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EVALUATION

This contractual effort is part of the broad RADC Reliability Program
intended to provide reliability prediction, control and demonstration pro-
cedures for military electronic systems and equipment. The prediction
procedures are contained in MIL-HDBK-217C for which RADC is the Preparing
Activity. The new environmental factors developed in this effort for both
operating and nonoperating modes will expand the applicability of the
reliability prediction procedures and will be included in the next issue of

MIL-HDBK-217. This effort is responsive to TPO IV F2, Equipment/System
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SUMMARY

This report comprises the results of a 19-month program conducted by
Martin Marietta Aerospace to revise the environmental factors for MIL-
HDBK-217. This report summarizes the data collected and the data analysis
methodology used. The revisions to the failure rate models and the en-
vironmental factor tables are provided separately in Appendix F.

A total of more than 1.39 x 1012 part hours of operating data and
3.98 x 1011 part hours of nonoperating data were coilected. This gave a
grand total of 1.79 x 1012 part hours of new information. The data
were amassed as a result of an extensive collection program that included
all major contractors, government facilities, and research organizations
throughout the aerospace industry.

The 1. .t of environments was expanded from the present total of 1l to
& new total of 21, thus facilirating improved prediction accuracy in both
old and new applications for military electronic equipment,
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PREFACE

This final technical r-orrt on Revision of Environmental Factors for
MIL-HDBK-2178 was prepared for Rome Air Developmen: Center, Air Force
Systems Command, Griffiss Air Force Base, New York by the Product Support
and Logistice Division, Martin Marietta Aerospace, Orlando, Florida under
contract F30602-78-C~0227. The objective of the study was to evaluate the
environmental factors presently used in MIL~HDBK~2178 and to determine
what changes were needed concerning the environmentsl categorization,
their definitions, their application level and their numerical values.

The contract was issued by Rome Air Development Center on 22 August
1978. Mr. Lester Gubbins (RBRT) was the RADC Project Engineer. This
study was performed during the period August 1978 through March 1980.

Study tesm members included Edwin Kimball, Gloria Isler, Julie
Gallassini, Marianne Sweeney, Peter Golding, John Keppel, Earle Kirkley,
Nancy Thomson, Shelley Kujawa, Richard Long and sthers.

Technical consultation, and assistance in the collection of data was
provided by George Guth, Thomas Kirejczyk, Donald Cottrell and others.
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1.0 INTRODUCTION

The relisbility prediction procedurc in MIL-HDBK-2172 contained a
serins of nina equipment use environments. Each environment had associ-
sted wp factors for each device model vhich adjust the predicted faflure
rate to account for the expected environmental severities that are not
explicitly treated in the device models. Information received from users
of the Handbook indicated that the msthod of accounting for environmental
field conditions was overly simplistic, poorly defined, and inaccurate.
Also, some equipment applicuations are omitted, for example helicopter and
submarine. The study was initiated o correct these deficiencies.

Initially, the objective of the study consisted of revising and up~
dating the appropriate environmental factors in MIL-HDBK-217B., HKowever,
during the course of the 19-month program, MIL-HDBK-217C was released and
Proposad Clange Notice 1 was circulated. Accordingly, appropriate revision
of these later documents was included in the scope of the study.

It was necessary to determine what changes were rejuired in the
environmental categorization, definitions, application levels and numerical
values of »p that would result in more accurate reliability predictions
that properly reflect field environments and equipment urage. The nuclear
radiation environment and the effects of field conditions »a avionics
electronic equipment mounted on-board, or ir pods for wingzd aircrafc
vere specifically excluded from the study. It is anticipated that a con-
tract will be awarded during 1980 to revise and update the Avionics
Environmental Factors for MIL-HDBK-217.

The present study methodology consisted of 8 clearly defined tasks
which are listed below:

1 Conducting environmental factors survey

2 Collection of data

3 Evaluation of alternate prediction techniques
4 Analysis of data

5 Determination of new environmental mndes

6 Formulation of new mathematical wodels

1 Calculation of ¥z values

8 Preparation of final report.
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. g In the performance of this contract, Mart.n Harietia has developed
= procedures which more realistically descride how military environmental
E stress and field use condictfions affect electronic equipment reliabflity, N ;
- Data was collected from & wide range of recent vintage equipments bedng
used {n a variety of field environmsnts. The data analysis resulted in
z 811 the necessary numerical fa'tors reguired for réliability prediction. =
3 Clear definitions of these factors and directiona for application have
4 been included. Approepriaste revision sheets to MIL-HDBX~-217 have been '
3 provided as an appendix to the final veport. )
5.
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2.0 ENVIRONMENTAL FACTORS SURVEY

. in accouplishing the evaluatfon #.d revision of the % environmental
- - factors in MIL-HDBK-2178, efforts were constrained by a circumstance com
: mon to reliability engineering; there is no centrally organized collec-
tion and statistical analysis of historical data. Collection of "classical
: data," i.e., records of part and system failures with respect to part hours
k- and operating conditions, has been erratic fur electronic equipment in the
: field, dependent upon the military usar aud the vesponsible contr;ctor.
4 = Data is held by both government agencies and private industry with access
- often restricted. There are environments for which little or no field
g - data has been gathered. The difficulties involved with collecting statis- ;
tically significant quantities of usable data in all field environments
was recognized at the outset of this study. In anticipation of insufficient
data for direct statistical anaiysis in 211 categories of the study, it was
determined that expert opinion should ve sought from the industry and used
in conjunction with other rusults. ;

Since any single individual would have limited influence on the
decisions imd outcomes of this study, a technigue that incorporated the
concensus of the participating experts vas established for use as an aid
ir decision making. A survey, consisting of two queationnaires, was con-
ducted. The first questionnaire was distributed and the responses col-
rected. Results of the first questionnaire were used to establish the
content and format of the second questionnaire, which was then distributed
to the participants. This feedback of the answers into the second
F questionnaire served to stimulate the experts to consider pointe which
. they might have neglected on first thought. The idea of tapping a wide
3 aspectrum of expert opinion is quite \ppealing on face value. This strat—-
. egy appears even more attractive when participauts are permitted to inter-
’ act with each other's ideas in an anonymous atnosphere.

It was expected that the experts opinions would be valuable during
data analysis and model formulation. The analysis for those environments
for which little or no data is available could be supported by the experts
opinion. The need for additional environments was addressed in the
questionnaire and their responses were helpful in determining which ones
were needed by the users of MIL-HDBK-217B. Of course, data availability
was another determining factor in waking these decisions.

Participants in the survey were selected: 1) because of association
with the reliability department of a government contracto.; 2) on the basis
of a connection with a Navy, Army, Alr Force, or NASA operation; 3) due to
involvement in prepavation of earlier versions of MIL-MDBK-217, or related
investigations. The initial questionnaire was cdistributed to 102 people.
The second questionnaire was distributed to those people responding to the
first survey. However, all 102 people received feedback from the first
survey.
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2.1 First Survey

The first survey asked for evaluation of the MIL-HDBK~217 =y factors
{rom two different aspects. First there were questions designed tn gen-
erate a broad critique of the handbook as it presently exists, its
organization at the part level, the accuracy of the factors, the defined
environments, etc. Secondly, the problem of evalvation of the handbook
factors specifically, in terms of environmental categories and influences
within those categories, wes addressed. The participants were provided
with detfinitions for nineteen different environwents (or utilization
modes). MIL-HDBK-217C lists eleven of these nineteen environments. A
matrix with the enavironments down the left side aud twenty-three influence
factors across the top was provided. Participants were asked to indicare
with an "x" in the appropriate box the influence factors they believed to
be of major impertance to environments with which they are familiar.
Additional environments and/or influence factors could be added.

The initial survey, (see Appendix A) was distributed to 102 persons
over the period November 21, 1978 through January 4, 1979, Seventv-four
surveys (73.5% of total sent) were returned and a list of these partici-

pants is contained in Appendix B. The following conclusions were made
by survey experts.

A majority of those responding to question 1 regarding improvements
to environmental factors in MIL-HDBK-217 suggested:

1 A range of stress factors (or stress levels) be shown so
that the user can know the effects of single factors.

ira

Alr to surface missiles, surface to air missiles, ICBM,
MRBM, and shnipboard launch missiles should be included
as environmenfal categories.

lw

Power on/off, cycling, dormancy, nonoperating and tewrperature-
humidity-altitude should be included among the influence
{actors.

e~

Forty-five percent of all those responding felt the environ-
mental model for MIL-HDBK-217 should be at the part level;
30% felt it snhould be at the systems level; 25% wanted the
model at both systems and parts levels.

A marrix summary, Figure 2.,1-1 was prepared showing the total number
of respondents that gave a positive responsc for each block in the matrix
of survey one. As of January 19, 1979, there had been 49 responses. This
matrix summary was sent to all survey partirinants. Through this summary
a participant could measure his own judgements against those of the group.
This allows reconsideration by the individual of his judgements and con-
tributes ro a convergence of expcrt resy mse. 3Such convergence is desired
as it generally tends towards a correcr ansver.
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2.2 Second Survey

1 In preparing the second survey, the matrix summary from the first %
3 survey was reviewel for insignificant blocks. An insignificant block !
3 was determined to be one in which less than twenty peccent of the re- i
3 spondents for the enviroament felt that the influence factor was of major

i

importance. These insignificant blocks were crossed out on a blank matrix.
Also the blank matrix was modified in the following ways:

1 The list of environments was expanded to twenty-three by
the addition of tactical missile launch, undersea launch,
airbreathing missile flight, and nonoperating.

T~
N e o

2 The migsile launch environment was redefined as missile
A launch/reentry.
3 3 The influence factor of high temperature was deleted.

- 4 The three electromagnetic environments were cowbined under
- EME.

fn

hugt/sand was added to the list of influence factors.

In the second survey, the participants were requested to establish an
order of significance between influence factors in each environment for ;
3 which they are familiar. The influence fa:tors that are not crossed-out :
5 for that environment should be ranked on a scale of 1 to 10 with 10 being
4 the most signifi-~ant.

A participant was requested to rank their level of expertise for the
environmental categories they responded to. A column on the left side was
added to this modified matrix. The respondent was requested to rank their
expertise on a scale of 1 to 3, 3 being a high level of expertise based on
recorded failure rate data for that particular environment. For this
reason, the survey was both intuitive and factual in content.

In addition, a column was added to the left side of the environment
names to allow the participants to rark the overall severity of each en-
vironyent to ground benign, which was given a severity ranking of 1.

The second survey is contained in Appendix C. Seventy-four second
E surveys were distributed. Fifty-two (70.3%) of the second surveys were
3 ﬂ returned, The average number of responses to any one environment was 25.
. This provided a sufficient sample size for statistical analysis.

& 2.3 Analysis
The 1 to 10 vankings of influence factors for each environment were an-

alyzed by two methods: calculation of means and histograms. For ranking for
each influence factor, an overall mean and the standard deviation for




responses were calculated. In addition, a mean and stand.rd deviation
were calculated for the responses within each of the three groups uf
expertise, Bartlett's test for varifance and the F-test of difference
between means were run between the statistics for the three groups of
expertise in each influence factor. There are a total of 301 finfluence
factors. For 263 of these, the overall mean of the ranking values was

an acceptable index of significance for that influence factor. In order
to resolve the problem of finding a ranking for those 38 influence factors
where the overall mean was not acceptable, and in order to reveal any
clusters of opinion at one ranking which reasonably shculd override the
overall mean as representative of the opinion of the survey sample, histo-
grams were constructed for each influence factor. The objective of the
statistical analyses was to establish a ranking and degree of significance
between influence factors in each environment. To determine the appuopri~
ate number for each factor, the correlation between the overall mesns and
the histogram mode was tested by a visual scan. The overall mean was
chosen as a factor's ranking when the histogram upheld its validity as

the best representation of the opinion of the respondents. However, if
the mode indicated the mean was a distorted indicator of the opinion of

a majority of respondents, a number which was more representative of that
opinion was deteruined from the histogram.

. Rankings of :everity between the environments were determined on the
bagis of the over:ll mean of the ratios suggested in the surveys. Outl iers
as determined by the Dixon Criterion Procedure with a 5% probability of
risk were eliminat:d in calculating the means.

The resulting means for both influence factors and environmental
severity ratfos appear in the ranking matrix, Figure 2.3-1.

2.4 Survey Conclusions

Analysis of the survey results revealed several interesting con-
clusions. Worthy of note is the severity ranking for space flight being
twice that of ground benign. Currently, MIL-HDBK-217C assigns space
flight the same wg factor as ground benign. Actual data collected in this
study indicates that several of the part failure rates in space flight are
lower thar the rates in the ground benign modes.

Another survey observation is that nonoperating has approximately the
same severity ratio as ground benign which is contrary to a previous study
vhich showed that the average nonoperating part failure rate was about
1/100 of the average ground benign operating failure rate.

The new categories of missile launch were, on average, given signif-
icantly higher severity ratios than any ng factors currently in MIL-HDBK-
217. However the distributions of the Ug; (undersea launch), Mpp (missile
free flight), Mps (airbreathing missile, flight) and M, (missile launch)
rankings were bimodal. The lower mode was used in the analysis because
it correlated with existing field data.
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For environments in which little or no data could dbe collected, the
severity ratic rankings provided an insight to the relative rank of the

snvironmental utilf:ation mode and was of assistance in making a realistic
estimate of a wg factor.

The rankings of influence factors also proved helpful in defining
the envivonments being evaluated dy this study contract.




3.0 LITERATURE SEARCH

A search for information on the effects of environments on electronic
equipments was conducted. All data available from past RADC reliability
studies, conducted by Martin Marietta, were reviewed for environmental
data. This existing data base consisted of 512 documents that were
gathered as a vesult of past reliability studies and were available for
review. By using the facilities of the Technical Information Center
(TIC), The Defense Documentation Center's data base was researched so
that appropriate rew Jocuments could be ordered.

The Martin Marietta Technical Information Center is a computerized
information research laboratory. The company designed information stor-
age and vetrieval syst.m provided documents to environmental project
personnel in varicus fields of interest. The literature research staff
conducted searchc: -9 support specific tasks and prepare computerized
bibliographies, using the internal data base, commercial data bases and
the Defense Documentation Center data base. Ti.- research capability
includes:

1 100,000 records in an IBM370 computerized st-rage and
retrieval system

2 On-line access to Defense Documentati::n Centers data base.

3 On-line entry to commercial data bases via DIALOG and ORBIT
systems

4 31,000 technical volumes and more than 900 military
manuals

5 Current issues and back copies of over 300 technical journals

6 An additional 53,000 reports storec on microfiche.

All of the above facilitiss were utilized to produce a master bibliography
with abstracts. The master bibliography was reviewed in detaii and copies
of all pertinent documents were ordered from their respective scurces.

The documents received were further analyzed and reduced to the biblio-
graphy included in this report (see Section 10.0). The final biblio-
graphy represents all the formal manuals and reports reviewed during the
update of MIL-HDBK-217C environmental factors. A large part of the fail-
ure rate data was obtained from informal reports and information gathered
from outside contractors and goverament agencies as well as from Martin
Marietta's various military projects under development and production.
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4.0 DATA COLLECTION

After the survey was completed, attention was turned to the collection
of failure rate data from fielded systems in the several environsental
utilization modes. A list of potential data contributors was derived from
several sources, the primary source being contributors of data for past
reliahility sctudies. Other potential data sources were obitained from the
1ist of survey participants, their recommendations for contacts, suggestions
from in—-house personnel, from RADC, and from the literature search.

4.1 Planning

From the list of potential data contributors, a telephune canvas was
made. In these calls, the objectives of the study were discussed so the
potential dat: contributor would understand the use of the contributed
data., Thz type of data and the desired formats for data were described to
each potential cvontributor. From this Initial dialogue, a determination
vas made whether there was a reasonable possibility that the organization
had usable data or not, 1if contact had been made with the proper person in
the organization, and if they knew of any other person/organizatica who
might have data meeting our requirements. Other suggeated sources were
added to the primary list to be contacted. More than one hundred and
eighty-five organizations were called during this telephone canvas.

As a result of the telephone canvas, a list of efghty-three potential
data sources of militar; and governmental agencies, private companies and
non-profit organizations was used for making follow-up calls. Before
making the follow-up call, the source to be called was researched. The
wore information that was known about each potential data contributor,
the better the chance of successfully suggesting the presence of usable
data that may be available from that source. This i3 true especially con-
cerning updates of data received from the organization for previous studies.

During the follow-up call, the objectives and data requirements of
the study were reiterated. A discussion of that scurce data and its
format usually ensued. If it was felt that the data would fit the needs
of the study, and they were willing to donate it, a visit was scheduled
to their plant to discuss and pick up their data. After itineraries had
been established, appointment confirmation letters were sent to the parties
to be visited and clearances transferred vhere necessary. A total of
thirty-five organizations were scheduled for visits.

4.2 Presentation to Potential Data Contributors

Two different formats were used in the presentations given during
the data collection trips. A formal, stand up presentation with visual
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alds was used if the grouping being addressed vaf lavrge and there was
a projector available. Appendix D contains the discussion and slides
used in the formal presentation.

In some cases the situation lent ftself to a more informal presenta-
tion. It was soon discoverved that this informal, more personal approach
yielded better results. Basically, the dats collection team sat down and
discussed in detail the study, its objectiwves, problems envisioned, plans
and data requiremeats with the ory mnizatiom's representatives. The data
collection team then listened to uny suggest{ons that were made and ex-
pressed their views of these suggestions with useful dialogue often en-
suing. The organization's representatives were then questioned about data
they had which would fit the study's requirements. Part quality levels,
derating guidelines, temperature stress, enwviromnment and other factors
affecting the failure rates were discussed.

4.3 Data Collection

A total of six trips, three short and three extended trips, were
taken to collect envivoumental failure rate data for this study. Two of
the major trips were covered by a team ¢f{ tw pevsons and the remaining
four trips were taken by a single person.

The firat major trip covered the Northwastern United States. Six
private companies, six military agencies and one non-profit research
ovganization under contract with the military, in seven different areas
from Boston, Massachusetts to Washington, D.C. were covered ia two weeks.

The second major data collection trip included visits to fourteen
private companies and two military organizations in the Los Angeles,
San Francisco, and San Diego areas. Due to the number of schecduled visits
and the limited time, the team split up fox the Second week of the trip
in order to keep all of the appuintments. One person covered the San
Diego appointments while thte other person kept the San Francisco appoint~
ments.

The thard trip covered the central paxt of the country. One military
organization, three private companies, and one governmental agency ere
visited during this tyip. Facilities in Louisville, Kentucky, Cranc,
Indiana, 8t. Paul, Minnesota, Dallas, Texas and Albuquerque, New Mexico
were visted durirg this trip.

Three shorter data collection trips wvere also taken. Mr. Earl
Kirkley attended the 1978 Institute of Envirommental Studies Seminar in
Chicago to obtain information and advice pertaining tc the Environmental
Factors Study with a special emphasis on 1 esrning potential failure rate
data sources. An announcement was made at the start of the seminar re-
garding the efforts to revise the applicat im of environmental factors
to reliability prediction in accordance wi th MIL-HDBK-217B. Private
discussions were held berween Mr. Kirkley and representatives from
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Westinghouse Defense and Electrrnics Center, Sperry Univac, and Wright-
Patterson Air Force Base in which the Program Plan was reviewed and
inquiries made on any ideas the participants had pertaining to methods
of revising the spplication of the wp factors in reliadbility predictien.

+ e s A WS TS S N vt 1 N :

Mr. Edwin Kimball traveled to Aberdeen, Maryland for the purpose of

o b2 e

= securing failure rate data for tracked versus wheeled vehicles. Problems
E with predicting failure rates for the above environments were alsc dis-
E | cussed.
9 ; Mr. Lee Mirth collected missf{le launch data from the Lenver Division
2 of Martin Marietta Aerospace. A major topic of discussiou was Centaur
E | Prog~im data.
S
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5.0 DATA ANALYSIS

The data analysis methodology used to update and revise the MIL-
HDBK~217 environmental factor (%p) tables conformed to the flow chart,
Figure 5.0-1. The methods and equaticns employed during the anslysis
are described in detail in the following secticns.
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5.1 1Investigation of New Methodology

Several alternate methods for calculating the environmental effects
on electronic equipmant were investigated during the course of this study.
New tachniques, such as the environmental stress method described in
Section 8.0 and the matrix approach discussed in Section 5.6 were consid-
ered and were found not feasible. Average part failure rates were cal-
culated for the various environmental modes and this data was used to test
the systems method for reliability prediction. Multiplying the total
systems electronics part count by the segmented mission average part fail-
ure rates for a system with known field reliability, resulted in gross in-
accuracies so this method was abandoned. The resulting system failure
rates were too low by a factor of approximately 30 to 1. System type g
factors were then calculated from the average part failure rates for each
environmental mode. Conventional e.ectronic part level predictions were
then evaluated for 2 different complex systems in the benign mode. These
failure rates were summed and the total was multiplied by appropriate sys-
tem ngp factors for modes in which the true system reliability was alreadv
known. The resulting mode failure rates were too low by a factor of about
8 to 1. This methnd was more accurate than the average part failure rate
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approach but still considerably less accurate than the standard analytical
procedure. It was therefore decided to retain the existing MiL-Handbuok-
217 methodology and aata analysis proceeded as shown in the flow chart
Figure 5.0-1 and described in subscquent sections of this report.

5.2 Analytical Methcds

The collected failure rate dota were categorized by the part types
contained fu MIL-HDBK-217. For the purpose of this analysis, a part type
ig dafined o be that group of parts for which a separate model is shown
in MIL-HDBK-217. For example, the discrets gemfconductor part types are
Group I conventional transistors, Group Il FET transistors, etc.

The collected fallure rate data foy sach part type contained a mix
of quality levels, operating tempevatures, stress ratios, and other infjiu-

ence factors that are contained in the part {ailure rate models of MIL-
HDBK-217.

In order to isoclate the effects of the environmental modes on failure
rate, it was uecessary to normalize the duata to gelected reference levels.
The reference levels for the quality level, operating tempersture and
stress ratio were those which are representative of the largest quantity
of collected part hours of data within each part type. The method used
for normalization is shown below and is based on using modified part
hours to calculate a normalized fajlure rate:

Bi = ) factor x § factor hi
where:

Hi = modified part hours

h1 = collected part hours for each part type

‘b
A

b ref

A factor =

Q factor = —J’-'_-
]
Q ref

Abi = the MIL-HDBK-217 tabular value of base failure rate (xb) for

the temperature and stress ratic of the collected data

b ref - the MIL-HDBK-217 tabular value of base falluvre rate for the
re reference temperature and stress ratlo

ol * the MIL-HDBK-217 tabular value for the quality level (xQ) of
the collected data

w = the MIL-HDBK-217 tabular value for the refereace quality
Q ref level.
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The other influence factors which wete raprdséntad in the coliected
fatlure rate data vere considered fudividually to determine if normaliza-
tion was necessary. 1In somg caves the value of the factor vas equal to
{or near) unity and normalization was not required. I1n some cases, the
range of the factor value was small and & noxinal value vas used to nor-
malize the data. In a few cases, the fallure rate data were analyzed to
select appropriate valuer for normaiizaetion.

Tha modified part hours (Hi) and the associsted number of failuras
for the line entries were susmed by eavironmsnts for each part type. The
foilure rates were then calculated at the upper single-sided 60 percent
confidence level. Prior to calculating the confidence levels, it had to
be deterwined whether the component data were time or failure truncated.
Since ne kaown instances of failure truncated informaction were teported,
received, or documented, it wvas assumed that the data were time trun-
cated. The upper 50 percent confidence level faflure rate can be calcu-
lated by using the component part hours and the Chi square (xz) value at
2r + 2 degrees of freedom at the 40 percent level of signiiicance point.
1f the data had been failure truncated, the value would be obtained at 2r
degrees of frevdom. ‘The following general equation was used for calcu-
lating the fallure rate:

Xla, 2 +2)
251 r.50

where:

¥ = Number of failures cnd determines the degree of freedonm
coordinate used in determining xé

2r + 2 = Totsl number of degrees of freedom
G = Acceptable risk of ervor (40 percent in this study)
1-¢ = Confidence level (60U percent in this study)
H, = Total number of modified part hcurs for the part type.

i

Since the statistical tables used were limited to X Jes up to
100 degrees of freedowm, it was necessary to calculale an estimate of the
x2 percentile points whenever more than 49 fafiluras were observed in the
data. Therefore, with degrees of freedom >100, the Chi Square Approxi-
mation equation was used:

x2 = 1/2 (zp+ AT
vhere:

x% = Approximated %% value

21




PN
H

{ : £ » Total number of degrees of freadom
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Z = 0.25335 and is the value of the standard normal variable »t the
60 percent significanca level

2
A - ;SL .
p.60 Hi

The ground benign failure rates resulting from the analysis of the raw
dats showed good agreement with the reference level base failure rates
(Ap) in most of the existing MIL-HDBK-217 tableg. The exceptions to this

SO

pr Tule were the ground benign failure rates for transistors, Group I,

L - silicon, NPN; transistors, Group I, silicon, PNP; diodes, Group IV, sil-
E - icon; and zener diodes, Gronn V (MIL-HDBK-217 Tables 2.2.1-7, 2.2.1-8,

E 2 2.2.4-7, and 2.2,5-4 respectively). Accordingly, these tables were up-

dated to reflect the latest “state-of-the-art" and are contained in
Appendix E to this report.

5.3 Computation Procedure

E - When a failure rate for an environmental mode (i, gq) vas calculated
; from a statistically significant quantity of part hours ?typical]y > 100
- x 106) it was ratioed to the ground benign reference failure rate to de-
E termine a revised mg value for the mode:

ag = —P:60
l"1.’2&;3

P R TR

The quantity of part hours collected for some part types in environmental
modes presently considered by MIL-HDBK-217C was not adequate for this
calculation. 1In this case, new envircnmental factors were computed by
averaging the value from the survey (see Section 2.0) and the present
MIL-HDBK-217C factor. The rationale behind this method is as follows.

The old tables were based on data., The survey numbers reflect new expe-
rience, both intuitive and factual. The average was takenr to provide equa.
weight to the old data and the survey which was based partly on judgement
and partly on new data. Had rhe survey reflected all now data, it would
have received greater weight,

B AR Fe

The Fleet Reliability Assessment Program (FRAP) provided one of the
\ few sources of controlled data from identical equipment which had been
i operated in more than one environment. The close correlation betwesn
this information and the survey results can be seen in Table 5.3-1 below,

S o i
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TABLE 5.3-1 COMPARISON OF FRAP VERSUS SURVEY DATA

ENVIRON- SYSTEM FAILURE
FRAP SYSTEMS MENT FAILURES HOURS RATE |
URC-62, WSC-3, UYK-20 Ng 68 155852 | 0.000436
and WRR-7
URC-62, WSC-3, UYK-20 Ngp 24 64476 ] 0.000372
and WRR~7
MNsB _ 0.000372 _ 4 a¢
le 0.000436
Survey 7p
, NSB | 6,062 _ o oo
Curvey 1 7.300 ‘
Fng
Systems Used
URC-62 ~ AN/URC-62 VLF Flee: “roadcast System
WSC-3 = AN/WSC-3 Satellite .o wnication Set
UYK~20 = AN/UYK-20 Computer, Iigital Data, Combat System
WRR-~7 = AN/WRR-7 VERDIN Receiver

In some cases, an inadequate quantity of part hours was collected
for part types in new environmental modes not presently included in MIL-
HDBK-217C. The predominant information available was the »p suggested
by the survey, all of which are scaled to a Ground Benign (Gg) factor of
1.0. However, the survey yielded general environmental factors which are
not taiiored to any specific part type. Therefore, a formula was derived
to adjust the range of these survey factors to the range of factors for
specific part types as given in MIL-HDBK-217C, Notice 1. The Missile
Launch (M) environment, which is the most severe environment in the ex-
isting handbook was selected as the ranging parameter in the formula:

iE M)

= Y e’ *
“E apTvey “E Sur\lﬁ_l} ﬁE (ML)

wvhere:
Survey ng = Survey value for environment of interest
Survey “E(“L) = Survey value for My mode

;g (M) = Average of the survey value and existing
MIL-HDBK-217C value for Mj

The M;, values vere used for ordering within the range because this mode
has the highest numbers in the MIL-HDBK-~217C np tables. The synthesizing
procedure assumes a constant survey bias which results in slightly con-
servative predictions.
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In some instances, the operating #p values for space flight, which
had been calculated fror data with large quantities of part hours (>100
x 10%) were in the range of 0.1 to 1.0. It would have been possiblie to
equate this valuié to the base 1 and ratio the remaining #p's accordingly. o
This approach was not used because the base failure rate Ap) tables re-
flect ground benign conditions. Revision of some of these tables to re-
flect space flight conditions would have resulted in My, g's some 5 to
10 times higher than the present values. 1In the interests of consistency
the space flight wg values wvere therefore allowed to drop below 1 whea
calculated from o large data base and the corresponding Ay, tables were
not changed so they continue ro reflect ground benign conditions.

Nonoperating failure data were collected analyzed in a manner simflar
to the operating failure data. Since no electrical stress is applied in
the nonoperating mode and most of the collected data reflected ground con- 5
ditions approximately 259C, it was not necessary to normalize the nonop-
erating data for stress. The operating mathematical model for each part
was revised as necessary by deleting terms which were not appropriate
for the nonoperating mode. The model was then evaluated and solved for
nonoperating environmental factors (wpyp) by substituting the appropriate
r's and the table value for Ap at 25°C and 10 percent stress ratio since
that value most closely approximated the nonoperating fixed ground
conditions. The nonoperating failure rate calculated from the collected 3
new data provided the Apyg term. In most cases, the wgyg calculated for
each part type was recorded under the ground fixed (Cp) wmode since this
was the environment from which the majority of the nonoperating data were
collected. The remaining wpyo factors for the other modes were synthe-
sized from the relationship between the operating ng factors.

The nonoperating failure rates are used in reliability calculations i
to reflect stability degradation during periods of dormancy or storage.
The ground benign (Gg) and ground fixed (Gp) wpyp factors are applied when
the equipment is either in storage or assemblvd into an all-up systam but
not operating. When the equipment is stored, or otherwise in a non-operat-
ing mode, in an eanvironment that experiences relatively nominal conditions g
or controlled environments, the ngyg factors for ground benign (Gp) are =
appropriate. Storage in a factory or air conditioned storervom would be
examples of ground benign conditions. Uncontrolled or "field" conditions
are appropriate for ground fixed »gyo conditions. The remaining mgyo
factors are utilized primarily when equipment is involved in a mission,
but is not operating, such as aircraft captive carry to and from the target.

The data base used for this study is contained in the Collected | +
Failure Data Summary, Appendix G. Line items for certain environmental )
utilization modes such as My, Agy. and Ny have numerous entries with
relatively small quantities of part hours and zero failures. These en- s
tries should not be used for analytical studies unless they are supple- ¥
mented with enough additional data to obtain statistically significant
results.

5.4 Histograus

The collected operating data was analyzed in histogram form to study :
the distribution of temperature and quality level within each group of b
parts. This was necessary to select the reference levels that represent 5
the largest quantity of data as discussed in Section 5.2. These histograms i

for the major portion of the data base are shown in Figures 5.4-1 through
5.4-17.
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5.5 Special Techniques for Microeiectronics

The general equation for microelectronics faflure rates (per MIL-
HDBK-217C, proposed Notice I) {s

Ap = wq mp, (Cywemy + (C2 + C3) np).

The m term is a learning factor. ty is a voltage derating stress
factor. For purposes of this study, =, and w] are assumed to be 1.
Solving for ng, the environmental factor, the equation becomes

Ap -~ € mp
W,

T * C2+C3

The part failure rate, )y, is the number of failures divided by the
part hours. For purposes of this study, the failure rates calculated at
60 percent confidence level were used for XAp. €1 and C; are facters
which are dependent upon device complexity and technology. C3 is a pack-
aging factor. mp is dependent upon device technology and junction tem-
perature. Therefore, an estimate of Ap requires knowledge of complexity,
packaging and other device characteristics. =g is the quality factor
for the device.

Approximately 39 percent of the operating hours utilized for micro-
eleztronic devices were detailed by device complexity and technology.
There were 103 dific ent classifications comprising the detail data.

Five of these classes had operating hours greater than 75 x 106 part hours.
Eighty-nine classes had operating hours less than 10 x 106 part hours,

and 70 percent of these had no failures reported. Low hours combined with
no reported failures, when used in the above equation, results in poor
estimates of »g.

The other 61 percent of the operating hours were classified as
digital, linear, LSI, or memory, with quality ratings and junction tem-
perature provided. To obtain more realistic ng's, the data for which
device complexity and technology data was available was grouped into the
classes of digital, linear, LSI, or mewory. This provided a larger quan-
tity of part hours for analysis purposes. Table 5.5-1 displays the micro-
electronic field data which was utilized in this study. The data is
divided into the environments of ground benign (Gg) , space flight (Sg),
ground fixed (Gp), Naval submarine (Ngp), and nonoperating ground fixed
(Gp-Nonoperating). The source of the data is indicated by a number.
(Note: Source 1 for Gp is the same source as source 1 for Gf, etc.) The
total operating hours collected for each environment is indicated. OGround
benign had the largest number of operating hours collected, more than 79
billion part hours. The total number of microelectronic hours collected
for all environments is more than 102 billion part hours.
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TABLE 5.%=1 MICROELECTRCNICS FIFLD DATA

QUALITY
ADJUSTED
PART HOURS | PART HOIRs
ENVIRONMENT | SOURCE{ TYPE x106 x10 FAILURES |  »p
Gy 1 |oigital 63.693] 1473.578 19 2.400
LSI 69.318 | 2127.265 95 5.821
Memory 1982.505 ] 51123.835] 1148 2.172
2 |pigital | 57707.211 | 28853.605 86 0.412
Linear | 19403.618 | 38807.236 35 0.076
Total 79226. 345 0.380
Sy 3 |pigical 505.050 505.050 0 0.199
Linear 101.530 101.530 0 0.296
4 |pigital 193.000 193,000 2 2.748
Linear 5.610 5.610 0 j11.638
Total 805.190 0.902
Gp 1 |pigital 738.509 | 15744.171 315 3.265
Memory 108.074 |  5073.315 124 2.561
LSI 25.370 579,950 20 4.754
5 |Digital 450.832 450.833 6 2,749
Linear 90.740 90. 740 2 1.946
Hemory 19.601 19.601 0 3.373
6 |pigital | 7977.363 | 11017.246 164 2.473
Linear 712.941 { 1163.165 45 2.151
Total 10195.431 2.506
NsB 1 |pigital 272.294 | 2476.981 0 0.028
Menory 17.549 52.647 0 3.141
7 |pigital | 2637.022 | 2637.022 72 4.924
Linear 8.808 8.808 1 J16.495
Total 2935.673 4.494
Gg -~
Nonoperating 3 Digital 945.040 945,040 1 0.257
Linear 200.340 200. 340 3 1.165
8 |pigital | 5863.763 | 3199.635 6 0.285
Linear 2505.254 | 1370.394 7 0,083
Total 9514.,370 0.248

Total Hours:

102677.009 x 106
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The mathematical model for microelectronic device fatlure rata doss
not allow the same procedure to be employed in solving for =g as in other
sections of MIL~HDBK-217. The other sections have an equation for wg
1 that is totally multiplicative. Therefore, summations of all operating
d hours for that section can bg usced to obtain an overall wg for that ssc~
3 tion. Por microelectronics, however, the hours cannot be adéed, dus to
1 the additive nature of the complexity factors. A »g must be cbtained for
each entry in Table 5.5-1.

o By L € o DRSS e v e

- A wedian value 3p, €y, Cy, and Cj, was calculated for each device

i type (..e,, digital, linear, L3I, memsory) at the junction temperature for
each entry, ‘The part hours for ach quality lcevel was adjusted to the
quality level for Class B devices. 7The method for quality factor adjust~
zent is the same as that described in section 5.2. For each entry a g
can be calculated, using the adjusted part hours.

- WD 1

L

9 After these calculations hav. been done for each entry in Table 5.5-1,
3 there exists a range of g terms for each environment. For examwple; for
ground benign there is a range of .076 to 5.823 for rp. An overall »
sust be calculated for each environment that gives the appropriate ua%gh—
- ing to each individual sg. The original part hours for each xg {4 used
. to weight the #p according to actual experience data in calculating an &
overall ug. '
pA (!E . hi)
“E - ___Mﬂﬁ
L hi
This equation was applied to each environment which had adequate
data. The reanlting =g appears in Table 5.3--1,

ErIsd e e

Rt

These new ug's for each environment were used as the actusl environ-
mental factors derived from field data. These wg's are for four of the
sixteen operating environments {(excluding airborne fixed wing ervironments).
There was very little data for the other twelve environments. A method
of calculating a synthesized v; for these environments was devised.

There were four environments (N5, Gy, Ny and M) being analyzed which ;
appeared in the MIL-HDBK-217C. The =g's for these environments, as in
the proposed Notice )l to MIL-HDBK-217C, are listed in Table 5.5-2,
During the course of this study surveys were sent to various individuals
throughout government and industry, (see Section 2.0). The resultant -
overall factors for each ervironment are listed in Table 5,5-2 in the

survey column,

The four environments {Ng, Gu, Ny amd HL) which appear in MIL-HDBK-
217 had nev envivonmental factors calculated by averaging the adjusted
survey number and the present MIL-HDBK-217C, Notice 1, factor. The
original survey numbers were adjusted to the newly calculated ground .
benign base of 0.38. These new factors are listed in Table 5.5-2 in Z
the calculated cvolumn, The rationale behind this method is as follows. _ 4
The old tables were based on data. The survey factors reflect new : '




TABLE 5,5-2 ENVIRONMENTAL FACTORS FOR MICROZLLCTRONICS

: n, OPZRATING
.5 217¢ ADJUSTED "E
3 ENVIRONMENT | NOTICE 1 SURVEY CALCULATED | NONOPERATING
a Gy 1 0.380 0.380% 0.038
. Sg 1 0.828 0.902% 0.089
: | Gp 2.5 1.054 2.506% 0.248%
Nep - 2,296 4.494% 0. 445
Rg 4 2.774 3.387 0.335
. Gy 4 4.370 4.185 9.414
L ,_ M, - 4.750 3.838 0.380
3 Mer - 4.788 3.00% 0.383
' ‘ Ny 5 6.410 5..05 0.565
1 Moy - 6.688 5.404 0.535
/2 N, - 7.296 5.895 0.583
/ E o - 7.853 5. 345 0.628
- 8 Ay - 10.495 8.480 0.839
, g U, - 14,098 11.391 1.127
u 10 16.234 13.117 1.298
c, - 273.853 221.272 21.897
Mt 3.5 - - -
Apr 4 - - -
§) Air 7 - - B
, Aur 8 - - -
*Based on Field Failure data. See Table 5.5-1.
.
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experience, both intuitive and factual, The average was taken to provide
equal weight to the old data and the survey which was based partly on
judgement and partly on new dacta. Had the survey reflected all new data
it would have received greater weight.

There are eight environments (Mp, Mpp, Mpa, N, Apw, UL, Npy, and Cp)
for which inadequate data were collected and which had not previously ap-
peared in MIL-HDBK~217. The predominant information available was the
7g's suggested by the survey, which are scaled to a ground benign (Gg)
factor of 0,38 in Table 5.5-2. The formula described in section 5.3 was
used to adjust the range of the survey factors to the range of micro-
electronics factors given in MIL-HDBK-217C, Notice 1. The missile launch
(M) environment, which is the most severe environment in the existing
handbook, was selected as the ranging parameter in the formula:

(M)

E Survey YE(HL)

it

b

R —rey

e Survey

Table 5.5-2 shows the np for Mj, is calculated as the average of the ad- :
justed survey and the handbook ng, or 13.117. The survey number for My :
is 16.234. Therefore, ng's for the eight "new" environments are equal to

13.117 times the survey number for each environment divided by 16.234 or

ng = 0.80B « Survey wg. Table 5.5-2 lists, in the calculated column, the

ng factors for these eight environments as calculated by the above formula.

AL ¢

The nonoperating field data was analyzed in much the same way as
the operating data. There vas only one environment for which adequate
nonoperating data was obtained, and that is ground fixed. The data col-
lected for the Gy environment is tabulated in Table 5.5-1. More than
9.5 billiou part hours were collected in this effort. The overall non-
operating ng factor for Gy environment determined from this data was
0.248.

The ratio of the operating ng for GF to the nonoperating wg for
GF i1s 10.105. This ratio is applied to all other environments' operating
r<'s to obtain nonoperating ng's for these environments for which insuf-
ricient data was collected. The following equation is used:

n. Oper
7., Nonup = £
E 10,105

The numbers calculated in this operation are listed in Table 5.5-2 in the

column titled "nE Nonoperating."

The environmental factors fovr hybrids, which are given in Table
2.1.7-5 in Appendix F, were calculated in the same manner as those for

microcircuits.
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. 5.6 Environmental Matrix Approach

An early approach was investigated which would have taken advantage
of the vast experience that has been accumulated in the wany released
military specifications defining environmental design requirementa. This
approach would have addressed the establishment of wp factors for the
: black box level since that is the lowest level of environment most widely
E degscribed in the specifications. The intent was that the predicted fail-
. ure rates of parts would be established as in the past except that =g
influences would not be applied. After the part failure rates were summed
to establish the black tox failure rate, a new wg factor established by
this new approach, covering the overall influence of environment on the

prediction, would be applied. The reasons for taking this approach were
as follows:

GE T GRS MGy o SR T

S

ﬁ . 1 It was felt that the majority of data available where environ-
] mental severity could be directly related to field operations
utilization modes was available from existing specificatioms.

N

There is almost ne readily available data on the actual level

g of environments seen by the parts in the field operational i
utilization modes.

lw

If an approach was taken to establish the part environment in a
E a particular utilization mode, an insurmountable problem could 8
; be anticipated. This problem was that if a large number of the

same types of parts were used in the same black box in a par- '
ticular utilization environment, the number of physical transfer X
functions pertinent to each of the same type of parts would be
quite diverse. This would have created a confounding of the vl-
timately derived ng factor for that part in the mode of use which
would have created a lack of confidence in the derived factor,

The black box ng approach considered the establishment of a weighing .

matrix such as is shown in Figure 5.6-1. The row vectors represented an !
: expanded breakdown of the various service environmental modes deemed ap-
5 plicable. The :nlumn vectors represented the influence tactors considered .
' pertinent to failure rates of military equipment. The establishment of i
the environments and associated influence factors were supported by in-
dustry and government agency information expressed in the results of the
survey (see Section 2.0).

Once the matrix structure was established, it was intended that each
matrix element would have initially been filled with a numerical value of
i the applicable military specification design or test level appropriate to

A the environment and influence factor of concerm. An abbreviated example
A would be:
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Se————l 2 T T

L CRN

VIBRATION VIBRATION ENV]RONMENT
GROUND BENIGN N/A WE IGHING FACTORS
GROUND MOBILE | ACCEL 29 peak ACCEL = 1.0
WHEELED Lf 200 Wz af = 3,0
At 6 Hours st € 0.8
Y = 400

.2.20. 6 .

AIRBORYE 1'MAB- | ACCEL 459 peat B Sl M A T
16D FIGHTER | af 2000 Hz 52000 . 6

&8 6 Hours VN F T x5 x gty 10,000

il
Vi = 10,000

Figure 5.6~1. Weighing Matrix

The value of the numerical quantity would involve one or more param-
eters depending on the nature of the influence factor stress as it affects
the box reliability. For example, vibration would involve freauency
bandwidth, acceleration level, and time of exposure. These three param
eters would be weighed and combined to arrive at the specific numerical
value (VN) for the matrix element in question. The parametric vaiues
would be derived from direct reference to specifications such as MIL-STD~
810, MIL--E-16400, MIL-STD~210, AR 78-35, etc. 1In cases such as the sub-
marine environment, direct contact would he made with past and present
developing agencies and firms to ferret out the appropriate data.

After extensive specification research to complete the matrix element
entries, the influence factor stress column vectors would be normalirved
wich respect to the highest numerical value entered. This would then pro-

vide for each influence factor a rank by stress severity for each of the
environments,

At this poinrt, the results of the survey would be melded into the
matrix to incorporate the present day line of thought as expressed in the
results of the industry/government survey. The survey addressed in part
a determination »f the relative severity of the influence factors for the
various environments, i.e., matrix row vectors. This information is sta-
tistically analyzed and consolidated to derive what is essentially a field
experience weighing value for the severity of individual influence factors
as they pertain to a specific environment. It was intended that this
weighing value be multiplied by the normalized eunvironmental stress nuvmer-
ical values to reflect present experience obtained from industry/government
respondents to the survey. An example is shown below: (Figure 5.6-2)

TEMPERATURE § HUMIDITY | VIBRATION
GROUMD BENIGH 0.02 0.03 N/A
SURVEY 2 3 1
HNRMALIZED ENVIROMMENT 0.01 0.01 N/A
GROUMD MOBILE UHEELED 0.32 6 G.12
SURVEY 4 6 3
NORMALIZED ENVIRONMENT 0.8 1 0.04
AIRRORNE I“MABITED FIGHTER 5 0.24 8
SURVEY 5 3 8
MORMALTZED ENYIRONHENT 1 0.8 1

Figure 5.6-2. Composite Matrix
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Once the matrix was compieted with the influence factor stress valua
resulting from combining the survey and normalized specificattion criteria,
the rov elements (envirnmments) ould be added to obtain a combined stress
valye for each mode that represented the combined effect of the influence
factors encountered. These combined stress values would then be normallized
to the ground benign environment to rank the list of modes by order of
stress sevority. See example below: (Figure 5.6-3)

RORMALI7ED
ROW COMRINED
TEMPERATURE § HUMIDITY | VIBRATION £ JSTRESS SURVEY

GROUND BEWIGH 0.02 0.03 N/A 1.8 1
GROUMD MORILE 8.32 6 g.12 10.0 5.6
WHEELED

c.23 8 50.0 27.8

AIRBORNE INHABITED 5
FIGHTER

Figure 5,6-~3. Rank Order Matrix

Usfing field data on black box envirommentally induced failure rates for
the various environmental wmodes, it was intended that an attempt be made
to crosscorrelate the matrix results with the reported field results.

If such a correlation was verified, it would be assumed that the newly
derived normalized combined stress severity factors were in fact a good
approximation to the wg factors desired for the black box level of fail-
ure rate prediction.

The feasibility of the gsystems level environmental wmatrix approach

was investigated during tlis study but it was not implemerted for the
reasons advanced in Sectiom 5.1.
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6.0 ENVIRONMENTAL MODES

Eleven different nominal environmental conditions were previously
identified and quantified in MIL-HDBK-217C. This li{st has been expanded
by adding 10 new modes for a grand total of 21. However, consideration
of avionics was beyond the scope of the present study so four wodes,
airborne inhabited transport (Arr), airborne inhabited fighter (ArfF), air-
borne uninhabited transport (Ayr) and airborne uninhabited fighter, (Ayp)
yere not evaluated. As a result, field failure rate data were collected
and data survey results were analyzed to determine new ng factors for
the 17 environmental modes described in more detail in the following
sections. Appendix F contains a complete list of the definitionsg for
each mode and typical equipment types which fall intoc each mode category.

RISy G B AP

Table 6.0-1 compares the averages of the environmental factors con-
tained in MIL-HDBK-217C Notice 1 with the average factors from this
study survey and from the racommended revised factors for the Handbook.
As indicated by the table, the averages of the recommended revisions do
not markedly differ from those of the existing Handbook. The greatest
change is the Naval sheltered average which increases from 5.4 to 6.5.

6.1 Ground Benign

MIL-HDBK~217A made no attempt to distinguish between the ground
benign and ground fixed environments. Data analysis which was conducted
to prepare the “"B" revision indicated that a breakout was required and
a new category called laboratory zero (Lp) was added. The nominal environ-
mental conditions for this category was nearly zero environmental stress
with optimum engineering operation and maintenance. When MIL-HDBK-217B
was released, the identification laboratory zero was changed to ground
benign (Gg) but the description has been carried over into MIL-HDBK-
217¢. To avoid misconceptions, it is proposed to change the definition to
"non-mobile, laboratory environment readily accessible to maintenance".
Typical examples of hardware which would fall into the ground benign en-
vironmental utilization mode are laboratory instruments, test equipment
used in laboratories, medical electronic equipment used in hospitals, and
most large business/scientific computer complexes. Data sources for this
kind of hardware were used to calculate ground berign ng factors. Temper-

ature and humidity must be closely controlled for equipment to be cate-
gorized in this mode.

6.2 Space Flight

The Reliability Notebook, RADC-.R-67-108, tirst added satellite or-
bit (So) to the list of environmental service conditions. The definition
of this category assumed "laboratory zero conditions without access for
maintenance'. MIL-HDBK-217B, as originally proposed, changed the
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TABLE 6.0-~]1 COMPARISON OF AVERAGE ENVIRONMENTAL FACTORS &
| AVERAGE ENVIR’ {MENTAL FACTOR ;
j PART TYPES | 217¢ AND REVISED
E ENVIRONMENT SYMBOL | AVERAGED | NOTICE 1 | SURVEY | VALUE -
; Ground Benign GB 60 1.03 1.0 1.01 §
__ Space Flight Sp 59 1.01 2.1 0.97 g
Ground Fixzed Gp 60 2.76 2.7 2,74 ‘5
|% Naval Submarine Nop 57 N/a 6.0 6.6 %
,. Naval Sheltered Ng 60 S.4 7.3 6.5 :
; Ground Mobile Gy 60 11.1 11.5 11.7
- Manpack M, 57 N/A 12,5 13.7
; Missile Free Flight Mep 54 N/A 12.6 13.7
. Naval Unsheltered u 58 15.7 16.8 16.4 .
: Airbreathing Missile, Moy 54 N/A 17.6 19.0 :
; Flight
Naval Hydrofoil Ny 57 N/A 19.2 21.1

Naval, Undersea, L 57 N/A 20.6 22.6
Unsheltered ¥
Afrborne, Rotary Ay 57 N/A 21,6 | 30.4
Winged .
Undersea Launch USL 54 N/A 37.1 40.3 ~
Missile Launch HL 55 7.5 42.17 47.1 ,
Cannon Launch CL 53 N/A 721 719 J :

3 category from satellite orbit to space flight (Sp) but retained the earlier

2 definition. When the "B" revision was released, the description was re-

worded to encompass earth orbital conditions approaching ground benign -
without access for maintenance. The related vehicle was neither under :
powered flight nor in atwospheric reentry. Tnis definition was retained
in MIL-HDBK-217C und the present study proposed to allow the existing
identification to remain intact. The data survey showed that solar radi-
ation and low ambient pressure were the major influence factors affecting
reliability in this mode. Data collected to quartify space flight =g
values came from the W71 orbital semsor, SMS, ALSEP, C System and synchro-
nous earth orbit satellites together with the Apollo transponder, ATS-F,
compunication subsystem, TIROS-N subsystem, and the ETS-2 satellite.
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6.3 Cround Fixed

The original definition of ground fixed (Cy) environmental service
assumed conditions less than fdeal including fnstallation in permanent
racks with adequate rooling air, no vibration or shock, maintenance by
military personnel and possible instzllation in unheated buildings. The
phrase, "no-vibration or shock," was dropped out of the MIL-HDBK-2178 and
217C descriptior because a ground fixed installation might be subject to
low level vibration or shock from adlacent equipment. This study proposes
to eliminate the phrase, "“by military personnel” from the definitfon.

The reason for this is that equipment in the ground fixed mode could be
maintained by military or civilian personnel with equivalent skill levels.
Examples of hardware in the ground fixed environmental mode would be per-
manent installations of air traffic contreol, radar and communications
facilities as well as most missile silo ground support equipment. The
survey indicated that humidity was the influence factor which affected
reliability the most in this mode. Typical data collected to quantify
ground fixed ng values came from Safeguard perimeter acquisition and mis-
sile site radars, Minuteman II1 ground support equipment, ground based
VHF/UHF communication systems and small ground fixed weapon system com-
puters together with several different air traffic control equipments.

6.4 Cround Mobile

The vehlcle mounted ground category was originally considered in
MIL~-HDBK-217A, however airborne application "K" factors were used because
of the lack of pertinent data. The Reliability Notebook RADC-TR-67-108
had a specific ground mobile (GM) environmental service mode which assumed
conditions more severe than ground fixed, mostly for vibration and shock.
The cooling air supply was also considered more limited and maintenance
less uniform. MIL-HDBK-217B changed the category to Ground, Mobile (and
Portable) but the (and Portable) was dropped out again in MIL-HDBK-217C.
The description of the mode has remained the same as it was in the Reli-
ability Notebook. This studv proposed to separate the mode intoe Ground
Mobile-Tracked and Ground Mobile-Wheeled, however the survey indicated
that there was no significant difference between the two. In addition,
no data could be found at Aberdeen Proving Ground which showed a signifi-
cant difference in failure rate between equipments traunsported on wheeled
vehicles versus tracked vehicles. A probable cause for this is that the
equipment was designed to withstand its intended application. Therefore,
it was decided to retain the original ground mobiie category without
breakout. The surveyv found shock and vibration together with sand and
dust to be primarv reliability influence factors in the ground mobile
environmental mode. Data to quantify ng factors im this mode came from
sources such as Pershing la ground support equipment and other tactical
fire direction systems.
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6.5 Naval Sheltered

The naval sheltered (Ng) environmental mode was first quantified in
MIL-HDBK-2178 (Proposed) where it was defined as conditions similar
5 to ground fixed but subject tou ovccasfonal high shock and vibration. This
: . description was reworded when the “B" revision was released so that it
£ applied to surface ship conditions. The same definition was retained in
MIL-HDBK-217C but it now proposed to describe sheltered or below deck
. conditfons, protected from elements of weather. The survey revealed that
i humidicy was the influence factor most affecting reliability in this mode.

Data sources used to calculate naval sheltered ng's included surface ship

transmitters, transceivers, computers, sonars, and radar equipment.

o G By 1 BRI s,
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6.6 Naval Submarine

i e

: Naval submarine (Ngg) is a newly identified environmental mode which

: has been added to account for this increasingly important category. This RN
b - mode is described simply as appropriate fer "equipment installed in sub- ’ \
: marines.” The survey results showed that humidity, salt fog, and sine '

vibration were the primary influence factors affecting reliability in the
submarine mode. Major data sources used to calculate naval submarine =g
factors vere the ship's inertial navigation system, the C-3 flight control
systems, the electrostatic gyro monitor, the central navigation computer,
the digital data combat computer, the satellite communications set and

the VLF fleet broadcast system.

AT

W

6.7 Naval Unsheltered

ot o B

The naval unsheltered (Ny) environmental mode was first described
in MIL-~HDBK~217B (Proposed) as “nominai shipborne conditions but with
repetit ive high levels of shock and vibration." Nearby gunfire was con-
sidered the primary source of these dynamic stresses. When the "B" revi-
sion vas released, the definition was modified to apply specifically to i
surface ships. This nominal description was retained by MIL-Handbook-217C \
but it is now proposed to revise it as follows: “Nonprotected shipboard :
equipment exposed to climatic conditions.'" The reason for rhis change is i
: that gunfire no longer appears to be a significanr reliability influence :
T factor on most ships in the modern Navy. The survey showed salt fog, :
humidity and immersion to be the factors of primary importance., Typical !
equipment which would fall into the naval unsheltered mode are mast mounted

Q radar electronics and missile/projectile fire control equipment such as
’ SEAFIRE.

6.8 Missile Launch/Re-entry

A "K" factor for the missile environment was originally contained
in MIL-HDBK-217A. The Reliability Notebook, RADC-TR-67-108 defined this
environment as severe conditions of noise, vibration and other environ-
ments assoclated with small surface to air missiles and other tactical 3
rocket weapons being fired. The Notebook went on to point out that these K
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migsile conditions may also apply to installations near main rocket en-
gines during satellite launch. The description of the Missile Launch
(M) category was changed slightly in MIL-Handbook=217B and ~217C to
read, “severe conditions of noise, vibration, and other environments
related to missile launch, and space vehicle boost into orbit, vehicle
re-entry and landing by parachute. Conditfons may also apply to installa-
tion near main rocket engines during launch operations”. When the
present study was initiated, it was proposed to break Missile Launch into
four categories shown in Table 6.8-1. 1In addition a fifth related new
category, Missile Free Flight (Mpg), was propused for non-powered flight.
Insufficient data were collected to make a distinction between tactical
and strategic missile launch 80 these two categories are as originally,
combined into a single Missile Launch environmental mode., Data sources
used to calculate missile launch ng's included electronic flight control-
lers for liquid rocker engines, the (-3 Missile computer as well as
Patriot and Pershing Guidance and Control Systems.

TABLE 6.8-1 MISSI'T CATEGORIES

Environment Syabol Description
Missile, Launch/ Mir Scvere conditions related to strategic
Re~entry missile launch, and space vehicle boost

into orbit, vehicle re-entry and landing
by parachute. Conditions may alsc apply
to rocket propulsion powered flight.

Tactiecal Missile, M1, Severe conditions related to tactical
Launch missile launch., May also apply to rocket
propulsion powered flight.
Undersea, Launch Ugt, Conditions related to undersea torpedo/
missile launch.
Missile, Free MpF Non-powered free flight.
Flight
Airbreathing Mpa Conditions related to powered flight of

Miss‘le, Flight airbreathing missile.

6.9 Cannon Launch

This study proposes to add a Cannon Launch (Cp) environment to ac-
count for the new family of cannon launch guided projectiles and other
weapon systems being added to the defense inventory. The mode is de-
scribed as "extremely severe conditions related to cannon launch", Launch
shocks in the neighborhood of 9000 g's may be experiencad and this influ-~
ence factor is the major contributor to unreliability. Data to quantify
and validate ng factors for this mode were obtained from the Copperhead
guided projectile.
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6.10 Miscellanecous Modes

Four new migcellaneous environmentai modes have been added to the =g
tables. These modes are defined in Table 6.10-1, Portable field communi-
cations equipment is a typical example of hardware used in the Manpack
{Mp) environment where the survey showed that immersion and temperature
shock/cycling were the primary factors influencing reliabilfity. Sonar
sensors and other ASW equipments fall into the naval undersea unsheltered
{Nyy) mode where humidfty, leakage and salt atmogphere are of major sig-
nificance. The survey also determiined that salt, fog, immersion, humidity
and random vibration were important influence factors in the naval hydro-
foil (Ng) mode. Data from raptive carried and cockpit mounted material
were used to evaluate the airborne, rotary winged (Agy) mode. The survey
indicated that random/sine vibration and temperature shock/cycling were
the main contributors tov unreliability in this environment.

TABLE 6.10-1 MISCELLANFOUS CATEGORIES

Environment Symbol Description

Manpack Mp Portable electronic eguipment being
manually transported while in the
operational mode.

Naval, Undersea, Nuy Equipment immersed in salt water.

Unsheltered
Naval, Hydrofoil Ny Equipment installed in a hydrofoil vessel.

Airborne, Rotary ARy Equipment installed on helicopters.
Winged

6.11 Nonoperating

It is proposed to add the nonoperating category (Ng) to MIL-Handbook-
217 in order to account for the dormancy and storage conditiuns which have
a major impact on the reliability of many electronic equipments and weapons
systems. This mode is particularly significant for those systems which
can not be subjected to periodic functional tests to attain a high level of
operational readiness. Some of the terms used in the Handbook part fail-~
ure rate models are not appropriate to calculate nonoperating failure
rates so revised models have been provided for this purpose. The survey
showed that humidity as well as sand and dust can have zn important
influence on reliability under nonoperating conditions. The nonoperating
mode is usually found in more than one phase of a system’s segmented
mission. Major sources for nonoperating data were two different surface
to air missile systems and several satellite programs.
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7.0 COMPLEX MISSION ENVIRONMENTS

Complex missfons usually involve several environmental modes. In
these cases, the mission profile must be examined to determine proper
segmentation. For example, a space flight might consist of a4 period of
nonoperation following the last functional test, a boost phase, an orbital
phase, and a re-entry phase. In such a case, the reliability analysis
should be segmented using appropriate ng factors to calculate failure
rates for ground fixed nonoperation (Ng) prior to launch, missile launch
(M) conditions during boost and return from orbit, and space flight (Sp)
while in orbit. The ng factors are quantified within each part failure
rate model and the resulting part failure rates are summed to obtain sys-

tem failure rates. A simple model for this mission reliability (Ry) would
appear as follows:

A 4

R, ="Ono Tno * A A

)

M. ¥ Asrtsr

where

ANO = system ground fixed nonoperating failure rate
AHL = system missile launch/re-entry failure rate
ASF = gystem space flight failure rate

tNO = nonoperating time period prior to launch

Ly = missile launch/re-entry time period

csF = gpace flight time period.

Another example involves a tactical artillery missile fired from a
wvheeled vehicle capable of traversing rough terrain. The missile would
be removed from depot storage and subjected to a functional test, It
would then be carried by truck to the ammunition supply point for loadiug
into the mobile launcher. The launcher travels cross country to the for-
ward edge of the battle area and when a fire mission is received, power
is turned on in the missile and shortly thereafter it is launched and
proceeds to the target. As before, the appropriate »g factors should be
quantified within zach part failure rate model and the resulting part
failure rates are summed to obtain system failure rates for each segment
of the mission. A model for this mission is shown below:
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functional test efficiency {(percent of failures detected)

= gystem ground fixed nonoperating fallure rate

= system ground mobile nonoperating faflure rate

& gystem ground mobile operating failure rate

= gystem missile launch failure rate

= depot storage time period

« ground mobile nonoperating time period

= ground mobile operating time period

= nissile launch and flight time period
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3.0 ENVIRONMENTAL STRESS METHOD

The scope of work for the revision of MIL-HDBK-217 environmental fac-
tors suggested the study of alternate methods for calculating the effects
of environments on the reliability of electronic equipment. Accordingly,
the feanibility of the environmental stress method described in this sec~
tion wag reviewsd gnd evaluated,

As early as 1965, MIL-HDBK~217A recognized that, "more accuracy would
be attained by developing failure rates around eack environmental factor
{humidity, vibration, etc.) and to & degree sround che specific level for
each environmental factor." Lack of reszources has prevented a comprehen-
sive investigation of the feasidility of this supplemental approach. The
effects of temperature are already well quantified by the )p tatles in
MIL-HDBK-217. It would also be poasible to predict the reliability of
systems and electronic parts in apecific levels of shock, vibration, humid-
ity, and other pertinent environments. In other words, how well is the
part or system deaigned to withstand a specified level/durstion of shock
or vibration? Draft MIL-STD-XXX, Procedure for Performing a Reliabilicy
Stress Analysis of Mechanical Equipment could be used to answer this ques-
tion since it contains appropriste methodology for calculation of stress/
strength safety sargins that can be easily converted into probability
valuas. The tiouble is that the manpower required to perform this task
on a typical system would be orders of magnitude greater than are presently
allocated to reliability predicrion. In addition, specific guideliies
would be required to standardire the techinique. A side benefit wovld be
early identification of unreliable parts and or systemc before the test
programs are initiated. For example, testing has shown that metallurgi-
cally bonded diodes are much more reliable in a high shock environment
than are the spring loaded contact type. The supplementzl approach to
reliability prediction suggested in this sectivu would uncover ihis type
of problem very early in the engineering development phase of a progra.

Figure 8.0-1 containe preliminary data showing ranges of operational
influence factor levels for environment wode. This type of information
would facilitate analyses by dynamicists and materials engincers to deter-
mine mechanical stress/strength probability relationships, corrosion rates,
fatigue, and ultimately a measure of system reiiability in the various en-
vironments of a mission. A possible drawback to this approach is the fact
that input levels of shock and vibration are either attenuated or ampli-
fied by the equipment design, so that the electronic parts may see much 1
higher or much lower levels than the input to the assembly. “xtensive 4
systea level calculations would be a prerequisite %o part level runalysis
in order to quantify the levels actually seen by parts.

In submary, it appears that the environmental stress method described
above is technically feasible. However, a study should be made to determine
if commitment of the resources necessary to implement such a program could
be justified when traded off against the benefits to be obtained.
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9.0 CONCLUSIONS AND RECOMMENDATIONS

The revised and updated wp factors resulting from this study program F
are indicative of actual fi=id experience and should facilitate more re- 3
alistic reiiability pradictions. To further support this objective, 10
new environmental modes have been quantified and added to the ng tables.
The factors for five auvironments, (Njyy, Ny, Usp. Mpa, and Mpr) were com—
pletely synthesized using the survey results because an inadequatc quan-
tity of field data was available to calculate factors. It may be premature
to initisce widespread use of these synthesized factors, but they are rec-

ommended as guidelines until additional data become available.
It appears that a study effort should be considered to develop guide- f
lines for the supplemental environmental stress method discussed in Section 3

8 of this report.

Collection of field failure rate data from the 21 environmental modes p
should be continuously maintained in order to provide a statistically sig- :
nificant data base for periodic revision of the MIL-HDBK-217 wg tables.
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MIL-HDBK~2178 ENVIRONMENTAL
FACTORS DATA SURVEY

Participants will be mailed a copy of the survey results. Complete:the
following:

NAME

ADDRESS

PHONE NO. ( )

In the following space please list any improvements in order of priority

1
that you may wish to see incorporated into the present environmental
factors in MIL-HDBK-217B. Disregavd this question if you are not ac-
quatnted with MIL-HDBK-217B or if you have no inputs.
A.
B.
c.

2 Do you wish . "~ a. environmental model for MIL-HDBK-217B with the

basis being pa. avel, systems level, or another level or combinatiomn?

Part Lcvel Systems Level Subassemblies

Other

et e
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Reason for selection

B GO A B

3 Do you know of other persons or sources of information who should be f
g contacted? 2
3 4 1In the following matrix, indicate with an "X" the influence factors you

believe are of major importance to a particular environment. Please
anrwer only for the environmental categories with which you are familiar.
It is not necessary to rate the importance of each factor. You may

5 limit the influence factors for each selected enviroament to five or six.
> If you believe that a certain environmental category should be deleted
from the list or any environments coubined, indicate so. If there are
environments or influences factors you wish to add, do so in the allo-
cated spaczes. Some other possiblie influence factors have been listed
below. Do not base your selections on laboratory test results since
this is a survey of field environments for operating equipment. Below
are descriptions for each of the environmental categories. Influence
factors have been purposely deleted from these descriptions. Your
responses will be considered in defining these categories. If you add
an environment, please give a description at the bottom of this list.
Your comments on these descriptions will also be appreciated. Use extra
sheets if required.

“
-
k]
r
\

ALY

i dssiar. A v

)
o SRR G T W

o
[

et

i

OTHER INFLUENCE FACTORS

3 Rain Corrosive Atmosphere
;- Snow Gunfire Vibrarion
3 Ice Vibration-Temperature
4 wind .
4 Dust-Sand : -
: ENVIRONMENT DESCRIPTION

Ground, Benign Nonmobile, laboratory environment readily

accessible to maintenance.

Ground, Fixed Conditions less than ideal to include installa-
tion in permanent racks with adequate couling
air, maintenance by military personnel and pos-
sible insctallation in unheated buildings.
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Ground, Mobile,
Whecled

Ground Mobile,
Tracked

Manpack

Naval, Sheltered
Naval, Unsheltered
Naval, Undersea,

Unsheltered

Naval, Benign,
Submarine

Naval, Hydiofoil

Alrborne, Inhabited,
Transport

Airborne, Inhabited
Fighter

Airborne, Uninhabited,
Transport

Airborne, Uninhabited,
Fighter

Airborne, Rotary
Winged

Missile, Launch

Mobile equipment installed upon wheeled vehicles.
Maintenance less uniform thar ground fixed con-
ditions.

Mobile equipment installed upon tracked vehicles.
Maintenance less uniform than ground fixed
conditions.

Portable electronic equipment being manually
traneported while in the operational mode.

Sheltered or below deck conditions, protected
from elements of weather.

Nonprotected shipboard equipment exposed to
climatic conditions.

Equipment immersed in salt water.
Equipment installed in submarine.

Equipment installed in a hydrofoil vessel.

Typical conditions in transport or bomber
compartments occupied by aircrew and installed
on long mission aircraft such as transports
and bombers.

Same as alirborme inhabited transport but
installed on high performance aircraft such as
fignters and i~tercepters.

Bomb bay, equipment bay, tail, or wing installa-
tions on loig mission aircraft such as transports
and bombers.

Same as airborne uninhabited tramsport but in-
stalled on high performance aircraft such as
fighters and intercepters.

Equipment installed in or on helicopter.

Severe conditions related to missile launch,
ani space vehicle bonost into orbit, vehicle
re-entry and landing by parachute. Conditions
may also apply to installation near main rocket
engines during launch operations.
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; Cannon Launch Extremely severe conditions related to cannon
: launch. ¢
ke .
¢ Missi.e Free Non-powered atmospheric free flight. y
. | Flit
; Spuce, Flight Earth orbital. Approaches Ground, Benign con- 5’»
. B ditions without access for maintenance. Vehicle &
- : neither under powered flight nor in atmospheric $
A re-entry. g
. Additional "
‘ Environments:
.9 ;
.
Y
3 r
5
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¥
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APPENDIX B

SURVEY PARTICIPANTS
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Boeing Aerospace Co,
Houston, TX
Seattle, WA

Boeing Co.
Seattle, WA

Boeing Vertol Co.
Philadelphia, PA

British Aerospace Corp.
Hertfordshire,; UK

FriC/NOD
Minneapolis, MN

General Dynamics
Ft. Worth, TX
Pomona, CA

General Dynamics
Convair Division
San Diego, CA

General Electric
Evendale, OH

General Electric
Lynn, MA

Grumman Aerospace Corp.
Bethpage, NY

Hughes Aircraft Co.
Canoga Park, CA
Culver City, CA
Fullerton, CA

Los Angeles, CA

Lockheed Electronics Co.
Plainfield, NJ

Lockheed - Georgia Co.
Marietta, GA

Lockheed Missiles and Space Co.

Sunnyvale, CA

e T Cgi i B et AT At s (e bt e

SURVEY PARTICIPANTS

Martin Marietta Aerospace
Orlando, FL

Martin Marietta Arrospace
Denver, CO

Pan American
Janaica, NY

Pratt & Whitney Afrcraftc
West Palm Deach, FL

Raytheon Co.
Lexington, MA

RCA
Camden, NJ

Rockwell International
Columbus, OH

Sandié Laboratories
Albuquerque, NM

Sperfy-Fligh: Systems
Phoenix, AZ

Sperry~-Univac
St. Paul, MN

Telcom Systems, Inc.

Arlington, VA

United Airlines
San Francisco, CA

Vought Corp.
Dallas, TX

The Hans W. Wynholds Co.
Washington, OC

Air Force Flight Dynamics Lab
Wright Patterson AFB, OH

Federal Aviation Administration
washington, DC
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Fleet Analysis Center
Corona, CA

MMCM
Hill AFB, UT

NASA Headquarters
Washington, DC

NASA Langley Research Ctr.
Hampton, VA

Naval Ordnance Station
Louigville, KY

Naval Sea Systems Command
Washington, DC

Naval Ship Engineering Ctr.
Norfolk, VA

Naval Surface Weapons Ctr.
Dahlgren Laboratory
Dahlgren, VA

Naval Weapons Engineering
Support Activity

Navy Yard

Washington, DC

Haval Veapons Support Center
Crane, IN

Naval Underwater Systems Ctr.
New London, CT

USAADTA
Ft. Rucker, AL

U.S. Army Communications Research &
Development CMD,
Ft. MHonmoutn, NJ

HQ, U.S. Army Test & Evaluation CMD.
Aberdeen Proving Ground, MD

USA Meradcom
Ft. Belvoir. VA

U.S. Army
Canal Zone

Aerojet Electronics
Azuga, CA

Aerospace Corporation
El Segundo, CA

Autonetics
Anaheim, CA

AVCO
Wilmington, MA

Charleg Stark Draper Labs
Cambridge, MA

Ford Aerospace
Palo Alto, CA

GTE
Needham, MA

Harris Electronics
Syosget, NY

ITT Gilfillan
Van Nuys, CA

Litton Industries
Van Nuys, CA
Woodland Hillsg, CA

Naval Ocean Systems Center
San Diego, CA

Haval Strategic Systems Project Office
Washington, DC

NAVELEGX
Crystal City, VA

Raytheon Co.
Andover, MA
Sudbury, MA

Rocketdyne
Canoga Park, CA

frerry Systems Management
Great Neck, NY
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SECOND SURVEY
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MIL~HDBK-217B ENVIRONMENTAL
FACTORS DATA SURVEY #2

Participants will be mailed a copy of the survey results. Complete the
following:

NAME

ADDRESS

PHONE ( )

In the following matrix, the influence factors which were indicated as
being significant in the first survey are represented by an open square.
Twenty percent or more of the first survey respondents for each environ-
ment determined that the influence factor was significant for that environ-
ment. Write-in envircnments or factors were not subject to this rule. A
"erossed-out” square indicates that most of the survey respondents did not
consider the influence factor to be of major importance to that environ-
ment. High temperature has been omitted from the influence factors as it
is already considered in the base failure rate model. 1If you wish to com-
ment on the matrix, do so on Page C-4. Please rate the importance of each
factor for the environment using a scale of 1 to 10. A rating of 10
represents the highest severity level (i.e., most critical or highly sig-
nificant influence factor). A rating of 1 indicates minor signif.cance of
the influence factor to that particular environment. The same rating can
be assigned to more than one influence factor for an environment. The
same rating can be assigned to wmore than one influence factor for an en-
vironment. The results of this survey will be used to comstruct prelimin-
ary ratins of the severity of influence factors for a given environmental
category. On the far left of the matrix is a column for you to rate the
relative severity of each environmcnt as compared to ground, benign. In
the example on the bottom of Page C-5, a weighing factor of 1800 has been
agsigned to environment XYZ, meaning XYZ is 1800 times as severe as ground,
benign. The example has been chosen to illustrate that there is no rve-
striction to the magnitude of the ratings you assign.

In analyzing your weightings, it will be helpful for us to know the basis
for your selection of each environment for which you answer. We would
appreciate your assigning a 1, 2, or 3 to each of your selected environ-
mental categories in the provided box on the left side of the table. One
indicates a moderate level of familiarity uith the environment: 2 indi-
cates a high level of expertise in this area; and 3 indicates that your

?
5
3
#
i,
;
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selection was based upon recorded failure rate data. If you have re=-
3 corded data, indicate a "3" regardless of your familiarity level. See
L. the example on the bottom of Fage 4. Uo not base your seiections on
E laboratory test results aince this is a survey of field environments.
; Following are the descriptions for each of the environmental categories.

ENVIRONMENT
Ground, Benign

Ground, Fixed

: Ground, Mobile,
) Wheeled

9 Ground Mobile,
3 Tracked

Manpack

i Naval, Sheltered

v Naval, Unsheltered
Navél, Undersea,

Unsheltered

Naval, Benign,
Submarine

Naval, Hydrofoil

, Airborne, Inhabited,
; Transport

Airborne, Inhabited,
Flighter

Airborne, Uninhabited,
Transport

DESCRIPTION

Nonmsbile, laboratory environment readily
ac~essible to maintenance.

Conditions less than ideal to include installa-
tion in permanent racks with adequate cooling
air and possible installation in unheated
buildings.

Mcbile equipment installed upon wheeled vehicles.
Mobile equipment installed upon tracked vehicles.
Portable electronic equipment being manually

transported while in the operational mode.

Sheltered or below deck conditions, protected
from elements of weather.

Nonprotected shipboard equipmeat exposed to
climatic conditions.

Equipment immersed in salt water.
Equipment installed in submarine.

Equipment installed in a hydrofoil vessel.

Typical conditions in transport or bomber
compartments occupied by aircrew and installed
on long mission zircraft such as transports
and bombers.

Same as airborne inhabited transport but in-
stalled on high performance aircraft such
as fighters and intercepters.

Bomb bay, equipment bay, tail, or wing installa-
rions on long mission aircraft such as transports
and bombers.
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Airborne, Uninhabited
Fighter

Airborne, Rotary
Winged

Missile, Launch/
Re-entry

Tactical Missile,

Launch

Cannon, Launch

Undersea, Launch

Missile, Free Flight

Airbreathing Missile,
Flight

Space, Flight

Nonoperating

COMMENTS:

Same as atrborne uninhabited transport but
installed oa high performance aircraft such
as fighters and intercepters.

Equipment installed in or on helicopters.

Severe conditions related to strategic missile
launch, and space vehicle boost inzo orbic,
vehicle re-entry and landing by parachute,
Conditions may also apply to rocket pro-
pulsion powered flighc.

Severe conditions related to tactical missile
launch. May also apply to rocket propulsion -
power flight.

Extremely severe conditions related to cannon
launch.

Conditions related to undersea torpedo/missile
launch.

Non-powered atmospheric free flight.

Conditions related to powered flight of air-
breathing misaile.

Earth orbital. Approaches Ground, Benign
conditions without access for maintenmance.
Vehicle neither under powered flight nor in
atmospheric re-entry.

Dormancy/storage conditions of equipment.
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PRESENTATION TO POTENTIAL DATA CONTRIBUTORS
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PRESENTATION TO POTENTIAL DATA CONTRIBUTORS

Rome Air Development Center (RADC) has contracted with Martin Marietta
Corporation to evaluate and revise the current ng factors in MIL~HDBK-
217 for Reliability Prediction of Eiectronic Equipment. (ur govern=-
ment program wmanaget is Mr. Lester Gubbina. This task is being led
at Martin Marietta at Orlando by ¥r. Ed Kimball, under the direction
of our Manager of Reliabfility and Maintainability, Mr. Bert F. Kremp.

fo

Our contract objectives are to update the factors for environment now
listed in MIL-HDBK-217, and to create factors for any newly defined
environmente. Our scope of work involves analysis of collected field
data, augmented by a survey of industrial experts and an evaluation of
the severity ratios of the influence factors for a given snvironment.
The purpose of the survey is to determine the consensus of the industry
as to the appropriate categorizations and significance of environments
in the Handbook. Previous studies corducted by Martin Marietta provide
information that can be used as building blocks in the overall data
base. There exists the need for additional data in the area of Cruise
missiles, and satellites. Review of variocus suggestions to RADC in-
dicates that the previously mentioned enviroaments should be researched
to nbtain wore representative environmental factors.

L)

3 Currently, 11 enviromments are presented in MIL-HDBK-217C. There are
indications in the industry that the environmental categories should
be expanded. This list of 23 environments was circulated during our
first survey. Of special concern to us are the additions madc in the
naval, manpack, and the missile areas.

4 Ve have completed our second survey. Responses have been analyzed and
a scverity ranking of the proposed environments, as well as signif-
icance rankirg of environmental influence factors have been ietermined.
These influence fact.rs would be conditiong such as vibrati 1, tempera-
ture shock, humidity, dust/sand, which an electronic equipr. 't might
experience within a given environmental utilization mode.

We intend to analyze rhe survey results, which represent the opinion
of the indus:iry, the factors ¢ w found in the MIL-HDBK, and the field
data we collect. Mariin Marfetta recognizes the difficulties involved
with colleciing statistically significant quantities of usable data in
all desired field environments. It is anticijated that, even with
follow-up data collection efforts, there will be a few areas of inter-
; est with insufficient field data to apply direct analytical techniques.
$ However, the collected field data will be the primary means for decision
making during the final evaluation of the MIL-HDBK-217 =g factors.

5 We are looking for data in all of the environments we have categorized
~ in the expanded listing, but thtis data must specifically be field data.

Laboratory or test data, because of the contrived nature of the effects
equipment sees in such environments, is not of use to us at this time.
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Operating hours or estimates of hours ave necessary, due to the
importance of investigation of parts degradati~n over time. We would
prefer data at the parts level, primarily because MIL-HDBK-217 is cur-
rently organized at that level and is intended for reliability pre-
diction by parts stress analysis., Systems level data could be uge-
ful, however, if parts mix or parts lists can be obtained. Especially

useful would be an environmental profile of the conditions your equip-
meut experienced.
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VIEWGRAPH PRESENTATION

RELIABILITY SECTION
PRODUCT ENGINEERING LABORATORY
MARTIN MARIETTA AEROSPACE
ORLANDO, FLORIDA
REVISION OF ENVIRONMENTAL

FACTORS FOR MIL-HDBK-2178

CONTRACT F30802-78-C-0227
ROME AIR DEVELOPMENT CENTER
AIR FORCE SYSTEMS COMMAND
GRIFFISS AIR FORCE BASE, NEW YORK

GOVERNMENT PROGRAM MANAGER - MR. LESTER GUBBINS
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ENVIRONMENTAL CATEGORIES

GROUND, BENIGN

GROUND, FIXED

GROUND, MOBILE*

NAVAL, SHELTERED

NAVAL, UNSHELTERED

AIRBORNE, INHABITED, TRANSPORY
AIRBORNE, INHABITED, FIGHTER

AIRBORNE, UNINHABITED, TRANSPORT

AIRBORNE, UNINHABITED, FIGHTER
MISSILE, LAUNCH/REENTRY
SPACE, FLIGHT

MANPACK

NAVAL, UNDERSEA, UNSHELTERED
NAVAL, BENIGN, SUBMARINE
NAVAL, HYDROFOIL

AIRBORNE, ROTARY WING
TACTICAL MISSILE, LAUNCH
CANNON, LAUNCH

UNDERSEA, LAUNCH

MISSILE, FREE FLIGHT
AIRBREATHING MISSILE, FLIGHT
NONOPERATING

*GROUND, MOBILE HAS BEEN EXPANDED TO GROUND, MOBILE, WHEELED
AND GROUND, MOBILE, TRACKED DURING THIS STUDY.

D-5

i
- - o e ol o s AR

cg:“""‘\"-"x"'; .
PO bt T

A Ry

PRl

LOE]

B

'
1’3



ENVIRONMENTAL SURVEY

2-ROUND SURVEY OF INDUSTRY EXPERTS

, STATISTICAL ANAL YSIS OF RESPONSE
e SEVERITY RANKING OF ENVIRONMENTS
e SIGNIFICANCE RANKING OF INFLUENCE FACTORS
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CONTRACT OBJECTIVES

e UPDATE FACTORS FOR ENVIRONMENTS IN MIL HDBX-2178
e CREATE FACTORS FOR NEW ENVIRONMENTS '
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APPENDIX E
REVISED SEMICONDUCTOR BASE FAILURE RATE TABLES
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TABLE 2.2,1~7
MIL-§~19500 TRANSISTORS, GROUP 1, SILICON, NPN

BASE FAILURE RATE, )y, IN PAILURES PER 106 HOURS .§

i

e T S . B,
% (*C) .1 .2 .3 b <3 .6 .7 .8 .9 1.0 R
5 0 ] .00050 .00060 .00070 .00084 .,00098 .0012 .0014 .0016 .0021 .0D026 %
£

10 § .00056 .00067 .00079 .00094 .001) .0013 .0015 .001% .0025 .0034

20 } .00063 .00075 .0GOS8 .0010 .0012 .0015 .0018 .0022 .C029 .0043
25 | .00067 .00079 .00094 .0011 .0013 .0015 .0019 .0025 .0034 .0048

30 | .00070 .00084 .00098 .0012 .0014  .0016 .0021 .0026 .0037
40 1 .00079 .0GD94 .0011 .0013 .0CG15  .0019 .0025 .0034 .0048

3 50 | .00088 .0010 .0012 .0015 .0018 ,0022 .0029 .0043
3 55 ] .00094 .0011 .0013 .0015 .0019 .0025 .ND34 .0048

3 60 | .0009¢ .0012 .n0M4  .0016 .0021  .0026 .0037
3 65 | .0010 .0012 .0015 .0018 ,0022 .0029 .0043

S o

TR

7 8T L0 S

12
Baofl

N

1 70 | .0011 .0013 .0015 .0019 .0025 .0034 .0048 3
¢ 75 | .0002 .0014 .0016 .0021 .0026 .0037 5
E go | .0012 .0015 .0018 .0022 .0029  .0043 i
3 85 | .0013 .0015 .0019 .0025 .003  .0048 ;
4 90 | .0014 .00l .0021 .0026 .0037 1
| 9s | .0015 .0018 .0022 .0029 .0043 r

100 | .0015 .0019 .0025 .0034  .0048
105 | .0016 .0021 .0026  .0037

110 § ,0018 .0022 .0029 .0043 ¢
115 | .0019 ,0025 .0034 ,0048 i

120 | .0021 .0026 .0037 ' ‘
125 | .0022 .0029 .0043 %

] 130 | 0025 .0034 .0048 : !
f 135 | .0026 .0037

140 | .0029 .0043
145 | .0034  .0048

3 150 § .0037
1 155 | .0043

160 | .0048




TABLE 2.2.}-8
MIL~$~19500 TRANSISTORS, CROUP 1, SILICON, PNP

BASE FAILURE RATE, A, IN FAILURES FOR 108 NOURS

T s
ol a .2 .3 4 .5 .6 .7 .8 .9 1.0

0 |.00065 ©L083 .0010 .0012 .0015 .0017 .0020 .0026 .0032 .0044
10 }.00077 .100S$S .0012 .00M& .0016 .OO19 .0023 .0031 .0039 .0O57
20 {.000v7 .0011 .0013 .0015 .0019 .0022 .0028 .0035 .0049 .0077
25§ LU95  .0012  .0014 .0016 .0019  .0C23 .0031 .0039% .0057 .0092
36 }.0010 .0012 .u01S .0O17 .0D20 ,0026 .0032 .0044 .0065

40 |.0012 .00I14 .0016 .0019 .0023 .0031 .0039 .0057 .0092

so }.0013 .0015 .0019 .0022 .0028 .0035 .0049 .0077

ss | .o014 .0016 .0019 .0023 .0031 .0039 .GOS? .00%2

606 |.0015 .0017 .0020 .0026 .0032 .0044 .0065

65 | .0015 .0019 .0022 .0028 .0035 .0049 .0077

70 |.0016 .0019 .0023 .0031 .0039 .0057 .0092

75 |.00t7  .2020 .0026 .0032 .0044  .0065

86 |.0019 .0022 .0028 .0035 .0049 .0077

85 |.0019 .0023 .0031 .0039 .0057 .0092

90 |.0020 .0026 .0032 .0044  .0065

95 | .0022 .0028 .0035 .0049 .0077
100 |.0023 .0031 .0039 .6057 .0092
105 | .0026 .0032 .004% .0065
110 {.0028 .0035 .0049 .0077
115 |.0031  .0039 .0G57 .0092
120 | .0032 .004%  .0065
125 | .0035s .0049  .0077
130 | .003@ .0057 .0092
135 | 0044  .0065
150 | .0049  .0077
145 | .0057  .0092
150 | .0065
155 | .0077
160 | .0092
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MIL-S-19500 DICDES, GROUP IV, SILICON
BASE FAILURE RATE, Xy, IN FAILURES PZR 100 HOURS
s

T
(°cyl .1 W2 .3 o .S .6 .7 .8 .9 1.0

0}].00010 .00014 .00020 .00027 .00037 .00049 00065 .00085 0011 .001&
10 | .00012 ,00018 ,00025 .00033 .00045 .D0059 .00076 .0010 .0014 .0022
20 § .00016 .00023 .00031 .D0D&1 .00053 .00070 .00092 .0013 .0019 .0031
25 1.00018 .00025 .00033 ,00045 .00059 .00076 .0010 .0014 .0G!2 .0039
30 ] .00020 .00027 .00037 .00049 .00+5 ,00085 .0017 .0016 .0025

40 .00025 .00033 .00045 .00059 .00076 .0010 .0014 .0022 .0039

50 { .00031 .00041 .00053 .00070 .00092 .COL3 .0019 .0031

55 .00023 .00045 .00059 .0D0076 .0010 .00l4 .0022 0039

60 | .00037 .00049 .00065 .00085 .0011 .0016 .0025

65 ] .00041 00053 .00070 .00092 .0013 .0019  .0031

70 {.00045 .00059 .00076 .0010 .00i&4 .0022 .0039

75 {.00049 .CO065 .0C085 .0011 .0016  .0025

80 | .00053 .00070 .00092 .0013 .0019 .0031

8s | .00059 .00076 .0010 .0014 .0022 .0039

90 | .00065 .00085 .0011 .00l6  .0025

95 | .00070 .00092 .0013 .0019 .0031
100 { .00075 .0010 .0014 .0022 .0C39
105 § .00085 .0011 .0016  .0025
110 | .00092 .0013 .0019 .0031
115 ].0010 .0014 .0022 .0039
120 | .0011  .0016 .0025
12 1.0013  .0019 .0031
130 }.00064  .0022 .0039
135 | .0016 0025
140 } .0019  .uo3
145 ] .0022  .0039
150 | .0025
155 | .0031
160 | .0039
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TABLE 2.2.5-4
MIL-S-19500 ZENER DIODES, GROUP V
BASE FAILURE RATE, \,. 1N FAILURES PER 100 HOURS
3
1
of .1 .2 .3 .4 5 .6 .7 .5 9 1.5
0 ].00041 .00048 .000S5 .00061 .00070 .00078 .00089 .0010 .0012 ,CJl5
10 |.00046 .00053 .00060 .00066 .0G075 .000SS 00099 .0012 .0015 .0019
20 |.00049 .00056 .00065 .00072 .00082 .00094 .0011 0013 .0017 .0026
25 | .00053 .00060 .00066 .00075 .000B5 .00099 .0012 .0015 .0019 .J031
30 |.00055 .00061 .00070 .00078 .00089 .0010 .0012 .0016 .00.2
40 |.00060 .00066 .00075 .00085 .00099 .0012 .0015 .UM .0OM
50 |.00065 .00072 .00082 .00094 .0011 .0013 0017 .0026
55 | .00066 .00075 .00085 .00099 .0012 .0015 .0019 .003"
60 | .c0070 .00078 .00089 .0010 .0012 .0016  .0022
65 |.00072 .00082 .00094 .0011 .0013 .0017 .0026
70 {.00075 .00085 .00099 .0012 .0015 .0019  .0031
75 |.00078 .00089 .0010 .0012 .0016 .0022
80 |.00082 .00094 .0011 .0013 .0017 .0026
85 |.00c85 .00099 .0012 .0015 .0019 .0031
90 |.00089 .0010 .0012 .0016 .0022
95 |.00094 .0011 .0013 .0017 .002%
100 |.00099 .0012 .0015 .0019 .0031
105 |.0010 .0012 .0016 .0022
110 |.0011  .0013 .0017 .0026
115 |.0012 .0015 .0019 .003)
120 {.0012 .0016 .0022
125 {.0013 .0017 .0026
130 |.0015 .0019 .0031
135 [.0016  .0022
140 |.0017  .0026
145 {.0019  .0031
150 |.0022
155 |.0026
160 |.0031
E-S
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MIL-HOBK-217C

DISCRETE SEMICONDUCTORS

aT"

o e Rbimehe

_ TABLE 2.2-2
DISCRETE SEMICONDUCTOR BASE RAILURE RATE PARAMETERS
_ 4, Constants
Group Part Type A Ny Ty P
Transistors o 7 ,
: ' Si, NPN 0.018% | -10%2 {448 | 10.5 | 150
Si, PAP 0.0648 | -1224 {448 | 14.2 | 150
I Ge: PNP 6.5 2142 {373 | 208} 75
Ge, NON. 21 -2221 |33 119 -} 715
11 FET 0.52 -1162 ] 448 | 13.8'1150
111 Uni junction 3.12 -1775 | 448 1 13.8 | 150
Diodes Si, Gen. Purp. 0.172 | -2138 |4a8 | 17.7 {150
v Ge, Gen. Purp. 126 -3568 1373 J225) 15
v Zener/Avalanche 0.0068 | -800 448 | 14 f150
vl Thryistors 0.82 ~2050 | 448 9.6 1150
Microwave
Ge, Detectors 0.33 -477 | 343 {15.6 ] 45
Si, Detectors 0.14 -392 (423 {16.6 {125
Vil Si, Schottky Det. 0.005 -392 1423 }16.6 |12
Ge, Mixers 0.56 ~A77 1343 | 15.6 | 45
Si, Kixers 0.19 -394 | 423 | 15.6 {125
IMPATT, Gunn,
. Varactor, PIN,
vill Step Recovery b 0.93 -1162 | 448 | 13.8 |150
Tunnel
Transistors Microwave See Section 2.2.9
1x
X
Opto~electronic | LED's, lsolators 126 -3734 | 398 | 22.5 {100

and Displays

Supersedes page 2.2-3, 9 April 1979.
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MIL-HDBK-217C
9 April 1979

Use Environment

A1l part reliability models include the effects of environmental
stresses through the factor, mg. The definitions of these environments
are shown in Table 2-3. The np factor is quantified within each part
failure rate model. These environments encompass the major areas of equip-
ment use. Most equipment will experience more than one environment during
its normal use, particularly since the nonoperating mode has been added to
the models. To utilize both the operating and nonoperating models with
one or more environments, the reliability analysis should be segmented.
This is illustrated by the following example.

Consider a tactical artillery missile fired from a wheeled vehicle
capable of traversing rough terrain. The missile would be removed from
depot storage in an uncontrolled environment and subjected to a func-
tional test. It would then be carried by truck to the ammunition supply
point for loading intoc the mobile launcher. The launcher travels cross
country tc the forward edge of the battle area and when a fire mission is
received, power is turned on in the missile and shortly thereafter it is
launched and proceeds to the target. As before, the appropriate =g fac-
tors should be quantified within each part failure rate model and the re-
sulting part failure rates are summed to obtain system failure rates for
each segment of the mission. A model for this mission is shown below:

G M M

- _ +
(l a)(*wo o ) * Ao, o ‘oot t AwL v
GF YO Gy y

a = functional test efficiency (percent of failures detec: :a)

ANO = gystem ground fixed nonoperating failure rate
GF
ANO = system ground mobile nonoperating failure rate
GM
AG = syvstem ground mobile operating failure rate
M
AML = gystem missile launch failure rate
t,, = depot storage time period
NOGF

F-2
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tNO # ground mobile nonoperating time period

. Gy

L ground mobile operating time period
M

I e

Tt

ty ~ missile launch and flight time period
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TABLE 2-3 ENVIRONMENTAL SYMBOL IDENTIFICATION AND DESCRIPTION

ENVIRONMENTAL
MODE

"E

SYMBOL

DESCRIPTICN

Ground, Benign

Ground, Fixed

Ground, Mobile

Space, Flight

Nonoperating

Manpack

Maval, Sheltered
Maval, Unsheltered

Naval, Undersea,
Unsheltered

Naval, Submarine
Maval, Hydrofoil

Airborne, Inhabited,
Transport

Airborne, Inhabited,
Fiohter

Gg

GF

GM

SF

AlF

Nonmobile, laboratory environment
readily accessible to maintenance.

Conditions less than jdeal to in-
clude installation in permanent
racks with adequate cooling air and
possible installation in unheated
buildings.

Mobile equipment installied upon
wheeled or tracked vehicles.

Earth orbitai. Approaches Ground,
Benign conditions without access
for maintenance. Vehicle neither
under powered flight nor in atmos-
pheric re-entry.

Dormancy/storage conditions of
equipment.

Portable electronic equipment being
manually transported while in the
operational mode.

Sheltered or below deck conditions,
protected from elements of weather.

Nonprotected shipboard equipment ex-
posed to climatic conditions.

Equipment immersed in salt water.

Equipment installed in submarine.

Equipment installed in a hydrofoil
vessel.

Typical conditions in transport or
bomber compartments occupied by air-
crev without environmental extremes
of pressure, temperature, shock and
vibration, and installed on long
mission aircraft such as transports
and bombers.

Same as A7 but installed or high
performance aircraft such as fighters
and intercepters.

2-3




TABLE 2-3 (Continued)

-

ENVIRONMENTAL
MODE

"E
SYMBOL

DESCRIPTION

Airborne, Uninhabited,

Transport

Airborne. Uninhabited,

Fighter
ri Airborne, Rotary
v, \‘Ji nged
- Missile, Launch
; Cannon, Launch

tindersea, Launch

Missile, Free Flight
Airbreathing Missile,

Flioht

Ayt

CL
UsL

MFF
MFA

Bomb bay, equipment bay, ¢eil, or
where extreme pressure, vibration,
and temperature cycling may be aogra-
vated by contamination from oil, hy-
draulic fluid and engine exhaust.
Installed on lona mission aircraft
such as transports and bombers.

Same as Ayt but instailed on hioh
performance aircraft such as fighters
and intercepters.

Equipment installed in or on
helicopters.

Severe conditions related to missile
launch {air and ground), and space
behicle boost irio orbit, vehicle re-
entry and landing by parachute. Con-
ditions may «lso apply tc rocket
propulsion powered flight.

Extremely severe conditions related
to cannon launch.

Conditions related to undersea
torpedo mission/missile launch,

NKon-powered free fligl.t.

Conditions related to powered flight
of airbreathing missile.
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TABLE 2-3A TYPICAL EQUIPIENT USAGE

ENVIRONMENTAL
MODE

TYPICAL EQUIPMEMTS IN MODE

Ground, Benign

Ground, Fixed

Ground, Mobile

Space Flight
Nonoperating
Manpack

Naval, Sheltered
Naval, Unsheltered

Havz}, Undersea,
Unsheltered

Naval, Submarine
Naval, Hydrofoil

Airborne, Rotary
Winged

Missile, Launch
Cannon, Launch
Undersea, Launch
Missile, Free Flight

Airbreathing Missile,
Flighy

Laboratory instruments, laboratory test equip-
ment, medical electronic equipment, large
business/scientific computer complexes.

Permanent instaliation of air traffic control,
radar and communications facilities, missile
silo ground support cquipment.

Tactical missiles and associated ground suprort
equipment, mobile conmunications equipment,
tactical fire direction systems.

Sarellites, space probes, shuttles.
Systems in dormancy/storage conditions.

Portable field comwunications equipment and
laser designators/rangefinders.

Surface ships communications equipment, com-
puters, sonars.

Mast mounted radar electronics, missile/
projectile fire concrol equipment,

Sonar sensors, special purpose ASW equipment

Communications egquipment.

Tactical missiles, laser desionators, fire con-
trol systems.

Missiles in conditions described by Table 2-3.
155 mm and 5 inch quided projectiles.
Torpedoes, strategic amissiles.

Missiles in conditions described by Table 2-3.
Cruise missiles.

SINS, launch control systems, strategic missiles.

TE S ey ”SF:‘"\"V’:Q:‘M,?;, PRI 05 DRI ST R 3 s A ey ey

I

A s A e

L

F

= G ity TSP | v,
J

R gzt




RPN

: MIL-HDBK-217C ¢
] 1 May 1980 H
4 MICROELECTRONIC DEVICES ¥
3 MONOLTTHIC >
3 2.1.1 Monolithic Bipolar and MOS Digital SSI/MSI Devices ¢
3 {less than 100 gates). ¥
1 5
1 Part operating failure rate model (Ap): %
1 o " ™ [ClaTﬂv + €y + C5) nE} w~ Failures/10° hours §
? whare: E.
| Ay is the cevice failure rate in F/10°% hours i%
f " is the quality factor, Table 2.1.5-1 §
éf wy is the temperature acceleration factor, based on technology §
3 (Table 2.1.5-4) and is found in Tables 2.1.5-5 thrv 2.1.5-13 S
3 7y is the voltage derating stress factor, Table 2.1.5-14 %
; ap is the application environment factor, Table 2.1.5-3 %
4 :
E ¢ & C2 are the circuit complexity failure rates based upon gate 3
E count and are found in Tables 2.1.5-17 and 2.1.5-18. (See :
Tables 2.1.5-27 and 2.1.5-28 for gate count determination) :
C, s the package complexity failure rate, Table 2.1.5-26 "
i
n, s the device learning factor. Table 2.1.5-2
{
Part non-operating failure rate model (xpNo): i
4 ) . _ 6 7 \
1 ‘pno = L [jo.l C] + {cz + 63) “ENO] Failures/10" Lours 3
; wnere:
f " Cy» Gy, Cy are as described for Xp
E "Eyo 1S the application environment factor, Table 2.1.5-3
: Supersedes page 2.1.1-1, 9 April 1979 8.
| 2.1.1-1 F-7 :




o

MIL-HDBK-217C

e T Y

1 May 1930
MICROELECTRONIC DEVICES 1
MONGL I THIC s
2.1.2 Honolithic Ripolar and MOS Linear Devices i
g“_’.
5
Part operating failure rate mode! (\p); 4
L
. , 6 4
A * g [C‘u-‘.av + (C, + C) nE] n Failures/10° hours :
where: E
\p is the device failure rate in F/10% hours .
mq is the quality factor, Table 2.1.5-] g
ny is the temperature acceleration factor, based on technology %
{Table 2.1.5-4) and is found in Tablesx 2.1.5-5 thry 2.1.5-13 3
Ty is the voltage derating stress factor, Table 2.1.5-14 ?
e is the application environment facior, Table 2.1.5-3 é
C] & Cz are the circuit complexity failure rates based upon gate i
count and are found i Tables 2.1.5-17 and 2.1.5-18, {See ¢
Tables 2.1.5-27 and 2.1.5-28 for gate count determination) g
C3 is the package complexity failure rzte, Table 2.1.5-26 ?
™ is the dcvice learning factor, Table 2.1.8-2 g
¢
Part non-operating failure rate model (xpNO): %
/
- . 6 .
‘oo = " [0.1 ¢, + (€, + Cq) ngm] Failures/10° hours ,

wnere:
2 " C], CZ' C3 are as described for xp

w ] "Eno is the application environment factor, Table 2.1.5-3 i

Supersedes page 2.1.1-1, 9 April 1979
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MIL-HDBK-217C

1 May 1980
MICROELECTRONIC DEVICES
MONOLITHIC

2.1.3 Monolithic Bipola~ and MOS Random Logic LSl and Microprocessor
Devices [equal to nr greater than gates,

Part cperating failure rate model (\p):

v = [Comgny + (C, + C3) 2} v, Failures/10 hours
W ERE AU B

P
where:
Ap is the dgvice failure rate in F/:O6 hours
", is the quality factor, Table 2.1.5-1

n, is the temperature acceleration factor, oased on technology
(Table 2.1.5-4) and is found in Tables 2.1.5-5 thru 2.1.5-12

n, 1s the voltage derating stress factor, Table 2.1.5-14

e is the application environment factor, Table 2.1.5-3

1 & 62 are the circuit complexity failure rates based upon gate
count and are found in Tables 2.1.5-17 and 2.1.5-18. (See
Tables 2.1.5-27 and 2.1.5-28 for gate count determination)

C, is the package compliexity failure rate, Table 2.1.5-26

" is the device learning factor. Table 2.1.5-2

Part non-operating failure rate model (xpNO):

i - 6
‘pNg = "y [jo.l c1 + (c2 + C3) "ENO} Failures/10" hours
wnere:

nQ, C], Cz, C3 arce as described for xp

"Eno is the application environment factor, Table 2.1.5-3

Supersedes page 2.1.1-1, 9 April 1979

2.1.3-1 F-9
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MIL-HDBK-217C

1 May 1980
MICROELECTRONIC DEVICES
MONOLITHIC

2.1.4 ronolithic %S and Bipolar Memories

2.1.4.1

Random Access Memories (RAMs)

Part operating failure rate mode! (xp):

_— [c}um + (€, Cy) ,,E] n,  Failures/10° hours
is the device failure rate in F/10° hours
is the quality factor, Table 2.1.5-1

is the temperature acceleration factor, based on technoiogy
(Table 2.1.5-4) and is found in Tables 2.1.5-5 thru 2.1.5-13

is the voltage derating strass factor, Table 2.1.5-14

is the application enviromment factor, Table 2.1.5-3

& C2 are the circuit complexity failure rates based upon gate
count and 2re found in Tables 2.1.5-17 and 2.1.5-18, (See
Tables 2.1.5-27 and 2.1.5-28 for gate count determination)

is the package complexity failure rate, Table 2.1.5-26

is the device learning factor, Table 2.1.5-2

Part non-operating failure rate model (APNO):

wnere:

XPNO = " [io.l C] + (62 + c3) "ENOJ Faﬂures/lo6 hours

g C], Cg. C3 are as described for xp

"EnO is the applicaticn environment factor, Table 2.1.5-3

Supersedes page 2.1.1-1, @ April 1979




&y

] MIL-HDBK- 217¢

1 May 1980
; MICROELECTRONIC DEVICES i
3 MONOLI THIC o
2.1.4.2 Read-Only Hemories (ROMs) und Programmable Read-Only Memories é_
{PRO¥S) 4
Part operating failure rate model (:p): %.
&, &
, }‘p * " [c‘,Tﬂv + ((:2 4+ C3) aﬁ] " Faflures/10" hours i
1 where: :

is the device failure rate in F/106 hours

-~

ST A e

is the quality factor, Table 2.1.5-1

& B O e

is the temperature acceleration Tactor, based on technology
(Table 2.1.5-4) and is found in lables 2.1.5-5 thru 2.1.5-13

o =
-

is the voltage derating st¢ress factor, Table 2.1.5-14

A
-
2.

-

is the application environment factor, Table 2.1.5-3

=
m

& C2 are the civcuit complexity failure rates based upon gate
count. and are found in Tabies 2.1.5-17 and 2.1.5-18. (See
Yables 2.1.5-27 and 2.1.5-28 for qate count determination)

ERR T TR R T

S s
——

c

e

3 is the package complexity failure rate, Table 2.1.5-26

n, is the device learning factor. Table 2.1.5-2

L

Part non-operating failure rate model (XpNo)i

B e Al it

Apno * " [:0.1 C] + (C2 + c3) "ENO] Failures/106 hours

: wnere: N

;"
" C‘. CZ‘ C3 are as cescribed for \p
"EnD is the application environment factor, Table 2.1.5-3

Supersedes page 2.1.1-1, 9 April 1979
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NiL-NDBK-217C

RICROELECTRONIC DEVICES :
KONOL 1 THIC :

] TABLE 2.1.5-2. il , LEARNING FACTORS

G b W LTI MRy 1

The hcrninguctnrnt fs 10 under any of the following conditions:

{1} MNew device in inttia) production.

(2) uhere major charges in design or process have occurred.

] (3) Mhere there has been an extended interruption in production
o o & change in line personnel (radical expansion).

BURE T S

The factor of 10 can be exdected to apply until conditions and
controts have stabilized. This period can extend for as much
4s $ix months of continuous productinn,

e A R

b i, plTReI T

L is equal to 1.0 under a»1) production condttions nst stated in .
(V), (2) and (3) above.

TABLE 2.1.5-3. Application Environment b
Factor = :
3 € -t
§; Environment Operating Nonoperating %
3 S 0.90 . 0.09 §
Gy 0.38 5,04 ;
G 2.5 0.75
Neg 4.5 0.45 b
N 3.4 0.34 ’
" 3.8 0.38 ]
Gy 4.2 0.41 %
: Mer 3.9 0.38 '
4 Ary 3.5 - :
E: "fA 5.4 0.54
My 5.7 0.57 .
Ayt 4.0 - *
Ny 5.9 0.58
Ny 6.3 0.63
Aow 8.5 0.84
A"_. 1.0 -
Ugy 1. 11 i
\gF 8.0 - -
LY 13. 1.3 3]
o 220. 22. L

Supersedes page 2.1.5-2, 9 April 1579
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Description: An 8192 bit N-channel MOS UV-EPROM n & Ground, Fixec
application, junction temperature of 55+C, procured to vendor equivalent B-2
quality level. The production line has been in continyous production. The
device is & ceramic/metal DIP, solar seal hermetic packaoe with 24 pins,

3
- o
= MiL-HOBK-217C -
- MICROELECTRONIC DEVICES ¥
: MOHOL1THIC £
% 2,1.6 EXAMPLE FAILURE RATE CALCULATIONS FOR MOMOLITHIC DEVICES %
Example Gne

Ty

L
b
e
>

From Section 2,1,4.2, the operating failure rate model is:
r\p = SQ [C]ﬁTﬂv'?T + (Cz + 53) iE] llt

Table 2.1.5-1 (uality Level 8-2; 0" 6.5

e R I

? Table 2.1.5-3 Ground, Fixed Enviromnent: 0w ® 2.5

i Table 2.1.5-4 NMOS, Hermetic Package: corresponding to x, ) .

é Table 2.1.5-8; =y = 0.71 ; v

: Table 2.1.5-14 =, = 1.0 %
Table 2.1.5-24 8192 bits; C, = 0.055, C, = 0.0024 §~

Table 2.1.5-2§ pr * 1.56

Table 2.1.5-26 24 pin Hermetic DIP solder sea2l; C3 = 0.009

N Table 2.1.5-2 = =1 ;
B \p = 6.5 [(0.055)0.71(1.0)(1.56) + (0.00:4 + 0.009)2.5] 1.0 i

T 1p = 0.59/10° hours.
From Section 2.1.4.2, the non-operating failure rate model is: -

‘ono * "0 [p.w Cy ¢ (C; + Cy) -gNd]

Tabie 2.1.5-3 Ground, Fixed Environment: =gy, = 0.25
\pyo ° 6-5 {(0.1){0.055) + (0.0028 x 0.009) 0.25]

\pyp = 0-036/10% hours. :
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MYL-HDBK-217C

MICROELECTRONIC DEVICES
MONOL I THIC

Exavnie Two

Jescription: Device type M33510/01801 {s being used in an afrborne
inhabited, transport enviromment., The device {s procured as quality leve)
B-2 and has been in continuous production. The device is in a 16 pin, glass
s:a; ?srne:ic C-DIP package. The device has a worst case power disstnation
of .77 watis.

vae type numi¢r shows that the device fs included in WI{ -M-38510, described
tn slash sheet 18, tyne 01. The device is fabricated using TTL digital
tipolar techrology.

Table 2.1.5-26 shows a 100 gate complexity for this

device. Since the device complexity is equal to 100

gates, the random logic LSI digital model in Section -
2.1.3 applies. The operatiny failure rate equation is: 0

lp = "o [C“T'v + (cz + C3) ‘E} 'L
Table 2.1.5-1 Quality Level B-2; " 6.5
Tabie 2.1.5-3 Airborne, Inhabited, Transport Eavironment, w ® 3.5

Py
.

Table 2.1.5-4 TTL.Sngrnetic Package. corresponding to =, Table
2.1.5-

Tc = 60°C
TJ = Tc + QJCPnax = 60 + 30(0.77, = 83¢C
from Table 2.1.5-5, ¥ ® 1.3
Table 2.1.5-14 », = 1.0
Table 2.1.5-20 100 cate complexity; G - 0.015, T 0.0012
Table 2.1.5-26 16 pin hermetic DIP, glass se2l, Cy = 0.0059
Table 2.1.5-2 « = 1.0 R |
xp = 6.5 {(0.015)1.3(1.2) + (0.0012 + 0.0059)3.5] 1.0 g
Ap = £.5 [0.020 + 0.025]

6
xp = 0.29/10° hrs. i

2.1,6-2
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MIL-HDBK-217C
9 April 19792
MICROELECTPONICS
HYBRID
i 2.1.7 HYBRID MICROCIRCU.T
The hybrid operating failure rate model is:
n Ap {:NC eong t [N Mgt INp g+ xS] 7 ﬂE} Q"D

(failures/los hour}

whare:

¢ "¢ s the sum of the adjusted failure rates for the active
: components and capacitors in the hybrid frum section
2 2.1.7.1 N¢ is the number of each particular component
i r¢ is the component failure rate

n is the die correction factor Table 2.1.7-1

Y
HY
A
P
z
£
5.
2

; NR A is the number of (NR) and failure rate contributiun (xR) ?
" of the chip or substrate resistors (section 2.1.7.2) H
. INy O is the sum of the failure rate cont:ibutions of the L]
s 3 interconnections (1) from section 2.1.7.3 .
. \g is the failure rate contribution of the hybrid package. :

(Table 2.1.7-4) &

: T is the Environmental Factor for the film resistors, :

interconnections and package from Table 2.1.7-5 9
; " is the quality factor from Table 2.1.7-6 é
b % is the density factor from Table 2.1.7-7 i
.13 is the circLit vunction factor L
= 1.0 for digital hybrids i
= 1.25 for linear or linear-digital combinations é
The hybrid non-operatirg failure rate mucel is: f
= b "3 - ’
, XPNO = ZNC ‘e "o +6[0.000& NR + 0.00174 }:NI + 1525‘31 TExGTQ"D
;:: Failures/10° hours -
a where:

IN. A. 7o, Ny, Ny, 7,, n, are ipplied in the same manner as in the
C°C 76" R e o operaiing fatlure rate aodel
N \Spgec Is the failure rate contribution of the hybrid package at
L 25°C (70°F), (Table 2.1.7-8)

"EnO is the envirommental factor for the
nections and package from Table 2.1

fiim reristors, intercon-
s
Y

-
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MICROELECTRONICS
HYBRID

TABLE 2.1.7-5

Environmental Factor for Resistors,
Interconnections and Packages

O T ARG 7, A IR SO T AN T s g Rt

iR ot

"E
Environment Operating Nonoperating
: SF 0.32 0.18
3 GB 0.20 0.12
V- GF 0.78 0.45
"58 0.99 0.57
0.98
1.2
1.3
1.2
1.7
1.8
1.8
2.0
2.6

" e

B
%)
E
7
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4.0
120. 69.

2.1.7-8

. %

M [

3§ &

i

i ‘

F-16 A "_
z

=
+H
+ :‘2
5
4




et <0

MIL-HDBK-217C
MICROELECTRONICS
HYBRID
Si NPN transistor die, 60% stress ratio, page 2.2.1-1
xb(nE My g Ng Ny nL) g
(.02) 25 (1.5) 0.12 (1.0) 0.88 (1.0) 0.4 = 0.0316
Si PNP transistor die, 60% stress ratio, page 2.2.1-1
{same model as NPN transistor above)
(0.338) 25 (1.5) 0.12 (1.0) 0.88 (1.0) 0.4 = 0.0539
Si general purpose diode die, 60% stress ratio, page 2.2.4-1
‘b (nE nQ g Tp Ngo nc) g
(.0095) 25 {.15) 1.0 (1.0) 0.7 (1.0) .2 = 0.005
Ceramic chip capacitor, 60% stress ratio, 1000 pf., nage 2.6.4-1
Ap (nE nQ ncv) g
(.0063) 8.0 {1.0) 1.0 (.8) - 0.0403

Thick Film Resistor - Table 2.1.7-2

.0015
Package - Table 2.1.7-4, seal perimeter = 4.2 in.
Ag = .108
Interconnection - Table 2.1.7-3
Au-Al: .00130
Solder: .000871
Te = 3.2 Table 2.1.7-5
nQ = 1.0 Table 2.1.7-6

Density = 38/(.563 + ,10) = 57.3
m, = 1.34 Table 2.1.7-1
mp = 1.25 (for linear application, page 2.1.7-1)

y = {.0864 + 1206 + 2 (.0316) + 2 (.0539) + 2 (.005) + 2 (.0403) +
P {17(.00015) + 34 (.00130) + 4 (.00087) + .108] (1.25) 3.2} 1.0 (1.34)

A= 1.48

2,1,7-13 F-17




MIL-HDBK-217C

MICROELECTRONICS
1 HYBRID
The model for the non-operating failure rate is: :
|
} f
: ) =y THeApl, + [0.0001 N, + 0.000174 =N, + A [ } ™ ™
3 N0 L cq R I %S En0
- Package - Table 2.1.7-4, seal perimeter = 4.2 in., temperature = 25°
3 ) = 0.014
: S250¢
i M. = 1.8 Table 2.1.7-5
: NO
4 Ap =1{0.0864 + 0.1206 + 2(0.0316) + 2(0.0539) + 2(.005) + 2(0.0?03&

ND "+ [77(0.0001) + 34(0.000174) + 4(0.000174) + 0.014)] 1.8} 1.0)(1.34)
4 Ap = 0. 68 |
; Pro
% 7-18 2.1.7-14
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MIL-HDBX-21 7% - g
L%
4 DISCRETE SEMICONOUGTORS b
3 CONVENTIONAL TRANSISTORS .
. g
.}§ 2.2.1 Transistors, Group J 3
' * SHFECIFICALION STYLE DESCRIPTION ;
3,% ¥
f% MIL-S-19500 Si, NP &
| Si, PNP z
. Ge, PNP g
3 Ge, N°N '3
4 Part operating failure rate model (Ap): e
6 ;-
3 = {7 v <.
¢ Ap XL‘WE X T, X "Q X 7o X “Sz x ﬂc) Failures/10" hours ;
'; where the factors are shown in Tables 2.2.1-1 through 10. : #
4 Part non-operating failure rate model (leo): -
| - 6 ’ §
< Ano = Rb X mp X Mo oX W Failu-es/10 hours 2 &
no = v
= Where \p is the Tabie value at 25° and 0.1 stress ratio ; P
¥ - i 13
N TABLE 2.2.1-1 ¢
Group T Transiscors 3
Fnvirvonmental Mode Factors 8
rovironment 1 = - TABLE 2.2.1-2
E ENo m, FOR GROUP I TRANSISTORS
: Ch T 1G.09 ;
, SF 0.4 10.04 Application L7 g
¥ Gp 5.8 {0.54 — L
d Linear 1.5 14
2 Nsp 11 1 N :
e Switch 0.7 ]
K Ng 8.6 }0.81 . 5 ;
. 12 - Si, low noise, | 15.0 ;
AT i r. f.. <1W ;
. Mp 12 |11 e i
8 MFF 12 1.1
3 Mpa 17 1.6
a oM 18 |1.7
Ni 19 1.7
Nyy 20 1.9
E Ayt 20 -
Ny 21 2.0
ATF 25 -
. Apw 27 2.5
UsL 36 3.3
N Ayr 40 -
kA ML 41 3.9 .
'3 Cr, 50 66 i
v‘q',_ i 25
':? 2.2.1-1 F-19 3
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HIL-HDBK-217C

DISCRETE SEMICONDUCTORS
COMVFNTIONAL TRANSISTORS

e T .T'v.w-. Rk e o %.- R o
Moy 3 193 yprmoat 1o

REAUREL L

)

TABLE 2.2.1-3
QUALITY FACTOR

=
i

%i

n &
e

i3

1 1
I

¥

%

2

»

g
P
i

]

!

i

r

[4

b

2

*

<

Q.
ﬁ Quality Level | "

JANT XV 2
JANTX 4
JAN

Lower®*
Plastic™* 1

.

1
.2
0

R

RN ——O0

2
0

T R

*Herretic packaged devices.
**Devices sealed or encapsulated ]
with organic materials. P

TABLE 2.2.1-4
1 m, FOR GROUP I TRANSISTORS

Power Rating n
(watts)

3 5 ]

1t 5
>5 0 20

> 20 to 54
> 50 to 200

-

-

VR DD wd et
oNno;

P T e

v

gt 12 gy

i
H
.
-
i
3
2 .
- 18
3 Bt
=

F-20 2.2.1-1a
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MIL-HDBK-217C

D1SCRETE SEMLCONDUCTORS
FET

2.2.2 Transistors, Group 1l

SFECIFICATION STYLE DESCRIPTION
MIL-S-19500 Silicon Field Effect

Transistors, Gallium
Arsenide rET

Part operating failure rate model (ap):

6
A= g Y il 0
y lb(TE XMy X Mo X vc) Failures/10~ hours

where the factors are shown in Tables 2.2.2-1 through -

. Part non-operating failure rate model (lpno):

*Pyo Ap ¥ ﬂENO X Ty X T Failures/lO6 hours

Where ip is the Tabie value at 25° and 0.1 stress ratio
TABLE 2.2.-1

Group 1I Transistors
Environmental Mode Factors

TABLE 2.2.2-2

m, FOR GROUP II TRANSISTORS
Environment g TENO - -
Ca T A Aptication L
SF 0.6 0.24 Silicon
Gp 4.0 1.6 Linear 1.5
NsB 6 2.4 Switch 0.7
Ng 8.6 3.4 High Frequency 5.0
AlT 12 - (>400 HMz2. & aver.
Mp 12 4.8 power < 300 mW,)
Mpp 12 4.8
MFA 17 6.7 GaAs
GM 18 7.2 Low Noise¢ _ 7.0
N 19 7.4 Driver (< 100 mW.) 50.0
Nyu 20 7.9
Ayt 20 -
Ny 21 8.3
AIF 25 -
ARw 27 11
UsL 36 14
AyF 40 -
Mx 41 16
Cy 590 | 280

2.2.2-1
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K MIL-HDBK-2'7C
- DISCRETE SEMICOCNDUCTORS
F- FET
B TARLE 2,2.2-3
3 m» FOR GROUP 11 TRAHSISTORS
r_’"
3 Complexity T
é Single Device 1.6
Dual Unmatched 0.7
Dual Matched 1.2
Dual Complementary 0.7
Jetrode 1.4
.; TABLE 2.2.2-4
k. Tn FOR GROUP I1 TRANSISTORS
1 Quality Level mq
- Silicon
: JANTXY 0.12
E JANTX 0.24
LOWER* 6.0
PLASTIC** 12.0
.3 GaAs 1.0
y * - hermetic packaged cevices

** . devices sealed or encapsulated
with organic materials
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MIL-HDBK-217C

DISCRETE SEMICONDUCTORS
UNTJUNCTION

2.2.3 Transistors, lroup III

3 SPECIFICATION STYLE DFSCRIPTION
1 MIL-STD-19500 Unijunction

Part operating fallure rate model (Xp):

e BT TIORGOS JTOTE e ¥ P

6
AP - xb X mox 9 failures/10 hours

where the factors are shown in Tables 2.2.3-1 through 3. ¢
Part non-operating failure rate model (ApNO): %'
A0
4 N 6 ?
Ay = O.OLﬂE x T failures/10  hours :
NO %.
3 TABLE 2.2.3-1 ?
3 Group 1I1 Transistors 2
E Environmental Mode Factors '
TABLE 2.2.3-2 :
_ n 1
3 Environment | ng "Exo Qr QUALITY FACTOR
Gp 1 1 g
3 SF 1 1 : : ¢
i 93 1 1 n :
i NSB 10 10 Quality Level Q &
i Ng 8.6 8.6
§ ArT 12 ¥
Mp 12 12 CANTXV 0.5
Mpp 12 12 N
; HFa 17 17 JANTX 1.0 -
o Oy 18 1£ :
' Nu 19 19 JAN 5.0 -
Nyu 20 20
Ayt 20 Lowers 25.0
R My 21 21 Plasticas 50.0 ..
: AIF 25 #Hermetic packaged devices.
ARw 27 27 **Devices sealed or encap:mlated '
UsL 36 36 with organic material.
Ayr 40 :
ML 41 41 X
CL 690 | 690 ‘
|3 o
2.2.3-1 F-23 é ES




HIL-KMDBK-217C

¢
- DISCRETE SEMICONDUCTORS i
k- DIODES, GENERAL PURPOSE B
3 ¢
E 2.2.4 Diodes, Group 1V E
E SPECIFICATION STYLE DESCRIPTION K
MIL-5-19500 Siliccn, General Purpose
: Germanium, General Purpose
Part operating failure rate mndel (Ap):
7‘ )p = Ab(wE x “Q xmox LI rrs: X nc) f.ailures/l(')6 hours
4 where the factors are shown in Tables 2.2.4~1 through 8.
Part non-operating failure rate model (Apmo):
o =1 m f s/10°
APo b ¥ Exo x Ty X T ailures/10" hours
¥
- Where Ap is the Tabie value a" 25° and 0.1 stress rarlo
, TABLE 2.2.4-2
4 TABLE 2.2.4-1 TQ, QUALITY FACTOR
- Group IV Diodes .
1, A Lovironmental Mode Factors Quality Level Q
3 JANTXV 0.15
3 Environment Tg TENO
Gg 1 0.71 JANTX 0.3
Sy 1 0.71
Cp 3.9 | 2.8 JAN 1.5
Nsp 4.9 3.5
Ng 4.7 3.3 Lower* 7.5
Art 12 - Plastic# 15.0
Mp 12 8.6 *Hermetic packaged devices.
Mpp 12 8.7 *#Devices sealed or encapsulated .
gFA i; ig with organic material.
‘ N;‘ 19 13 TABLE 2.2.4-3
MU 20 14 %z FOR GROUP IV DIODES
AyT 20 - Current ‘Rating x
: Ny 21 15 (amps. ) R
= | ATF 25 -
Apy 27 X 31 1 s
UsL 36 25 >l w3 . :
Aur 40 - > 3t0 10 2.0
4 My 41 29 >10 to 20 4.0 "5
_ ¢ 690 490 »20 to 50 10.0 ﬂ
.
P24 2.2.4 »
3
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HIL-HDBR-217C

NISCRETE SEi1ICONDUCTORS
ZENEP. AND AVALANCHE DIODES

2.2.5 Diodes, Group V

SPECIFICATION STYLE DESCRIPTION
MIL-STD-19500 Voltage Regulator and Voltage

Reference (Avalanche and ZENER)

Part operating failure rate nodel (Xp):

A X T Failures/lo6 hours

P xb A Q

where the factors are shown in Tables 2.2,5-1 through 4.

(wE xn

Part non-operating failure rate model (XpNo,:

Apyg = 000031 = X T failure51106 hours
0 ENO Q

TABLE 2.2.5-1

Group V Diodes
Environmental Mode Factors . TABLE 2.2.5-2
A FOR GROU? V DIODES

Environment e “ENO
Cp 1 0.37
SF 1 0.37 . -
CF 3.9 1.5 Application A
NgB 5.8 2.2
Ng 8.7 3.3
AlT 12 - Voltage Regulator 1.9
Mp 12 4.5
Mgy 12 4.5 Voitage Reference 1.5
MFA 17 6.3 (Temp. Compensated)
GM 18 6.8
Ny 19 6.8
Nuu 20 7.4
AUt 20 -
Ny 21 7.8
AIF 25 -
ARW 27 9.9
Usy, 36 13
AUF 40 -
My, 41 15
Ci, 690 260

2.2.5-1 F-25
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MIL-HDBK-217C o

DISCRETE SEMICONDUCTORS
ZENER AND AVALANCHE DIODES

POV OOt wh, ¢

TABLE 2.2.3-3

"Q Quality Pactor

Quality Level "Q

R R e Y 3

JANTXV 0.3
; JANTX 0.6
! JAN 3.0

Lowers 15.0
Plastic#s 30.0
: m devices,
' #Devices sesled or encapsulated
" with organic materials.

T i e T

.

Lo

e, %

o

_— :
e g ¢

P26 2.2,%-'a
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HIL-WDBK-217C

DISCRF™E SEMICONDUCTORS
TIYRIS "%

2.7%.6 Diodes, Group VI

SPECIFICATION STYLE
MIL-STD~-19500

Part operating failure ratc wodel (xy):

. . 6
AP Zb x 'Q x ¥, % W faiines/10 hours

DESCRIPTION
Thyristors

where the factors are shown in Tables 2.2.6-1 through 4.

Part non-operating failure ratce model (lpso):

Ao = 0-0012 7 x ¥ fatlures/10% nours

Eyo

TABLE 2.2.6-2
T2, Quality Pustor
TABLE 2.2.6~1
Lave ]
Group V1 Diodes ality 1 Q
Environmental Hode Factors
[Environment | =g L0 JANTXV .5
Gy 1 1.1
Gy 3.9 4.2
NsB 5.8 | 6.2 JAN 5.0
NS 8v7 9-3
AIT 12 - Lower ® . 25.
Mpp 12 13 Hermetic packagel devices.
Hp, 17 18 *sDevices sealed or encapsulated
GM 18 19 with organic matarial.
Ny 19 20 TABLE 2.2.6-3
Nuy 20 21 ¥R FOR GROUP VI THYRISTOSS
AyT 20 -
Ny 7 22 Rated Average
ATF 25 -

toﬂ?rdm Current

P SR By
Sikd oA i %"‘;&c

Vl‘

S S -SSR
S S— \4

LAV




MIL~-HDBR-217C

DISCRETE SIZHICUNDUCTORS
HICROWAVE DIODES

2.2.7 Diodi~=, Group VIl

SPECIFICATION STYLE DESCRIPTION
Mi1-8-19500 Microwave Detectors and Mixers,

Silicon and Cermanium
Siliecon Schotthky Detectors

Part operating failure cate model {Xp):
v 6 N
NP " failures/ 0" hours

where the factors are shown in Tables i.2.7-1 through ~7.

Ap o= )

Part non~operating failure rate model {Apﬂo):

. 110%
Ao Ab x "ﬁm x %, faflure: /100 nouwrs

Where Ap is che fabie valwe at 25° and 0.1 stress ratio

T“LE 2:2- 7"1

Croup VI1 Diodes TABLE 2.2.7-2
Environsental Mode Factors %5, QALITY FACTOR
[Eavironment | g g

) XO 4
To 155 Quality Level Q
Gp 6.4] 0.26
Nup 8 0.32 JANTX? b §
Ng 11} 0.44
Al 25 - JANTX 2
Mp 35 1.4
Mpg 36 1.4 ol 3.5
Mra 50 2
GM 31 1.2 Lower & s.
NH 54 2.2 i
Nyu 58 2.3 *Hermetic packaged devices.
AUt 40 -

Xy 33 | 1.3
Ay 50 -
ARW 78 3.1
Usl, 110 4.2
Ayr 80 -
My 120 4.9
< 2000 |82

r-28 2.2.7-1
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MI1L-HDBK-217C

DISCRETe SEM1CONDVCTORS
VARACTOR, STEP RECOVERY, TUNNEL

2.2.8 bindes, Group VIIX

SPECIFICATTON STYLE DESCRIPTION
MIL-S-3i4v500 Varactor, PIN, IMPATT

Step Recovery, Tunnel & Gunn

Part operating failure rate model (kp):

XP = lb X Mo X "Q X T X LY failures/106 hours

where: }, ~ 0.5 for IMPATT, 0.7 for Gunan, Table 2.2.8-5 for others and
: remaining factors are in Tables 2.2.8-1 through ~4.
: Part non~operating failure rate model (XPNO):

‘ong %0025 &

'Q failures/lo6 hours
NO

TABLE 2.2.8-1
Group VIIi Driodes
. Environmental Mode Factors
. TABLE 2.2.8-2
3 Environment | wp *Exo JQ’ QUALITY FACTOR ?
Gs 1 0.02 o n
s 1 0.02 uatity Level ﬂg :
G 3.9 1 0.06 GUNN & IMPATT i.0
: Nsg 5.8 1 0.1 A1 othaor diodes
. Ng 8.7 0.15 JANTXV 0.5
E ArT 12 - JANTX 1.0
i Mp 12 0.2 JAN £.0
s { MFF 12 0.2 LOWER™ 25.0‘-
;.éé g:A i; 8:%8 *Hermetic packaged devices
3 NR 19 0.3
& NUU 20 0.32
td Ayt 20 -
f‘ Ny 21 0.34
E AyT 25 -
: ARy 27 0.4
UsL 36 0.59
. Ayr 40 - g
, ML 41 0.h7 :
2% cL, 690 |11
-\‘%3"!
S 2.2.8-1 F-29
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TABLE 2.2.8-3

mqs POWER RATING FACTGR

Power Rating

*

F-30

PIN Diodes
<10M,
10W.
1000u.
3000M.
A1l other Diodes

*

- mR = .325(1n P)
10 < P < 2000W.

2.2.8-1a

MIL-HEDBK-217C

DISCRETE SEMICONDUCTORS
VARACTOR, STEP RECOVEPRY, TUNNEL

TABLE 2.2.8-4

wps APPLICATION FACTOR

APPLICATION ™
Varactors

Voltage Control| G.5
Multiplier 2.5
All other diodes | 1.0 |
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T MIL~HDBK-217C »_ .:
3 DISCRETE SEMICONDUCTORS ¢
E MICROWAVE TRANSISTORS %
é, 2.2.9 Microwave Transistors, Group IX §
: SPECTFICATION DESCRLPTION

MIL-5~19500. Bipolar microwave power transistor E

for frequencies above 200 MHz and
average power > 1 watt.

SR I

Part operating failure rate model (lp):

2 w3
2y 3 WQ T Te T " TE

>
"

> O W
]

0.10 failures/106 hours

quality factor, Table 2.2.9-1

application lactor, Table 2.2.9-2

=4
"

factor for frequency and pesk operating power, Table 2.2.3-3

Ziliotos o ..
=X
L]

temperature factor, Table 2.2.9-4

E |
#

matching nerwork factor, Table 2.2.9-5
Te = envircnmental factor, Table 2,2.9-6

See biblisgraphy items 42-46 for the model background.

Part non-operating failure rate model (kpNo):

Aoy =0.1 % T X "gyg failures/10% hours

F-31
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MIL~HDBK-217C
DISCRETE SEMICONDUCTORS
MICROWAVE TRANSISTORS
TABLE 2.2.9-1
"q» QUALITY FACTOR
QUALITY LEVEL# nQ*
JANTXV with IR scan for die attach and 1
screen for barrier layer pinholes on
gold metallized devices
JANTX or Equivalent 2
JAN or Equivalent 7 4
LOWER QUALITY 10
*

These quaiity values apply to hermetically sealed devices only, and do
not apply to devices sealed or encapsulated with organic materials.

F-32 2.2.9-1a
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TABLE 2.2.9=5
T\» MATCHING NETWORK FACTOR

MIL~-HDBK-217C

DISCRETE SEMICONDUCTORS
MICROWAVE TRANSISTORS

INTERNAL MATCHING

™

Input & Cutput
Input Only
No Matching

TABLE 2.2.9-6

Fnvironmental Mode Factors

Environment

=3
[z}

TENO

.
~ O

.
v

b N N WP W N
.

.
w

250

C =

0.15
0.15
0.3

0.53
0.69

2.2.9-4
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HIL-HDBK-217C

DISCRETE SEMICONDUCTORS
OPTO-ELECTRONIC DEVICES

2.2.10 Opto-electronic Semiconductor Devices, Group X.

SPECIFICATION DESCRIPTION

MIL-S8-19500 Light Emitting Diode (LED)
MIL-S-19500 Opto-electronic Coupler (Isolator)
None LED Alpha-numeric Display

Part operating failure rate model (}p):

A failutes/lO6 hours

P = Xb ﬂc ﬂE HQ

where:
Ap = base failure rate in failures/10% hrs., Table 2.2.10-8.
e = complexity factor, Table 2.2.10-3.
Te = environmental factor, Table 2.2.10-1.
LI quality factor, Table 2.2.10-2.

The above model includes all failures except degradation of output
light from the light emitting elements. For model background and guidarce
concerning light degradation, see Bibliography Item No. 49.

Part non-operating failure rate model (ApNO):

=0. 0006 L X Mg X T failures/lO6 hours

*Pro Q

F-34 2.2.10-1
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TABLE 2.2.10-}

Environmental Mode Factors

Envirvament

'II'E NEXO
Gy 1 0.1/
SF 1 0.17
Gy 2.4 0.42
NgB 3.7} 0.64
Ng 5.7 0.99
AT 2.8 -
Mp 7.7 1.3
MpF 7.8 1.4
MrA 11 1.9
GM 7.8 1.4
Ny 12 2.1
Nyu 13 2.2
AT 4.2 -
Nis 11 1.9
AIF 5.6 -
ARW 17 3
UsL 23 4
AyFr 8.4 -
My 26 4.6
Cy 450 77

MIL-HDBK-217C

DISCRETE SEMICONDUCTORS
OPTO~-ELECTRONIC DEVICES

TABLE 2.2.10-2
Tqs QUALITY FACTOR

% ?ﬁ“‘\%jmﬁ:lﬂ«&{@gmww, .jW R R R R e v~:;)y, i ot e

Quality Level ™ ??
JANTXY 1 g
JANTX 2
JAN 10 §
LOWER* 50 %_
PLASTICH* 100 :

*-Applies to all hermetic
packaged alpha-numeric displays
and to NON-JAN hermetic packaged
LED's and isolators.

**-Applies to all devices :
encapsulated with organic materials. -

R e T P

Fr T

2.2.10-1a 7-135 !
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£~ MIL-HDBK-217C

2,3 TUBES, ELECTRONIC VACUUM

§
E The tube failure rate model is N
: Yoo Ay T oW i
. where: 5
' Ap = tube failure rate in failures/105 nr. b
E Ap = base failure rate in failures/10% hr, and is a function of 4
3 tube type and operating parameters (see Table 2.3-1). : |
E Tg = environmental factor (see Table 2.3-4), ¢
3 m = learning factor (see Table 2.3-5). 1

§ Part non-operating failure rate model (Xpno‘): §
: € Ay
oo = )\b X "o failures/10° hours i
] where: 3

Apno for magnetrons = 0.12 failures/106 hours
Otherwise, A\p is determined as follows:

9 Per Table 2.3-1 with the following clarifications
X Transmitting tubes: \p, = 75 failures/106 hours
3 TT: 1ip per peak power < 10 watts unless listed otherwise

3 Table 2.3-2: ab = 29 failures/106 hours
3 Table 2.3-3: ap

now

66 failures/106 hours :
3 TABLE 2.3-) H
3 A,» BASE FAILIRE RATE FOR TUEES 5
' (includes both random and wearout fatlures) E
4 e &
TBE TYPE X (1.7 br} 4
RECEIVER ‘
Triode, Tetrode, Pentpde g
Power Rectifier 10
CRT 15
) THYRATROK L]
K CROSSED FIELC AMPLIFIER
4 QK681 260
3 SFD26} 150
PULSED GRIDDD
204) 140
6952 0
7835 140 -
TRANSMITTING N
‘3 Triode SPeat P <200 i, Freq.<20n Wz, b
3 Tetrode & Pant, Aver Pur<2 ki 100
If any of above Timits are excecded 250
™Y
MS768 no
MA2001A 170
VAY38D 50
VAS43 90
YTRS210A1 150
w3751 90 3
m3167 90 1
If TMT of interest is not Tisted cbove, use: 3
Peak Power <10 watts l 20 b
Peak Power 210 watts, <100 watts ! 50 3
Peak Power 2100 watts, <10,000 watts l 150
Peak Power 210 000 watts 400

F-36 2.3
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P MIL-HDBK-217C 3
L TUBES '
' TABLE 2.3-4 s
ig Environmental Mode Factors g
EE Environment | g "Eno g
E ! Sy 0.5 10.0008 ¢
: z Gy 1.0 | 0.0016 ,
i‘r NSB 8 . 6 0 -0069 L
i Ng 6.9 | 0.0055
% i Arr 4, - .
i Mp 18 1 0.014 :
MpF 18 {0.015 ;
MpA 25 0.02 ;

Gy n 10.0074

’ %H 28 |0.022 x
; Nyt 30 0.02% :
: AgT 5.7} - §
N 13 }0.011

ATF 9 - L

ARW 40 ]0.032 TABLE 2.3-5 5

UsL 53 10.043 L LEARNING FACTOR FOR ALL TUBES* 4

Ayr 1 -

ML 61 |0.n49 :

Cy, 1000 |0.83 t (¥rs.) 1 2 3 ?

L 10 2.3 1 ?

i

- ‘2-‘ '

-m - 10(t) for 1 <t >3 |

=10 for t < 1

= ] for £t > 3 :

Where t = pumber of yedrs since K

introduction to military field use.

2.3-6 =57




' MIL-HDBK-217C ;;
LASERS :
3 £
2.4.7 Tables and Figures for Laser Model Parameters. ;.{
'5 This section presents the tables and figures for quantifying the k
parameters of the laser failure rate models in Sections 2.4.1 through 2.4.6. _;

. ._ TABLE 2.4.7-1 TABLE 2.4.7-2 :
Environmental Mode Factors GAS OVERFILL FACTOR, o #*

{ Environment g TEno o JVERFILL * LI} f
G 0.2 PERCENT
, Sy 0.2
;’ NsB 1.1 See 25 0.7% =
AIT 3.5 1l " %
3 Mp 2.3 £
- MpE 2.4 *Overfill percent is based on :
MFa 3,3 the percen: increase over the &
3 oM 5 optimum COp partial pressure 3
MR 3.6 which is normally in the ranpe v
1 Nuv 3.4 of 1.5 to 3 Torr for most
‘3 AuT 5.7 sealed CO2 lasers.
“ Ny 5 *%The equation for ug is: -
; AIF 9 g = =-0.01 (% overfill) + 1.

AR“ 5.2 ;
UsL 7.0 ‘-.
: AyF 11
.3 ML 8
° - CL N/A
Note 1: For nonoperating TABLE 2.4.7-3
wear -out informa-
tion, se=e Bibiiog- 3ALLAST FACTOR, wg ##
raphy item 40,

pages 64-65. PERCENT OF BALLAST :

: VOLUMETRIC INCREASE | ¥
3 0 1.0

%0 0.53 '
100 0.33 :
150 0.19

E 200 0.1

- 15 Vol. Inc, ]
' *The equation for b is: " * (}, 1%

. F-38 2.4-10




MIL~-HDBK~217C

Insulated Fixed Composition

RESISTORS
MIL-R-39008, RCR; MIL-R-11, RC
2.5.1 Composition Resistors
] SPECIFICATION STYLE DESCKIPTION
3 MIL-R-39008 RCR  Insulated Fixed Composition Est. Rel.
1 MIL-R-11 KC

Part operating failure rate model (ap):

. xp L] Ab x (aE X wp % uQ) (failures/106 hours)
1 where the factors are shown in Tables 2.5.1-1 through -4.
5 Part non~operating failure rate model UPNO):

Apyi = 000018 n.  x n_ failures/10® hours

Evo @
TABLE 2.5.1-1 TABLE 2.5.1-2
tR, Resistance Factor
Environmental Mode Factors
Resistance Range L
(ohms)
nvironment L 'ENO ‘
: Ch 1 TR Up to 100 K 1.0
SF 1 0.19 >0.1M%2 to 1 MR 1.1
G 2. 0.56
‘ Neg 2ol o3¢ >1.0M2 to 10 M2 |1.6
‘ Ng 5.2 | 1 >10Mp 2.5
3 AT 2.8 - i
3 Mp 8.5 | 1.6
MFF 8.6 1.6 TABLE 2.5.1"3
Mpa 13 2.5 'Q' Quality Pactor
GM 8.3 1.6
3 NH 13 2.5 Failure Rate Level ] 7
; Nuu % 2.7 Q
3 AyT 5.7 -
; Ny 12 2.3 5 0.03
AIF 5.7 - R 0.1
ARW 19 3.6 P 0.
; UsL 25 4.8 3
k| AUFr 11 - M .0
4 gh 29 5.5 MIL-R-11 5.0
A 2.5.1-1 P-39

TR AR oy R AT

C N ST G e

AR T

ke

e
-

pevy N‘Mﬂ,:“.?.a},(g,‘wmm R ey

e S TS I

o aps



1H1L~HDBK-217C
‘ RESISTORS | {
3 HIL-R~39017, RLR; MIL-R-55182, RNR r
1 MIL-R-22084, RL; MIL-R-10509, RN .
2.5.2 Filw Resistors %)
i e
- SPECIFICATION STYLE DESURLPTION r
MIL-R-39017 .R Fixed Film, Insulated, Est. Rel, 5
MIL-R-22684 Fixed Film, Insulated :
= MIL-R-55182 ma(n C, aor N) Fixed Film, Hst. Rel. i
: MIL-R-10509 RN Fixed Filw, Insulated
,_ Part operating failure rate model (1p):
£ "‘ !
_ k? - Ab(as X ®g % aQ) (fni.:l.n'cmll()6 hours) gﬁé
' where th2 factors are shown in Tables 2,5.2-1 through -5. \‘&
Yart non-operating failure rate model (Apm): ?
. Aowo = dp X TEno X %o failures/10° hours ?
’;:.
Where ip is the Tabie value at 25° and 0.1 stress vatio 3
TABLE 2.5.2-1
Environmental Mode Factors L
. ;
3 {Envircnment e "Exo f
Cs 1 0.46 .
SF 0.4, 0.18 ¢
Gp 2.4 11 'E'
NsB .21 1.9
Ng 7] 2.2 f
. AIT 2.8 - Pt
] MpF 8.9 4.1
MFaA 12 5.7 -
oM 7.8 3.6
!ﬁ.“ 1& 603 >
Nuu 15 6.7




MIL-HDBK-21)C

RESIS1UKS
HIL-R-39017, RLR; MIL-R-55182, RNR
MiL-R~22684, RL; MIL-R-10509, RE

TABLE 2.5.2-2

2 TABLE 2.5.2-)
] v,» RESISTANCE FACTUR sqr OUALLTY FACTOR

e Resistance Rarpge ) ‘ b
1 tohna) Failure Rate Lavel Q

Up to 100 K 1.0 0.03

0.1 Mtodl M |1.1 0.1
>1.0Mto 108 | 1.6 3.3

>10 M 2.3 M 1.0
MIL-R-10509 5.0

MIL-R-22684 5.0

g
N R

& | 2.5.2-1a P-4l
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, NIL-HDBK=217C
- RES1STORS
1 MIL~R-11804, RD
* 3 Pover 7ilo
SPECIFICATION STYLE DESCRIPTION
MIL~R-11804 RD Power Fila
k-

Part operating failure rate model (lp):

; 6

A, - Ab(ug x o, x 'Q) (failuras/10 hours)

where the factors are shown in Tables 2.5.2-6 through -9.

Part non-operating failure rate model (Apﬂo):

= 0.0093 » xn faiiureslm" hours

Eo Q

*Pno

TABLE 2,5.2-¢

TABLE 2.5.2-7
Environmental M>de Factors l‘Q, QUALITY FACTOR
[Environment | »g *Exnp Failure Rate Level q

1 0.12

1 0.12 MIL-~SPEC 1.0

2.4 0.29

5.5 0.56 Lover 3.0

4.7 0.56

£.21 - TABLE 2.5.2-8

ﬁ iz RESISTANCE PACTOR, w,, FOR NIL-R-11804

16 1.9
8.8 1.1 Resistance Rrnga (ohms) 2 .
18 2.2 ) -
1 2.3 10 to <100 1.2 S
15 1.8 100 to <100 X 1.0

8.5 - 100 X to <1 neg 1.3
25 3
34 4.1 21 wmag 3.3
21 - 3
39 4.7
660 79

2.5.2-5

S0 o D e B 15 oS B b A o e B B B AN R
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MIL-HDBK-217C

RESISTORS
MIL-R-83401, RZ

2.5.3 Resistor Network

SPECIFICATION STYLE DESCRIPTION
MIL-R-83401 RZ Resistor Networks, Fixed, Film

Part ovperating failure rate model (lp):

xI_xI) failures/lO6 hours

A, = 00066 (NR x nT E Q

P

where:

NR is the number of film resistors in uc- /20 not include resistors
that are not used)

IIT is the temperature factor, Table 2.5.3-1
Me is the environmental factor, Table 2.5.3-2

HQ is the quality factor, Table 2.5.3-3

Part non~operating failure rate model (ApNo):

_ . 6
APNO = .00066 (NR X Tpuy ¥ nQ) failures/10 hours
2.5.3-1 F-43




'h.
4
MIL-HDBK-217C - ;
RESISTORS v
N MIL-R-83401. RZ 'ij
4 TABLE 2.5.3-1. Temperature Factor, I * E:
° ° " ° Ef *
. Tp (°C.) Ly Tp ( C.) I, Tp (°c.) Ny ;.
25 1.0 60 4.2 95 13.3 i
30 1.25 65 5.0 100 15.4 5
3 35 1.56 7 5.9 105 17.8 i
4 a0’ 1.92 75 7.1 110 20.
45 2.4 80 8.3 115 24,
50 2.9 85 9.8 120 27. 4
55 3.5 90 1.4 125 3. b
3 1 Ty
. v * . !'[T = Exp [‘4055 W—W)] ;_;
3 where Tp i5 package temperature in °C. If T_ is unknown, it can be A
estimated using Tp = T, +885. T, is ambient temperature (°C.) and S is t\ .
the ratio of total operating power/package rated power. Any device o

operating at Tp >125°C. is over-stressed. f

TABLE 2.5,3-2 %

. gr

3 Environmental Mode Factors 1

Envi;onmenth—_nh- ﬁ;Ex 0 ‘:

Cp 1 | 0.004 {

SF 1 0.004 %

Gy 2.410.010 - H

Neg 4210017 TABLE 2.5.3-3. Quality Factor, IIQ g

Ng 4.7 {0.019 %

ArT 2.8 - 4

] M 5.8l 0.035 QUALTITY LEVEL | HQ : :

Hpp #.90.036 N .

‘ Mon 12 }0.050 MIL-SPEC ! ,

M 7.610.031 ,

. Ny 14 |0.054 Lower 3 .

. P Nyu 15 0.058 ]
’ Ayt 8.51 - i
‘9 Ny 14 0.056 :

4 ATF 5.7} - X

il ARw 19 0.078 -

o v UsL 26 10.10 .

E AUF v - i
‘ ML 30 | 0.012 T
CL 510 2.0 §
1 _ 2.5.3-2 .




MIL-HDBK~217C

3
3
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RESISTORS
MIL-R--39005, RBR; MIL-R-93, RB

2.5.4 Wirewound Resistors

SPECIFICATION STYLE DESCRIPTION
MIL-R-39035 RBR Accurate Fixed Wirewound, ER
MIL-R-Y3 RB Accurate Fixed Wirewound

Part operating failure rate model (lp):

AT.ox 7)) (failures/lO6 hours)

A=) (HE R Q

P b

where the factors are shown in Tables 2.5.4-1 through 4.

Part non-operating failure rate model (ApNo):

.\pNo = 0.0034 HENO X T!Q failuresfloﬁ hours

TABLE 2.5.4-2

LY Resistance Factor
TABLE 2.5.4-1 Resistance Range R
R
. (ohms)
Envircrmental Mcde Factors
Up to 10 K 1.0
Environment TE T
NO >10 X to 100 K 1.7
Gg 1 0.24
SF 1.51 0.27 >100 K to 1 X 3.0
Gg 2.4 0.59
NsB 5.8 1.4 >1M 5.0
Ng 4.7 1.2
AlT 6 -
Mp 12 2.9 TABLE %.%.4=3
Mpp 12 2.9 ﬂq, Quality Factor
MFaA 17 4.1 [ Failure Rate Level T
GM 9.3 2.4 Q
Ny 18 4.5 s 0.03
Nuy 20 4.9
AyT 20 - R 0.1
Ny 16 3.9
AlF 1 - P 0.3
ARwW 27 6.5 )
UsL 36 8.7 M 1.0 i
ML 41 10 MIL-R-93 5.0
LOWER
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MIL-HDBK-~217C

RESTSTORS
MIL-R-39007, RWR; MIL-R-26, RV

SPECIFICATIGN STYLE DESCRIPTION
MIL-R-39007 RWR Power Type, Fixed Wirewound
MIL-R~26 RW Power Type, Fixed Wirewound

Part operating failure rate model (Ap):

R X wQ) failures/lO6 hours

where the factors are shown in Tables 2.5.4-5 through-8.

AP = Xb(nE Xxm

Part non-operating failure rate model (XpNO):

= 0.005 = x 7 failures/10® hours
NO Q

TABLE 2.5.4-5

Environmental Mode Factors

Environment g TExo

1 0.13 TABLE 2.5.4-6

0.6 0.08 "’ Quality Factor

1.5} 0.20

5 0.67 Fallure Rate Level 'Q

W 0-63 s 0.03
11 l.“ R 0.1
1 3 P 0.3
15 2,0

8.3 1.1 M 1.0
13 2'2 MIL-R-26 5.0
1 .3

8.5 - LOWER 15.
14 1.8

3 -

23 3.1

31 4.2

17 -

36 4.9
610 31

e (?/m.h ah
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k-5 MIL-EDBK-217C

»"v"-'-wa *:‘..-P_w_"'k""".‘v" .

RESISTCRS

5 MIL-R-39007, RWR; MIL-R~26, RW
E

B i ot ol
My 7 AR SRR v

o

L e T e

) TABLE 2.5.4-7

. RESISTANCE FACTOR, LI
: .; : MIL-R- | Resistance Range (ohms) -
E 35007 Up >500 >1K >5K >7.5K >10K >15K
3 Style to to . to to to to to >20K
= ! 500 1K 5K 7.5 10K 15K 20K
RWR 71 1.0 1.0 1.2 1.2 1.6 1.6 1.6 NA

F RWR 76 | 1.0 1.0 | 10]1.2 1.6 1.6 | NA ' .

1 AR 78 | 2.0 | 1.0 | 1.0]1.0 | 1.2 .2 | 12 | ue 2
= RWR 80 | 1.0 1.2 1.6 ] 1.6 | mA NA NA NA ;
= RR 8L | 1.0 | 1.6 | na | NA A NA NA i
b RWR 84 | 1.0 1.0 1.1} 1.2 1.2 1.6 | ma NA .
4 RE 89 | 1.0 1.0 1.4 | NA NA NA NA v | i
? ?
] 1

P
e

H
fa >

E D OO

2.5.4-3a F-47
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MIL-HDBK-217C g

: RESISTORS ;

;' MIL-R-39009, RER: MIL-R-16546, RE &'
: SPECIFICATION STYLE DESCRIPTION $
k. £
MIL~R-3%9009 RER Power Types, Chassis Mounted, §

Fixed Wirewound v

MIL-R-18546 RE Power Type, Chassis Mounted, :

Fixed Wirewound
Part operating failure rate model (}p):

Ap = Ah x (WE x W

6
R X nQ) failures/10 hours

where the factors are shown in Tables 2.5.4-9 through -12.

TXAT 8 DR T
R £ 252 f" 2oy

Part non-operating failure rate model (Apuo):

i

P

gpen e g e

A Apyn = 0.00265 7 x 1, failures/10 hours o
NO ENO Q 1
A
E §
p TABLE 2.5.4-9 .
; Environmental Mode Factors TABLE 2.5.4-10 ?
i 9 Quality Factor P
Environment g TENO y
Sp 1 0.19 Failure Rate Level Q :
Gp 2.4 0.45 :
NsB 5 0.94 S 0.03 E
Ng 4.7 0.89 R 0.1
ATT 4 -
Mp 11 2.0 P 0.3
Mp 11 2.0 M 1.0 {
Mpa 15 2.8 R
Gy 8.3 1.6 ! MIL-R-18546 5.0 B
NH 16 3.1 LOWER 15, B
3 Nyu 17 3.3
AyuT 8.5 -
Ny 14 2.6
. ATF 8 -
N ARW o3 5.0 ;
b Usgi, 31 5.9
2 AUF 17 - .
3 e 36 | 6.9 §
‘A Ci, 610 120 ;
5 F-48 2.5.4-7 4
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" e MIL-NDBK~Z217C
A RES1STORS
5 MIL-T-23648, RTH
; 2.5.5 Thermistors %
- R '3
SPECIFICATION STYLE DESCRIPTION
T
E MIL~-T-23648 RTH Bead, Disk and Rod Type g
i The predicted failure rate is given as follows: _?
?3 Environmental Mode Factors
%
; Predicted Failure Rate (Failures/lD6 Hrs)
% Bead Type Disk Type Rod Type
g Style RTH 24, 26, 28, 30, Style RTH 6, Style RTH 12, 14, 16,
g Environment 32, 34, 36, 38 to 40 8, 10 18, 20, 22, 42
3 Aop ANO Aop ANO Aop XNO
Gg 0.021 0.0063 0.065 { 0.0195 0.105 ] 0.0315
& S¥ 0.021 ¢.0063 0.065 | 0.0195 0.105 ] 0.0315 ;
E Gy 0.100 0.0300 0.310 | 0.0930 0.500 ] 0.1500 1
E Nsp 0.169 0.0507 0.506 | 0.1518 0.843 ] 0.2529 %
- Ng 0.300 0.0900 0.900 ! 9.2700 1.500 { 0.4500 3
2 Ayt 0.250 - 0.750 - 1.250 - £
. Mp 0.351 0.1053 1.054 | 0.3162 1.756 | 0.5268 %
- Mpp 0.354 0.1062 1.062 | 0.3186 1.770 | 0.5310 ;
.3 MEA 0.495 0.1485 1.484 | 0.4452 2.473 | 0.7419 g
; Gy 0.520 0.1560 1.600 | 0.4800 2.600 | 0.7800 :
3 Ny 0.540 0.1620 1.619 | 0.4857 2.698 | 0.8094 ;
1 Nyu 0.579 0.1737 1.737 | 0.5211 2.895 ] 0.8685 ¢
. Ayt 0.340 - 1.000 - 1.700 - -
: Ny 0.400 0.1200 1.200 | 0.3600 2.000 | 0.6000 ?
LAY Arp 0.500 - 1.500 - 2.250 - :
] ARW 0.776 0.2328 2.327 | 0.0981 3.878 1 1.1634 %
Usy, 1.043 0.3129 3.128 | 0.9384 5.213 | 1.5639 ;
4 AyF 0.680 - 2.000 - 3.4G0 - ..
"3 M, 1.200 0.3600 3.600 1.0800 6.000 | 1.8000 .
: CL 20.20 6.06 60.79 [18.21 101.30 }30.40 - P
™
- 2.5.5-1 F-49
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] MIL-HDBK-217C :

RESISTORS

3 MIL-R-39015, RTR; MIL-R-27208, RT ¢
¢ 2.5.6 Variable Resistor, Wirewound :
3 _ SPECIFICALION STYLE DESCRIPTION 5}
MIL-R-39015 RTR . .abie Lvad Screw Activated ¢

3 wirevound, Established Reliability
3 MIL-R-27208 RT Variable Lead Screw Activated g
4 Wirewound =
b Part operating failure rate model (3;): v
6 i

] L

[ Xp - )‘b x "TAPS("E x m, X “Q x nv) failures/10 hours -

where the factors are shown in Tables 2.5.6~1 through -5 and 2.5.8-5.

Part non-operating failure rate model (ApNo):

7 Nopg = 001 Ty pe X TEy X " failutes/106 hours
TABLE 2.5.6-1 :‘
Environmental Mode Factors ‘
Environment | Te | “Eyg TABLE 2.5.6-2 :
Gp 1 0.6 WU Resistance Factor -
H
SF 1 0.69 Resistance Range N ]
Gy 2.4 1.7 (olms) g
3 Nsg 7.2 5.0 1
1 Ng 5.7 4.0 10 to 2K 1.0
2 Art 4.2 10— >ZK o SK 1.4 ;
. Mp 15 .
-4 Mpa 21 15 ,
.3 GM 9.8 6.8 X
3 Ny 23 le :
Npu 25 17 )
Ayt 8.5 - y
13 9.3
8.5 -
i3 23
45 i1
17 -
51 36 ;
870 600 b
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TABLE 2.5.6~3
vq. Quality Tactor

Failure Rate Lavel .

L. I
8

|
MIL-R-27208 3

LOWER 10.

TANLY 2,5.6-4
Ty Voltage Factor

Ratio of Appiied *
Voltage to Rated Voltage

1.3
0.9
0.8
o.,

0.6 to 0.3
0.2
0.1

v
2.00
1.40
1.22
1.10
1.“
1.08
1.10

2.5.6-1a

‘v\p’pud <% arrLimD

Retotal pot. Tesistance.

YRATED ” 40v. for RT26
& 27,

= 90v. for RTRIZ,
22 8 ; 2

& 22.

i o g

et et e g TSI (o SN it Bop can Bl 35

gl i

3 MIL-HDBK-217C : R
A RES1STORS .
3 MiL-R-39015, RTR; MIL-R-27208, RT
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MIL-HDBX~217C

RESISTORS
MIL-R-12934, RR

WIREWOUND, PRECISION

SPRC1FICATION

MIL-R-12934

STYLE

Part operating failure rate model (Ap):

" Ap * 1aPs

% iQ(':R x nv %x %

DESCRIPTION

Precision Wirewound

c X :E) (failures/106 hours)

where the factors are shown in Tables 2.5.6~6through =11 and 2.5,8-5.

Part non-operating failure rate model (Apno):

TABLE 2.5.6-6

Environmental Modr Factors

X failurenllob hours

vironment e HENO
Gy 1 0.
SF 1 0.0006
Gp 2.4 0.0014
Ng 5.71 0.0036
AIT 5 -
Mp 24 0.014
MFr 24 0.042
MEa 34 0.020
CM 11 0.06066
Ny 37 0.022
Nyt 39 0.023
ApT 11 -
Ny 14 0.0084
AIF 10 -
ARy 53 0.032
Ugyp 71 0.043
ALF 21 -
ML B1 0.049
CL F1400 0.80

P-52

2.5.€-3

Table 2.5.6-7
Qr Quality Factor

Failure Rate Level "
MIL~-SPEC 2.5
LoJdur 5.0




J1L-HDBK-2178

RESISTORS
MIL-R-19, RA & MIL-R-129002, RK

WIREWC.ND, SEMIPRECISION

SPECIFICATION SUYLE DESCRIPTION
MIL-R-19 RA Semiprecision
MIL~-R-39002 RX Cenmiprecision

(Note: MIL-R-39002 is not an established reliability potentiometer.)
Part operating fallure rate model (ipt:

- . 6
Ap lb »n ”TAPS(“R xu, x ‘Q x 'E) (fatlures/10° hours)

where the factors are shown in Tables 2.5.6-12chrough =16 and 2.5.8-5,

; Part non-operating faflure rate model Opye) : ;
| = 0.066 lures/10° g
g'i Mo <0008 psg X 'Q X "Exo (failures/10° hours) s
5 g ;“
7 H % .
! .
E i i
! :
: TABLE 2.5.6-12 4
Environmental Mode Factors TANLY 2.5.6-—13 ]
- ¥ Quality Factor ;
Environment | np "Ex0 Q i
Gy 1 0.16 .
SF 1 0.16 Failure Mete Level x %
Gy 2.4 | 0.38 Q iy
Nsg B.4 | 1.3
Ng 5.7 | 0.9 MIL-5PEC 2.0
K Al 5 - ,
s 3 Mp 17 2.7 LOWER 4,0 .
. Mpp N/A | N/A
MFa N/A | N/A
(&3] 1n 2.5
NH 27 4.2
Npt: 29 4.5 |
AUt N/A | N/a
7 Ny N/A | N/A
: ArF 10 -
ARW s 6.1
UsL N/A 1 N/A
Aur N/A | B/A
My N/A | N/A
CL N/A _§ N/A

205-6'7
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- HIL-HDBK~217C R
RES1S7ORS
: HIL~R-22, RP %
L WIREWOUND, POWER §
8 &
: SPECIFICATION STYLE DESCRIPTION i
MIL-R~72 RP Righ Power §
, Part operating failure rate wmodel (lp): 4
. 6
__‘ AP ;b X %yaps ¥ ‘Q('R XM, X w.x ’E) (failures/10° hours)
E where the factors are shown in Tables2.5.6-17 through-22 and 2.5.8-5.
= Part non-operating failure rate model (ip . ):
" Apyg = 0.073 %, oo x " X By X Y failurns/106 hours

TABLE 2.5.6-17

Eunvironmental Mode Factors

[Enviconment | =g *Exo

0.019
0.019
0.058

TABLE 2.5.6-)3
'Q' Quality Factor

0.52
0.56
H/A
N/A
0.74
N/A
N/n
R/A
N/A

2.5.6-11

0.16 —
0.11 Failure Rate Lavel T 0

C. 34 XIL-SPEC 2.0

N/A

N/A 1 - 4.0 -
0.3}

¢ vl Mgl
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MIL~HDBi-2.7C

RESISTORS
M1L=R=22097, RJ
MIL~R-39035, RJR

2.%.7 Variable Honwirawound Resiators
Nonwirewound Trimmer Resistors

SPECIFICATION SIYLE DESCRIPTION
MIL~R-22097 RS Trimmer
MIL-R-39C35 RJIR Trismer

Part operating faflur~ rate mcdel (25):

XN % uE) (failures/lﬂb hours)

*p * ppps{™p * v * %
where the factors are shown in Tables 2.5.7-1 through 5 and 2.5.8-5

Part non-operating failure rate model (Apxo):

= 0,022 = 'Q failure51106 hours

Aeno TaPs * "B, ¥

TABLE 2.5.7-1}

Environmental Mode Factors

[Environment | wg “Exo
Gp 1 0.76]
SF 1 0.76
Gp 2.9 2.2
NgRp 10 1.6
Ng 5.71 4.3
A1t b} -
Mp 18 14
Mep 18 14
Mpa 25 19
Gy 11 8.2
Ny 27 21
Nyu 29 22
Ayt 11 -
Ny 15 11
AR 10 -
ARW 39 30
UsL 53 40
Aur 21 -
ML 61 47

m 2.5-7-2
'Q' Quality Factor
!Filluxn Rate Level )
s .02
3 .06
P 4
N 8
MIL-R-22097 3
LOWER 10.
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3 MIL-HDBK-217¢C ,
. RES1STORS I
4 MIL-R-94, BV ;
% Variable Composition Resistors i
i SPECIF1CATION s DESCKIPTION i

MIL~R-94 RV Low Preciston L
? Part operating fallure rate mode) (dp): ‘2
-4 ,
. : 6
4 Ap = xh X 'TAPS('R x ¥, X " '8) failures/10® hours
: where the facrors are socwn in Tables 2.5.7-6 through -10 and 2.5.8-5.
E- Pavt non-operating failure rate model (xpuo):
. ‘ -
: Apyo = 0.03 w0 X 'ENO x g failures/10" hours .
b
. g
1 TABLE 2.5.7-6

Environmental Mode Factors

'E !E"o
: g:;; TABLE 2.5.7-7
1.8 0.67 10. Quality Pactor
10 3.7 Y
5.9 2.2 FPailure Rate Level " X
6 - -
? ;% MIL-SPEC 2.5 O
1 . C
29 11 LOWER 5.0 o
17 6.4 2
32 1? B
34 13 E
27 -
21 7.8
12 -
46 17 T
62 23 :
54 - )
71 26




HIL-HDBEK=-217<
KRESISTORS

MIL-R-22283, RVC
MIL-R-39023, RQ

Variable Film and Precision Resistors

5 25 B SR T O T A TR

SPECIFICATION STYLE DESCRIPTION

MIL-R-39023 RQ Nonwirewound, Precision
MIL~-R-23285 RVC Film

Part operating failure rate model (lp):

Ap = AL x "TAPS(“R X Ty XX “E) (failures/10% hours)
where the factors are shown in Tables 2,5.7-11 through -16 and 2.5.8-5

SR R

Part non-operating failure rate model (APNO):

kpNo = xb X Moaps "Q L failures/106® hours

NO

-

Where Ay iz the Tabie value at 25° and 0.1 stiess ratio

s SRR R R, R N

TABLE 2.5.7-11

R, Ay AT G

<

Environmental Mode Factors

ey

Environment ng TABLE 2.5.7-12

]
4]

<

=]

1
1

wno NN

TEETd

IQ, Quali:y Factor

o 0 Q
WO P

¥ailure Racte Level

[

.

MIL-SPEC

Lower

i
D L) -

& on
P I
~

Pt s
Vi

[
[+ -]




§
A MIL-HDBK-217C -
¥ CAPACITORS :
1 MIL-C~25, CP;
3 HIL-C-12889, CA
2.6.1 Paper and Plastic Film Capacitors
« SPECIFICATIGY STYLE DESCRIPTION
.,‘ HIL’C"ZS .~ Paper
f MIL-C~12889 . Paper, RFI Bypass
4 Part operaiing Jaliure rate moael {rp):
3 6
| : Ap = Ab(ﬂE X 1 ¥ 'ncv) failures/10" hrs
; where the factirs are shown in Tables 2.6.1-1 through -6
Part non~operating [ailure rate model (Apuo):
6
A APy ® Yy X ¥o X m, failures/10” hours
NO b ENO Q
Where Ap is the Tabie value at 25° and 0.1 stress ratio
. TABLE 2.5.1-1
’ Environmental Mode Factors §
vironment } 1p “Exo TABLE 2.6.1-2 e:-
= Base Failure Rate Tables for Capacitor ¥,
Gy 1 0.59 Spec and Style .
SF 1 0.59 f
> Gp 1.9 1.1 Spec Ay i
NsB 4.8 2.8 MIL-C Style Table Ro. §
Ng 5.7 3.3 {
ATT 5 - 12889 Al) 2,6.1-5 E
Ly 5!9 .
‘ :P ig 5.9 25 CPO4, S, 8, 9, 2.6.1-6
iy 10, 11, 12, 13; .
HFA 14 8.2 Char K
oM 8.3 4.9
Q
N iz ;'2 cP2s, 26, 27, 28, 2.6.1-5
. Ney . 29, 40, 41, 67,
4 Aut 13 81 69, 70, 72, 75,
] Ny 14 76, 77, 78, 80,
P ALF 10 - 81, 82; Char E, F
3 ARwW 22 13
k Ugi, 30 17
3§ AUF 25 -
4 My 34 2
3 cL 570 340
¥-358 2.6.1-1

- §2 ) = -
i e =t S B
e et o e ke s ST

. S il PN




TABLE 2.6.1~3
*Q» Quality Factor

Failure Rate
Level

'Q

MIL~-SPEC 3

Lower 7

B R

2.6.1-1a

MIL-HDBK-217C

CAPACITORS
M1L-C-25, CP;
MIL-C-12889, CA

TABLE 2.6.1-4
ncy, Capacitance Factor

Capacitance X

MIL-C-25 *:
.0034uF, 0.7
Jd5 1.0 ‘
2.3 * 1.3 .
16. - 1

MIL-C~12889 ;
All 1.0 '

*mey w1209

where C 1s yF.

F-59 K

e e e i o R MR s

b2 iiia i o

e e e AL O
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MIL-HDBK~217C

CAPACITORS
MIL-C-11693 CZ

SPECIFICATION STYLE DESCRIPTION
4 MIL-C-11693 cz Paper, Metallized Paper
3 Metallized Plastic, RFI

Feed-Thru, ER and Non-ER

3 Part operating failure rate model (Ap):

'np = '\'b(“E x “Q x “CV) failurcs/106 hours

where the factors are shown in Tables 2.6.1-7 through 13.

T L

Part non-operating failure rate model (Xpuo):

Apyo = Ap x ﬂENo x ﬂQ failures/lo6 hours

Where Ap is the Tabie value at 25® and 0.1 stress ratio

TABLE 2.6.1-7 Table 2.6.1-8
Base Failure Rate Tables
Environmental Mode Factors for Capacitor Spec, and Style
[Envlronment TR TENO Spec. Ap
- 1 NoJ
Tp T 535 MIL-C Style Table No
s SF 1 0.35 2.6.1-11
oy 2.4] 0.84 11693 @tactetistic E, W 1-1
Nsp 4.81 1.7 Characteristic K 2.6.1-12
Ng 8.8 3.1
AlT 5 - Characteristic P 2.6.1-13
Mp 10 3.5
Mpp 10 3.5
3 MFA 14 4-9 Table 2.6.1-9
E GM 8.31 2.9 % Quality Pactor
p NH 15 5.3
’ Nyy 1€ 5.6 Feilure Rate
E Ayt 13 - Level %Q Table 2.6.1-10
5 Ny 14 4.9 ®cy, Capacitance Factor
ATF 10 - T M 1.0 >
ARy 22 7.7 Non-ER 3.0 Capacitance L ']
1] 30 11 LOWER 10.
; AISJ;'.' 25 - 0.0031 uF. 0.7
e M, 34 12
cL 570 200 0.061 yF. 1.0
! 1.8 yF. 1.5
0.12
*. =
ﬂ'cv ].4C

where C is pF.

2.€.1-5
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MIL-KDBK~217C

CAPACITORS
MIL-C~14157, CPV;
MIL-C-19978, CQ AND CQR

SPECIFICATION STYLE DESCRIPTION

MIL-C-~14157 CPV Paper and Plastic Film, Est. Rel.
4 MIL-C-19973 CQ and CQR Paper and Plastic Film, ER and
3 Non—-ER

Part operating failure rate model (\p):

6
Ap - Ab(nE % "Q x ncv) failures/10 hours

where the factors are shown in Tables 2.6.1-14 through 27.

s

Part non-operating failure rate model (ApNO):

Ab X TEng X7 failures/106 hours

Apyg = Q

Where iy is the Tabie value at 25° and 0.1 stress ratio

TABLE 2.6.1-14

3 Tablie 2.6,1-15
. Environmental Mode Factors Bas2 Failure Rate Tables
. for Capacitor Spec and Style

|[Environmant e Ty
Cs 1 0?&%% Spec b
SF 1 0.005 MIL-C Style Table No.
. Gr 2.410.013 16157  CPvo7 2.6.1-18
Nsp 7.4 10.023 CPV09 ~ 12.6.1-20
Ng 5.7 10.030 CPV17 2.6,1-19
. AIT 4 -
Mp 9.210.046 19978  Char. P, L 2.6.1-18
Mpf 9.3)0.047 Char. E, F, G, M 2.6.1-19
Mpa 13 0.065 Char. X, Q, S 2.6.1-20 .
GM 7.810.041 Char. T 2.6,1-21
; Ny 14 {o0.071
Nyt 15 0.076
. AUT 11 -
Ny 13 0.067
AIF 8 -
ARy 20 0.11
UsL 27 0.14
Aur 21 - N
My 31 0.16 3
CL_ 530 2.6 _g
2.6.1-9 F-61 ¢ :




o A5

F-62

Tadle 2.6.1-16
Qs Quality Factor

MIL~-HDBK-217C

CAPACITORS
MIL-C-14157, CPV;
MIL-C~19978, CQ and COR

Failure Rate

MIL-C-19978 Non-ER
LOMWER

Level
s 0.03
R 0.1
P 0.3
H Io
L .0
.o

Table 2-61 1-17

¥cys Capacitance Factor

Capacitance

ey

MIL-C-14157: *
.0017 uF.
027
20 "

1.0 "

MIL-C-19978 ;»*

.00032
.033

1.0
15.0

0.13
0.077

*‘chgl . 5C
**-mey=1.3C
where € is wF.

2.6.1-%a
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MIL-HDBK--217¢C

CAPACITORS
M11.-C-18312, CH;
MIL~-C-39022, CHR

SPECIFICATICON STYLE LUESCRIPTION
MIL-C-~18312 CH Metallized Paper, Paper-Plastic, Plastic
MIL-C-39022 CHR Metallized Paper, Est. Rel

Par. operating failure rate model (Ap):

6
X =
> Ab ("E X q x "CV) failures/10 hrs.
where the factors are shown in Tables 2.6.1-22 through -27.

Part non-operating failure rate model (Apxo):

6
APNO = Ab X T X W failures/10 ‘iours.

o @

Where XAp is cthe Tabie value at 25° and 0.1 stress ratio

TABLE 2.6.1-22

Environmental Mode Factors

[Environmen< n .
E ENO Table 2.6.1-23
Gy 1 0.23 Base Pailure Rate Tables
SF 1 0.25 for Capacitor Spec and Styls
Gf 2.4 0.55
NSE 4.4 1.0 Spec Ap
Ng 5.7 1.3 MIL-C Style Table No.
ArT 4 - 39022 | CHRO9 and CHR1Z (50V rated){ 2.6.1-26
Mp 9.2 2.1 ' CHR4S9
Mpr 9.3 2.1 CHR09,12 (above 50 volt 2.6.1~27
MEA 13 3.0 rated), CHRO1l, 10, 19,
GM 7.8 1.8 29, S9
N 14 3.2 18312 | Char R 2.6.1-26
Nut 15 3.5 Char N 2.6.1-27
Ayt 11 -
Ny 13 3.0
AlF 8 -
ARw 20 .6
Ust, 27 6.2
Aur 21 -
ML 31 7.1
| __CL 530|120

2.6.1-15 P-63
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MIL-HDBK-217C

CAPACITORS
MIL-C-18312, CH;
MIL-C-39022, CHR

Vil ?3510 20601"2‘
" Quality Pactor

Failure Rate
E Level Q

x 3 0.0
K R 0.1
3 0.3
M 1.0
1 3.0
k. MIL-C-18312
E: Non-ER 7.0
LOHER 20

. Table 2.6.1-25
b scy, Capacitance Factor

Capacitance * Y

0.0029 wF. 0.7
014 * 1.0
2.4 » 1.3

- 0.092
- “cv ] . 2c
where C is yuF.

*

2.6.1-15a
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HIL-HDBK-217C
CAPACITORS
MIL-C-55514, CFR
SPECIFICATION STYLE DESCRIPTION
MIL-C-55514 CFR Plastic, Metallized Plastic, ER

Part operating failure rate model (3p):
6
Ap = Ah (aE X 'Q x 'CV) failures/10" hrs.

where the factors are shown in Tables 2.6.1-28 through =33.

Part non-operating failure rate model (leO):

‘pno * A, X 'Enox " fnilurea/106 hours.

Where ip is the Tabie value at 25° and 0.1 stress ratio

TASLE 2.6.1-28

Environmental Mode Factors

lﬁnvironment L "Exo
el
Gp 1 0.75 Tablc 2.6.1-29
SF 1 0.75 Base Failure Rate Tables
GF i.9 1.4 for Capacitor Spec and Style
Nsi 5 3.8
Ng 5.7 4.3 Spec A, Table
AIT 5 - MIL-C Style Number
Mp 11 7.9
Mpp 11 8 55514 Char. M, N 2.6.1-32
Mra 15 11
GM 9.3 7 Char. Q, R, S 2.6.1-33
Ny 16 12
Nuu 17 13
AyT 14 -
Ny 16 12
A{F 10 -
ARW 23 18
Usp 3 24
AUF 28 -
ML 36 27
Cy, 610 460
26 1-19 P-65

- . . o g ey
ot e et i e e e e ter 9t APANETRA 7 o 5 B M S8 e S 200 B0 Nty D T T e 5o SN e O

e gl tapen2 1 R
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_‘ MIL-HDBK-217¢C
3 CAPACTTORS

] MIL-C-55514, CFx
3 Table 2.6,1-30 Table 2.6.1-31

; uq. Qualiry Factor Neys Capacitance Factor

]  tug. 1

Fsijlurs Rate Level 9 ca”d tance* ncv

1 s 0.03 .0049 uF. Y]

A R 0.1 0.33 F. }.0

: P 0.3 7.1 wF. 1.3

; M 1.0 50. uF. 1.5

1 * - Ny = 1.1¢0-08

: where C s ufF,

._

F=66 2€1-19a
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MiL~HDBK~217C
CAPACITORS
MIL-C-83421, CRH
SPECIFINATLON STYLE DESCRIPTJON
MIL~C-83421 CRH

Parv operating failure rate model (Ap):

» ", 6
.\p ,‘h (aE x 'Q x ucv) failuve/10 hrs.

where the factors are shown in Tables 2.6.1-34 through -37.

Part non~operating failure rate model (Apm}:

\pno © 0.00056 1E“0 x 'Q Sailure51106 hours

TABLE 2.6.1-34 Table 2.6.1-35

1
Environmental Mode Factors Q’ Quality Factor

ﬁnvl ronment

Supur-Metallized Plastic, ER

bl > *ENO Failure Rate Level nri
1 0.24 s 0.03
3.71 0.89 r 0.1
4.4 1.1
5.7] 1.4 L4 0.3
4 - M 1.0
a2 2.2 LOWER 10.0
9.3 2.
13 3.1
7.8 1.6
14 3.4
135 3.6
11 - Tadle 2.6.1-36
13 3.1 ntv.upacttuce Factor
8 -
20 4.9 ”
27 6.6 " Capacitance lcv
21 - *y -‘.260.09 —
31 7.6 cv
230 ]130 where U s uF. 0029 uF, .7
.,‘ uF. 1.0
2.4 uF. 1.}
23.9 uF. 1.6
2.6.1-23 F-67
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MIL-HDBK-217C

CAPACITORS
MIL-C-5, CM,
MIL-C-39001, CHR
2.6.2 MiCA Capacitors K
SPECIFICATION STILE DESCRIPTION
NIL-C-5 cd MICA
MIL~C~39001 o MICA (Dipped}, Est. Rel.

Part operating fallure rute model (Ap):

PSS e

]
Ap = *b (IB x ¥ % ncv) fatiures/10" hrs.
wvhere the factors are shown in Tables 2.6.2-1 through 8.

Part non-uperating failure rate model (Xpm):

Apno * )‘b X 'Euo x " fauuresllo6 hours

! Vnere Ay 18 the Tabie value at 25% and U.l stress ratio

ARG T TR

TABLE 2.6,2-1 i
3 Environmental Mode Factors £
. Eavironment | fp *Eno
F g G‘ l 0.53 lel. 2».602.2 }
‘ SF 1 0.53 Basa Fallure Rate Tables for Capacitor 5
cp 1 0.53 Spec and Style
Ns3 5 2.7 Spec Table
Ng 6.2 3.3 Lm.—c Style l:_m. ;
A1t 4.2 - 03 T =
swp.Tange M 2.6.2-5
Mp 1 -8 Temp.Runge ¥ 2.6.2-6
:rr g g-g Tesp.Range O 2.6.2-7
TA . Temp.Rangs ? 2.6.2-8
: ey 8.8| 4.7
i NH 16 8.5 29001 Tesp.Range O 2.6.2-7
i Nyy 17 9.0 Temp.Range P 2.6.2-8
3 AyT 17 - )
f Ny 15 8.0
R ALF 8.5 -
i ApW 23 12
UsL 31 16 |
AUF 34 - :
M 36 19 :
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Tadble 2.6.2-3

nq, Quality Factor

railurs Rats Lavsl nQ

0.01
0.03
0.1
0.3
s

1.5

ER Dipped 3
-ZR Molded 6
LOMER 8.

(o A 8§ N X ]

Table 2.6.2-4
ncv’ Capscitancs Factor

niL-tobE=-237C

CAPACTTORS
"IL.C"S. C"l
H1L-C-39001, CMR

R G 0 ¢

= T = % e
.
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MIL-HDBK-217C

CAPACITORS

M1L~C~10950, CB
SPECIFICATION STYLE DESCRIPTION
MIL-C--10950 cB Button Mica

Part operating faiiure rate model (ip):
6

AP - ‘b (n, x “ * %) failures/10  hras

where the factors are shown in Tables 2-6.2-9 through 14.

Part non~operzting fatlure rate mcdel (lpm):
&
A - .
Pro " Ap X *Eup X Y failures/10° hours

Where Xip is che Tabie va.ue at 25" and 0.1 stress ratio

Table 2.6.2-10
Bass Failure Rate Tables

TABLE 2.6.2-9 for Capacitor Spec & ityle
A Tsable
Enviicomental Mode Factors s"fg e v
[eavironment | *g | *eyy 10950 CBSO 2.6.2-13
Gg 1l O-OM
Sg 1 0.036 Ochar 2.6.2-14
Gp 2.4] 0.087
NsB 5 0.18 '
Ng 5.2} 0.19 Table 2.6.2-12
At 4.21 - ncv. Capacitance Factor
Mp 11 0.38 —
MR 11 0.38 Caplcitmct' 1 v
Mra 15 0.53 '
Cu 8.81 G.32
Nh 16 | 0.58 . B0 0F. -3
e 47. .15
N 1? 06.63 g »
162. 1.0
AUT 17 - -
509. 1.3
Ny 15 0.54 v -
11 ]ZDO. 1.6
ATF S Iy 2650. * 1.9
ARw 23 0.84 - 2'2
UsL 1.1 5010. .
AUF 54 - 0.23
My 16 1.3 * - oy " I ) [ o
ot 610 22 where C is pF.
2.6.2-7
&— . .
g e S it s S RS i ot e VLS

o e e e

R




i
]
_
4

)
..m,.
"
s

Famreen .

.

T N

.
2

MIL-HDBK~217C

MIL-C-10950, cB

CAPACITORS

Tatle 2.6.2-11

n Q' Quality Factor

ol T FY ,ﬁ« o .
et o

Ta

SQO

15.0

Failure Rate Level

MIL-SPEC

tavcr
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e . s

dor i ol it it bt o

T W sn————

. : ¥, o 3 . s e )
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MIL~-HDBRR-217C

CAPACITORS
MIL-C~11272, CY;
MIL-C-23269, CYR

2.6.3 Glass Capacitors

SPECIFICATION

MIL-C~11272
MIL-C-23269

STYLE

CYR

Part operating fallure rate model (Xp):

A o= A (n

P b “ET Q

X7, X wcv) failures/106 hrs.

DESCRIPTION
Glass Capacitors

Glass Capacitovrs, Est. Rel

where the factors are shown in Tables 2.6.3-1 through 6.

Part non operating failure rate model (?

L

APNO = Ab x nnuo x Q

Eailure51106 hours

>x0)¢

Where Ap is the Tabie value at 25° and 0.1 stress ratio

TABLE 2.6.3-1

Environmental Mode Factors

[Environment | ng "Eo
Gp 1 0.36
SF 1 0.36
Gy 1.4] 0.51
NgB > 1.8
Ng 6.2 2.2
Al 4.2 -
Mp 11 4.0
MFF 11 4.0
HMFa 15 5.4
GM 8.8 3.2
Ny 16 5.8
Npu 17 6.1
AUT 17 -
ML 36 13
CL 61( 220

Table 2.6, 3-2
Base Failure Rate Tables for
Capacitor Speac and Style

Spec ' hbtablc
MIL-y Scyle Numbex
23269 All 2.6.3-5
11272 Temp. Range C 2.6.3-3
11272 Temp. Range D 2.6.3-6

Table 2.6.3-)
HQ' Quality Factor

ailure Rate level

X YW

Table 2.6.3-4

n
ov’ Capacitance Factor

R et B XA

RN G -t |

1, ErTC

TR R TN

PPN TY DI RN E T AT G IR Ry, & !
S . .

iy

4, AT A AT M

Capacitance ¥

1 cv

.22 pF,
9

3.
30.
200,

0.14
* . 'cv = 0.62C

where C is pF.
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MiL-HDBR=217C

CAPACITORS
MIL-C-11015, CK;
MIL-C-39014, CKR

S IRAGHE TENGRITE oo = v 5

T

2.6.4 Ceramic Capacitors

e

ke Ly

SPECIFICATION STYLE DESCRIPTION

MIL-C-11015 CK Ceramic, General Purpose
MIL-C-39014 CKR Ceramic, General Purpose, Est. Rel.

RS

Part operating failure rate model (Ap):

AT Ay g x g xR failures/10® irs.

where the factors are shown in Tables 3 g, 4.1 through ¢

Part non-operating failure rate model (ApNo):

b ¥ nEN Q failures/106 hours
0

Where i\, is the Tabie value at 25° and 0.1 stress ratio

XPNQ Y

TABLE 2.6.4-1 n Table 2.6.4-2
Q Quality Factor

Environmental Mode Factors Failure Rate level

Environment
R
P
M
L

Non-ER

LOWER

Table 2.6.4-3
ncv. Capacitance Factor

Capacitance ¥

6.1 pF.
240, *

* . 'CV ] .AICD"‘

where C is pF,

2.6.4-)

warer AR o W
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HIL~-HDBK-217C

CAPACITORS
MIL-C-20, CC/CCR

SPECIFICATION STYLE DESCRIPTION
MIL-C-20 CC/CCR Ceramic, Temperature
Compensating

Fart operacing failure rate model (3p):

X = A x (r_x7 ) failures/106 hours

P b EX g X v

where the factors are shown in Tables 2, 4, 4-7 through 12,

Part non-operating failure rate model (XpNO):

PPN
APNO = lb x nEno x “Q failures/10 hours.

Wnere Xy is the Tabie value at 25° and 0.1 stress ratio
Table 2.6.4-8

Base Failure Kate Tables
for Capacitor Spec and Style

TABLE 2.6.4-7

Spec Ay Table
Environmeatal Mode Factors MIL-C Style Runber
20 cc 20,25,30,32,35,45, 2.6.4-11
Environment LS "eND 85,95-97
Cs 1 3] cc 5-9,13-19,21,22,26,
SF 1 0.21 27,31,33,36,37,47,
LF 2.4 0.5 50-57,75-79,81-83 2.6.4-12
NsB L 0.21 CCR 05-09,13-19,54-57,
Ns 3 1 75-79,81-83,90
AT 4,2 =
Mp 11 2.2 x , Table 2.6.4-10
P 11 2.2 Table 2.6.%-9 ficys Capacitor Factoe
2 15 .1 —
G:A 8.4 18 llq, Quality Factor Capacitance * T _‘i
Nu 16 3.4 | | Pailure Rate Llevel| 0. .25 pF. .5
Nuy 18 3.6 R 7.4 " 75
Ayt 17 - s 0.03 81, 1.0
Ny 17 3.5 R 0.1 720. " 1.3
AlF 8.5 - P 0.3 4100. . 1.6
Aqw 24 4.8 M 1.0 017 uF. 1.9
UsL 32 6.5 Non-ER 3 .058 * 2.2
AUF 34 - R 10.
ML 36 7.6 LOWE * ey = .59¢0-12
CL 610 130

where C is pF.

¥-74 2.6.4-5




MIL-HDBK-217C

CAPACITORS
MIL-C-39003, CSR

2.6.5 Tantalum Electrolytic Capacitors

SPECIFICATION STYLE DESCRIPTION
MIL-C-39003 CSR Tantalum Electrolytic (solid),
Est. Rel.

Part operating failure rate model (Ap):

6
xp Ab (nE X ngp X ﬁQ x ncv) failures/10 hours
wheve the factors sre shown in Tables 3, ¢, 5.1 through g,
Part non-operating failure rate model (ApNo):
Apyo = 0.0046 nEu x ’Q failures 1106 hours
O
Table 2.6.5-2
Series Resistance, Table 2.6.3-3
2gp for MIL-C-39703 Tcyvs Capacitance Factor
TABLE 2.6.5-1 Circuit Resistance r
(ohms /v 1it) St Capacitance” | "cv
Environmental Mode Factors ) 230 . 003 uF 0.5
Environment | wp "Eno 2.0 0-10 091 * 0.75
- 1.0 0.20
[ ]
Gp 1 G.09 0.8 0 1.0 1.0
SF 0.8 | 0.07 ' -30 8.9 = 1.3
1 Cf 2.4 | 0.22 0.6 0.40 50' . L6
3 NsgB 4.4 0.4 0.4 0.60 ‘ . *
1 Ns 4.9 | 0.45 0.2 0.80 210. 1.9
A7T 6 - : . Al 2.2
3 Mp 9.2 | 0.84 01 1.0
-, . MFF 9.3 0.85]| L . _ - = LCO‘]Z
» 2“ 13 8 (1)'31 Table 2.6.5-4 cv
? 5 Nﬁ 1“' 1:3 ¥Qe Quality Factor where . 15 uf.
E Nyy 15 1.4 Failure Rate Level "
: Ayt 11 -
P Ny 13 1.2 3 0.03
] ArF 12 -
C AR 20 1.8 r 0.1
" UsL 27 2.5 P 0.3
; Ayy 21 ~ M 1.0
p ML 31 2.9 L 1.5 :
F~75
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MIL-HDBKR~217C

CAPACITORS
MIL-C-3965, CL;
MIL-C-39006, CLR

Tt TR

SPECIFICATION STYLE : DESCRIPTION
MIL-C-3965 CcL Tantalum, Electreolytic (Hon-solid)
MIL-C-39006 CLR Tantalum, Electrolytic (Non-solid)
Est. Rel.

Part operating failure rate model (3):

By R g g i o 4 Y % o . .
AR ROk s A e s B s oA« om

- 6
)\P )‘h (wE x ¥, x ‘Q «* wcv) failures/10" hours.

%
i
v
&
¥
I
=
1
¥

where the factors are shown in Tables 2.6.5-6 through -13.

S G

Part non-operating failure rate model (J\pNO):

”’NO = xb x HENO x RQ fai.lm'es/lo6 hours

bl Ol e T TR T

i o

Wnere iy is the Tabie value at 25° and 0.1 stress ratic

-
-

Troem

j ! TABLE 2.6.5-6
Environmental Mode Factors TABLE 2.6,.5~7
, BASE FAILURE RATE TABLES FOR CAPACITOR :
{Environment | ngp TEvo - SPECIFICATION AND STYLE -
1 0.33 Spee A i
1 0.33 MIL-C Style Table No. ;
e 2‘26 3965 | cL24, 25, 26, 27, [2.6.5-11
. 34, 35, 36, 37 1
6.7 2.2
11 - CL20, 21,
11 3.4 22, 23, 30, N, 32, }
: 33, 40, &1, 42, 43, :
11 3.4 46, 47, 48, 49, 51,]2.6.5-12
15 4.8 52, 53, S4&, S5, 56,
10 3.3 64, 65, 66, 67, 70,
16 5.3 71, 12, 13
1?7 5.7 CL1l4, 16, 1, 13, z,s.s_u
14 - 17, 18, ——
15 5'0 all 2.8.5-1
21 -
23 7.6
31 10.2
28 -
36 11.8
610 200 | ‘
2.€.5-2

T Py
s - e N L TR




TABLE 2.6.5-8

" QUALITY FACTOR

Failure Rate Lavel}

X % oW w

LOWER

v.03
0.1
0.3
1.0
1.8

3
10.

2.6.5-3a

MIL-HDBR-217C

CAPACITORS
MIL-C-3965, CL;
MIL-C-139006, CLR

TABLE 2.6.5-3
% y+ CAPACITANCE FACTOR

Capacitance * cv

081 WF, 0.7
zol . lﬂo

100. ~ 1.3

LIS .82(:(,’065 where C is uF.

cv

F=77

Pt ‘u " im
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MIL-HDBK-217C

CAPACITORS
HIL-C-39018, CU

2.6.6 Aluminum Electrolytic Capacitors

SPECIFICATION STYLE UVESCRIPTION
MIL-C-39018 cu Aluminum Oxide Electrolytic

Part oparating faflure rate model! (V.):

- 6
Ap Ab xng % 'Q X 2.y failures/10 hours.

where the factors are shown in Tables 2,6.6-1 through 4,

Part ncon-operating failure rate model (Xpﬁo):

= 0.0085 ne o XWX L failures/106 hours

lp .
NO NO Q

.6.6-1 TABLE 2.6.6-2
TABLE 2 vy WALITY FACTOR

Environmental Mode Factors

[Environment | g “Exo Qualits 1-.vel q
1 0.16 B -
1 0.16 !nb-Spoc 3
5.8 0.93
6.7 1.1
8-5 - m 20606.3
12 1.9 'CV' CAPACITAMCE FACTOR
12 1.9
0| e I
19 5.0 2.5 uF. 0.4
g(}) 3.2 85, “. 0.7
- 400. * 1.0
}; 2;1 1700, " 1.3
SO 14,000, ° 1.9
L2 ; u.w. bt 2.2
[.1 6'6 “.mo " 2-5
690 110 120,000. . 2.8
]
" ngy = -HC0 where C 15 uF.
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MIL-HDBK-217¢C

CAPACITORS
MIL-C-62, CE

2.6.6 Aluminum Electrolytic Capacitora

SPECIFICATION STYLE DESCRIPTION

9 MIL-C-62 CE Aluminuia, Dry Electrolyte

Part operating {ailure rate mode! (3p):

- 6
: xp Ab X Tp X Mo X %oy failures/10~ hours
34 where the factors are shown in Tables ¢ g5 through g,
% Part non-operating failure rate model (lpgo):
: Apwo ‘0-011:.:EN° x failuresl106 hours. 'g
3 TABLE 2.6.6-5
f Environmental Mode Factors ?
[Eavironment | =p “Exn E
3 Ce N }f TABLE 2.6.6~6
SF . ¥,» QUALITY FACTOR
Gp 2.4 3 Q k
5 NsB 5.8 7.3 !
Ng 6.7 8.5 Quality Level "Q |
Arr 8.5 - . ;
4 Mp 12 15 z
9 Mgp 12 15 NIL-Spec 3 |
MFA 17 21 1
Ny 19 23
: Nyt 20 25
) Aut 21 -
! Ny 13 17
2 AlF 17 -
ARW 27 33 :
vgL 36 45 !
AyF 42 . |
- ML 41 52 , 7
& CL 690 |870 ‘ 4
' 1 E

x? : 2.6.6-3 F-79 : -y
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MiL-HDBK-217C

CAPACITORS
MIL-C-62, CE

g B BT |

TABLE 2.6.6-7
LD CAPACITANCE FACTOR

Capacitance Tov
3.2 uF. 0.4
62. 0.7

400. * 1.0
1600. = 1.3

4800, * 1.6
12,000. - 1.9
26,000, * 2.2
$0,000. * 2.5
9,000, * 2.8

= ey = 320017 where C {5 uF.

i T e
B R e s O L - R

e-var Lo

LA

Y o f b

= e ARy, T RPN ey .o Al
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2.6.6-3a
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MIL~-HDBK-217C %
CAPACITORS %
MIL-c-81, cv
2,6.7 variable Ceramic Capacitoers ?
SPECIFICATION STYLE DESCRITTION
MIl-C-81 v Variablie Ceramic

Part vpurating :ailure rate rodel (3p):

A= Ab x (wg x %) Eailuresllo6 hours

p Q

where the factors are covered by Tables 2.6.7-1 through ~5.
Part nuon-operating tailure rate model (\pxa):

LE- T VO x »_ fatlures/10% hours
s b wo Q

Wherc Yy is the Tabie value at 25* und 0.1 stress ratio
b

TABLFE 2,6.7-}

o . mu 2.6.7"'2

Environmental Mode Factors BASE FAI TABLZS FOR
Environment e ’kgo CAPACITO® SPECIFICATION AND STYLE

Cg 1 Q.18 Spec Style xb

Sp 0.8] o0.14 MIL-C ty Table No.

CF Job 0.6

1n,14, 2141

NgB 7.9] 1.4 81 Cvil, 4, 1 2.6.7-4

N 72l e 152.34.46.41

Arr 3.7 - cv .6.7-5

Mp 17 2.9 35, 36 2

”FF 17 2.9

?IFA 23 4.1 TABLE 2.6.7-3

Oy 9.8} 1.7 v, QIALITY FACTOR

NH 25 4.5 ¢

Sy 27 -

AUT 35 0.2 Quality Level ‘o

Ne 20 3.6

AIF 11 - HIL-Spec &

ARW 36 a.h

Usi. a9 8.6 Lover 0

AF 70 -

My 56 10

c 20

1 950 170 2 6.7-1

o . . Ce o i L
e e e e T e e i e ot e S AR IR o B aits e, A T B tbiad S L
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N1L-HDBK-217C ;
CAPACITORS ]
MiL~-C=14409, FC Z‘
2.6.8 Variable Pistun Type Capacitors §
g H
STECIF.CA 1IN SINLE DESCRUPTION H
.‘ NIL="=14409 C Varisble, Piston Type Tubular
3 Trimser i,
.‘
4' Part operating faliure rate wode! (i,): r
T g 6
2 A A B
; P “ A% (ng x :Q) fatlures/ 10 hours :
where the Tacviors are shown in Tables 2.6.8~1through 5. i
f‘ Part aoneoperating fallure rate model u?s@)’ :
’ )
k- 5 = A f { yHy
: Yo b % 'Eﬂo x1, fa lures/10" hours f;
'- Wnere iy is che [.o0ie value at 25° and 0.1 stress ratio :
: i
¥
TABLE 2.6 .8-1 i
: favironamental Mode Factors BASE ;”u 2'6‘."21.““5 ror f
3 [environzent e “rea CAPACITOK SPECIFICATION AND STYLE :
ki — :
‘ [ 1 0.44 f Spec Xb E
. SF 1 0.44% HR_C Style Table Wo 4
Gf 2.9 1.3 * t
NsB 6.91 3 16409 | . b, 4 i
Ng 7.2 5.7 L LT 2.6.8-4 :
AT 5.7 -
My 15 6.5 i
; A SO B TABLE 2.6.8-3
4 b ' .
SH 22 9.8 ¥q+ QALITY FaCTOR
- Xt | 24 1 . ,
AT ; 28 ¢ - Quality Level ]
R | 8.4 3.2 Q .
L Ay 11 - - 3
1 AR 32 14 MIL~-Spac 3 3
: Ust 43 19 Lowar 10
A 56 - \
4 3"_ 69 22 B,
CL 830 370 1

4 F-82 2 €.8-1




: MIL-HOBR~217C

CAPACITORS

1 MIL-C-02, CT

] 2.6.9 Variable Air Triamer Capacitors

3 SPECIFICATION SINLE DESCRIPT1OR
MIL-C~Y2 CcT

|
s
&

4

Part operating fallure rate model (M5
‘ _ 6
lp - Ab % (lz x 'Q) failures/10" hours
where the factors are show. in Tables 2,6,9-1 through 3.

Part non-operating fallure rute mode!l (‘,pso):

Apyy * 0.016 -suo X % £ailures/10% hours

TABLE 2.6.9-1

Environmental Mode Factors

Vartiable, Air, Trimmer

e /iTonment | wp "kvo
Ty 15037
oF e 0-u31 Tadle 2.6.9-2
F - .
NsB 7.9 1 0.29 Yo Quality Factoer
N 7.7 1 0.28
Ai-r 5.7 - Failure Rats Level .
Mp 17 0.61
Mpr 17 0.6l MIl-Spec [
Mra 23 0.86 Lover 20
(5] 9.8 | 0.36
NH 25 0.94
Ny 27 1.0
AuT 35 -
Ny 20 0.6
Arp 11 -
Apw 3o 1.3
UsL &9 1.8
Aur 10 -
ML 56 2.1
CL 950 35
2.6.9-1
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M1L-HDBK-217C

CAPACITORS
Mli-C~-23183, CG

2,6.10 Vacuum or Gas Cspacitors

SEECIF . CATION STYLE UESCREPTION
MIL-C~2318) o Vacuum or Gas, Fixed and

Variable

Part eperatla, tefiuie rate soder (3p): 6
Ap = Ay % (v x g X Top) faslures/10° hours

where the actors ate¢ shown in Tables 2.6.10-1 through 7.

Part non-operating fasilure rate wodzl ( \pm):

o " A, x 'Euo x %y X Yop failuresllob hours

Wher. ‘p is the fabie value ar 25° and 0.1 scress ratio

Table 2.65.10-2
Base Pailure late Tables for MIL-C-23183

TABLE 2.6.10-1 Capacitor 3tyles
Environmental Mode Factors x‘
[Envirommenc | =¢ "rx0 Style Table No.|
55 T ] . " -
Sg 1 0.22 CG 20,21,30,31,32,40,61,42,] 2.6.10°5
Gy 3.4 0.75 43,44,51,60,61,62,63,64,67
N 8.7 1.9
s? 7.711 1.7 CC 63,46 2.6.10-6
A a-s -
u:T 18 & cG 50 2.6.10-7
Mpe N/Al  N/A
YFA N/A} N/A
Gu 10 2.2
N 28 6.2
.\':“'i.‘ 30 6.6 Table 2.6.10-3)
AUT 53 - quu.n:y Factor
Ny 24 5.4
ATF 17 - Failure Rate level |7,
ARW (%] 8.9
LRTR N/A N/A
AUF 110 - MIL~Spec 3
b N:'Ai N/A
CL 1000 ; 230 Lowar 20

r-84 2.6.19-)
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AIL-HDBK-217C

CAPACITORS
MIL-C-23183, CG

Table 2.6.10-4
Teop? Configuration Factor

Configuration TCF

Fixed 0.1

Variable 1.0
2.6.10-1a

F-85
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MIL-HDBK-217C

INDUCTIVE DEVICES
M11-T-27, MIL-T-210138,

MIL-T=-55631
2.7.) Transformers
SPTCLTINATN CUULE SUSCRIPTION
M1L-T-27 T¥ Audio, Power, and High Power Pulse
MIL-T-210232 TP Low Power Pulse
MIL-T-55631 - IF, RF, and Discriminator

The general model for these devices is as follows:

Ap - Ab (15 Q)

failures/10° hours

x I

>
L}

' base failure rate

»~
L}

7. = gnvironmental factor
nQ = quality factor
The general model for the base failure rate:
T..+ 273 6
A = Ae* where x = (;_§§§______)
\ T

HS = Hot spot temperature in degrees C and e is natural logarithm
base, 2.718.

N, = Temperature constant
G = Acceleration constant
A = Adjustment factor for different insulation classes

See Tables 2.7.1-1 thru 2.7.1-4 for equaticon constants. The mcdels are
valid only if Tys is not above the temperature rating for a given
insulation class.

YLrt uoen-operating failure rate medel (Xpwo):

en = 0.002 1
Ll N
ENO

et

T[T T ey

B

oy 4y

A

v e




; MIL~HDBK-217C

INDUCTIVE DEVICES
MIL-T-27, MIL-T-21038,
MIL-T-55031

hn';‘,m'\m,_‘,»'@%'.’"'mql!' R AW ’

y TABLE 2.7.1-1 4
4 Transformer Base Failure Pate Mcdel Constants versus insulation Class i
4 _ E
; SPECIFICATION Tnsalation Class "’ ¢
MIL-T-27 Q R s v T v
y MIL-T-21638 [ Q R s T v v ;
It MIL-T-55631 | o© A B < - - :
Model Max imum rating Temperature H
,_ Constants | TTT T TOFC [ T30°C- ] T30 J IT0°C TSTIOC g
A j0.00159 1 0.0018 ]0.00152 ]0,00458 | 0.00508 | 0.0065 ;
3 Ny 329 352 364 409 398 4n 5
- G 15.6 16.0 | 8.7 10.0 3.8 8.4 ¢
' &
TABLE 2.7.1-2
Quality Factor, 'Q |
| Family Type ' ' Mil-Spec. _Lower :
Pulse Transformers 1.5 5.0
£
Audio Tranaformers 3.0 7.5 [‘
Power Transformers and Filters 8.0 30.0 §

3 |__RF Transformers 12.0 39.0

2.7.1-1a F-87 .
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4 MIL~HDBK-2173
INDUCTIVE DEVICES
MIL-T-27, MIL-T-21038,
<3 MIL-T-55631
TABLE 2.7.1-3
4 Environmental Mode Factors
g IEnvironment e TExo
3 Ca 1 0.15
Sp 1 0.15
GF 5.7 | 0.83
E Nsg 5.1} 0.75
i Ng 5.7 | 0.83
" Al 11 -
Mp 11 1.6
| Mpr 11 1.6
f MEa 15 2.2
Gm 12 1.7
\ NRK 16 2.4
L Nuu 18 2.6
L Ayt 14 -
\ Np 14 2.1
\v AIF 21 -
| ARw 24 3.4
\ Usi, 32 4.6
AyUF 28 -
ML 36 5.3
CL 610 |90
2.7.1-1b

. B Sy
i ot . L - PO T e B Loy
TR [P ) TR R T Ta st v 3
LA ol I et sl antniha s oy siskind By M N




MIL-HDBK-217C

INDUCTIVE DEVICES

MIL-C-15305
MIL-C-39010
2.7.2 Coils
SPECIFICATION STYLE DESCRIPTION
MIL-C-153G5 - Fixed and Variable, RF
MIL-C-39010 - Mclded, RF, ER

The general operating model for these devices is as follows:

xp - kb (az x ‘Q x uc)
vhere: Xp = Total failure rate in fcilures/lo6 hours

Xb = Base failure rate

L Envirommentel factor

"Q = Quality factor

xé'-'COastruction factor {fixed or variable).

The general wodel for the base failure rate:
/TBS+273\G
U

wvhere: TRS = Bot gpot femperature in degrees C and e is natural
logaritha base, 2.718.

Xb - Acx where x =

Ny

G = Acceleration Constant

Temperature Constant

A = Adjustment factor for different insulation classes.

See Tables 2,7.2-1 thru 2.7.2-5 for equation constants. The models
are valid only if Tyg is not above the temnerature rating for a
given insulation ciass.

Part nca-vperating failure rate model ()‘pvo):

Py = 0-0004 n X m. X"

Bvo €

—




1 1L~HDBK-217C
INDUCTIVE DEVICES ?
- g MIL-C~15305
<5 MIL-C-39010
3 TABLE 2.7.2-1
1 Coil Base Faflure Rate Model Constants i,
versus insulation Class
i*
tpecification Ingulation Class Ef
é MIL-C=15305 0 A B c A
i M11L-C- 39010 - A B F
Model ) E
Constants Maximum Operating Temperature :
85°C 105°C 125°¢C 150°C 5
7 3.35 x 107°] 3.79 x 107%] 3.19 x 107 | 0.63 x 107
1 Ny 329 i 352 364 409 ‘
i G 15.6 140 8.7 10.0
TABLE 2.7.2-2 i
Quality Facter, "Q :
-t Failure Rate IQ Factor
] Level
s 0.03
R 0.1
P 0.3
3 M 1.0
3 M1L-C-15305 4.0
4 Lower 20.0
| \
3
{
2.7.2-1a
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GABLE 2.7,1-3

“nvironmental Mode Factors

[environment | =g “Exo
Cs 1 0.56]
SF 1 0.86
Cr 3.6 3.1
NsB 5.1 4.4
Ng 5.7 4.9
AIT 11 -
Mp 11 9.5
MpF 11 9.5
HMEa 15 13
GM 12 10
N 16 14
Npy 18 15
Ayt 14 -
Ny 14 12
AlF 21 -
ARw 24 21
Usp 32 28
AUF 28 -
bR 36 i1
CL 610 520

TABLE 2.7.2-4
Coastruction Factor, “C
Construction "C
Mxed 1l
Variabia 2

2.7.2-1b

MIL-HDBY.-217C
INDUCTIVE DEVICES

MIL-C-1530%
MIL-C-39010

F-91
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MIL-HDBK-217C
9 April 1979

MOTORS

The failure rate model 1is:

P

2
L4 L) x 10° (failures/10% hours)
ay Y]

the average fafilure rate (failuresi106 hours)

motor operating time period, selected by the user, for which
average failure rate is calculated (hours). Each motor must
be replaced when it reaches the end of this operating pericd
to make the calculated kp valid.

Bearing Weibuil Characteristic Life as determined fron.Table
2.8.1-1 for constant ambient temperature operation or
Section 2.8.1.1 for cycled temperature.

Windirg Wecibull Characteristic Life as determined from Table
2.8.1-1 “,r constant ambient temperature operation or

‘Section Z2.8.1.2 for cycled temperature.

Part nonoperating failure rates:

AC Motor XP = 0.02 (failuresllo6 hours)

NO

DC Motor A = 0.05 (failures/lo5 hours)

¥-92

PNO

2.8.1-2
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g

\PNO = 0.0078 HS x HN X nENo failures/lo6 hours
2.8.2-1
<m ¥
“’A o ) L 77 s e oo Tl RA ISl st i o Ly e emied <1k [P N JOPS S 1
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MIL HDBK-217C

SYNCHROS & RESOLVERS

2.8.2 SYNCHROS & RESOLVERS
The part fatlure rate mode! (.\p) is:

do = A (Tig x Ty x fig) failures/10% hours

wheve che factors are shown in Tables 2.8.2-1 thry 2.8.2-4
Synchrus aud resclvers are predominatly used in service requiring
eriiy slow and infrequent motion. Mechanical wearout problems are
ot serious so that the electrical failure mode dominates, and no
mechanical mode failure rate is required in the mode! abovas.

TABLE 2.8.2-1 Ay FOR RESOLVERS & SYNCHRNS VS. FRAME TEMPERATURE®

T(C) Ab(£/106 hrs) T(*C) Ap(£/105 nrs)
30 .0083 8s .0325
35 .0088 %0 .0407
40 .0095 95 .0523
45 .0103 100 .0690
50 014 105 ,0937
55 L0126 10 31
60 .0142 ns 9
65 .0162 120 ,288
70 .0187 125 .453
75 .022 130 744
80 , 0265 136 1.28

oy - .oos:«ss:G;%z's)é.5

where T = frame temperature (°C) and e = natural logaritm
base, 2.718. If frame temperature is unknown, assume T = 40+
ambient temperature.

Part non-operating railure rate model (XpNO):

B e G
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Mit=RDBK-217C -

1 SYNCHROS & PESULVERS
3 TABLE 2.8.2-2 L FOR SYNCHROS AND RESOLVERS, BASED ON TYPE AND SIZE

3 ns
3 DEVICE TYPE

E, Size 8 or Size 10-16 Size 18 on
Smalle:r Larger

Synchro 2 1.5
Resolver - 3 2.25

L
1.5

TABLE 2.8.2-3 Iy FOR SYNCHROS AND RESOLVERS, BASED ON
NUMBER OF BRUSHES

Nuchber of Brushes nN

2 1.4
3 2.5
3.2

F-94

2.8.2-1a
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MEL-HDBK-217C

SYNCHROS & RESCLVERS

TABLE 2.8.2-4

Environoental Mode Factors

Enviroament Ty

“Exo

1.1
N/A
2.1
5.1
7.4
11
11
16
11
17
17

15
24
32
N/A
620

.

2.8.2-1b
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‘ 1
4 AIL-HDBK-217C
: E. T. METERS |
3 2.8.3 ELAPSED TIME METERS R

The part opentfng failure rate mode (;p,\ is:

- l;‘p - }‘b (I:,r x nt) failunl!ﬂs hoyrs

where the factors are showm in Tijblres 2,0.3-1 thru 2.8.3-3

. E . AP - ox oW,

Part non-operating fatlure rate wodel '(»\? 3:

%0 b %

3, is shown in Table 2.8.3.-1.

FOR E. T. METERS

A (£.7108 nr.)

20
30
80

gf,i o b
s | TABLE 2.8.3-1 i,
YYPE
A.C.
Inverter Driven
Commutator D.C.

TABLE 2.8.3-2 1,

FOR E. 7. METERS

%{atig? T.i'c.)

n,

0 to .5

. | r-96

K|
e
gk
T - —

2.8.3-1

TABLE 2.8.3-3

Environmental Mode Factors

[Environment | =

™
w
5
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RELAYS
2.9 RELAYS
Table 2.9-). Predictizu Procedure for Ralays
Part Specifications Covered
Military Specifications
1. MIL-R-5757 3 MIL-R-18523 5. MIL-R-19648
2. MIL-R-5016 4., MIL-R-39016 6. MIL-R-83725
7. MIL-R-83726*
Part failure rate mode! (xp) 2
(p) = ag (e xw x Teye X °r X 'Q) (failures/106 nours)
where the factors are shown in these tables: v
e - Table 2.9-4
tc - Table 2.9-5
re - Table 2.9-7 E
Teye Table 2.9-6 ,
2 - Table 2.9-8 '
Note - Values of "cye for cycling rates beyond the basic
design limitations of the relay are wot valid. '
Jesign Specifications should be consulted prior
to evaluatior of » . £
yc ]
Part non-cperating failure rate model ().pw): 1
"Puo = 9.006 “pyy X g X T failures/106 hours
* - Prediction procedure does not apply to Class C (solid
state) relays of this specification,
2.9-1 r-97 4
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MIL~HDBK-217C

RELAYS

Lower Quality
Environmental Mode Factors

TABLE 2-9.4

TABLE 2.9-4

MIL-SPEC
Environmental Mode Factors
Environment TE WENO

Gp 1 0.29
SF 1 0.29
Gy 2.3 0.67
NgB 10 2.9
Ng 6.1 1.8
AT 4.0 -
Mp 21 6.1
Mpp 21 6.1
Mpa 29 8.4
Gy 8.2 2.4
Ny 32 9.3
NuU 34 9.9
AUT 12 -
Ni 14 4.1
ATF 8.0 -
ARw 46 13
JsL 62 18
AyUF 24 -
My 71 21
CL N/A N/A

Environment TE "ENO
Cp 2 0.58
SF - 0.58
Gr 4.6 1.3
NsB 30 8.7
Ng 18 5.2
ArT 8.0 -
Mp 63 18
Mpy 63 18
Mr 82 24
GM 25 7.3
NH 96 28
Nuu 100 29
Ayt 30 -
Ny 38 11
AIF 16 -
ARw 140 41
UsL 190 55
AyF €0 -
ML 210 61

| Cp N/A N/A

F-98

Table 2.9-5. ne Factor
For Contact Form

Contact
Form Tc
SPST 1.00
DPST 1.50
SPNT 1.75
3PST 2.00
4PST 2.50
DPDT 3.00
3PDT 4.25
4PDT 5.50
6PDT 8.90

This table applies to ac-
tive conducting contacts.
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2.10 SWITCHES

Toggle or pushdutton (single body)

TABLE 2.10-1

MIL-HDBK-217C

SWITCHES

Prediccion Procedurzs for Toggle or Pushbutton Switches

part specifications covered

1. MIL-5-3950
2. MIL-S-8805

Snap-action toggle or pushbutton

Description

Part operating failure rate model (Xp)

p

. (“E X1, X®

cy

Cxm) failures/108 hours

where factors are shown in:
g -  Table 2.10-4
LT Table 2.10-5
" - Table 2.10-6
" - Table 2.10-7

Part non-operating failure rate nodel (AP ):
N

A =
Pno

)‘bxﬂE

6 0

X me failures/10° hours

Base failure rate model (xb)

Ab
Description MIL-SPEC | Lower Quality
Snap-action 0.00045 0.034
Non-snap action 0.0027 0.04
2.101

F-99
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HI1L-HDBK-217C
3 SW1TCHLS
i Basic mensitive
- 4 Table 2.10-2. Prediction Procedure for Basic Sensitive Switch ¢
? [ Part specifications covered Description §
E MIL-S -8805 Basic sensitive ¥
i; Part operating failure rate model (xp) E
:E' ' (R (rp x Teye X a ) failures/10° hours :
. where factors are shown in:
re - Table 2.10-4
t_, "eye - Table 2.10-6
3 N - Table 2.10-7 §
i Part non-oprrating fajlure rate model (AP ): :
E N0
. A = k. T i
Pro P Exo ¥
b
Base failure rate model (1) :
Ap = A M A (if actuation differential is >0.002 inches) i
Ay = AbE +n AbD (if actuation differential is <0.002 inches) %
where n = 1/2 the number of active contacts, e.g., 1PST has two contacts, §
1PDT_has four contacts. H
., Description MIL-SPEC Lower Quality :
< % *bE 0.1 0.1
\uc 0.0009 0.45
Asp 0.0018 1.25

2.10-2
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MIL=-HRBK=~217C

SWITCHES

Rotary ‘wdler)

Table 2.10- 3., Prediction Procedure for Rotary Switches

: Part wpecifization covered Descrigtion
3 MiL-S-3786 Rotary, ceramic or glass wafer,
: silver alloy contacts :
> Part operating failure rate model (xp) -
1 . L -
é Ap = Ay (nE Y. beye x nL) fai’lures/m6 hours .-
3 where factors are shown in:
4 ng - Table 2.10-4
ey Table 2.10-6
f n - Table 2.10-7 3
. % Part non-operating failure rate model {(x, ): g'
NO
Y '\'P =A.0w '
N P Eyg
Base failure rate model (xb) .
* = e * " *oF (for ceramic RF wafers) :
L Yy =Yg * N Ay (for rotary switch medium power wafers) l
3 where n is the rumber of active contacts
}, Description MIL-SPEC Lower Quality
. \DE 0.0067 0.1
] '\bF 0.00003 0.02
: ‘oG 0.00003 0.06
§
i P
e & § b -
. 2.10-3 F-101

. - . .
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MI1L-HDBK-217C

SWITCHES

TABLE 2.10-4

Environmental Mode Factors

Environment "}' ",:x‘)
Gy 1 2.412
S¢ 1 2.412
Gy 2.9 6.995
Nsp 10 24.120
Ng s.7] 13.748
Art 5 -
Mp 21 50.411
Mpr 21 50.893
MFa 29 70.913
Gp 14 34,492
Ng 32 77.908
Npu 34 82.973
Ayt 50 -
Ny 20 47.999
AlF 10 -
ARW 46 111.193
Usy, 63 151.474
ApF 100 -
My 71 172.217%
< 1200 {2904
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% CONNECTORS
: 2.11 CONNECTOR
E 2.11.1 Connector, general (except printed circuit board types)

TABLE 2.11.1-1. Prediction Procedure for Connectors

PR I ¢ R R e

k. PART SPECIFICATIONS COVERED (Table 2.11-2 shows
A connactor contigurations) ¢
. Type MIL-C-SPEC  Type  MIL-C-SPEC i
i Rack and panel 24308 Coaxial, 3607 :
9 28748 RF 3643 ;
A 83733 3650 ¢
; 3655 e
3 25516 "
£ 39012 ‘
; Circular 5015 £
3 26482 Power 3767 ‘ ‘
; 38999 e
: 8151 3
] 83723 :
' i
' Sart Failure Rate Model (3p) :
The failure rate model (ip) is for a mated pair of .
connectors. For a single connector, divide Ap by two. f
g
‘p = Ab (uE X T X “K) ‘.a"lures/lo6 hours é
3
where: f
wg - Table 2.11.1-6 -
np - Table 2.11.1-7 E-.-
n, = Table z.11.1-8 '?

Part non-operating failure rate model (Xpuo):

Apno = A X "ENO X fatlures/10® hours

where kb = 20°C and appropriate insert material

2.11.11
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o M1L-HDBK-217C P
i CONNECTORS . v
. ;1 | g
. ' . :
5 : i %
TABLE 2.11.1-6 j 3
2 M1L-SPEC S | :
3 Environmental Mnde Factors . . ‘\\ %
3 : : ; . t

’Exo . H 3
0.12 S
0.12 o :
0.14 o ‘_
0.49 ;
0.646 i

j
I
&
¥

¢

! Arr
1 Mp . 1.9 %
Mrp . 1.0 1
T HFA 1 1.4 :
CM 8.3 | 1.0 :
Ny 13 1.6

4 1.7

UsL 25 3 I'ABLE 2.11.,1-6

B v e e

(4 lity
ML 29 3.5 y LW X Qua .
CL 490 59 Envircimen‘al Mode Factors

nvironmrut )
E_] TExo ]
1.5 0.18 *
Sg 1.5 0.18 {
b ouls
8.1

¢.56
0.97
Ng 1 1.3

2.11.17
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MIL-HDBK-217C
PCB CONNECTORS

2.11.2 PRINTED CIRCUIT BOARD CONNECTOR
Table 2.11.2.1 Prediction Procedure for PCB Connectors

Specification Descripcion

MIl-C-21097 One~Piece Connector
MIL~(C=-55302 Two-Piece Connsctor

Part Failure Rate Model (1))
The failure rate, XP’ is for a mating pair of comneztors and is:

xp = Ab (nE x nP x nx) fatlurcs/los hours

where the factors are:
Mg Table 2.11.2-4
nP Table 2.11.2-5

HK Table 2,11.2-6

Base Failure Rate (Xp)
Ap = A

where x -(NT ) + (T+273§
+273 o
e = 2,718, natural logarithm base

T = operating temperature (OC)
T = ambient + temperature rise (Table 2.11.2-2)

A = 0.216
T, = 423
P x 4.66
Ny = -2073.6

kb values are shown in Table 2.11.2-3.

Part non-operating failure rate model (2 ):
NO

A = 0.00021 n x "p failures/106 hours

Pno Eno

2.1 24
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PCB CONNECTORS

1 Table 2.11.2-4 based on Environmental Service

TABLE 2.11.2=4

‘ MIL=-SPEC
: . Environmental Mode Factors
Environment B "Evo
3 SF 1 0.65 M
3 Gy 3.4 2.2 2
3 NsB a.1] 2.7 :
Ng 5.7 .7 a
3 AIT 5 - ;'
Mp 8.5 5.5
MpF 8.5} 5.5 o
3 MFaA 12 7.8 x
GM 8.3 5.4 5
1 SH 13 8.5 :
4 Ngu 13 8.5 A
AUT 5 - ¥
S 13 8.5 L
; ATF 10 -
ARW 19 12 t
X;I}: ig * TABLE 2.11.2-4 i
), H
\él{_, 453 3;3 Lower (Jualiry
Environmental Mode Factors
Environment ng "ENO
Gp 1.5| 0.98 5
SF 1.5]| o0.98 ¢
G 6.8] 4.4 ‘
Ngp 8.2 5.3 X
Ng 12 7.8
Ayt 10 - B
Mp 17 11 =
Mpp 17 11
Mra 24 16 .
CM 17 11 :
Ny 26 17 :
Nyu 26 17 .
) AyT 10 - :
Ny 27 18 )
ATF 20 -
Arw 37 24 ‘
UsL 50 32 k
AyF 20 - .
ML S8 38 -
cL 970  }630 ;
F~106 2.11.2-4 - , .
o
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- 2,12 PRINTED WIRING BOARUS .
The specifications applicable to printed wiring boards are: :
: MIL-P-55110 Printed Wiring Boards
: Part non-operating failure rate model {\py): -
"Pro = 3p x N x ‘Eng N,‘
1 The operating rate model for printed wiring boards is: %
Ap = Aghme :
] where: 1, = board failure rate in £./10% hr. &
g Ap = 6(10)~6 failures/105 nr. fur two-sided boards ¢
! 2 5(10)‘4 failures/106 hr. for multi-layer boards
N = number of plated-through holes 'i .
! P
3 ng = {see Table 2.12) b
3 &
"ENO = (see Table 2.12) ;
4 The above model is applicable anly tec high quality boards that have t
; received screening and burn-in and that use G-10 or equivalent epoxy &
f materials. '
4 12
1

e EH
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P. . BOARDS

TABLE 2.12

B e e R R R AL

gL

Environmental Mode Factors

Eﬁvironncnt e

L
m
£
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2.12-1
le £
k e,
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N
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MIL-MDBK-217C
CONNECT10NS
2.13 CONNECTIONS
The part operating failure rate mode! (Ap} is:
Ap = Ay (Hg x By x Hy) fatlures/105 hours
where:
Ay = base failure rate (Table 2.13-1)
e = enviromental factor (Table 2.13-2)
i - too} type factor {Tadble 2.13-3 for crimp type)
= 1 for all types except crimp
“Q = quality factor (Table 2.13-4 for crimp type)
3 Y for 11 types except crimp

TABLE 2.13-1 BASC FATLURE RATE, Ay

CONNECTION TYPE Ny (F/108 HR.)
Wirewrap o .0000025
$oider, refiow lap to .00008
P.W. boards
Solder, wave to P.W. .00029
boards
Hand solder .0026
Crimp . 00026
Weld .0013

Part non-operating failure rate model (Xp¥o):
AL X X W, X ¥

2 " T T O

X, is covered ir Table 2.113-1.

b
2.13-1 F-103
: A . T AN R e e 0 £ e o S T i e S SO S DA SR PR
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MIL-HDBK-217¢C
TABLY .13
CONNECTIONS ]
tavironmental Mode Factors §
Ewvironsent T o T o TABLE 2.13-3. TOOL YV FACTORS (ity)
< T T FOR CRIM® CONNECTIONS i
Sy 1 8.33 b
Gy 2.1 0.69 TOGL TYPE By :
NgB 3.5 1.2 .
Ng R Automated i
AT 3.0 -
Mp 7,31 2.4 Manual 4 :
Yy 7.3 2.4 - 3
Ara 10 3.4 Motes: 1 Automated encompasses 41l .
Gy 7.3} 2.4 powered tools not hand-
Ny it 1.7 held.
s 12 3.9
AT 4 - 2 Manual includes all hand- »
s 9.9 3.3 held tools.
ARW 16 5.3 :
Usq, 2 7.1 :
AuF 8 -
ML 25 8.2 :
c-. {420 140 3
TABLE 2.13-4. (UALITY FACTORS (uo) FOR ChkiMP CONRECTIONS
QUALITY GRADE | g COMMENTS i
i
Automated Tools | 1.0 | Dat'y pull tests recommended. i
Manual Tools: .
Upper 0.5 | Only NIL-SPEC or approved ‘
equivalent tools and tevminals,
pull test at beginning and end
of each shift, color coded tools
and teminations.
Standard 1.0 | Only NIL-SPEC tools, pull test at
beginning of each shift,
Lower 10.0 Anything less than standard criteria. '
F-110 2.13-2
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MJSCELLANEOUS A
{‘ B r§
;- TA8LE 2.16-1
- FAILURE RATES FOR MISCELLANEOUS PARTS (FAILURES/105 wouRs) 2
g PART TYPE FAILURE RATE i
¢ 4 Microwave Ferrite Davices i
Y £
isolators & Circulators (< 100W.) 0.1 x ng '
‘ 2 Isolators & Circulators {> 100W.) 0.2 x mp
- H . [y
: Phase Shifter (latching) ; 0.1 x np
x . Dummy Loads
: : é‘.
?‘.-. ' < ‘w". 0-01 X “EZ ’é’
; 100W. to < 160M. 0.03 x g, ;
> 1000M. 0.7 x Tes %
Termminations (thin or thick film loads 0.03 x gy 1.
used fn stripline and thin film circuits :
Note: 'l-‘.“ approaches zero for chese parts, therefore not applicable
o ¥
: Environmental Mode Factors Environmental Mode Factors ‘
ﬁnvironu-ent e, wirom.ent | wg, i
Gp 1 Gp 1 {
Sf 1 S 1
“} GF 2.4 GF 2.4 ;
4 Nsn 3.7 Nsp 5.5 .
Ng 6.2 Ng 4.7 K
] AT 5 A1t 4.2 - A
Mp 7.7 ¥p 12 =
; Mpp 7.8 Mpp 12 -
Mpa 11 Mpa 16
3 GM 8.8 oM 8.8
. Ny 12 NH 18
13 Ny 19
6 Aur 11
12 Ny i3
7 AIF 8.3
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TABLE C-~1

Primary Types of Equipment Represented by Data

Environmental
Category Equipment Type

Ground Laboratory Test Equipment, Computer Complexes,
SAFEGUARD Perimeter Acquisiticn aud Missile
Site Radars, Minuteman [IT GSE, VHF/UHF
Communications Systems, Air Traffic Control
Equipment, Pershing la GSE, Tactlical lire
Direction Systems, Pershing Azimuth Laving
Equipment

Submarire/Ship Surface Ship Transmitters, Tramsceivers,
Computers, Sonars, and Radir Equipment; C-3
E Flight Control Systems, SINS, Electrostatic
E Gyro Monitor, AN/UYK-20 Digital Data Combat
Computer, AN/WSC-3 Satellite Communications
Set, AN/URC-62 VLF Fleet Broadcast System

Space Flight W71 Orgital Sensor, SMS, ALSEP, C System,
: Apollo ‘Transponder; AT.~F, TTPOS~N, ETS-2
i Satellites

Airborne, Rotary Wing, TANS/PNVS System
| Missile C-3 Missile Computer, Patriot G&C System,
3 Pershing C&LZ System, Liquid Rocket Engine
Electronis Flight Controllers, Copperhead
Guided Projectile
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TABLE G-2 MICROELECTRONICS OPERATING/NONOPERATING DATA SUMMARY

e AT e

PART HOURS

FAILURE RATE*

PART TYPE ENVIRONMENT | QUAL1TY ] FAILURES (x 106} (FATL/10Y HRS)
Digiral GF D 13 55.235 0.2643
L D~1 298 403.403 0.7529
] B 171 8520.348 0.0206
B-1 2 186.796 0.0166
Gy B-~2 1 0.910 2.2201
No/Gp** S 5 5328.202 0.0012
No/Gp** B 4 1480.574 0.0035
Mp B 0 0.480 1.9064
NsB B~1 0 106.284 0.0386
ARy B 0 0.012 78.2051
Ngg C~1 0 166.01C 0.0055
Ny B 0 0.0027 338.8888
NSB B 72 2637,022 0.0283
SF B 2 698,050 0.0044
Gy S 1133 112623,990 0.0102
D 4 43.182 0.1216
Digital Gy D~1 15 20.511 0.8142
Linear NsB B 1 8.808 0.2293
Ny B 0 J.0031 295.1612
ARy B 0 0.018 50.8333
Mp B 0 0.438 2.0880
No/Gp** S 5 2269.720 0.0028
No/Gr** B 5 435.574 0.0145
Gy S 35 19403.618 0.00017
SF B v 107.140 0.0085
GF B 37 721.824 0.0544
Linear GF ] 10 81.859 0. 1405
Memory Cp D-1 610 938.857 0.6586
Gp D 538 1043.648 0.5230
Gy B~1 0] 10.440 0.0876
D i3 51.154 0.6871
D-1 95 120,450 0.8137
GF B C 19.601 0.0467
Ny B 4] 0.0018 508.3333
ARy B 0 0.0058 157.7586
Memoyry NgB B-1 0 17.549 0.0521
LSI Gp, D 10 17.078 0.6734
Gp D1 78 52,240 1.5445
* Gr D 14 17.600 0.38892
LSI GF D~1 6 7.770 0.9459
Totals 3197 157596.507

*All failure rates are calculated at upper single-sided (J percent
confidence level
**Nonoperating ground fixed
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TABLE G-3
Transistor Operating/Nonoperating Data Summary g;
PART HOURS | FAILURE RATE®* .
PART (YPE | ENVIRONMENT |QUALITY | FAILURES (x 106) (FAIL/106 HRS) ‘;
MIL-S-19500 Cr JANTXV 0 7.412 0.1234 ¥ -
Group 1 GF JANTX 715 37471.170 0.0193 %
CF JAN 494 5155.152 0.0973 g
Cr Lower 388 363.460 1.08% | b
Gp JANTX 15 21.800 0.7660 %
Gp Lower 2740 8059.000 0.3423
SF JANTX 0 452.460 0.0020 v
Nsg JANTX 36 61.600 0.620! v
Ng JAN 6 92.1¢1 0.036% .
Mp JAN 1 0.501 4.033%
No/Gp** Lower 13 30800.000 0.0004 :
NO/GF** JANTX 33 28697,080 0.0012 =
NO/SF*** | JANTX 0 29.910 0.0305
NSB JAN 203 20.990 9.8919
NSB Lower 1198 8251.588 0.1461
ML JAN 0 0.033 27.9347 s
GM JAN 0 5.229 0.1750
oM JANTX 0 0.195 4.6923 i
oM Lower 0 0.348 2.6293 § 
Y ARW JANTX 0 0.0304 30.1716 E
MIL-S-19500 Ny JANTX 0 0.0056 163.5714 3
Group 1 ;
MIL-S-19500 GF Lower 8 28.980 0.3261
Group 1T GF JANTX 1 222.180 0.0091 -
Gr JAN 2 3.190 0.9734 3
Ng JAN 0 0.406 2.2537
SF JANTX 3 1008.151 0.0041 L
NO/Gp*+* Lower 4 11340.000 0.000040 £
No/GF** JAN 41 6264.000 G.0069 :
No/GF** JANTX 6 17905.600 . 00040 ;
NsB JAN 4 2.200 2.3864
Gr Lower 408 594.000 0.6983
Gy JAN 1 20.800 0.0971 -3
3 ML JAN 0 0.00025 3750.0000
K v GM Lower 1 0.021 0.0840
- ARW JANTX 0 0.00045 2033.3333
9 MIL-5-19500 Ney JANTX 0 0.0004C 2287.5000 !
3 Group II :

*All failure rates are calculated at upper single-sided 60 percent
confidence level :
**Nonoperating ground fixed f
**kNonoperating space flight B




TABLE G-3 (Continued)

PART HOURS | FAILURE RATE*
PARY TYPE | ENVIRCNMENT | QUALITY | FAILURES (x 166) (FAIL/1066 HRS)

MIL-S~19500 Gr JANTX 4 67.800 0.0774

Group I11 2,320 0.0130
0.170 11.8824
1.763 0.5190
0.00073 2496.5893
0.021 29.3269
0.554 1.6520
0.0040 228.7500
0.0004 2287. 5000

SF JANTZ
Ng JANTX
NgB JAN
My, JAN
Gy lower
Mo/Sp** JANTX
ARW JANTX
MIL-S-19500 Ny JANTX
Group 111

Totals 6326 156982.327

OCO0OQOOOO
o

RS

%A1l failure rates are calculated at upper single-sided 60 percent
confidence level
**Nonoperating space flight
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Diode Operating/Nonoperating Data Summary

TABLE G~4

R e

PART HOURS FATLURE RATE*
PART TYPE ENVIRONMENT | QUALITY | FAILURES (x 106) (FAIL/'06 HRS)

MIL-S-19500 GF Lower 17 306.940 0.0611
Group 1V GF JANTXV U 48.500 0.0026

GF JANTX 0 10716.500 0.000085
GF JAN 96 9998.874 0.0099
SF JANTXV 0 447.800 0.0020
S¥ JANTX 0 114.315 0.0080
Gg JAN 621 7690.700 0.0818
Mp JAN 0 0,501 1.8270
NS JAN 5 238.964 0.0264
NSB JANTXV 190 91.220 2.1318
NsB JAN 113 17066.809 0.0068
ML JAN 0 0.036 25.7268

NOGF** JANTX 0 19706.000 0.000040
NOSF#*=® JANTX 0 20.220 0.0452
* Ny JANTX 0 0.012 76.2500
Mp JAN 4 2.609 2.0127
Group IV ARW JANTX 0 0.049 18.€734
Group V Gy Lower 91 78.590 1.1953
GF JANTXV 1 535.850 0.0038
GF JAN 18 374.020 0.0556

CF JANTX 9 540507.000 0.000019
SF JANTXV 0 29.700 0.030€
SF JANTX 0 35.926 0.0255
NSB JANTXV 26 5.480 5.1095
NSB JAN 19 229.904 0.0905
Gp Lower 229 1389.000 0.1684
GR JAN 6 3.100 0.9074
Ng JAN 4 21.225 0.2473
No/Gp** JANTX 2 2521.000 0.0012
JAN (] 607.000 0.0015
My, JAN 0 0.017 53,4744
NO/Sp*kk JANTX 0 3.930 0.2328
* Ny JANTX 0 0.0044 207.9545
ARw JANTX 0 0.015 59.8039
Group V ARwW JAN 0 0.034 228.7500

MIL-S-19500

*Al11 failure rates are calculated at upper single-sided 60 percent

confidence level.

**Nonoperating ground fixed
***Nonoperating spaca flight
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TABLE G~4 {Continued)

4 PART HOURS FAILURE RATE*
4 PART TYPE ENVIRONMENT ! QUALITY | FAILURES (x 106) (FAIL/ 106 HRS)
E MIL-S-19500 Gy JANTXV 8 190. 600 0.0496
4 Group VI Gy JAN 0 31.800 0.0280
; Mp JAN 0 0.021 43,8470
; oy Lower 68 820.000 G.0859
: NsB JANTXV 0 0.077 11.8830
3 NsB JAN 2 44.911 0.0691
5 Ns JAN 0 0.350 2.6143

Group VI ML JAN 0 0.00024 3750.0000
b Group VI11I Cp Lower 1 31.160 0.06%38

< 4 SF JANTX 0 29,255 0.0313
b * Ng JAN 0 0.015 62.2449
4 NsB JANTX v 5.590 0.1639

, 2 Group VII No/Gp** JANTX 0 937.300 0.0009
Group VIII GF JANTX 1298 7676.000 0.1707
k. SF JANTX 0 19.997 0.0458
E ‘ Ng JAN 0 21.582 0.0424
E ARW JANTX 0 0.049 18.673%%
3 Group VIII Ny JANTX 0 0.00020 4575.0000
- MTL-S-19500
E Totals 2828  |621596.180

abp 2 e

*Al1l failure rates are calculated at upper single-sided 60 percent
confidence level
*#Nonoperating ground fixed
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TABLE G-5

Tube Operating bata Summary

1 PART HOURS FAILURE RATE®
PART TYPE | ENVIRONMENT ]| QUALITY | FAILURES (X 106) (FAIL/10® HRs)
RECEIVER Ngg - 20 0.133 164.2857
TRANSMITTER Ny - 18 0.279 70.9677
TOTALS M 38 0. 41? '

#A11 failure rates are calculated at upper single-sided 60 percent
confidence level.
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Resistor Operating/Nonoperating Data Suwusary

TABLE G-6

PART HOURS FAILURE RATE*
PART TYPE | ENVIRGNMENT !QUALITY |FAILURES (x 109 (FAIL/106 HRS)
MIL-R-11 RC Gy MIL 0 26.250 0.0349
MIL-R-19 RA Gr MIL 1 4.220 0.4810
MIL-R-22 RP GF MIL 1 6.100 0.3311
MIL-R=-26 RW GF MIL 4 41.520 0.1264
MIL-R-26 RW Mp MIL 0 0.167 5.4803
MIL-R~26 RW Gy dIL 0 3.202 0.2860
MIL-R~94 RV Gr MI. in 186.760 0.0616
MIL-R-94 RV Ng MIL 0 1.060 0.8632
MIL-R-94 RV CyM MIL 3 2.035 2.0516
MIL-R-10533 Gy MIL 0 10.743 0.0852
RN
MIL-R-105035 No/Gp** MIL 0 3296.100 0.00028
RN
MIL-R-10509 Gr MIL 3 £2.420 0.0984
RN
MiL-R-12924 No/Gpk* MIL 2 868.000 0.0035
AR
MIL-R-22097 Gy MIL 10 32.140 0.3578
RJ
MIL-R-27208 Gp MIL 0 3.900 0.2346
RT
MIL-R-27208 Ng MIL 6 77.120 0.0953
RT
MIL-R-39002 Cr Lower 5 84.970 0.0741
RK
MIL-R-39075 Gp S 0 16885.000 0.000054
RBR
MIL-R->9005 SF s 0 155.269 0.0059
RBR
MI1L-R-39005 No/Gp** | S 12 5475.0C9 0.0024
RBR
MIL~R-39005 No/Sp** | M 0 10. 860 0.0842
RBR
MIL-R-39007 Gp s G 0.660 1.3864
RWR
MIL-R-39007 Sy M 0 51.100 0.0179
RWR GF S 484 38445.168 0.0128
Sy s 0 155.269 0.0059
Ngj S 1 22.340 0.0865
Mp R 0 0.083 10.9618
Ng S 0 23.031 0.0315
M s 0 37155.000 0.000025
Gy M 0 0.028 32.6786
GM P 0 0.250 3.6600
v Gy R G 0.374 2.4465
MIL-R-39u07 Ny M 0 0.0029 315.5170
RHR_

*A11 failure rates are calculated at upper single-sided 60 percent
confidence level
**Nonoperating ground fixed
***ijonoper.ting space flight
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TABLE G-6 (Continued)

cprrare R e

M PART HOURS | FAILURE RATE*
PART TYPE | ENVIRONMENT {QUALITY | FATLURES (X 109) (FAIL/106 HRS)
MIL-R-39007 Agw M 0 0.017 55.1204
RWR
MIL-R-39008 Gp [ 163 29060. 740 0. 0058
RCR
Mp 8 0 0.083 10.9618
Sg s 0 2984.029 0.00031
NSB 5 159 9569.470 0.0170
Gy S 0 12.000 0.0763
ARy M 0 0.00045 1 2033.3333
Ng S 17 393.980 0.0476
MIL-R-39008 ML S 0 0.020 44,8288
RCR
MIL~R-39003 GF S 9 790.20C 0.0012
RER
Ng S 1 2.410 0.8382
Gm M 0 0.378 2.4206
Ay P 0 0.0013 703.8461
MIL-R-39009 Mp P 1 0.083 24.1997
RER
MIL-R-39015 G M 0 0.642 1.4250
RIR
MIL-R~-39017 Agw R 0 0.326 2.8050
RLR Ny R 0 0.814 1.1240
MIL-R-29035 Gg S 0 9.800 0.0934
R3R
| Ng 3 2 1.240 2.5040
! l No/Se*** | 5 0 93,530 0.00¢7
Ny M 0 0.0020 457.5000
Apy M ] 0.0063 145.2380
MTL-R-39035 CF S 33 104834.840 0.00034
RIR
MIL-R-55182 Sp R 0 2183.000 0.00042
RNR ARW ) 0 0.031 29,9019
S S 0 1336.920 0. 00068
Gp S 2 199. 000 0.0156
Ngg s 12 1790.420 0.0798
; Ng 5 9 297592.630 0. 000035
i My, S 0 0.215 4,.2513
i No/Gp** s 2 149344, 000 0. 000020
]
MIL-R-55182 No/Sp*** | R 0 34.080 0.0268
RNR
MIL-R-55182 Apyi M 0 0.0013 703, 8461
I RNC

I

st
ORI R Py (ST p
SRR . .

A S T AR

**Nonoperating ground fixed
***Nonoperating space flight

*A11 failure rares are calculated at upper single~sided 60 percent
confidence level
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TABLE G-6 (Continued)

PART HOURS  |FAILURES RATL*
PART TYPE | ENVIRONMENT |QUALITY | FATLURES | (X 106) (FAIL/106 HRS)
MIL-R-55182 Mp s 0 2.3 0.3950
RNC
FETWORKS Cp MIL 4 217. 354 0.0242
NETWORKS Gp MIL 0 0.138 5. 6304
THERMISTOR Cp - 4 3.940 0.2322
THERMISTOR Gy - v 0.050 15.2500
THERMISTOR My - 0 0.0029 $8.0707
THERMISTOR No/Gp ** | - 0 154. 000 0.0063
TOTALS 947 70210.255

%A1l failure rates arc calculated at uvper single-sided 60 percea:
confidence level
**Nopnoperating ground fixed
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TABLE ¢C-7
Capacitor Operating/Noauperating Data Sumsary
PART HOURS FAILURE RATE®*
PART TYPE ENVIHONMENT | QUALITY | FAILURES (x 106) (FAIL/106 HRS)
MIL-C-5 ™ cr MIL 0 1.709 0.5354
AIL-C=5 NO/Cpa* MIL 2 6169.000 0.0005
M1L-C-20 CC Ng/Cph# MIL i 31870.200 0.000060
MiL-C-25 Cp Gy MIL U 1226. 1356 0.00075
Ngp MIL 0 13,550 0.0675
N3 MIL 114 114,657 0.3132
Ho/Cpk# MIL 5 3392.800 0.0018
MIL-C-25 CP N MIL 0 0.00%3 98,5036
MIL-C-81 CV GF MIL 11 154.200 0.0314
NS M1t 0 2.080 0.4399
Sy M1i 0 155.269 0.0059
Ng MIL 1 1.970 1.0254
MIL-C-81 CV No/Cp** MIL 0 762.000 0.00).2
M1L-C-10950 Np MIL 1 5.262 0.13839
CB
MIL-C-11272 No/Spht+ MiL 0 34.080 0.0263
CY
MIL-C~11693 Ng ] 0 20.158 0.0454
c2
MIL-C~11693 Gr s 15 188.799 0.0885
CZ
MIL~C-14157 Gp L (1] 0.3100 3.0500
cpv
MIL-C-14157 Sy L 0 0.014 65.357
CPV
MIL-C-14157 Agy M o 0.0027 338, 3880
CPV
M1L-C-14409 G MIL 0 0.076 12.039%
PC
MIL-C-14409 Gy MIL ] 7.118 0.1285
PC
MiL~-C~19978 Mp M 1 0.042 48.310
cQ
MIL-C-19978 Gp MIL 12 146.095 0.018
€Q
MIL-C-19978 Ng MIL 15 619.138 0.027
€Q
MIL-C-39001 Cg s 0 776.363 0.0018
or Ngp s 0 0.128 7.1484

FHEIAR I LIFEY YT [ ey i S ¢

.g »!v'!,".;.

Ay

*All failure rates are calculated at upper single-sided 60 percent

confidence level
**Nonoperating ground fi<ed
kakNonoperating space flight
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TABLZ G-7 (Contiqued)

PART HOURS FAILURE RATE®
PART TYPE EHNIRONMERT | QUALLTY { FAJLURES (x 106) (FAIL/106 HRS)
MIL~C= 39001 S§ s ] 0.195 4.6%923
CMR Cp s 0 6.300 0.1452
Ng s 1 70.386 0.0287
NO/GRa® M 0 8.800 0.1040
My ) ¢ 0.0029 311.9673
Agy ¥ 0 0.0027 335.8888
H1L~C~ 29001 Ny ] ] 0.00582 175.9615
CMR
MIL-C~39002 CF L 2 83.8310 0.0370
CSP. Gy s 3 20868.155 0.00020
S¥ S H 515.80C 0.0039
Cp S ? 22.600 0.32%7
NS s 2 27.190 0.1142
No/ S’ ° 0 33.130 0.0215
Apy | o 0.02¢6 15.742)
Mp M 1 0.167 12.0999
MIL-C-39003 Ny M v) 0.0075 122,0000
CSR
MIL-C-39006 Ho/Cpus s 0 3435.000 . 0002
CLR
MIL-C~ 39006 Gy s 20 4855, 000 0.0045
CLR
MiL-C-39006 Ro/Gph HI-KEL 7 $216.500 0.001¢
CLr
MIL-C~ 39014 Mp M 4 Y. 204 4.0578
CKR
MLL~-C-39014 SF " 0 7.480 0.1223
CKR
NIL-C-39014 Apw M 0 0.097 ‘4135
CKR
MIL-C-39014 Ny M 0 0.022 381.2500
CKR
MIL-C-39018 Nsp MIL 563 1969. 550 0.2899
cu Gp MIL T3 946.451) 0.7395
Ng HIL 1 75.143 0.0269
ML MIL 3 0.016 254.9310
ARw MIL 0 0.0067 136.5671
MIL-C-39018 Ny MIL 0 ¢.0021 435.7142
cu

*A1ll failure rates are calculated at upper single~sided 50 percent
confidence level
**Nonroperating ground {ixed
»%4Nonoperating space flight
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TABLE G=7 {(Continued)

PART HOURS | FAILURE RATE*

FART TYPE | ENVTRONMENT | QUALITY | FAILURES |  (x 106) (FATL/106 HRS)

MIL-C-39022 Ng $ 1 243.330 0.0038
CHR

MIL-C-3965 No/Gpaa MIL 2 8.400 0.3696
cL

MIL-C-$5514 Cp s 0 424.00G 0.0022
CrR

MIL~C-83421 Sg s 0 1.165 0.7854
CRH

MIL-C-83421 Ny M 0 0.0052 175.9615
CRH

MIL-C-83421 ARW M o 0.0027 338.58888
CRH

MIL-C-83421 Apy P 0 0.0013 703.8461
CRH
Total 1459 B5341.899

*A1ll failure rates are calcuiated at upper single-sided 60 percent
confidence level
k&Nonoperating ground fixed
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TABLE G-8

T A s e

Inductive Device Operating/Non-Operating Data Summary

B

PART HOURS |FATILURES RATE*
PART TYPE | ENVIRONMENT | QUALITY | TATLURES (x 196) (FAIL/106 HRS)
MIL-C-15305 Ho/Gg** | S 5 4008.00) 0.0015
MIL-C-15305 Ny M 0 0. 00080 1143.7500
MIL-C-15305 ARy M 0 0.0067 136,5671
MIL-C-39010 Gf S 4 3661.533 0.0014
Ng ] 3 11.036 0.3783
NSB s 0 0.154 5.5915
j MIL-C-390i0 Gg S 0 0.224 4.0794
MIL-T-27 Cg MIL 9 874.401 0.0120
Sy MIL 0 166. 580 0.0055
Gy MIL 2 4.200 0.7393
NSB MIL (4] 0.154 5.9416
No/Gg** | MIL 0 1003. GO0 0.0009
No/Spakx | MIL 0 12. 580 0.0727
My, MIL 0 0.0016 576.196
; MIL 0 26.877 0.0340
“ip MIL 1 0.042 48.3995
v Ary MIL 0 0.0018 508.3333
MIL-T-27 Ng MIL 0 0.00050 1830.0000
TOTALS 24 9769.168 |

*A1]1 failure rates are calculated at upper single-sided 60 percent
confidence level
**Konoperating ground fixed
**%Nonoperating space flight
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TABLE G-Y

Rotating Devices Operating/Non-Operating Data Summary

PART TYPE |ENVIRONMENT JQUALITY }FAILURES

PART HOURS
(x 106)

JFAILURES RATE*
(FAIL/106 HRS)

[oToRS G - 19
SYNCHROS AND Cp - 2
RESOLVERS

TOTALS 21

11.700
6.800

18.500

1.3376
0.4566

*A11l failure rates are calculated at upper single-siced 60 percent

confidence level
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TABLE G-13

RELAY OPERATING/NON-OPERATING DATA SUMMARY

PART HOURS [FAILURE RATE#*

PART TYPE [|ENVIRONMENT |QUALITY |FAILURES (X 100 (FAIL/106 HRS)
IMIL-R-39016 No/Gp ** MIL 0 0.193 4,7409
Gf MIL 4 18.100 0.2762
Ng MIL 3 5.014 0.8327
Sp MIL 0 0.258 3.5465
MIL-R-39016 Gg MIL 0 4.800 0.1906
MIL-R=5757 Mp MIL 2 0.125 24.8400
MIL-R-6016 S MIL 0 4.875 0.1877
MIL-R-83736 Gp MIL 0 0.190 4,8158

TOTALS 9 33.555

*A1) failure rates are calculated at upper single-sided 60 percent
confidence level
*%Nonoperating ground fixed
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TABLE C-11

4 SWITCH OPERATING/NON-OPERATING DATA SUMMARY :
3 ;5:“
PART HOURS FAILURE RATE* g
PART TYPE [ENVIRONMENT |{ QUALITY | FAILURES (X 106) [FATL/106 HRS) i
3 H
3 MIL-5-3950 Gy MIL 5 38.690 0.1628 &
: No/Gp* MIL 8 333.564 0.0283 g
S§ M1L 0 0.141 6.4802 ;
. Gp MIL 2 17.000 0.1826 v
| MIL~-8-3950 Ng MIL 10 13.393 0.8587 ¥
: MIL-S-3786 Ggp Lower 3 19.549 0.213¢6 &
: MIL-S-3786 Sf Lower 0 1.290 0,.7093 L
MIL-S-3786 Ng Lower 1 0.530 3.8113 X
TOTAL I 29 424,157 i
*A11 failure rates are calculated at upper single-sided 60 percent ?
confidence level ?
**Nonoperating ground fixed H
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CONNECTOR OPERATING/NON-OPERATING DATA SUMMARY

TABLE G-12

L e b

PART HOURS  |FAILURE RATE*
PART TYPE | ENVIKONMENT | QUALITY | FATILURES (X 126) (FAI1./106 HRS3)
MIL-C-21097 G LOWER 0 5.295 0.1728
MIL-C-24308 GF HIL 5 45.930 0.1372
MIL-C-24308 ARW MIL 0 0.0049 228.7500
MIL-C-24308 Mp MIL 1 0.125 16.1497
MIL-C-25516 Ng LOWER 0 1.910 0.4791
MIL-C-28748 Cp TOWER 1 61.290 0.0330
No/Gp** LOWER 0 48.770 0.0188
No/Sp*** | LOWER 0 1.330 0.6879
Sp LOWER 0 82.495 6.0111
Gy LOWER 0 0.298 3.0705
s Ng LOWER 0 2.660 0.3440
NIL-C-28748 Ngp LOWER 0 0.126 7.2619
MIL-C-3607 Gy MIL 4 138.500 0.0379
MIL-~C--3607 GF LOWER i7 5.468 3.4290
MIL-C-3607 SF LOWER 0 6.338 C.1444
MIL~C-3787 G MIL 0 6.740 0.1358
MIL-C-5015 ARw MIL 0 0.0049 186.7346
MIL~C-50i5 GF MIL 1 37.590 0.0537
MIL~C-55302 Ny MIL 0 0.0010 915.0000
MIi-C-55302 ARw MIL 0 0.0135 67.7777
M1L-C-55302 #p MIL 1 0.042 48.3995
| ____ TOTALS 30 444.930

*All failure rates are calculated at upper single-sided 60 percent
co:.fidence level
**Nonoperating ground fixed
***Nonoperating space flight
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TABLE G-13

CONNECTION OPERATING/NON-OPERATING DATA SUMMARY

r‘l.ﬂ‘?‘i"fm‘ﬁf«?‘ﬁ?«w" L e v o T a1 Bt ]

1>PART HOURS
-LART_TYPE. | mmnmwu&m -EALLURES (X_106)

; CONNECTIONS No/Gp ** LOWER 10 55472.770 0.00021

TOTALS 19 55472.770

*All failure rates are calculated at upper single-sided 60‘percent 3
confidence level
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TABLE G-14

PRINTED WIRING BOARD OPERATING/NON-OPERATING DATA SUMMARY

3
!
13
!
2
)

PART HOURS FAILURE RATE*
PART TYPF | ENVIRONMENT |QUALITY | FATLURES (X 106) (FAIL/106 uRS)
MIL-P-55110 Gp T.OWER 1 88.880 0.0227
MIL-P-55110 Ng LOWER 0 0.71C 1. 2887
TOTALS i 1 89.590

*A11 failure rates are calculated at upper single-sided 60 percent

~onf idence

level
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TABLE G~15

MISCELLANEOUS PARTS OPERATING/NON-OPERATZING DATA SUMMARY

PART HOURS | FAILURE RATE*
PART TYPE {ENVIRONMENT [|QUALITY |FATLURES (X 106) (FAIL/106 HRS)
METERS Gy - 3 11.032 0.3784
QUART? Gy - 0 0.611 1.4975
CRYSTALS
Gy - a 0.200 4.5759
Ng/Gg*™ - 4 232.000 0.0224
No/Gp** - 0 1.500 0.6100
No/Gp** - o 3.400 0.2691
No/Sg*** | - 0 0.554 1.6516
QUARTZ M, - 0 0.00086 1090.1754
CRYSTALS
FUSES G - 0 0.040 22.8750
No/Spr*% | - 0 2.770 0.3303
LAIPS INCAN- Cr - 3 39.820 0.1048
DESCENT
LAMPS INCAN- Ny - 0 3.180 0.2877
DESCENT
TOTALS 19 295.108

#A11 failure rates are calculated at upper

confidance level

**%Nonoperating ground fixed
**xNonoperating space flight

single~-sided 60 percent
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MISSION
Rome Air Development Center

Sa“ RADC plans and executed neseanch, development, test and
delected acquisition programs /in support of Command, Control
R Communications and Intelligence (C31) activities. Technical

and engineering support within areas 0f Lechnical competence
L8 provided to ESD Progham 0ffices (P0s) and other ESD
elements. The princdipal technical mission areas are
cemmundications, efectromagretic guidance and control, Auwr-
velllance of ground and aerospace objects, intefligence data
collection and handling, injornmation system Zechnology,
Loaospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainabLllity and
compatibility.
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