UNCLASSIFIED

AD NUMBER

AD841106

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; Jun 1968. Other requests shall
be referred to RADC [EMERR], Griffiss AFB,
NY 13440.

AUTHORITY

RADC ltr dtd 6 Apr 1973

THIS PAGE IS UNCLASSIFIED




Williom ¥

tssnais s:ar re- :ese "41 ives therete

Hughes ﬁiifcr&éf ‘Zcmg}sny

T8¢ ;i‘% Ci\? REPQORT NO. E’@ C~TR-~ 68114
June 19(8

he made 011y with peior approval of
RADC (EMERR), GAFB, ¥.3 '
‘The distribution of this docu iment is
hsmteé undet the U S iuw.a; Security’

: .%-:ts of 1049, :

Reproduced From
Best Available Copy

This document contains
blank pages that were
not filmed



.

£
(AN

4
i

W I
W o
= N

il ’

TELTD
=
LR N Y B 4

»

, PRTRTIATES

. U
“ |
a4 &
i

oo
ot

-
=
pucicd4

€2 0 e & '




DATA COLLECTION FOR NONELECTRONIC RELIABILITY HANDBOOK
(NEDCO 1 & NEDCO i)

William Yurkowsky

Hughes Aircraft Company

This document is subject to special
export contrels and each transmittal
te foreign governments, foreign na—
tionals or representatives thereto may
be made only with prior approval of
RADC (EMERR), GAFB, N.Y. 13440.

EARE A ] ol




i -ty et et it i N

FOREWORD

This final report covers vork performed by Hughes Alrcraft Company, Ground
Systems "“roup, Fullerton, California under RADC Coniract AF 30(6025 -h2k2,
NEDCO I and NEDCO II from March 1966 to Junuary 1968. The Project Managers
were K. E. Schafer and W. Yurkowsky and Project Engineers were J. R. Collins,
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ABSTRACT

This study addresses itself to the locatlon, collection, classification, or-
ganization and analysis of nonelectronic part relisgbility information into
a form from which it can be integrated into a Nonelectronic Relisbility
Handtook.

The study wes loglcally divided intc three steps: Data Search, Data Fresenta-
tion, end Data Anslysie. The Datla Search waoa intensive and extensive. The
mzjor sources of nponelectronic pert {ailure informstion were technical nubli-
cations, symposia proceedings, Defense Documentation Center Reporis, compeny
reports, and informetion from other existing data banks. In all, 38,761

line entries of failure data on epiroximately 600 different ncnelectronic part
types wvere collected and stored or computer “spe. The computer IDrograms sre
designed to store and print cut the data in the most converient and useful
form. All of the data collected are printed ocut in detail in the Appendix of
thisz report.

The Data Apalysis took several forms. Fallure informaticn on the sxme and
similar part types was combined to yield oversll fallure rates for each of
several envircnmentsl applicatioms. Conversion factors were calaulsted to
reflect the effect of varying severity of enviromments on paxrt life. Fallure
rate versus stress relatlionships were scught but the data collected were not
complete enocugh to yleld useful relationships. Most of the failure informa-
tion collected contained total part operating time and the number of obgerved
failures. With this amount of information the only elternative was to per-
form the above menticped anslysis tasks a5 though the hazird rete vas constent
with %time. Several reports were collected which gave gockl evidercz that in
truth many types of nonelectronic parts display feilure times sccording tc
the Weibull distribution with incressing bazera rates with time. Therefore
the failure rates gnd coufidence limite computed based on the assumption of
expenentially distributed failure times (where the true failure %imes are dis~
tribtuted according to some other failure function) should be used iu the
Proper psropeciive and with cers. While the use of the assumpticr of constant
failure rate does yleld a less precise estimate of the true hazerd rate it is
the only elternative as long as the failure dsta are recorded for these part
types without the inclusioz of irndividusl part failure time.

Sivee it was established that the statietical methods s Ticeble ©o the reli-
abllity of nonelectroailc parts must differ from those used traditionally for
electronic perts, prediction models applicable to nonelecironic perts were
5J¢ght. Three models showing promise sre investigated in the Dats Anslysis
Section and sre compared with field data collected during the study. In each
2} 2 verification is required but the models included appesr 4o be useful
ccntrivutions 1o the fleld of nopelectronic part relisbility.
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EVATUATION

J. Thnis study was addressed to the location, coliection, organize-
tion and analysis of nonelectronic pert failure data.

2. The study hes resulted in 38,761 line entries of feilure dste on
approximately 600 different nonelectronic part types. This represents
the largest and most comprehensiv: collection of such date gvaileble

to thope engaged in ferign and relisbility activitles. It was necessary
0 agrPume & constant fallure rate since for mest of the date only the
total pari hours and nunber of failures were given. Woere life-tlimes
were svallable,the distridution of times-to-fallure almost invaristly
ook the Heibull form with increasing failure rate. This is not @
good situation since we have strong evidence thet our essumption is
wrong. The decision taken in this study hes been to provide the upper
SC percent confidence limit in addition to the point estirmte of the
feilure razte. The use of the former in predictions will tend to
orecinde overly optimistic reliabllity predictions. The guslity of

the date wes sdequete to allow the development of applicetlion "KY

' factors. Significent diffevences in the numerical velue o the "X"
factor are found to exist between pert families within & comme: »pplica-
tion end alzo vetween the subclsssifications of & part family. The
follibiiity of R eingle “K" factor applicable tc sll part types is well
1iljustrated. At:-mpts to relate failure rates to spplied suress were
not successful, .. %hat there is no reletiunship but rether due to
ingufficient ppecitic Iinformation within the collected dats.

3. This collection will reasonebly serve needs for nonelectronic

part failure date so lorg as the user exercises care and recognizes

the tenuous natura of the basic assumption of a constant feilure rate.
Future ectivities in date collection will be directed exclusively

at tlz determinstion of hazard rates and stress/hazard rate relationships.

m _—
DONALD W. VFULAON
Reliability Engineering Ssction
Aeliabllity Branci
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1.0 Introduction
1.1 Objectives

The broad objective of this study was to locate, collect, organize and ana-
lyze reliability informmtion on nonelectromic paris which can be used in the
rrepaeration of a Roneleclronic Reliability Handbook.

While the sbove statement represents the overall objective of the study,
there were several specific objectives which more fully explain the naiure
or the effort which was undertaken.

The first of these was to establish the needs of potentisl users of such o
bank of data Iin terms of paxrt types, environmental applicaticns end opera-
ting characteristica. A data needs survey was conducted and its results
were used to direct the course of the data collectlion effort.

The ncxt task was to locate, collect, organize and anslyze nopelectronlc
part feilure information from as wide a spectrum of rarts and applications
a8 was poaslible., 8Sach a diverse body of information in order to be of ophi-
mum utllity required a format for uniform presentation. Furthermere, compu-
ter storage was necessary tO provide for ease of haudling, convenilent infor-
mation retrieval, timely updating, cditing, and analysis.

The eraiysis objetives were to gather a sufficlent concentration of fallure
informetion on high population perts to result 1in the establishment of the
relationsbhips that exist between part lifs and operatirg streasses and between
part life and enviromment.l stresses. Avother very important aspsct of the
anelvnes performed on the collected date was the =stablishment of the proper
underlying distribution of failure times. Most of the relisbility work per-
forzmad Lo daate on electronic arts bae shown that these clesses of parts dis-
Play Tailure times which are distributed exporentially. Cn the other hand,
there is 2 goud deal of evideace In the literature tc indizate that in the
case Of nonelectromic parts, fallure times occur according ©¢o the Weibull
fistribution with an increasing bazerd rate over time. When the exponential
is fthe proper underlying distribution of failure times, the calculaticns
attendant with reliabllity estimates are made with ease. With other failure
distributicns, the statlstical methods of relisbility are much more complex.

With ease of calculstions as a possible goal, it was therefore the objective
of snother of the analysis tasks to evaluate the error introduced by meking
the exponentisl assumption (thus, reaping the benefits of simple calculs-
tionsj when, in fact, the perts of interest displayed other underlying fail-
ure distributione such as Weibtull, lognormal or gamms. These tagks can, in

=

effect, De summarized as being directed toward the esteblishment of the
rroper statisticsl methode for use in the fieid of nopelectronic part relil-
abilivy.

s

1

=h
en collecied and present the predominent fal lure medes for s given part
tyre ir edck of its severel possible applications.

¥
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Cbjectives of the Study on Nonelectronic Fart Data Collecition

vze relisbility dat

-
e
rent, environmenis.

s Locate, collect, classify, organize and an
crn different nonelecironic parts from diffs

ahation.

e Develop a format for duta organizaticn

-y upéat g,

W

¢ Computerize the data for ease of handling, retrieval
editing, and analysis.

# Relate failure rate and operating stresses.
g Relote fallure rate and environmental stresses.
e Relate failure mode and application.

e Investigate the proper . =tistical metheds of nonelectrenic paat
rellebllity

e Ivaluate promising useful predicition and demonstrsticn mcdels for
nonelectronic parts.
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1.0 Introducvion .
1.2 Summary of Results S

The searchk for reliability information on nonelectronic parts was very com-
plete and 1+ ylelded a large amount of fallure information on many different
part. types ured in msuy different applications.

The success of the data collection effort for reliability informaticn on nom-
electronic parts can be expressed in terms of the large number of line entries
of data gathered. This amounts to 38,761 pieces of data revresenting nearly
€00 different types of nonelectronic perts. The reliability information col-
lected was generated in close to 30 different environmentsl applications and
over 100 different fallure reports were collected on each of epproximately

30 different part types.

The da*a was not distributed uniformly over either generic part types or
environmental application. For example, over 80% of the data collected was
generated in airborne applications, approximately 5% was from ground installa-
tiors, and less than 1% of the failure reports were from shipboard applica-
tions.

Another measure of the success of the datas collection effort is the complete-

ness of detall that was availsble. fThe solicitations for reliability infor-

mation on nonelectronic parts requested a very complete description of part, s
applicat’on, enviromment, failure time, failure mode and date of gereration
~. whe data. Unfortunately, the data which were collected (wbich are a true
reflection of the state of the art >f nomelectronic part failure information)
vere far from complete in the detail required to make exhsustive analyses.
mherefore, some of the analydes which were performed appear to have been made
as though the failure times were exponentially distributed even 1. the face
of contrary evidence. Tnis was done only because the bulk of the fallure
data which 1s available for nonelectronic parts has been collected without
regard to individual failure timcs. The failure reports record only the
total number of part orzicting hours and the number of fallures. Hence, it
is8 pot possible to make any conalyslis other thcn one based un the assumption
nf axpcnentially distributed failure times. It might be pointed out, however,
that since fullure times were not recorded it is not even possible to verify
whether or not the exponential distribution holds. In the light of this fact,
the user of the reliabllity information collected and analyzed in thls study
should regard it with proper caution. Al*hough 1t is not complete =nough (n
detail, it reflects the quality of the data that is avallable at this pcint
in time.

This introduction presents & general descrijtion of the objectives of this
study program and fsummarizes its findings and conclusions. The remainder of
the report discusses in detail each inlegral task performed awring the cmirse
of the total efrort. Section 2 outlines the philosophy and general approech
which guided the course of the data collectiou as well as giving the specific
sourzes from which faillure information on nonelectronic parts was solicited.
Secition 3 detalls the classificution, crganization; end data formate uged for

1.2




presentation of the part fallure information in useful form. It discusses
also the computer programs developed to manipulste the thousands of pleces
of information cn & wide variety of paxrt types and distincet applications.
Section 4 deals with ecach of the different tybes of analyses performed on the
date collected snd presents these results Iin their mest useful form. Section
5 sumparizes the Conclusions of the study effort while Section 6 1ists the
Recommendations based on the findings. The Appendix contains tha detailed
ravw data developed in the analysis task as well as the individual iine en-
tries of failure information collected during the study.

1-3/1-k
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2.0 Data Search
2.1 Preliminary Investigations

The scope of the search for nonelecironic part reliabllity data was centered
on those parts defined as heing not purely electronic in operetional charac-
teristics.

Many of the fallure rate handbooks now in existence contain part failure date
on electronic parts and on a few nonelectronic parts. The scope of the
present datn collection effort was directed exclusively toward the acquisi-
tion of faiiure information on as many different nonelectronic parts as
possible.

In order to obtain the proper perspective on the scope of the study, it is
imperative that the term nonelectronic part be defined. A nonelectronic
‘part as used in this siudy is defined by exclusion. It is any part that is
not purely electronic in nmature. Examples of electronic psrts are solid
state devices, tubes, inductive and capacitive devices, and integrated cir-
cuit devices. All others are considered to be nonelectronic parts and hence
failure information was sought on them for inclusion into thkis date bank.

The collection of such a large and varied amount of reliability infermation
required a specific plen in order to be accamplished in an economical manner.
Therefore, the first step was the development of a Data Needs Questionnaire
to direct the course of the search.

The questiocnnaire dealt with such categories as the types of enviromments a
potential user of this data was most concerned with, and the types of failure
rate informstion that would be most useful such aa derating curves, k factors,
distritutions of failure times, and other related information. An integral
part of the guestionnaire is shown on the facing page. This matrix was used
to establish the detail of operational charascteristics that would be sought
auning the data collection effort. ’

Because of the time limitations, tbe Data Needs Questionnaires were distri-
buted on 8 limited basie to selected individuals within Hughes Alrcraft Com-
pany and to several individuals in varicus Govermment agencies. Based on the
results of the survey, the data collection effort was iritiated on a broad
scale within the scope of the definition of ronelectronic parts.

When the requests for fallure imormation were seunt out a great amount of de-
tail was requested of contributors. It was hoped that if the data received
vere complete that a maximum amount of analyses could be perfarmed on then.
Included in tue reguests vere a complete nomenclature describing the parts by
sige, type, model, application, pert rmumber and manufacturer. Also, a com-
plete descrirtion of the environmental and operational conditions experienced
by the parts was requested. Individual pert failiure times, failure modes and
dates covered by the fallure reports were requested. The data that were col-
lected had all degrees of completeness of detail. Ope of the limiting factors
in the utility of scme of the data was the lack of detall acccmpenying the
failure report. It would sppear thai for nonelectronic part data ccllection
progrums more detszil is required than people axre used to retalning.

2-0
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ON WHICH COMBINATIONS OF COMPONENTS AND APPLICATION STRESSES DO YOU
w NEED ADDITIONAL AND/OR REVISED NONELECTRONIC RELIABILITY DATA?

PLEASE DOUBLE CHECK (//) THOSE OF PRIMARY INTEREST AND SINGLE CHECK (/) THOSE OF SECONDARY INTEARST.

COMPONENTS AND APPLICATION STRESSES LISTED ARE TYPICAL EXAMPLES.
PLEASE ADD ANY COMIONENTS AND/OR APPLICATION STRESSES WHICH ARE
OF PRIMARY INTEREST 7O YOQU.

L
TYPICAL vy
COMPONENTS f / o 4
& v

o
TYPICAL “ & I rJ
APPLICATION <o kcf e /& < t‘? NPV AT
sTRESSES S/ E/E/E/E/ESE/ /SIS E £
' VEVEFENFEVES YEVEFVEIE

VOLTAGE

CURRENT

POWER

ACTUATION RATE

TORQUE

} LUBRICATION

MECHANICAL LOAD

PRESSURE

OPERATING SPEED

THERMAL

AXIAL/RADIAL
IMPACT { OAD

TENSION

SLIPPAGE

INSERTION RATE

VIBRATION

OTHER:

-r} Typical Page From Data Needs Questionnaire

2-1
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A camplete and comprehensive search was undertaken to locate and collect cur-
rent reliability data on nonelectronic parts from every potentially useful
source.

8ince the definition of nonelectronic parts dictates a wide scope of search
for reliability information on a great variety of part types, it vas impor-
tant to develop a systematic approach for the performance of this task.

s s S AR R R R R e R AR i

The data collection effort therefore was conducted in three major areas. The
first was a seaxrch of the literature. Six periodical indexes were ccnsulted i
to develop a beginning list of source documents. One hundred eleven dif- H
ferent technical pericdicals were searched from the most current issues back

to 1957. This date was established as a cutoff time for the inclusion of

failure information from all sources in order that obsolete data not be inp-

cluded which would bias the current state of the art. OCther important sources
investigated in the literature search were the proceedings of technical con-

ferences and symposia. Publications of proceedings from the past ten years

on over 75 different types of symposia were carefully searched for pertinent
information. Additional fsilure information was obtained by studying a great

many Govermment technical publications from those in the Defense Documentation e
Center. :

S
T

A major part of the data collection effort centered on information in existing
data banks. All the principel data centers were solicited for their infor- ¥
mation on nonelectronic parts. The most notable contributor was FARADA. '
Approximately 22,000 line entries of information on nonelectronic parts were
from that source. Information was received from several other existing data
banks tut in the majority of cases these reporte were alsc included in FARADA
and hence the d1ta was not duplicated.

Personal contacts with individuals in Goverument and industry also constituted
& major effort in the study. Over 200 letters were sent soliciting detalled
feilure informetion on ncnelectronic purts. The mailing list included per-
sons with relisbility responsibility in major Govermment egencies and in
companies thought to be large users and/or large producers of nonelectronic
parts. The ietters were in many cases followed up with phone calis. The
response from this solicitation resulted in the receipt of useful information
from sixteen scurces.

Many valuable additions to the data base were made through a comprehensive
search of internal Hughes field and laboretary test reports.

In December 1566 a preliminary report was published which tabulated the infor-
mation collected up to that point in the program. The report has the designa-
tion RADC 1R 6€-828 "RADC Unanalyzed Nonelectronic Part Failure Fate Deta

Interim Report NEDCO I" and it contains 17,702 line entries of rav failuve ‘“}
infarwation. During the ensuing months, additional failure data were collected =
e-2
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and an improved data format was developed. The detailed results of the total
data collection effort appesr in Appendixer 7.10, 7.1l and 7.12 of this

repoxrt.

B
o

e Procecdings of Conferences, Symposia, and Trahsactions

e Technical Periodicals

o Government Technical Publications
e Persomsl Contacts in Industry and Goveroment
e Hughes Company Reports | \
e Existing Dats Banks
Sowrces Investigated in NEDCO Data Search ;
I
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3.0 Data Presentation
3.1 Failure Rate Data

The most impartant considerations in the design of a presentation format were
centered on allowing the user of this nonelectronic part reiiabllity data
bank access to accurate part identification and complete failure rate esti-
mates.

The reliability information v* . was collected during the study was from
hundreds of different svurces and part types. To be of optimum utility, it
had to be organized Iinto a standard and convenient format for the benefit of
the user.

The major concern of a user trying to locate reliability data epplicable to
his own problem 18 to properly identify the part of interest. It can be seen
in the sample format on the facing pege that s great rortion of it is devoted
to part classification and identification. The firet five digits of the IDEP
I¥ Code mmberirng systew were uged to identify parts by generic type and by
rejor sub-types. In the sample page. "Valver" are assigned the number 525,
while "Hydraulic Valves" are desisnated by 525.60. The IDEP numbering system
was used because it is apparent that much careful planning went into 1ts con-
ception and becauss it is widely used by many exigting data banks for ease

of infarmation exchange.

Additional paxt descriptive information which was collected but whick did not
lend itself to classificaticn by the¢ part farily code list was divided into
“wo fields on the camputer printout. That whi:h described the part itself
vas listed in the PART DESCRIPTION {Meld while that clarifying s subassembly
o larger unit level fram which the pairt was extracted was listed under FUNC-
TIORAL APPLICATION. BSince no other space was available the FUNCTIONAL APPLI-
CATIOR field was used to note certain nperating conditions such as cycling
rate, contact curreant or datn fromw storage cnvironments.

The other major positions in the camputer printouts relate to the fallure
rate ectimate. Th» failure rate is computed in fallures per million hours,
unlees otherwise designated. An asterisk in the FAILURE RATE fleld indicates
that oo failures were observoed. Agditional backup for the failure rate 1is
providad by the listing of PART POMULATION, PART HOURS and UPPER GC% CONFI-
DERCF, LIMIT. Tue 90% level was selected since it seems to be the one most
frequently used in reliability analyses.

The upp;r one sided confidence limits were presented since this decleion rule
gives conservative fallure rate estimates when the Type I error is made in
testing & hypothesis.

The failure rate estimates presented and the confidence limitie calculated sie
barsed on *ie assumption of a constant fallure rate. Thies was done even 1in
the face of contradictory evidence for some nonelectrouic parts because it
reflects the type of failure data In exiscence today. A complete 1list of
Pailure Rate Drta sappears in Appendix 7.10.

3-0
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3.2 Data Pregenilation
3.2 Ervirommental and Application Siress Format

The detailed inforimtion collested on the environrental and application
strespes of nonelecthronic parts is orgenlzed into a separate computer print-
ot which 1s heyed to the Yallure Rate Format by means of a cross index
reforencs numosr.

Tt would tave been degirable Ho arrnnge the data format in such a manner that
1t was pozslisle to presant svery detsiled plece of information from a given
fallure reprt ao a single live entry. However, thls was phyeically impossi-
ble due Lo the limitations of zhe computer printout equipment. Therefore,
those details relating to a jpurt’s enviromnental and operational envelopes
bave heen arranged a8 & sepavste body of information as shown in the sample
on the facing pege.

The part nomenclaturs and c~de number ls not repeated in this section; how-
ever, a veer of the data can relate the line eatry in this section (Appendix
Subsection T.il} witk the one in the Tailure Rate Section (Appendix Subsection
7.10) by means of s cross index reference number. In the sample page pre-
sented here, this identilying omumber consiste of eight diglts and appears in
the left hand column. The lipe entry iz the Failure Rate Section for the

part nomenclature aad failure rate informeiion corresponding to a given line
entry of tbis sectlion dispiays the same cross index reference number in the
right hend colurm of the page.

A user of this data bank would very iikely enter toe computer listings with a
given part tyre iv mind. He wimld look up the part type in the F.ilucre Rate
Section and then proceed to this Sectlon via the cross index refsrence number
£0 discover informetion on uvpersting and snvirommental strecses.

A ~omplete liasting of all of the cperetlonal and environmental dats gathered
is presented in Appendix Subrection 7.11l. As can be seen by the ssmple on
the facing pagc the major cautegaries of operational information collected
were related to a part's opersticual voltage, current, povWer, frequeacy ox
pressure. The major =pnvircmmental conditiore for which data were recorded
vere temperature, vipration, shock, pressurc, ard relative humldity. For
reletive humidity bothk a typical or nominal value and a range experienced by
the exrt during rorpai operation is guver vhere it 1s available. An exampl:
of this {8 shown on the facing page for cross index reference rmmber
08512900 where the typical relative humidity vae 30% end the range was from
0-5C%.

The cross index reference numbers have beern spaced with a gap of 1399 numbers
between lip= entrieg so that future additions of dala may be easily incorpo-

ra.ed intn the exieting bank of informution and still be entered alphabetlcal-
ly within the cuxreunt body of data. I1f the gaps are eventually filled, the

entire cet of line entries moy be resequenced ind assigncd new numbers, again

with gaps for additionel line entriees subjact tu the limitations of the eight
igits,
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5.0 Data Presertztion
3 3 Failure Mode Distritutiors

The information gathered on the failure modes of nonelectronic parte is pre-
sented by part clsse in a separate format to allow the user to identify
typical types and Irequencies of fallure modes to be expected.

The failure mode in:’ormation is presented in a separate secilon so that
cuphasis may be 1lsid upon recogunizing predominant failure modes for each part
type. The computer program used in generating this secticn of data i3 sepa-
rate and distinct from the computer program responsible fcr the failure rste
date and the stress and part number information.

On esch page is noted the part class to which the line entries on that page
belong. It is followed by a numbered list of possible failure modes applica~
ble to that part type. (n the sample page opposite, the part class cylinders
ie shown followed by twelve different descriptions of failure modes by which
cylinders mey fail, each description accompanied by a mumber in parentheses.
The numbers of the failure mode descriptions are reproduced horizontally
arrc-9 the page just below the list of mode descriptions to serve as an

irdex to the appropriate failure modes on that page.

The cross index reference number in Section III provides the means of locat-
ing part identificatlor and description information snd failure rete data in
Section I (Subsection 7.10); line entriee of data which heve cross index
reference numbers may be linked to that addicional dats in Sectici: I. A
misslug crces ilndex reference number indicates that no additional date 1s
known, 80 no reference tc Section I is made for that line entry.

Both the number of failures observed and the percent of those failures

attributable to eack failure mode s given for every line entry. For example,

or the sample page opposite the line entry with cross index refereuce number
120900C0 shows 207 failures, 59% of which were failures by mode (01), leak-

ing: 8% by mode (03), out of tolerance; 14% by mode (05), broker or cracked;
and 19% by mode (i2), unknown.
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4.0 Deta Analysis
4.1 Failure Distribution Concensus

In the fallure repcrts compiled on nonelectronic parts, evidence was sought
which indicated that the report writer had analyzed part failure times to
establish the proper underlylng distribution.

The reliabllity data collection practices in current use appear to be geared
to the implication that feilure times for all parts, whether electronic ¢r -
nonelectronic, are distributed exponentially. This statement appearse to be
true since generally the failure reports avallable only recorded total part
operating time and mumber of cbserved fallures. The only conclusion that ean
be made from this practice is that the person preparing the report did so by
assuming that the parts on test exhibited a hnzard rate that ie constant with
time. (Of course, if failure times were not recorded and analyzed, even the
theory of a constant hazard rate with time could not be verified.)

This portion of the study was therefore directed tuwarld searching for failure
reports containing actual part failure times cr at least where the autiior of

the report indicated that he had analyzed the failure data collected for the

proper underlying distribution of failure times.

A total of 39 failure reports were gathered on 10 different nonelectronic
perts where this type of irformation was available. The table on the facing
page summarizes these findings. The information fig arranged in the form of a
consensus. When different articles claimed different fallure distributions
for the same part type the number claiming each are listed. The "Consensus”
column contains the ranges of the perameteres found in the reports which were
collected.

A review of the results indioates that there 1s strong evidence that many types
of nonelectronic parts exhibit failure times distributed according to the
Weibull distribution with the shape purameter gr-.ater tham one. This 1g an
indication of a hazard rate that increases over time. Bearings, relays, seals
and switches clearly display these characteristics. Pumps and valve failure
times are Weibull with shape parameter close to one which is for all practical
purposes a constant hazard rate. For gears, two failure reports indicated
exponentisl failure distributions while one was Welbull. Gyros and motors
vere featured by a consensus of a mixed Weibull distribution.

The conclusion to be reached from this rhese of the study ieg that there is
gtrong evlidence that the exponential distribution does not hold for most
nonelecktronic purts. Therefore, to be absolutely correct the statistical
methods used in the reilability analyses performed on electronic parts proba-
bly should not be appiied to nonelectronic parts not exhibiting constant haz-
ard rates. The following three toplecs investigate the effect of the exponen-
tial aspumption when the correct underlying failure distritutions are the
Weibull, lognormsl, and gemma.

The details of the information used to prepare the table on the facing page
are given iu Appendix Subsection Y.M.u
-0
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T Total Number
LA Number Number Number of
‘ of of of Mixed
Opinions Exponentisl Welbull weibull
_Part Type Collected Opinions Opinions Opinions consensus
Bearings 12 0 12 0 Welibull
5 <B <4.0
Gears 3 2 1 Q Exponential
Gyros 2 Q 0 2 Mixed Weibull
Bl = .6
< <
1.7 <8 2 2.4
Motors iy 1 1 2 Mixed Weibull
Bl = .6
1.8 < ,32 < 2.25
Pumps 1 0 1 0 Weibull
B=.99
Relays 2 1 8 0] Weitull
5<B <40
4x102 < a < 8x10°2
Seals 2 o] 2 ¢ Weltaall
.8 <B <18.0
Springs 1 ) 1 0 Weibull 3
B = 1.47 !
Switches 4 O 4 0 Weibull
L4 < B <8.0
a < 1043
Valves 1 o 1 0 Weibull
B8<Bg <1.0
Consensug of Distribution of Fallure Times for Certain Nonelectronic FParts
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4.2 Effect of Assumption of Exponential Failure Times

b.2.1 COMPUTER SIMULATION |

Since most of the failure data collected for nonelectronic parts assumed con-
stant failure rates {even though subsotantial evidence indicates otherwise) a
study vat made of the effects on reliasbility estimates made using the expo-
nential assumption when other distributions more properly describe part
failure times. ‘

G 5, P

The objective of thiz analysis task was to investigate the effect on relin- 1y
bility estimates of using the assumption of exponentially distributed faliure i A
times wben other distritutions are better descriptors of nonelectronic part e
foilure times. The reamson for this irnzerest is based on the ease of compu-~

tations asscclated with such an assunption. On the other hand, if the method

introduces serious exrror, it was felt it should nct be considered.

The evaluation was accamplished by calculating confidence limits using the
usual X< methods for a hypothesized MI'BF and comparing the width of the in-
terval 80 calculated with one coustructed using a computer simulation program
10 geperate distributions of ssziple means for three non-exponential distribu-~
ticns. The general steps carried out in the simuliation sexe outlined on the

facing pege.

The mean, O, of the failure distribution (1..., the MI'BF) was chosen as the

basis of comparison between the exponential and non-exponential distributions

For the exponential distribution, it is koown that 2:15/0 (wvhere the sample

T
n

mean O = 18 based on a sample size n fi~om & distribution with mean

2
2n

truncated data. For certain non-expaential distributicons with mean @, how-
ever, the distribution of the sample means cannot be obtained analytically;
hence, computer simulation was necessary.

Q) is distributed as X for failure truncated dats and )én .2 for time

In the computer program, random failure times T were drawn in groups of n and

el

é 1 vas computed as a sample mean for each group; 1000 such sample means
n

were generated and then ordered. The first 50 and the last 50 values were
then examined as good appraximations of the tails of the distributions of
sagmple means. The .05 and .95 percentile points were plotted in order to
compare the widths of the 90% confidence intervals in the exponential case
with the Weibull, lognormal, and gemma distributions. ©Specific results with
each distribution are discussed in the 3 topice which follow.

e B e U S LR Gt -...'_- .
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General Steps in Computer Simulation

Select n random values of F(t)

Calculate n failure times

Combine the failure times to calculute a 6 (MIBF)

Repeat the above 3 steps 1000 times

Printout the first 50 and the last 50 values
obtained to establish 90% CONFIDENCE INTERVAL
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4.0 Data Analysis

L.2 Effect of the Exponential Assumption

4.2.2 WETBULL FAILURE TIMES |

Because many nonelectronic parts exhibit failure times in accordsnce with the
Weibull distributicn with shape parameter greater than 1, the use of the as-

sumption of expconentisl failure times as an approximation results in optimis-
tic estimates.

S8ince the mathematlicsal methods and calculations associated with the use of
the exponential distribution in rsilebility analysee are so simple, i: seems
logicml to employ these methods wherever possible. Thls phase of the study
therefore was directed toward a general evaluation of “he consegquences of
sssuming exponentially distributed failure tlmes when the true underlying
distribution of fallure times is Weibull.

The similation was performed utilizing the following relationships. The cum-
lative distribution function (F) of a Weibull distribution with scale and
shape varameters & and B respectively is glven by the following equation:

B
= - '.1.-‘._
F(t) =1 - e =

Since F is distributed uniformiy on the interval [b,l], random Weihull values
of t can be generated by drawing unifcrm random numbers F from 53,1] and

equating

t =at/? (1n 2y
1-F

The failure “imes 80 generated were combined in sample asizes of 5,10, and 15
and MI'BF's were thus calculated for Weibull sbape paremeters (B) of .5, 1
(the exponential cese), 2, and 3. The 90% limits generated for each case in
the simulatiun program are campared in the charts on the facing page. It can
be seen that when B is greater than 1 the Weibull confidence limi*s are
narrower than the exponential limits. Thils indicates that substitution of
the expouertial sassumption as an approximation for the Weibull results in a
less accurate estimate of the true MTHF.

For example, suppose that & part has a Welbull failure distribution with B=3,
and that 5 failure times are to be obgervel to teost the hypothesis tiat the
MI'BF ie 1000 hours. Note in the figure opposiie that under the exponertial
aspumption one would sccept the hypothesis with 90% confidence if the sample
MI'BF lay between 39% and 1830 hours. ‘iowever, with the knowledge that the
failure distribution waes Weiiull with P=3, one would accept the hypother.s at
the 90% confiden:e level only if the sample MIPF lay between 738 and 1270
hours. Hence, using the exponential assumption, one would accept trhe hypothe-
sis with sample means which would cause reje ction 1sing the Weibull with B=3.

The result of this analysis Jemonstrales that in tre oree uf nonelectronic
parts whose fallure times are distributed accordins to the Welbull with Zn-
cressing hazard rates (B > 1), the use of the exponential ss en spproximation .

results in an optimistic estimate of zhﬁ true HIRF,
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4.0 Dats Analysis

4.2 FEffects of the Exponential Assumpticn

h.2.3 LOGNCRMAL FAYIURE TIMES

Assur 'ng that failure times are ulstributed exponentially introduces predic-

tior .nd ertima’ion exrora when the fallure times are really distributed as
dog.ormal .

The tails of the distributions of sample means were examined and comparison
was mede at 90% confidence interval widths derived from the exponential and .
lognormal distributions of failure times. :

The cumi.ative distritution of the lognormal is glven by the following eq.a-

tiou: t
- 1 -(1n x-41)@ . (1)
F(t) [ N e<p (_L?E:LL) dx

in order to simulate the distribution of sample means from the lognormal dis-
tribution, it was noted that 1f y = log x is normally distributed (My» "y):

then x 1is lognormally distributed and its parameters (M, 9y) can be found in
termg of (“y» "y)' Also, a simrle relationship exists between the guantities

- of the 7 gnormal die.ribution {1y, ) and the standard normal distribution.

if §q and Vg represent the values of x and y respectively for the q'B quan-
Mo+ veo

gq‘wey LR (2)

 Thus, to generatc a random failure time from a lognormal distribution with

Peramsters {;;x, Ox), the ccrresponding normal parameters sve calculated

2
»
e = Log _ __ "X (3)
4 ,
[oa_’ue}l/a
X X
, \1/2
i AN
Zy =\l 3 (&)
"lx

Then s random uunber between C and 1 ie dvrawn, and from it a value of vq is
determined by llzvar interpolation from s table of 100 standard normal devi-
ates stcred ir the wemory of the comruter. A random failure time is then
generated by the trsusformation (2). Random fatlure times so generated are
used to sim.iate sample mean iistributions for various sample sizes as Je-
scribed in Topic 4.2.1.

For a stendardized lognormal measn by = 1, 90% confidenc~ Interval widths sre
determined as a function of Oy and n. Sample means were generated for

Oy = 1/2, ., 1-1/2 for each of eample sizes a = 5, 10, 15. Although in :his
case the exponeatial 1s not a specisl case of the lomnormal, whether the ex-
ponential coafidence interval .s too wide or too pam~' far effective employ-
ment depends roughly upon whether O 1s less than or grester than 1, as the
figure opposite illustrates. Y426
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4.0 Data Analyeis
4.2 Effects of the Exponential Assumption §
L.2.4 GAMMA FAILURE TIMES

The exponentiel essumption applied to gamma fajilure times it responsible for
errors in prediction and estimation of failure statisiics.

The gamma cumulative distribution is given by

‘ t
O F(t) =-f ___.1__a. x &1 ,1_"‘/'3 ax @, B >0
o T(a) 8

!

With the parumeter P standardized to 1, the width of the relative 90% confi-

dence limits for thLe sample mean distributions are determined by the parameter
&. To sample random failure times from gaxma distritutio.s with & = 1,2,3,
and B = 1 in each case, it 1s noted that when & is an integer 2 1, the cumla-
tive distrituticn function is given in the closed form

. 2 . a‘_l ' -t
Mt)=1-|1+t+E_+--- % e
® [ = za‘r)"]
For example, tosample a random fallure time from a gamma distribution with
paremetexrs Qw3, P=l, a random number F between O and 1 is first selected.

£ince the c.d.f. is uniformly distributed, a random failure t me is obtained T
by solving B

1-F-(l+t+%§)e't=o

The equation has no explicit solution, but Newton's algorithm is quickly im-
plenented in the computer program tc solve for t implicitly. Using the ran-
don fallure times generated, distributions of sample means are similated as
described in mrevious topics.

Distributions of sample means from gemra distributions with B=1, and G=1,2,
and 3, were simulated, using sample sizes n=5, 10, 15. Note that the case
Q=] is the exponential. The figure opposite shows that the confldence inter-
val decreases as X increases, thus indicating that use of the cxponential
assumption gives cont'idence intervals too wide for perts with gamma fellures
aLd @ > 1.
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h.0 Data Analysis
k.3 Coumbination of Data

To organize this diverse mass of failure informa®ion intu a useful tool, simi-
lar pieces of date were combined to yileld overall fallure retes for given part
types vhen used in a simil i envirorment and to increase the accuracy of the
estimate.

To present the user of thkis bank of reliability data on nonelectronic parts
with a mere listing of each failure rate estimate collected during the study
vould confront him witl an unrecessarily confusing mass of information. He
would have several estimates of the failure rate for a given part » each of
which was an estimate of the trus failure rate subject to sampling error. If
like pieces of data :could be coxbined then a more accurate estimate of the
true parimeter of interest could be generated.

It would be aprealing to ccubine crly failure information thiat was from parts
of exactly tae same type, used in eractly the same application; and exposed
10 exactly the sume envirommeatal stresses. On the other hand, it seems logi-
cal that the reliability characteristics of parts that are of the same generic
type should be quite similar. Therefore, it would be ideal to combine as meny
of the pieces of data which were collected from a major generic peurt type to
enhance the accuracy of the estimation and to provide ar overall measure of
reliability when the cobserved differences are not statistically significant.

The rules developed and used for combining failure data were based on eng!.-
neering judgment, the pumber of pieces of failure data for a given pert tyze
in & given environment, and the completeness of the nomenclature of the paxrt
in the failure reports received. The first step was to pick out seversl high
usage parts and divide the bank of failure data on each given generic part
into several logical sub-pert types. For example, electronic circuit comnec-
tions were subdivided into crimped, soldered, welded and wire wrap categories.
The data on each of these was then grouped by enviromnmental application. At
this point in the data analysis, 99% confidence lirits were calculated for
each plece of failure date. Ao example of this procedui¢ is shown on the
facing pege. Ten failure reports were availeble on thermostats used in a
ground environment. The confidence limits were then compared for each of the
ten pieces of failure data. The decision as to which pieces of date to com-
bine to calculate ar overall failure rate was made by inspecting the span of
the individual confidence intervals. As lopg as there "..s any degree of over-
lap and as long as there was continuity starting from tioe lower confidence
limit of the failure report with the lowest failure rate, then all *hese gil-
ure reportg vere deemed to be combinsble. Where a break occuried in the con-
fidence intervals, it was felt that this wau sufficient evidence that these
vere pieces of data from parts vith significantly different failure rates and
hence they should not be combined. To aguin refer to the example on the fac-
ing page, note that failure report number 3 covers the span from O to .913636
failure¢ ‘er million hours. Therefore, failure repor+s 2, 9, and 10 are com-
binable with it since they are within its limits. Then the confidence inter-
val of failure report 5 partially overlaps thai of number 3 by going from
082182 to 5.89971 failures per willion hours. Also, the confidence inter-
vals of failure reports €6 and 7 partially overlap the group already cambined
and they also include that of failure report number 8.

1-10




Hovever, the confidence intervals of failure report number 1 and that of re-
port number 4 are completely separated from the intervals enclosed by the
other elght confidence intervals. The data sources of these outliers were
used in attempting to determine more detail regarding differences of part
type, test conditions or some other distingulishing detail that would account
for the different failure rates. At eny rate the majority of line entries (in
this case all but 1 and 4) dictated which pileces of failure data would be
combined to yleld the overall failure rate. For thermostats, for example, the
part hours of the 8 combinable failure reports were totalled as well as their
failures and an overall failure rate of 4.08 failures per million hours was
calculated. To this was added 90% confidence limits for the benefit of the
user of the failure data.

This same procedure was used for combining data to calculate overall faillure
rates for 60 generic parts and sub-parts by their use environment. The com-
plete list of failure rates and confidence limits by use environment is pre-
sented in Appendix Subsection T.T.

Example of Rules Used for Combining Individual Line
Entries of Data tc Yleld an Overall Failure Rate

Step 1: Calculate 99% Confidence Limits for &ll line entries of failure data
for Thermostats (Ground Environment).

Lover 99% Upper 99% Failure Rate (Failures
Confidence Limit Confidence Limit per Million Hours)
Ompit -~ —-—].-1——3691-3:3:3——————-—%?831%:5———-————- — 9316 66—
2. .00797936 0
3. 0 .913636 0
Omit ——dr—dByr2l3———3 3283 — 42857 T—
5. .082182 5.89971 1.588
6. L.94732 2).2451 11.1164
7. L.94732 20.2451 11.1164
8. 1.22034 11.2353 l&.76)+l7
9. 0 00797999 0
10. O 0079799% 0]

Step 2: Omit any llne entries whose Confidence Intervals do not, at least
partially, overlap those of the majority of the line entries.

Step 3: Combine the operating hours and numbers of fallures of the remaining
line entries of failure data and calculate an overall fallure rate
and 90% confidence limits.

Fallure Rate = 4.08 failures per million hours.
Upper 90% Confidence Limit = 5.39.

Lower 90% Confidence Limit = 3.13.

Total Part Hours = 8,826,900.

Total Number of Failures = 36.

11
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4.0 Data Analysis

4.4 Environmental Differences in Failure Rates 3
4.4.1 CAICULATION OF K FACTORS
8ince the data when grouped displayed significantly different failure rates

for given psart typec over various envirommental applications, k factors were
developed to reflect this effect of environment on fallure rate.

In dealing with failure data from electronic parts it is caumon practice to
use conversion factors to estimate failure rates at a more severe enviromment.
For the case of failure times distributed according to the exponential distri-
bution, this comversion factor (k) becomes a simple multiplication factor.

In the present data collection effort there is evidence that many nonelectron-
ic parts do not exhibit constant hazard rates with time. However, the present

‘state of the art of data collection does not provide data that is detailed

enough in nature to yleld individual lert fallure times. Therefore, the k
factors preserted on the facing page reprzsent "statistical differences” be-
tween grouped failure rates for selected parts ueing the assumption of expc-
nential failure times. This method of calculating conversion factors is dic-
tated by the type of data available.

It may be noted that the conversion factors shown on the facing page feature

the "Airborne Application” as the base. This is accomplished by assigning a

k factor of 1 to all airborne failure rates. This 1s a necessary, although a

somevhat unconventional practice, since approximately 80% of the failure data 3
collected on nonelectronic parts is from the airborne eavironment. This was ol
therefore the only enviromment on waich fallure data was available on the

overvbelming majority of parts and this made it the logical checice for use as

8 base.

The k factors presented display the expected relationships to one another with
but few exceptions. Helicopter failure rates due to the characteristics of
their severe vibration environment are generally higher than those for air-
borne applications as shown by k factors greater than 1. The k factors for
ground and labaretory applications are generally lcwer than airborne as ex-
pected. The inconsistencies in the table wherein laboratory failure rates
for soldered and wire wrap connections appear tc be higher are due to acceler-
ated life tests performed in the laboratory. In the case of valves the ground
environment appears to be more severe than air but this data is dominated by
failure reports from stastic test firings of missile motors.

A epecial rule was used in generating k factors for environments where no
failures were observei. Upper one sided 90% confidence limits were calculated
in these cases and the mlidpoint between zero and this limit was used as a
point estimate. An example of this is shown in the table on the facing pege.
Ball bearings in the air environment have a failure rate of 6.44 failures per
million hours. +This part type used for 546,980 hours in the ground environ-
ment displayed no fallures. The upper one sided 90% confidence limit was

k.21 failures per million hours. The midpoint between O and 4.21 was 2.1.

Then 2.1 divided by 6.44 yields & k factor of .3 as shown in tze facing table. %,ﬂ%
L-12 had




ENVIROMMENTAL APPLICATION FACTCRS

Alr
Feilure labo- Heli- Air, sim. sup- ! 3
Rate Oround ratory copter Sbip Storage Ground Alr marie, Nissile !
Actuators I N g
Hydraulic 378.58 | .02 A ! 3
. JRUENUORN WU PO S, ——— —— + e o e - - N
marings : :
Pall 6.44 .3 001 ; T 1
Cepscitors, Veriable | RS i i SR SER. e e e
Ceramic 21.06 i 1 1
Glass 10.75 1l .01 ; 1
Connections B :
Soldeared .035 .1 L) 2 ;
Welded 052 ol 1
Wire Wrap Q12 | 1 22 !
Connectors
Circular, Multipin .98 1 A .1 1
Coaxial 2.70 .2 .1 | 1 3h
Rectanguier 2.2 000k or | i | .ol [
Generators 7 ! - rh— T “
AC 120 A | .o002 -
rc 180.. by 4 | 2 ’ :
LSRR SR oyi ot SN IO ARSI GUNU Y SNPU S U UUIUS S S,
Gyros : '
Pree-Divectional 130 2 1 .
Free-Verticel 1298 L.b i
integrating 368.4k2 {1 1 :
Rate 358.23 .5 .2 1 l 12
Punps r-*- s e JR— :
Elzctrically Driven 321.12 -7 i i & i
Engine Driven 664.93 | 4 ]
Piel or Booster 170.43 | 1 1
Hydraulic 808.87 .002 .5 L0001 22
Vacuum T70.64 1 |
Relays |
Armature 16.61 .8 .3 1 R .C03 1.5 i
Contactor 9.% ol {
Rotary 73.33 ; 1
Thermal 200 1 ; .01 1 .2 l
Time Delay 21.17 .5 1 .5 1 1 .02 L
Resistors, Variable T
Camposition 18.61 | b .01 2 .5 |
FMlm 5.3% 1 1 1k
Wirewound 9.9% .3 .1 .02 .01 1 6 b
Seals 5 u -
Rotary 27.55 -
Stationary 67.58 -3 1 !
dvitches !
Pushbutton 21.39 0L 1 .1 1 i
R 17.0k A Y 1 1 2%
soap-Action 15.33 .1 W1 .2 1 16
Toggle 6.91 .1 1 1 1
NGRS S ——
Synchros
Control Reeolver 139.72 2 3 1 1 .01
Contrcl Transformer 2.05 1
Control Trensmitter -649 .3
lanks ) _—
Compressed Oss 164.75 3 i
Fuel Cells 160.768 1 .
Reservolirs Th.30 9 :
- - ema——
Thermostats 258.21 .02 Ol .02 zl-
Trensducersy - £
Pressurs 848, 57 1 i
Temperature 93.32 i 3
- T [P - B r - B "
Valves
Check Lo 8 .2 O
Control 138 13 :
Relief 1) 16 ;
Stutoff 88.7 2 .
Solenoid a2 2
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4,0 Data Analysis
4.4 Envirommental Differences in Failure Rates
L.4.2 STATISTICAL TESTS OF SIGNIFICANCE

Statistical tests of significance were employed to compare the observed dif-
ferences in overall fallure rates for given part types operated in the various
envirocnments.

When the grouped failure rates for a given part type used in several different
environments were compared, the differenccs observed were not always large.
Therefore, it was necessary to employ statistical tests of significance to
determine if the differences could be construed to have occurred by chance or
if they resulted from true differences in the life characteristics of the
nonelectronic parts of interest when they were subjected to separate environ-
mental applications.

The test of significance used, takes advantage of the fact that if two failure
rates being compared are constant but not necessarily equal then

A 2
2 Sr a2
11 » 1 -
ETéx -2
2 o~
ar/n -
That is ,_%:; is distributed as the ratio of two X© random variables with i
2T

2ri+2 and 2ré#2 degrees of freedom respectively. These degrees of freedom
were used because it was reasoned tbat the data collected in this study was

more likely to have been generated in itime truncated tests rather than in
fallure truncated operatiom.

Then under the null hypothesis that A1 = Ap, C is distributed as the F dis-
tribution with 2r) + 2 and 2rp + 2 degrees of freedom where r is the observed

number of failures, and it may be used as & test of significance between
failure rates.

The facing page shows an example of the results of the tests of significance.
Fallure rateg of welded connections from ground and air applications were com-
pered. The ratio of Aground t0 Agir is the F ratio of .0k in this case. To
determine if significance exists the F ratio must be compared to a value from
a table of the F distribution for 10 and 20 degrees of freedom. Since the
ratio of the failure rates is l=ss than 1, the F g5 value fram the table

(.36 in this example) is not to be exceeded in order to observe a significant
difference between the two fallure rates. Since .Ok < ,36 it may be said
that the ground failure rate 13 significantly less than that of air at the
F.05 level of significance.

Lok




EXAMPLE OF F TEST FOR DETERMINING IF
NONELECTRCNIC PARTS EXHIBIT STATISTICALLY
DIFFERENT FAILURE RATES IN DIFFERENT ENVIRONMENTS

Part Type: Connections, Welded

 gonp = -9022 fajlures/million hours.

1
)‘AIR = ,052 failures/million hours. ‘
Number of Failures (Ground) = 4 Deg~ s of Freedom {Ground) = 10
Number of Failures (Air) = 9 De ‘ees of Freedom (Air) = 20

F

F Ratio .05

A
RGRQIND = .gggZ = .0k .36
AIR *

Since .0k < .36 » then the failure rate for welded connections in the
ground enviromment is significantly lesc then the fallure rate for
the same type of connection used in air applicetions

L-15
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4.0 Data Analysis

k.5 Testing Prediction Models

4.5.1 REGRESSTION MODELS

Since there is evidence that the statistical methods required for use on non-
electronic parts are more complex than those conventionally used for elec-

tronic parte, a search was made for regression models with demonstrated use-
fulness in the prediction of the life characteristics of nonelectronic parts.

The search for prediction models useful for nonelectronic parts was success-
ful in finding models which had proved valumble in estimating the life charac-
teristics of releys and switches. This topic and the two subsequent topics
discuss briefiy the models, ianeir use and degree of validation but refer to
the reference documents for detalled desciriptive information.

Perhaps the most successful model appears to be that described in Reference
19. It is basically a regression model of tue form

N , 2 2 2
Y= bb + blxl + b2x2 + b3x3 + bllxl + b22x2 + b33x3 + bllex2

+ b13x1¥3 4+ b23x2x3

where Y = the Weibull parameter of interest
x = the various orerating or envirommental stresses applied.

The model was deveiloped by performing a central composite factorial design on
several different 1elay designs. The tests were run with varying values of
contact current, actustion rate, and ambient temperature applied in combina-
tion. All other factors were held constant. The observed fallure times were
distributed as Weibull with the general consensus of an incressing hazard
rate. Regression equations were calculated on the Weibull shape and scale
parsmeters. These were then converted to stress versus Welbull parameter
curves. One such cuwrve is shown on the facing page.

It wvas thought advisable to compare any relay data collected during this study
with this model for general agreement. Therefore, six pleces of fallure in-
formation on relays were found with enough detall as to operating and environ-~
mental conditions to warrant a comperison with the present model. The six
noints are plotted on the sample curve on the facing page. Confidence limits
were calculsted by computer simulation methods and did not show significant
differences in the Weibull parameter estimates  The strongest argument in
favor of the model for further coasideratnion is the fact that two separate
tests on the exact same rclay type ylelder. results which agreed closely. It
wight be possible that differences in relay desigmi, or manufacturer would re-
sult in slightly different expressions for the regression equations but it is
expected that the same general pothodology c¢ould be used in developing the
proper equations. The general model could perhape be useful for othor non-
electronic parts with Weibull failure times snd increasing hazard rates.
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k.0 Date Analys’s

4.5 Testing Predicticn Models
4.5.2 "IME TRANSFORMATION MOLELS
A predictior. model based on the conventiomal k factor approsch used Tor eieQw

tronle parts has been zhown to be usefu’ in estimating ithe 17F: characteric«
tics cf relays.

The models of interest in this topilc were fully described in RALDC TR 65-k6
"Accelerated Reliabllity Test Methods for Mechanical and El:c¢tromechanical
Pacte." There they were used for predicting life characteristics of relays
and switches at rated operating and envirommentsel conditicna from tests per-
formeu at overstress conditionsg., Contact current, amblent tempersture, and
actuation rate applied in compination were the accelerating stresses.

The failure times of the relays tested wera distributed cccording to the
Welbull with an increasing hazurd .wte. Three wmodels vere tested to prelict
part life characteristics at other stress levels. The coaversion slgorithms
for the three models are shown in tabtular foim at the top of the facing page.
The syrbols in the algorithms are deflined in Appendix 7.1. Welbull ehape and
scale parameters from parte tested at one set of comvinad siresses ere used
in the algorithms to predict Welbull shape and scale parameters of the partr
if they were to be operated at other stress levels.

In the present study, duta was s 7ht that could be used in the three modelis
to determine if any of them were uscio. in the prediction ot che reliability
of norelectronic parts. Erercising the models required failure informastion
from tests performed on the same part type at twe diff ent cambined streus
levels from t(ests performecd at two different +7 .= per:. ..

Data fulfilling these requirements was located in R rences 19 and £33, Iden-
tical tests were run in 196k and in 1966 on Strutheri-Dunn FC-Zi5 relaye at
different ctress combinations. Two sets of reculits from cach test were tiried
in the three predicti.n modelivy. The test conditions and the Weivull shave
and scale parameter estimates used are shown on the fecing page under t.

ti1tle "Inputs to Algorithms."

The observed Welbull parameter timates were tlen compeared with those calcu-
lated in each of the three moueir. Contfidence Limits were generated by use
of a computer simnlation prcgram. The resnlts shown at Lhe bottam of the
facing page indicate that Mcdel #5, featusing a constent ratlo of the hazard
rates at different stress levels ig validated whiie the others are .ot. Model
#5 ic, in fuct, the classical k factor miu Ll used es a prediction mo el in
th~ exponent ‘sl casc The reason for the more complex algorithm is that the
Weaibull sbape parameter is generally not equal to L for nonele~ renic parts.
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Modlel N2, 2

Transformation on
Cumulativs Iatlure
Distribution

s anones m———

Model No. 4

Transformation on
Hazard Rate

S B

Madel No., §

Coratant fatio of
Hazard Rates

A

i R*x
N Py ]
g~ Ga N B U
=/ f, N B, A
A_) A
(“N,
g -1
~ N e
Br = (-v—-) B, -2+1
N pA-l A

a.; EN? A T\ 51:1‘
a\Py PA

BBl By By

Inpute to Algorithms:

T - 7.57 x 10°1

g, = .63 x s0t3

‘\-l* N 8
a = 1.21 x 10
A

~

BN = L.15

Source

“eference 53

(10 amps, 5 cyclec/min.,

75°C)

Reference 53

(13 amps, 51 cycles/min.,

125°C)

Reference 19

(13 amps, 51 cycles/min.,

125°C)

New Ncrmal Stress Welbull Parameter Lstimates:

Observed

Refrrence 19

(10 emps, 5 cycles/min., 75°C) Model No. 2
~a . 31
Ch © 110
- Q P
a§ v 70 x 1077 6.99 x 10
~¥ - 13
a = -
0.10 o x 10
g
63.90 5.9
< )
BN 3.62 2.41
g

= 2.5
Bo.10 = 297
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Calculated

Model No. &4

£.6 = 1010

2.03

Model No.

2.4k x 10

3.04

M
¥
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k.o Data Analysis
4.5 Testing Prediction Models
b.5.3 RADC RELIABILITY NOTEBOOK, VQLUMF II, REIAY MODEL

The model for predicting relay failure rate in the RADC Reliability Ncteboolk,
V.iume II, requires further develomment of relative rellability grade level
10 extend the flexibility of “ts application.

The failure rate prediciion models in the RADC Reliability Notebook, Volume
II, wADC TR 67-108, were exercised using as much sufficiently detailed infoi-
mation as had been ccllected in NEDCO and the resulting failure rates were
compared to thuse ootained fram the actual testing. Data of sufficient quali-
ty, i.t., with known detailed psrt descriptors and operating parsmeters, were
Pound for relays and switches, only two of the parts studied in the RADC Re-
liability Notebook, Volume II. The relay model is discussed below and the
gwitch model in the next topic.

The failure rate prediction model for relays is given by the following equa-
tion:

‘ = A - ‘

A = AT, X T X Ty X M

where XR = predicted relsy failure rate
A

X "F>)

b= basic fallure rate dependent upon operating temperature and
temperature rating of the reley

=2
i
i

factor based ca load and percent rated resistive load

"C = factor based on quantity and form of centacts

3
n

B factor based on conditicns of environmental service

"cyﬂ = factor based on cycling rate

-_p

v facter based on relay family type and construction.

Actually, two different relay equations exist since in the FADC Reliabiliiy
Notebook, Volume II, differentiation is made with respect to reliability char-
acteristics by giving different multiplicative factors for upper and lower
1imits of relay rellability grade. 1n the figure opposite and in the com-
plete table of calculsated results glver in the Appendlix Subsection 7.2, ref-
erences to th: upver and lower relisbillty grade levels are made by the super-
scripts U and L reepectively, on certain factors in the model. In cuBes where
the comglete informaticn demanded by the wodel was not provided by the data
cource, either operatio: at r.ted conditions was sssumed oxr the limiting val-
uzs for the factors in the equation was used. The effect produced is to make
the upper reliagbility zrade cestimate of fallure rate at least as low as the
mlesing information could wrke 1t. And, of cour.e, che lower reliahllity gmde
estimate of failure rate at least as i:igh as the missing information cruld

20
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make 1lt. BSo, this conservative practice widens the gap between upper relia-
bility grade and lower reliebility grade estimates of faillure rate.

The figure below presents a typical calculation of the factors in the relay
model and the resulting fallure rate prediction (in percent per thousand
hours), obtained. Also given is the observed failure rate A (in percent per
thousand hours), from tke sourcc of the data. Data used to enerate the nu-
merical factors for this example came frou the Hughes~conducted study, Accel-
erated Rellability Test Methods for Mechanical and Electromechanical Parts,
Technical Report No. RADC-TR 65-46. No testing of the model could be per-
formed with data on relays run at accelerated contact current since determina-
tion of the maltiplicative factor 1. is limited in the Notebook by & maximum
ratio of load to rated resistive lo&d of 1.0.

One notes in the figure below that the dominant multiplicative factor in the
prediction model is Ygoye, the factor determined by cycling rate. Particular-
ly for hign cycling rag;s does the predicted failure rate A_ reflect the mod-
el's sensitivity to Teyc; for, as the cycling rate increaaeg, the gap between
the upper reliability grade cycling rate factor, ncgc’ and the lower relia-

bllity grade cycling rate factor, ncgc’ widens so that a wide range between

v and L is produced. In such cases of high cycling rate tests especially,
uliless ofie is certain that the relay he is using is of the upper or lower
reilability grade, as defined by the Notebook, he must arbitrarily decide
which value between th2 relatively widely separated predicted failure rate
limits 1s applicable %0 his relay. Note that in the example given below, the

ratio of k% to X% is 14k, Certainly, it would be difficult to obtain a 2ail-
ure rate pradiction for a relasy which d4id not conform in its relevart daua
exgctly to the Notebook definition of either the upper or the lower grade of
reliability. A quantitetive measurement of the degree of reliability grude
of the relay is needed 30 that one may, with some authority, select a value
beiween the upper and lower grade reliability level faillure rate limits set
by the Notebock.

A 18 expressed in failures per miilion operating -o'rs

Factors in Prediction Equation

U L U L || Ovserved|
lh AL ﬁ,C ng ﬂé nnyc TTcyc "g "? XR XR A

0025 | 51 3 1 2 l 3,600 | 129,600 0l 67.5 (19,7201 a,0k2.4
L

i

Typlcal Calculation of Relay Fauilure Rate

h-21
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4.0 Data Analysis

k.5 Testing Prediction Models

h.S.hb RADC RELIABILITY NOUTEBCOK, VOLUME II, SWITCH MODEL

The switch failure rate prediction model in the RADC Reliability Netebook,

Volume II, requires development of a guide to relative part reliability grade
to increase its utility.

NEDCO-collected data of sufficient detsll in part description and sperating
conditions was used to exercise the relay and switch mndels in the Notebook.
The relay model is discussed in the preceding topic and the switch model dis-
cussion is given below.

Only dsta on single-body type switches was tested in the Notebook model. The
model for predicting single-body type switch failure rate 1is given by the
following equation:

T = A}
'XSW Ab("cyc X T, ox Mo ox nG)

where ASW = predicted switch fallure rate
Xb = base failure 1ate dependent upon switch construction type
ncyc = factor based on on-off cycling
"C = factor based on contact form and quality
nh = factor based on conditfons of environmental service
m = factor based on upper and lower reliabllity grade.

G

A typlcal comparison of the predicted fallure rate and the cbserved cne 1is
given in the figure opposite. The source of the data used is the same as
for the relay failure rate prediction example, Accelerated Reliability Test
Metgodzsfor Mechanical and Electromechanical parts, Technical Report No. RADC
TR ©05-46.

Consideration for upper and lower limits of switch reliability grade in the
model makes two different switch failure rate prediction equations. None of
the test data wus found to lie between the Notebook predicted Lirits. Still,
the ratio of the higher estimate of failure rate to the lower cne, \SL#xlf,

given by the Notebook, is so large ir cvery case as Lo suggest the necd for
some quantitative guide to selecting fallure rate values between the limits
set by the Notebook.




LSEY: expressed in fallures per million operating hours
Factors in Prediction Equation
X w1 u L
b G G ncyc "C "f A lsw Observed
|
.05 .07 36 k,200 1.75 1 2.57 1,323 2,124.3

Typical Calculation of Switch Failure Rate

e e R O T I Ty
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4.0 Data Analysis
4.6 Failure Mode Analysis

The failure mode information collected indicates that the predominant failure
mode for most nonelectronic parts is relatively insensitive to application
environment.

In soliciting fallure information for this study on the reliability charac-
teristics of nonelectronic parts muny reports were collected that contained
detailed feilwre mode data.

It was therefore decided to analyze this body of information to determine if
there vere significant changes of failure mode when a part type was used in a
different application environment.

The tabulation on the facing page is a listing of the different nonelectronic
part types on which failure mode information was collected coupled with the
mest fregquently occurring reason for failure for each environment on vhich
detniled information was available. The complete listing of every failure
mode observed for each part type is presented in Appendix Subsection 7.12.

An analysis of the information on the facing page yields the overall conclu-
sion that f'or the nonelectronic psxrts on which failure information is availa-
ble, there appears to be no great difference in faillure mode when the part is
used in envirommentol applications of varying severity. This is probably a re-
flection of the fact that most nonelectronic pasrts are designed specifically
for a given function in p specific piece of equipment as opposed to belng off-
the -shelf items specified for o wide range of uses. The designer for non-
electronic parts very likely also uses a larger factor of safety for specific
part applications where he has a mcre personalized input to an equipment de-

sign.

There are specific instances of failure mode changes over enviroument which
are evidert in the information presented or the fecing page. For example,
relays feil most freguently because of open contects in ground applications,
while in high vibration appli-:ations such ns helicopter, simulated missile,
snd latoratory (accelerated tests) the major cause of failure is arcing or
unstable operation. Relay designers have attempted to remedy this situastion
by specifying bifurcated contacts 80 that at least one of the two contact sur-
faces can keep the circult closed during high vibration applications. The
failure reports on which these failure mode changes were based were ncot de-
tatled enough to describe whether these contact configurations were used in
the high vibration environments. It would appear, however, to be o reascnuable
design guidelline for inclusion into the list of design tradecffs when specify-
ing relays for severe environments.

OGwitches display the game type of fallure mode change sas do releys in going
from ground to high vibration applications. All the cther nonelectronfic parts
on vhich failure mode imta were collected were not greatly affected by environ-
wental changes.
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Bearings

Alr
Ground
Helicopter

Actuators

Air
Ground
Belicopter

Connectors

Ground
Missile

Gquyators

Air
Helicopter

Pumps
Alr
Ground
Relicopter

Relays
Ground
Helicopter
Lab
Simulated
Missile

Resistors, Variable

Ground
Simuleted Air

Predominant
Failure Mode

Excessive Wear
Excessive Wear
Scored

Leaking
Leaking
Leaking

Open/Intermittent
Mechanicual Demage

Excessive Wear
Shorted

Leaking

Leaking

Leaking/Improper
Operation

Open

Arcing
brift/Unsteble
Drift/Unstable

Drift
Noisy

Switches
Air

Ground
Lab

Simulated
Missile

Tanks
Alr
Helicopter
Thermostats

Air
Ground

Transducers

Alr
Helicopter
Lab
Missile

Transmitters
Alr
Helicopter

Vnlves

Alr

Predominant
Failure Mode

Mechanical Damage/
kailed to Operate

Open

Drift/Unstable/
Erratic

Drift/Unstadle/
Erratic

Leaking
Leaking

Output Low
Drift

Out of Tolerance

Out of Tolerance

Oven

Output out of Toler-
ance

Out of Telerance
Mechanical Binding

Leaking

Predomirant fallure Modes for Certvain Part-Environment Combincstions
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4.0 Data Analysis
4.7 Relationships Betwecn Failure Rates and Stresses

Based on the data collected, there was insufficient evidence to establish the
relationship between part fallure rate and the environmental and operational
stresses under which the parts operated.

Very few of the failure reports collected contalned a sufficient amount of
detail regarding environmental and operating conditions during the life of
the part. Wwhere this detall was present, these data were used to attempt to
establisn the rate of change of the observed failure rate as a result of
operational or environmental variations.

Most of the part reliability information collected was presented as though
the failure rate wae constant over time. The efforts to establish stress
versus failure rate were therefore made using this assumptlion with its atten-
dant high risk of error. The failure rate was viewed as the dependent vari-
atle and the operating or environmental stress was treated as the independent
variable. Computer programs were employed to establish the equation of the
line or curve of best fit by the method of least squares. Linear fits were
attempted with equations of the form y = a*bXx where y was the value of the
dependent variable (in these cases, failure rate). Non-linear fits vere at-
tempted with curves of the form y = aeb® and y = axP. In cases where temper-
ature was the independent variable the conversion was made to the reciprocal
of absclute temperature for analysis as well as °C. No fits were attempted
vhere less than five date pcints were available.

Failure rate and operating and/or environmental information wele compared by
these methods on the following parts: For relays fallure rate versus ambient
temperature and versus relative humidity were compared. For switches, fail-
ure rate versu. percent of rated current, ambient temperatui 2, and relative
humidity wexre studied to determine if a relstionship could be found. For
fans, the effect on faillure rate of operating temperature was evaluated.

Linear, exponential, and power fits were attempted for the above mentioned
parts and stresses. The equations of best fit are shown on the facing yage.
Test.s of significance using the ratio of the stress sum of squares and the
residusl mean square as fractiles of the ¥ distribution indicated that none
of the relaticonships were statistically significant.

The meaning of this is doubtless a refilection of the ruality of the detail
of the date which were collected and of the assumptions of exponentiality
imposed by the manner of date collectlon rather than procf that no relation-
ship exists between part life and stress level.

There is evidence in the literature that part life versus stress relatio: -
ships can be successfully steted. References 17, 19, 43, bl and 53 are exam-
ples of this methodology. The succegsful use of these methods requires the
recording of indivicusl part failurc Limes at each of several stiress levels.

4-26
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e *F Ratio F.os
Relays
Failure Rate Versus Temperature, n = 12
Equations:
Linear y = 23.8 - .23x .05 4.96
Exponential y = I.g exp(~.002x) .000 b.96
Power v = 9.4x--10 .012 4.96
Failure Rate Versus Relative Humidity, n = 7
Equations:
Linear Yy = -25.3 + .96x L7380 6.61
Exponential y = .22 exp(.029x) .001 6.61
Power y = .103x1.184 . 840 6.61
Switches
Failure Rate Versus Rated Current, n = 6
Equations:
Linear y = 171.6 - 2.62x 172 T 71
Exponential y = 73.; exp{-.03x) .000 7.71
Power  y = 11h.2x~+22 , .001 7.71
Fajlure Rate Versus Tcmperature, n = 14
Equations:
Linear v = 66.76 ¥ .35x .005 4,78
Exponentizl y = 2946 exp(-.01x) .00 b.75
Power y = 92.1hx"- b .000 4.75
Fallure Rate Versus Relative Humidity, n = 8
Equations:
Iinear y = 489.6 - 5.76x .21k 5.99
Exponential y = 10,02 exp(.003x) .00G 5.59
Fower y = 2h. 8Ex-1o .00 5.99

for zignificance.

*F Ratio nmust exceed F e
(8 0]

Summary of koiiurae Rate Versus Gtress bojuatlions

g
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CONCLUSICNS




‘e Concelusions

&
ot

The general conclusions based on the findings of this study are that much
failure data is available on nonelectronic parts slthough its utility is open
to question due to its lack of completeness.

The following is a summary of the specific conclusions based on this study
program:

s 38,761 line entries of fallure information on nonelectronic parts has
been collected, classified, organized, stored on computer tape, and printed
out in the Appendix of this report.

e Much more data is available on nonelectronic parts. It was encountered
during the Data Search phase of this study but was in raw form and thus
its collection would have been too costly for incorporation into this
data bank at the present time.

~ e More failure data 1s recuired on certain part types and on certain

B environmental applications in order to yield more accurate estimates
of the reliability characteristics on the whole spectrum of parts and
application and to enxrich the data base on nonelectronic parts.

e The statisticol methods of reliability in general use for electr?nic
parts must be augmented for use on nonelectronic yarts whuse fa§¢ure
times are distributed according to other than the exponential distri-
bution.

s Three reliability pre . tion models were tested for use with nonelectronic
parts. Although none them were completely vs.idated, each demonstrated
enough promise that th., * .t further investigeticn and refinement for

| develorment into useful 18 for nonelectronic rellability.

e The data collected during this study ef'fort were not ?etailed enough
to sllow the establishment of the relationships existing between part
life and operating and/or envircumental strezsses.

"
L
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6.0 Recormendations

The findings of tols study together with other significant contributions to
the field of nonelectronic reliability should be incorporated inte a Hendbook
of Nonelectronic Reliabilily.

In eddition to that steted above the following actions are presented as
recommendations baged on the findings of thie study: ‘

e Relicbility data on nonelectronic parts wmust be collected with more
detail regarding individual part failure times, part descriptions,
snd operating/environuental stresses.

o The reliability prediction models discussed in Subsections 4.5.1 through
4.5.4 should be the subject of study to complete their verification for
use on switches and relays and their use should be extended if possible
to othexr types of nonelectronic parts.

e More exact failure data ghould be generated and analyzed in order to
establish the relationships existing between the life of the various
nonelectronic part typee and the operating and environmentel stresses
undexr which they are used.

S

+ The current data buse should be augmented by collecting more failure data
on certain part-envircmsent combinations.

b,

6-1/6-2
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APPENDIX :
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section 7.0 Appendix
Sulsection 7.1  Algorithin lor Calculating Life Expectancy at Manwfacturer's Rated
Stress Conditions & L p*N
o o~ . BN -
Model 2 | &% = &2 Bt/ By & r..ub’i. 4
/&p A
( an
sk 3w B-1 . F-1'
Model s | &g - AN/ ZA By =[] @r-n+1
N B % ﬁA’l N ﬂ wl A
A - A
&, By )
A
& & ar g . '
~ - N A N w * - N
’ Model 6 | % = |——= 3”'- AN EA*U% RA) |
/ @hn) BX |
where:
&;‘ = estimate of Welbull scale parameter for parts if they had been tested

at manufacturer's rated opersting and environmentzl stresses

E;‘ = estimate of Wetbull shape parameter for parts if they had been tested
at manufacturer's rated operating and environmental stresses

ﬁ,f: = estimate of Weibull scale parameter chtained from a current test run
at accelerated stresses

e
"

estimate of Wetbull shape parameter obtained from s current test run
at acoelerated stresses

a,. = estimate of Weibull scale parameters from a previous test run of
parts operated at manufacturer's rated oonditions.

EN = estimate of Weibull shape parameter from 2 previous test run of
switches operaied at manufecturer's rated conditions

&, = estimate of Weibull scale parameter from & previous test run of :

switches opersated at acoelerated stress conditions ;

EA = gsiimate of Wefbull shape parameter from a previcus test run of 3
. switches operated at acoelersted stress conditions. g
- 7_1 ,1_2 j




Section 7.0 Appendix

e

< Sub-Section 7.2 TESTING RADC RELTABILITY NOTEROOK, VOLUME 11, RELAY FATLURE
RATE PREDICTION MODEL

Example 1

Data Source: Reliability Evaluation Report Mudel 410-26 Relay,
Teledyne Precision, Inc., July 2, 1904.

Description: Reley ig 125°C rated run at 125°C with resistive loed
at 100 percent ruting; SPDT tontacts; operating in a laboretory en-
vircrnnent at a cycling rate of 1 cycle per second; balanced armaturs
general purpose (0-5 amp).

A 18 expressed in failures per million opersting hours.

= 0.0065

= 5.0
1.75
1.0

2.0
360
1,29
5.0
10.0

102.4
L/,U )
}AR/AR = 144

1,474

ODbserved A = 207.4
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Expnple 2

Data Source: Schafer, R. and Yurkowsky, W., Accelerated Reliabilit
L ¥or Nonmelectronic Parts, Technical Report No. RATCTR-GE-E2E,
4966.

Description: Relay is 125°C rated run st 25°C with resistive load
at perceut rating; DPDT contacts; operating in a laboratory en-
viromment et a cycling rate of 1 cycle per second; bmlanced armature
genersl pucpose (0-5 amp.

Ais expressed in failures per million operating howrs.

» wo.00m

T = 5.0

m,o= “3.0

frg - 1.0

w . 2.0

ncgc = 360

‘"c;c ~ 1,29 | a
M = 5.0

m = 10.0

g =T } XL/AU - 2.k
L R/ 'R
LY

Ubserved A = 7,982 (Manufacturer A)

= 1,975 (Manufacturer B)

= 4,179 (Manufacturer C)
= 3,085 (Msmfaeture;_g)

e T

e
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Exariple 3

Dats Source: GSchafer, R. and Yurkowsky, W., Accelerated Test Methode
for Mechanical and Electromechanical Parts, Technical Report No. RADC-
TR-65-146, July 196,

Description: Relay is 125°C rated run at 25°C with resistive loed at
100 percent rating; DFDT contacts; operating in a laboratory environ-
ment. at a cycling rate of 1 cycle per second; balanced armature general

purpose (0-$ amp).

A is expressed in texrms of failures per million hours.

TTL = 5.0
- 300

= 1.0
= 2.0
Y = 360

m = 11296

>
> BRI
n [}
= n)
S O
_:: ]
N —.
>
o
\
Q
]
=
=

Observed A = 5,327

7-5
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i Example L

kK Data Source: Bcbafer, R. and Yurkowsky, W., Accelerated Test Methods
§ for Mechanical and Electromechanical Parts, Techmical Report No. RADC-
TR-B5-58, July 1065,
E ;
Description: Relay is 125°C rated run at 100°C with resistive load at
3 percent rating; DPDT contacts; opersating ir a laboratory snviron- p
mpent at & cycling rate of 1 cyc.le per second; balanced armature general 3
. parpose (C-5 amp). :
¢ | A is expressed in terms of failures per million hours. 3
A, = 0.0025
’ nL - 5.0
"e =30 -
4 Fatias ! E
§: . ! 1 R A.
. ﬂg - 1.0 g g
. 1
1 m =20 !
1 nY 360 :
cye i
n 1 5
eye © 4296 %
f ﬂg = 5.0 g
- ﬂ‘? = 10.0 3
Kg = 67.5 l L
‘- x;‘ .otz ) §
Obaserved A = 5 304.6 3
| 3




Exappie 5

Tata Source: Schafer, R. and Yurkowsky, W., Ac
Tor Mechanical snd Electromechanical Pax s, T
1’:‘:"“&1;“'&6, Jlﬂ,y l‘%s'

De.»crlptionJ Relay is 125°C raited rvn az

100 percens rating; DrDT \..OIIQE.C'G 55 operatin
ment at a cycling rate of 1 cycle per secon
purpose (0-5 amp).

A is express~d in terms of failures per miliion hours.

b = 0.03
TTL = 50
TTG = 3,()
ng = 1.0
ﬂ’l‘.‘ = 2.0 S
o
ﬁcyc = 360
i) L = .
cye
U i
k¥ =
F £ g
w810 b
: Wl f4 0 \
- f?’}i{r,a;c 4.4
Eoe o, 604.5 Rj
Onuesrvad A = I ,Ggsf};#



Exemple 6

Data Source: Schafer, R. and Yurkowsky, W., Accelerated Test Methods
for Mechanical and Eletromcchanical Parts, Technical R Report No. RADC-
TR-65-8&, July 1965.

Description: Relay is 125°C rated run at 25°C with resistive load at
100 percent rating; DPDT convacts; operating in a leborstory environ-

ment at & cycling rate of 10 cycles per second; balanced armature
general purpose %0 5 amp).

A is expressed in terms of failures per million hours.

}"b = 0.0011

"L = 5.0

‘ﬂc = 3,0

ng = 1.0

m = 2.0

nc‘;c = 3,600

m L 129,600

cye
ng, = 5.0
" = 10.0

Voo 297
\f{ = 42,768

Observed A = 101,904

7-8
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Example 7

Data Source: Schafer, R. and furkowsky, W., Accelerated Test Methods
for Mechanical and Electromechanical Perts, Tech.aical Report No. RADC-
TR-65-46, July 1965.

Description: Relay is 125°C rated run at 100°C with resistive load at
10C percent rating; DPDT contacts; operating in a laboratory environ- E
ment at a cycling rate of 10 cycles per second; balance armature

general purpose (0-5 amp).

A is expressed in terms of failures per million hours. ;;,

A, = 0.0025 é
n =50
ng = 1.0 ‘E j
o = 2.0 E
"c?rc = 3,600
m L 129,600
cye
M = 5.0 L
M =10.0

o e

875 } /
LLU
AN = 1l
X'}I{ - g(’a)o Rf R

Observed A = 20,424

-9
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Example 8

Date Source: Schafer, R. and Yurkowsky, W., Accelerated Test Methods
for Mechanical and Electranechanical Parte, Technical Report No. RADC-
TR-65-46, July 1965.

Description: Relay is 125°C rated run at 150°C with resistive loed at

percent rating; OFDI contacts; operating in a lsboratory environ-
ment at a cycling rate of 10 cycles per second, balanced armature
general purpose (0-5 amp).

A ie expressed in terms of failures per million hours.

Ab = 0,03

M= 5.0

n, = 3.0

M =1.0

T = 2.0

"cgc = 3,600
L . 129,600
cye

n‘F’ = 5.0

M = 0.0

kg = 8,100 }X;‘/).g=lkh

AY = 1,166,400

Observed A = 30,956

7-10




Example 9

Data Source: Schafer, R. and Yurkowsky, W., Aczelerated Test Methods
for Mechanicel and Electromechanical Parts, Technical Report No. ‘

Description: Relay 1s 125°C rated run at 25°C with resistive load at
100 percent rating; DFDY coatacts; operating in a laboratory environ-
ment at a cycl! n% rate of 30 cycles per second; balanced armature

general purpose (0-5 emp).
A is expr:ssed in terms of failures per miliion hours.

Ab = 0.0011

t_‘d

= 5.0

Q:l

= 3,0

= 1.0

Wi wk

= 2.0
U
ve = 10,800

;c = 1,166,400

a
[+

w07

= 5.0
= 10.0

= 891
D[ -2

= 384,912

e v

Observed A = 965,414
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Data Source: Schafer, R. and Yurkowsky, W., Accelerated Test Methods
vor Mechanical and Electrcmechanical Parts, Tecknical Report No. RADC-

Dosgzgim; Relay is 125°C rated run at 100°C vith resistive load at

percent rating; DPDT contacts; operating in a laboratory environ-

- ment at & ¢ycling rate of 30 cycles per second; balanced armature
@epersl purpose (0-5 amp). .

A 18 expressed in terms of failures per million hours.

k’b - 00”25
ﬂL = 5.0
| "c = 3«-0
ng = 1.0 @
% - 200
| "ego = 10,800
F n Ll . 1,166,k0
x eye
n‘r’, « 5.0
n# - 10.0
. Ap = 2,025 ) L fu
:: [z
1{-" = 874,800 f
Cbserved A = 469,763
()
7-12
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Example 11
Data Source: Schafer, R. and Yurkowsky, W., Accelerated Test Methods
for Mechanical and Electromechanica) Parts, Technical Report No. RADC-
m'sg'ug’ July 1%5.

Relay is 125°C rated run at 150°C with resistive load at

Description:
160 percent rating; DPDT contacts; operating in a laboratory environ-
ment at a cycling rate of 30 cycles per second; balanced armature

general purpose (0-5 amp).
A is expressed in failures per million hours.

AT s i A PR R R Ny N el R st i .
‘ ﬁ#%»&m%ﬁmm R T T T R Y

A, = 0.03
Moo= 5.0

M, = 3.0

Moo= 1.0

=20

"cl;c = 10,800

"ckc = 1,166,400 ;
M = 5.0
n;' = 10.0

hp = #,30 L/ U

. m,lu_;'z,soo},\R w " 43

Observed & = 608,572

B BN o0 S 0 s gt

e S
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Data Bource: PFailure Rate Data (FARADA), June 1967

iom: Relay run at 85°C with resistive load at 100 percent
T contacts; operating in s laboratory environment at a
eycling rate of 21 cycles per ainute; seneitive (C-5 amp).

‘A 18 expressed in failures per million hours.

b

‘”c = B.Q . Assumptions

’g Lo - 1. 85°C rated relay.

: - ‘ 2. Limiting values of "F used,
"z. ‘ since construction type is

i &

= 158, 75
- 2.0

= 100.0

= 65.5

o | 5[

T wa Wk wh %v%

Observed A = 12,600

g = 2.0 . unknown. i}
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Example 13
Dete Source: Failure Rate Data (FARADA), June 1967.

Description: Relay run at 52°C with resistive load at 0.05 percent
rating; contacts; operating in a laboratory environment at 2

cycies per second; latching (0-5 amp).

A 18 expressed in failures per million hours.

}‘b = 0.0015

1.0

=
t—“
»

= 3.0
Assunmptions

= 1.0 1. 125°C rated relay

2. limiting values of "F used,
) : = 2,0 gince reiay construction type
o is unknown.

U = 720

perAy
vt
wh ok o7

3

r
R mer SRR T T e ey - . .
e T RS e L R i o e e e

L
ye = 5:18&

b= |
(3

=5

e

o=t

= 20

'16°2}A§/xg-sa

= 933.1

k

F
U
Rr
L
R

Observed A = 288

R AR s A b i IR e Bl i i,




Eammh 14 B
Date Source: Failure Rate Date (FARADA), June 1967. ¥
tion: Relay run at 125°C with resistive load st 100 percent

3 opersting in a laboratory enviromment at 22 cycles per minute; \

A 15 expressed in failures per million hours.

A‘b = 0.0065 AI
n,o =50 |
n, = (1imits are 1.0 and 8.0) |
g -‘ 1.0 o A tions
A o 1. 125°C rated relay. -~ ;
g =20 2. limiting values for T, used, ‘1} :
1/} . since relsy contact form and §
Peye ® 132 quancity is unknown. :
L 3. limiting values for T used,
1 o Teye ™ 17k 20 since relay comtructfon type ]
. : is unknown. A
' ‘ ' YP = 5,0 !
" = 2.0 !
)‘g = 2].5
55 - s
A = 1,821 |




Example 15
Data Source: Fallure Rate Data (FARADA), June 1967.
Description: Relay run at 125°C with resistive load at 100 percent
rating; operating in a laborstory enviromment at 22 ¢ycles per minute;
time delay (0-5 amp).
A is expressed in failures per million hours.
)"b = 0,0065

= 5.0

po
t

(Bmits are 1.0 and 8.0)

0I-l
L]

1. 125°C rated relay.

2. Limiting values for T, used,
U since relay contact form and
Mo = 132 quantity is unknown.

ng = 1.0 Assumptions
"

= 2,0

7-17
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Exavqple 16

Data Source: TFinal Technicsl Report Taek II, Statistically Designed
Experiment of Tntegrel Capsular Relays, Single. Fole Double-Teror o
% Test Models, General Electric, Contract No. DA 36-039
i sc— ’

une 1963.
‘ Demriﬁon: ‘Relay run at 25°C with resistive load at 63 percent
msting; contacts; operating in s laboratory enviromment at a

t(:ycling §ate of 30 cycles per mimite; ammature general purpose
0-5 amp).

A 1o expressed in failures per million hours.

"L = 1.9
= 1.75 Assumptions

1. 125°C rated relay.
=1.0

F A,

e

e 1o

AT e e e ren nerze
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Exanple 18

% Source: Fioal Technical Repcyt Task II, Statisticelly Desigred
530 of gral Capsular Relays, Single Pole Double-Throw
#18, General Electric, Contract Wo. DA 30-039

Description: Relay run at 125°C with resistive load at 63 percent
rating: contacts; operating in a laboratcry enviromment at a
?ycling 1)'o.te of 120 cycles rer minute; armature general purpose
0~5 amp) .

{
B |
N
.
2
o
2
3
b
3
%‘
2
7

2
!
&

A is expressed in failures per million howrs.

Xb = 0.(»65

1.9

e et

1.75 Assumptions , -
1. 125°C rated relay.

o’

= 1.0

= 2,0

R Y NS R )

‘\l{ -xm.ﬁ})\*‘/x“-a

Observed A = €,487

ek e e

ey
i

iAo A b 10527
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Exauple 19

Data Source: Final Technical Report Task II, Stetistically Designed

Experiment of Tntegral Capsulaxr Relays, Single Fole Double-Throw
Engineering Test Models, General Elzctric, Contract No. DA 35-039
SC~;78937 , June 1963.

Description: Relay run at 125°C with resistive load at 63 percent
rating; SPDT contacts; operating in a laboratory enviromment at a
cycling rate of 30 cycles per minmute; armature general purpose

(0-5 amp)-

A 1s expressed in failures per million hours.

A = 0.0065
b
. = 109
v
ﬂc = 1.75 Assumptions
ﬂU 1. 125°C rated relay.
E = 1.0
ni e 2.0
U
eye = 180
L . o
eye = 324
U
T =3.0
L
TTF = 6,0
U -
}\R = 11.7

AL - 8 }Xg/kg”'e

Observed A = 779

T-21

s

&

i
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.
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. Exagple 20
~ Data Source:

Descrivtion: Relay run at 75°C with resistive load at 100 percent
m.tEE; SPFDT coutacts} operating in a laboratory enviromment at a
?yclinc :;ate of 66 cycles Yer minute; armature general puryose
0=5 smp).

A is expressed in failuree per million hours.
l.b - 0.&16

- 500

= 1.75% Assumptions
1. 125°C rated relay.
= l.G

"Yr
fr;: - 6.0
Ag - 15.1

/
L.,
XR -21707

Observed A = 6,349

7-22
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Example 21
Deta Source: Fipal Technical Report Task II, Statistically Desi
Expe-iment of Inte Capsulsx Relays, e e Double-Throw
E ring Test M 8, General Electric, Contract No. DA 35-039

nee
SC- s June

Description: Relay run at 75°C with resistive load at 50 percent
rating; contacts; operating in s laboratory envirorment at a

cycling rate of 60 cycles per minute; armsture general purpose

st BT AN AR B A S A o R L )2

(0"‘5 mp)o 4
A is expressed in failures per million hours.
)u.b = 0.0016
Mo =15 i
"c = 1.75 Assumptions i '
ﬂg = 1.0 1. 125°C rated relay. !
‘IT;‘ = 2.0 3
U
Meye = 360
L i
"cyc - 1,296
TTLF, - 3.0
fl’; = 6.0
} LY LCRTS .
L : a5
"n = 65.2 T
3
Observed A = 8,219 g

7-23




Example 22

” Pate Bource: Fipal Technical Report Task II, Statistically Designed

- Bxperiment of Integrsl Capsuiar Relays, Single Pole Double-Throw
Enginee x Tee odals, General Electric, Contract No. DA 36-039

§C-T893T, June 1963.

Description: Relay run at 0°C with resistive load at 100 percent
. rating; contacts; operating in a laboratory enviromment at a
‘ ?ycun'g x)ate of 60 cycles per minute; armature genersl purpose
9-5 w ]

A 18 expressed in failures per million hours.

kb = 0,001

5.0

Al!%ion!

1. 125°C rated relay.
1.0

2.0
360
- 1,2%

L
cye

= 3.0

= 6.0

" Vv
} )\R/XR = 14.4
= 13601'

Observed A = 3,114




Example 23
Data Source:
Exp

I"ina.l Technical Re

‘l‘ask II Btatistico.ll - Designed

Description: Relay run at 150°C with resistive load at 100 percent
rating; S contacts; operating in a leboratory enviromment at a

c(*.ycling :)'ate of 60 cycles per minute; armature genersl purpose
05 amp).

A is expressed in failures per million hours.

Xb = 0.02
ﬂ‘L = 5,0
im) T =175 As ions
“ "1;! - 10 1. 125°C rated relay.
M = 2.0
ncgc = 360
wc;‘c = 1,296
% -0
n{,‘ = 6.0
g = 263.5

_h’m} xf;/xg-m.u

Cbserved A = 2,338

o e

T-25
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- Example 2k
Date Sc '¥nal Technical Report Tesk II Btctilti ally Designed
. Exparinex ot mm ole DoubleThra
- Eagivoerin iodels, General ¢, Contract No. DA 35-039
5 =l o
e § O » ADE D%,

‘ on: Relay run at 75°C with resistive load st 100 percent

b contacts; operating in e ladorstory environment at a
?ynnn; z)'uta of 22 1/2 cycles per minute; armature general purpose
0-5 amp

A is expressed in failures per million hours.

Ay - 0.0016
ﬂL - 5.0
“c * 1.7% As 1m {‘:;
1. 125°C rated relay. s
n;’ = 1.0
'é L 2.0
U
ﬂc,c = 135
L
ﬂcyc = 182
ﬂg. = 3,0
L
e = 6.0
Kg = 5.87
L R
AR - ”.6
Obsexrved A = 210
i)
7-26 -




Example 25

Data Source: Final Technical Report Task II, Statistically Designed

Exgriment of Integal Cagsular Relays Single Pole Double-Throw
Engineering Test Models, Ceneral Electric, Contract Nc. DA 33-039

SC-TO937, June 1903.

Description: Relay run at 75°C with resistive load at 100 percent
reting; S contacts; operating in a laborstory enviromment at a

<(:ycling 1)'ate of 160 cycles per minute; armature general purpose
0-5 amp

A is expressed in failures per million hours.

A = 0.0016

b
ﬂ'L s 5,0
g—) i, = .75 ‘ Assumptions
e 1. 125°C rated relay.
Wg = 1.0
M = 2.0 ‘
U
"cyc - % -
L .
eye = 9,216 ~
1§
TTF = 3,0
n;,' = 6.0
U
Ap = k0.3
)\II; = 1,548.3
Observed A = 4,151
T7-27
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X ,
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o . K ) . .
| -

te Scurce: Fontena, W. J., Life Ex cmgxor a New Mintature
‘ Technical Report E 'E&i-ﬁ » HeToh 1966, ;

N Lt

Des: ion: Relayis 129°C rated run st 25°C with resistive loed «t
rating; DPDI' contacts; operating in s laboratory eavirmm-

sont &t & cycling rate of 1k cycles per mimte* ba.hncad srmature

medium pewer (5-20 amp). ,

A is expressed in failures per million hours.

= 0.0011

"L - 2015
T om0 )
¢ = 2.0
S
()
SRR
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Example 27
Data Source: Fontana, W. J., Life Expectancy of a New Miniature Power

Relay, Tecbnical Report ECOM~-2692, Maxrch 1966.
Description: Relay is 125°C rated run at 25°C with resistive load at
70 percent rating; DPFDT contacts; operating in a laboratory environ-

pent at a cycling rate of 51 cycles per mimute; balanced armature
medium power (5-20 amp).

A 1s expressed in failures per millior hours.
A = C.0011

o

= 2015
iy = 3.0

= 1.0

= 4.33

LR

A = 79.55

Observed A = 5,276

}
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Bxample 28

Data Source: Fontana, W. J., Life ctancy of a Nev Miniature ‘
Technical Report ECOM-2092, Msrch 1966.

Des tion: Relay is 125°C rated run at 125°C with resistive loand :
at % yercent rating; DPDT contacts; operating in a labaratory 4
enviromment at & cycling rate of 14 cycles per minute; balanced 14
avasture medivm power (5-20 amp). ‘

A is expressed in failures per mtillion hours.
Lb = 0.@55

nL - 2.15 :

'"c = 3.‘0

ﬁg = 1.0 - | | Q | .
“% = 2.0 |

14
ﬂ'c’cn 8l

L
LA -
ye

= 2.0

- 6-0

e wb ol g

- 7.0‘5

- 42,2

o

Observed A = 1,75

7-30
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of *’1 eye

runment at g }’::l‘ia

meﬁmtm poMeT (:m?ﬁ MPB

;\}g is expressed in failuves per wmiilion Hours.




Example 30

Data Source: Fonlava, W. J., Life Ex%cta.ncy of a New Miniature
Power Reﬁx, Tecbhndeal Roport ECOM-2092; March 1966.

Description: Relay is 225°C rated run at 75°C with resistive loed at

100 pexcent rating; LPDT contacts; opersting in a laboratory environ-
ment. &t a cycling rate of 32-1/ 2 cycles per minute; balanced armsture
! nedium pover (5-20 amp).

A iy expressed in fuilures per million hours.

Ay ™ 0.0016
| m,oo= 5.0
M, =3.0 ‘
ng = 1.0 ‘ o
ng . 2.0 o
‘ eye ™ 195
nc;‘c = 380.25 -
v;’, = 2,0
T = 6.0
: ’»g = 9.4 ¢ -
E L } *R/*é'l?
\e = 109.5 3

{ Ubserved A = 6,094

7-32




Example 21

Data Source: Fontana, W. J., Life Expeétancy of a New Miniature Power
Relay, Technical Report ECUM-2682, March 1966.

Description: Relay is 125°C rated run at 0°C with resistive load at
100 percent rating; DPDT contacts; opercting in a laboratory environ-
ment at a cycling rate of 32-1/2 cycles per minute; balanced armature

medium power (5-20 amp).

A is expressed in failures per million hours.

kb = 0.001
ﬂ‘L = 5,0
m, =3.0
. M= 1.0
| T = 2.0
ﬂc?e = 380.25
"3 = 2.0
n# = 6.0

U

AR = 12
L R/ R
AR = 68.4

Chserved A = 8,864

d 7-33
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Example 32
Data Scurce: Fontana, W. J., Life Exggctmgy of a New Miniature
Power Relay, Techrical Report ECOM~2092, Maxrch 1966.
Description: Relay is 125°C rated run at 150°C with resistive load at
B 100 percent reting; DFDYT contacts; opereting in a laboratory envircn-
E 2 ment at a cycling rate of 32-1/2 cycles per minute; balanced srmature
. medium power (5-20 amp).
A is expressed in failures per million hours. i
1 Xb = 0.03 L
: m, =3.0
: o =10 -
E o
L n;‘ - 2.0
i U
% Teye = 155
i L ;:
| Moye = 380.25 ;
5
A L :
‘ M 6.0 !
i xg = 176 / :
LU
‘ } Ag /x =12 ;
L ¥ R ;
AR = 2,053 .
Obeexved A= 3,580
7-34
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Example 33

Data Source: Fontana, W. J., Life Expectancy of a New Miniacure 2
Power Relay, Techunical Report ECOM-2092, March 1966.

Description: Relay is 125°C rated run at 75°C with resistive load at

percent reting; DPIT contacts; cpereting in a laboratory environ-
ment at a cycling rate of 5 cycles per minute; balanced armature
medium power (5-20 amp).

A is expressed in failures per million hours.

hb = 0.0016
m,o = 5.0 \ “
M, = 3.0
= M = 1.0
o M = 2.0
.“.;c - ;
AR =20
WJI,‘ 6.0
g = L.b
Lfiu )
N a.s* W[

Obsexrved A = 1,580

i i it
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Exsnple 34

Data Source: Fontana, V. J., Life Expectancy of s New Miniature
Fower Reﬁx, Technical Report ECOM-2097, March 1960.

Description: Relay is 125°C rated run at 75°C with resistive losd at

percent rating; DFDT contacts; operating in a laboratory environ-
ment at & oycling rate of 60 cycles per mimute; balanced armature
medium power (5-20 amp).

A is expressed in failures per million hours.

A, = 0.0016
M, =50
Me = 3.0
M =10
M = 2.0
nc‘;c = 360
nc;'c = 1,206
m =20
M = 6.0
U

- 17.3 } %’ xg =

= 373

ot

Observed A = 12,414

7~36
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Example 35

Date Source: Fontana, W. J., Life Expectancy of a New Miniature
Pover Relav, Technical Report ECOM-2697, March 1966.

Degcription: Relay is 125°C rated run at 75°C with resistive load at
55 percent rating; DPDI contacts; operating in a laboratory environ-
ment at a cycling rate of 32-1/2 cycles per minute; balanced armature

medium power (5-20 amp).

A R R et

i s

A is expressed in failures per million hours.

B

;. Xb = 0.0016

= 1.6

e |
-

B A R T e

QZI
.

3.0

Y ST R

2.0

) =10
wo-

= |
(=]
]

195

Q

yc

L
cye ™ 380.25
= 2.0

= 600

O A

= 3.0

il

i /- e

W e wh owa

=35

Observed A = 2,143

4 iy
ii i oy

T1-31
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Example 36
Data Source: The Wheelock Relay Story, Wheelock Signal Inc., 1966
Description: Relay is run with resistive load at 0.8 Percent rating;
single pol

Pole contact; operating in a laboratory environment at a
cycling rate of 20 cycles per xecond; glass reed.

A is expressed in failures per million hours.

"‘}"
ﬂL = 1.0 |
Mo = (limits are 1.0 and 1.75)
ﬂg = 1.0 Assumptions
1. 125°C rated relsy. -

‘t = 2.0 « 1 ° d )

) | 2. 125°C operating. ~ o
" v 7,200 ) 3. lLimiting values of "C used,

cye since contact form 1s unknown.

%?c « 518,400 k. Vibrating reed spplication type.

T = 6.0 |
R

7-38
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Example 37

Data Source:

Description:

The Wheelock Relay Story, Wheelock Signal Inc., 1966.

Relay is run with resistive load at 0.8 percent reting;

operating in a laboratory enviromment at a cycling rate of 100 cycles
per second; glass reed.

A is expressed in failures per million hours.

0.0065

1.0

(1imits are 1.0 and 8.0)

1.0
2.0

36,000
12,960,000

2.0

b 600

= 468

Assummions
1. 125°C rated relay.

2. 125°C operating.

3. Limiting values of T used,
since contact form 13 unknow?y

4, Vibrating reed application
type.

g - .0

= 8,112,000

Observed A = 135

ek s T s 4
S B B

b
k.
i




Exaxple 38

Data Source: The Wheelock Relay Story, Wheelock Signal Inc., 1966.

Description: ‘Reln.y is run with resistive load &t 1 percent rating; §
operating in a laboratory environment at a cycling rate of €0 cycles '
per second; glasc reed. :

e AR 4 eeesg e o w = mem it ermoew v e mpnis

A is expressed in failures per milliom hours.

xb bd 0-0065

"L = 100

T = (1imits are 1.0 and 1.75)

G = 1.0 Assugptions

1. 125°C rated relay. P
B . 5 C Omr&tinso LN
v 3. Limiting values of T, used, since

“cyc = 21,600 contact form 1s unknown.

"c;c = 1,665,600 I, vibrating reed application type.

r - 2.0

ft:,' = 6.0

)g = 281

L
} AR kg - 21269

S = 637,000

» Observed A = 110
{3
7-h0 )
& -

i SRR e R Vs R s e it TR RS

R e




Example 39

Data Source:

The Wheelock Relny Story, Wheelock Signal Inc., 1966.

Descri

ion:

Relay 15 run with resistive load at 2.4 percent rating;
single pole contact; operating in a laboratory enviromrent at a
cycling rate of 60 cycles per second; glass reed.

» 1is expresssd in failures per million hours.

A, = 0.0065
'ITL = 1.0
M, = (limits are 1.0 and 1.75)
11;;I = 1.0 Assumptions
1. 125°C rated relay.
'é = 2.0 2. 125°C operating
nV . o1 600 3. Limiting values of T, used, since
eye g contact form is unkiown.
"cI;;c = 4,665,600 4, Vibrating reed application type.
n‘; = 2.0
‘rr;.' - 6.0
N
;\.L )\U = 2’%9
L R/ R
Aq = 637,000
Observed A = 87
*’) 7-k1
. L N -

ik

115;
i

s gk 5
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Example 40
‘Data Bource: The Wheelock Relay Btory, Wheelock Signsl Inc., 1966.

Description: Relmy is run with resistive load at O.4 percent rating;
operating in a laboratory enviromment at a cycling rate of 60 cycles
per recond; gloss reed.

A 1s expressed in failures per million hours.

A.b = 0.0065
"Il = 1.0
- ., = (1imits are 1.0 and 8.0)

"‘g = 1.0 At ions
1. 125°C rated relay. %

'% - 2.0 Py G
2. 125°C operating.

a¥ . 21,600 3. Limiting values of My used, since

cyc contact form is unknown.

"eiic = 14,665,600 4. Vibrating reed application type.

M = 2.0

"; = 6.0

N =28

D3 o8 - 20,30

= 2,911,090

of g

Observed A = 152

7-42
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g ‘?
Dats Source: The Wheelock Relay Story, Wheelock Signal Imc., 1966. ]
Description: Relay is run with resistive load at 20 percent rating;
f oprrating in a laboratory environment at a cycling rate of 20 cycles
j per second; glass reed.
; ) is expressed in failures per million hours. \
3 Ab = 0.0065
j Moo= 1l
| M, = (limits are 1.0 and 8.0)
o 1.0
| E m ), Assumptiors
~' o 1. 125°C rated relsy. o=
E 2.0 2. 125°C operating. hid
o " u 7,200 3. Limiting values of Ny used,
@ cye since contact form is unknown.
nc?c = 518,400 4, Vibrating reed application type.
: v
TTF 2.0
ﬂ; = 6.0
Ay =103
E Observed A = 1,35G
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Section 7.0 Appendix

Sub-Section T.3 TESTING RADC RELIABILITY NOTEBOOK, VOLUME II, SWITCH FAILURE
RATE PREDICTION MODEL

Example 1
Teta Source: Failure Rate Deta (FARADA), June 1967.

Description: Switch is LFDT push button run at a cycling raiz of 20
cycles per minute; operating in a laboratory environment.

A is expressed ir failures per millicn hours.

)"b = (1imits are 0.05 and 0.1)

"cyc = 1,200 Assumptions
1. Limiting valucs of M;, }‘b used,
™ = 5.5 since construction detail is
unknovn.
“E = 1.0
ﬂg = 0.2
m = 15.0
wr
Agy = 66
aEhY .10
L Sw SwW
)'SW = 9,900
Observed A = 11,976
T-45
e & ]
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Example 2
Data Source: FMallure Rate Date (FARADA), June 1967.

‘,Deag_rxizgioﬁ: Switch 1s SPST push button run at a cycling rate of 20
cycles per minute; operating in a laboratory enviromnment. '

© A is expressed in failures per million hours.
Ab « (limite are 0.05 and 0.1)
. T w1,200
T cyc
, . e =10 Assumptions
':’ , o 1 = 1.0 1. Limiting values of Tz, A, used,
] : E since construction detalil 1s
U unknown.
: "G = 002
L o
G = 15.0
1 U
, ksw = 12
i L 4]
% L } }'SW Agy = 150
i Aw bl lp&”
P Observed A = 11,448
! 7-46
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Example 3

Data Source: Schafer, R. and Yurkowsky, W., Accelerated Test Methods
for Mechanical and Electromechanical Perts, Technical Repart No. RADC-
TR-65-46, July 1965.

Description: Switch ls sensitive SFDT snap action run at a cyeling
rate of 70 cycles per minute; cperating in a laboratory environment.

A is expressed in failures per millicn hours.

kb = 0.05
ncyc = h,200
Mg = 1.75
M, o= 1.0
ng = 0.07
M = 36.0
x;; = 25.7
. } xé@ Aoy = 5Lk
Agy = 13,23
Observed A = 21,243

T-47
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Example 4

Data Source: Schafer, R. and Yurkowsky, W., Accelerated Tect Methods for
Mechanical and Electromechanical Parts, Technical Report No. RADC~TR-€5-L6,
July 1965. ‘ .

it LG Sl iy BN

Ry Description: Switchb is sensitive SPDT snap action run at a cycling rate of
F 150 cyclea per minute; cperating in a laboratory environment.

b | A is expressed in failures per million hours.

\ kh\‘ = 0.05

" = 9,000

m « 1.75

s 1.0

- = 0.07 L

i_‘

36.0

= 55.1

L fu
A / Aoy = 514

e, o’

xSW = 28) 350

Obgserved A = 70,926
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Example S

Data Source: Schafer, R. and Yurkowsky, W., Accelerated Test Methods for
Mechanical and Electromechanical Parts, Techrical- Report No. RADC-TR-65-46,

July 1965,

Description: ' Switceh is sensitive SPDT snap action run at a cycling rate of
300 cycles per mimate; operating in a laboratory eavironment.

A is expressed in failures per million hours.

m
cyce

Q

L4
oo

.,
"
w
o
o

= 51k

Ba @
9a
R
e
o
)
o
f‘{
m?”
¢c

L
hgy = 56,700

Observed A = 187,652

T-49/7-50
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Section 7.0 Appendix
Subsection 7.4 CONTRIBUTING SOURCES, FAILURE DISTRIBUTION CONSENSUS

Source numbers refexr to the Bibliography, Subsection 7.8.

_;)e_gr:lggs

Source No. 22
Cpinion: Weibull, B = .93

Source No. 30
Opinion: Weibull, 1 <B <3

Source No. 31
Opinion: Weibull

Source No. 29
4nion: Weibull, O.54 S P = 3.82

G Tl D dio o DT
i s TR

Source No. 8
Opinion: Weibull, B = 1.17

Source No. 49
Opinion: Weilull

o e s iiziis

Source No. 11
Opinion: Weibtul),

Scﬁrce No. 1 \'
Opinion: Weibaall

Source No. 38
Opinion: Welibull

S8ource No. 21
Opinion: Welluli

Source No. 26
Opinion: Weibull

Source No. 47
Opinion: Weibull

(ears

EE TR RN R s S TR IR

Source No. 9
Opinion: exponential

Source No. 8

Opinion: exponential
T-51
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Gears (Continued)

B R S

! Source No. 11 7
; Opinion: Weibull, B = 0.6, a = 4.810

i Gyros

ﬁ Source No. S0

Opinion: mixed Weibull, B, = 0.6, B, = 2.k

1
b Source No. 42
E Opinion: mixed Weibull, Bl = 0.6, 62 = 1,7
Motors

Source No. 22
Opinion: Weibull, B = 0.76

Source No. 5

Opinion: mixed Weibull, B. = 0.6, 52 = 1.81, a, = 11.02, ¢, = 330.3

1 1

- Source No. 50

- Opinion: mixed Weibull, B. = 0.65, 32 = 2,25

1l

Source No. 10
Opinion: exponential

i MEB

Source No. 22
Opinion: Weibull, B = 0.99

DU GREPRMESIR I b4 [y ot gubiie A e

Relays
' Source No. 19 8 16
i Opinion: Weibull, 1.5 <8 < 2.2, 1.56x10° s a € 6.7x10°

Source No. 17 9
Opinion: Weibull, B = 1.71, & = 9.48x10

Source No. 43 10 oo
Cpinion: Weibull, L.72<SE s 3.8, 2.03x10 £ a < 8x10

Source No. hi 19
Opinion: Weibull, B = 1.68, & = 8,15x10

Source No. 33
Opinion: Weibull, B = 0.5, & = 448

Source No. 22
Opinion: Weibull, ¢.53 € B < 0.63

7-52
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@ Relays (Continued)

Source No. 10
Opinion: exponential

Source No. 3k
Opinion:

Source No. 6
Opinion:

Seals

Source No. 22
Opinion: Weibull,

Source No. bk
Opinicn: Weibull,

Springs

Source No. 22
Opinion: Weitull,

Switches

Source No. 22
Opinion: Weibull,

Source No. 43
Opinicn: Weibull,

Source No. 4k

Opinion: Weibull,

Source No. 10

Opinion: Weibull,
Valves

S8ource No. 22
Opinion:

Weibull, B = 2.0, & = 10

Weibull, B = 0.66, @ = 1.54x10

12

0.8 B £ 1.47

B = 1.47

0.43 s B £0.79

B = 4.07, & = 5.38x10

B = 0.7

Weibull, 0.81 £ B £ 0.96

7-53/T7-54

b

6

B = 17.75, & = 3.52107"

3.228 < P £ 7.88, 2.8x:0

a

16

sas 8.35x10h2

e iR A o i el

R ke s
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Section 7.0 Appendix

Subsection 7.5 REGHESSION DATA FOR FAILURE RATE VERSUS STRESS

PART TYFE: FANS

Typical Temperature
in Degrees Centigrade

Feilure Rate in Failures
Per Million Hours

18
25
50
5k
55
00
125

PART TYPE: RELAYS

Typical Relative
Humidicy in Percent

.26
31.8
84.7

167
72.3

250
52

Failure Rate in Failures
Per Million Hpurs

30
35
40

275
60

85
100

Typical Temperature
in Degreee Ceniigrade

50
10

19
.M
k.4
23
109

Failure Rate in Fallures
Per Million HOure

0
10
21
22
25
27
30
50
k5
x
25
60

u8.3
k.16
b

3r.97

=55

s W e
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H
H
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PART TYPE: SWITCHES

Percent of
Rated Current

Fallure RBate in Failures
Per Milllon Hours

.6
3
10
20
k5
75

Typical Relative
Humidity in Percent

331
17
T
297
21.8
10.1

Failure Rate in Faillures
Per Million Hours

35
ko
59
60
85
9
100

Typical Temperature
in Degrees Centigrade

2.15
27
12.5
6.4
Lo
2b.L
8.1

Failure Rate in Failures
Per Million Hours

ROAREHEBNRBwoy

105
6.1
92
186
7.61
6.4
.13
353
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Section 7.0 Appendix

Subsection 7.6 RLSULTS OF SIGNIFICANCE TEST ON APPLICATION FACTCRS
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- Sectisn 7.0 Appendix o

i Subsection 7.7 FAIIURE RATES AND CONFIDENCE LIMITS BY ENVIRONMENT

ENVIRONMENT: AIR

Failure Rate 90% Confidence
{failures per Limits (failures
Part Type million hours) per million hours)
Actuators, Hydraulic 378.58 368.02 - 389.%0
Actuators, Pneumatic 72.82 59.06 - 90.45
Bearings, Ball 6.44 5.09 - 8.24
Bearings, Rod Erd 7.96 7.12 -~ 8.89
Bearings, Roller .86 Sl - 1.43
Capacitors, Variable, Air 0 - 23.26
Capacitors, Variable; Ceramic 0 - bhi.22
Capacitors, Variable, Class 10.75 3.82 - 51.01
Connections, Soldered .035 .031 - .039
Connections, Welded 052 .031 ~ .09L
Conmmections, Wire Wral C - .023
Connectors, Circular, Multipin .98 .89 - 1.09
17 Connectors, Coaxial 2.70 2.26 - 3.30
1 Connectors, Rcctangular 22.20 17.39 - 28.62
Generators, AC 1,120 Lh2,41 - 522,43
e Gyros, Free-Directional : 1,430 1,398 - 1, h64
14 : Gyros, Free-Vertical 1,298 1,262 - 1,334
3 =7 Gyros, Integrating 368.42 209.52 - 692.00
Gyros, Rate 351.23 339.33 - 1363.61
i Pumps, Electrically Driven 321.12 300.23 - 343.37
4 Pumps, Engine Driven 66k4.93 6k3.54 - 681.80
T 3 Pumps, Fuel or Boovster 170.43 166.18 - 174.33
Pumps, Hydraulle 808.87 791.19 - 827.03
Pumps, Vacuum 723.13 770.6% - 81k.92
Relays, Armature 16.61 16.35 - 16.87
Relays, Contactor . 9.5 7.57 - 12.03
N Relays, Rotary 0 - 1k€.66
3 Relays, Thermal 200 71.07 -~ oh8.77
' Relays, Time Delsy 27.17 19.1% - 37.71
Resistcrs, Variable, Composition 18.61 16.15 - 21.
Resistore, Variable, Film 5.34 2.92 - 10.54
Resistors, Variable, Wirewound 9.9 8.866 - 11.18
Seals, Aerodynamic 27.35 20.37 - 37.30
Seals, Rotary a7 .55 25.97 - 29.2%
B Serls, Stationary 67.58 65.66 - 69.56
5 Switches, Limit 68.77 65.19 - 72.53
Switches, Pushbutton 21.39 18.23 - 25.3
Switches, Rotary 17.04 15.32 « 19.01

L
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Environment: AIR (Cont'd)

Paxt Type

Failure Rate
(failures per
million hours)

90% Confidence
Limits (failures
per million hours)

Switches, Snap-Action
Switches, Toggle

Synchros, Control Resolver
Eynchros, Control Transformer
Synchros, Control Transmitter
Tanka, Compressed Gas

Tanks, Fuel Cells

Tanks, Reservoir

Thermostats

Transducers, Pressure
Transducers, Temperature
Valves, Check

Valves, Control

Valves, Relief

Valves, Shutoff

Valves, Solenoid

15.33 13.62 - 17.24
6.91 6.16 - 7.78
139.72 125.78 - 155.49
2.05 1.2% - 3.%9
.65 .23 - 3.08
164.75 157.60 - 172.29
160.78 155.01 - 166.83
T4.30 7G.88 - T7.92
258.21 250.77 - 265.91
848,57 799.35 - 901.34
93.32 86.99 - 100.20
ko 38.7 - 4.4
138 134 ~ 142
L& “h,0 - U48.2
88.7 86.5 = 91.0
82 76.2 - 88.3

e R
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Fart Type

i ENVIRONMENT:

GROUND

Failure Rate
(failures per
million houxre)

90% Confidence -
Limits (failures
per million hours)

gaamuators, Hydraulic
,‘T“‘fBearings, Ball
. .. Bearings,. Rod End
+-Capatitors, Varisble, Air
. ‘Capacitors, Variable, Ceramic
 Capacitors, Variable, Glass
“Donnections, Crimped
" Connections, Soldered.
Copnections, Welded
Connections, Wire Wrap
Connectors, Clrecular Multipin
Connectors, Coaxial
Connecors, Rectangular
Gyros, Integrating
Gyros, Rate
Pumps, Fuel or Booster
N ‘ Pumyps, Hydraulic
i & .. Pumps, Vacuum
| B  Relays, Armature
" Relays, Contactor
Relays, Crystal Can
Relays, Latching
l.elays, Reed
Relays, Solenoid
. Relays, Thormal
- & Relays, Time Delay
: Resistors, Variable, Composition
Resistors, Variable, Wirewound
Seals, Stationary
Switches, Pushbu.ton
Switches, Rotary
Switches, Snap-Action
Switches, foggle
Synchros, Control Resolver
Tanis, Compressed Gas
Thermostats
Transducers, Pressure
Valves, Check
Valves, Control
Valves, Relief

7.15

66.67
76

0073
00k
.0022
.00000375
1.03
13.31

410.26
163.15
146.71

1.68

12.5}*
1.01
21.28

6.34 - 8\09““\
0 *v““\ hoea
0 -\ gd.62
32.84 ‘i» lﬁn 56
35 - . 1.96
$- 93.15
.00)4-7 - *0119
001&1 - ' uQDlﬂ
. .0011 - 004y
.00000151 -  .00001166
u83 - lrm .
.1,\2060 - lh-OT
B o R .016
338.36 - 500.56
146.33 -« 182.26
110o25 bl 198-00
.088 - 3.52
e - 1,096
10.78 - 14.63
.58 - 1.9
7.56 - 100.93
0o - 34,39
1.79 - 10.15
0 - L,k28
6.83 - 22.47
L. k2 - 8.48
6:76 - 70%
2.52 - 3.29
7.61 32.93
.095 . Sk
1.39 - 2.22
1.66 - 3,14
50 - 67
17.3L - 38.83
249.39 - 1,158.67
3.13 - 5.39
511 - 1,391
191 - 526
1,133 - 2,766
391 - 1,boOb

SRR
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Past Type

ENVIRONMENT: IABORATQN.

Failure Rete
(failures per
million hours)

90% Confidence
itutts (failures
per million hours)

Capacitors, Variable, Ceramic
Connecticns, Crimped
Connections, Soldered
Connections, Welded
Connections, Wire Wrap
Connectors, Circular, Multipin
Connectors, Coaxial
Connectors, Rectangular

Gyros, Integrating

Gyros, Rate

Pumps, Electrically Driven
Relays, Armature

Relays, Crvstal Can

Releys, lLatching

Relays, Time Delay

Resistors, Variable, Composition
Resistore, Variable, Film
Repistors, Variable, Wirewound
Switches, Pushtutton

Switches, Rotary

Bwitches, Snap~-Action
Bwitches, Topgle

Thermostats

Valves, Check

7-70

076

270
BT
.251

b
.15
243,41
69.7
230.0
4.26

1
2

b
10\
SRRV

5.00

m'-‘z-fa'

SL 1.96
0 - 9595
‘257 - .285
035 - .06k
am5" .309

0 - 75

05 - .66

0061“ -l"Ts
186.57 - 321.44
br.73 - 10k.60
'187.20 - 284,70

3.32 ~ 5.52

Y 2.07
.01 - -18

1016 - 6&56
05 - .37
0 - 1u43.9
.37 - .83

1032 " 2-8)4‘
82 - 4.63
0 - 1.81
0 - 1.82

0 - 22,06

1.786 - 23.70

e e oo e
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ENVIRONMENT:

Part Type .

HELICOPTER

] Fallure Rate
\failures per
million hours)

90% Confidence
Limits (failures
per million hours)

——

Actuators, Hydraulic
Generators, AC
Generators, DC
Gyros, Free=Directicnal
Gyros,; Rate
Pumps, Fuel or Booster
Pumps, Hydraullc
Seals, Rotery
Seals, Stationary
Synchros, Contrcl Resolver
Tanks, Fuei Cells
Tanke, Reservoir

. ves, Shutoff
Valves, Solenold

7-T1

168.28
466,67
842,59
2,6%0
413.96
169.29
391.98
320.39
86.71
433.33
163.62
634,33
158
150

119.3%
265.3¢
T11.21
2,474
333.93
127 .77
34k, 99
296.26
9.76
282.23
135.29
528.96
110
0

L N I T I I D B B |

242,32
876.54
1,003
2,850
517.15
227.38
L4é.55
34T .42
- 268.03
68..9%
199.59
764,89
232
261
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ENVIRORMENT: SHIP

Failure Rate 90% Confidence
‘ . (failures per Limits (failures
Part Type million hours)  per million hours)
~ Bearings, Bsll : .008 .005 -~ .015
Connections, Soldered ‘ 0088 0056 - 0133
 Relays, Armature 6.25 5.50 = 7.09
Reaistors, Varisble, Wirewound .19 09 - 49
B8ynchros, Control Resclver o 54,13 22.13 - 170.39
57009 - 165925

Traosducers, Temperature o 9%.T0




ENVIRONMENT: _STORAGE

Failure Rate 90% Confidence
(failures por Limite (failures
Puart Type million hours) per million hours)
Capacitors, Variable, Air ‘ 0 8.22
Capacitors, Variable, Giass ‘ ¢} .165
Generators, AC 0 50
Pumps, Hydraulic 08 .0k .15
Relays, Armature : 0 - ,096
Relays, Crystel Can 0 0953
Relays, Rotary 0 14.0k .
Relays, Solenoid 0 6.22 :
, Relays, Thermsl 0 9.03 §
R Resistors, Varisble, Compcsition 0 17.01
Resistors, Veriable, Wirewound .05 02 ' .31
) Switches, Pushbutton 0 2.37
) Switches, Rotary 0 56.16
Switches, Snep-Action 0 6.22
2 E
0
e 7-713 S
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ENVIRONMENT: AIR, GROUND

Failure Rete 90% Confidence
(failures per Limites (feilures

Fart Type | million hours) Per million howrs)

Miﬂsﬂ, 14.37 3658 - 5.39
Connectors, Cireular, Multipin 11 i .16
Generators, ¢ 83
Gyros, Me’mrectmml 1,090
m’ Rate 3&,200
Punps, Elecirically Nriven 2,500

24,25

k.09

N3

ms.m., vmhu, Camposition - 30.36
Resistors, Variable, Filn 7.48
E ,mmg's, vmwu, Wirewound 10.45
muan,mnﬂ . - 272
fwitehes, Toggle 0 k.58
rmmu 5.22

383IEER oo
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ENVIRONMENT: SIMUIATED AIR

Failure Rate
(fallures per

90% Confidence
Limits (failures

sl

Part Type million hours) per million hours)
Bearings, Ball 5.82 2.38 - 18.33
Capacitors, Varisble, Air 8.17 k.02 - 18.70
Capacitors, Variable, Ceramic o - 1.93
Capacitors, Variable, Glass 0 =~ 12.86
Connectors, Circular, Multipin 0 - 1k.13
Connectors, Coaxial 0 - 5.8
Connectors, Rectangulaer 0 - 1.8
Relays, Armsture k.25 9.2k - 30.85
Relays, lLatching L.09 1.45 - 19.39
Relays, Thermal 0 - 66.43
Relays, Time Delay 0 - 143.9
Resistors, Varieble, (omposition 8.42 koo - 27.70
Resistors, Variable, Wirewound 56.80 ks,27 - T71.89
Switches, Pushbutton 11.66 b7 - 36.71
Switches, Snap-Action 6.43 2.28 - 30.%
Switches, Toggle 4, k3 i.57 - 21.00
Thermostats ' 0 - AkB.22
Transducers, Temperature 281.69 1i5.17 . 886.73
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ENVIRONMENT': SUBMARINE

Failure Rate 90% Confidence
' ‘ (failures per Limits (failwes
Port T;gpe : X ‘million hours) per million hours)

by, 68
22k .26
1.74
900. 86
.85
.25

R S ot Sl

a

) %ﬂtm‘s, Variable, Ceramic 0
=0 : Connoctors, Coaxiel 92.93 T0.43
S Relays, Time Delay | o LeT .31
b  Bwitches, Rotary | 428.45 23
SH0 | *  Bynchros, Control Resolver .58 RS
Ly : Synchros, Control Transformer +18 : .13

R,
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ENVIRONMENT: MISSIIE

Paxt Type —

Failure Rate
(failures per
million hours)

90% Confidence
Limits (failures
per million hours)

Pumps, Hydxraulic
Reslstors, Variable, Film
Reslstors, Variable, Wirewound

Switches, Snap-Action

18,182
T7

333
250

7,434 - 57,235
Lo

- 162
52 - 862
102 - 787

L a
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Bection 7.0 Appendix

Subsection 7.9 EXPLARATION OF NEDCO IX DATA FORMAT

The computer printout of nonelectronic data is presented in three sections:
Section I - Milure Rate Data, Section II - Stress Level Data/Part Number,
and Bection III - Failure Mode Distributions.

Format of Section I - PFAILURE RATE DATA

% C%@IP’ICAQ ON: Parts are classified by generic type, utilizing the

N " ts of the IDEP code for part ciassification. In the NEDCO
format, the first three digits of the IDEP code appear with the part type
at the top of the page. The fourth and fifth digits of the IDEP code appear
‘with the IPEP part descriptors and are mtended a8 subheadings on each page.
Conaistent vith the IDEP definition, "N.0.C." means "Not Otherwise (lassi-
ﬁed, in part class or subheading.

) ON: Additional part Gescriptive informaticn is presented in
+ i1d. specific part name is listed here vhen the ITEP classifica-
t:len only g'oupn gseveral similar part typen.

: GI'IM APPLICATION: This field describes the subsystem or a.pplication
4n vhich the part 1s used. Also, certain opersting conditions may appear
in mmhous in this field. When the same letter used as & suffix on
fatlure rate, upper 90% confidence limit, and part-hours may have more than
. ope meaning zc.g., M = MISSIONS or M » MILES), its meaning for that line item
. of dnta is explained in this field. ‘

EAVIRONGENT: The operaung environment is 5iven by the following abbrevia-
tions:

IAB'W

GRD = GROUND :

GRU FXD = GQROUND, FIXED

GRD M0UB = GROUND, MOBILE

GRD PORT = GROUND, PORTABLE
SHP = SHIPBOARD

SUB = SUBMARINE

SAT = SATBLLITE

AIR = AIRCRAFT

AIR CB = AIRCRAFT, CARRIER BASED
AIR LB = AIRCRAFT, LAND BASED
MSL = MISSILE

GEN = (ENERAL

LIFE, 1A = LIFE TEST, LABORATORY
LIFE, ACC = LIFE TEST, ACCELERATED
ACCEPT TEST » ACCEPTANCE TEST
ST(R = STORAGE

AIR GRD = Am,amm

ATR SHP ORD = AIR, SHIP, GROURD
HEII = HELICOPTER

QUAL TRST = QUALIFICATION AND EVAIUATION TEST
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SIM GRD = SIMJIATED GROUND
SIM SHP = SIMJLATED SHIFBOARD

SIM SUB = SIMUIATED SUBMARINE

SIM SAT = SIMUIATED SATELLITE

SIM MSL = SIMJTATED MISSILE

SIM HELI = SIMUIATED HELICOPTER
SIM AIR = SIMJIATED ATRCRAFT

GRD SHP = GROUND, SHIP

RR » RATLROAD

SIM GRD AIR = SIMULATED GROUND, AIR

FAILUFE RATE: Failures per million operating hours are given unl2ss the
failure rate is suffixed by a letter. The letter indicates that the fallure
rate 1s expressed in failures per million unite explained either in the
FUNCTIONAL APFLICATION field or as follows:

A = Actuations

C = Cycles

R = Rounds ‘

P = Premature removals per milli.a hours

A\,

A\

5

An asterisk (#) indicates O failures. ‘ \

\

UPFPER M CONFIDENCE LIMIT: The upper cne-sided 90% confidence 1imit \11 givan'
in the units of the fal rate. ' letters in suffix relate to units as in

the FAILURE RATE tield.

PART POPULATION: Total mumber of parts under observation are given in this

field.

PART-HOURS: This field indicates total test time in millions of part-hours
unless there is a letter in suffix. The letter is of the same code as the
FATIURE RATE field. .

YEAR OF REP(RT: This date is ths one appearing with the origimator's date
contribution and may represent either the date the data vas generated or the
date it was published.

DATA SOURCE: This field is a coded indication of the source of the data
{see NEDCO 1I Source List), and is intended for RADC use only.

CROESS INIEX REFERZNCE MUMBER: This numbexr relstes the fallure rate datas in
Section 1 to the stress and failure mode information in Sectiocns II and III.
The suffix "A" on & nuiber means thet there exists supplemental informetion
for the entry in Section II.

Format of Section II - STRESS LEVEL DATA/PART NUMBER

CROSS INIEX REFERENCE NUMBERS: This muber relates to the failure rate data
in 8ection I.
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-MILIYARY STANDARD PART MJMBEIR/ FEDERAL SIOCK NUMBER: The number provided may
be & Military Standard part number or a federal stock number.

PERCENT OF RATSD VOLYAGE: The number indicated is tbe percent of the vendor-
rated voltage at which the part was operated.

PERCERT OF RATED CURRENT: The number indicrted is the percent of the vendor-
rated current &t ch the part was operated.

PERCENT OF RATED POWER: The number indicated is the percent of the vendor-
rated power at which the part was operated.

'PERCEM OF RATED FREQUENCY: The number indicated L{s the percent of the

vendor-rated frequency av which the part was operated.

mrn OF RATED PRESSURE: The number indicated is the percent of the verdor-
mtea preesure et which the part was operated.

‘I'YPICAL TEMPERATURE: The numbe» indicated is the awbient temperature of the
part in degrees Centigrade which was experienced during operation.

m:aa TEMPERATURE: The number indicated 1s the greatest ambient temperature
of the part in degrees Centigrade which was experienced during operation.

LO4 TEMPERATURE: The number indicated 1s the lowest ambient tempereature of

- the part in &greea Centigrade which vas experlenced during operation.

%C_Y_ OF SINUSOIDAL vm*rxon; The numbers indicated are an individual
or range Of vaiues for the ency of sinusocidal vibration experienced
by the part during operation. Valies are presented in terms of cycles per

gecond. The abbreviation X or M in this column indicates respectively kilo~
cycles or megacycles.,

INTENSITY OF SINUSOIDAL VIBRATION: The rumbers indicated ere an individual
value or range of veiues for the intensity of simusoidal vibration experienced
by the part during operation. Values are presented in units of g (root-mean-
square value).

INTENSITY OF RANDOM VIBRATION: The number indicated 1s the intensity of
random vibration'experienced by the part during operation. Values are pre-
sented in terms of the unit g2 per cycle per second.

ACOJSTICAL VIH!ATION. The number indicated 1s the intensity of acoustical
vitration experienced by the part during operation. Values are presented
in terms of decibels.

MAXIMIM INTENSITY OF SHOCK: The number indicated 1s the maximum intensity of
shock experienced by the part during operation. Values are presented in units
of g.

DURATION OF SHOCK: The pumber indicated is the average duration of individual
shock blows experienced by the part during operation. Values sre presented
in verms of milliseconds.
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SHOCK BLOWS PER HOUR: The number indicated is the average number of shock
blows per hour experienced during operation.

TYPICAL FPRESSURE: The number indicated is the typical barametric pressure
experienced by the part during operation. Values are presented in terms

of pounds per square inch absolute.

PRESSURE RANGE: The numbers indicated are the range of barcmetric pressures
experienced ty the part during operstion. Values are presented in terms of

pounds per square inch absolute.

TYPICAL REIATIVE HUMIDITY: The number indicated is the typical relative .
humidity in percent experienced by the part during operation. .

RANGE OF RELATIVE HUMIDITY: The numbers indicated are the range of relative
humidity in percent experienced by the part during operation.

Format of Section ITI - FAIWRE MODE DISTRIBUTICNS

CROSS INDEX REFERENCE NUMBEK: This number relates to the failure rate data
in Section I. A missing cross index reference muwber indicetes that fajilure

rate Information 1s unknown for that line entry.

FAILURE MODES BY PERCENT OF TOTAL FATIURES: The percent of the total number

of failures attributed to a particuler failure mode is given under a numerical
heading in parentheses. 7The heading number corresponds to a numbered list of
possible failure modes given at the beginning of ithe page(s) for each separate

part type.
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-~ This study addressed itself to the location, collection, cl=ssification, orgeniz
tion and analysis of nonelectronic pert reliability information irto a form from
vhich it can be integrated into s Nonelectronic Reliability Hendbook.

The collection phase resulted in 38,761 line entries of failure data on ~oxi-
nately 600 different nonelectronic part types. These data, organized in log

groups are presented in the appendix of this report.
The Data Anslysis took several forms. Failure information on the same and

similer part types was combined to yield overall failure rates for each of seversl
environmental applications. Conversion factors vere calculated to reflect the effect
of varying severiiy of environments on part life. Fallure rate versus stress rele-
tionships were sought but the data collected were not complete enough to yiela useful
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ing time and the number of observed feilures. Witu this amount of information tue
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