AVMACS A+
2=-2.1 INTRONUCTION

The NAVAI, MODULAR AUTOMATEN COMMUNICATION SYSTR' (MNAVMACS) A+ is an
autonated mescaqe handling telecommunications system canable of oneratinn
ship=-tc—shore via hiqh freauency (2-30 111z) indenendent sideband receivers
and a two-way SATCOM link. The system is the orimarv link hetween
denloyed surface platforms and the world-wide Naval telecorrunications
network, NAVAACS is desianed to differentiate incorina traffic for
messnaies addressed to the ship, which are stored and erinted in full,
and those not addresned to the shir, The recorl of the latter mecnoann
iz maintained by pnrinting the address headers, tire, and date,

SJAVHATS consicts of the following ten rodules of which nine arn
unicue: (1) Data Processina Set AM/UYP=20(V); (2) Interconnectina Croun
YI=-143 (V) /I50; (3) Convoertoer /Patch Panel CV-3022/U5; (4) Line Frinmter
TT=R24 (VY /115 (2 units); (5) Cassotte Maanotic Tane Iinit PN=3QR (V) /11,
(6) 'inh Tmeed Pancr Pone "cxder/punch RN=397/U; (7) Teletyre Pencrforator
TT-1927; (8) Teletyre Pransmit Nistributor (TNY Tr-187/17; and (0)
Teletyrewriter fet AN/UCC-207 (or 1),

2=2,2 wirerapy

Che PEAD samnle of AT ACT included nincteen (10) svaters, Althouah
no ovotem lavel anccilicetions exist for the FAVIACT A4, it is conclucded
that the rycstn~ mocete or oxcoeds a nvide snecificatior derived €rer an
estirate of thy indivi-ival ~rauinrent srecificatiorns, 1IL=-MNRE=2171, and
enadirecoring 2ztimaten, Y nle 2-2 summorizes the relinhility, maintainability,
and cvailahility apalveor, '

2-2.3 vpranen

FPAD Analvyeis of tn-s »arer feel roller on the TT=-624 rrinter hoas
revealed that the conter ~ection of the roller haos underaone sianificantly
Pore ovidation ating tnon have the end sections. It is beleived that
feilurmr of the ceonter =octien is the renult of thin aaina, Inarectien
of the chemical extracts indicater ~f{anificoantlv less carbon hlock




LEGEND

1. OPER. = OPERRTIONAL ¥
2. EQUIP. = EQUIPMENT *
3. PARTS = PARTS REPLACEMENT *

TABLE 2-2 . DATA SUMMARY FOR NAVMACS A+,

PARAMETER OPER EQUIP | PARTS
OPERRTIONAL
. Calendar Hours 895,736 | 85,736 | 95,7386
rati Hours 53,272 | §3,272 | 53,272
Duty Cycle B.556 8.556 8.556
Sample Size 19 19 19
RELIABILITY
Number of Fafilures 21 26 23
Time Between Fajlures—Mean 2421.5 | 4848.8 | 2219.7
Time Between Fatlures—Median| 1678.4 | 1420.2 ! 1538.6
Distribution EXP EXP EXP
MARINTARINABILITY
Total Repair Time 44 41 118
Number of Repairs 13 11 20
Time to Repair—-Msan 3.38 3.7 5.3
Tima to Repair—Median 2.35 2.6 3.81
Distrtbution EXP EXP EXP
Total Down Time S141 5387 4901
Repairs (or Maint. Act.) 13 11 20
Down Time—Mean 395.5 482.5 245.0
Down Time—Medi{an 35.8 43.6 28.5
Distributfon LN LN LN
AVARILABILITY
I R
Inherent 0.9986 | B8.9982 | B8.9975
Observed—-Mean 8.8505 | 8.8194 =
Observed—Med{an 8.8732 | B.9632 ——
Effective B.8119 |1 B.9894 [ ©.
*Referonoo Volume 1, Paragraph 3-4
NOTE: R1! Time Units Are In Houre
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content in the conter section than the end ccctions. Carbon kloack i
added to rubber to retard oxidation aaing and it is helirved that the
life of the center section can be extended bv increasina the armount of
carbon hlack added Aurint manufacture of the rubher or by ugint a tvre
of rubbher which has a higher carbon content.
Samnles of the tynes of mamer u.- .1 in the nrinter were analvzed for
acid content. The results indicated a nh of 4.4 for yellow nulr, 4.5
for white bond, and 4.9 for white puln. However, the acid content of
SN the maner is not damaging to the rubber roller and would, in fact,
- retard the oxidation aqging.
A solution was suqqgested for resolving the raner feed rroblem. Thic
was to install a pin drive tractor feed and use edqe perforated narer
in place of the reqular TTY paper.

Other reports concerning the printer were directed toward problers
with the ribbon. One common report was the failure of the ribbon reversina
mechanism which resulted in lost messaqe traffic. Another report mentionad
that the ribbons bkillow as they become aged and can rub or catch on the
rotating print drum.

] Another reported problem was with the kD-397 air filter which was
o picking un chaff from the paper tape resulting in overheating if not
‘ cleaned daily.

2-3 CV-3333 |

2-3.1 INTRODUCTION

The CV-3333/0 AUDIO-DIGITAL CONVERTER (VOCODER) is a digital voice
analyzer-data converter providing digitized speech outout at 2400 baud {
(bits per second). The unit processes and converts voice inputs into a :
serial bit stream which can be encryoted and combined with other data
streams for transmission, The system is an integral part of the Shinboard
Fleet Satellite Communications Narrow Band Secure Voice System. The
Narrow Band Secure Voice system provides lona range ship-to-shcre
communications on a shared channel basis,

The CV-3333/U is used with the ON-143(V) Interconnecting Groun and
the KG-36-4 Cryptographic machine to produce the encymhered bit stream
which is then transmitted by the AN/WSC-3 Satellite Communications Set, ‘

The CV-3333/U is a single unit requiring onlv power and hook-ups tc
communications channels for operaticn.

2-3.2 SUMMARY

The number of CV-3333/U systems in the FRAP sample was 22. The data
collected and analyzed on the system resulted in the conclusion that
no significant operational problems exist with the Cv=3333 and that the
unit meets or exceeds the snecific~t+ion requirements as defined in the
nroduction contract. Table 2-3 summarizec the reliabilitv, maintainability, i
and avaeilability analvses.

10




_LEGEND
{. OPER = OPERATIONAL *
2. EQUIP = EQUIPMENT *
3. PARTS = PARTS REPLACEMENT *

Time to Repatr—Median

e e N R
TABLE 2-3 ., DRATA SUMMARY FOR (CV-3333 . ‘1
| _PARAMETER | OPER | EQUIP } PARTS _
OPERATIONRAL el s R
____Calendar Hours. R £ 5 52&1@&@3& , 624
Operating Hours __ 4? 8?? 47,6727 | 47,8677
Duty Cycle _ — ,a_-i@?_ B.427 . Q@.427
Sample Size 22 | P2 T ez
RELIABILITY e
| ___Number of Faflures I - R U R
Time Between Failures—Mean 23,838 | 47,677 . 47,677
Time Between Fatlures—Medtan) 16,524 | 33, B4B+ 33, 848
Distribution T =
MAINTAINABILITY e e __-‘__,J“ ——
Total Repair Time 33| 13 [ 13 _
Number of Repgairs 2 1 .
“Tlma to Repair—Mean 16.5 } 13 i+ 13 |

Distribution

[ __Total Down Time - 248 ] 188 | 168 _
" Repairs (or Matnt. RAct.) — —_— ——t
Down Time—-Mean 120 168 T 1868

Down Tfme—Median

Distribution

i HVHILHBILITY P -+ - »..ﬁ_:._.; - W———.,
. __Inherent L 5?@:9593 8. 999?' 9.9397
{  Observed- Mean e i

) Obserygd'Median L m_”_"m_+ ———— —_—— 77~
T Effective . T 18,9839 899651 0. sgssj

*Reference Volume !, Paragraph 3

NOTE: A!1 Time Units
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2-3.3 REMARKS

To obtain running time data, FRAP was reguired to install outboard
Elapsed Time Meters (ETM) on the CV-3333. It is recommended that future
procurements include ETMs.

2-4 ON-143(V)5
2-4.1 INTRODUCTION

The ON-143(V)5/USQ Interconnecting Group (IG) is an electronic
interface and control device within the AN/USQ-64(V)3 Communications
Systems Control Central. The unit performs six major system functions:
(1) Signal Interfacing; (2) Sequencing of System Equipments; (3) Link
Control; (4) Message Processing; (5) Vocoder Interface; and (6) Monitoring
and Alarm Indication. The ON-143(V)5 serves as an interface and sequcnce
control for the Input/Output devices, crypto, voice digitizer (AN/CV-3333/0)
and the AN/TWS-3 Transceiver. The unit also contains the Submar:ine
Satellite Information Exchange System (SSIXS) operating program.

2-4.2 SUMMARY

A quantity of 12 ON~143(V)5/USQ systems were subjected to the FRAP
study. The results of the study indicates that the ON-143(V) meets or
exceeds the specification requirements. Table 2-4 summarizes the FRAP
reliability, maintainability, and availability analyses.

2-4.3 REMARKS

As 1llustrated by the summary, the ON-143 (V) developed few hardware
problems. However, a complaint with Baud Rate for voice communications
has been reported frequently. The SSIXS subscribers have been unable
to establish voice communications following an ON-143 (V) power-up because
the ON-143(V) initializes itself at 4800 baud while the Vocoder is at
2400 baud. The stable-base clock in the ON-143(V) can be reset to 2400
baud by switching the system to the DATA mode and executing a RCV, XMT,
or CLB command, providing that the strap options are set to 2400 baud.
A more permanent solution to the problem is suggested which requires
the re-programming of the SSIXS operating program to cause the stable-base
clock to initialize at 2400 baud.
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LEGEND
{. OPER = OPERATIONAL™
2. EQUIP = EQUIPMENT¥*
3. PARTS = PARTS REPLHCEMENT "

Pr— e e e e e e s e St e s it e e e

TABLE 2-4 ., DATA SUMMARY FOR ON-143(V)5.

Duty Cycle

PRRAMETER ‘-W"Bﬁtﬁ”ﬁ*éauip T PRPTS
__ PARAMET _| OPER | EQUIP | PARTS

OPERATIONAL - e |
| lendar Hours. 60,792 | 68,782 | 60,792
| Operating Hours 16,173 | 16,173 ] 16,173

Sample Size

RELIRBILITY

| SRS ISP

Number of Faflures

1 1 {

Time Between Fatlures-Mean 16,173 16,173 ] 16,173

Time Betwaen Failures-Median| {1, 218 | 11,218 ) 11,218
Distrtbut1on N e o 1<~:"—
MARINTRINABILITY U U
Total Repair -+ Time e __EB_mwj;:tir “:T 3
{Number of Repairs t 1 1| :
Time to Repair—Mean .3 1 3 I 3
lime to_Repair—Medtan == ——— ———
Distributton o - B oot S ustont = i
____Total Down Time |2 P2 72
Repairs (or Maint., Act.) 1 1 1
Down Time—-Mean ’2 2 2
DQWQ“IJ me~Med 1 an abaten N Rt B et
___Eystr1bution - ——— e

RVRILHBILITY

Inherent -

Observed—Mean

Observed Med1an

e T LT

©.9998 | ©.9998 | 8.59980

- —— - —— - —

Effective

- _— - - it i Bt dhndibadil

*
Reforence Yolume 1, Parsgraph 3-4
NOTE: RIl Time Units Are In Hours
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SECTION III PROGRAM MANAGEMENT
3-1 FRAP ORGANIZATION

The FRAP organizational structure consists of a sponsor, a Lead Field
Activity (LFA), Technical Support Activities (TSA), and Data Collection
Activities (DCA) as illustrated in Fiqure 3-1. The NAVAL ELECTRONICS
SYSTEM COMMAND (NAVELEX 470) is the FRAP sponsor and provides general
direction and guidance to the LFA. The NAVAL WEAPONS SUPPORT CENTER
(NAVWPNSUPPCEN) Crane, Indiana is the LFA responsible to NAVELEX 470
for FRAP management.

3~1.1 DATA COLLECTION ACTIVITIES

The DCAs serve as a single~point-of-contact interface for the Fleet,
The DCA responsibilities include rececipt of failure reports (QOPNAY
4790/2K maintenance action forms, or other) and throwaway parts, entry
of the maintenance action information into the data collection system,
and forwarding the failed parts to the Technical Support Activities,
The DCA 1is also responsible for introducing and explaining the {RAP
procedures to platforms which are initializing sampled eqguipment for
the first time.

3-1.2 TECHNICAL SUPPORT ACTIVITIES

A strong technical knowledge of the assigned equipment enables the
TSAs to evaluate and interpret the failure reports received from the
DCAs and the depot repair facilities, to analyze failed parts, to
determine corrective actions, and to eliminate errors form the data
collection system. The TSAs translate the OPNAV 4790/2K maintenance
information into machine readable number code format which allows faster,
more accurate, data handling and analysis. Upon completion of this
process, the coded data is forwarded to the LFA for analysis and
reporting.

3-1.3 LEAD FIELD ACTIVITY

The LFA bears the primary responsibility for the management of FRAP
which includes the following areas.

(a). Program management and technical direction - The LFA defines
the responsibilities of the Data Collection and Technical Support
Activities and provides technical support and guidance in the conduct
of FRAP.

(b). Equipment functional modeling - The LFA develops reliability
models of assigned equipment to determine system degradation based on
failure data.

(c). Statistical sampling plans - The LFA determines confidence
levels of egquipment reliability based on statistical analysis of failure
data.
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(d). Data collection and analysis - The LFA determines data
processing equipment requirements and develops software/software
procedures for accomplishment of FRAP objectives.

{e). Corrective actions proposals (ECPs, training, etc.)

(f). Engineering R/M/A - Reliability, Maintainability, and
Availability assessment of equipment performance.

{(g). Failure mode diagnosis and effects analysis.
(h). Reports -~ The LFA is responsible for the preparation of
complete documentation representing the results of collection and

analysis of equipment maintenance actions during the nominal six month
monitoring period.
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3=2 DATA COLLECTION PROCESS

$ince the approach to egulpment design varies according to the
designer and/or manufacturer, the adequacy of a design cannot oo fully
tested until the equinment 1s placed in a real service environment. The
equipment pertormance record, in terms of freguency of tallure arnc
reasons for failure, descrives a historical profile of oweratizral
reliability. Such vrotiies are used to determine future «desinn crivoria
for prospective systems or to provide supportive evidence for necessary
modifications to existing systems. The profiles are also used to aefine
parts provisioning and stock levels for existing systems and to ollocatc
manpower for maintenance and maintenace support functions.

The information describing the effectiveness of systems/cuninrnsst
in the 3-M system is obtained trom the OPNAV 4780/2K Maintenanc. A
Form (MAF) shown in PFiqure 3-2. FRAP 15 supplemental to 3-M i
uses this form to minimize the reporting npurden on Fleet poroorns!
reporting requirements are shown in Fiqure 3-3 for noth the 3= 770 w9
FRAP. As shown, the FPAP requirement includes three tyvpes
not used by 3-M; INITIALIZATION, FALLURE-FREE-TIME, and TEI
These additional reports are ncecessary because of the prief ¢ Lo
of the FRAP sample. Th2 INITIALIZATION report (INIT) establiztes uie
initial conditions at turn-on of a new installation, e.g., e 1o
Time Meter reading {(E'M), tvpe of egiipwent, serial numiers, Joto of
initialization, etc. The DCAs are responsible for presenting :
reporting procedures to platforms initializing eguipment for tno
time. The Failure-free-Time report (FFT) provides data nertisent o
duty cycle by tracking ETMs on a monthly basis. Termination - :te
(TERM) are submitted at the end of the sample per.od and record wrne
final ETM reading and date of reading.

(SIS
e
|}
.
—

T

b4
N

t

3-2.1 COMPUTER OPERATIONS

To facilitate the flow of maintenance information, the FRAP program
utilizes the CDC CYBIRNET computer system to achieve immediate acces
for data entry and retrieval. CYBERNET is a nationwide time-snare
computer network which is accessible from nearly any location via local
telephone and an acoustically coupled computer terminal from 149 CONUS
and 19 foreign cities. This service provides a areatly improved
processing time for FRAP data collection. The LFA 1s respconsible rfor
operating the data distribution program which passes the collected Lata
onward from each activity. Jdnce received by the LFA, the data 1s analyzed
and stored in the computer system. Thesc storage areas are referred to
as databases and are accessible to all FRAP participants via coaouter
programs.

Figure 3-4 illustrates the IFRAP system of processing the raw 2K
malntenance action infcrmation as received €from the particiratina
nlattforms. The Data Collection Activities, which are established on the
lpast and Jest coasts, are responsible for entering the maintenance Jdata
and equipment type nunbers into the collection system. This entry 1is
accomplished by a comnputer progrom, called DCA, specifically derianed
for the data entry function. The program assigns a serial number to
each 2K entry for identificatior purposes, then places the form in a

0=
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DCA "mailbox" file. The Lead Field Activity periodically operates a
network program, NET, which transfers the contents of the DCA files to
the Technical Suvport Activity files. The equipment type number ecntered
by the DCA determines the TSA routing, i.e., the TSAs receive their
respective 2K data as determined by equipment type.

The TSAs review the 2K data to eliminate errors and redundancy then
code additional data and place it back into the files for pick up by
the LFA. The same network routine used to forward the DCA entries
collects the TSA information for the LFA. Once received by the LFA, the
data is checked for errors, corrected, and placed into the databases.

The signif icant computer programs used in the data collection process
are described in Appendix A.

3-2.2. DATABASE DEFINITION and PURPOSE

A database 1is an organized collection of information which 1is
related and categorized. The FRAP databases are def ined as the information
relating to the maintenance actions performed on new electronic equicment
installations aboard ships. The data is obtained in the data collection
cycle from the raw 2K maintenance information entered by the DCAa,
translation to machine readable numeric code at the TSA, and finally,
LFA processed data. The databases are designed to accommodate user
access for retrieval of the maintenance data, typically in report form.
This access allows FRAP team members to review the results of both their
indiv idual and combined efforts. Paragraph 3-5, REPORTS, more thorcuahly
explains the database operations and contents.

3-3 ERROR DETECTION AND CORRECTION

The FRAP method of detecting and eliminating erroneous data combines
human and machine processes which are performed at each level of activitv,
as described in the followina paragraphs.

3-3.1 DCA

The DCA is responsible for visually checking the Fleet supbmitted 2K
reports for accuracy and completed block entries prior to keyina the
form into the computer system. Corrections are made, as necessarv, to
the best of the DCA's ability and on the information available.

The DCA proaram is structured to prompt the user for completion of
each data block of the form. The program tests block responses for
lenath and character aagreement with the pre-formatted block recuirements.
If, for example, an alphanumeric response is made to a block requiring
a numeric entry, the entry will be rejected and the programwill reauest
the block entry again. In this manner, the proper type of data must be
entered hefore the form can be accepted.

When all of the required recsponses have been entered and the DCA
attempts to "save the data" (place the form in the DCA files), the
program checks for concurrence of the entered SHIPNAME, HULL NO., and
UIC with the reference files. The program must find agreement between
two of the three data clements and the reference files. If errors have
hbeen made, and one or no matches are found, the the form will not be
forwarded to the TSA files and an error message to the ICA will be
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printed.

At any time up to the operation of the NFT proaram by the LFA, the
DCA may print out and alter his 2K entries. After N[T operation, the
DCA no longer has access to those entries.

A function pertormed by NET, while transferring the DCA entries to

the T8A files, is the testing of Block 34 cf the FFT reports for FTtI”

readings. If this entry is present, the form will bypass the TSN and
go directly to the LFA database files. If the entry has been omitted,
the TSA will pe responsible for its completion. All other tymnes of
reports automatically no into the TSA files.

3-3.2 TSA

The FRAP TSA has extensive knowledge of his assiqgned eaquinment. {Jith
this knowledge, assisted by the Reliability Model and parts lists for
identifying Weapons Replaceable Assemblies (WRA) and Operational levels
(O-levels), the TSA reviews the 2K inftformation received from the DCA,
applies his knowledge of the equipment and his engineerina judaement
to correction of the erroneous data.

At the TSA level additional block entries must be completed which
are based on the failure data keyed in by the DCA.

As with the DCA proaram, the TSA program tests the completed form
for specific data items. The type of entry in blocks 103 (COMPLETEL/DFFEPRAL),
106 (TYPE OF REPORT), 107 (TYPE OF NON-FAILURE REPORT), 17 (VHEN
DISCCVERED DATA), 31 (COMPLETION DATA), and 102 (DATA KEYED BY DCA) are
checked for entry and consistency. If the data is incorrect or missina
from these blocks, an error prompt to the TSA will be printed.

The TSA program allows the TSA to access the coded 2K entry for
review or re-coding. To assist in finding errors, the printout portion
of the program converts the coded 2Ks back into text for easier
interpretation.

3-3.3 LFA

Error detection and correction accomplished by the LFA is directed
primarily toward those types of errors which are implied by a related
suspicious condition. The key parameter in the FRAP evaluation is time.
Specifically, this refers to the number of hours of equipment operation
during the sampling period. This is reported as the Flapsed Time Meter
(ETM) reading on the 2K form in Block 34 and/or in the narrative of
Block 35. The ETM error detection test is a duty cycle calculation,
i.e., operating hours versus calendar hours. A neagative duty cycle
indicates a date seaquence error, while a duty cycle greater than unity
indicates a value/date conflict. In both cases, engineering judgement
is required to identify the source of the error and take appropriate
corrective action. Since ETM corrections are difficult early in the
data collection cycle, a sizeable number of such errors can be expected
to show up in the database before sufficient data exists to provide
accurate error detection. However, these errors are rectified by
periodically re-cycling the contents of the database information through
the LFA and comparing this data with the data in later entries.

The NET program scans for and flags ETM errors on 2K forms submitted
to the LFA from the TSAs. These forms are re-cycled a single time to
the TSAs for a solution. If that fails, the LFA determines the disposition
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of tre cuestionable 2K form. Only & small percentace of the 2¥c carnot
be recolved prior to the termination of the study cycle., Usipa a prroararm
called CPU'TY, the T.FA keeps track of the problemr 2K so that thev con
be corrected whepr sufficient information is available. ? cerarate
database file is used, specifically for maintainina undetermined rerorts.

3-4 RMA ANALYSES AND DATA SFT SFLFECTION

The FPAP Pilot Proaram per formed PMA analysis to determine Cperationsal
and Fquiprment parameters of the systems under study. This vear an
analvsis to determine Parte Replecemrent or L.ogistics-demand PMA parameters
has teen odded. The Operational analysis desribes the PMA performance
of the system in Fleet operation and takes into account the sveter
decian, ecauirrent decian, cnerator training, maintenecrce trainina,
operation/maintenance documentaticon effectiveness, and chirteerd
administrative procedures, The ecuipment analysis describes the Pma
ver formance of the ecuipment only and orovides a basis of compariscn
with the contractual ly-srecified RMA performance. The Parts Feplacement
analvsis rrovides a means of judainag the logistics demand on the surnly
system and some insight into the impact upor the shir’s maintenance
worklcad of the system’s RMA performance.

The same assessment procedure (described in Section IV) i< used to
perform all the analyses. The difference is in the criteria used to
select the date to be analyzed. Data set selection criteria are as
follows.

(1) O'ERPATIONAL PMA ANALYSIS. Failures causing a 10 mercent or areater
lcss of syestenr cepabilitv are selected. Active maintenance tirme fror
Plock 32 of the OPNAV 4790/2K form is used for revair time calculation,

(2) ECUPMINT RMA ANALYESTIS, Failures of the equirpment te perforr its
intended function hkecouvce of hardware or software ral functicr ore
selected. Active maintenance time from Rleck 22 of the OFNP2V 4790/2F
form is used for rerair time calculation.

(3) PAPTS PFPLACEMPNT PMA ANALYSIS. Failures recvirinag rerlacerent cof
& part (module, circuit card, or cormponent) are selected. Ship’s Force
Pepair Man-hourc frcm Block 30 of the OPNAV 27¢0/2¥ form ic used fer
rerair tire calculation.

A detailed descrirtion of the data set selection rreocess is rrecented
in Fiqures 3-5 to 3-9.
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SECTION IV MATHEMATICAL ANALYSIS [ASSESSMENT PROCEDURES]

4-1 RELIABILITY ASSESSMENT

4-1.1 DATA UTILIZED

The primary data utilized in reliability assessment are Time Between
Failures (TBF), Censored (C) or failure free time, WRA(s) and O-Level(s)
causing failures, severity of failures (remaining system capacity), and
specified or predicted (piece parts) failure rates or Mean Time Between
Failures. The time between failures were obtained by finding tne
differences between the ETM (Elapsed Time Meter) readings at:

(a). first failure and initialization,

{b). successive failures, and

(c). termination and last failure or termination and initial
reading (if no failure is observed on equipment).

4-1,.2 DISTRIBUTION DETERMINATION AND PARAMETER ESTIMATION

1. Expronential vs Weibull Probability Distribution

(a). The Gnedenko F-test (references 1 and 2) is used to test
the null hypothesis that the TBF’'s and Censored readings follow the
exponential probability distribution versus the alternative hypothesis
that they follow the Weibull probability distribution. The test statistic
used for this is

n n
Q(nl' n2) =l§l Si/nl / n§+15i/n2 (1)

which is distributed as the F distribution with 2ny and 2n; deqrees of
freedom. If

O(nl,nz) > Fm/2(2n1,2n2) (2)

exponentiality is rejected and it is concluded that the failure rate
is increasipg (Weibull distribution should be fitted and its slope
parameter, [, should be greater than one) at the o /2 significance
level. Also, if

1/[Q(nlrn2)] > Fo(/2(2n212n1) (3)

exponentiality is rcjected and it is concluded that the failure rate
is decreasing (Weibull probability distribution should be fitted and
B should be less than one) at «x /2 significance level,

h

(b). With t; representing the ith ordered failure or censored

time out of n times,
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S = (n~i+l)(ti-ti_l); ty =0, i = 1,2---n (1)

The n times are split into two groups: n; and ny. The ny group consists
of the first nj ordered times with the nyp group consisting of the
remainina n, = n-nj ordered times with ny being the largest integer
less than or equal to n/2.

2. bLxponential Parameter Estimation

{(a). The religbility exponential probability distribution is
written:

R(tj) = exp[-t;/8] (5)
where R(t;) is the prcbability of no failures in t; or less operating

time and © is the parameter known as the Mean Time Between Failures
{MTRF) and is estimated as follows:

R n

© = 2 [IiBF or TC)/r (6)
i=1

with r being total number of failures,

(b). For the exponential distribution, the median is estimated
as follows:

A

M=o ln2 (7)

3. weibull Parameter Estimation

{ay. The reliability Wweibull distribution may be written:

R(t;) = exp(-(at; ] (8)

where R(tj) is the probability of no failures in t; or less operating
time, and x and B are the scale and shape parameter, respectively,
which are estirated using maximum likelihood equations (Reference 3).
This amounts to solving the following non-linear eguation for f:

* %
3
Z tl 1n ty

r
= -1/B = 1/t g In tj (9)
Z tP 1=1
where
* %
B r k
Z tj In t;y = Z tip In ty + Z CiT‘%3 1n T and
1=1 i=1
30
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* K

‘3 r k
z -z S z c;rb (10)

where on the right hand end of the eguations, tj = failure time, Ty
censored time, r = total number of failures, C{ = number of censcred
readings at Tij, and k = number of groups of T;. Once eguation (9) is
solved for B, the other parameter, o, is found as follows:

~ r
K = e -
B (11)

bI

(bl. To pntain Var (3), the asymptotic varicnce - covariance
matrix of (B, 1l/x) is first found. Generally, this matrix is obtained
by inverting the information matrix with elements that are negatives
of the expected values of the second order derivatives of loaarithms
of the likelihood function. However, in this case, the exvected values
are aoproximated by their maximum 1likelihood estimates. Thus, the
aoproximate variance-covariance matrix is:

-1
92 1n L 92 1n L ’ var(B)  Covar(.i/&)
ap2 |p,1/x 9OBIL/X) |} 1/x '
ls =
L
-92 1n L _92 ln L - - -
1/ %196 | ~ R _ 2 | - Covar (B, 1/x) var (1/x)
/)b |y o OO G G

(12)

where for progressively censored samp’ :s:

-QE In L = =i 4 X g{ t@ (1n t‘)2 (13)
Jp B,1/ & B - ' "

_92 , 2 - [

“Z L I =92 in L - 2x2 % P e (g

MBI/ |, 1yx d(T/)ap |§ 1 ! !
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_d2 1n L -2 3 * & “B
~ N - {15)
d(l/()() Bll/o( = Ix + 2x Ztl

with

r
InL =rc 1ln B -r In (I/x) + (B-1) Z 1n t;
i=1

p s B
- Z £ty -ox 2 CiTi + 1ln A (16)
i=1

and the likelihood function

r k C.
L=AP f(tj) P [1-F(Tj)] ! (17)
i=1 i=1

where A is a constant, t(t;) is the density function, and F(T;) is the
distribution function. The distribution function is 1-R(T;) given in
eaquation (8). The density function is as follows:

p-1 B

f{t) = x 3 t exp(-oxt') (18)

Per Cohen (reference 3), the foregoing variance - covariance estimation
is valid in a strict sense only for large samples but may be relied
upon to provide reasonable approximations to estimate variance -
covariances for moderate size samples. (Although Cohen used the above
density function, it is not the standard form of the two-parameter
Weibull distribution in use today which is as follows:

f(t) = x P (xt)B-1 o= (axt) B (19)
This results in a different value of the « parameter as the d in eguation
19 is the 1/ power of the «x in equation 18 or as follows:

Xyg = (x;g)1/P (20)

In the computer orint-out, X 1g is used as this was used in the Pilot
FRAP study.]

(c). The mean, ﬁ, of the Weibull is estimated as follows:

32
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po= o /B a1y (21)

where [7(1+1/B) stands for the Gamma function of (l+1/(3). The variance,
, of the Weibull variates is estimated as follows:

o2 = x~2/B ((1+2/8) - (M(1+1/p)) 2 (22)

(d). The median of the Weibull is estimated by simulation as
in the FRAP pilot run., However, the median can ke estimated by usina
the following equation:

M= (1ln 2/x]1/B (23)

Application of this eacuation to current data shows the eauation and
simulation ob'tain similar estimates,

4, Non-parametric Function Estimation

(a). The non-parametric reliability function is obtained by
arranging the failure times, tj’s, and censored times, C;’s, in ascendina
order and calculating for each failure time,

R(ty) =

It x
p—t

[(Nj+1-ri)/(Nj+1)] (24)

where R(ty) is the probability of no failures at or before ty, Njis the
number of failures at t; plus the number of failures and censored time
following t;, rj is the number of failures at t;, and k is the last
failure time in the product. (Reference 4).

5. Conversion of R(t) to F(t)

(a). For the reliability functions described above:
F(ty) = ].-R(ti) {25)

and is the probability of one or more failures prior to tj.

4-1.3 CONFIDENCE I.IMITS CONSTRUCTION

1. For Exponential Mean




(a). The 1-x confidence interval or the 1-x/2 confidence
limits for the mean, MI'BF, of the exponential probability distribution
are as follows:

ol )
(ZI‘/Xl_O(/2(2r+2)l <8 < (21/%& 2 (20)) (26)

where T is total operating time , r is the total number of failures,
and X2 is the value of the Chi-square distribution for the given degrees
of freedom, 2r+2 and 2r at the indicated percentiles l-x/2 and «x/2,
respectively.

2. For Weibull Mean

(a). The central 1limit theorem was applied to obtain the
lﬁxth confidence interval or the 1-x/2 confidence limits for the mean
of the Weibull distribution as follows:

ﬁ - to(/2(n—2)a/nl/2 << ﬁ + to(/z(n—2)87n1/2 (27)

-~

where and © are given in eguations 21 and 22, respectively, t is the
value of the Student’s t-distribution with n-2 degrees of freedor at
x/2 percentile and n is the total number of observations. (Two para-
meters are estimated, thus n-2 degrees of freedom).

(b). In the case of small o (less than .l) and/or small f
(less than .333), these confidence limits are quite wide and thus of
little value with the exception of indicating the gross uncertainty of
the true value of the mean, p.o A large variation is to be expected when
the B is small as the failure rate 15 just beginning to decrease towards
a constant rate,

3. For Welbull Slope or Beta

(a). As a first estimate of confidence limits for B, the central
limit thcorem was aqain applied, thus the 1-x tP confidence interval andg
the 1-x /2 confidence limits for the slope of the Weibull distribution
1s as follows:

-~

B - to(/z(n—l) - (Ajﬂ/nl/2 < B S b + to(/z(n—l) (3'/n1/2 (28)

where B and ¢ are as given in equations (9) and (12), respvectively, and
their associated eauations. The primary use of this interval is to check
the Wweibull assumptions versus assumptions of Exponentiality (if the
confidence interval includes 1, then exponential should have been
assumed, Otherwise, welbull assumption is satisfactory) and to get an
awareness of distance {time) from constant failure rate (nearness of

34




8. mBeae & aos e st e e ®a Vrw W QOB .o

s Y 3 weae .

limits to 1).

(b). The work of Mann and others is being studied for futher
adantation to computer analysis and prediction of future FRAP data
(reterence 5).

4-2 JAINTAINABRILITY ASSESSMENT

4-2.1 DATA UTILIZED

1. The primary data utilized in maintainability assessment are repair
time, down time, WRA s and O-levels being repaired or replaced, severity
of failure (remaining system cavacity), and specified remair times,
generally Mean Time To Repair (MTTR). Repair time is defined as time
required to renair equipment failures when parts, cqguipment, and apility
for reauired repairs arce on board the pnlatform with the equipment. Down
time is defined as the time the equipment is in a non-ooerational status,
that being svstem capacity less than 90%. Down time is calculated by
finding the difference between Julian date when repair was comnleted
and Julian date when failure was observed multiplied by 24 hours if the
difference is 1 or more. If the difference is zero (failurc discovered
and completed on the same day), repair time is used for down tinme,

2. Total snhips manhours expended on each repair are, in some cases,
given,

4-2.2 DISTRIBUTION DETERMINATION AND PARAMETER ESTIMATION

1. Lognormal vs Non-Lognormal Probability Distribution

(a). ''he Lilliefors Kolmogorov-Smirnov (K-S) test is used to
test the null hypothesis that the time to repair (TTR) and down times
(DT) follow the loynormal probability distribution versus the alternative
that they do not follow the lognormal probability distributicon. This
essentially involves comparing the difference between the respective
non-parametric maintainability functions and the estimated cumulative
lognormal distribution orobabilities with Lilliefors K-S test critical
values.

2. Fxponential vs Weibull Probability Distribution.

(a). If the lognormal distribution is rejected, the Gnedenko
F-test described in paragraph 4-1.2 is used to test the null hypothesis
that the repair time or down time follow the exponential probability
dictribution versus the al ternative that they follow the Weibull
nrooability distribution.

3. loanormal pParamcter Estimation

{a). The maintainability lognormal probability distribution
v onaven by

/1 )
e - § e, 2m Y2 expl-(zi-py) 2/20,%1dz2 (29)

»
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wherc M(t) is the probability of completion of repair within t; hours,
zj cauals ln t;, and Mo and O, equals the mean and standard deviation,
respectively, of the z;’s estimated as follows:

~

pz = [ Z 1n t;)/N (30)

oZ = [N Znj(ln tj)2 ~( S njlnt;)2)/N(N-1) (31)
o, = 110211/2] (32)
with n; being the frequency of 1ln t; and N = Z nj.

(b). These measures can then be converted to the original
variable, t, as follows:

exp(f;z + 6%/2) (33)

2 ~ ~2 ~2
var(t) = oy = [exp(2|uz + 0y) ] [exp(o,)-1] (34)

(c). The median of the original observations t; is estimated
as follows:

~

n = el (35)

4, FExponential Parameter Estimation

(a). The maintainability exponential probability distribution
is written as:

M(ty) = 1 - exp(—ti/e) (36)
where M(t;) is the probability of completion of repair within tj hours,

and 8 is the exponential parameter now called Mean Time To Repair (MTTR)
or Mcan Down Time (MDT) and is estimated as follows:

- R
e = TIrR;{/N (for repair time) (37)
i=1
- N
e = DT;/N (for down time) (38)
i=1
with 1 being total number for each type of time.
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(b). The median is estimated as shown in eguation (7).

5. Welbull Parameter Estimates

{a). The maintainability Weibull probability distribution ic
written as:

M(t;) = 1 - exp[-o<tp] (39)
i 1

where M(tj) is the probability of repair within t; hours and « and 8
are the scale and shape parameter, respectively, estimated as shown in
eguations (9), (10), and (11).

(b). The Var(b) is estimated as described in paragrach 4-1.2(3b).
Further, pg and oy are estimated using equations (21) and (22).

(c). The median is estimated as described in paragraph 4-1.2(3d).

6. Non-parametric Function Estimation

(a). The non-parametric maintainability functions are obtained
by arranging the repair and down times separately in ascending order
and calculating

K
Mite) = 2 nj/N+l (40)
i=1
for repair times and tor down times. In the above equation, M(ty) is
the pronability of repair completion within ty hours, n; is the number
of observations of tj, 2:“1 is the total number of times occuring at or
prior to tj, and N is total number of times. (Reference 4)

4-2.3 CONFIDENCE LIMITS CONSTRUCTION

l. For Log-normal Mean

(a) The 1-x th confidence interval or 1-c/2 confidence limits for
the mean of the log-normal distribution are given by:

I”z'to</2, N—lc"z/".f‘l"l S Pz £ pz t t(:(/2,N-lc"z/‘/f"°l (41)

where Py 4ng o, are as defined in equations (30), (31), and (32), t is
the value of the Student’s t - distribution at /2 percentile with N-1
deqrees of frecedom, and N is the total number of repair or down times.

~

(b) The anti-log of p, and the limits construction above
essentially gives the median and confidence limits on the median of the
observed times, t;.

s i e ol aahh v o Anads ot imata,
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2. For Fxponcential Mean

The (l«x)th confidence interval and (l-ox/2) confidence limits for
the exponential means are:

2]
[2T/X1%x/2(2N+2)l <8< [2T/Xa/7(2N)] (42)
where T io total maintainance or repair time, N is the number of times
observed, X2 is the valuc of the Chi-squared distribution for the given
deqrees of freedom, 2N+2 and 2N, at the indicated percentiles of 1-x/2
and /2, recprectively.,

3. tor wWeihull Mean and Shape

(a) The maintainability confidencc limits for the Weikull
mean and shape arce constructed as described in paraqraphs 4-1.3(c2) and
4-1.3(c3), respectively.

4-3 AVAILABILITY ASSESSMENT

4-3.1 TR RENT AVAILARILITY

Inherent availanilitv i1s defined as the averaae time an equinment
is availahle assuminy 1ts only down time is repair tire and thus is
aiven bhy:

Ap = MI3F/(AT3F + 1UTR) (43)

The ostirates of PP and MTTP obtained as described in naraarerhs 4-1
and 4-2 are uced in the above eauation.

d=3.2 OPIURATIONAL AVATLARTLITY

oerational availtanhility 15 defined ac the ratio of time betuween
Coilures (P2F) te sum of the T and Down Time (DT) for each rmaintenance

action (reforonce ) wiich 13 exnressed as follows:
Aop = MWL/AR] F BT (44)
Plor AL s are calceuloted for ecach failure with o down tire. Then,
there arce arranqged in arn oscending order ana the cumulative function:
k.
o) = Z i/ (45)
1=

is calculateca. Hero P(Age) is the proportion of availabilities ecuel
to or lcss than Age, nj is the number of eveilabilities with the Agj
valun,

E:ni i the number of cbhbeerved availlabilities ecual to or less than
Agk» and M is the tatal number of observed availabhilities.

“ne roan, medien, ana confidence limits for Ay are estimated usinag
sinulation methods., e onrobability distributions and ectimated narareters




obtained in paraqraph 4-1 and 4-2 are used in the simulation of ratios
described in eguation (44). The formulae used to generate these values
are as follows (reference 9):

(a) Exponential
TBFj or DTj = -6 In (1-Ry ) (46)

where 8 is the estimated MT3F or Mean Down Time (MDT) and Ry, 1is a
random variable from a uniform distribution over the interval (0,1).

(b) Log-normal

TBF; or DT; = exp(oRni + p) (47)
where 0 and & are the estimated mean and standard deviation of the
logarithms (equations (30) and (31) and R,. is a random value from the
normal distribution with po= 0 and o =1, !

(c) Weibull

~

~ 1
TBF; or DTy = |-1n (l—Rvi)/O(] /B

(48)
when x and b are obtained as described under Weibull estimates in
paragraoh 4-1.2(3) and 4-2.2(5)

(d) As a TBF; and DT; is generated, an A,j is calculated.
After 2000 Aoi's are calculated, the mean and median of these values
are obtained. The mean is simply the arithmetic mean of these 2000
Aoi's. However, the median is the average of the values for which 999
of the Ay s are greater and 999 are less.

(e) The (1—0()th confidence interval or the (l-x/2) confidence
limits for individual ratios are obtained by determining the A ; value
for which 10% of the simulated Aoi's are less and the value for which
10% are qgreater.

4-3.3 EFFLECTIVE AVAILABILITY

Frffective Availability accounts for the varying deqgree of cavability
loss in a complex (redundant) system. It is calculated as follows:

Aeff = ( X IBFj /( Z TBF; +[Mean Capability Loss] I DT;) (49)




SECTION V MATHEMATICAL ANALYSIS [OUTPUT DESCRIPTION]

5-1 RELIABILITY A5SESSMENT

5~1.1 FLEET RELIABILITY ASSESSMENT DATA

1. Source

(a). The OPNAV 4790/2K form is FRAP s basic raw reliability
data. The data are derived from four types of fleet submittals. The
first type of submittal 1is an initialization report at the beginning
of the observation period for the FRAP assigned equipment., The fourth
and last type is a final or termination report at the end of the FRAP
assigned equipment observation period. In between these there are
maintenance action and failure free type of reports. A maintenance
action report is submitted whenever there 15 a need for a non-preventive
maintenance action, thus generally 1n case of a failure. Failure free
reports, also known as censored, are submitted for failure free periods.
Maintenance action reports are sub-divided into those deferred for
outside assistancce and those completed by ship’s personnel without
deferral.

2. Output Description

(a). For each submittal the following are given: Name of FRAP
assigned system, Name of ships having one of the FRAP samples, Julian
date, Elapsed Time Meter (ETM) reading, Failure (remort) type, Operating
time, Failure (and censored) times, Duty Cyclie, WRA failing, O-level
failing in order of cause of failure. The Julian date 1s the date of
the ETM reading which for a failure or deferred failure is the date
need for maintenance action was discovered. The ETM rcading and failure
tyoe is as indicated. Operating time is the cumulative equipment on
time since the initial report was submitted. Then in the failure time
column, time between failures and time to censor is given for censored
and final submittals. The cumulative duty cycle is given in the duty
cycle column. Duty cycle is defined as the difference Letween ETM
recadings divided by the difference between the resvective Julian dates
multiplied by 24 hours per day. It is noted that for initial, censored,
and final submittals, no failures arec generally encountered. This is
shown by zeros in the WRA and O-level columns for the submittals.

5-1.2 RELIABILITY (SYSTEM LEVEL)

1. Source

(a). The source of the basic data (time to fail and time to
censor) 1s the failure time column of the Fleet Reliability Assessment
Data discussed above.

2. Output Description

(a). 'The remaining system capacity indicates the severity of
the tailurc with respect to system mission. Then the time to fail column
consists of the above mentioned failure and censored times arranged in
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ascending order. The tollowing two columns indicates whether these
readings are failures or censorcd times. This is followed by the survivors
column which indicates the number of failure and censored readings equal
to cr greater than the listed failure times. This is then followed by
the non-parametric estimated probabilities (See paragraph 4-1.2(4).
These are followed by the theoretical exponential estimated probabilities
(See paraqgraph 4-1.2(2) which are followed by the theoretical Weibull
estirated probabilities (See paraqraph 4-1.2(3). All of these probabilities
are the “probability of a system having one or more failures at or prior
to the listed failure time".

(b). In the narrative block style presentation after the above
columnar presentation, the following are given:

{1) Total eguipment operating hours,

(2) Total calendar hours (sum of differences between Final and
Initial submittals; Julian dates multiplied by 24 hours),

(3) Overall duty cycle,

(4) Number of systems,

(5) Observed system failure rate per operating hours (number
of failures divided by operating hours),

(6) Gnedenko Q ratio for testing null hypothesis that exponential
distribution exists versus the alternative of a Weibull distribution
(See paragraph 3-4.1.1b1l),

(7) Estimated mean with assumed distribution,

(8) Cstimated median with assumed distribution,

(9) 90% Lower Confidence Limit (LCL) for mean of assumed
distribution,

(10) 90% Upper Confidence Limit (UCL) for mean of assumed
distribution,

(11) 90% LCL for B if the Weibull distribution is assumed,

{12) 90% UCL for PB if the Weibull distribution is assumed,

(13) a statement if the system meets specifications (i.e.
specified value below UCL).

(c). In case of 4 or less failures, the exponential probability
distribution is assumed.

5-1.3 RELIABILITY (WRA LEVEL-for each WRA)

1. Source

(a). The source of the basic data (time between failures and
time to censor) is a WRA failure and censored time column (not printed)
obtained by considering WRA failures with respect to system operating
time.

2. Output Distribution

(a). The output is the same as described in paragraph 5-1.2(2)
but is for a WRA on a system level basis. System level means that the
time between failures and censored times are for WRA types, for example,
WRA 14 s or power supplies within a system and not for a specific WRA
14. Accordingly, the specification is also converted to a WRA system
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basis.

5-1.4 RELIABILITY O-LEVEL SUMMARY

1. Source

———r

(a) . The sources of this data are the reliability block diagram,
system operating times, WRA failures, and O-level failures.

2. Output Description

{(a). For cach O-lecvel failing, the folowing is presented:
(1). Reliability block diagram number for WRA failing,

(2). O-level block diagram number and nomenclature for
O-level failing,

(3). Number of O-levels failing,

(4) The 90% lower confidence limit for the estimated
exponential mean (exponentiality is & -~ umed for all O-levels due to the
expected small number of failures),

{5). The estimated exponential mean, and,

(6) the upper 90% confidence limit, and also

(7) The specified O-level Mean or MTBF is obtained using
piece-parts (MIL-HDBK-217) predictions. (In case of multiple number of
the same O-lcvel, failure rates are added and then reciprocal obtained

for the specified MT3F.),

(8) Followed by the O-level component s low and high observed
failure times,

(9) Fnding with whether a reliability problem exists or not.
A reliability problem exists if the upper confidence limit is less than
the specified MTBF.

5-1.1 RELIABILITY 2K SUMMARY FOR PROBLEM AREAS

1. Source

it S e et e

{a). The above O-level output and 2K data file.

2. NDutnut Descrintion

{b). For those O-levels for which a reliability oroblem exists,
the following is given for the 2K forms pertaining to those failures:

(l). Job Control Number (JCN),

(2). Primary WRA failing, and
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(3). O-level failing in order of importance with respect to
causc of failure.

(4) . Short description of what happened.
5-1.6 Graphs
(a). Reliability System Level, and
(b). Reliability WRA Level Outputs

2. Description of Output

(a). For the system and cach WRA with four or more failures,
one or two graphs of system operating time versus probability of failure
(one or more failures) is (are) presented. On each granh the non—paramctric
probabilities are plotted as a step function. A graph is always presented
illustrating the exvonential probabilities versus the non-parametric
probabilities. Then if the Weibull distribution is chosen, a granh is
given illustrating the estimated Weibull probahilities versus the
non-parametric probabilities. Additionally, on each graph the estimated
mean and median for the assumed distribution is printed.

5-2 MAINTAINABILITY ASSESSMENT

5-2.1 FLELT MAINTAINADILITY ASSESSMENT DATA

1. Source
(a). This essentially is FRAP s raw maintainability data. These
data are essentially derived from one type of Fleet submittal, which
is the completed maintenance action reports,

2. Output Description

(a). For cach completed maintenance action report, the following
are given: Name of FRAP assigned system, name of ships having one of
the FRAP sample, Julian date needed for maintenance action discovered,
Julian date maintenance completed, repair time (hours reguired to repair
equivment), and system down time (Julian corpletion date minus Julian
discovercd date multinlied by 24 hours per day).

5-2.2 MAINTATUABILITY (DOWN TIME) SYSTEM LEVEL

1. Source

e s

(a). The cource of the basic data (down time) is the down time
column of the Fleet ‘aintainability Assessment Data outnut discusscd
in narajgranh 5-2.1 at.ove,

2. Qut-ut Nescrirtion
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{a). The down tirme colunn consists of the avove mentionod dcun
time arronaed in asconding order. This is followed by the froquoncy of
the doun time and thon the cumulative frequency which gives the nunocr
of down times eaual to or less than the listed down time. This is then
followed by the non-paramnetric function probabilities (3ee parajranh
4-2.2(6). These are followed by the theorctical loi-normal estimated
probabilities (sce narajravh 4-2.2(3) which are followed by the th2cretical
exnonential estimated probablilities (sce paragrapn 4-2.2(4) which are
followed by the theorctical Weibull estimated probabilities (see nmarajraon
4-2,2(5). All of these probabilities are the "propability of a system
beint up within the yiven down time",

(b). In the narrative block style presentation after the above
descr ibed columnar nresentation, the following are given:

(1). Total down time,

(2). Number of remairs,

(3). Mean of observed down time (number of down time hours
divided by number of repairs),

(4). standard Mean and Deviation of natural logarithrs of
down time,

(5). Lilliefors X-5 test results for log-normality assurption,

(6). If log-normality can not be assumed, results of the
Gnedenko J=-test for testing null hypothesis that the exponential
distribution exists versus the alternative of a Weibull distribution
(sec paragranh 4-2.2(2) anid 4-1.2(1) are given,

(7). Estimated Mean with assumed Distribution, (x and §3
are also given for th2 wNeibull),

(8). Fstimrated Median with assumed Distribution,

(9). 90 Lower Confidence Limit (LCL), for Mean of assumed
distribution,

(10). 90t Urner Confidence Limit (UCL) for Mean of assumed
distribution,

(11)y. 903 LCL for B 1f the Weibull is assumed,

(12). 90% uCL for B 1if the weibull is assumed.

5-2.3 MAINTAINABILITY (REPAIR TIME) SYSTEM LEVEL

1. Source

——— s s o e @ s

(a). The source of the basic data - repair time - is the repair
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time column ot the Flecot Maintainablility Assessment Data outnut described
in aragraph 5-2.1.

2. Output Description

(a). This is very similar to the Mailntainabllity (Down Time)
System Level Qutnut described in paragranh 5-2.1(2) with the following
cxcenptions:
{1). rRepair Time is the bhasic variable,

(2). Total Repailr Time instead of Total Down Time 13 given,

(3). Observed revair rate (total number of repalr hours
divided by number of rewairs) instead of mean down time 1s given,

(4). At the end of a statement is given whether the equip en.
meets specifications (i.e., specified value greater than the LCL

5-2.4 MAINTAINABILITY (REPAIR TIME) WRA LEVEL (EACH WRA)

1. Source

(a). The source of the basic data time to renair WRA, is o
repair time column of the Fleet Maintalnability Assessment Data ( <o
paragranh 5-2.1(2a) vut only for those rewvalrs concerned with N

respective WRA 's.

2. Output beccrintion

(a). The outnut is the same as described in paragrarh 5-2.3( )
above but is for the WRA instead of the system.

5-2.5 MAINTAINABILITY (REPAIR TIME) O-LEVEL SUMMARY

1. Source

(a). The sources of those data are the reliability block diagre~
and the repair time column of the Fleet Maintainability Assessment Dat -
(see paragraph 5-2 but only for those repairs concerned with the liste
O-levels.

2. Output Description

(a). For each O-level failing and for which repair time exists,
the following is presented:

(1). Reliability diagram block number for WRA beinq repaired.

{(2). O-lcvel reliability diaaram block number and nomenclature
for O-lecvels beina renaired.

(3). Number of times O-level revaired and for which revair
time exists.




(4). The 90% Lower Confidence Limit for the estimated
log=-normal mean in terms of repair times (log-normality is assumed for
all O-levels due to the expected small number of repairs).

(5). The 90% Upper Confidence Limit for the estimated
log-normal mean.

(6). Specified Mean Time To Repair (MTTR).

(7). The mean of the observed repair times with the low and
high observed revair time, and

(8). Whether a maintainability problem exists or not. A
maintainability problem exists (if specified value greater than LCL).

5-2.6 MAINTAINABILITY (REPAIR TIME) 2K SUMMARY FOR PRO3LEM AREAS

1. Source

(a). The above O-level maintainability outnut and 2K failure
description file.

2. Output Description

(a). For those components for which a maintainability problem
exists, a summary for the related 2K°s is given consisting of:

(1) . Job Control Number (JCN)
(2). Primary WRA failing

(3). O-level s failing in order of importance with respect
to primary O-level failing, and

(4). Short description of problem.
5-2.7 Graphs

1. Source

e - —

{a). Maintainability (down time) system level output,
(b). Maintainability (repair time) system level output, and
(c). Maintainability (repair time) WRA level (each WRA) output

2. Output Description

(a). Graphs are nroduced for system down time and system renair
times. Granhs are also nresented for WRA repair times (if four or less
repair or down times cxist, no qgranhs are develooed). These graphs
nresent down time or repair time versus the probability of repair
completion within these times. On each graph the non-parametric




maintainability (cumulation observed) probabilities are presented as a
step function., A graph is always presented illustrating the estimated
log-normal probabilities versus the steo function probabilities. Then
if the loj-normal distribution 1is not assumed, a graph is nroduced
illustrating the estimated exponential probabilities versus those of
the step function. Further, if the exponential can not be assumed, a
final graph showing the estimated Weibull probabilities versus the step
function is obtained. The estimated mean and median of the assumed
distribution is given on cach graph.

5-3 AVAILABILITY ASSESSMENT

5-3.1 Inherent Availability

1. Source

(a). System Reliability Assumed Distribution and Estimated
Parameters (paragraph 5-1.2(2b), and

(b). System Maintainability (revair time) assumed distribution
and estimated parameters (paragraph 5-2.3(2a).

2. Output Descrintion

(a). System mean failure time,
(b) . System mean repalr time,

(c). Inherent Availability (Mean failure time divided by 3um
of Mecan Failure Time and Mean Repair Time).

5-3.2 OPERATIONAL AVAILA3ILITIES

1. Source

(a).System Reliability Assumed Distribution and Estimated
Parareters (paragqrarh 5-1.2(2b),

(b). System Maintainability (down time) assumed distribution
and estimated parameters (paragraph 5-2.2(2b), and

(c). 2000 simulations of TTF/[{TTF + DT] ratio.

2. Qutput Description

(a). Estimated Mean of availabilities of eaguivment in a fleet
environment,

(b). Estimated median of above availlabilities,

(c). 90% IlLower Confidence Limit (LCL) for an equipment
availability,

(d). 90% Uvoer Confidence Limit for an eguioment availability
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(e). Graph presenting cumulative observed distribution (ratio
for each failure) versus simulated operational availability distribution.
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SECTION VI REPORTS

Users of the FRAP database network reporting capability are provided
a high dearee of variety and flexibility in obtaining reoorts containing
specific user selected elements. The repositories for the reporting
function are referred to as QUERY and FRAP. As shown in Figure 3-2,
QUERY and FRAP are essentially parallel and receive the same processed
information. However, QUERY allows users to access the preliminary data
available in the DCA and TSA files. The primary advantage of this
"quick-look" feature is the early detection of equipment problem trends,
thus alerting the FRAP team to monitor specific eguipment types which
appear especially troublesome. Futhermore, missing 2K data or imdroper
entries can be detected and appropriate action taken before valuable
maintenance information is lost. The redundancy of the databases prevents
the loss of the FRAP data should either of the databases "crash", i.e.,
be destroyed inadvertently through either personnel error or hardware/sof tware
failure. The system 1is structured such that eithcer database can ne
re~loaded from the other. Access to raw data from the Fleet, as well
as qgeneral information of interest, and preliminary reliability
calculations are available via QUERY almost as soon as it is received.
The types of reports available from the QUERY database are shown in
Table 6-1.

At about one month intervals during the sampling period, the contents
of each database are correlated with the previous month’s maintenance
data to remove erroneous or redundant data. When sufficient data has
accumulated, a statistical analysis is performed and the results then
become available under FRAP. Table 6-2 illustrates the types of revorts
which can be accessed from the FRAP database,

TABLE 6~1. QUERY DATABASE REPORTS

TYPE OF REPORT DESCRIPTION

SEARCH (Shipname) A brief report of report type,
equipment tyoe, and 2K serial numbers
for the designated ship.

REPORT (Ootion No.) Provides reports based on user
option of (1) 2Ks received per shio
and equipment; (2) total 2Ks received
per ship and the report type; (3)
same as (2) with serial numbers
added; (4) same as(2) with WHEN
DISCOVERED DATE added; (5) same as
(2) with TYCOM CODE added; (6)
Preliminary Reliability Report.

PRINT(Option) Provides a printout of the
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{ complete 2K form (or any part of
“ it) as selected by serial nurber,
!
:
|

SHIPLIST Provides a listing of ships
participating in FRAP and includes
E HULL NUMBERS, UICs, and TYCOM CODES.

UPDATE Reports the number of 2Ks placed
on file during a user specified
time frame of the sampling period.
A summary listing of the forms is
provided as a user option,

DATALIST Provides a listing of DCA or TSA
data blocks and block description
according to user selection.

FREE-FORM Allows creation of a report based
on user selected 2K block numbers,
; sort sequence, and selection criteria.

TABLE 6-2., FRAP DATABASE REPORTS

RELIABILITY (n) Provides a reliability report
of equipment type n.

MAINTAINABILITY (n) Provides a maintainabil ity reoort
for eqguipment type n, including
maintenance time and status.

SEARCH (n) Generates a revort of problems
as user selected by equipment type
number n.,

TEXT(n) (Shipname) Reports equioment failures and
what happened by eauipment type n
and by name of ship.

2K~STATUS Reports the quantity of 2Ks
received per ship and per egquipment
and the totals.
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SECTION VII FUTURE PLANS
7-1 DEPOT DATA COLLECTION

As in the pilot phase, it is anticivated that in future FRAP samples
data provided by the Depot repair facilities will contribute significantly
to the effort of identifying specific equipment problems. With this
source of data, FRAP plans to establish as an integral function of the
present collection and analysis network, operations which will include
the Depot data and will provide a database dedicated to the storage of
the Depot maintenance information. The planned database will allow
access and reporting to FRAP participants as does the QUERY and FRAP
databases.

7-2 SOFTWARE FAILURF REPORTING

Weapons systems develooment over the past few years has leaned heavily
in favor of including mini- and microcomputers as key elements within
the system designs. llowever, while the hardware components have trended
toward higher reliability, system software problems are representing a
larger percentage of the total population of eguipment problems.

At present, there are no known software surveillance programs whose
purpose is to detect and rectify current and future software system
failures.

In the near future, FRAP plans to study the feasibility of incorporating
software failure reports into the data collection system as an inteqral
part of the equipment reliability studies.




TERM

ASCII

CASREPT

CATCC-DAIR

cnc

CENSORED (time)
comp

CONUS

CO-VARIANCE

ECP
EIC
ETM
FFT
FFTR
FMA
FMSO
FRAA

FRAP

GLOSSARY
OF
ACRONYMS AND TERMINOLOGY

DEFINITON

American Standard Code for Information
Interchange.

Casualty Report

Carrier Air Traffic Control Center-Direct Altitude
and Identity Readout

Control Data Corporation
Failure Free (time)
Completed Maintenance Action
Continental United States

The expected value of the product of two random
variables, each offset by their mean.

1. Data Collection Activity (or Agent)

2. Computer Program used by the Data Collection
Activity to enter OPNAV 4790/2K Maintenance Action
Information

Deferred Maintenance Action

Down Time

Engineering Change Proposal

Equipment Identification Number

tlapsed Time Meter

Failure Free Time

Failure Free Time Report (Censored)

Fleet Maintenance Agent

Flcet Material Support Office

Flcet Repairables Assistance Agent

1. Fleet Reliability Assessment Program

2. Name of a computer program that permits
retrieval of FRAP data from SYSTEM 2000 Database.
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INIT

JCN

JULTAN DATE

LCL

LFA

mMDT

MEAN

MEDIAN

MOTU

MTRBF

MTTR

NAVMACS

NET

NPD

O-Level

OPMAV 4790/2K MAF

PHF

ClUFRY

A

Initialization Report

Job Control Number

A measure of calendar time consisting of four (4)
diqits, where the first digit is the last digit of
the year and the remaining three digits index the
day of the year from 001 for 1 January

to 365 for 31 December.

Lower Confidence Level

Lead Field Activity

Mean Down Time

The expected value or arithmetic average, also called
the first moment of the statistical distribution about
the origin.

The 50tP percentile of a distribution.

Mobile Training Unit

Mean Time Between Failure

Mean Time To Repair

Naval Modular Automated Communications System

A computer program used to transfer the OPNAV
4790/2K Maintenance Action Information from
function to function within the FRAP data
collection network

Non-Parametric Distribution

Operational Level of Maintenance

A standard maintenance action form used by 3-M

for the remorting of shipboard maintenance

actions and for the additional FRAP reportina

rcauirements of Initialization, Failure Free Time
and Terminations. (Also 4790/2¥ or 2K)

Project ttanagement Office in NAVLLEXSYSCO™

A computer vrogram used to access the total
FRAP database

peliability, Availability, Maintainability, or




' Peliability and Maintainability

RMA Reliability, Maintainability, Availability

5pCC Ships Parts Control Center

cystreet 2000 Hare of a gz2neral purpose database management

4 cystea in the Control Data Corporation CY3ERNET
syastem (Also SYSTEM 2k)

TRE Time detween Failure *
»

TEOM Termination Renort v

TAA 1. Technical Suonport Activity (or Ajent)

2. A computer program used by the T'SA to nrocess
NDCA entercd OPRAV 4790/2K MAFs

TR fime To Repair

UCL dnper Conf idence Level

UIC Unit Identification Code (for a ship) k
VARIAUCE The sccond moment about the expected value.

RAANY iieapon3 Renlacecable Assembly
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