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SCOPE:

This document establishes guidelines for a Reliability Assessment Plan (herein also called the Plan),
in which Electronic Engine Control manufacturers document their controlled, repeatable processes for
assessing reliability of their products. Each Electronic Engine Control manufacturer (the Plan owner)
prepares a Plan, which is unique to the Plan owner.

This document describes processes that are intended for use in assessing the reliability of Electronic
Engine Controls, or subassemblies thereof. The results of such assessments are intended for use as
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Describes a géntinuous process, in which a reliability assessment can be updatg
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information becomes available during the equipmentTife cycle. This information may be used to
improve both the reliability of the equipment and the effectiveness of the assessment process.

Reliability assessment results should be viewed as objective evidence that it is expected the product
reliability requirements and goals will be satisfied, by the proposed design. As such, they may be used,
for example, to authorize advancement to the next step in product development, or to authorize
progress payments, or to proceed with delivery and acceptance of products. Reliability assessment
results should never be used to support a claim that the reliability requirements, goals, or expectations
have been satisfied, in the face of clear evidence to the contrary from in-service experience.
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1. (Continued):

2.

2.1

2.2

2.3

24

Traditional approaches to reliability assessment, including Handbook Predictions and Durability
Analysis described herein, primarily address unreliability resulting from hardware defects within the
equipment. It is not the intention of the ARP to provide methods and processes to specifically address
software and system reliability issues but it is recognized that system and software design errors
contribute to product unreliability and that the use of Similarity Analysis, for instance, can encompass
these sources of unreliability.

This SAE Aerosppace Recommended (ARP) Praclice is intended as a guide fowards

and is subject to
REFERENCES:
SAE Publicatid
Available from

ARP4754
ARP4761

SAE 870050
U.S. Military P

Available from
Philadelphia, R

MIL-HDBK-21]
MIL-HDBK-871

RTCA Publicafions:

Available from

change to keep pace with experience and technical advances.

ns:

SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

Guidelines and Methods for Conducting'the Safety Assessment Pr
Airborne systems and Equipment
Iblications:

DODSSP, Subscription Services Desk, Building 4D, 700 Robbins A
A 19111-5094.

[ Reliability*\Prediction of Electronic Equipment
P44 Avioni¢s/Electronics Integrity

RTCA Inc., 1140 Connecticut Avenue, NW, Suite 1020, Washingtof

standard practice

Certification Considerations for Highly Integrated or Complex Aircraft Systems

bcess on Civil

venue,

n, DC 20036.

DO-254

Design Assurance Guidance for Airborne Electronic Hardware

IEEE Publications:

Available from Institute of Electrical and Electronics Engineers, 346 East 47th Street, New York, NY

10017.

IEEE 1413

Standard Methodology for Reliability Prediction and Assessment fo
Systems and Equipment

r Electronic
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2.5

2.6

2.7

2.8
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ysis Center Publications:
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ATA Distribution Center, P.O. Box 511,*Annapolis Junction, MD 207
on 2000
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3. PLAN TERMS, DEFINITIONS AND ABBREVIATIONS:
The Plan should use the following terms and definitions, or equivalents clearly defined in the Plan:
Durability Analysis: An analysis of the equipment’s responses to the stresses imposed by operational

use, maintenance, shipping, storage, and other activities throughout its specified lifecycle in order to
estimate its expected life.

Electronic Components: Electrical or electronic devices that are not subject {o disagsembly without
destruction or impairment of design use. They are sometimes called parts, or piece’parts. Examples
are resistors, capacitors, diodes, etc.

Electronic Enging Control: Primarily LRU (EEC) but not excluding possible applicat|on to other
elements of the gontrol system.

Electronic Equipment: An item, e.g., end item, sub-assembly, line-replaceable unit, [shopreplaceable
unit, or system, designed by the Plan owner.

FEA: Finite Element Analysis

FFOP: Failure-Rree Operating Period

FMEA: Failure Mode and Effect Analysis

FMECA: Failurd Mode Effect and Criticality Analysis

FRACAS: Failute Reporting, Analysis and Corrective Action System
FTA: Fault Tree|Analysis

Life-Cycle: A pefiod oftime extending from the equipment concept design phase thrpugh to the end of
in-service suppoft anddisposal.

LOTC: Loss Of Thrust Control

LRU: Line Replaceable Unit

MFOP: Maintenance-Free Operating Period

MTBF: Mean Time Between Failures

MTBUR: Mean Time Between Unscheduled Removals

OEM: Original Equipment Manufacturer
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3. (Continued):

4.

4.1

4.1

4.1

Reliability: The ability of an item to perform a required function under stated conditions for a stated
period of time.

Similarity Analysis: The structured comparison of the elements of the equipment being assessed with
those of predecessor equipment for which in-service reliability data are available.

SRU: Shop Replaceable Unit

TLD: Time LimitLd Dispatch

TTF: Time to Fdilure

RELIABILITY A3SESSMENT PLAN FOR ELECTRONIC ENGINE CONTROLS:
Plan Content:

A Reliability Agsessment Plan for Electronic Engine Conjrols, prepared in accordgnce with this
Guide, should fecord the processes used to satisfy the'provisions of 4.1.1 through 4.1.5, shown
schematically in the Assessment Diagram of Figure:h.

Detailed descr|ptions of the reliability assessment process should be included in the Plan owner’s
document. The Plan should show how the sub-processes of 4.1 fit together to form the entire
reliability assegsment process. Use of a:diagram similar to that of Figure 1 is recommended to
communicate the major elements of the-Plan.

To avoid dupligating descriptions of processes that may already be documented elsewhere, the Plan
owner may refer to other documents in the Plan owner’s controlled document systgm as described in
4.6.

.1 Process: Rdliability-assessments depend upon a correct understanding of the reliability

requirementg and should be conducted according to a documented, controlled, and repeatable
process that combines those data and methods that are appropriate to the prodyct type and its life-
cycle stage (e.g., design, qualification, in-service, efc).

1.1 Reliability Assessment Schedule: The Plan should include a schedule that defines at which

phases of the equipment life cycle the Plan owner will conduct reliability assessments. The intent
is to define a progressive process in which the Plan owner will update the reliability assessment
as more data become available throughout the design and development of the equipment.
Following the equipment’s entry into service, any updates to the reliability assessment will be
determined by prior agreement between the supplier and purchaser of the equipment.

It is recommended that the reliability assessment process be continually updated as data
become available throughout the equipment life cycle.
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FIGURE 1 - Reliability Assessment Diagram
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4.1.1.2 Equipment Reliability Requirements: A description of the process that the Plan owner will use to
capture and interpret the equipment reliability requirements, reach agreement upon them with
the customer and record them should be included. A standard format, such as that shown in
Figure 2 is recommended for defining and reporting reliability requirements. Such a format may
be used by the Plan owner to communicate reliability requirements to the purchaser of the
equipment, regulatory agencies or any other entity holding a stake in the reliability of the

41.2

41.21

equipment,

including internal customers.

The primar]
regulatory

Where relig
then Figure

For those
and agree
defined rel
interpretati
to the origi

The form o
provide an
equipment
Figure 2 m
test and an
specified rg

Data: Data
and should b
may be obta
and other rel
data are dete

y sources for reliability requirements will be customer requirements
hgency regulations in conjunction with internal technical and busing

bility requirements from these sources are specified as tangible an
2 should include traceability to the original requirement.

eliability objectives that require further clarification, Figure 2 may be
Lipon a set of derived requirements. These requirements should be
ability metrics, such as MTBF, TTF or MFOP,*and should record the
bn of the requirement with any assumptions, Traceability from the deg
hal higher level, less tangible, reliabilitys0bjective should be provide

f Figure 2 may be used to record test; analysis and in-service data. 1
ongoing indication of the predicted versus actual reliability perform
as it progresses through thedesign and development cycle and int
hy also be used to provide traceability from the original reliability re
alysis activity carried out-to verify that the equipment performance

pquirements.

sed in reliability~-assessment should be obtained from credible and
e controlled,supdated, accessed, and used according to consistent
ned fromequipment, sub-assembly or component testing, in-servic
bvant, data sources. A process that defines how the accuracy and co
rmined should be included in the Plan.

specifications and
Ss objectives.

d unambiguous,

e used to define
based upon well

e agreed

rived requirement
d.

'he form may then
hnce of the
D revenue service.
uirement to each
ill meet its

relevant sources
processes. Data
e performance,
mpleteness of the

To avoid duplicating descriptions of processes that may already be documented elsewhere, the
Plan owner may refer to other documents in the Plan owner’s controlled document system to
record the data management system.

Data Sources and Types: The data sources that the Plan owner may use as inputs to reliability
assessment processes should be described. As a general rule, data from the Plan owner’s
equipment and component manufacturers are highly preferred over data obtained from general
industry sources, provided that the population of data is sufficient to carry out a credible statistical
analysis. Specific data captured directly from the Plan owner’s equipment and component
suppliers is preferred over general industry data because specific failure rate information for an
LRU, sub-assembly or piece part will implicitly reflect the design and manufacturing process
capability for the individual equipment supplier.
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FIGURE 2 - Reliability Requirements Report Form
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4.1.2.1 (Continued):

A description of the process, based upon sound statistical evidence, that defines how the Plan
owner selects the most appropriate data source for the particular assessment application should
be included in the Plan.

Examples of data from the Plan owner’s equipment include:

1. Qualification test data from components and sub-assemblies;

2. Quality|assurance test data from component and sub-assemblies;

3. In-service data from similar equipment and similar applications;

4. In-service data from components and sub-assemblies in similar equipment
applications;

5. Manufgcturing and Statistical Process Control data.from similar equipment,
sub-asgemblies;

6. Development test data from engineering;

7. Environmental stress screening, functional test, and acceptance test data {
and

8. Test and rework data from non-OEM facilities such as third party repair an
facilitieg.

Examples ¢f data from other’sources are:

1. Data from component manufacturers;

2. Data from industry and consortia databases, and

3. Data from handbooks.

and similar

components, and

rom production

i overhaul

The types of information may include:

1. Maintenance action (Diagnostics activity, Scheduled/Non-scheduled, repaired, replaced,
removed for use on other aircraft);

2. Fault indication and confirmation (BITE data, cockpit warnings/observed effects);

3. Failure effect or criticality (including loss of function and any effects of secondary damage);

4. Failure

mode;

-10 -
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4.1.2.1 (Continued):

41.2.2

5. Failure

6. Failure

mechanism;

site;

7. Operating and environmental conditions to which the LRU is nominally subjected and those
at which the failure occurred;

8. Hours and Cycles of the equipment or sub-assembly in which the Tailure-o

aircraft

duty cycle, i.e. operating versus non-operating, powered hours};

9. Correcfive actions for the failure;

10. Failure
11. Total p¢
12. Trendirn
It is essent

Data Colle
to collect, g

analysis results, including root cause;

bpulation exposure time or cycles (possessed, operating, or flight).
g and prognostic data.

al to select data that will enable calculation of appropriate reliability

Ction, Storage, and Retrieval: Ardescription of the processes the Pl

ccurred (including

metrics.

an owner will use

tore and retrieve reliability agssessment data should be included in the Plan. The data

are usually|
database.

integrated into a larger database, as opposed to a separate reliabi
f this is done properly, all-relevant data, including lessons learned,

design and manufacturing persannel for use on current and future equipment.
data for thg purposes of reliability assessment it is crucial to understand the ac
and the intggrity of the data_¢ollection process itself. For example, when using
predict a ciitical failure rate, such as LOTC, for a safety analysis, it is necessa
source data is current,'"complete and provided by a collection process that will focus on capturing
all pertinent data.

ity assessment
are available to
When using field
curacy of the data
field data to

ry to ensure that

Limitations|if-both the scope of recording and accuracy of reporting data must

be understood.

Clearly for the purposes of data analysis, an equipment’s failure rate would be seen as infinite if
the level of its test coverage is insufficient to detect particular faults. The same optimistic analysis
would result if faults were detected but not reliably reported. Confidence in data is critical when
determining unit safety as it often involves two failures, of which the first may be dormant.

When defining the scope of the data collection process, the Plan owner should consider the
ability of the process to detect and record those failures that subsequent data analysis may be
used to predict. A description of those processes that ensure controlled, repeatable data
collection should be included in the Plan. Further data management information is described in
ATA Specification 2000.

-11 -
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4.1.3 Methods: Reliability assessments should be conducted using documented, controlled, and
repeatable methods and techniques which may include analyses and/or testing. These methods
should undergo some form of validation. The Plan should include the results of validation carried
out to indicate the accuracy and limitations of each method. This information may be used to
determine the applicability of an assessment method to a particular reliability assessment activity.
Continued validation of each assessment method will be available in the form of inservice data.
Current correlation between predicted and actual reliability performance can be provided to justify
the selection of a particular method for any subsequent assessment, taking credit for any proven

4.1.31

process imprfovements. Guidelines for managing reliability assessment validatio

improvemen

A description
reliability of g
4.1.2, should
other method
document all

More than on]
for the Plan ¢
representatiy
particular as{
include soun
applicable to

Similarity A
data to con
reliability. A

Compariso,
level using

functional |

is detailed in 4.1.5.

of all the methods the Plan owner will have available for assessing
given equipment (including the necessary calculations) using the ¢
be included. The Plan owner may select the methods'described wi
s that the Plan owner intends to have available. The intent is for th
the analysis and calculation processes that will\be available.

e method may be applicable to the subject.equipment. In fact it may
wner to apply more than one method te‘a single product in order tq
e reliability assessment. The Plan shauld include a justification for t
sesement method(s). The justification process should be described
d statistical evidence that can demonstrate that the data source anc
the assessment application.in question.

nalysis: Similarity analysis includes the use of in-service equipmer
npare newly designedequipment with predecessor equipment for p
ppendix A offers guidelines in the form of examples of this method

hs of similar’equipment may be made at the end item, sub-assemb

the same-field data, but applying different algorithms and calculatig
various attfibutesxdescribed below. Comparison with similar equipment may al
bvel.toprovide base failure-rate data for safety analysis or architecfural decision

h and

the expected
lata described in
hin this section or
e Plan owner to

be advantageous
establish a

he selection of the
in the Plan and

I method are

t performance
redicting end item

y, or component
n factors to
SO be made at the

making.

-12-
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4.1.3.1 (Continued):

Attributes to be compared may include:

1. Operating and environmental conditions (measured and specified);

2. Design features;

3. Design processes;

4. Design team experience with similar designs;

5. Manufacturing processes, including quality control;

6. Manufdciurer’s experience with similar componentis and processes;

7. Built injtest and fault isolation features;

8. Test and maintenance processes;

9. Components and materials;

10. Date o1l other measure of technology maturity and

11. Quality|of the reliability assessment processes.

For each of the above attributes, a number of lower level attributes should be compared. As
examples, pperating and environmental conditions may.include steady-state temperature,
humidity, tgmperature variations, electrical power, duty cycle, mechanical vibration, etc.;
equipment|design features may include number ofi<components (separated ac¢ording to major
component family), number of circuit card assemblies, size, weight, materials, |etc. Similarity
analysis should include necessary algorithms or calculation methods used to quantify the
similarities|and differences between the equipment being assessed and the pnedecessor
equipment

Although the concept of similarity analysis is based very much on locating a ‘sjmilar’ design, it is
finding the [critical ‘differences’ between them, at the appropriate level, that makes the
methodology effective.

When an end-item similarity analysis is not possible because no predecessor equipment is
sufficiently|similar or-available for a one-to-one comparison with the newly designed equipment
being assefgsed, then a similarity analysis may be conducted at a lower level (¢.g., subassembily,
module or component level). The lower level analysis may include the structured comparison of
elements of the new equipment with similar elements of a number of different predecessor
equipment, Tor which reliability data are available.

Figure 3 shows a sample checklist that may be used to facilitate an effective similarity analysis
and concise results report.

-13-
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SIMILARITY ANALYSIS CHECKLIST

The following items are recommended for inclusion in a product reliability assessment
report, which uses the similarity analysis method.

GENERAL INFORMATION

1)} Analysis Date

2] Analysts Name

3) Approvals — As required
4

5

Program Phase
Usage of Results

—————
[y RN Sy S —

REFERENCES

6] Applicable Reliability Assessment Plan Documeént
Reliability Assessment Procedure Document
(Alternately, procedure may be included in the analysis portion of thg report
dpcument)

[1 8) Predecessor Data Archive

._._.
——
~

PRODUCQT IDENTIFICATION

9) Name of New Product

10) Part Number of New Rroduct

11) Name of Predecessor Product(s)

12) Part Number of Predecessor Product(s)

————
[y S S —]

ANALYS|S

—

B) Level'of’Analysis (LRU, SRU, Functional, etc.)
14) Prédecessor Product Data Summary(ies)

b Attributes Compared

1 ‘) Basisfor Quaﬁtlfyli"lg Attribute-Differences

17) Algorithm or Calculation Method(s)

—————
[y i S - —
—_—

RESULTS

18) Reliability Assessment Metric(s) (MTBF, Failure Rate, etc.)
19) Expected variability of Reliability Metric(s)
20) Reliability Requirement Metric(s) (If applicable)

———
[ —)

FIGURE 3 - Similarity Analysis Checklist

-14 -
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thereof. It is a structured process that includes the following major steps:

1.

4.1.3.2 Durability Assessment: Durability assessment may include analysis, testing or a combination

Determine operational and environmental loads that the equipment will experience

throughout its life, including shipping, handling, storage, operation, and maintenance.

it card vibration resonances and damping.

2.

to circu
3. Determ
4. Determ
5. Determ

approp
6. Report

tothe t
Results fro
durability a
The durabi

effects of thermal, vibration, and electrical stresses. Capability for other stress

humidity, s
evaluating
useful for t

A durability
difficult to g
devices, eg
effectively

ine the magnitudes and locations of significant stresses using,.for€
ine the likely failure sites, mechanisms and modes using, for exam

ine how long the significant stresses can be withstood-er sustained
riate damage models, e.g., Arrhenius equations, inverse power law

the results as a list of failure sites, mechanisms, and modes; rank-q
me expected for failure to occur.

M accelerated test methods are recommended as sources of test d
ssessment.

ity assessment process should be capable of evaluating, as a minin

nould be included as needed. It is highly desirable that the assessn
the effects of a number of stresses simultaneously. Physics of Failu
Nis purpose.

assessmentis not limited to use at an LRU level. In fact in some ¢
rovide anroverall reliability assessment for an equipment which cor
ch with-multiple failure modes. In these cases durability assessme
bt alower level, to analyze specific failure modes and mechanisms

Determine transfer functions between applied loads and boundaries of FEA, for example box

xample, FEA.
ble, FEA

using the
5, etc.

rdered according

ata for input to the

num, the longterm
BS, such as

ent be capable of
re models can be

ases it may be
tains many

t may be used
within the

equipment

which cannot be represented by a constant failure rate. The result

5 of this analysis

may then be used as part of a higher Tevel analysis, o assess the reliability performance for the
overall equipment. Durability analysis can also be used to determine the degree of similarity
between LRUs or devices. Given a validated computer model of durability for a predecessor
design, it can potentially be used for a similar design to establish the extent of similarity of the
response to similar or different operational environments.

Figure 4 shows a sample checklist that may be used to facilitate an effective durability
assessment and concise result report; more information is provided in Appendix B.
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DURABILITY ASSESSMENT CHECKLIST

The following items are recommended for inclusion in a product reliability assessment

report, which includes the durability analysis method.

GENERAL INFORMATION

Analysis Date

—————
[ iy S -  —

NCES

——
[S— T

pcument)

LT IDENTIFICATION

—————
[y S S Y S —

O

Analysts Name
Approvals — As required
Program Phase

Usage of Results

Applicable Reliability Assessment Plan Document
Durability Assessment Procedure Document
Iternately, procedure may be included in.the analysis portion of the

Name of Product Assessment Applies To
Part Number of Product-Assessment Applies To

D) Identify applicable operational and/or environmental stresses
Identify transfer functions and their source (test/analytical or both
P) Identify-magnitude and locations of stresses

Identify likely failure sites, mechanisms and modes
Identify expected life using appropriate damage model(s)

15) Identify how analyzed failure modes will impact overall reliability metric(s)

16) Expected variability in Assessment results

FIGURE 4 - Durability Assessment Checklist
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4.1.3.3 Sensitivity Testing and Analysis: When equipment failure rates are dominated by a few well
understood failure modes then a structured accelerated test process can provide reliability
assessments.

Step stress testing is gaining popularity as a sensitivity test. Its goal is to produce failures in a
short time in order to determine the likely failure mechanisms. It will also provide information
about design margins with respect to operating and environmental stresses. It is performed on a
small sample of the near-final product or a subassembly thereof. In some specialized instances,

step stress
(Highly Acq

Step stress
stress, and
following o

» Stress levels are reached that are significantly higher than those expected

* Allthe

* lrreleva
higher
the test

test uni.

Statistical 3
parameters
these meth

Figure 5 sh
and concis

testing is known by various other names, such as STRIFE (STRes
elerated Life Testing), RET (reliability enhancement testing), andyo

tests are conducted by exposing the units under tests to relatively
then increasing those levels in a controlled, stepwise manner until
CCUrS:

est units fail irreversibly or unrepairably; or

nt failures begin to occur or dominatetas new failure mechanisms Qi
btress levels. Irrelevant failures arethose which are not associated
unit, such as equipment failure;-handling damage, or defects in thg

. The Reliability Assessment Plan should select which equipment W
ods and which analysis methods (or commercially available softwa

ows a sample:checklist that may be used to facilitate an effective s
B resultsreport.

5-1IFE), HALT
hers.

ow levels of

at least one of the

in service;

ecome evident at
with the design of
production of the

nalysis techniques (such-as Bruceton methods) are used to estimate the reliability

ill be subjected to
re) will be used.

ensitivity analysis
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SENSITIVITY TESTING AND ANALYSIS CHECKLIST

The following items are recommended for inclusion in a product reliability assessment
report, which uses the sensitivity testing and analysis method.

GENERAL INFORMATION

1)

Annlyeie Date

3)
4)
S)

—————
[y S S T_—  —

2)|Analysts Name

Approvals — As required
Program Phase
Usage of Results

REFERENCES

[] 6
(1 n

Applicable Reliability Assessment Plan Document
Sensitivity Testing and Analysis Procedure:Document

(Allternately, procedure may be included in the analysis portion of the

dd

PRODUG

TEST/AN

————
[ S T T S—
—_— )

cument)
T IDENTIFICATION

Name of New Product
Part Number of New Produict

LYSIS
Failure modes.investigated

)

) Test methodology and its basis
) Test resulits
)

Statistical method for conversion of test results for use in reliabilit

report

y metric(s)

[1] 14) Impact of results on reliability metric(s)
[1] 15) Expected variability in reliability metric(s)

FIGURE 5 - Sensitivity Analysis Checklist
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4.1.3.4 Handbook Predictions: Handbook predictions are made by following the directions in the
handbooks chosen for use, or in the software used for implementing handbook predictions.
Examples of reliability prediction handbooks are:

* Bellcore Handbook TR-TSY-000332;

e British Telecom Handbook;

+ Centre National D’Etudes des Telecommunications (CNET) Handbook;
+ IEC 56 Sec 60348;

*  MIL-HDBK-217;

* Non-elgctronic Parts Reliability Data NPRD-95;

* Nippon|Telegraph and Telephone Handbook;

« RAC PRISM;

« RAC-EPRD;

« RAC-VZAP;

« Siemers Standard SN29500 and
« SAE 870050.

It is expected that the appropriate handbook will be selected for each applicatipn. Handbook
users should ensure the applicability and currency<prior to use. Plan owners may wish to
supplement or replace the handbook data with data from their own operations|or other sources.
If this is dope, it should be recorded as an exception to the handbook process|Figure 6 shows a
sample checklist that may be used to facilitate an effective handbook prediction and concise
results report.

With the decline in the availability, of-mil spec parts, a reduction in the manufagturing life cycle of
non-Mil pafts and widespread dissatisfaction in the underlying assumptions implicit in the Mil
handbook @approach, the need)for alternative methods for assessing failure rate is becoming
crucial.

It is worth noting thatthe preparing activity for MIL-HDBK-217 states “it is not intended to predict
field reliability and;-in"general does not do a very good job of it in an absolute sense” (Seymour F
Morris , RgmeAir'Development Center, RAC Technical Brief April, 1990).

The Plan owner is encouraged to consider the use of a broad based, top-down approach to
predicting the reliability of future equipment since this best serves the objectives outlined in the
Scope of this document.

This is not to say that handbook methods do not have their place. Handbook methods may be
necessary to support legacy requirements or be mandated by the Plan owner’s customer. There
may also be a need for individual component reliability predictions to support system safety
analysis, in which handbook methods may be the only viable option. However the weakness of
the traditional handbook approach in neglecting all causes of failure other than individual
component reliability needs to be recognized if reliability improvement is to be realized.
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HANDBOOK PREDICTION CHECKLIST

The following items are recommended for inclusion in a product reliability assessment
report, which uses handbook prediction method.

GENERAL INFORMATION

Analysis Date

Analysts Name
Approvals — As required
Program Phase

Usage of Results

AR WN -

REFERENCES

6] Applicable Reliability Assessment Plan Document
7] Reliability Prediction Handbook

8] Reliability Prediction Procedure Document

[

[

[

(

———
[ -

I 8a) Applicability

I 8b) Currency

I 8c) Changes from Handbook method (If applicable)

Alternately, procedure may be included in the analysis portion of thg report
dpcument)

[1] 9] Tools used to implement-Handbook Prediction (If applicable)

PRODUCT IDENTIFICATION

[1 10) Name of New.Product
[1 11) Part Numberof New Product

ANALYS|S
[1] 12)Lével which prediction is performed at
[ ] 1’\)) Apphuab:c |nput tataforHandbook-method

RESULTS

14) Reliability Prediction Metric(s) (MTBF, Failure Rate, etc.)
15) Expected variability in Reliability Metric(s)
16) Reliability Requirement Metric(s) (If applicable)

———
[ T —

FIGURE 6 - Handbook Checklist
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4.1.4 Results: Reliability assessment results should be reported in consistent formats, with sufficient

4141

4141

A

information p

rovided to understand their uses, limitations, and uncertainties.

The reports should be controlled and accessible.

Neither the method of storing nor the distribution of the reliability assessment results are discussed
herein because they may be unique to the Plan owner or may be controlled by contractual
agreements. The Plan owner should, however, address them either in the Reliability Assessment

Plan or in so
Uses of Reg

Reliability

Safety Analyses;

Business [}
Equipment
System Ar

Results ref
of the repo

Reliability
deliverab
service li
various a

screening planning, reliability development test planning and reliability verifig

planning
failure, re
also be id
testing is
required
statistics

me other controlled document, referenced in the Plan.
liability Assessment Results: Reliability assessment resultsare' typ
Program Planning and Monitoring;

ecisions ;
Design Decisions and
thitecture Decisions.

orts should include all relevant data with'sufficient supporting detail
rt to understand the uses, limitations,:and uncertainties of the result

Program Planning and Monitoring: Reliability assessment results
les at various milestone points in the product design, development,
e cycle. Reliability program:planning should include reliability asses
ctivities carried out at different stages in the cycle (examples includ

. Quantitative reliability metrics such as MTBF, failure free operatin
liability growth management goals and reliability acceptance requir,
entified. The:Reliability Assessment Plan should ensure that sufficig
conducted‘so that these metrics can be produced with the accurac
o support reliability program planning decisions in a timely manner.

may. be used to reduce required test sample sizes if the basis of thg

ically used for:

to enable the user
S.

may be used as
production, and

ssments based on

e assembly

ation test

) period, time to

ements should

nt analysis and/or

y and confidence
Bayesian

b prior distribution

is identifi

d-and justified in the Reliability Assessment Plan.
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4.1.4.1.2 Safety Assessment: Safety Assessment is the disciplined approach to identifying system
hazards and their causes, and to assessing their risks. An output of the reliability assessment is
failure rate (LRU, module, piece part or functional level) which is used in various analyses for
safety assessment, for example:

41413

* Fault Tree Analysis (FTA);

* Markov Analysis;

+ FMEA and

+ FMECA.

Traditionally, the handbook approach to reliability assessment has beén-use

provide b
designs ¢
complex,
assessm

ase failure rate data for use in system safety assessment..Howeve
ontaining fewer military parts and showing an increasing trend in th
highly integrated devices and COTS products, the handbook apprd
ent is becoming less attractive.

0 exclusively to

[, with future

e usage of very
ach to reliability

This dociment describes a number of alternative reliability assessment metfods that can

provide f
System 3
importan
should rg
usage, W
associatsg

SAE ARH
Analysis.

Business
reliability
the-hour-
budgetin
as servic

hilure rate data from an equipment level dewn to a functional or pie
afety Analysis the ability to assess thereliability of specific function]
.). When selecting a particular methodology for a specific applicatig
view the accuracy and limitations of'the approach to provide a justi
thin the Plan. This justification should include the uncertainty and g
d with the assessment method results.

P4761 provides guidelines’for use of reliability assessment results f

Decisions: Examples of business decisions that rely heavily upon
assessmentinclude warranty decisions, maintenance cost guarant
agreements, planned design updates, spares provisioning, mainten
) and,staffing. Applicable metrics may be expressed in cost of own
e delay’and cancellation or operator maintenance burden.

te part level. (For
s is particularly

n, the Plan owner
fication for its
onfidence factors

br a Safety

the results of

bes and power-by-
ance scheduling,
ership terms such

The Plan

owner should be able to demonstrate how the results of the reliabili

used to substantiate the business decisions.

y assessment are

Since business decisions often involve proprietary, sensitive, or confidential cost information,
reliability assessment reports for these decisions should be carefully controlled and may be
maintained separately from results for other purposes. Furthermore the degree that this
information is shared between business entities (e.g., customer, supplier, user) should be the
subject of business or contractual agreements.
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4.1.41.4 System Architecture Decisions: System architecture is the high-level description, in functional
terms, of the structure chosen to satisfy design requirements. This high level description
ensures that system objectives and requirements are understood by all interested parties, all
relevant factors are considered in the design, all elements of the design are defined and
understood at the appropriate level, all elements of the design are evaluated correctly and
alternative solutions are considered.

The Plan owner should be able to demonstrate how the reliability assessment results are used
to substaptiate system architecture decisions.

Example$ of system architecture decisions that can be supported by assessment results are:

» Faultjtolerant design and Built In Test; , e.g. test method, coverage, or frequency;
» Top lgvel hardware and functional partitioning;

. Redu}rdancy requirements, and

* Mainfenance support for prognostics.

4.1.4.1.5 Equipmept Design Decisions: Examples of equipment design decisions whigch should be
based upon reliability assessment include, but are. not limited to:

+ Comparing hardware technologies, e.g.,\digital processor, digital logic arfay versus analog;
» Comparing detailed circuit architecture alternatives;
« Comparing utilization, duty cycle,-or €lectrical stress derating alternatives;
+ Comparing components, e.g.,integrated versus discrete;
+ Comparing packaging technolegies, e.g., surface mount versus through-hole;

» Comparing environmental'management techniques, e.g. vibration damping or cooling and
» Identifying and correcting design deficiencies in a timely manner.

As with slystem architecture decisions the Plan owner should be able to demonstrate how the
reliability|assessment results are used to substantiate equipment design dedisions.

4.1.4.2 Limitations|of Reliability Assessment Results: Limitations and uncertainties should be
quantified, [if¢possible. The statistical significance, based upon the population gf the source data
and including appropriate confidence intervals, should be detailed to highlight any uncertainty
and limitation of reliability assessment results. If limitations and uncertainties cannot be
quantified, they should be described concisely, in sufficient detail for the user to understand them
and apply them appropriately.

For those applications where an absolute failure rate is essential, such as for input to an SSA or
Power By The Hour cost model then only quantified data should be used.
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4.1.4.2 (Continued):

41.5

4.1.51

Uncertainties arise when the results are subject to variations in manufacturing processes,
components and materials, e.g., variations in a component output or a material property that may
affect the equipment’s susceptibility to failure. Uncertainties also arise when relationships among
factors are not completely known, e.g., if the actual number of operating hours for an MTBF
estimate are not known, and must be in part, estimated, the statistical level of confidence in the
result will be reduced.

If a reliabilify estimate differs significantly from the measured in-service perforfnance of similar
equipment|in similar applications, then the measure of uncertainty in the résult will be recorded
as part of the validation process described in 4.1.5.1. The output from this-ongoing validation
activity canthen be used to guide in the selection of the most appropriate assegsment method for
any subsequent analysis, based upon the most current understanding.

Reliability Agsessment Process Improvement: Reliability asseSsment results shiould be used to
improve the reliability assessment process, and are a source of information for improvement of the
equipment throughout the equipment life-cycle.

A descriptior] of the processes the Plan owner will use'to improve the reliability assessment

process, based on the achieved reliability results of\equipment in service should be included. It
includes desgriptions of the processes for verifying reliability assessment resulty, and for using
those results|{to improve the processes.

Validating Reliability Assessment Results: A description of the processes the Plan owner will
use to megsure the in-service performance of equipment, and to compare thosge results with
reliability agsessment results should be included.

Types of validation include:

ing calculated results from reliability assessments, e.g., MTBF, MTBUR, time-to-
failure, letc., with-in-service data;

ing failure sites, modes, and mechanisms predicted by reliability agsessments with
those obtained from in-service data; and

» Comparing in-service environmental, operating, and maintenance conditions with those
assumed in reliability assessments.

The schedule for reporting results from the validation activity should be described in the
appropriate section of the Plan.
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415.2

4.2

4.3

Improving the Reliability Assessment Process: A description of the processes the Plan owner

will use to improve the reliability assessment process, using reliability assessment results should
be included. It includes:

* Improvements to the data collection process

* Improvements in the selection of appropriate data source and method for a given
assessment application.

- Modifyi

*  Adoptig
establis

* |dentify]
* Improv

Plan owne
place to us
manufactu
enhancem
on those p
than replad

Plan Applicabi

The Plan shou
which the Plan

The range of ¢
applicable mar

ng the equations, algorithms, and calculation methods of 4.1.3;

n of developing reliability assessment methods from both industry,
hments and academia as their use proves viable for Aerdspace ap

ng further predecessor equipment for similarity analysis modeling.
ed guidance for interpreting assessment results for effective decisia

s may already have processes in placefor data collection and analy
e factory data, customer reject data,-and in-service data to improve
ing processes for equipment improvement, e.g., FRACAS, reliability
bnt, statistical process control, etc. The processes that are docume
ocesses and add information_for improving the reliability assessme
e or supersede them.

ity:

d define the rangé of equipment designed or manufactured by the
applies.

quipment is not intended to be a list of part numbers. It may include

research
blication.

n making

sis, or systems in
the design and
growth, reliability
hted should build
nt process, rather

Plan owner, to

, for example, the
ent manufactured

ket segment or equipment line, e.g., “This Plan applies to all equipm

for aerospace

hpplications.” It also may include a time frame, e.g., “This Plan appl

ies to all

equipment manufactured after the date this Plan is approved.” The range of equipment also may be

limited or requi

red by certain contractual agreements.

Plan Organization:

In order to facilitate an effective review, the Plan should be organized in such a manner that each of
the topics listed in 4.1 of this document are addressed clearly, concisely, and unambiguously.
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4.4 Plan Implementation:

The Plan owner should provide objective evidence that the provisions of this document are met, and
that the Plan has been implemented.

This activity may be accomplished by third party audit.

4.5 Plan Focal Point:

The Plan should identify an authority or an organization to serve as the primary\inierface between
the Plan ownef and outside parties in matters pertaining to the Plan. The foeal'point should assure
that the Plan ig reviewed and updated as needed.

4.6 Plan References:

The Plan should include a definitive list of all the documents réferenced in the Plap, including this
Guide, other industry and government documents, and the Plan owner’s internal dJocuments.

PREPARED UNDER THE JURISDICTION OF
SAE COMMITTEE E-36, ELECTRONIC ENGINE CONTROLS
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A1

A2

A3

A3.1

A3.1

A

SCOPE:

APPENDIX A
SIMILARITY ANALYSIS EXAMPLES

This Appendix provides information to aid in understanding the similarity analysis method for
Reliability Assessment. It presents example implementations of the similarity analysis method.

HOW TO USE

The choice of the most appropriate reliability assessment method for any given ap

on product typ
implement sim
selected.

This appendix

A.3.2), use and limitations of results (see A.3.3), and reliability'assessment proceg

(see A.3.4).

Although the e
reliability metri

EXAMPLE SIN

Two implemen

versatility of th

and the low le

applied at any
Data:

In-Service

THIS APPENDIX:

larity analysis, and the most appropriate method and implementatic

ncludes descriptions of the data required (see A¢3.1), an example @

xample in this appendix addresses caleulation of MTBF, it also coulg
CS.

IILARITY ANALYSIS:

el and Low Level similarity analyses. The primary difference betwe
level of similarity(is required for the high level similarity analysis. T¢
e similarity analysis method, the high level example will be performe
el example-will'be performed at the functional level, though either 1
evel.

plication depends

b, reliability requirements and available data. In addition, there are mnany ways to

bn should be

f the method (see
s improvement

be used for other

fation options for the similarity analysis are described. These two options are referred
to as: High Lev
is that a higher

en the two options
b show the

d at the LRU level
nethod can be

eliability Data: In-service data collection and analysis are foundat

ions of the

similarity analysis methodology. The in-service reliability data typically includes the number of in-
service failures, information on failure causes or failure modes, and end item operating hours.

The first two pieces of information are available from the company database that contains
information on all repair activity. The database should identify the specific equipment (end-item or
assembly) being repaired, as well as component replacements and a narrative field for
maintenance personnel to identify end item failure types. End item failures may result from
hardware faults, software faults, customer abuse, design errors, manufacturing errors, and other
causes. These data are used to calculate failure mode distributions for a product or assembly.
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A.3.1.1

A3.1.2

A3.2

A.3.2.1

(Continued):

Operating hour data are collected from customer records or estimated from typical utilization
rates. These records are maintained in accordance with company practices. These data
combined with the failure information, described above, are used to calculate the field failure
rates and MTBFs of products or assemblies.

Product Characteristic Data: Product characteristic data are obtained from both in-service end-
items and end-items which are under development. The data consist of all the documentation
that define$ the end-item, as well as information defining the design process, %anufacturing

a

process and end use environment. Examples of end-item documentation. are-nequirement
documents, electrical and mechanical parts lists, and layout drawings. This data is used to
identify chgracteristic differences between new and predecessor end<items. A|listing of potential
characteristic differences is shown in Figure A1.

Methods:

The process|steps, spreadsheets, and calculations used in;the example similarify analysis
methods are[described in the following paragraphs. Figure A2 contains an overa|l flowchart for this
process.

Physical Mpdel Categories: Similarity analysis-uses the physical model categories described in
this section to compare new and predecessor end-items or assemblies.

The first 5 gategories cited below, arepart type component level categories thgt quantify the field
failures du¢ to components. The next two categories are design and manufacturing processes.
Additional ¢ategories may be added for equipment-specific items not related to part type or
process categories. In the example below, manufacturing-induced component{failures are
categorized under manufaetiring processes (Category 6), and component migapplication and
overstress jare categorized under the design processes (Category 7). The follgwing categories
are cited a$ examples‘of a physical model:

Category 1 Lew-Complexity Passive Parts (Resistors, Capacitors and Inductors)

Category 2: High Complexity Passive Parts (Transformers, Crystal Oscillators and Passive
Filters)

Category 3: Interconnections (Connectors, Flex Tape, Printed Wiring Boards and Solder Joints)
Category 4: Low Complexity Semiconductors (Discretes, Linear IC’s and Digital IC’s)

Category 5: High Complexity Semiconductors (Processors, Memory and field programmable
gate arrays, application-specific integrated (ASICs) circuits)

Category 6: Manufacturing Process
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PHYSICAL PROCESS ENVIRONMENTAL
Critical Components CAD Usage Cooling Provisions
Degraded Operation CAM Usage Dormancy Factors

Deviations & Waivers

Document Control

Duty Cycle

Durability

Customer Training

ESD Susceptibility

Electrical Stress

Derating & Stress Analysis

Field Application

Expected Life

ESS, HASS

Repair Environment

False Alarms

Field Representatives

Use Environment

Fault Isolation

FMEA

Functional [Changes

FRACA/FRB

Modes of Qperation

Fault Tree Analysis

New Softwpre

Reliability Development
Testing

Percent Rgusable SW

Material Composition

Power Disgipation

Material Quality

Safety Facjors

Part Obsolescence

Scheduled|Maintenance Part Quality
Technology Maturity Part Screening
Test Points Prototyping
Volume Second Source ‘Suppliers
Weight Simulation
Software
SPGC

Timing Analysis

Worst Case Analysis

Abbreviatigns used in Table:

CAD - Computer Aided.Design
CAM - Computer Aided-Manufacturing

ESD - Ele¢trostatic'Discharge

ESS - Envjronmental Stress Screening

HASS — Highly/Accelerated Stress

Screening

SPC - Statistical Process Contr¢

FRACA - Failure Reporting Analysis and
Corrective Action
FRB — Failure Review Board

FMEA

FIGURE A1 - Example Characteristic Differences
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STEP 1
Review products(s) for
which field data is
available compared to
new product.

i

Highly similar

roduct available?

YES

Y

STEP 2H
Identify characteristic
differences and enter in
spreadsheet.

i

NO

Step 2L
Determine category failure
rates from field data

STEP 3H
Quantify impact of each difference on
physical model elements and enter in
spreadsheet.

A

Step 3L
Quantify number of
components by assessment
level and category

l

v

STEP 4H
Using field data for similar products,
detefmine failure distribution against
selected physical model elements and

Step 4L
Quantify characteristic
difference factors for
manufacturing and design

UVCTI Cl” fai:w < lCltC. EI ItCI ;II oMI Uadohcct bGtUUUI ;GD
A v
STEP 5H STEP 5L

Use spreadsheet in Figure A2 to
compile assessment.

Use spreadsheet in Figure A3
to compile assessment.

FIGURE A2 - Example Similarity Analysis Flowchart
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A.3.2.1 (Continued):

A3.2.2

Category 7: Design Process

Category 8: Other Failure Causes which are specified by the user to describe failure
mechanisms that do not fit into categories 1-7, or that the analyst wishes to track separately due
to high frequency of occurrence. Examples are life limited failure modes such as lamp or switch
life, and specific hardware or software modifications performed as a corrective or preventive

action.

Process St
Description
Figures A3

eps: Figure A1 contains a flowchart of the process steps for similat
s of each process step with applicable references to the example s
and A4 are contained in the following paragraphs.

Step 1: Compare the new equipment with equipment for which,in-service data

done at the
the asseml
predecess

The output
sufficiently

end-item or the assembly level. If it is done with multiple predecesg
ly level, then the remaining steps may need to be performed indivi
br end-item or assembly.

of this step is identification of one or mare end-items or assemblies
similar to the new equipment, or its assemblies, that comparable le

are anticipated. Sufficient similarity is determined on the basis of the analyst’s

equipment
experience
assessmer|

Decision B
either at th
appropriate
equations f

If insufficie
analysis af

involved, the relevant reliabilitydrivers, and experience with the pr(
may indicate that, if the number of differences exceed a specified |
t results are no longer usable.

ock: If a high degree of similarity is found between the new and pre
e device or assembly level, then a high level similarity analysis wou

choice. In this ‘ease continue with steps 2H-5H. The remaining pro
or the high-level similarity analysis are described in A.3.2.2.1.

nt simitarity is found to perform a high-level similarity analysis, a low
proach’ may still be used. Proceed with steps 2L-5L to perform a lo

ity analysis.
preadsheets of

exist. This can be
or end-items or at
jually for each

, wWhich are

vels of reliability
knowledge of the
cess. Process
number, reliability

decessor item,
Id be the
cess steps and

-level similarity
v level similarity
predecessor

analysis if 1he comparison in step 1 has identified that field data for a group of

products has sufficient similarity to the new product. A high Teverl of similarity is not required for
conducting a low level similarity analysis but greater levels of similarity will improve the
assessment accuracy by reducing variability. The remaining process steps and equations for the

low-level si

milarity analysis are described in A.3.2.2.2.
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FIGURE A3 - Example High Level Similarity Analysis Spreadsheet
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FIGURE A4 - Example Low Level Similarity Analysis Spreadsheet
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A3.2.21

High Level Similarity Analysis Process Steps: Step 2H: Identify all characteristic differences
between the new and predecessor enditem or assemblies. Paragraph A.3.1.2 provides a
description and example list of characteristic differences. Each characteristic difference is
entered into the first column of the example spreadsheet shown in Figure A3.

Use of the spreadsheet in Figure A3 is affected by the number of predecessor end-items used,
or if the analysis is being performed at an LRU, assembly or functional level. If multiple
predecessor end-items are analyzed, a separate spreadsheet should be completed for each

predecedsor end-item. Tf an assembly or funciional Tevel analysis is performéd, a separate
spreadsheet should be completed for each predecessor assembly or functio

Step 3H:|Evaluate each characteristic difference, identified in step 2H’above
expected reliability difference between the new and predecessor:jitem. This ¢

quantifie

In this ste
Figure Al
no entry

less than

To furthe
A2 into A
ASIC. Th
complexi
added AS

Step 4H:
the sprez
compiled
category

For the fg
assembly

relative to the individual physical model categories defined in A.3.

p an entry is made for each category of each characteristic differer
. If no impact is expected for a particular characteristic difference in
s necessary (a “1” is assumed). Entries that are expected to impro
one, and entries that are expected to dégrade reliability are greate

SIC,” describes the combinationof a number of individual compone
e entries in Figure A3 indicate that there was an overall reduction o

bIC increased the high cemplexity category parts count by 20%.

Incorporate the in-service failure data for the predecessor end-item
dsheet of Figure.A3. The in-service failure data, described in A.3.1
in the form.6f-percentages to quantify the failure mode distribution,
and an gverall failure rate.

ilure ‘mode distribution, the causes for all in-service failures, of the
,@re assigned to the physical model categories. The failure quantit

n.

| relative to the
bvaluation is
D.1.

ce, as shown in
that category then
e reliability are

" than one.

 clarify the entry for the characteristic difference in Figure A3, “Combined circuits on

nts into a single
f 11% in low

y passive parts, 2% in interconnects, and 15% in low complexity semiconductors. The

or assembly into
1, must be
by physical model

end-item or
in each category

is then divided by the total failure count to quantify the percent coniribution of each category to
the total end-item or assembly failure quantity. These percentages are entered into the row in
Figure A3 labeled “Predecessor Product Failure Mode Distribution”. The overall failure rate for
the end-item or assembly is entered into the appropriate space in the lower section of Figure

A3.

Step 5H: Compile the results in the spreadsheet of Figure A3 to calculate the predicted
reliability data. Calculations performed in the spreadsheet are described in the following

paragrap

hs.
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A.3.2.2.1 (Continued):

Calculate the values in the row labeled “Products of Physical Model Impacts” for each physical
model category, as the product of the entries for all characteristic differences.

Calculate the values in the row labeled “Failure Rate Impact Per Category” for each physical
model category, as the product of the “Products of Physical Model Impacts” and “Predecessor
Product Failure Mode Distribution”.

Calculatd the "Failure Rate Ratio” enfry as the sum of all enfries in the row.]Jabeled “Failure
Rate Impact Per Category”.

Calculatg the “Projected Failure Rate” for the new end-item or assembly as the product of the
“Predecessor Failure Rate” and the “Failure Rate Ratio”.

The sprepdsheet depicting the high-level similarity analysis implements equation 1, which is
shown ag follows:

7
New Product Failure Rate (L) =<As* 3 (Dy*Fy) (Eq. A1)
N=1
where:

Ap = Field failure rate.for'the predecessor end-item or assembly

Dy = Failure mode distribution percentage for category N

Fn = Difference factor between the new and predecessor end-item or assembly

for categery' N
N = Physical'model category identifier which ranges from 1 to|7

The above equationiis-based on the assumption that there are no additional|{userdefined
physical model categories. If there are additional categories, then the maximum value of N
increases by thenumber of user defined categories.

Though netshown-inthe spreadshest-individual category failure rates-canbe computed. This
is accomplished by normalizing the “Failure Rate Impact per Category” entries to total 1.0 and
multiplying a category normalized value by the “Projected Failure Rate”.
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A.3.2.2.2 Low Level Similarity Analysis Process Steps: Step 2L: After the fielded product group(s) are
selected, the category failure rates are determined. Generally, these category failure rates can
be applied directly to the new product; however there may be instances where the failure rates
must be factored, e.g., a new product in an environment different from that of the predecessor.
In such instances, the failure rates may be factored, with a description of the factoring and its
basis included in the assessment report.

The outputs of this step are the category failure rates with any factoring applied. They are

entered i

If differen
spreadsh
predeces
a separa

Step 3L:
identified

into the gppropriate component category, and entered into the spreadsheet.

Step 4L:

and fielded equipment(s). Figure A1 shows\atist of potential differences to b

the manu

The indiv

composite failure rate factor for the’manufacturing failure rate, and a compos

factor for,
product f

The total
(Manufag

The abov
mature (q

hto the spreadsheet of Figure A4 in the row Tabeled "expecied cateq
t predecessor data is being used for different new product fuh¢tions
eet will be required for each set of predecessor data. In a similar m
sor products will be used, the data can either be compiledinto a sing
e analysis with separate spreadsheets can be used-foreach prede
Quantify the number of components, by type, forieach of the functig
in the first column of the spreadsheet of Figure A4. The component
Quantify and list the manufacturing and design process differences
facturing and design processes:

idual difference factors (multipliers) are themselves multiplied to de|

the design failure rate. Figure A5 shows the identified process fact
pr the example analysis.

process factors are entered into the first open spaces under the C3
turing Process) and Category 7 (Design Process) columns of Figur

onstant) failure rates. If these failure rates are not constant, the coi

hory failure rates”.

5, a separate
anner, if multiple
jle spreadsheet or
cessor product.

nal levels
quantities are put

between the new
e considered for

termine a
site failure rate
brs and their

tegory 6
e Ad.

e description assumes that the manufacturing and design failure rates represent

stant failure rate

may be replaced with another type, e.g., Weibull, but the algorithms and equations will need to

be chang

ed.

Step 5L: Perform the assessment calculations with the spreadsheet shown in Figure A4. The
calculations use equations 2 and 3 shown below and are described as follows:

entries for each level identified in column 1.

Calculate the row labeled “Total Category Failure Rate” for:

Calculate the row labeled “Sum of Category Counts” for categories 1-5 by adding the
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Impact of Mtg.
Characteristic Differences Failure Rate

1.) Surface Mount vs Leaded Assy. 0.8
2.) Introduced HASS 0.8
3.) 25% higher board count than average 1.25
4.)
5.)
5
7.)
8.)
9.)
10.)

TOTAL= 0.3

Impact ot Design
Characteristic Differences Failure Rate

1.) Introduced HALT 0.8
2.) Internal design reviews missed 1.125
3.)
4.)
5.)
6.)
7.)
8.)
9.)
10.)

TOTAL= 0.9

FIGURE A5 - Example Process Difference Factor Tables
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A3.2.2.2

(Continued):

+ Categories 1 - 5, by multiplying the “Sum of Category Counts” row by the “Expected
Category Failure Rate” row.

+ Categories 6 and 7 by multiplying the “Process Factors” row by the “Expected Category
Failure Rate” row.

* Calculate the “Total Product Failure Rate” entry by adding all entries in the row labeled

“Tota
other

Category Failure Rate”. This Tailure rate could then be used to calq
appropriate reliability metrics.

ulate MTBF or

Total Product Failure Rate (A) = i zn: QL c*he + (Fy* A +(Fp*A;) (Eq. A2)
C=1L=1
Total Function Failure Rate = i (Qc*Ae) + ( i Qure/P1)* (Fy*Ag + Fp*At) (Eq. A3)
C=1 L=1
where:
Q_c = Part quantities for function\number “L” and component category "C"
Py = Total number of parts intthe device, calculated by:
5 n
Pr= 3% Y Qg
C=1L=1
L = Denotes one of the assembly levels listed in the first column of the Figure A4
spreadsheet
C| = Denotes-one of the physical model categories as shown in Figure A4
n = Numberof function levels in the assessment
At = Represents the expected category failure rate for category 1C”
Flu = Represents the Process Factor for the manufacturing process
Fb = “Represents the Process Factor for the design process
A¢ =" Represents the expected category failure rate for the manuflacturing process -
category 6
A7 = Represents the expected category failure rate for the design process -

category 7

The above equations are based on the assumption that there are no additional userdefined
physical model categories. Additional user-defined categories are treated in the same manner
as the component categories (Category 1 through 5).
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A.3.2.2.2 (Continued):

The functional level failure rates shown in Figure A4 do not incorporate the process failure
rates for categories 6 and 7. Though not shown in the spreadsheet this can be accomplished
by distributing the process failure rates between the functions. Two possible methods to
accomplish this are listed as follows:

1. Distribute based on complexity i.e. parts count, lead count or component category total
failure rate.

2. Distripute based on prior knowledge of problems areas encountered(in's

The meth
design. A
then adju

A.3.3 Use and Lim
Results from
equipment d
assessment

requirementg

A.3.4 Process Imp

st for prior knowledge.
tations:
the similarity analysis reliability assessment method can be directly

bsign decisions, business decisions, system architecture decisions
Hecisions. Applicability to safety assessment depends on the safety

fovement:

milar products.

od for distributing the process failure rate can be different bétween manufacturing and
combination of the two methods can also be used i.e. distribute baged on parts count

applied to
and safety
analysis

, and also on the level at which thereliability assessment was performed.

After adequate in-service history has'been attained for the product, the field data are compared to

the reliability
These chang
contained in

assessment results. Inconsistencies are evaluated for potential prg
es may effect the(data collection and analysis process or directly in
the Plan document.

cess changes.
hpact the process
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B.1

B.2

SCOPE:

APPENDIX B
DURABILITY ANALYSIS

This appendix includes information to help the user understand the durability analysis method of
reliability assessment.

DESCRIPTION

Durability anal
from operation
in order to esti

As the definitig
rather than as
individual item
items is expec

I AND USE OF DURABILITY ANALYSIS:

maintenance, shipping, storage, and other activities throughout its
mate its expected life.

n indicates, the results of a durability analysis are’sfated in expecte
a failure rate or MTBF. Durability analysis results{indicate the length
is expected to last prior to failure, rather than-the frequency with wh
ed to fail. This concept is illustrated in Figure B1.

Typically, reliability analysis is aimed at assessing the random failures that will ocg

equipment dur
due to a variet
conditions, ina
due to wearou

The major steq

ng its useful life. These failures areusually assumed to be repairah

of causes, such as defects in the equipment, improper use, dama
Hequate maintenance, etc. Durability analysis, on the other hand, a
of certain elements of the:désign.

s of durability analysis are:

1. Determination of operating-ahd environmental conditions;

2. Stress ana
3. Damage m

Each of the ab|

ysis; and
odeling.

pve-steps are discussed in this Appendix.

sis is defined as the analysis of the equipment’s response to-the sfresses resulting

specified life cycle

d time to failure,
of time an
nich a group of

urin the

le, and may be
je due to unusual
ssesses failures
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(A)
Failure |
rate
1/MTBF

rime
(B) !
B Expected time >
Probability to failure :
density of |
failure \
[
1

Time

FIGURE B1 - lllustration of (A) MTBF,-which is the typical measure of reliability, and

(B) the_.measure of durability

B.3 DURABILITY ANALYSIS:

B.3.1 Determination of Operating and Environmental Conditions:
Durability anglysis is coneerned with determining the specific responses of the ¢
specific stregses that the equipment will encounter during its lifetime. For this re

analysis beg|ns with-determining the types, magnitudes, and sources of all the ¢
the equipment must-be operated, stored, or handled.

quipment to the
hson, durability
onditions in which

Operating conditions inctude:

» Electrical stresses due to function of the equipment;

+ Steady state temperature due to self-heating;

» Temperature variations due to turning the equipment on and off;
* Vibration due to operation;

* Moisture conditions due to condensation; and

* Any other stresses that may cause failures.
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B.3.1

B.3.2

(Continued):
Environmental stress include:

* Ambient steady state temperature;
* Variations in ambient temperature;
«  Ambient moisture;

*  Ambient chemical contaminants;

* Mechanical shock due to handling;

+ Mechani¢al vibration due to fransportation; and
* Any othef environmental conditions that may cause failures.

Some of the [conditions described above may be obtained from the customer, an
obtained from design handbooks or similar publications. It may not be possible t
necessary information regarding environmental and operating conditions. In thes
engineeringJ'

usually bettef to estimate it than to ignore it.

Many of the relevant conditions may occur only in certain phases of the equipms
such as storage, shipping, etc. It is important to know-or estimate credibly the dy
the conditionjs.

Stress Analysis:

The conditions described above may resdlt in life-limiting stresses in the equipm
analysis is the determination of the magnitudes and locations of those stresses. |
stresses may be uniform throughout'the equipment, e.g., temperature condition
when the ampbient temperature is'stable and the equipment generates little or ng
operation. In|most cases, howeéver, the stresses will vary both temporally and sp

d others may be
o quantify all the
be cases,

udgment may be required. If a condition is known{ar strongly suspected, to exist, it is

nt's expected life,
ration of each of

ent. Stress

h some cases, the
b may be uniform
heat during
atially. In almost

all cases, thg ability of théwvarious elements of the equipment to withstand the sfresses will vary.

Usually, stregs analysis is conducted with some type of computer-aided analytical process, such as

finite elementt orfinite difference analysis. The results of this type of analysis are

usually reported

graphically, yithithe areas of greatest stress being highlight in some easily detec

ttable way.
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B.3.3 Damage Modeling:

After the types, locations and magnitudes of the stresses are identified, their effect in causing

wearout failures is determined. This is done using damage models. Damage mo

dels are

mathematical equations that predict how long a given item can withstand a given stress before
failure due to wearout. (Damage models also may be used in accelerated testing to estimate the
behavior of an item in a longer time at a lower stress level, based on its behavior in a shorter time

at a higher stress level.)

As the name
accumulation
to failures du

implies, damage models are useful for predicting wearout failures
of damage caused by operating or environmental stresses.(Fhey &
e to overstress, or to failures that are caused by defects incmaterial

brous damage models are those that describe the failure mechanis
atomic, level. They are called structural, closed fafm; constitutive, o
xample of such a model is Fick's work in diffusion [1].

The most rig
structural, or
models. An €

Another type| of damage model is the empirical model. Empirical models are not
descriptions pf structural changes, but describe mathematically the data collecte
use. They cdn be viewed as curve fitting, althoughta good knowledge of physics
mechanisms|is often applied to the exercise. Examples of this type of model are
developed fgr humidity testing.

Damage modglels range from the very simple to the very complex. Usually, the si
be said to apply to a wider range of cases, while the more complex models are s
narrow set of applications. Also,.seme of the more complex models can be quite
Engineering jJudgment is requiftedto select the simplest model that gives satisfa
Perhaps the pest advice in this regard is that given by Weibull [2]:

...... there may exist twaor more true relationships of different shapes. Facing th
only reasongble way-t0 act seems to be to choose the one which most easily gi
posed questions.”

lue to the
re not applicable
5 or assembly.

ms at the
r physics-offailure

based on

d from testing or
-of-failure

some of those

mpler models can
pecific to a rather
difficult to use.
ttory results.

is abundance, the
es answers to

A variety of damage model forms is available for durability analysis, and all reas

onable models

should be considered. In this appendix, three general forms are presented: 1) the Arrhenius model,

2) the inverse power law, and 3) the Eyring model. Most of the popular damage

models in use

today are variations of one of these three models. They, and other models, are described in many

publications, and references 3-7 are listed as examples.

-453 -



https://saenorm.com/api/?name=1c728e809c23879ba118073abf13c4ad

SAE ARP5890

B.3.3.1

The Arrhenius Model: Svante Arrhenius [8] developed his model in 1889 to describe the
inversion of sucrose. The model is a rate equation that describes the temperature dependence of
the time required for an event to occur:

where:

(Eq. B1)

= =
o

= >~ m

The produg
of applicab

for two diffTrent reaction temperatures T4 and.T». Thus for a given mechanisn

failure exp

If the cons
an acceler
factor for th

Reaction rate

Constant

Activation energy, in electron volts'
Boltzmann's constant (8.617 x 107 eV/°K)
Reaction temperature, in °K

t of the reaction rate and the time for it to occur i’ constant over its temperature range

lity, or

r1 t1 = r2t2

essed as t, rt; is a constant, and

E,
tf = AekT

nt A and the actjvation energy are unknown, they can be determin
ted test at a temperature higher than that expected in use. This yiel
e Arrhenius.eguation:

bl oexofBe(1 1
e a1 )

(Eq. B2)

, with time-to-

(Eq. B3)

ed by conducting
s an acceleration

(Eq. B4)

where the

= H=C 3 PR BN H 4 " " 2 " il ' 1
UUOoULTPto U arfa timuieaic uotT difu 1Tol TCOopPTULIVTTY.

1. Usually the activation energy is reported in electron-volts, but sometimes it is reported in calories per mole. 1 eV = 23,000 cal/mole.
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B.3.3.1 (Continued):

Use of the Arrhenius equation is illustrated by the example of a thermocompression bond
between two dissimilar metals. The bond strength is reduced over time by the formation of voids
or brittle intermetallics via solid-state diffusion, with an activation energy of 0.9 eV. The use
temperature is 25 °C, and an accelerated test is conducted at 100 °C. The mean time-tofailure is

30 years (Eq. B5)

se graphical
line when the log
ure B2, the mean
is drawn through
bets the 25 °C line

way: accelerated
n the slope of the

blished literature

185 hours.
Equation B-4 can be used to estimate the life of this bond in service, with
t,= Life of te bonds in use
t;= Mean life of the bonds in test = 185 hours
E,=0.9
k= 8.617 x[10-5 eV/°K
T,=25°C F 298 °K
Ti=100 °C|= 373 °K
Then
Eaf1 _1 0.9 1.0
t, = texp| = —-—-—ﬂ = 185 ex [-———-——-———(———éﬂ = 268,435 hours 4
! p[ KT, T P 8.617x107°\298 37

Although Alrrhenius equation calculations.are not difficult, it is often easier to u
methods. Higure B2 shows an example.of an Arrhenius plot, which is a straigh
of time is pjotted versus 1/T. The slope-is equal to the activation energy. In Fig
time-to-failyire (185 hours) is plotted-at the test temperature, 100 °C, and a ling
it with a slgpe equal to the E,,«0r0.9 eV, using the nomograph. This line inters
at approximately 268,000 hours.
The Arrhenjius equationand plotting methods can also be used in the opposite
tests are copnducted at 'several different temperatures, and E, is estimated fror
best-fit line
The importantiterm in the Arrhenius model is the activation energy, E,. The pu

contains many references that report values for E, various mechanisms. In general, E, for
semiconductor failure mechanisms range from 0.3 to 0.6 eV; for intermetallic diffusion, it is in the
0.9-1.1eVrange.

The Arrhenius equation describes thermally-activated mechanisms such as solid state diffusion,
chemical reactions, many semiconductor failure mechanisms, battery life, etc.
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FIGURE B2 - Arrhenids)Plot of Mean Time-to-Failure for Thermocompression Bond
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B.3.3.2 The Inverse Power Law: The inverse power law describes the life of a system that is inversely
proportional to an applied stress. Its general form is

T=— (Eq. B6)

where:

Time tor an event (such as failure) to occur
Constant characteristic of the product
Applied stress

E xponent characteristic of the product

Sw>»-A

Different forms of the inverse power law have been developed forvarious applications. One of
the most common is the Coffin-Manson Law for fatigue testing)[9-10]:

1 B
Ny = A Aep) (Eq. BY)
where:
Nt [ = Number of cycles to failure
A = Constant related to the ‘material
Agp[ = Plastic strain range
B = Constant related to the material

This equation has been modified for a variety of situations [11-16]. It applies tq both isothermal
mechanica| fatigue cycling;-and to fatigue due to mechanical stresses resulting from thermal
cycling. If the total applied stress is much higher than the elastic strain range fopr a fatigue test, a
simplified gccelerationfactor for isothermal fatigue testing is

_ Npy  (Agp\®
AF = 3 = (X?) (Eq. BS)

where u and t denote use and test. The Ae’s could be due to displacement in bending, elongation
in tension, or other mechanical strains. Similarly, a simplified acceleration factor for fatigue
testing in temperature cycling is

_ Niy _ (AT ®
AF = 1 = (ATU) (Eq. BY)

where the AT's are the applied temperature cycling ranges. Some qualifications on the use of
Equation B8 are noted in reference 14, and for Equation B9 in reference 16.
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