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1. 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 
inputs to safety analyses, certification analyses, equipment design decisions, system architecture 
selection and business decisions such as warranties or maintenance cost guarantees.

This Guide may be used to prepare plans for reliability assessment of electronic engine controls in 
which, typically, the impact of failure is high, the operating environment can be relatively severe and 
the opportunity to improve the equipment after the start of production is limited. In this and similar 
industries, accurate estimates of expected equipment reliability are necessary prior to the start of 
production. This guide was produced in response to the recognized need for alternative reliability 
assessment and prediction methods in the wake of the decline in the availability of mil-spec parts and 
the declining use of military specifications and handbooks.

The approach to reliability assessment in this Guide:

• Encourages the equipment manufacturer (the Plan owner) to consider all relevant information 
regarding equipment reliability which may include the effects of design and manufacturing process 
as well as component selection issues. This is in contrast to more traditional methods that focus on 
component reliability as the most significant contributor to the equipment reliability.

• Encourages the equipment manufacturer to define and use the processes that are most effective 
for the manufacturer’s own equipment. This guide does not attempt to prescribe a set of 
acceptable data, algorithms, methods, or equations to be used in reliability assessment, but rather 
to provide a ‘toolbox’ of complementary assessment methodologies based upon a number of 
current practices.

• Describes a continuous process, in which a reliability assessment can be updated as more 
information becomes available during the equipment life 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):

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 Aerospace Recommended (ARP) Practice is intended as a guide towards standard practice 
and is subject to change to keep pace with experience and technical advances.

2. REFERENCES:

2.1 SAE Publications:

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

ARP4754 Certification Considerations for Highly Integrated or Complex Aircraft Systems
ARP4761 Guidelines and Methods for Conducting the Safety Assessment Process on Civil 

Airborne systems and Equipment
SAE 870050

2.2 U.S. Military Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue, 
Philadelphia, PA 19111-5094.

MIL-HDBK-217 Reliability Prediction of Electronic Equipment
MIL-HDBK-87244 Avionics/Electronics Integrity

2.3 RTCA Publications:

Available from RTCA Inc., 1140 Connecticut Avenue, NW, Suite 1020, Washington, DC 20036.

DO-254 Design Assurance Guidance for Airborne Electronic Hardware

2.4 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 for Electronic 
Systems and Equipment
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2.5 International Electrotechnical Commission Publications:

Available from IEC, 3, rue de Varembe, P.O. Box 131, 1211 Geneva 20, Switzerland.

IEC 61508 Functional Safety of Electrical, Electronic and Programmable Electronics 
Safetyrelated Systems

IEC 61709 Electronic Components – Reliability – Reference Conditions for Failure Rates and 
Stress Models for Conversion

2.6 Reliability Analysis Center Publications:

Available from RAC, 201 Mill Street, Rome, NY 13440-6916.

RAC-EPRD Electronic parts Reliability Data
RAC VZAP-95Electrostatic discharge Susceptibility Data

2.7 Air Transport Association of America Publications:

Available from ATA Distribution Center, P.O. Box 511, Annapolis Junction, MD 20701.

ATA Specification 2000 Integrated Data Processing Materials Management

2.8 Other Publications:

Technical Reference TR-TSY-000332 “Reliability Prediction Procedure for Electronic Equipment”, 
Telcordia Technologies

British Telecom Handbook “Handbook of Reliability Data for Components used in 
Telecommunications Systems”, British Telecom, Materials and Components Centre, 1987

British Telecom “Handbook for Reliability Data”, Issue 5 (HRD5)

Centre National D’Etudes des Telecommunications (CNET) Handbook

Nippon Telegraph and Telephone Handbook

Siemens Standard SN29500
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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 to disassembly without 
destruction or impairment of design use. They are sometimes called parts, or piece parts. Examples 
are resistors, capacitors, diodes, etc.

Electronic Engine Control:  Primarily LRU (EEC) but not excluding possible application to other 
elements of the control 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-Free Operating Period

FMEA:  Failure Mode and Effect Analysis

FMECA:  Failure Mode Effect and Criticality Analysis

FRACAS:  Failure Reporting, Analysis and Corrective Action System

FTA:  Fault Tree Analysis

Life-Cycle:  A period of time extending from the equipment concept design phase through to the end of 
in-service support and disposal.

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):

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 Limited Dispatch

TTF:  Time to Failure

4. RELIABILITY ASSESSMENT PLAN FOR ELECTRONIC ENGINE CONTROLS:

4.1 Plan Content:

A Reliability Assessment Plan for Electronic Engine Controls, prepared in accordance with this 
Guide, should record the processes used to satisfy the provisions of 4.1.1 through 4.1.5, shown 
schematically in the Assessment Diagram of Figure 1.

Detailed descriptions 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 assessment process. Use of a diagram similar to that of Figure 1 is recommended to 
communicate the major elements of the Plan.

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 as described in 
4.6.

4.1.1 Process: Reliability assessments depend upon a correct understanding of the reliability 
requirements and should be conducted according to a documented, controlled, and repeatable 
process that combines those data and methods that are appropriate to the product type and its life-
cycle stage (e.g., design, qualification, in-service, etc).

4.1.1.1 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 
equipment, including internal customers.

The primary sources for reliability requirements will be customer requirements specifications and 
regulatory agency regulations in conjunction with internal technical and business objectives.

Where reliability requirements from these sources are specified as tangible and unambiguous, 
then Figure 2 should include traceability to the original requirement.

For those reliability objectives that require further clarification, Figure 2 may be used to define 
and agree upon a set of derived requirements. These requirements should be based upon well 
defined reliability metrics, such as MTBF, TTF or MFOP, and should record the agreed 
interpretation of the requirement with any assumptions. Traceability from the derived requirement 
to the original higher level, less tangible, reliability objective should be provided.

The form of Figure 2 may be used to record test, analysis and in-service data. The form may then 
provide an ongoing indication of the predicted versus actual reliability performance of the 
equipment, as it progresses through the design and development cycle and into revenue service. 
Figure 2 may also be used to provide traceability from the original reliability requirement to each 
test and analysis activity carried out to verify that the equipment performance will meet its 
specified requirements.

4.1.2 Data: Data used in reliability assessment should be obtained from credible and relevant sources 
and should be controlled, updated, accessed, and used according to consistent processes. Data 
may be obtained from equipment, sub-assembly or component testing, in-service performance, 
and other relevant data sources. A process that defines how the accuracy and completeness of the 
data are determined should be included in the Plan.

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.

4.1.2.1 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 and similar 
applications;

5. Manufacturing and Statistical Process Control data from similar equipment, components, and 
sub-assemblies;

6. Development test data from engineering;

7. Environmental stress screening, functional test, and acceptance test data from production 
and

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

Examples of data from other sources are:

1. Data from component manufacturers;
2. Data from industry and consortia databases, and
3. Data from handbooks.

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;
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4.1.2.1   (Continued):

5. Failure mechanism;

6. Failure 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 failure occurred (including 
aircraft duty cycle, i.e. operating versus non-operating, powered hours);

9. Corrective actions for the failure;

10. Failure analysis results, including root cause;

11. Total population exposure time or cycles (possessed, operating, or flight).

12. Trending and prognostic data.

It is essential to select data that will enable calculation of appropriate reliability metrics.

4.1.2.2 Data Collection, Storage, and Retrieval: A description of the processes the Plan owner will use 
to collect, store and retrieve reliability assessment data should be included in the Plan. The data 
are usually integrated into a larger database, as opposed to a separate reliability assessment 
database. If this is done properly, all relevant data, including lessons learned, are available to 
design and manufacturing personnel for use on current and future equipment. When using field 
data for the purposes of reliability assessment it is crucial to understand the accuracy of the data 
and the integrity of the data collection process itself. For example, when using field data to 
predict a critical failure rate, such as LOTC, for a safety analysis, it is necessary to ensure that 
source data is current, complete and provided by a collection process that will focus on capturing 
all pertinent data.

Limitations in 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.
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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 
process improvements. Guidelines for managing reliability assessment validation and 
improvement is detailed in 4.1.5.

A description of all the methods the Plan owner will have available for assessing the expected 
reliability of a given equipment (including the necessary calculations) using the data described in 
4.1.2, should be included. The Plan owner may select the methods described within this section or 
other methods that the Plan owner intends to have available. The intent is for the Plan owner to 
document all the analysis and calculation processes that will be available.

More than one method may be applicable to the subject equipment. In fact it may be advantageous 
for the Plan owner to apply more than one method to a single product in order to establish a 
representative reliability assessment. The Plan should include a justification for the selection of the 
particular assesement method(s). The justification process should be described in the Plan and 
include sound statistical evidence that can demonstrate that the data source and method are 
applicable to the assessment application in question.

4.1.3.1 Similarity Analysis: Similarity analysis includes the use of in-service equipment performance 
data to compare newly designed equipment with predecessor equipment for predicting end item 
reliability. Appendix A offers guidelines in the form of examples of this method.

Comparisons of similar equipment may be made at the end item, sub-assembly, or component 
level using the same field data, but applying different algorithms and calculation factors to 
various attributes, described below. Comparison with similar equipment may also be made at the 
functional level to provide base failure-rate data for safety analysis or architectural decision 
making. SAENORM.C
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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. Manufacturer’s experience with similar components and processes;
7. Built in test and fault isolation features;
8. Test and maintenance processes;
9. Components and materials;
10. Date or 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, operating and environmental conditions may include steady-state temperature, 
humidity, temperature variations, electrical power, duty cycle, mechanical vibration, etc.; 
equipment design features may include number of components (separated according 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 predecessor 
equipment.

Although the concept of similarity analysis is based very much on locating a ‘similar’ 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 assessed, then a similarity analysis may be conducted at a lower level (e.g., subassembly, 
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, for 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.
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FIGURE 3 - Similarity Analysis Checklist

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p5

89
0

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


SAE    ARP5890      

- 15 -

4.1.3.2 Durability Assessment: Durability assessment may include analysis, testing or a combination 
thereof. It is a structured process that includes the following major steps:

1. Determine operational and environmental loads that the equipment will experience 
throughout its life, including shipping, handling, storage, operation, and maintenance.

2. Determine transfer functions between applied loads and boundaries of FEA, for example box 
to circuit card vibration resonances and damping.

3. Determine the magnitudes and locations of significant stresses using, for example, FEA.

4. Determine the likely failure sites, mechanisms and modes using, for example, FEA

5. Determine how long the significant stresses can be withstood or sustained using the 
appropriate damage models, e.g., Arrhenius equations, inverse power laws, etc.

6. Report the results as a list of failure sites, mechanisms, and modes; rank-ordered according 
to the time expected for failure to occur.

Results from accelerated test methods are recommended as sources of test data for input to the 
durability assessment.

The durability assessment process should be capable of evaluating, as a minimum, the longterm 
effects of thermal, vibration, and electrical stresses. Capability for other stresses, such as 
humidity, should be included as needed. It is highly desirable that the assessment be capable of 
evaluating the effects of a number of stresses simultaneously. Physics of Failure models can be 
useful for this purpose.

A durability assessment is not limited to use at an LRU level. In fact in some cases it may be 
difficult to provide an overall reliability assessment for an equipment which contains many 
devices, each with multiple failure modes. In these cases durability assessment may be used 
effectively at a lower level, to analyze specific failure modes and mechanisms within the 
equipment, which cannot be represented by a constant failure rate. The results of this analysis 
may then be used as part of a higher level analysis, to 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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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 testing is known by various other names, such as STRIFE (STRess-lIFE), HALT 
(Highly Accelerated Life Testing), RET (reliability enhancement testing), and others.

Step stress tests are conducted by exposing the units under tests to relatively low levels of 
stress, and then increasing those levels in a controlled, stepwise manner until at least one of the 
following occurs:

• Stress levels are reached that are significantly higher than those expected in service;

• All the test units fail irreversibly or unrepairably; or

• Irrelevant failures begin to occur or dominate as new failure mechanisms become evident at 
higher stress levels. Irrelevant failures are those which are not associated with the design of 
the test unit, such as equipment failure, handling damage, or defects in the production of the 
test unit.

Statistical analysis techniques (such as Bruceton methods) are used to estimate the reliability 
parameters. The Reliability Assessment Plan should select which equipment will be subjected to 
these methods and which analysis methods (or commercially available software) will be used.

Figure 5 shows a sample checklist that may be used to facilitate an effective sensitivity analysis 
and concise results report.
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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;
• British Telecom Handbook;
• Centre National D’Etudes des Telecommunications (CNET) Handbook;
• IEC 56 Sec 60348;
• MIL-HDBK-217;
• Non-electronic Parts Reliability Data NPRD-95;
• Nippon Telegraph and Telephone Handbook;
• RAC PRISM;
• RAC-EPRD;
• RAC-VZAP;
• Siemens Standard SN29500 and
• SAE 870050.

It is expected that the appropriate handbook will be selected for each application. 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 done, 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 manufacturing life cycle of 
non-Mil parts 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 that the 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 , Rome Air 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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FIGURE 6 - Handbook Checklist
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4.1.4 Results: Reliability assessment results should be reported in consistent formats, with sufficient 
information provided 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 some other controlled document, referenced in the Plan.

4.1.4.1 Uses of Reliability Assessment Results: Reliability assessment results are typically used for:

Reliability Program Planning and Monitoring;
Safety Analyses;
Business Decisions ;
Equipment Design Decisions and
System Architecture Decisions.

Results reports should include all relevant data with sufficient supporting detail to enable the user 
of the report to understand the uses, limitations, and uncertainties of the results.

4.1.4.1.1 Reliability Program Planning and Monitoring: Reliability assessment results may be used as 
deliverables at various milestone points in the product design, development, production, and 
service life cycle. Reliability program planning should include reliability assessments based on 
various activities carried out at different stages in the cycle (examples include assembly 
screening planning, reliability development test planning and reliability verification test 
planning). Quantitative reliability metrics such as MTBF, failure free operating period, time to 
failure, reliability growth management goals and reliability acceptance requirements should 
also be identified. The Reliability Assessment Plan should ensure that sufficient analysis and/or 
testing is conducted so that these metrics can be produced with the accuracy and confidence 
required to support reliability program planning decisions in a timely manner. Bayesian 
statistics may be used to reduce required test sample sizes if the basis of the prior distribution 
is identified and justified in the Reliability Assessment Plan.SAENORM.C
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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:

• Fault Tree Analysis (FTA);
• Markov Analysis;
• FMEA and
• FMECA.

Traditionally, the handbook approach to reliability assessment has been used exclusively to 
provide base failure rate data for use in system safety assessment. However, with future 
designs containing fewer military parts and showing an increasing trend in the usage of very 
complex, highly integrated devices and COTS products, the handbook approach to reliability 
assessment is becoming less attractive.

This document describes a number of alternative reliability assessment methods that can 
provide failure rate data from an equipment level down to a functional or piece part level. (For 
System Safety Analysis the ability to assess the reliability of specific functions is particularly 
important.). When selecting a particular methodology for a specific application, the Plan owner 
should review the accuracy and limitations of the approach to provide a justification for its 
usage, within the Plan. This justification should include the uncertainty and confidence factors 
associated with the assessment method results.

SAE ARP4761 provides guidelines for use of reliability assessment results for a Safety 
Analysis.

4.1.4.1.3 Business Decisions: Examples of business decisions that rely heavily upon the results of 
reliability assessment include warranty decisions, maintenance cost guarantees and power-by-
the-hour-agreements, planned design updates, spares provisioning, maintenance scheduling, 
budgeting and staffing.  Applicable metrics may be expressed in cost of ownership terms such 
as service delay and cancellation or operator maintenance burden.

The Plan owner should be able to demonstrate how the results of the reliability assessment are 
used to substantiate the business decisions.

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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4.1.4.1.4 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 substantiate system architecture decisions.

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

• Fault tolerant design and Built In Test; , e.g. test method, coverage, or frequency;
• Top level hardware and functional partitioning;
• Redundancy requirements, and
• Maintenance support for prognostics.

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

• Comparing hardware technologies, e.g., digital processor, digital logic array versus analog;
• Comparing detailed circuit architecture alternatives;
• Comparing utilization, duty cycle, or electrical stress derating alternatives;
• Comparing components, e.g., integrated versus discrete;
• Comparing packaging technologies, 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 system architecture decisions the Plan owner should be able to demonstrate how the 
reliability assessment results are used to substantiate equipment design decisions.

4.1.4.2 Limitations of Reliability Assessment Results: Limitations and uncertainties should be 
quantified, if possible. The statistical significance, based upon the population of 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.

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p5

89
0

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


SAE    ARP5890      

- 24 -

4.1.4.2   (Continued):

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 reliability estimate differs significantly from the measured in-service performance of similar 
equipment in similar applications, then the measure of uncertainty in the result will be recorded 
as part of the validation process described in 4.1.5.1. The output from this ongoing validation 
activity can then be used to guide in the selection of the most appropriate assessment method for 
any subsequent analysis, based upon the most current understanding.

4.1.5 Reliability Assessment Process Improvement: Reliability assessment results should 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 description 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 descriptions of the processes for verifying reliability assessment results, and for using 
those results to improve the processes.

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

Types of validation include:

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

• Comparing failure sites, modes, and mechanisms predicted by reliability assessments 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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4.1.5.2 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.

• Modifying the equations, algorithms, and calculation methods of 4.1.3;

• Adoption of developing reliability assessment methods from both industry, research 
establishments and academia as their use proves viable for Aerospace application.

• Identifying further predecessor equipment for similarity analysis modeling.

• Improved guidance for interpreting assessment results for effective decision making

Plan owners may already have processes in place for data collection and analysis, or systems in 
place to use factory data, customer reject data, and in-service data to improve the design and 
manufacturing processes for equipment improvement, e.g., FRACAS, reliability growth, reliability 
enhancement, statistical process control, etc. The processes that are documented should build 
on those processes and add information for improving the reliability assessment process, rather 
than replace or supersede them.

4.2 Plan Applicability:

The Plan should define the range of equipment designed or manufactured by the Plan owner, to 
which the Plan applies.

The range of equipment is not intended to be a list of part numbers. It may include, for example, the 
applicable market segment or equipment line, e.g., “This Plan applies to all equipment manufactured 
for aerospace applications.” It also may include a time frame, e.g., “This Plan applies to all 
equipment manufactured after the date this Plan is approved.” The range of equipment also may be 
limited or required by certain contractual agreements.

4.3 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 interface between 
the Plan owner and outside parties in matters pertaining to the Plan. The focal point should assure 
that the Plan is reviewed and updated as needed.

4.6 Plan References:

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

PREPARED UNDER THE JURISDICTION OF
SAE COMMITTEE E-36, ELECTRONIC ENGINE  CONTROLS
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APPENDIX A
SIMILARITY ANALYSIS EXAMPLES

A.1 SCOPE:

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

A.2 HOW TO USE THIS APPENDIX:

The choice of the most appropriate reliability assessment method for any given application depends 
on product type, reliability requirements and available data. In addition, there are many ways to 
implement similarity analysis, and the most appropriate method and implementation should be 
selected.

This appendix includes descriptions of the data required (see A.3.1), an example of the method (see 
A.3.2), use and limitations of results (see A.3.3), and reliability assessment process improvement 
(see A.3.4).

Although the example in this appendix addresses calculation of MTBF, it also could be used for other 
reliability metrics.

A.3 EXAMPLE SIMILARITY ANALYSIS:

Two implementation options for the similarity analysis are described. These two options are referred 
to as: High Level and Low Level similarity analyses. The primary difference between the two options 
is that a higher level of similarity is required for the high level similarity analysis. To show the 
versatility of the similarity analysis method, the high level example will be performed at the LRU level 
and the low level example will be performed at the functional level, though either method can be 
applied at any level.

A.3.1 Data:

A.3.1.1 In-Service Reliability Data: In-service data collection and analysis are foundations 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   (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.

A.3.1.2 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 defines the end-item, as well as information defining the design process, manufacturing 
process and end use environment. Examples of end-item documentation are requirement 
documents, electrical and mechanical parts lists, and layout drawings. This data is used to 
identify characteristic differences between new and predecessor end-items. A listing of potential 
characteristic differences is shown in Figure A1.

A.3.2 Methods:

The process steps, spreadsheets, and calculations used in the example similarity analysis 
methods are described in the following paragraphs. Figure A2 contains an overall flowchart for this 
process.

A.3.2.1 Physical Model Categories: Similarity analysis uses the physical model categories described in 
this section to compare new and predecessor end-items or assemblies.

The first 5 categories cited below, are part type component level categories that quantify the field 
failures due to components. The next two categories are design and manufacturing processes. 
Additional categories 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 manufacturing processes (Category 6), and component misapplication and 
overstress are categorized under the design processes (Category 7). The following categories 
are cited as examples of a physical model:

Category 1:  Low-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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FIGURE A1 - Example Characteristic Differences
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FIGURE A2 - Example Similarity Analysis Flowchart
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A.3.2.1   (Continued):

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.

A.3.2.2 Process Steps: Figure A1 contains a flowchart of the process steps for similarity analysis. 
Descriptions of each process step with applicable references to the example spreadsheets of 
Figures A3 and A4 are contained in the following paragraphs.

Step 1: Compare the new equipment with equipment for which in-service data exist.  This can be 
done at the end-item or the assembly level. If it is done with multiple predecessor end-items or at 
the assembly level, then the remaining steps may need to be performed individually for each 
predecessor end-item or assembly.

The output of this step is identification of one or more end-items or assemblies, which are 
sufficiently similar to the new equipment, or its assemblies, that comparable levels of reliability 
are anticipated. Sufficient similarity is determined on the basis of the analyst’s knowledge of the 
equipment involved, the relevant reliability drivers, and experience with the process. Process 
experience may indicate that, if the number of differences exceed a specified number, reliability 
assessment results are no longer usable.

Decision Block: If a high degree of similarity is found between the new and predecessor item, 
either at the device or assembly level, then a high level similarity analysis would be the 
appropriate choice. In this case continue with steps 2H-5H. The remaining process steps and 
equations for the high-level similarity analysis are described in A.3.2.2.1.

If insufficient similarity is found to perform a high-level similarity analysis, a low-level similarity 
analysis approach may still be used. Proceed with steps 2L-5L to perform a low level similarity 
analysis if the comparison in step 1 has identified that field data for a group of predecessor 
products has sufficient similarity to the new product. A high level 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 similarity 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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A.3.2.2.1 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 
predecessor end-item. If an assembly or functional level analysis is performed, a separate 
spreadsheet should be completed for each predecessor assembly or function.

Step 3H: Evaluate each characteristic difference, identified in step 2H above, relative to the 
expected reliability difference between the new and predecessor item. This evaluation is 
quantified relative to the individual physical model categories defined in A.3.2.1.

In this step an entry is made for each category of each characteristic difference, as shown in 
Figure A3. If no impact is expected for a particular characteristic difference in that category then 
no entry is necessary (a “1” is assumed). Entries that are expected to improve reliability are 
less than one, and entries that are expected to degrade reliability are greater than one.

To further clarify the entry for the characteristic difference in Figure A3, “Combined circuits on 
A2 into ASIC,” describes the combination of a number of individual components into a single 
ASIC. The entries in Figure A3 indicate that there was an overall reduction of 11% in low 
complexity passive parts, 2% in interconnects, and 15% in low complexity semiconductors. The 
added ASIC increased the high complexity category parts count by 20%.

Step 4H: Incorporate the in-service failure data for the predecessor end-item or assembly into 
the spreadsheet of Figure A3. The in-service failure data, described in A.3.1.1, must be 
compiled in the form of percentages to quantify the failure mode distribution, by physical model 
category and an overall failure rate.

For the failure mode distribution, the causes for all in-service failures, of the end-item or 
assembly, are assigned to the physical model categories. The failure quantity in each category 
is then divided by the total failure count to quantify the percent contribution 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 
paragraphs.
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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”.

Calculate the “Failure Rate Ratio” entry as the sum of all entries in the row labeled “Failure 
Rate Impact Per Category”.

Calculate 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 spreadsheet depicting the high-level similarity analysis implements equation 1, which is 
shown as follows:

(Eq. A1)

where:

λP = Field failure rate for the predecessor end-item or assembly
DN = Failure mode distribution percentage for category N
FN = Difference factor between the new and predecessor end-item or assembly 

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

The above equation is 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 the number of user defined categories.

Though not shown in the spreadsheet, individual category failure rates can be 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”.

New Product Failure Rate (λ ) λP∗ DN∗FN( )
N 1=

7

∑=
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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 into the spreadsheet of Figure A4 in the row labeled “expected category failure rates”.

If different predecessor data is being used for different new product functions, a separate 
spreadsheet will be required for each set of predecessor data. In a similar manner, if multiple 
predecessor products will be used, the data can either be compiled into a single spreadsheet or 
a separate analysis with separate spreadsheets can be used for each predecessor product.

Step 3L: Quantify the number of components, by type, for each of the functional levels 
identified in the first column of the spreadsheet of Figure A4. The component quantities are put 
into the appropriate component category, and entered into the spreadsheet.

Step 4L: Quantify and list the manufacturing and design process differences between the new 
and fielded equipment(s). Figure A1 shows a list of potential differences to be considered for 
the manufacturing and design processes.

The individual difference factors (multipliers) are themselves multiplied to determine a 
composite failure rate factor for the manufacturing failure rate, and a composite failure rate 
factor for the design failure rate. Figure A5 shows the identified process factors and their 
product for the example analysis.

The total process factors are entered into the first open spaces under the Category 6 
(Manufacturing Process) and Category 7 (Design Process) columns of Figure A4.

The above description assumes that the manufacturing and design failure rates represent 
mature (constant) failure rates. If these failure rates are not constant, the constant failure rate 
may be replaced with another type, e.g., Weibull, but the algorithms and equations will need to 
be changed.

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:

• Calculate the row labeled “Sum of Category Counts” for categories 1-5 by adding the 
entries for each level identified in column 1.

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

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p5

89
0

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


SAE    ARP5890      

- 37 -

FIGURE A5 - Example Process Difference Factor TablesSAENORM.C
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A.3.2.2.2   (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 
“Total Category Failure Rate”. This failure rate could then be used to calculate MTBF or 
other appropriate reliability metrics.

(Eq. A2)

(Eq. A3)

where:

QL,C = Part quantities for function number “L” and component category "C"
PT = Total number of parts in the device, calculated by:

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 = Number of function levels in the assessment
λC = Represents the expected category failure rate for category “C”
FM = Represents the Process Factor for the manufacturing process
FD = Represents the Process Factor for the design process
λ6 = Represents the expected category failure rate for the manufacturing process - 

category 6
λ7 = 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).

Total Product Failure Rate (λ ) QL C, ∗λc FM∗λ6( ) FD∗λ7( )+ +
L 1=

n

∑
C 1=

5

∑=

Total Function Failure Rate QLC∗λC( )
C 1=

5

∑ ( QLC/PT )∗ FM∗λ6 FD∗λT+( )
L 1=

5

∑+=

PT QLC
L 1=

n

∑
C 1=

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. Distribute based on prior knowledge of problems areas encountered in similar products.

The method for distributing the process failure rate can be different between manufacturing and 
design. A combination of the two methods can also be used i.e. distribute based on parts count 
then adjust for prior knowledge.

A.3.3 Use and Limitations:

Results from the similarity analysis reliability assessment method can be directly applied to 
equipment design decisions, business decisions, system architecture decisions and safety 
assessment decisions. Applicability to safety assessment depends on the safety analysis 
requirements, and also on the level at which the reliability assessment was performed.

A.3.4 Process Improvement:

After adequate in-service history has been attained for the product, the field data are compared to 
the reliability assessment results. Inconsistencies are evaluated for potential process changes. 
These changes may effect the data collection and analysis process or directly impact the process 
contained in the Plan document.
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APPENDIX B
DURABILITY ANALYSIS

B.1 SCOPE:

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

B.2 DESCRIPTION AND USE OF DURABILITY ANALYSIS:

Durability analysis is defined as the analysis of the equipment’s response to the stresses resulting 
from operation, maintenance, shipping, storage, and other activities throughout its specified life cycle 
in order to estimate its expected life.

As the definition indicates, the results of a durability analysis are stated in expected time to failure, 
rather than as a failure rate or MTBF. Durability analysis results indicate the length of time an 
individual item is expected to last prior to failure, rather than the frequency with which a group of 
items is expected to fail. This concept is illustrated in Figure B1.

Typically, reliability analysis is aimed at assessing the random failures that will occur in the 
equipment during its useful life. These failures are usually assumed to be repairable, and may be 
due to a variety of causes, such as defects in the equipment, improper use, damage due to unusual 
conditions, inadequate maintenance, etc. Durability analysis, on the other hand, assesses failures 
due to wearout of certain elements of the design.

The major steps of durability analysis are:

1. Determination of operating and environmental conditions;
2. Stress analysis; and
3. Damage modeling.

Each of the above steps are discussed in this Appendix.
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FIGURE B1 - Illustration 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 analysis is concerned with determining the specific responses of the equipment to the 
specific stresses that the equipment will encounter during its lifetime. For this reason, durability 
analysis begins with determining the types, magnitudes, and sources of all the conditions in which 
the equipment must be operated, stored, or handled.

Operating conditions include:

• 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   (Continued):

Environmental stress include:

• Ambient steady state temperature;
• Variations in ambient temperature;
• Ambient moisture;
• Ambient chemical contaminants;
• Mechanical shock due to handling;
• Mechanical vibration due to transportation; and
• Any other environmental conditions that may cause failures.

Some of the conditions described above may be obtained from the customer, and others may be 
obtained from design handbooks or similar publications. It may not be possible to quantify all the 
necessary information regarding environmental and operating conditions. In these cases, 
engineering judgment may be required. If a condition is known, or strongly suspected, to exist, it is 
usually better to estimate it than to ignore it.

Many of the relevant conditions may occur only in certain phases of the equipment’s expected life, 
such as storage, shipping, etc. It is important to know or estimate credibly the duration of each of 
the conditions.

B.3.2 Stress Analysis:

The conditions described above may result in life-limiting stresses in the equipment. Stress 
analysis is the determination of the magnitudes and locations of those stresses. In some cases, the 
stresses may be uniform throughout the equipment, e.g., temperature conditions may be uniform 
when the ambient temperature is stable and the equipment generates little or no heat during 
operation. In most cases, however, the stresses will vary both temporally and spatially.  In almost 
all cases, the ability of the various elements of the equipment to withstand the stresses will vary.

Usually, stress analysis is conducted with some type of computer-aided analytical process, such as 
finite element or finite difference analysis. The results of this type of analysis are usually reported 
graphically, with the areas of greatest stress being highlight in some easily detectable way.SAENORM.C
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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 models 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 implies, damage models are useful for predicting wearout failures due to the 
accumulation of damage caused by operating or environmental stresses. They are not applicable 
to failures due to overstress, or to failures that are caused by defects in materials or assembly.

The most rigorous damage models are those that describe the failure mechanisms at the 
structural, or atomic, level. They are called structural, closed form, constitutive, or physics-offailure 
models. An example of such a model is Fick's work in diffusion [1].

Another type of damage model is the empirical model. Empirical models are not based on 
descriptions of structural changes, but describe mathematically the data collected from testing or 
use. They can be viewed as curve fitting, although a good knowledge of physics-of-failure 
mechanisms is often applied to the exercise. Examples of this type of model are some of those 
developed for humidity testing.

Damage models range from the very simple to the very complex. Usually, the simpler models can 
be said to apply to a wider range of cases, while the more complex models are specific to a rather 
narrow set of applications. Also, some of the more complex models can be quite difficult to use. 
Engineering judgment is required to select the simplest model that gives satisfactory results. 
Perhaps the best advice in this regard is that given by Weibull [2]:

"......there may exist two or more true relationships of different shapes. Facing this abundance, the 
only reasonable way to act seems to be to choose the one which most easily gives answers to 
posed questions."

A variety of damage model forms is available for durability analysis, and all reasonable 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.
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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:

(Eq. B1)

where:

r = Reaction rate
ro = Constant
Ea = Activation energy, in electron volts1

k = Boltzmann's constant (8.617 x 10-5 eV/°K)
T = Reaction temperature, in °K

The product of the reaction rate and the time for it to occur is constant over its temperature range 
of applicability, or

(Eq. B2)

for two different reaction temperatures T1 and T2. Thus for a given mechanism, with time-to-
failure expressed as tf, rtf is a constant, and

(Eq. B3)

If the constant A and the activation energy are unknown, they can be determined by  conducting 
an accelerated test at a temperature higher than that expected in use. This yields an acceleration 
factor for the Arrhenius equation:

(Eq. B4)

where the subscripts u and t indicate "use" and "test" respectively.

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.

r roe
Ea

kT
-------–

=

r1t1 r2t2=

tf Ae
Ea

kT
-------

=

AF
tu

tt

----
Ea

k
------ 1

Tu

------
1
Tt

---- – 
 exp= =
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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 
185 hours.

Equation B-4 can be used to estimate the life of this bond in service, with

tu= Life of the bonds in use
tt= Mean life of the bonds in test = 185 hours
Ea= 0.9
k= 8.617 x 10-5 eV/°K
Tu= 25 °C = 298 °K
Tt= 100 °C = 373 °K

Then

(Eq. B5)

Although Arrhenius equation calculations are not difficult, it is often easier to use graphical 
methods. Figure B2 shows an example of an Arrhenius plot, which is a straight line when the log 
of time is plotted versus 1/T. The slope is equal to the activation energy. In Figure B2, the mean 
time-to-failure (185 hours) is plotted at the test temperature, 100 °C, and a line is drawn through 
it with a slope equal to the Ea, or 0.9 eV, using the nomograph. This line intersects the 25 °C line 
at approximately 268,000 hours.

The Arrhenius equation and plotting methods can also be used in the opposite way: accelerated 
tests are conducted at several different temperatures, and Ea is estimated from the slope of the 
best-fit line.

The important term in the Arrhenius model is the activation energy, Ea. The published literature 
contains many references that report values for Ea various mechanisms. In general, Ea for 
semiconductor failure mechanisms range from 0.3 to 0.6 eV; for intermetallic diffusion, it is in the 
0.9 – 1.1 eV range.

The Arrhenius equation describes thermally-activated mechanisms such as solid state diffusion, 
chemical reactions, many semiconductor failure mechanisms, battery life, etc.

tu tt
Ea

k
------ 1

Tu

------
1
Tt

---- – 
 exp 185 exp 0.9

8.617x10 5–
----------------------------- 1

298
---------- 1

373
----------– 

  268,435 hours = 30 years= = =
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FIGURE B2 - Arrhenius 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

(Eq. B6)

where:

τ =  Time for an event (such as failure) to occur
A =  Constant characteristic of the product
S =  Applied stress
n =  E xponent characteristic of the product

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

(Eq. B7)

where:

Nf =  Number of cycles to failure
A =  Constant related to the material
∆εp =  Plastic strain range
B =  Constant related to the material

This equation has been modified for a variety of situations [11-16]. It applies to both isothermal 
mechanical 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 for a fatigue test, a 
simplified acceleration factor for isothermal fatigue testing is

(Eq. B8)

where u and t denote use and test. The ∆ε’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

(Eq. B9)

where the ∆T'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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