
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



F Report

Hughes Arcroft Company

TECHICAL REPORT NO. RADC-T R- 68-1i4
june 1963

This dcumentis 3,bec& to soecw*Il
exkort controns anRa eaO trun..ittai
to foreign governments, fo~e'gn na-
tion4ls or represertnatives v hureto tnV

h be made only with pior approval of
"RADC (EMERR), GAF3, N.
-Thedi~trbution of this document is
"�"i ,ted under the U.S. Mutual Security
Acts of 1949.

£. so:e Systems Ccr-.....

Reproduced From This document contains
Best Available Copy blank pages that were

not filmed



W'e I 3-ený-n Cdaw rigs

thtan a def6Inite IV. goe - - -ý'l- c-'

a0 res-.pofsitfllity nor zrsy soblipýýrjn wlhatso0-veýan hefc 001, th4 "-"--vrw mayr -'---t-

fo4m .
0amtd orfA.4 In a a supled ~e, said eirawings. eifcto.S ý-ofe

dJarna is not, to be re?,arded, by implircaton or s-~erie in any manner' J1censm. tile
holder or anyý- c-tn'r rcs-nr e- coronoarron, or Conveying nm r

facorrer., one, or sell1 arty patet ed nlvenrioat thatr ma.y in ai.y 'way be related bhereto.

=eaz-gencles-

4.---~



DATA COLLECTION FOR NONELECTRONIC RELIABILITY HANDBOOK

(NEDCO I & NEDCO II)

Willinm Yurkowsky

Hughe.s Aircraft Company

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

M

r4.ii}!
=--1



FOREWORD

This final report covers work performed by Hughes Aircraft Company', Ground
Systems roup, Fullerton, California under RADC Contract AF 30(6o2)-44242,
NEDGO I &nd NEDCO II from Maruch 1966 to January i968. The Project Managers
were R. E. Schafer and W. Yuxkowsky and Project Engineers were J. R. Collins,
J. E. Davis, J. N. Holtz, L. C. KRaraki, M. L. biuden, and J. S. Sheffield.
The RADC Project Engineer was D. W. Fllton (EMFRR). The Hughes Report Number
is FR 68-16-84. The Project Number is 5519 and Task Number 551902.

This technical report has: been reviewed and is approved.

Approved: .'-4

DONALD *. FULTON
Reliability Engineering Section
Reliability Branch

Approved:

#ChiefEngineering Divi sion

FOR THE COMMANDER:
IR'INIG' ABE LMAN
Chief, Advanced Studies Group

I3



air ~~AB3ST, MCT

This study addresses itself to the locatton, collection, classification, or-
eani7atiou and analysis of nonelectronic pax-t reliability information into
a form from which it can be integrated into a Nonelectronic Reliability
Iffandbook.

The study was logically divided into t-hree steps: Data Search, Data Presenta-
tion, a-nd Data Analysis. The Data Search waz intensive and extensive. The
major sources of nonelectronic part Izlure inforation were technical •.l-
cations. symposia proceedings, Defense Documentation Center Reports, company
reports, and information from other existing data banks. In all, 38,761
line entries of failure data on app,,roximately 600 different nonelectronic part
types were collected and stored or comlrater tape. The computer programs are
designed to store and print cuat the data in the most convenient and useful
form. All of the data collected are printed out in detail in the Appendix of
this report.

The Data Analysis took seve-ral forms. Failure information on the tsme and
similar part types was combined to yield overall failure rates for each of
several environmental applications. Conversion factors were calculated to
reflect the effect of varying severity of environments on pazt life. Failure
arte versus stress relationships were sought but the data collected were not

complete enough to yield useful relationships. Most of the failure informa-
tion collected contained total part operating time and the number of observed

'•/; failures. With this amount of information the only alterzative was to per-
form the above mentioned analysis tasks as though the haz-xd rate was constMt
with time. Several ro-ports were collected which gave goo6 evidence that in
truth zany types of nonelectronic parts display failure times according tc
the Weibull distributioa with increasing zara rates with time. Therefore
the failure rates and confidence limits computed based on the assumption of
expanentially distributed failure times (where the true failure times are dis-
tributed according to some other failure function) should be used i-o the
proper perspective and with care. While the use of the aseumptlof, of constant
failure rate does yield a less precise estimate of the true hazard rate it is
the only alternative as long as the failure data are recorded for these part
types without the inclusioa of individual part failure time.

Since it• was established that the statistical methods s, icable to the rel!-
ability of nonelectronic parts must differ from those usee traditionaJ.ly fo
electronic parts, prediction models applicable to nonelectronic pexts 1ere
sought. Three models showing promise are investigated in the Data Analysis
Section and are compared with field data collected during the stu1.... In each
case more verification is recire. but the models included appear to be useiful
ccn t xt.ions to the field of nonelectronic part reliability.

j/i4i iv
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EVALUATION

1. This study ,&.as addressed to the location, collection, organiza-
tion and analysis of nonelectronic part failure da-ta.

2. The study has resulted in 38,761 line entries of failure data on
ap•lrotximately 600 different nonelectronic part types. This represents
the largest and most comprehensiv.• collection of such data available
to tho2e engaged in e•sign and relijability activities. It Nas necessary
to assumt a constant failure rate since for most of the data only the
total part hours and number of fail'ures were given. Where life-tiraes
were P-va.!lable the distribution of times-to-failure almost invari•-b:ly
took the WeiczJall form with increasing failure rate. ThiJ. is not a
good situation since we Mve strong evidence that our assraimtion is
,,rong. The decision taken in this study has been to prov:'de the upper
90 percent confidence limit in addition to the point estirate of the
failure rate. The use of the former in predictions will t.end to
prect.ude ove.-ly optimistic reliability predictions. Te quality of
the d-a was adequwate to allow the development of application t"K"
fPactors. Significant differeiices in tne ninerica.J value o-'. the "K"
factor are f'ound to exist between part families within a cv.mno-ý :plica-
tion eand a2.lso between the subclassifications of a part family. The
fallibility of a single "K" factor applicable tC all pwrt types is well
illustrated. Atl'i-ts to relate failure rates to applied s* ;ress were
not successful, I- that there is no relationship but rmthe'r due to
insuff'.cient specific iniformation within the collected data.

3. This collection wilL. reasonably serve needs for nonelectronic
part failure data so losg as the user exercises care and recognizes
the tenuous natuxr- nf the basic assumption of a constant !ýilure rate.
Future activities in data collection will be directed exclusively
at the deter-mination of hazard rates and stress/hazard rate relationships.

XUPD W. ITJLON
Re>lablbUity Engineering Section
3,e-liability Branci:t
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1.0 Introduction
1.1 Objectives

The broad objective of this study was to locate, collect, o s.n-z anz d, -
lyze reliability information on nonelectronic ports which can be usei in the
preparation of a Nonelectronic Reliability Handbook.

While the above statement represents the overall objective of the st-tdy,
there were several specific objectives which more fully explain the aature
o- the effort which was undertaken.

The firet of these was to establish the needs of potential asers of such a
bank of data in terv.e of part types, environmenta*. applications and opera-
ting characteristics. A data needs survey was conducted and its results
were used to direct the course of the data collection effort.

The n4xt task wa• to locate, collect, organize and analyze nonelectronic

pert failire infozmstion from as wide a spectrum of parts and applications
as was possible. S ach a diverse body of information in order to be of opts.-
mum utility requ-ired a format for uniform presentation. Further.cre, conpu-
ter storage was necessary t. provide for ease of handling, convenient infor-
mation retrieval, timely updating, editing, and analysis.

The analysis objr -tives were to gather a sufficient concentration of failure
information on high population parts to result in the establishment of the
relationships that exist between part life and operating stresses and between
part life and environmentul stresseb. Another very important aspect of the
analyses performed on the colLected data was the establishment of the proper
undenrlying distzribution of failure times. Most of the reliability work per-
fo.xed to cate on electronic eLrts has shown that these classes of parts dis-
play failure times which are distributed exponentially. Qn the other hand.,
there is a good deal of evidenace in the literature to indizate that in the
"case of nonelectronic parts., failure times occur according to the Weibull
dictribution with an increasing hazard rate over time. When the exponential.
is the proper undeerlying distribution of failure times, the calculations
attendit wvith reliability estimates are made with ease. With other failure
distributions, the statistical methods of reliability are much more cmdlex.

With ease of calculations as a possible goa, it was therefore the objec.ive
of another of the analysis tasks to evaluatc the error introduced by nsakin
the ezxponential assumption (thus, reaping the 'benefits of simqole calcu/l-
tione) when, in fact, the perts of interest displayed other u1nderlying fail-
-are distributionE such as Weibull, lognormal or gamma. These tasks can, in
effect, be suziized as being directed toward the establishment of the
-opner statistical methods for use in the field of nonelectronic part reli-
abiifty.

A finlnbjective of the subject st,"d;y prog&-am wat. to analyze the data -whi-h
nnd bien col•l•-tedI and present the prcdemninant failure modes for a given art
tye7 _r each 'f its several possible soolications.

1-0
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Objectives of the Study on Nonelecrroni- Part Datoa Collection

SLocate, colJlect., classify, organize and analyze reliability fat•
on different nonelectronic parts fromi different environmentm

* •evelop a format for data organizatioD &nd presetationo

o Computerize the data for ease of handling, retrieval, updati.ng,
editing, and analysis.

* Relate failure rate and operating stresses.

* Relate failure rate and environmental stresses.

* ReLate failure mode and application.

* Investigate the proper -stistical methods of noneilectronic p~xt
reliability.

* Evaluate -praxising usefiul prediction and demonstration ioieolJ ior
nonelentronic parts.



1.0 Introduction
±.2 Summary of Results

The searct for reliability information on nonelectronic parts was very com-
plete and it yielded a large amount of failure information on many different
part types uted in many different applications.

The success of the data collection effort for reliability information on non-
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 re7resenting nearly
COO different types of nonelectronic parts. The reliability information col-
lected was generated in close to 30 different environmental applications and
ovea 100 different failure reports were collected on each of approximately
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-
tions, and less than 1% of the failure reports were from shipboard applica-
tions.

Anothcr measure of the success of the data collection effort is the ucomplete-
ness of detail that was available. The solicitations fcr reliability Infor-
mation on nonelectronic parts requested a very complete description of part,
app1 icatf.on., environment, failure time, failure mode and date of generation
r.L -*he data. Unfortunately, the data which were collected (which are a true
reflection of the srate of the art of nonelectronte part failure information)
were far from complete in the detail required to mke exhaustive analyses.
mherefore, some of the analyses which were performed appear to have been made
as though the failure times were exponentially distributed even ii the face
of contrary evidence. Tins was done only because the bulk of the failure
data which is available for nonelectronic parts has been collected without
regard to individual failure timcu. The failure reports record only the
total number of part o.ý;ating hours and the number of failures. Hence, it
is not possible to make any analysis other twn one based on Lhbe assumption
of expcnentially diotrilnbted failure times. It might be pointed out, however,
that since failttre 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 reliability information collected and analyzed in this study
should regard it with proper caution. Although it is not ccanjlete -nough In
detail, it reflects the quality of the data that is available at this point
in tin.

This introduction presents a general description of the objectives of this
study program and sumiarizes its findings and conclusions. The remainder of
the report discusses in detail each inLegral task performed curing the cr'zrse
of the total effort. Section 2 outlines the philosophy and general approarh
which gulded the course of the data collection as well as giving the specific
sour•es from which failure information on nonelectronic parts was solicited.
Section 3 details the classification, organitation, and data formats used for

1-2
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presentation of the part. failure information in useful form. it discusses
also the eomputer programs developed to manipulate the thousands of pieces
of information on a wide variety of part types and distinct applicationg.
Section 4 deals with each of the different types of analyses performed on the
data collected and presents these results in their most useful form. Section
5 summarizes the Conclusions of the study effort while Section 6 lists the
Recnmmendations based on the findings. The Appendix contains thA detailed
raw data developed in the analysis task as well as the individual line en-
tries of frillure information collected during the study.

i
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2.0 Data 'search
2.1 Preliminary Investigations

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

Many of the failure rate handbooks now in existence contain part failure data
on electronic parts and on a few nonelectronic parts. The scope of the
present data collection effort was directed exclusively toward the acquisi-
tion of failure 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 evudy is defined by exclusion. It is any part that is
not purely electronic in nature. Examples of electronic parts are solid

state devices, tubes, inductive and capacitive devices. and integrated cir-
cuit devices. All others are considered to be nonelectronic parts and hence
feilure information was sought on them for inclusion into this data bank.

The collection of such a large and varied amount of reliability infcrmation
required a specafic plan in order to be accomplished in an economical Manner.
Thereforev the first step was the development of a Data Needs Questionnaire
to direct the course of the search.

The questionnaire dealt with such categories as the types of environments a
potential user of this data was most concerned with, and the types of failureSrate iformation that would be most useful such as derating curves. k factors,
distributions of failure times, and other related information. An integral
part of the questionnaire is shown on the facing page. This matrix was used
to establish the detail of operational characteristics that would be sought
during the data collection effort.

Because of the time limitations, the Data Needs Questionnaires were dIstri-
buted on a lindted basis to selected Individuals within Hughes Aircraft Comn-
pany and to several individuals in various Government agencies. Based on the
results of the survey, the data collection effort was initiated on a broad
scale wIthin the scope of the definition of ronelectronic parts.

When the requests for failure information were sent out a great amount of de-
tall was requested of contributors. It was hoped that if the data received
were cooplete that a maxiums amount of analyses could be perfoiued on then.
Included in tkAe requests were a complete nonenclature desarribing the parts by
sise, type, model, applicatlmn, part number and manufacturer. Also, a com-
plete description of the environmental and operational conditions experienced
by the parts was requested. Individual part failure times., failure modes and
dates Loveret by the failure reports were requested. The data that were col-
lected had all degrees of copleteness of detail. One of the limiting factors
in the utility of some of the data was the lack of detail acccmpanying the
failure report. It would appear that for nonelectronic part data collection
progrwm more det~il is required than people are used to retaining.

A2 -0
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Air# ON WHICH COMBINATIONS OF COMPONENTS AND APPLICATION STRESSES DO YOUI

S' NEED ADDITIONAL AND/OR REVISED NONELECTRONIC RELIABILITY DATA?

PLEASE DOIELE CHECK (/1) THOSS OF PRIMARY INTEREST AND SINGLE CHECK (/) THOSE OF SECONDARY INTERIST.

COMPONENTS AND APPLICATION STRESSES LISTED ARE TYPICAL EXAMPLES.
PLEASE ADD ANY COMPONENTS AND/OR APPLICATION STRESSES WHICH ARE
OF PRIMARY INTEREST TO YOU.

TYPMCAL
COMPONENTS

TYPICAL
APPLICATION
STRESSES

VOLTAGE

CURRENT

POWER

ACTUATION RATE

TORQUE

LUSRICATION

MECHANICAL LOAD

PRESSURE

OPERATING SPEED

THERMAL

AXIAL/RADIAL
IMPACT LOAD

TENSION

SLIPPAGE

INSERTION RATE

VIORATION

OTHER:

Typical Page From Data Needs Questionnaire
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2.0 Data Search
2.2 Areas of Search

A complete and comprehensive search vos undertaken to locate and collect cur-

rent reliability data on nonelectronic parts from every potentially useful
source.

Since the definition of nonelectronic parts dictates a wide scope of search
for reliability Information on a great variety of part types, it i,"as impor-
tant to develop a systematic approach for the performance of this task.

The data collection effort therefore was conducted in three major areas. The
first was a search of the literature. Six periodical indexes were consulted
to develop a beginning list of source documents. One hundred eleven dif-ferent technical periodicals 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 in-
cluded which would bias the current state of the art. Qther 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 failure Information was obtained by studying a great
Sany overnment technical publications fram those in the Defense Documentation
Center.

A major part of the data collection effort centered on information in existing
data banks. All the principal data centers were solicited for their infor-
nation on nonelectronic parts. The most notable contributor was FARADA.
Apprcuimately 22,000 line entries of information on nonelectronic parts were
from that source. Information was received from several other existing data
banks but in the majority of cases theme reports were also included in FARADA
and hence the data was not duplicated.

Personal contacts with individuals in Government and industry also constituted
a majoc effort in the study. Over 200 letters were tent solicitLing detailed
failure Infozrtion on nonelectronic parts. The mailing list included per-
sons with reliability responsibility in major Goverruent agencies and in
comapanies thought to be large users and/or large producers of nionelectronic
parts. The letters were in many cases followed up with phone calls. The
response from this solicitation resulted in the receipt of useful information

• from sixteen sources.

Many valuable additions to the data base were made through a cawprehensive
search of intexnal Bughes field and !abomatcry test reports.

In December 1966 a preliminary report was published which tabulated the Infor-
mation collected up to that point in the program. The report has the design-
tion RADC IR 6-&V "RAW Unanalyzed Nonelectronic Part Pailure Fate DAta
Interim Report RXUCO I" and it contains 17,702 line entries of raw failure
information. During the ensuing months, additional failure data were collected t

II
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and an improved data format was developed. The detaaled results of the total
data col-Irtetion effort appear in Appendixer 7.10, 7.11 and 7.12 of this
report.

e Proceedi:s of Conferences, Symposia, arn Transactions

* Technical Periodicals

* Govermnent Technical Publications

* e ?rsouil Contacts in Industry and Goverrment

* Hugbes Ccepany Reports

* E~xistlng Data Bank%

Sources Investigted in EDCO D1ta Search

2-3/2-4.
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3.0 IDat Presentation
3.]1 Failure Rate Data

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

The reliability information wv .. ds collected during the study was from
-hndreds of different sources and part types. To be of optimum utility, It
bad to be orgmnized into a standard and convenient format for the benefit of
the user.

The mjor concern of a user trying to locate reliability data applicable to
his own problem is to properly identify the part of interest. It can be seen
in the sample format on the facing page that. a great portion of it is devoted
to part classification and Identification. The first five digits of the IDEP
1, Code numbering systew were usý-d to identify parts by generic type and by
w jor sub-types. In the sample page, "Valves" are assigned the number 525,I while "HydrauiLic Valves" are desipjrated by 525.60. The IDEP numbering system
"was used because it is apparent that much careful planning went into its con-
ception e"d becausw, it is widely used by many existing data banks for ease
of information exchange.

Additional part descriptive information which was collected but which did not
lend itself to classification by thtb part farily code list was divided into
tWo fields on the computer printout. That whith described the part itself
was listed in the PART DESCRIPTION ý,.eld while that clarifying a subassembly
or larger unit level from which the purt was extracted was listed under FUNC-
2TIONAL APPIJCATION. Since no other space was available the FUNCTI0NAL APPLI-
CATION field was used to note certain operating conditions such as cycling
rate, contact cu-rrent or data frcr storage •nvironments.

The other major positions in the computer printouts relate to the failure
rate ectimate. The. failure rate is computed in failures per million hours,
unless otherw4se designated. An asterisk in the FAILURE RATE field indicates
that rn failures were observed. Additional backup for the failure rate is
provided by the listing of PART POPULATION, PART HOURS and UPPER go, CONFI-
D J, IMIT. Tae 90% level was selected since it seems to be the one most
frequently used in reliability eAnalyses.

The upper one aided confidence limits w,, .e presented since this decision rule
gives conservative failure rate estimat.es when the Type I error is made in
testing a hypothe~sis.

The failure rate estimates presented and the confidence limits calculatet' a-e
based on '~e assumption of a constant failure rate. This was done even in
the face of contradictoxy evidence for some nonelectronic parts because it
"-eflects the type of failure data in exictenre today. A complete list of
Failure Rate r-ts appears in Appendix 7.=0.

3-0

-, -I



n~ ~~ ~~~~G CC, 01CV cyz - V V.C 0, 'V C.C.ýCL.'C'0C 'C C, C Q

0, 44 0. i C -- 414 N MI. N

DID I* 1; 0' 1'VI ..c 0 -aO No "' o
4,~~ ~ ~~~~~ ~ ~ ~ W0~ v0 loll '.;W'003I.0 ,A c '00 '41' 104

W .) 0Q 4 w 'o 0 , v04 *v, .o 'o 'o 'o IS, .O 'o. 0

-K w!SII 1

syl. 4t.-I g4 - vv N 0. c"

Ii "..h 1- I

P. 4' m i - 1 I 01
AMVI *N~p voý bn v, o4p., W o V ,UNIi 6C4 c 4

I a= <

- ~ ~ ~ ~ 0 g.ýU 7- Z!. ,,* I*.

VI aCC faWf ,f

1! %

AI, W.1 I eý CY 04 tý0 r l otý '

2 ~ ~ ~ 5 .. .u I I 0I j
Q i * . r. W-..x~ CWV 2 ., .1 f i 0S.16 Z. 4 A

4n' ýiZ .0.J~ II 1.1 ;

4-5-
'!~~0. '-0. x 1 z:ý I vI

'0 '. 0 3'.0 'u

3-cc Lod;



Zrvironw.,tytaJan andppllztin Stic on

stresesof oneec-troic prtAis rgwize Ino asepa~rate compkiter print-,
out which Is tyc~d 'to thie '&il~ure Rate Format by menan. of' a cross index
rereenu e txadb~r.

It wouWd to-ve beezi desira~ble to' a~rrenge the data format in such a manner that
it waa poasi ,ýI to pxc;!ent~ fvc)y deý "iled piece of information fromi a given
fatlure repi-vt. ao a s'il lizie ewtry. However, this -vas physically Impossi-
ble due to tht, limitations of the c~rnpt~er printout equipment. Therefore,,
thost dtetalls rel.ating to a part's envi~ronmaental and operational envelopes

1O beren arranged as a sepr-ý-te body of irnformation as shrwni in the sample
on the faciug Itge.

The psert nomencl.atur". and cnde num~ber is not repeated in this section; how-
ever.. a uscer of thte data asAn relat~e the line enatry in this section (Appendix
SuL~xection 7.11 VlL wit te one in the Yatlure- Rate Section (Appendix Subsection

* 71j)i) b~y zr,_ans of a arc:so ind~ex reference number. In rhe sa~mpl.e page pre-
WE ~sented here,, 'this identifylng nmmbeer consists of eight. digita and appears In

tbr left hand column. fthu lint entry, in the Failure Rate Section for the
pAsrt. ncuenclature anid Walure- rate in~formation corresponding to a given line
entry of this section disp.lays the~ same cross index reference number in the
right hAnd columin of the page.

A user of this. data bank would very likely enter txie comnputer listings with a
given part tyre in mind. He wo.xlA lt-vok up the part type in the F...lur~e Rate
section and then proceed to this Section x~ia the cross Index reference number
to discover information on upe~ratin~g and environmental. streeses.

A 'iovplet~e liating ot all of the cperational and environmental data gatheredI
it* presented in Appendix. Subi~ection 7t.l1. As can be seen by the sample onl
the faciag page tbe major .',ate6;r~es of operational informnation collected
were related to a part'~s opeerei,;al v~oltage, current, powder,, frequency or
presure. The major enviromnental conditiors for whIch data were recorded
were temperaturv, VILorattor, shock', pressurc., aind relative humidi~ty. For
relative humidity both a typleal or nomiinal value and a range experienced by
the -~-ýt during rori~al. operatt on is g.ve whe~re it is available. An exampJ3
of this is shown on the facing page for cross index reference number
08r,60.00 where the typical relative humidity was 30% and the range was from~

The cros&. index reference numbers have been spaced with a gap of 1999, numbers
between liD-t entrie$ so that future additions of data may be easily incorpo-
ra'.Aed into the existing bank of informattion and still be entered alphabetical-
1 y within the ctarent body of data. If the g&aps are eventually filled, the
entire net o± line entries may be resequencee ind assigned new numrbei, again
iWita. gaps for additional line entries P6lbject tj the .iJmitations of the eight
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3.0 Data Prcsertetionra
3 3 Failure Mode Distritutiors

The information gathered on the failure modes of nonelectronic parta is pre-
sented by part class in a separate format to allow the user to identify
typical types and I'requencies of failure modes to be expected,

The failure mode In'ormation is preaented in a separate se(.-:ion so that
emphasis may be lWid upon recognizing predominant failure modes for each p-art
type. The computer program used in generating this sectiT• of data is sepa-
rate and distinct from the computer program responsible for the failure rate
date and the stress and part mmber information.

On each page is noted the psrt 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. On the sample page opposite, the part class cylinders
is shown followed by twelve different descriptions of failure mod& by which
cylinders may fail, each description accompanied by a n=mnber in parentheses.
The numbers of the failure mode descriptions are reproduced horizontally

a the Page Just 1elow the list of mode descriptions to serve as an
index to the appropriate failure moles on that page.

The cross index reference number in Section III 'rrovides the means of locat-
ing part identification and description information and failure rate data in
Section I (Subsection 7.10); line entries of data which ht,'ie cross index
reference numbers may be linked to that addi tional data in Sectioni I. A
imissing cross Index reference number indicates that no additional data id
known., so no reference to Section I is made for that line entry.

Both the number of failures observed and the percent of those failures
attributable to each failure mode f s given for every line entry. For example,
on the sample page opposite the line entry with cross index reference number
12090000 shows 207 failures, 59% of which were failures by mode (011, leak-
ing; 8% by mode (03), out of tolerance; 14% by mode (05), broken or cracked;
and 19% by mode (2), unknown.
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4.0 Data Analysis
4.1 Failure Distribution Conkuensuo

In the failure reports compiled on nonelectronic parts, evidence was sought
which indicated that the report writer bad analyzed part failure times to
establish the proper underlying distribution.

SThe reliability data collection practices in current use appear to be geared
• to the implication that failure times for all parts, whether electronic or

nonelectronic, are distributed exponentially. This statement appears to be
true since generally the failure reports avod•ble only recorded total part

-•i operating time and number of observed failures. The only conclusion tha.t can
• ~be made from this practice is that the person p0rep~aring the report dLid so by

assumin• that the parts on test exhibited a Lazard rate that is constant with
time. !4f course, if ftilure times were not recorded and analyzed, even the
theory of a constant hazard rate with time could not be verifled.)

This portion of the study was therefore directed toward search•Ing for failure
reports containing actual part failure times or at least where the saithlor 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
pa~rts where this type of ir~fomtion was available. The table on the facing

S~page suaites these findings. The information is arranged in the form of a ...

Sconsensus. When different articles claimed different failure distributions
for the saw part type the number claiming each are listed. The "Consensus"
column contains the ranges of the perameters found in the reports which were

= collected.

A review of the results indicates that there is strong evidence that many types
of nonelectronic parts exhibit failure times distributed according to the
Weibull distribution with the shape parameter grcater than one. This is an
indication of a hazard rate that increases over time. Bearings, re]ays, seals
and switches clearly display these characteristilcs. 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
exponential failure distributions wnile one was Weibull. Gyros and motors
were featured by a consensus of a mixed Weibull distribution.

The conclusion to be reached from this phase of the study is that there is
strong evidence -hat the exponential distribution does not hold for most
nonelectronic parts. Therefore, to be absolutely correct the statistical
methods used in the reliability analyses performed on electronic parts proba.-
bly should not be applied to nonelectronic parts not exhibiting constant haz-
ard rates. The following three topics investigate Lhe effpct of the exponen-
tial aseumption when the correct underlying failure di.stributions are the
Weibull, lognormal, and gamma.

The details of ',he information used to prepare the table on the facing page
are given ii, Appendix Subsection 7.4.
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Total Number
Number Number Number of

of of Mixed
Opinions Exponential Weibull Weibull

PaJrt 12;pe Collected Opinions Oinions Opinions Consensus

Bearings 12 0 12 0 Weib•Ull
.5 < < 4.o

Gears 3 2 1 0 Exponential

Gyros 2 0 0 2 Mixed Weibull

01 = .6

1.7 < 2 < 2.4

Motors 4 1 1 2 Mixed Weibull

01 . .6

1.8 < 82 < 2.25

Pumps 1 0 1 0 We bull

0 .99

Relays 9 1 8 0 Weibul1

.5 < < 4.o
4x10 2 < a < 8x10 22

Seals 2 0 2 C, Weibull
.8 < 0 <18.o

Springs 1 0 1 0 Weibull

0 - 1.47

Switches 4 0 4 0 Weibull

.4 < 0 < 8.0
a. < 104-3

Valves 1 0 1 0 Weibull

.8 < 0 < 1.0

Consensus of Distribution of Failure Times for Certain Nonelectronic Parts
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o0 Data Analysis

4.2 Effect of Assumption of Exponential Failure Times

•4.2.1 COMC4IM SIMJIATION

Since most of the failure data collected for nonelectronic parts assumed con-
stant failure rates (even though subotantial evidence indicates otherwise) a
study w&L made of the effects on reliability estimates made using the expo-
nential assumption when other distributions more properly describe part

failue times. _ _ __ _

The objective of this analysis task was to investigte the effect on reliat-
bility estimates of using the assumption of exponentially distributed failure
timea when other distributions are better descriptors of nonelectronic part
failure times. The reason for this iný;erest is based on the ease of compu-
tations associated with such an asmw.ption. On the other hand, if the method
introduces serious error, it was felt it should not be considered.I The evaluation was accomplished by calculating confidence limits using the

K Uusual X2 methods for a hypothesized MTrF and comparing the width of the in-
terval so calculated with one coustructed using a computer simulation program
to generate distributions of sample means for three non-exponential distribu-
ticus. The general stepa carried out in the simulation are outlined on the
facing page.

The mean, 0, of the failure distribution (i.... the MTBF) was chosen as the
basis of comparison between the exponential and non-exponential distributions.
For the exponential distribution, it is known that 2nO/Q (where the sample

"mean - n is based on a sample size n fr-om a distribution with mean
n _

2n@) is distributed as 1nfor failure truncated data and •. 2 for time

truncated data. For certain non-exparientWal distributions with mean G, how-
ever, the distribution of the sample, means cannot b obtained analytically;
hence, computer simulation was necessary.

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

Sn T. iwas computed as a sample mean for each group; 1000 such sample means

were generated and then ordered. The first 50 and the last 50 values were
then examined as good approximations of the tails of the distributions of

sample 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 gama distributions. Specific results with
each distribution are discussed in the 3 topics which follow.
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General Steps in Computer Simulation

Select n random values of F(t)

o Calculate n failure times

* Combine the failure times to calculate a @ (KVBF)

a Repeat the above 3 steps 1000 times

* Printout the first 50 and the last 50 values
obtained to establish 90% CONrFI]NCE INTERVAL

4-3



4.0 Data Analysis

4.2 Effect of the Fxponential Assumption

4.2.2 WEI1ULL FAILURE TIMES

Because many nonelectronic parts exhibit failure times in accordance with the
Weibull distribution with shape parameter greater than 1, the use of the as-
sum.tion of exponential failure times as an appromismation results in optimis-
tic estimate s.

Since the mathematical methods and calculations associated with the use of
the exponential distribution in reliability analyses are so simple, it seems
logical to employ these methods wherever possible. This phase of the stady
therefore was directed toward a general evaluation of the consequences of
assuming exponentially distributed failure times when the true underlying
distribution of failure times is Weibull.

The simulation was performed utilizing the following relationships. The cumu-
lative distribution function (F) of a Weibull distribution with scale and
shape parameters CL and 0 respectively is given by the following equation:

F(t) - 1 -e

Since F is distributed uniformly on the interval [0,I], random Weihull values
of t can be generated by drawing uniform random numbers F from [0,1] and
equating

I-F

The fmilure t imes so generated were combined in sample dizes of 5,10, and 15
and baIB's wvae thus calculated for Weibull sbape parameters (0) of .5. 1
(the exponential case), 2, and 3. The 9U% limits generated for each case in
the simulati=n program are compared in the charts on the facing page. It can
be seen tha. when 0 is greater than I the Weibull confidence limits are
narrower than the exponential limits. This indicates that substitution of
the exponential assumption as an approximation for the Weibull results in a
less accurate estimate of the true gI'BF.

For example, suppose that a part has a 'Weibull failure distribution w'th 0=3,
and that 5 ftilure times are to be observei to teat the hypothesis tit the
MM is 1000 hcurs. Note in the figur'r opposite that under the exponertll
asumaption one would accept the hypotheuis with 90% confidence if the sample
MTBF lay between 394 and 1830 hours. lowever, with the knowledge thtt the
failure distribution was WeiL;ull with ým3, one would accept the hypother-s at
the 90% confiden :e level only if the sample WI2F lay between 738 and I20
hours. Hence, using the exponential asuwnption, one wo¢uld accept tý- hyfothe-
six with sample means which would cause reje tioron ising the Wc.ibul. "'ith a3.

The result of this analysis demonstnites that in t .e uf nonelectronicS•pats whose failur•e "ime•s are distributed accordtv.-s t~o the Welhull with in--

creasing a-rd rates > 1), the axe of the exponential as an appr.ximtion~~results In an optimirt-Lc tsti~te of the- true WE"F-

I



__7~T~ijiH 4H 1 T

4-Ur t_

ý ~ ii PI I_ It1

Mir,

144~

4-f4



4.0 Data Analysis
4.2 Effects of the Exponential Assumption14.2,3 IOMMPL FAILURE TM4&S

Assur 'ng that failure times are Uistributed exponentially introduces predic-
ttoL nd estimation errors when the failure times are really distributed as

The tails of the distributions of sample means were examined and comparison
"was made at 90% cunfidence interval widths derived from the exponential a.nd
lognormal distributions of failure times.

The cumu.itive distribution of the lognormal is given by the following eqT a-
i A tion:

F(t) - I %M e-,c d•) x.()

In order to simulate the distribution of sample means from the lognormal dis-
tribution, it was noted that if y - log x is normally distributed (Py, ay),
then x is lognormilly distributed and its parame-e s (Wy, Ox) can be found in
terms of (Vy, ay). Also, a sikrle relationship exists between the qlantitles
of the gnorma dii-ibution ( C, ax) and the standard normal distribution.
if Cq =d vq represent the values of x and y respectively for the qth quan-I tile, then

q •y (2)q
Thu&,, to generate a random failure time from a lognormal distribution with

t( (x' u)• the ccrresponding normal parameters s'e calculated
2

106 o (3)
F+Z_ 211/2.11 j

fmd 0 . 2 2.712

ady 2

Then a random number between 0 and 1 is drawn, and from it a value of vq is
Sdetermined by lirnar interpolation from a table of 100 standard normal devi-ates stored in the memaory of the comruter. A random failure time is then

generated by the transformation (2). Random failure times so generated are
used to simL•ate sample mean tistributions for various sample sizes as de-
scribed in Topic 4,2.1.
For a steandardized lognormal mean P - I1 90% confidenc• Interval widths are
determined as a function of C and n. Sample neand were generated for

1/2, i, 1-1/2 for each ;f sampl; sizes n - 5, 10, 15. Although in `hiscase the exponertial is not a special case of the lognormal, whether the ex-
ponential coafidence interval ., too wide or too nan-n', for effective employ-
meut depends rou*,ty upon whether Cy is less than or greater than 1, as the
figure opposite illustrates. 4-6
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4.0 Data Analysis

4.2 Effects of the Exponential Assumption

4.2.4 GkM FAIIXYRE TIMES

The exponential assimption applied to gamma failure times iL responsible for
errors in prediction and estimation of failure statistics.

The ganms cumulative distribution is given by

S~t

t) f 1 x O eP dx.,x > 0

With -the jarameter 0 standardized to l, the width of the relative 90% confi-
dence limLts for the sample mean distributions are determined by the parameter
0. To sample random failure times from ga&na distributio-s with . - 1,2,3,
and 0 - 1 in esch case, it is noted that when M is an integer Z 1, the cumula-
tive distribution function is given in the closed form

F+t) I - + t+.t
2!

For example, tosample a random failure time from a gamma distribution with
parameters CL-3, P1i, a random number F between 0 and 1 is first selected.
Since the c.d.f. is uniformly distributed, a random failure t.:me is obtained
by solving

1 F (1 + t + t2 -t
e- 0

The equation has no explicit solution, but Newton's algorithm is quickly im-
plemented in the computer program to solve for t implicitly. Using the ran-
don fail-re times generated, distributions of sample means are simulated as
described in previous topics.

Distributions of sample means from ra distributions with 0=-, and a-l,2,
and 3, were simulated, using sample sizes n=5, 10, 15. Note that the case
M.mJ is the exponential. The figare opposite shows that the confidence inter-
val decreases as I increases, thus indicating that use of the cxponentialssumption gives con�'idence intervals too wide for parts with gamma frilures

a&d CL > 1.

4-8
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4.0 Data Analysis
)4.3 Combination of Data

To organize this diverse mass of failure inforn& ion intu a useful tool, simi-
lar pieces of data were combined to yield overall faiLre rr.tes for given part
types when used in a simil tr envirormuent and to increase the accuracy of the
estimate.

To present the user of t1,1s bank of reliability data on nonelectronic partswith a mere listing of each failure rate estimate collected during the study
would confront hn wvitli an unrie essarily confusing mass of information. Hewould have several estimates of the failure rate for a given part,, each of

which was an estimate of the true failure rate subject to sampling error. If
like pieces of data -zould be cobined then a more accurate estimate of the
true psimeter of interept cou.'.d be generated.

It %ould be apyealing to ccmbine only failure information that was from parts
of exactly tae same type, used in eractly the same application, and exposed
to exactly the sume enviro meatal 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 Ueny
of the pieces of data which were collected from a major generic paut type to
enhance the accuracy of the estimation and to provide ar, overall measure of
reliability when the observed di,'ferences are not statlstically significant.

The rules developed and used for combining failure data were based on engl ...
neering judgewnt, the number of pieces of faelure data for a given part type -

in a given envirormentp and the completeness of the iomenclature of the part
In the failure reports received. The first step was to pick out several high
usage parts and divide the bank of failure data on each given generic part
into several logical sub-part types. For example, electronic circuit connec-
tions were subdivided into crimped, soldered, welded and wire wrap categories.

* The data on each of these was then grouped by environmental application. At
this point in the data analysis, 99% confidence liar.Lts were calculated for
each piece of failure data. An example of this procedui:e is shown on the
facing page. Ten failure reports were availjble on thermostats used in a
round environment. The confidence limits were then compared for each of thej ten pieces of failure data. The decision as to which pieces of data to com-

bine to calculate ar overall failure rate was made by inspecting the span of
the individual confidence intervals. As long as there " any degree of over-
lap and as long as there was continuity starting from tae lower confidence
limit of the failture report with the lowest failure rateý then all these fail-
ure reports were deemed to be combinable. Where a break occur-.ed in the coL-
fidence intervals, it was felt that this wae, sufficient evidence that these
vwere pieces of data from parts with significantly different failure rates and
hence they should not be combined. To atpin refer to the example on the fac-
ing page, note that failure report number 3 covers the span from 0 to .913636
failuret er million hours. Therefore, failure reports 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 that of number 3 by going from
.082182 to 5.89971 failures per million hours. Also, the confidence inter-*•i vals of failure reports 6 and 7 partially overlap the group already combined
and they also include that of failure report number 8.

4-10



However, 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 eight confidence intervals. The data sources of these outliers were
used in attempting to determine more detail regarding differences of pert
type, test conditions or some other distinguishing detail that would account
for the different failure rates. At any rate the majority of line entries (in
this case all but 1 and 4) dictated which pieces of failure data would be
combined to yield 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 failure
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 7.7.

Example of Rules Used for Combining Individual Line
Entries of Data to Yield an Overall Failure Rate

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

Lower 99% Upper 99% Failure Rate (Failures
Confidence Limit Confidence Limit per Million Hour•)

Omit ----. 369.A3 1W83-15 %6.666
2. 0 .00797936 0
3. 0 .913636 0

Omit . 48-2643 "3211 .83 - 2 : :
5. .082182 5.89971 1.588
6. 4.94732 20.2451 ll.ll64
7. 4-.94732 20.2451 li.ll64
8. 1.22034 1.2353 4.76417
9. 0 .00797999 0

10. 0 .00797999 0

Step 2: Omit any line 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 failes of the remaining
line entries of failure data and calculate an overall failure rate
and 90% confidence limits.

Failure Rate = 4.08 failures per million hours.
Upper 90% Confidence Limit - 5.39.
Lower 90% Confidence Limit - 3.-13.
Total Part Hours = 8,8 6,900.
Total Number of Failures = 36.

4-ii
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I&.0 Data Analysis

4.4i Environmentoal Differences In Failure Rates

14.4.1 CaLCuLTiO ckF x FACTORS

Since the daia when grouped displayed significantly different failure rates
for given part typeo over various environmental applications,, k factors were

deve~d t refectthis effect~ of environment. on failure rate.

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

In the present data collection effort there is evidence that many nonelectron-
le part. 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 mature to yield individual part failure times. ThereforeL, the k
factors presented on the facing page represent "statistical differences" be-
tween grouped failure rates fo~r selected parts using the assumption of expo-
nential failure times. This method of calculating conversion factors is dic-

j ~tat~ed 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 is a necessary, although a
somehat unconventional practice, since approximately 80% of the failure data
collected on nonelectronic parts is from the airborne environment. This was
therefore the only enviromment on which failure data was available on the
overvbelbing majority of parts and this made it the logical choice for use as
a 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 laboratory applications are generally lower than airborne as ex-I pected. The inconsistencies in the table wherein laboratory failure rates
for soldered and wire wrap connections appear to 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 frcm static test firings of missile motors.

A special rule was used in generating k factors for environments where no
fadlures were observed. Upper one sided 90% confidence limits were calculated
In these cases and the midpoint b-tween zero and this limit was used as a
point estimate. An example of this is shown in the table on the facing page.
Ball bearings in the air environment have a failure rate of 6.44 failures per
million hours. This part type used for %6,980 hours in the ground environ-

K ment displayed no failures. The upper one sided 90M, confidence limit was
Si.21 failures per million hours. The midpoint between 0 and 4.21 was 2.1.

- Then 2.1 divided by 6.i44 yields a k factor of .3 as shown in the facing table.
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EWNVROWNTAE L APPLICATION FACIRS

low% Air
Failure Labo- Hell- Air, Sim. Sub.

Rate (kround ratory copter Ship Storage Ground Air manr i,*e Missile

Actuators
ydro c 378.58 .02

Bal6.144 .3 .001 -7 1

_•__ •-hi--,- V_-r__ble
Cer"Ic 21.o06 1 ,
Glass 10.75 1 .o1

Connections I
Soldered .035 .1 8 .2 I
Welded .052 .1 1
,ire wr.p .012 1 21

Ikl~a 1Ut ipir .98 1 .14 - I----Connectors .9 1 .11Coaxial 2.70 .2 .1 34
Rectanxd 22.20 .0004 .01 , . L

AC 113 . .0002
DC4W0.49 .4 2S . . . . .. . .............. .. . . . . - -.. . . . .. . .. . ..-- .. ..... 4 -..... ..... --... ... .. .- -... ... ... ..... . ... .... .. . .. . . .

GyrosFree-Dlrect•onmal 13 2 1,

FreeVria 1298 1 1.14

integrating 368.42 1 1
Rate 1 351.23 .5 .2 1 12

PumpsK_ __ _ _

Electrically Driven 321.12 .7
Engine Driven 664.93 4
Fuel or Booster 170.43 1 1

4Hydraulic .058 .0200012
Vacusm 770.614 1 l

• ...Rela~ysT
Arkmature 16.61 .8 .3 1 .4 .003 1.5

Contactor 9.50 .1 1
Rotary 73.33 . 1
Ther-m•l o .•1 .01 1 .2
Time Delay 27"17 .5 L ._.___ 1. .02

Resistor&, Va~riable
Ccmposition 18.61 .4 .01 2 .5
Film 5.34 1 1 1
WirevouM 9.914 .3 l .02 .01 1 6 34

Seals

Staiona~ry 67.58 .31

Puiabutton 21.39 1.1 .1 .2

Rotary 17.04 .1 .1 1

k,,-p-Action 15.33 .1 ,1 1 16
Toggle 6.91 .1 1 1

Synchr'o8

Control Recolver 139-72 .2 3 1 1 .01
Control Trenaformer 2.05 .1
Ctrol Tranitter .649 .3 .

ranks -

Commoss.4 OLO 1614.75 3
ftel Cells 160.78 1
Reservoirs 714. 30 9

Thermostates 258.21 .02 .04 .02

TraneduoewL 1
Pr~smae 81&8.57 _ _

Valves 9
Cbsk le0 8 -
control 138 13

Ubutoff 818.7 2
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4.0 Data Analysis

4.4 Environmental Differences in Failure Rates

4.4.2 STATISTICAL TESTS OF SIGNIFICANCE

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

When the grouped failure rates for a given part type used in several different
environments were compared, the differences 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

';X2 Y~r2+2

That is 2T1 is distributed as the ratio of two X2 random variables with

2r +2 and 2r2-2 degrees of freedom respectively. These degrees of freedom

were used because it was reasoned that the data collected in this study was
more likely to have been generated in time truncated tests rather than in
failure truncated operation.

Then under the null hypothesis that XI = k2, C is distributed as the F dis-

I tribution with 2rI + 2 and 2r2 + 2 degrees of freedom where r is the observed
Snumber of failures, and it may be used as a test of significance between

failure rates.

The facing page shows an example of the results of the tests of significance.
Failure rates of welded connections from ground and air applications were com-
pared. The ratio of Xground to Xair is the F ratio of .04 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 less than 1, the F.05 value from the table
(.36 in this example) is not to be exceeded in order to observe a significant
difference between the two failure rates. Since .04 < .36 it may be Eaid
that the ground failure rate is significantly less than that of air at the
F.05 level of significance.
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EXAMPILE OF F TEST FOR DETERMINING IF
NONELECTRONIC PARTS EXHIBIT STATISTICALLY

DIFFERENT FAILURE RATES IN DIFFERENT ENVIRONMENTS

Part Type: Connections, Welded

•X m D= .0022 failures/million hours.

x AIR = .052 failures/million hours.

Number of Failures (Ground) = 4 Deg, s of Freedom (Ground) = 10

Number of Failicres (Air) = 9 De -ees of Freedom (Air) - 20

F Ratio F.05

MOUND= .0022 .4 .36
4AIR .052 - .

Since .04 < .36, then the failure rate for welded connections in the
ground environment is significantly less than the failure rate for
the same type of connection used in air applications
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4.0 Data Analysis

4.5 Testing Prediction Models

f 4.5.1 mESSION MODELs

Since there ib evidence that the statistical methods required for use on non-
electronic parts are more complex than those conventionally used for elec-
tronic partp, a search was made for regression models with demonstrated use-
fuluess 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 valuable in estimating the life charac-
teristics of relays and switches. This topic and the two subsequent topics
discuss briefly the models, tneir use and degree of validation but refer to
the reference documents for detailed descriptive information.

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

Y = b b x b b3x + blx 2 *b2 2 x 2+b 2+ b3 2x+b
0 1 1 332 112 33 3 lx

1 b3xlx3 +b 2 3x2 x 3

where Y - the Weibull parameter of interest

x - the various operating or environmental stresses applied.

The model was developed by performing a central composite factorial design on
several different relay designs. The tests were run with varyin6 values of
contact current, actuation rate, and ambient temperature applied in combina-
tion. All other factors were held constant. The observed failure times were
distributed as Weibull with the general consensus of an increasing hazard
rate. Regression equations were calculated on the Wcibull shape and scale
parsmeters. These were then converted to stress versus Weibull parameter
curves. One such curve is shown on the facing page.

It was thought advisable to compare any relay data collected during this study
with this model for general agreement. Therefore, six pieces of failure in-
formation on relays vere found with enough detail as to operating and environ-
mental condttions to warrant a comparison with the present model. The six
points are I-lotted on the sample curve on the facing page. Confidence limits
were calculated by computer siymilation methods and did not show signIficant
differences in the Weibull parameter estimates The strongest argument in
favor of the model for further consideraTion is the fact that two separate
tests on the exact same rclay type yieldef: :,esults which agreed closely. it
might be possible that differences in relay desigu, or manufacturer would re-
sult in slightly different expressions for the regression equations but it is
expected that the same general Dthodology could be used in developing the
proper equations. The general model could perhaps be useful for other non-
electronic parts with Weibul.l failure times end increasing hazard rates.
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4.0 Data knalysM s

4.5 Tejting Prediction Models v'ir

4.5.2 TIME TRA SFORMATION MODLI

A prediction model based on the conventiona- k factor approach ased :or etec-
tronic pAr•ts has been shown to bv useft' in estlzating
tics of relays.

The models of interest in this topic were fully described In RAX TR 65-4l6
"Accelerated Reliability Test Methods for Mechanical and EL .tromechanical
"PNcts." There they were used for predicting life characteristics of relays
and switches at rated opezating and enviromaental conditic•a from tests per-

formeu at overstress conditione. Contact current, ambient temereture, and
actuation rate applied in combination were the accelerating stresses.

Thp failure times of the relays testpti were distributed according to the
Weibull with an increasing hazard a..te. Three models were tested to predict
part life characteristics at other stress levels. The convers-ion algorithms
for the three models are shown in tabular form at the top of the facing page.
The symbols in the algorithms are defined in Appendix 7-1. Weibull shape and
scale parameters from partEs tested at one set of combfrad stresses are used
in the algurithms to predict Weibull shape and scale 1arameters of the partr

if they were to be operated at other stres-s levels.

In the present study, data was d. -tht that could bt used in the three models
to determine if any of them were us._;. in the predi ztion of uhe reliability S

of nionelectronic parts. Exercising the models .r cý:«xirtd failure informaticon
from tests performed on the same part type at two dcbff ent ccnbined streus
levels from tests performcd at two different +' per-,-.

Data fulfilling these requlrcments was located in R :enccs 19 and Iden-
tical tests were run in 1964 %nd in 1966 on Struthert-Dunn 1¶-2-5 relays ut
different stress combinations. Two sets of results from ,acr. test were tried
An the three predictitwi modeis. The test conditions and the Weitxll &have
and scale parameter estimates used are shown on the facing page xn(.er t.
title "Inputs to Algoriths. "

The observed Weibull parameter tt-nates were tihen compared with those calcu-
lated in each of the three moue±s. Confidence limits were generaced by use
of a computer sinmrlation prugrax. The res,'lts shown at Jhe bottom of the
facing page Indicate that Model #5, featu4'ing a constant ratio of the hazard
rates at different stress levels is validated while the others are .,ot. Molel
#5 iu, in fact, the classical k factor nm.,A'1 used es a prediction mo el it.
thim expoxnent:'l case The reason for thE more complex algorithm is that the
SWibuil shape parameter Is generally not equal to I for nonel-' rcnic parts.
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Algo,. thms ,

N ____

MoTdel Nr. 2 n N/ýA VA N *
Cumulativn o allureA

Distribution

MNoel No, 4 A

Transfor~mation on AN ) P I

Hazard Rate. OAA-. A\

Model No. 5
C or.stwant Ratg"o ofý A
ifazard Rates 6N

Inputs to Algorithms: Source

MN 7.57 x l1 oil 4.15 npeff-rence 53
(I0 amps, 5 cyclee/min.,
7 5 c)

aA 4.83 x £01 3  WA = 2.65 Reference 53

A.(13 amps, 51 cycles/mmn.,

1250C)

1 21 x 18 1.54 Reference 19

SA (13 amps, 51 cycles/min.,

1250C)

New Ncr.a2. Stress Weibull P.irameter Estimates:

Observed Calculated

Reference 19
(10 &xrps; 5 cycles/min., 750C) Model No. 2 Mlodel No. 4 Model No. 5
r..90 - "lO31

0 1010 11016

o 70 x 1019 6.99 x l0o 6.6 10 2.4 x lo 16

N

13
n.10 6 x 10

0* A -9

- 3.62 2.41 2.03 3.04

A' = 2.57
0.13
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4.0 Data Analysis

4.5 Testing Prediction Models

4.5.3 RADC FELIABILITY NOTE.BOOK, VOQUME II, RELAY MODEL

The model for predicting relay failure rate in the RADC Reliability Nctebooh,
7ý .iume I, requires further development of relative reliability grade level
to extend the flexibilitz of .ts application.

TThe failure rate prediczion models in the RADC Reliability Notebook, Volume
SII, >DC TR 67-108, were exercised using as much sufficiently detailed infor-
mation as had been c'llected in NEDCO and the resulting failure rates were
compared to th*se ootained from the actual testing. Data of sufficient quali-
ty, i.,, with known detailed part descriptors and operating parameters, were
Pound for relays and switches, only two rf the parts studied In the RADC Re-
liability Notebook, Volume II. The relay model is discussed below and the
switch model in the next topic.
The failure rate prediction model for relays is given by the following equa-

tion:
. 4 (T x -7 x r, T1V X

R b "L C E cyc T

= basic failure rate dependent upon operating temperature and

b temperature rating of the relay

- factor based ca load and percent rated resistive load

-TTC - rutor based on quantity and form of contacts

7 - factor based on ccnditions of environmental service

TT |yc" = factor based on cycling .ateSi • cyc

m factcr based on relay family type and construction.F

* Actually, twu different relay equations exist since in the PADC Reliability
Notebook, Volume II, differentiation is made tith respect to reliability cbar-
acteristic3 by giving different multiplicative factors for upper and lower
limits of relay reliability grade. in the figure opposite and in the com-
plete table of calct.Iated result3 given in the Appendix Subsection 7.2, ref-
erences to th.! uptýer and lower reliability grade levels are made by the supex-
scripts U and L xcepectively, on certain fa;'-ors in the model. In ctses wkere
the com.:lete information demanded by the ;aodel was not provided by the data
Cource, either operatio2 Rt r..ted conditions was e-suimed or the limiting val-

Sues for the factors in the equation was used. The effect produced is to make
j the upper reliability grade 2stimate of failurL rate at least as low as the

missing info.matlon could uL-zke it. And, of cour.e, qbe lower relisbility gxs
estiymat of failure rate at least as iLih as the missing information culd
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make it. So, this conservative practice widens the gap between upper relia-
bility grade and lower reliebility grade estimates of failure rate.

The figure below presents a typical calculation of the factors in the relay
model and the resulting failure rate prediction (in percenm per thousand
hours), obtained. Also given is the observed failure rate X (in percent per
thousand hours), from the sourcc of the data. Data used to *enerate the nu-
merical factors for this example came from the Hughes-conducted study, Accel-
erated Reliability 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 multiplicative factor T. is limited in the Notebook by a maximtum
ratio of load to rated resistive load of 1.0.

One notes in the figure below that the dominant multiplicative factor in the
prediction model is fcyc, the factor detperrined by cycling rate. Particular-
ly for high cycling rates does the predicted failure rate X reflect the mod-
el's sensitivity to 1Tcyc; for, as the cycling rate increasel, the gap between
the upper reliability gade cycling rate factor, T1 Uc, and the lower relia-

cyc'c
bility grade cycling rate factor, TT ee, widens so that a wride range between

'land XL is produced. In such cases of high cycling rate tests especially,
ess Ole is certain that the relay he is using is of the upper or lower

re.liability grade, as defined by the Notebook, he must arbitrarily decide
which value between the relatively widely separated predicted failure rate
limits is applic~ble to his relay. Note that in the example given below, the

ratio of XR to XR is 144. Certainly, it would be difficult to obtain a fail-
ure rate prediction for A relay which did not conform in its relevant data
exactly to the Notebook definition of either the upper or the lower gade of
reliability. A quant te~tive measurement of the degree of reliability grade
of the relay is needed so that one may, with some authority, select a value
be tween tbe upper and lower grade reliability level failure rate limits kset
by the Notebook.

A is expressed in failures per million operttln6 'CX.rs

Factors in Prediction Equation

IT,-e.c TL Observed

.0025 5 3 1T 2 3,600 129,600 15 65 9,7y20 Fir04R2

Typical Calculation of Relay Failure~ Rate
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4.0 Data Analysis

4.5 Testing Prediction Models

4.5.4 RADC REIABILJTY NOTEBOOK, VOLUME II, SWITCH MODEL

The switch failure rate prediction model in the RADC. Rel1ability Notebook,
Volume II1 requires development of a guide to relative part reliability grade
to increase its utility.

NEDCO-collected data of sufficient detail in part description and operating
conditionis was used to exercise the relay and switch models in the Notebook.
The relay model is discussed in the preceding topic and the switdi model dis-
cussion is given below.

Only data on single-body type switches was tested in the Notebook model. The
Smodel for predicting single-body type switch failure rate is given by the

"following equation:

sw b b(cyc x rC xE xG

where ,W predicted switch failure rate

b - 1base failure iate dependent upon switch construction type
b

Tr factor based on on-off cycling
cyc

T -C = factor based on contact form and quality

TTE - factor based on condit.4 ons of environmental service

TGT factor based on upper and lower reliability grade.GI
A typical comparison of the predicted failure rate and the observed one is
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
Methods for Mechanical and Electromechanical parts, Technical Report No. RADC
TR 65-46.

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 ws found to lie between the Notebook predicted lnits. Still,
the ratio of the higher estimate of failure rate to the lower one, \%L/X u,

SW
given by the Notebook, is so large ir cvery case as to suggest the need for
some quantitative guide to selecting failure rate values beLween the liud.ts
set by the Notebook.

4-22

I . . ........



X is expressed in failures per million operating hours

Factors in Prediction Equation

GIG 1r YTT XExUL Observed
G G cyc E SW SW x

-.05 .07 36 4,200 1.75 1 2.57_ 1,323 2,124.3

Typical Calculation of Switch Failure Rate
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4.0 Data Anulysiq
4.6 Failure Mode Analysis

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

In soliciting failure information for this study on the reliability charac.-

teristics of nonelectronic parts many reports were collected that contained

detailed failure mode data.

It was therefore decided to analyze this body of information to determine if
there were 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

most frequently occurring reason for failure for each environment on which
detailed 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-I sion that for the nonelectronic parts on which failure information is availa-
ble., there appears to be no great difference in failure mode when the part is
used in environmental applications of varying severity. This is probably a re-I flection of the fact that most nonelectronic parts are designed specifically
"for a given function in a specific piece of equipment as opposed to being off-
the-shelf items specified for a 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 mere personalized input to an equipment de-
sign.

There are specific instances of failure mode changes over environment whichI are evident in the information presented or the facing page. For example,
relays fail most frequently because of open contacts in ground applications,
while in high vibration appli~ations such as helicopter, simulated missile,

.end laboratory (accelerated tests) the major cause of failu.re is arcing or
unstable operation. Relay designers have attempted to remedy this situation
by specifying bifurcated contacts so that at least one of the two contact sur-
frces can keep the circuit z2osed during high vibration applications. The

failure reports on which these failure mode changes were based were not de-
tailed enough to describe whethlr these contact configurations were used in
the high vibration environments. It would appear, however, to b" a reaFonable
dpsigr, Widellne for inclusion into the li-t of design tradeoffs when p-pecify-
ing relays for severe environments.

3witches clisplay the saime type of failure Tode c'hange as do relays in going
frum iground to high vibration applicatiotsw All the cther nonelect.oric parts
on which failure mode :ata were collucted were not greatly affected by environ-

went.al Changes.
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Predominant Predominant
Bearings Failure Mode Switches Failure Mode

Air Excessive Wear Air Mechanical Damage/
Ground Excessive Wear Failed to Operate
Helicopter Scored Ground Open

Lab Drift/Unstable/
Actuators Erratic

Air Leaking Simulated Drift/Unstable/
Ground Leaking Missile Erratic

Helicopter Leaking Tans

Connectors Air Leaking

Ground Open/Intermittent Helicopter Leaking

Missile Mechanical., Damage Thermostats

Generators Air Output Low

Air Excessive Wear Ground Drift

Helicopter Shorted Transducers

Eums Air Out of Tolerance

Air Leaking Helicopter Out of Tolerance
Ground Leaking Lab QOen
Helicopter Leaking/Improper Missile Output out of Toler-

Operation ance

elays Transmitters

Ground OPen Air Out of Tolerance
Helicopter Arcing Helicopter Mechanical Binding
Lab Drift/Unstable VThlves
Simulated Drift/Unstable -_.lve

Missile Air Leaki ng

Resistors, Variable

Ground Drift
Simulated Air Noisy

PrEdominant Failurc Modes for CerLain Part-Environment Combinations

4-



4.0 Data Analysis
4.7 Relationships Between Failure Rates and Stresses

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

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

Most of the part reliability information collected was presented as though
the failure rate was constant over time. The efforts to establish stress
versus failure rate were therefore made using this assiunution with its atten-
dant high risk of error. The failure rate was viewed as the dependent varn-I able and the operating or environmental stress was treated as the independent
variable. Computer programs were employed to establish the equation of theI line or curve of best fit by the method of least squares. Linear fits were
attempted with equations of the form y = a~bx where y was the value of the
dependent variable (in these cases, failure rate). Non-linear fits were at-
tempted with curves of the form y = aebx and y = axb. In cases where temper-
ature was the independent variable the conversion was made to the reciprocal
of absolute temperature for analysis as well an 'C. No fits were attempted
where less than five data pcints were available.

Failure rate and operating and/or environmental information were compared by
these methods on the following parts: For relays failure rate versus ambient
temperature and versus relative humidity were compared. For switches, fail-
ure rate veru.i ]percent of rated current, ambient temperatui -, and relative
humidity were studied to cletermix.e if a relationship could be found. For
fans, the effect on frilure 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 page.
Tests of significance using the ratio of the stress sum of squares and the
residual mean square as frdctiles of the F distribution indicated that none
of the relationships were statistically significant.

The meaning of this is doubtless a reflection of the quality of the detail
of the date which were collected and of the assumptionb of exponentiality
imposed by the manner of data collection rather than proof that no relation-
ship exists between part life and strets level.

There is evidence in the literature that part. life vwersus stress relatio:-
ships can be successfully stated. References 17, 19, 43, 44 and 53 are exam-
pies of this methodology. The suc essful use of these methods requirev the
recordtng of indiv!,ual part failurt times at each of bevtral stress lIe2vels.
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*F Ratio F05
Relays

Failure Rate Versus Temperature, n 1.2

Equations:

Linear y = 23.8 - .23x .05 4.96
Exponential y = 13 exp(-.002x) .000 4.96
Power y = 9.4x-- .012 4.96

Failure Rate Versus Relative Humidity, n 7

Equations:

Linear y = -25.3 + .9 6x .780 6.61
Exponential y = L.22 exp(.029x) .001 6.61
Power y = .l03xl.lbI4 .84I) 6.61

Switches

Failure Rate Versus Rated Current, n = 6

Equations:

Linear y = 171.6 - 2.62x .•172 7 71
Exponential y = 73. exp(-.03x) .000 7.71
Power y = 114.2x--5 2  .001 7-71

Failure Rate Versus Tcmpprnture, n = 14

Equations:

Linear y 66.76 * .35x .005 4.75
Exponential y ý" 2-).46 exp(-.Olx) .,OC0 4.75
Power y 92.14x-. 44  .000 4.75

Failure Rate Versus Relative Humidity, n = 3

Equations:

L near y 439.6 - 5.7(x .214
Exponential y 10.02 E.xp(.003x) .000 5.99
Power y 9 .009 .

*F flatio nust exceed ,g for Aityfifcaric.

urdnary of Y-J.i.urc. Rate Versus :,tr Is,

27 28
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"• ,.C Conclusions

The general conclurions based on the findings of this study are that much
failure data is available on nonelectronic parts although 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:

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

* Much more data is available on nonelectronic parts. It ws 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.

* More failure data is recuired on certain part types and on certain
environmental applications in order to yield more accurate estimates
of the reliability characteristics or. the whole spectrum of parts and
application and to enrich the data base on nonelectronic parts.

* The statistical methods of reliability in generil use for electronic
parts must be augmented for use on nonelectronic. parts whose failure
times are distributed according to other than the exponential distri-
but i on.

* Three reliability prt tion models were tested for use with nonelectronlic
parts. Although none them were completely v&LJdated, each demonstrated
enaugh promise that th,. _t further investigation and refinement for
develoyment into useful is for nonelectronic reliability.

* The data collected during this study effort were not detailed enough
to &llow the establishnment of the relationships existing 'between part
life and operating and/or enviroi:,mental stresses.
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6.0 Recormendatiuns

The findings of tois study together with other significant contributions to
the field of nonelectronic reliability should be incorporated into a Handbook
of Nonelectronic Reliability.

In addition to that statedi above the following actions are presented as
recomiendations based on the findings of this study:

"* Religbility data on nonelectronic parts must be- collected with more
detail regarding individual part failure times, part descriptions,
a-& operating/environmiental stresses.

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

"• More exact failure dta should be generated and analyzed in order to
establish the relationships existing between the life of the various
nonelectronic part types and the operating and environmental stresses
under which they are used.

" The current data buse should be au~pented by collectind more failure data
on certain part-enviromnent combinations.
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V

oection 7.0 Appendix

SlbAection 7.1 Algorithi tlor Calculating Life Expectancy at Manufacturer's Rated
Stress Conditions a N, / -.

* / _L

ModeI2 N A 1A~ ~ Z 3 A*

I N J3~ ON 4) N )Model 4

AP

where:

i =estimate of Welbull *Wle parameter for parts if they had been testedat namdactuter's rated operating and environmental stresses

estimate of Welbull shape parameter for parts If they had boon tested
at wamnfscturer' s rated operating and environmental streoses

a'A - estimate of Weibull scale parameter obtaimnd from a current test run
at accelerated stresses

= estimate of Weibull shape paranIeter obtained from a current test run
at accelerated stresses

N= estimate of Weibui scale parameters from a previous test run of
parts operated at nanfacturer's rated onditions.

AN stimate of WeIbutl shape parameter from a previous te* ran of
switches operated at manufacturer's rated conditions

XA esi mate of WelbU scale parameter from a previous test run of
switches operated at aeoslerated stre oonditions 1 2

sA "iamate of Welbull s-ape parameter from a previous test run of
switches operated at acoelersted stress conditions.

7-1/-2
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Section 7.0 Appendix

SI Sub-Section 7. '2 TESTING RADC RELIABIIJ.TY NEBOJOK., VOWJME II, RELAY FAIUJRE
RATE PREDICTION MODEL

Example 1

Data Source: Relabilit. Evaluation Report Model 410-26 Relay,
Teleidyne Precisin n .i ~ iTell• Prcsion---- Inc.,- uly 2 , 1904.

Description: Relay is 1259C rated run at 125'C with resistive load
at 100 percent rtting; SPUr .ontacts; operating in a laboratory en-
vironmen+ at a cycling rate of 1 cycle lwr second; balanced armaturr.
general p.rpose (0-5 amp).

XIs expressed in failures per million operating hours.

Xb - 0.0065

"L 5.0

T1 - 1.75

' 1.0
Lf

" 2.0

. ~U =360 •
cyc

SL a 1,296cyc

U
7F i5.0

4 L- 10.0F
XU 102.4

RXL U 4.4AkL R, 7 R
R 1,~474R

Observed X - 207.4
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EXPmCle 2

D •ata i Scha Neefer, o. and Yurkowsky, W., Accelerated Rellabl4it
V Nonelectronic Parts,, Tec~hnica~l RepoiF!-N RFliT66-l425,VI 1966.

SDe•riaon: Relay is 125*C rated run at 25*C with resistive load
at = Peeat rating; DPIVr contacts; operating in a laboratory en-
VITOment at a c cling rate of 1 cycle per second; balanced ei-mature

cnaer" Pumpoe (0-5 my.

A is expressed in failures per million operatirW hours.

b 0.0 01

:'" I TL -5.0

TV 100

TV-L -2.0

U

1 L 109
cyc

ff - 5.0

4 L - 10.0
F

S297 /

L

Observed X -7.,982 (Manufacturer A)
II-1,,975 (HAnuafacturer B) L

41',139 (mmmfacturer c)

-3PO81 (Manufacturer)

IA

---------- _ _ _ I



Exarmiple 3

Data Source: Schafer, R. and Yurkowsky, W., Accelerated Test Methods
for Mechanical and Electromechanical Parts, Technical Report No. RADC-
TP-65-46, July 196L

Description: Relay is 1250 C rated run at 25°C with resistive load at
i00 percent rating; DPDT contacts; operating in a laboratory environ-
ment. at a cycling rate of 1 cycle per second; balanced armature general
purpose (0-5 amp).

X is expressed in terms of failures per million hours.

Xb = 0.0011

TL - 5.0

TTC = 3.0

- 1.0

E - 2.0

UTV - 360
cyc

L
TV = 1,296

cyc

F. in5.0
•F S= i0.0

xUR = 29.7 /
T R

Observed X - 5,327

7-5



Example 4

Data Source: Schafer, R. and furkowsky,, W., Accelerated Test Methods
fr• Mechanjoal and Electromechanical Parts, Technical Report JNo. RADC-

31i65-46 uly 163

Descipton.: Relay is 1250C rated run at 100*C with resistive load at
i00 percent rating; DPTT contacts; operating in a laboratory environ-

ment at a cycling rate of 1 cycle per second; balanced armature general
purpose (0-5 amp)

i Is expresed in terms of failures per million hourb.

S' kh - 0.0025

"L 5.0

• ' "C 3.0

flU -1.0
E 9

?Tr -2.0
E

I .. U -360
cyc

T•T 1,296
cyc

S7-6

TVU 5.0F

7 -10.0

)Y =67.5 ~ L
X X 14.4

Obi~n-v~d X -5,3o4.6

7-6



Examapie 5

7ata Source: Schafer R. and Yurkowsky, W., Ac eeraqlvtt zczI
Thr Mechanical and Electrwiechanical Par-ts, irrcý t 7om

W-&546,July Týý5,

Description,. Belay is 12500 raze-d run at 1Y) 31a Kt
100 percenrm rating; DPTI~ contacts; &Derat-ninr c 2, a týb m2atmcY3 n
ment at a cycling rate of 3. cycle per- s-ecorcc c2±alinced ~'2 ~
purpose (0-5 amap).

Xis express-d in te~rms of failures per mPrýin~ hotrs.

Xb =0.03

TT, =5.0

% =3.0

71 B =1.0

=2.0

U17 Ca 36 0

IT";J 1,296

TTU

it 10.0

=~ hC14L

pI-



Example 6

Data Source: Schafer, R. and Yurkowsky, W., Accelerated Tert Methods
for Mechanical and El •tromcchanical Parts, Technical Report No..-A-

• { 'l~tgS-•6',July '95

Description: Relay ig 125*C rated run at 25 0C with resistive load at
100 percent rating; DPDT contracts; operating in a laboratory environ-
ment at a cycling rate of 10 cycles per second; balanced armature
general purpose (0-5 amp).

Sis expressed in terms of failures per million hours.

- 0.0011

'L =5.0

"C -3.0

C
SUE -1.0

E
=2.0

Itf ?TU i3 ()()
eye

TTL -129,600
cyc
U
*•F -5.0

TL =10.0

R
• X. =42,768 /

Observed X - 101,904

7-8
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Example 7

Data Source: Schafer, R. and furkowsky, W., Accelerated Test Methods
for Mechanicl and Electromechanical Parts, Tech-iical Report No. RADC-
TR-65-L6, July 1965.

Description: Relay is 125*C rated run at IOOC with resistive load at
i00 percent rating; DnDT contacts; operating in a laboratory environ-

ment at a cycling rate of 10 cycles per second; balance armature
general purpose (0-5 amp).

X is expressed in terms of failures per million hours.

Xb - 0.0025b

Tr -5.0
L

ITC 3.0

E -1.0

TIE 2.0

U
T cyc

TI L =129,600=
cyc

Tu - 5.0
F

TIL -10.0

R U

R 97,920 ~RfR

Observed X - 20,42

7-9
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Example 8

Data Source: Schafer, R. and Yurkowfiky, W., Accelerated Test Methods
for Mechanical and Electromechanica1. Parts, Technical Report No. RADC-
T.-65-4.6, July 1965.

Descriaton: Relay is 125*C rated run at 150*C with resistive load at
100 percent rating; DFT contacts; operating in a laboratory environ-
ment at a cycling rate of 10 cycles per second; balanced armature
general purpose (0-5 amp).

X is expressed in terms of failures per million hours.

Xb -0.03

1L T 5.0

"IC -3.0

E

IT1' -2.0E

i-i

TYcyc =306w
TV 129,.600
•cyc

nU =5.0

, ii

"'Observed X 30.,956

i ~7-10--



Example 9

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

Description: Relay is 125°C rated run at 250C with resistive load at
100 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). -5

X is expr.;ssed in terms of failures per million hours.

Xb - 0.0011

17 -5.0
L

T C =3.0

TTU- 1.0

E - 2.

, U -10,800

I L . 1,166,400o
cyc

t7U
F 5.0

3. -0.0
F

XR-384.,912

Observed X~ 965,414
4

o!



0.0

lxxmlie 10

Datm Souraes Scbafer, R. and YurkOWSky, W., Accelerated Test Methods
an lgnohia Part.* Technicl3 Repert No. MDW-TR-65-46 July 19651. Tc et • W.

Deftrptim: Relay Is 1250C rated run at 00*C with resistive load at
20O perc ratingj DP• contacts; operating in a laboratory euvfron-
mrnt at a cycling rate of 30 cycles per second; balanced am*ture
gneral purpose (0-5 sp).

A is eswessed in terus of failures per million hours.

.• = 0.0025

IfL - .0

1Te -3.0

I• - 2.0

USU-10..800

ff L 1 1tl66 4W
eye
nu166.00

f - 210.0

L L=874.,8W0:

Observed X -69,763

7-12
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Example 11

Data Source: Sc;afer, R. and Yurkowsky, W., Accelerated Test Methods
for Mechanical and Electromecluanir;& Parts, Technical RJeport Mo. ADC-
TR-Z5-46, July 1965.

Descrtipton: Relay is 1250C rated run at 1500C with resistive load at.
100 percent rating; DPiT contacts; operating in a laboratory environ-
ment at a cycling rate of 30 cycles per second; balanced armature
general purpose (0-5 amp).

X in expressed in failures per million hours.

X 3= 0.03
b

"C = 5.0

TE -3.0

4It"- - 1.0E

4 2.0
. U - 10,800

cyc

it L - 1,166,1O00
eye

TuF - 5.0
F

- 10.0

1432 5

-L 10,-97,6W

Observed -a 60D8,572

4I

0 713
ff

____ ___ ____ ___ ____ ___ ___ ___ ____ __ now
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2=02 32

NPiwe te Data L ''ARADA',j June 1967

ft a_ tIU: Relay run at 85C with resistive load at 100 percent
Mcontacts; operating in. aaboratory environment at a

"ey.ns r•to of' 21 eycles per zndixte; sen.itive (0-5 aMp).

SIs ezpeessed i2n fail=re per mi• ion hours.

"A "0.0065
b

- 1. 85*C rated relay.
2. Limiting values of F used,

0ince construction type is
Pz unknown.

- L ,' •.-T6

.2.0

1470.0

b R = 12,600

7-k 0

. . . . .. • : .. • - = - .. .,,, .•-' .. . .. .



Fxample 13

Date Source: Ftilure Rate Data (FARADA), June 1.967.

Descrilýion: Belay run at 52°C with resistive load at 0.05 percent
rati'n; DP• contacts; operating in a laboratory environment at 2
cycles per second; latching (0-5 amp).

A is expressed in failures per million hours.

-b = 0.0015

rr - 1.0

•c - 3.0 Assumptions

f- M 1.0 1. 125°C rated relay

2. Limiting values of TT used,
") 1E 2.0 since relay construction type

is unknown.U 72D
•cyc 72

-5,1814

202

F•

AU - 16.2

LI
- 933.1

Observed X-288

7-15



~Al

•It

a!l a 2M : Fa~ilure Rate Date (FARADA), June 1967.
" .• " on: Relay run at 125 C with resistive load at 1W0 percent
?*•I i• prating in a laboratory enviroment at 22 cycles per minute;

lat g • = (o-• sw)

X Is exzessed In failures per m'IIon hours.

- 0.0065
i• .Tr . 50,,

ITC (MUsIts are 1.0 and 8.0)

1. .125C rated relay.
2.0 2. LWiting values fori C used,,

V since relay contact fcra and
V 139 quanti~ty Is unknown.

L . 3. Limiting values for 1? used,I7C since relay ccmstructron type
Is0 unknown.

51.06

2D.0

21.



ZxmzPle 15

Data Source: Failure Rate Data (FARADA), June 1967.

Decrpti, : Relay run at 125*C with resistive load at 100 percent
rating; cperating in a laboratory enviroiment at 22 cycles per minute;
time delay (0-5 amp).

XIs expressed In failures per million hotrs.

Xb 0.0065

I -5.0
L

iTC - Oknits are 1.0 and 8.0)

- 1.0 Assumptions

.2.0 1. 125"C rated relay.
1 2. i~miting valunes for IT used,

U since relay contact for& andY7 ey 132 quantity Is unknown.

L 174.o24&
cye

nu~ .9.0

.r- 12.0

U 3.

ý ~ x/XU;28.2
-1,087.3

Observed X 924

t-IJ 7-17



t•; i'¸-r• k .. .

I

Diti Source: Final Technical Reot Task II, Statistially Desiped
M--o o Integral Capsulw, ReaEys, sIile Pole Double-Throw

Test Models. General Electric, Contract No. DA 36-039
WC-70937, June 1963.

P Relay run at 25*C with resistive load at 63 percentSP contacts; operating in a laboratory envtronment at acycling rte of 30 cycles per minute; azmature general purpose
(0-5 ,,p).

X ib expressed in fhi~n's per million hours.

b

Mc .7 Assumptions (
-.l O1. 125*C rated relay.

• L -23.0

I:1 ; -7.2
Tf - 20

E

ueyIi9 AL:::

7-18



Ds ta Soi-- s&~F Teecz&2&i 7711

Engitneeni rg ':,est Models, UesneraZ! LUerclx Coi- tt% TR.

jQ4tizon Rela;y .ran at. ZtCd e,~ r6izr Lc~ t3. ;vý'.z:v~ -

*ratc Ci:, IU2G~ perAA jm- 1fl ' -ax;Wý"

i.s e:x.revssed :1n £atrsper i 2zari:.

Lj
7t5Asurtn

TT,



Example is

Sowe rinal Technical Rewcut Task 11, Statifstice~lly Designed
En• a~i•Teit 9oea, General Electric., Contract No. DA 3M-09

0c7937,, June ]93

DesEM'Ion: Relay run at 125"C with resistive load at 63 percent
at,:nV SM contacts; operating in a laboratory enviroment at a

cycling rate of 12 cycles per minute; armature general purpose
(0-5 gap).

•' in expressed in failures per million hours.

XI -o=65

"c - 1.75 Assumptions

1. 1250C rated relay.

L

lTL -6.0
= 6 . 70 X U 2

I H

observea4

_j~



Example 19

Data Source: FinaI Technical He ort Task II, SSttisticaUZ Desiped
Expertment of Intega1 Casular Relays, SinM3e Iole Double-Throw
Engineering Test Models, General Electric, Contract No. DA 36-039
SC7893T, JTte 1963.-

Description: Relay run at 1250C with resistive load at 63 percent.
rating; SPM contacts; operating in a laboratory environment at a
cycling rate of 30 cycles per minute; armature general purpose
(0-5 amp)-

X is expressed in failures per million hours.

Xb 0.0065

T'. -,1.9

TC - 1.75 Assumptions

1. 1250 C rated relay.Tr- = 1.0
E

TTJ a2.0
E

7U =180
cyc

SL = 324
cyc

U
7F = 3.0

L = 6.orF

XU = 11.7

L - 84 XR =ý 7.2

Observed =779

A

72

7-21
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ZXample 20

DNSa Source: Final Technical RePOrt Task IUl Statisti l _Dealined
Lo e CPole Double-Th--row "

ee -TestModelsGene Eoect,0ct c, ontract No. DASO-7093"T, June 19b3.

D EA~ on_: Relay run at 75"C with resistive load at 100 percent
Scontacts,; operating in a laboratory envfroment at a
cycling rate of 60 cyclea per minute; armture general prpose
(0-5 amp).-

X- is expressed In failures per million hours.

Mb - 0.0016

-5.0

"c - 1.75 Asstg ionx1. 1250C rated relay.
7T- -1.0

-2.0

UI
ffcy a 360

y L - 1,296cya

•ff - 3.0

F S-6.o

~ 15.1

.1. =217.7

Observed X - 6,349

7-22
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Example 21l A
Data Source: Final Technical Report Task III Statistically Designed
Expe:±ment of Integral Casular Relays, Single Pole Double-Throw
Elnine~ertnK Test Modelso General Electric, Contract No. DA 36-0p9sc,--,73T7, June 1b3.-

Description: Relay run at 75"C with resistive load at 50 percent
rating; ST F contacts; operating in a laboratory environment at a
cycling rate of 60 cycles per minute; armature general purpose
(0-5 amp).

. is expressed in failures per minion hours.

X o=.016
b

1-15

" -C 1.75 AssunmponsCU .0 1. 125C rated relay.

- 2.0

U.U -360c•y
SL
ey .296

T- =3.0 •

- - 6.o

6e. 2

7-23
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U&Icape 22

"4n Source: M~zal Technical Repr Task Il. Statisticall Designd

j esalion: Relay run at OOC with resistive load at 10percent
Lw; SPMcontacts;3 operatin~g in a laboratory environment at a

Gcrling rate of 60 cycles per minute; armature gener'al purpose

)is *x~ess~d In failures per million hours.

"b 0.001

AL 5.O

ffT 1.75As in

- 1.01. 125*C rated relay.

-2.0

TU 3

IT .1,296

4 6.o -T



0

Example 23

Data. Source: Final Technical Report Task 1I Btatistiall Desiadl•Epe -''of Inteig~ Capsu RlaryEs, SM gle Pole Double-ThO

E .neerI Test Models, Qeneral Electric. Contract No.D 39
SC-789T,v June 1963.

Descrirtion: Relay run at 150*C with reelstive load at DO percent
rting; i PIT contacts; operating in a laboratory environment at a

cycling rate of 60 cycles per minute; armature general purpose
(0-5 amp).

SIs expressed in failures per million hours.

)b "0.03
b

"fL -5.0

-f 1.O5
1. 125*C rated relay.4

TU -1.0

2-.0

1 U 3
cyc

Lff 1,,296cyc

S 3.0

rr-L -6.0

Observed - 2i338

0 T-25

N 4 I . .. . $[ . ... . . .. 4. .1 -



i aIýeZi

21go" ons *Uy r ut 5*C ith reuistive 1*4A at 100 percent1*I Manwtjoutn in & labom'tory envfrominent at &
Cyclng ateof 22 1/2 cycles per minute; aiwlaire gnewzal zurpose

)is expressed in failures per million houars.

1 .o00oi6I

I L1 * .7~1. 125*C rated relay.

.1.0

I v~-.2.01

ftU - 1351

ftL 82

eye

ffU- =3-
F

R 30.6

Observed w2*210I _ _ _ _ _ _ _T-_ I
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Example 25

Data Source: Final Technical Report Task II, Statisticall; Designed
Experiment of Integral Capsular RelasSingle Pole Double-Throw
Enineering Test Models, General Electric, Contract No. DA 36-039
SC-78937, June 1963.

Dsrion: Relay run at 75*C with resistive load at 100 percent
rcontacts; operating in a laboratory environment at a
cycling rate of 160 cycles per minute; armature general purpose
(0-5 amp).

X is expressed in failures per million hours.

- o.oo16
b

"- 5.0

r"C - 1.75 Assumptions

' 1. 125*C rated relay.

iT -96.0
TT - 2.0

E+

cyc

cyc 9,216

U

TTF in3.0+•

= -6.0 <

R- 3/x+ -38

k 1,l5J48.3~

Observed X - 4,151

7-27
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2.T

AMIY Technical Report ZC-62Mt

j*!SI~q:Relay is 22900C rated run atý 25% with, r isative Iced 4ta

TO Prcet raiM P~fcontactsi olperatizag it a ,IbovmtcrLy, *nvfLrm-

sent t a ycliug r teo 1)' cycles per mixat~eS blaanced armtua'e

A.Is mpressed, in taibwes per million hours.[

0- 00011

L 2.13

T - 1.0

- 2.0

~L
eye

4L -6.0

-1.19

T-28
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Exwple 27

Data Source: Fontana, W. J.,, Life Expectnc• of a New Miniature Power
Rea, Technical Report ECC(4-2692, March 1966.

Descriptlon: Relay is 1250C rated run at 25%C with resistive load at
70 percent rating; DPDT contacts; operating in a laboratory environ-
ment at a cycling rate of 51 cycles per minute; balanced armature
medium power (5-20 amp).

X is expressed in failures per millior hours.

x - o.oo0 U

"TrL - 2.15

ITC "3.0 !

- 1.0

1rL -2.0

UYr -306 -

cyc

L 9cyc 93636

"Y1U 2.0
F

rr = -6.o

=18.4
-79.55 :

Observed )- 5,,276

j 7-29
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baw . 28

Data Source: Fonba, W. J., ife Expectancy of a Nev Miniature
SZ Tec Report ECO -2 92,, M r 1966.

Deme~IZon: elay :is 125'C rated run at 125°C with resistive lead
at 70 piren~t ratim DPD contacts;m operting in a labmratory

enmvi-onmmTt at a 0yclIn, rate of 1.4 cytles per minmte; balanced
amituxe mftim Pwer (5- 0 Mp).

X~ ise~ees in faiblues per million hours.

- 0.0065

TV " 2.15

"fc -3.0

1.0

TIU - 2.0 1TL

/ • 76.o•

Observed 1,7T50

i7-3



Fxsazpe 2.9

Axta3ur -ron'.mm W ., :Life Exrmetanrey of k New iehiilatuvrz

tun~nt at ai c-yzttng rute of 571 c-r-e8 tuz 1;:c;t~ttct ~z
* ~me&lum 'power (.)amp).

X s nies sed in failures per million, tcýi

C)a 065b

.15

V- 2.0

S936.4G

2-

a 21
1- 4 u

A -. ;,.,".A



ntowmle 30

Data Source: ftnt~xr~a, W. J., Life Excan of a New Miniature
Paver elar Tctchnical Repart ECC(M-wg9 £bMarch 19W7

Description: Relay is 125% ra~ted run at 75*C with resistive loed at,
100 percent rating 1;PDT conutacts; operating in a laboratory envi-on-
ment at a cyclivg rate of 32-112 cycles per minute; balanced artwture
madium power (5~-20 am~p).

X Ia expressed in fti1ures per nd.Uion hou~rs.

O-W0016

T -3.0

2!-.0 -E

-rU 195

cyc

-TF 2.0

I1  6.o

'R 109.5 RI

ti'bserved X-6,094i

7-32



Example 31

Data Source: Fontana, W. J., Life Expectancof a. New Miniature Power

Rely, Technical Report ECOM-2692, March-1966.

Description: Relay is 1250C rated run at 0°C with resistive load at
100 percent rating; DPDT 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).

) is expressed in failures per million hours.

X -0.001
b

=5.0

""C - 3.0

rE - 1.0

TTL -2.0
E

U17 195

LT;L 38o. 25
cyc

r - 2.0

L -6.0

X' R 5=

L = 68.4 Ri

Otserved 8,864

7-33
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Example 32

Dta Source: Fontana, W. J., Life Ex]Matancy of a New Mniature

A, P~ir Rela Techri cal Report ECOI-2692, Yah 1w

Descriptiow: Relsy is 125"C rated run at I5eC with resistive load at

100 percent rating;. DPDT contacts; operatIng in a laboratory environ-
ment at a cycling rate of 32-1/2 cycles per minute; balanced armature
medium pvwer (5-2W amp).-

Sis expressed in failures per villion hours.

b ,0.03

L - 5.0

"7 "3.0

S=- 1.0

4 - 2.0

U w 195eye

rL 380.25
cyc

Tru - 2

LTT m6.o

kR -176 L U
-12

L - 2,053

7beered 3.93, j
7-.34
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Example 33
Data Scurce: Fontana, W. J., Life Expectancy of a New Minia-rure

Power Relay, Technical Report ECOM-2692, March 1966.

Description: Pelay is 125"C rated run at 750C with resistive load at
100 percent rating; DPDI contacts; operating in a laboratory environ-
ment at a cycling rate of 5 cycles per minute; balanced armature
medium power (5-2D amp).

X is expressed in failures per million hoars.

b = 0.0016
b

TTL "5.0

Tc - 3.0

-1.0

"_ ,.2.0
U

TT U 30
cyc
L

-30Cyc

TU -2.0

tTL - 6.0
F

U,

LLL 8.6 :

Observed X ,I5&)

4~j) 7-35
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EScinPle 34

Data 8o•rcees Fontana, V. J., Life Expectancy of a New Miniature
P7Dwer NO!;Y- Technical Report ECOM-2697, March 1966.

D*59!Zion: Relay ±i 125°C rated run at 75*C with resistive load at
100 percent ratingj DP• contacts; operating in a laboratory environ-
ment at a cycling rate of 60 cycles per minute; balanced armature

S•medium power (5-D amp).

1 is expressed In failures per million hours.

•b ~~= 016

w-1.0

L"L

"B -2�.0

a -360cyc

L
ycy

-2.0

i•i - 6.0

X 17.3

.373

Observed X - 12,414

A 7-36

i .. . -..- . - - .



Example 35

Data Source: Fontana, W. J., Life Expectancy of a New Miniature
Power Relay, Technical Report ECOt4-2697,, March 1966.

Description: Relay is 125*C rated run at 75"C with resistive load at
55 percent rating; DPMr 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).

X is expressed in failures per million hours.

o=016b

"Tr 1.6

7I-L . 2.0
E

T U - 195cyc
•LTY - 380.25
cyc

U
-yi 2.0

T ' -6.0
F

U

XL 35
R

Observed ) - 2,143

7-37
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ZXaM1e 36
Data Source.: The Wheelock 1e1uay Storyt Wheelock Signal Inc., 19661ri Relay is run vith resistive load at 0.8 percent rating;
8 ]poe conta4t; operating In a labOratory environment at acycling rate of 20 cycles per second; glass reed.

is expWessed in failures Per million hours.

b

WL •1.0

fc - (units are 1.0 an 1.75)

* 1.0 Assimptions

1- 12*C rtdrly
" 02. 125°C operating.

SU 203. Iditin values of %c used,eye since contact form is unknown.

ft - 518A0 I. Vibrating reed application type.cyc

I nUF- 2.0

S4 - 6.o

.93.6

i 
_70,720



Example 37

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

Description: Relay is run with r-esistive load at 0.8 percent rating; 0
operating in a laboratory environment at a cyclinC, rate of 100 cycles
per second; glass reed. t

k is expressed in failures per million hours.

-0.0065

'-bT

TT -1.0a
L

I0 - (limits are 1.0 and 8.0)
C

IT - 1.0 A .
1. 1250 C rated relay.

L - 2.0 2. 125°C operating.

U 3. Limiting values of IT used.,
wT 36,000 since contact form 4inknowl

cyc

Lyc 4. Vibrating reed applicationIT Ly = 12.,960;000 type. }
eyc

- 2.0

F

XU - 468

R ~U -17300

L. 8,;112,O00.01

Observed X - 135

7-39
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VAPle 38

Daft Source: The Wheelock Relay S Wheelock Signal Inc., 1966.

Do#De--ptIon: Relay is run with resistive load at 1 pertent rating;
operatIng in a laboratory enviromment at a cyclIng rate of 60 cycles
per second; glast reed.

X is expressed in failures per mi111io hours.

A' - 0.0065

IT - 1.0

"IT (limits are 1.0 and 1.75)

S1.0 Assuptions

1. 125*C rated relay. _

- 2.0 2. 1250C operating.

U - 3. Limiting values of ffC used, since
eye contact form Is unknown.

I L k,665,6•0 • 4. Vibrating reed applicaticn type.
S~eye

-2.0

T - 6.0

A 281

Observed w 110

7-4o
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Fxample 39

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

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

X is expressed in failures per million hours.

X = 0.0065

TL - 1.0

"c - (limits are 1.0 and 1.75)

- 1.0 Assumptions
1. 125°C rated relay.

TI 2.0 2. 125C operating

U - ai.0 3. Limiting values of Tc used, since
cyc contact form is unkzowrn.

TT L 4,665,600 4. Vibrating reed application type.
cyc

U a 2.0nF

rr1' - 6.0F

)U
SL )u 2,269

XL 637,ooo

Observed X - 87

~7-4
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1J
Uum~le 110

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

Derptin: Relay is run with resistive load at 0.4 percent rating;
warting in a laboratory environment at a cycling rate of 60 cyclesper second; glass reed.

X is expressed in failures per million hours.

)Lb 0.0065

1L -1.0

TC (ulmits are 1.0 an 8.0)

S- 1.0 AenuZions
2.0 1. 1250 C rated relay.

2. 125°C operating.

U- 21,600 3. Limiting values of 17C ased, sinceeye contact form is unknown.
IT L - 11,665,,60 4. Vibrating reed application type.cyc

n - 2.0
F

-6.0

.281 },9Io 10,P ,367

Os e -•2,911-,090 /
Observed X 152

A006
7-142
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EXaMp].J 42

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

Description: Relay is run with resistive load at 20 percent rating;
opfrating in a laboratory environment at a cycling rate of 20 cycles
per second; glass reed.

X is expressed in failures per million hours.

b -0065

IT -,1.1
L

"7C (limits are 1.0 and 8.0)

- 1.0As or-s

1. 1250 C rated relsy.
E 2.0 2. 125°C operating.

SU - 7,200 3. Limiting values of TIC used,
Cyc since contiact form is unknown.

TL 518,400 4. Vibrating reed application type.
cyc

U

- -2.0
S.' 6.0

1 355,619 X.L/kU 3,454

Observed X - 1.359

7-4.4



Section 7.0 Appendix

Sub-Section 7.3 TESTING RADC RELIABILITY NOTEBOOKO VOUJME, II, SWITCH FAILURE
RATE PREDICTION MODEL

Example 1

Leta Source: Failure Rate Data (FAYRADA), June 1,967.

Description: Switch is 4FDT push button run at a cycling rate of 20
cycles per minute; operating in a laboratory environment.

X is expressed in failures per million hours.

- (limits are 0.05 and 0.1)

Tr e 1,200 Assumptions

1. Limiting values of i7Gr, X'b used,
-C 5.5 since construction detail is

unknown.

Tr -1.0

U%r 0.2

TT - 15.0U

U =6
SW 66 L / U 1

L S W X S ! ,,1 5
XL
SW 9$900

Observed X 11,976

7-45
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IExampe 2

Dta Scurce: Failure Rate Data (PARAA), June 1967.

Des. Iption: Switch is SPST pash button run at a cycling rate of 20
cycles per minute; operating in a laboratory environment.

is expressed in failures per million hours.

- (limits are 0.05 and 0.1)

, 'ir l,=120o
cyc

. •O • i.0 Assumptions ,_

- 1.0 1. Limiting values of G, X'b used,
since construction detail is
unknown.

-0.2

-L15.0

- 12

L U lO
SW } XJ~/~4 -150

S1800 S SW
SW

Observed X - 1a,448

7-46
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Example 3

Data Source: Schafer, R. and Yurkowsky, W., Accelerated Test Methods
for Mechanical and Electromechamical arts, Technical Report No. RADC-
TR-65-146,, July 1965.

Descrition: Switch Is sensitive SFDT snap action run at a cycling
rate of 70 cycles per minute, operating in a laboratory environment.

X is expressed in failures per miUlion hours.

Xb -0.05

Cyc

Vc 1.75

TTE =1.0

ITU = 0.07,

•G

X U = 25.7

UU

LXL SW/ S 514

kSW ,:13 ,.230 W

i Observed.k 21,,243

7-47



F

L~oumple 4
Data Source: Schafer, R. a•d Yurkowsky, W., Accelerated Tect Methods for

Mechanical and Electromechanical Parts, Technical Report No. RADC-TR¶i532 6
/| i ju~~~19, 15. . ... .

Description: Switch is sensitive SPDT snap action run at a cycling rate of
150 cycles per minute; operating in a laboratory environment.

X is expressed in failares per million hours.

b, -0.05

IT " 9,0000

7TC 1.75

"E':1.0

.u0 "0.07 '-

G

Isw 55.1
I L U

'SW :, 28,350

Observed X - 70,926

7-48
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Example 5

Data Source: Schafer, R. and Yurkowsky, W., Accelerated Test Methods for
Meahanical and Electromechanical Parts, Technical-Report No. RADC-TR-65-46,
July 196.

Desarption: Switch is sensitive SPDT snap action run at a cycling rate of
300 cycles per minute; opcrating in a laboratory environment.

Xis expressed in failures per million hours.

b = 0.05

TT = lq,O00cyc

"1c = 1.75

iT = 1.0
E

V G = 0.07

TTL = 36.0
G

1= 10.3SWI L /XU
~ = 514

ASW/ SW 51

Xsw 56,700

Observed X = 187,652

S .... ' 7-49/7-5o0,1)z

*z



0 Section 7.0 Appendix

Subsection 7.4 CO0RIHJTING SORCES.. FAILURE DISTRIBJTION CONSENSUS

Source numbers refer' to the Bibliogriphy, Subsection 7.8.

Source No. 22
Opinion: Weibull, 0 - .93

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

Source No. 31
Opinion: Weibull

Source No. 29 I
Opinion: WeibuLl, O.54 : 0 :6 3.82

Source No. 8
Opinion. Weibull, 0 - 1.17

Source No. 49
Opinion: WeibullJ

Source No. U
Opinion: Weibul)

Source No. 1
Opinion: Weibrall

Source No. 38
Opinion: Weibull

Source No. 21
Opinion: Weibuli

Source No. 26
Opinion: Weibull

Source No. 47 A
Opinion: Weibull

Gears

Source No. 9
Opinion: exponential

Source No. 8
Opinion: exponential

7-51



Gears (Continued)

Source No. 11
Opinion: Weibull, 0 = 0.8, .M 4.8xlO7

Gyros

Source No. 50
Opinion: mixed Weibull, l = 0 .6, = 2.4

Source No. 42
Opinion: mixed Weibull, 0l = o.6, 02 = 1.7

Motors

Source No. 22
Opinion: Weibull, 0 = 0.76

Source No. 5
Opinion: mixed Weibull, I = 0.6, 0 = 1.81, a. = 11.02, a2 330.3

Source No. 50
Opin.on: mixed Weibull, A = 0.65, 2 = 2.25

Source No. 10
Opinion: exponential

Source No. 22
Opinion: Weibull, • - 0.99

Relays

Source No. 19
Opinion: Weibull, 1.5 !9 r- 3.21 .56xi0 8  6.7xi0
Source No. 17
Opinion: Weibull, 0 = 1.71, CL 9.48xi09

Source No. 43Opinion: Weibull, 1.72 3.8 .3iI 8XlO2

! Source No. 44
Opinion: Wtibull, = 1.68, . u 8.15xlO19

Source No. 33
Opinion: Weibull, 0 = 0.5, a. 448

Source No. 22
Opinion: Weibull, 0.53 g • '0.63
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0 RelaXs (Continued)

Source No. 10
Opinion: exponential

Source No. 34
Opinion: Weibull, P - 2.0, . - 1012
Source No. 6

Opinion: Weibull, 0 - 0.66,, a 1.54xI06  2
Seals

Source No. 22
Opinion: Weibull, 0.8 ' £ 1.47

Source No. 4415
Opinion: Weibull, P - 17.75,, =L 3.5x10

Springs

Source No. 22
Opinion: Weibull, P = 1.47

Switches ii

Source No. 22
Opinion: Weibull, 0.43 0 P '0.79 42

Source No. 43 16 8.35x0
Opinion: Weibull, 3.228 f 0 f 7.88, .0 Q

Source No. 44
Opinion: Weibull, 0 - 4.07, C. 5o3x1O

Source No. 10

Opinion: Weibull, P - 0.7 *

Valves

Source No. 22
Opinion: weibull, 0.81 r , 0.96

7-53/7-54
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Section 7.0 Appendix

Subsection 7.5 REGRESSION DATA FOR FAILURE RATE VERSJS STRESS

PART TYIE: FANS

Typical Temperature Failure Rate in Failures
in Degrees Centigrade Per Million How-s

18 .26
25 31.8
50 84.7
54 167
55 72.3
60 250

125 52

PART TYPE: RELAYS

Typical Relative Failure Rate in Failu-es
HumiditGy in Percent Per Million Hus

30 50
35 10

S "•40 .79
.5"7.5 .44

60 14.4
85 53

100 109

Typical Temperature Failure Rate in Failures
in Degrees Centigrade Per Million Hours

0 48.3
10 4.16
21 .144
22 37.971
25 5.87
27 114.4
30 .74
40 5.8
45 52.6
50 12.1
55 10.3
60 4.1

7-5
6O-- -.-Z =-=-=-- ~-- =



PART TYPE: SWITCHES

Percent of Faillure Rate in Failures
Rated Current Per Million Hours

.6 331
3 17

10 720 25r(
145 21.8
75 10.1

Typical Relative Failure Rate in Failures
Humidity in Percent Per Million Hours

35 5.15
14o .127
ro 12.5
60 6.4
85 40
90 24 .4

100 8.1

Typical Temperature Failure Rate in Failures
in Degrees Centigrade Per Million Hours

07 150 6.1
7 92

10 18
25 7.61
27 6.4
30 .13
40 353
45 40
50 o40
52.5 13.7
55 5.15
60 1.14
66 288



Scin7.0 Appendix

Subosectien 7.6 IRLSUXL 0? SIGNIFICAkNCE TEMT ON APPLIJCATION1 FAMCTRS

9 10

4,' -v -t 4

4 41

J 0
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Section 7.0 Appendix

Subsection 7.7 FAIUJRE 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 36 8 .02 - 389.50
Actuators, Pneumatic 72.82 59.06 - 90.45
Bearings, Ball 6.44 5.09 - 8.214
Bearings, Rod End 7.96 7.1? - 8.89
Bearings, Roller .86 .54 - 1.43
Capacitors, Variable, Air 0 - 23.26
Capacitors, Variable, Ceramic 0 - 41.12
Capacitors, Variable, Glass 10.75 3.82 - 51.01
Connections, Soldered .035 .031 - .039I Connections, Welded .052 .031 - .091
Conn~ections, Wire Wrap 0- .023
Connectors, Circular, Multipin .98 .89 - 1.09SConnectors, Coaxial 2.70 2.26 - 3.30
Connectors, Rcctangular 22.20 17.39 - 28.62
Generators, AC 1,120 442.41 - 522.43
Gyros, Free-Directional 1,430 1,398 - ,464
Gyros, Free-Vertical 1,298 1,262 -1,334
Gyros, Integrating 368.42 209.52 - 692.OO
Gyros, Rate 351.23 339.33 - 363.61
"Pumps,, Electrically Driven 321.12 300.23 - 343.37
Pumps, Engine Driven 664.93 648.54 - 681.80
Pumps, Fuel or Booster 170.43 166.18 - 174.833
Pumps, Hydraulic 808.87 791.19 - 827.03
Pumps, Vacuum 729.13 770.64 - 814.92
Relays, Armature 16.61 16.35 - 16.87
Relays, Contactor 9.50 7.57 - 12.03
Relays, Rotary o - l46.66
Relays, Thermal 200 71.07 - 948.77
Relays, Time Delay 27.17 19.15 - 37.71
Resistors, Variable, Composition 18.61 16.15 - 21.4
Resistoru, Variable, Film 5.34 2.92 - i0.54
Resistors, Variable, Wirewound 9.94 8.86 - 11.18
Seals, Aerodynamic 27.35 20.37 - 37-30
Seals, Rotary 27.55 25.97 - 29.25
Seals, Stationary 67.58 65.66 - 69.56
Switches, Limit 68.77 65.19 - 72.53
Switches, Pushbuitton 21.30 18.23 - 25.35
Switches, Rotary i7 o4 15.32 - 19.01

-• F 7-67



fH

I I Environment: AIR (Cont'd)

Failure Rate 90% Confidence
(failures per Limits (faliures

Far& Tyv, million homrs) per million hours)

Switches, Snap-Action 15.33 13.62 - 17.24
Switches, Toggle 6.91 6.16 - 7.78
Synchros, Control Resolver 139.72 125.78 - 155.49
Synchros, Control Transformer 2.05 1.24 - 3.59
Synchros, Control Transmitter .65 .23 - 3.08
Tanks, Compressed Gas 164.75 157.60 - 172.29
Tanks, Fuel Cells 160.78 155.01 - 166.83
Tanks, Reservoir 74.30 70.88 - 77.92
Thermostats 258.21 250.77 - 265.91
Transducers, Pressure 848.57 799.35 - 901.34
Transducers, Temperature 93.32 M6.99 - 100.20
Valves, Check 40 38.7 - 41.4
Valves, Control 138 134 - 142
Valves, Relief 46 44.o - 48.1
Valves, Shutoff 88.7 86.5 - 91..0
Valves, Solenoid 82 76.2 - 88.3

7 -6 3



ENVIRONMENT: GROUND

Failure Rate 90% Confidence
(failures per Limits (failures

Fart'Type million hours) per million hours)
Aoaatoz.¶s, X*jer-aulic 7-15 6.34 1-1-809,
Bearinigs, Ball 0 - 4:,Zi

SBearings4 , Rod End 0 0 .34.2Q
Capacitors, Variable, Air 66.67 32.84 . $ i52.56
" Capacitors, Variable, Ceramic .76 .35 - 3.96
CApacitors, Variable, Glass 0 - 93.15
Connections, Crimped .0073 .0047 - O1u9
Connections, Soldered .0044 .0041 - .0047
Connections, Welded .0022 .0011 - 40049
Connections, Wire Wrap .00000375 .00000151 - .00001i66
Coennctors, Circular Multipin 1.03 .83 - 1.30
Connectors, Coaxial 13.31 12.60 - 14.07
Connectors, Rectangular 0 - o016
Gyros, Integrating 410.26 338.36 - 500.56
Gyros, Rate 163.15 146.33 - 182.26
ps, Fuel or Booster 146.71 110.25 - !98.00

Pumps, Hydraul!c 1.68 .088 - 3.52
Pumps, Vacuum 0 - 1,096
Relay8, Armature 12.54 10.78 - 14.63
Relays, Contactor 1.01 .58 - 1.90
Relays, Crystal Can 21.28 7.56 - 100.93
Relays, Latching 0 - 34.39
Lelays, Reed 3.93 1.79 - 10.15
Relays, Solenoid 0 - 4,428
Relays, Th,-rmal 13.07 6ý83 - 22.47
Relays, Time Delay '.O8 4.42 - 8.48
Resistors, Variable, Composition 7.3 6.76 - 7.90
Resistors, Variable, Wirewound 2.88 2.52 - 3.29
Seals, Stationary 17.73 7.61 - 32.93
Switches, Pushbuvton .21 .095 - .54
Switches, Rotary 1.75 1.39 - 2.22
Switches, Snap-Action 2.27 A.66 - 3.14
Switches, Toggle .57 .50 - .67
Synchros, Control Resolver 25.57 17.31 - 38.83
Tanks, Compressed Gas 506.33 -49.39 - 1,158.67
Thermostats 4.08 3.13 - 5,39
Transducers, Pressure 860 511 - 1,391
Valves, Check 310 191 - 526
Valves, Control 1,740 1,133 - 2,766
Valves, Relief 714 391 - 1,404
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ENVIRONM•.Nt: IABOPATCO.

Failure Rate 90% Confidence
(failures per I tLiA (failuresP• ,TMp m_!JI.ion hour) pr millifon hourol

Capacitors., Variable., Ceramic .76 . - 1.96

Connections, Crimped 0 - 95.95
Connection, Soldered .270 .257 - .285
Connectons, Welded 6.47 .035 - o.64
Connections, Wire Wrap .251 3.5 - .309
RConnectors a Circular, Multipin O - .75

oetos, l Coaxial .14 .05 - .66
Connectors, Rectagulsr .15 o06 - .473
Resiyros., ante•r•itng 2i3.m 186.57 - 321.9G yros,, ftte 69.7Z 47.73 - 104.60

S•Pumps,. Electrically Driven 230.0 187,.ao0 284-70

Relaysi, Ariature 4.26 3.32 - 5.32
tRelays, C s•ta t Can 1.91 .97 - 2.87S.Relaysp latching .o4 .01 - .18

R; .. elays$ Tim e lay 2.5 1 -.16 - 6.56
SResistors, Variable, Ccoposition .12 .05 .37 •

Resistor, VariableL, Film 0 - 143:9 •
Reoistorre, Variable,, Virewound •.55 • 37 • 63SSwitchesP~iio .9 .3 2.84

Switches, Rotary 1.79 .82 - 4.63
Switches, Snap-Action 0 - 1.81
Switches, Toggle 0 - 1.82
Thermostats 0 - 22.06•iValves, Check 5.00 1.78 - 23.70

il

t

74
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ENVIRONME~r: HELICOPTER
Failure Rate 50% Confidence

"N(failures per Limits (failures

Part TY,,ýe il.lion hours) nCermllEZion iI:eAntuatore Hydraulic 168.28 119.34 - 2.4232
Genesatoro, AC 466.67 265-.39 - 876.58
Generators, DC 842.59 711.21 - 2,()03
Gyros, Free-Directl90l ?,65o 20474 -2,850
Gyros, Rate 413d96 333.93 517.15Pumps., Fuel or Booster 169.29 127.77 - "27-38
Pumps., Hydraulic 391.98 344-99 - 46.55
Seals, Rotary 320.39 296.26 - 347.42
c*.eals,, Statiorary 86.71 9.76 - 268.03
Synchr~os,, Control Resolver 433.33 .)82. -3 - 68..94.r
Tanks, niele Cells 163,82 135-29 - 199.59
"ankr, Reservoir 634.33 528.96 - 764.89

V'e•, Shutoff 158 1i0 232
sleSolenoid 150 9 6

i.

j-
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ENVIROM4r SHUP

Failure Rat~e 90% Confidence
(failures ;or Udnits (failures

Pamrt~ Tye mlUion hourm) ger !2om hlours)

Beaina~ne * BOU .008 .005 .015
Comiectims,, Soldered 08 O~ - 0133
ft*yvo AxuatUte 6.55.51 - 7.09
B~asistarasD Veriable, Wirevtound .19 .09 - 9
8yndw~os.. Con~trol 3eoo.'ver c.4.13 22k 13 - 1710.39
Trazaeduers. Tewperstiure 911.70 57 -09 -' 165.25
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ENVIRONMENT: STMUAC.

FaI lure Rate 90% Confidence
(failures per Limits (failures

Part TMp Milo ous - million ho=$)

Capaoftors, Variable, Air 0 8.22
Capacitors, Variable, Glass 0 .165
GeneLbratorp AC 0 ..50
Pumps, Hydraulic .08 .04 .15
Relays, Armature 0 .096
Relays, Crystal Can 0 -053
Relays, Rotary 0 14.04
Pe~ays, Solenoid 0 6.22
Relays, Thermal 0 5.03
Resistors. Variablep Cmp=osition 0 17.01
Resistors, Vc!rable, Wirewco.nd .05 .02 .11
Switches, Pushb•tton 0 2.37
Switches, Rotary 0 56.16
Switcbes, Snap-Action 0 6.22

A

ji P
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ZNV3IONQNT: AI GROU14D

Failure Rate 90% Confidence
Fot(failurea per Limits (failures

________TYPO___ mInllicgn hours) ser Million hours)

Rea~ring, lall 44.37T.5 5.39Conmeators, Circular, maitipi.n .22 .0,8 - .16
Owwratars, DC 84334 - 1p,003
Gyros., pree-Directlow.. 1,0O90 791 - 54

G~TsFw.-erto4i,61,.733 - 1,945
(~T~Rot. 4,.200 2,979 - 6,048

Pfa"R., L3.eftrioLaUy maiven 2,500 1,307 5,7
PPsp, LE61Wm Driven 2,:.0 ,58 3,881
VeAU0, Anw~tiw*42 19.24 - 30.85

ReayL~~hi~4.o9 1.45 - 19.39
ItelaS, Thma1 0 - 66.43
Rlauys, Tim, Dolay 0 - 143. 9

R~eet.,Y~abaCa~oiton30.36 26.37 - 34.97
Amdsta~ Ysriable 71.2m T-48 5.-4 - 10-51

V.i1m 10.4 fr~~ ~5 -9.40 - U.63
4*77 - 36.71Ivit-b",P Motar 7.7 17-96 - 26.42

I~V~~g O .583~.07 7.06
Thermiostats 5122 3.61 - 7.T4
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ENVIRONMENT: SIMUIATED AIR

Failure Rate 90% Confidence
(failuxes per Limits (rfailures

Prt__ pe million hours) per mlJ-.1io.n hoursi

Bearings, Ball 5.82 2.38 - 18.33
Capacitors, Variable, Air 8.17 4.02 - 18.70
Capacitors, Variable, Ceramic 0 - 1.93
Capacitors, Variable, Glass 0 - 12.86
Connectors, Circular, Multipin 0 - 14.13
Connectors, Coaxial o - 5.88
Connectoro, Rectanguax 0 - 1.82
Relays, Armature 24.25 19.24 - 30.85
Relays, Latching 4.O9 1.45 - 19.39
Relays, Thermal 0 - 66.43
Relays, Tim Delay 0 - 143.9
Resistors, Varia.ble, (Cmposition 8.42 4.40 - 1770M
Resistors, Variable, Wirewound 56.80 45.27 - 71.89
Switches, Pishbutton 31.66 4.77 - 36.71
Switches, Snap-Action 6.43 2.28 - 30.50
Switches, Toggle 4.43 1.57 - Pj.00
Thermostats o - 48.22
Transducers, Temperature 281.69 115.17 - 886.73

C).

£
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ENVIRONMENT: MISSILE

Failure Rate 90% Confidence
(failures per Limits (failures

_......._Part T _pe _ million hours) er million hours)

Pumps, Hydraulic 18.182 7o434 - W,235
Resistors, Variable, Film 77 40 - 162
Resistors, Variable, Wirewound 333 152 - 862
Switches, Snap-Action 250 102 - 787

I
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Section 7.0 Appendix

Subsection 7.9 EXPLANATION OF NEDCO II DATA FORMAT

The aowputer printout of nonelectronic data ib presented in three sections:
Section I - F1alure Rate Data, Section II - Stress Level Data/Part Number,.
and Section III - Failure Mode Distributions.

Focnt oa Section I - FAILURE RATE DATA

RT IATON: ftrs are classified by generic type, utilizing thefirtit five ag-lts oif the IER code for par ciaoss.fication. In the MW/O
fouat, the first three digits of the DEP code appear with the part type
At the top of the page. The fourth and fifth digits of the IMEP code appear
with the IrSP part descriptors and are Latended as subheadings on each page.
Consistent vith the IMP definition, "N.O.C." means "Not Otherwise Clbssi-
fied," in part class or subheading.

PARTM§9= 00I: Additional part descriptive information Is presented in
tEs, ZllA,. Ths specific part nme is listed here when the IMP classifica-
tion oIly Woups several similar Part type..

PAL A I IOf This field describes the subsystem or application
i in ich the birt is used. Also, certain operating eonditions my appear
in pexentbhees in this field. When the sea letter used as s suffix on
tailure rate upper 90$ nonfIdenee limit, and part-hours my have more than

I one meaning je.., M = MISSIONS or . - MILES), its meaning for that line item t
of data Is explained In thi field.

.A C lT$ The operating enviroment is given by the following abbrevia-
tions:

LAB IADQ14TM~

11 MRD -0 OR0D, F=

WRD PCOT = WompD PKRZABLE •

SUm=.SU3 A_

SAT kTJ

KIR CS - AIRCRAFT, CARRIER BASED
AIR LB a AIRAF, AND BARED
MSL - MISSILE

IFE, LIB - LIFE TEST, LA"ATMRY
L1l2, ACC - LIFE TEST, ACCELERATED
ACCEPT TEST w AC.PTANCE TEST

AMRGR AIR,, MOMR

AIR SaP n - AIR, SHIP, •(MaIsla a •JMCOPME
SIAL TET V QUAL=WIATION AND EZVAU= ON TEST C)

7-8t
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SIM GRD - SIMULATED GROUND
2SIM SHP - SIMULATED SHIPBOARD

SIM SUB - SIMUIATED SUBMARINE
SIM SAT - SIWIATED PATELLITE
SIM MSL = SIMIATED MISSILE
SIM HELIR SIMUIATED iELICOPR
SIM AIR - SDhUIATED AIRCRAFT
aRD SHP- GROUND, SHP

RR o RAILR(AD833 GR AIR - SIMULATED aROM,,D AIR

FAIWUE RATE: Failures per million operating hours are given unless the
failure rate Is suffixed by a letter. The letter indicates that the failure
rate is expressed in failures per million units explained either in the
FUNCTIONAL APPLICATION field or as follows:

A - Actuations
C - Cycles
R - Rounds
P - Premature remoals per mlllun hours Jo

An asterisk (*) indicates 0 failures.

UPR 9C4 COMIOENCE LIMIT: The upper one-sided 90% confidence l!it \1s given
in the units of the failure rate. .#aetters in suffix relate to units as in
the FAIURE RATE field.

PART POFUIATIOS: Total number of parts under observation ae given in this
field.

PAR-HOUR8: This field indicates total .test time in millions of part-haors
unless there is a letter in suffix. The letter Is of the. saim code as the
FAILEZE RATE fienAd.

YEAR OFRP(T This date Is the one appear~ing with the originator's data,
contributionTnd may represent either the date the data ws generated or the
date it was published.

DATA SOURCE: This field is a coded indication of the sotree of the data
Zsce MDO-II Source List), and is intanded fo RADC use only.

CROSS IN=C RMMNCE XZmR: This number relates the failure rate data in
Sectin 2 to the stress and failure mode information in Sections II and III.

The suffix "A" on a number means that there exists supplal information
for the entry in Section II.

Format of Section II - 9T8ES8 LEVEL DkTA/PART 14

CR088 IND REX, M NUMB ES: This number relates to the fatilu, rate data
in section I. 7 3I



t ~MILITTARY STAN~DARD PART MM2Rj1P?,DM1R SPOCK IMJM~R: The number provided may
be a Military' Standard part number or a federal stock number.

PERCENTD OF RAT30 VOLTACE: The numxber indicated is the, percent of the vendor-
rmsevrae& I h part vas operated.

PSav Off 0RATED CUMMMIV: The number Indictted Is the percent of the vendor-
rae curn t; ~the part was operated.

PE1RCEJ OF R~ATEDf POWER: The number indicated is the percent of t~he vendor-
ratai3erat iZTM-he part was operated.

naRE!= OF RAN~D F7RQUNCY: The number Indicated is the percent of the
vendor-rated frequency aT which the part was operated.

=~WT OF RATED) lPMSSURE: The number Indicated is the percent of the vendor-
rated pressure et whih the part was o~perated.

ILYPCAL TEMERATURE: The mnmbe- indicated is the ambient temperature of the

part iG degrees Cnigrade, which was experienced during operation.

HKIMN TEMPMTM: "Me number indlcated is the greatest ambient temperature
of'the part in. dgrees Centigrade which was experienced during operation.

L4IM TiMP AT&MU : The rimber Indicated Is the lowest ambient temperature of
the part in degrees Centigrade whicah Wa.. experienced during operation.

lIfr,942C Or SIWBOIDAL V22NWEI(I; The numbers indicated awe an individual
value or ranip of valwes for the Fr.equency of ulinuzoidal vibration experienced
by the part during operation. Values are presentetd in terms of cycles per
second. The abbreviation X or X In this column Indicates respectively kilo-

cycles or megacycles..

I I I1IYMNSITY OF SIJVSOIDAL VXAIMMfN: The nm~bers Indicated are an Individual
value or rwng of values for the intensi1ty of sinusoidal vibration experienced
by the part during operation. Values are presented in units of g (root-mean-
square value).

IN~nWITY O(Y RANDOM VIBRATION: Tbe number Indicated is 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.

ACOM~ICALVIBRATION: The number indicated is the itntyof acoustical o
;Ibatin 4-e-ien-edby he artduzng peration. Values *re presented

Vaue arem of ecitss

IYJAXDMINNNT O? SHOCK: The number i ndicated i s the mvrg uatimL= Intinditiduof
sgockblw experienced by the part during operation. Values are presented i nt

in t.erms of milliseconds.
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SHOCK BL4OWS PER HCUR: The ,number indicated is the average number of shock
blows per hour experienced during operation.

TYPICAL PRESSURE: The number indicated is the typical barometric 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 barometric pressures
experienced by the part during operation. Values are presented in terms of
pounds per square inch absolute.

TYPICAL REIATIVE HiMIDITY: 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 •peration.

Format of Section III - FAILURE MODE DISTRIBJTIONS

CROSS IN=iX REFEMENCE JUMBER: This number relates to the failure rate data
in Section I. A missing cross index reference number indicates that failure
rate information is unknown for that line entry.

FAILURE MODES BY PERCENT! OF TOTLFAIURES: The percent of the total number
of failures attributed to a particuler failure mode is given under a numerical
heading in parentheses. The heading rrumber corresponds to a numbered list of
possible failure modes given at the beginning of the page(s) for each separate
part type.
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SThis study addressed itself to the location, collection, cl.sification, organiz

tion and analysis of nonelectronic part reliability information ilto a form from

which it can be integrated Into a Nonelectronic Reliability Handbook.

The collection phase resulted in 38,761 line entries of failure data on "'xi-
mately 600 different nonelectronic part types, These data, organized in log
ows awe presented in the appendix of this report.

SThe Data Analysis took several forms. Failure information on the same and
similar part types was combined to yield overall failure rates for each of several

environmental applications. Conversion factors vere calculated to reflect the effect

of varying severity of environments on part life. Failure rate versus stress rela-

tiouships were sought but the data collected were not coplete enough to yiela useful

relationships. Most of the failure information collected contained total ps-t operat

ing time and the number of observed failures. WitL this amouant of information t~e
al y alternative was to perform the above mentioned analysis tasks as though the

hazard rate vas constant with time. Several reports were collected which gave good

evidence that in truth meny types of nonelectronic parts display failure times

according to the Weibull distribution with increasing hazard rates with time. Tb"ere-

fore, the failure rates and confidence limits computed based on the assizption of

exponentially distributed failure times (where the true failure times are distributed
secording to some other failure function) should be used in the proper perspective(3• and with care. While the use of the assumption of constant failure rate does yield
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Abstract Continued:

a less prec., se estima"e of the true hazard rate it is th- only alternative as lon~g as
the failure data are recorded for these part types withot the ine3.ution of indiliduaal
part failure time.

Since it vas established that the statistical methots app icabie to t e rellabili
of nonelectronic psarts must differ from those used tradi lonal orelect onic arts,
prediction models applicable to nonelectronic partawere souh.T ee models uajowing
promise are investigated in the Data Analysis Section Land arehompar Id with fiel4 datsa
collected during the study. In each case more verificatrio is requi ed bu the Idels
included appear to be useful contributions to the field cf nonelectr nic part,
reliability.
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