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Foreword xvii

FOREWORD

In addition to providing an update to all of the subject material in the popular
RAC publication PRIM-1, this new publication also includes the most pertinent
military standards and handbooks dealing with Logistics and with Space Programs.
Twenty-one new documents have been added in PRIM-91.

To further assist the reader in those instances where the reference document
has been revised (i.e., a revision letter added or changed since PRIM-1 was
issued) the most significant changes to that document are summarized in the
beginning of the chapter in a bold, boxed format as shown.

This publication is intended to provide brief resumes of the most pertinent
Military Specifications, Standards and Handbooks dealing with Reliability,
Maintainability, Safety and Logistics (R, M, S, & L). It is addressed to program
managers and other individuals who need to get a good quick overview of the most
important applicable military documents in the field. It provides the user with a
single reference guide to the applicability and use of the most pertinent R, M, S & L
documents, thereby avoiding the separate ordering and review of each document to
determine its application to his program. This feature should be especially helpful
in proposal writing efforts by relatively new companies in the field, or companies
who may not be familiar with government contracting.

The book consists of fifty-nine chapters. The chapters average ten pages or less in
length and each focuses on a single specification or handbook. Each chapter gives a
brief description of the specification or handbook, explains its significance to the
program and/or phase of the programs, describes its purpose, lists any applicable
Data Item Description (DID's) and gives a brief explanation of how to use the
document and, if necessary, how to tailor the requirements of the document. It also
differentiates between those specifications which are tri-service approved and those
which are unique to a specific branch of the military.

Chapter 1 provides the reader with additional general information on
specifications, standards and handbooks and the important distinctions between
them and provides guidance to the section of the Primer most appropriate to the
reader's interest.
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1.1  PURPOSE

When first introduced to a major system or equipment development/procurement
program having formal contractual Reliability, Maintainability, Safety and Logistics
requirements (R, M, S & L), it is easy to become dismayed by the number and the
sheer volume of the applicable military R, M, S & L specifications, standards and
handbooks. To further complicate matters, not all of the applicable documents will
be explicitly referenced in the contract and the statement of work (SOW), the request
for proposal, or the invitation to bid. Frequently it will be necessary to dig through
successive layers of documents to uncover references to other equally applicable R,
M, S & L documents.

The purpose of this publication is to assist the reader in this arduous task by pulling
together in a single location summaries of all of the most commonly referenced
military specifications, standards and handbooks on reliability, maintainability and
safety.

It is the intent of the publication to lead the reader through this maze of paper by
summarizing some fifty-nine different R, M, S & L specifications, standards and
handbooks which, collectively, contain thousands of pages. The documents
addressed vary in length from five pages to over one thousand pages and together
they contain fifty or more different appendices. (Indeed, in a few cases the
appendices to the documents are more significant to the program than the
documents themselves.)

1.2  SCOPE

The specifications, standards and handbooks synopsized in this document are
applicable (with suitable tailoring) to system and equipment development and
procurement programs of all three of the service branches, Army, Navy and Air
Force and are useful in commercial development and manufacture as well.

Since all of the documents are continually undergoing change, this publication is
necessarily a single snap-shot in time; thus, we have endeavored to indicate clearly
the most current issue of each document, the revision letter, and its date of release
at the time of this publication. Because of the frequency with which (change) notices
are issued to the documents we have not (with a few exceptions) attempted to
identify the current applicable (change) notice to each document. Therefore the
reader is cautioned to verify the revision letter, release date and all applicable
(change) notices of his required program documentation, prior to use.

All of the material in this publication is only an advisory to the use of the
specifications, standards and handbooks it addresses. This document does not
supersede, modify, replace or curtail any of the requirements of these specifications,
standards and handbooks nor should it be used in their stead.
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1.3

GENERAL INFORMATION REGARDING MILITARY SPECIFICATIONS
AND HANDBOOKS

Before looking at each of the individual detailed specifications, standards and
handbooks (Specs, Stds & Hdbks) we should address some more general topics
which will have an effect upon all of the documents to be studied. For instance,
some general questions which might be raised by the user of military specifications,
standards and handbooks, are:

1.

How do I determine exactly which (Specs, Stds & Hdbks) apply to
my contract/program?

Which version, (revision letter, change notice, etc.) applies for each
(Spec, Std & Hdbk)?

Is there any significant difference between a MIL-STD and a MIL-
HDBK?

What is the difference between a "tri-service approved” document
and a "limited approval” document?

What are "Contractor Program Plans" and what impact do they
have upon my contract/program?

What does "Tailoring" of specification requirements refer to?
When, where and how is tailoring used?

What are Data Item Descriptions (DIDs) and what bearing do they
have upon each specific task?

How and where can I obtain the applicable copies of all of these
necessary documents?

The answer to these and other, similar questions may be found in the following
portions of this chapter.

Documents Requirements Hierarchy

It is important to understand the derivation of the reliability,
maintainability, safety and logistics program requirements and the
hierarchical structure by which the applicable document requirements are
established. In contracts for the design or development of equipment for
the military services the applicability of some military specifications and
handbooks will be stated explicitly in the Statement of Work (SOW) or in
the contract itself. The inclusion of other pertinent documents, however,
may be overlooked. It may be necessary to trace the requirements flow in a
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hierarchical manner through a number of successive documents to
determine the applicability of a specific military specification or handbook
to the program.

For additional information regarding the exact order of precedence of the
various military specifications and standards the reader is referred to MIL-
STD-143, "Standards and Specifications, Order of Precedence for the
Selection of,".

. Contract, SOW, Approved Plans, Specification

The contract (of which the SOW is a part) is the top document in the
hierarchical structure.

Next in line, depending upon the nature of the program, may be a
formaily approved operating plan, which the contractor has submitted
with his proposal (such as the Reliability Program Plan called for in MIL-
STD-785, Task 101 or the Maintainability Program Plan called for in MIL-
STD-470, Task 101). This document may in fact modify specific
requirements found later in military specifications and handbooks. This
approach will frequently be utilized where tailoring of specification
requirements to meet the needs of a specific program is encouraged.

. "Tailoring" of MIL-STD-Requirements

In accordance with DoD Directive 4120.21 most modern MIL-STDs are
written with the intent of being tailored for each individual program
application. These standards are written as a series of specific tasks; thus,
they are intentionally structured to discourage indiscriminate blanket
applications. "Tailoring” these task requirements will help to ensure that
only the most applicable specific tasks will be selected and that the
procuring activity will provide essential information for the completion
of each of these specific tasks.

These "tailorable” standards also frequently incorporate an appendix
containing guidelines for tailoring the requirements of the standard to the
needs of a specific program. This tailoring is usually a function of the
unique characteristics of that program and its applicable life-cycle phases.

. Data Item Descriptions (DIDs)

Each military standard will generally list one or more DIDs that are
applicable to the specific task or tasks. The DIDs define in detail the data
products which are to be prepared and delivered by the contractor in
fulfillment of that task. A complete up-to- date listing of all applicable
DIDs related to any specific military standard can be found in the
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Acquisition Management Systems and Data Requirements Control List
(AMSDL), DoD 5000.19-1 Volume II.

MIL-STD vs. MIL-HDBK

It is also important to distinguish between Military Standards and Military
Handbooks. Standards are primarily requirements documents which
must be adhered to while handbooks are primarily guidance documents
and do not generally include specific mandated requirements.

Submission of Contractor Program Plans

A number of R, M, S & L standards require the submission of a
contractor's proposed operating plan. Some of these operating plans are
required as a portion of the proposal while others are required to be
submitted at some later date in the program. When such a plan is
submitted to and subsequently approved by the procuring agency it then
becomes a part of the contract and must be strictly adhered to by the
contractor.

Some of these detailed contractor plans, which may be required for a
specific program, and the applicable document reference requiring their
submittal, are as follows:

- Reliability Program Plan (MIL-STD-785B, Task 101)

-  Parts Control Program Plan (MIL-STD-965A)

- Integrated Reliability Test Plan Document (MIL-STD-781D, Task 101)

- Failure Reporting, Analysis and Corrective Action Plan (MIL-STD-
2155)

- System Safety Program Plan (MIL-STD-882, Task 102)

- Maintainability Program Plan (MIL-STD-470A, Task 101)
- Maintainability Demonstration Plan (MIL-STD-471A)

- FMECA Plan (MIL-STD-1629A)

- Testability Program Plan (MIL-STD-2165, Task 101)

- Electrostatic Discharge Control Program Plan (MIL-STD-1686A)
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. Applicable Specification Revision

Military specifications and standards, and to a lesser degree, handbooks are
continually being revised and updated. As defined in MIL-STD-721, on
any specific program the applicable revision of a specification is the
revision which was approved as of the date of "the invitation for bid,” or
"the request for proposal”. The use of any later version of the document is
a matter for negotiation between the contractor and the procuring agency.
In some cases it may be to the benefit of both parties to use a subsequent
version of the document. For example, this is frequently the case with
MIL-HDBK-217 but each instance is handled on an exception basis and
must be negotiated.

. Tri-Service vs. Limited Approval Documents

Military standards and specifications may be released as either a tri-service
approved document or as a limited usage document. If an additional
suffix appears in parentheses after the basic document number, for
example (EC), it is a limited approval document i.e., it is approved by only
a single service as indicated by the preparing activity suffix. If there is no
parenthetic suffix to the basic document number the document is tri-
service approved.

. Specification Changes, Revisions and Updates

Military specifications and handbooks are frequently revised, corrected and
updated. Therefore it is important to always identify the correct version of
the applicable specification or handbook. Major revisions (i.e., those
which entail a reissue of the complete document) are identified by a single
letter suffix following the basic document number, for example MIL-
HDBK-217E. A minor revision or update is referred to as a "Change
Notice." This is an addition of new or revised pages which the user must
incorporate into the document, and not a reissue of the document.

A complete listing of the 'atest version of all military specifications,
standards and handbooks as -vell as many non-government specifications
and standards is published periodically. This list is known as the
Department of Defense Index of Specifications and Standards (DODISS).

. Other Significant R&M Military Documentation
There are also available military documents dealing with Reliability,

Maintainability, Logistics and related subjects with which the reader may
wish to be familiar other than MIL-Specs, Stds, and Hdbks. For example:
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1) There are high-level DoD Directives such as; DoD Directive 5000.20,
which address R, M, S & L. (This directive supercedes directives
dealing specifically with Reliability, Maintainability, and Logistics
such as DoD Directives 5000.40 and 5000.39)

2) The Air Force series of Regulations and Pamphlets such as; Air
Force Regulation 800-18, "Air Force Reliability and Maintainability
Program," and AFSC Pamphlet 800-27, "Part Derating Guidelines"

3) Similar documentation from other service branches such as the
Navy publication TE000-AB-GTP-010, "Parts Application and
Reliability Information Manual For Navy Electronic Equipment.”
These publications are just a small sampling of other available R &
M documentation.

Two other documents of significance are the "DoD Reliability
Standardization Document Program Plan" and its companion "DoD
Maintainability Standardization Document Program Plan,” which were
d~veloped by Rome Air Development Center (recently renamed Rome
Laboratory (RL) to define, schedule, plan and control current and future
reliability and maintainability standardization activities, including all
applicable R & M specifications, standards and handbooks within the DoD.
RL is the Lead Service Activity within the DoD for the standardization of
R&M requirements, procedures and documentation. RL updates and
issues its R&M Programs Plans bi-annually.

. Availability of MIL Specs, Stds, Hdbks and Other Documents

All military specifications, standards and handbooks are available to
holders of military contracts from:

Standardization Documents Order Desk, Building 4D
700 Robbins Avenue
Philadelphia, PA 19111-5094

The DODISS is also available on microfiche as a monthly service from the
Standardization Documents Order Desk.

Military specifications, standards and handbooks may also be purchased
from licensed reprinting services such as:

Global Engineering Documents
1990 M. Street N.W., Suite 400
Washington, DC 20036
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1.4  RELIABILITY PROGRAM SPECIFICATIONS

Most reliability program requirements are derived from a single military standard,
MIL-STD-785, "Reliability Program For Systems and Equipment Development and
Production.” This standard addresses various specific "numbered reliability tasks.”
These tasks are described in some detail in the standard which also contains, in its
Appendix A, detailed guidelines for the tailoring of the tasks to the needs of a
specific program.

In most cases, however, one must turn to additional, more detailed standards
and/or handbooks to identify specific procedures and to derive sufficient
information to actually complete the applicable task. Some of these detailed
standards and/or handbooks are specifically referenced in MIL-STD-785; others are
not. There may also be significant changes to existing documents or issuance of new
documents, which may not be immediately reflected in MIL-STD-785 (e.g., the
issuance of MIL- STD-781D (replacing MIL-STD-781C) and the issuance of MIL-
HDBK- 781).

Figure 1-1 illustrates the relationship between the specific "numbered reliability
tasks" in MIL-STD-785 and the applicable detailed standard or handbook, where one
can be identified, whether or not that standard or handbook is actually referenced in
MIL-STD-785.

MIL-STD-785
] | I I
Task 201, 2,3 Task 301, 2,3, 4 Task 204 Task 207 Task 104, 5
Modeling ESS FMECA Parts FRACAS
Allocations Growth Program FRB
Predictions Qualification I |
PRAT
| MIL-STD-1629 MIL-STD-965 MIL-STD-2155
MIL-STD-781
MIL-STD-756 MIL-HDBK-781
l | Task 207
MIL-STD-217 MIL-HDBK-189 Parts Programs

|
| | |
MIL-STD-1556 MIL-BUL-103 MIL-HDBK-780
MIL-STD-983

FIGURE 1-1: RELIABILITY PROGRAM SPECIFICATIONS
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1.5 RELIABILITY PART/DESIGN-APPLICATION SPECIFICATIONS

Most of the requirements dealing with design specifics and detailed part applications
are ultimately derived from a single military standard, MIL-STD-454, "Standard
General Requirements for Electronic Equipment.” This is not primarily a reliability
specification; however, the requirements which it invokes do have significant
reliability impact. The standard addresses various "numbered requirements” each
dealing with a particular area of concern related to the design.

Figure 1-2 depicts the relationship between the specific "numbered requirements” in
MIL-STD-454 and a few of the principal detailed standards or handbooks, which
most strongly influence reliability. The figure obviously portrays only a small
portion of the applicable part specifications. Others which could also have been
included deal with; relays (both conventional and solid state), inductors and
transformers, connectors, switches, etc.

MIL-STD-454
| | | |
Microcircuit Semiconductors Capacitors Resistors
Req. 64 Req. 30 Req. 2 Req. 33
MIL-STD-1562 I | |
l MIL-STD-701 MIL-STD-198 MIL-STD-199
| | | | |
MIL-H-38534 MIL-M-38510  MIL-I-38535 MIL-S-19500 MIL-C-XXXX MIL-R-YYYY
38534 QML 38510/sheets 38535 QML 19500 /Sheets XXXX/sheets YYYY /sheets
L 38510 QPL 19500 QPL XXXX QPL YYYY QPL
! | | |
MIL-STD-883 MIL-STD-750 L |
MIL-STD-202

FIGURE1-2: RELIABILITY PART/DESIGN-APPLICATION SPECIFICATIONS

1.6  MAINTAINABILITY AND SAFETY PROGRAM SPECIFICATIONS

. Maintainability and Safety Program Specifications

As with reliability, most maintainability program requirements are
derived from a single military standard, MIL-STD-470, "Maintainability
Program For Systems and Equipment.” This standard addresses various
specific "numbered maintainability tasks.” These tasks are then described
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in some detail together with guidelines for the tailoring of these tasks to
the needs of a specific program.

In some cases, however, one must turn to additional, more detailed
standards and/or handbooks to derive sufficient information to actually
complete the applicable task. Some of these detailed standards and/or
handbooks are specifically referenced in MIL- STD-470, others are not.

Figure 1-3 portrays the relationship between the specific "numbered maintainability
tasks" in MIL-STD-470 and the applicable detailed standard or handbook, (where one
can be identified) whether or not that standard or handbook is actually referenced in
MIL-STD-470. In general, the maintainability standards and handbooks are not as
current as the reliability documents.

MIL-STD-470
Task 301 Task 203 l
Demonstration Prediction Testability
MIL-5TD-471 MIL-HDBK-472 MIL-STD-2165 MIL-STD-2084

FIGURE 1-3: MAINTAINABILITY PROGRAM SPECIFICATIONS

. Safety

At present, the only military standard dealing with program safety
requirements is MIL-STD-882, "System Safety Program Requirements." It
is a very comprehensive document, containing numerous specific safety-
related tasks. Obviously not all of these tasks will be applicable to every
program, therefore, tailoring of these safety-related tasks and requirements
to the needs of the program is absolutely necessary for every application of
MIL-STD-882. Guidance for such tailoring is found in Appendix A of the
standard.

1.7  LOGISTICS SPECIFICATIONS

Although there are a number of different standards and handbooks dealing with
logistics it is not possible, at this time, to establish a neat hierarchical relationship
among them as was done with most of the other types of specifications found in this
primer.
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Concurrent Engineering and CALS

Two of the logistics documents deserve special attention as they represent
the "wave of the future” so to speak. They are MIL-STD-1840, "Automated
Interchange of Technical Information" and MIL-HDBK-59, "DoD
Computer-aided Acquisition and Logistic Support (CALS) Program
Implementation Guide." These two documents are the first tri-service
approved military specifications to introduce the important new concept
of "Concurrent Engineering" - the simultaneous multi-discipline team
development of both the product and production processes into the DoD
arena.

The effectiveness of the concurrent engineering design approach in
reducing both the development time and the development cost for
commercial products has made the approach an imperative for DoD also.
It is anticipated that most new DoD procurement contracts and follow-on
DoD procurement contracts will require the contractor to address the use
of concurrent engineering and will require some form of automated
interchange of technical information in lieu of paper deliverables. These
concerns can be expected to impact the contractual reliability,
maintainability, and safety requirements as well as the logistics
requirements.

1.8 FORMAT OF SUCCEEDING CHAPTERS

The material in each of the succeeding chapters of this publication has been
organized into a common format to assist the reader in quickly finding the
information which he desires. This format together with a brief description of the
type of material to be found in each applicable section is summarized as follows:

SECTION TITLE & CONTENTS

X.0

X1

X.2

Introduction - General introductory material such as: tri-service
approved or limited approval, latest revision letter and date of
release, preparing activity and address thereof.

Reference Documents - A listing of complementary or
supplementary documents (usually other military standards,
specifications and handbooks) which describe the subject matter
in greater detail.

Definitions and Acronyms - A glossary of terms and acronyms
which may be unique to a specific discipline, given to assist the
reader. (This section is not applicable to all chapters.)
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X.3

X4

X.5

X.6

X7

Applicability - A general description of the intent of the
document and any major restrictions relative to its applicability.

Physical Description of the Document - A brief description of the
size of the document (page count) and the number and subject
nature of all applicable appendices.

How to Use the Document - A succinct summary explanation of
the document together with examples and sample illustrative
excerpts from the document.

Tailoring - A statement regarding the relevancy of tailoring to
this specific document and general guidance for performing such
tailoring where applicable.

Contract Data Requirements List - A listing of those deliverable
data items most frequently required relative to this task.
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MIL-STD-721 is a tri-service approved document used by all branches of the military
in the specification and acquisition of quality-assured systems and equipment. The
current version is Revision "C" dated June 12, 1981. The preparing activity is:

Department of the Navy

Engineering Specifications and Standards Dept.
(SESD) (Code 5313)

Naval Air Engineering Center

Lakehurst, NJ 08733-5100

This chapter is only an advisory to the use of MIL-STD-721. It does not supersede,
modify, replace or curtail any requirements of MIL-STD-721 nor should it be used in
lieu of that standard.

21  REFERENCE DOCUMENTS

Additional reference documents are not applicable to MIL-STD- 721.
2.2  DEFINITIONS

This paragraph is not applicable to this chapter.

2.3  APPLICABILITY

MIL-STD-721 defines those words and terms most commonly used in association
with Reliability and Maintainability (R&M). The standard is intended to be used as
a common base for R&M definitions and to reduce the possibility of conflicts,
duplications, and incorrect interpretations either expressed or implied elsewhere in
other documentation. The definitions address the intent and policy of DoD
Directive 5000.40. Statistical and mathematical terms which have gained wide
acceptance are not defined in this standard since they are adequately addressed in
other documents. The intent of MIL-STD- 721 is to standardize meanings of terms
for the particular application and not to compile a handbook of terms.

24  PHYSICAL DESCRIPTION OF MIL-STD-721

MIL-STD-721 is a very simple document composed of only thirteen pages. There are
no appendices to this standard.

2.5 HOW TO USE MIL-STD-721

By including MIL-STD-721 as a contract requirement document the most germane
R&M terms are standardized and fully defined for use throughout a specific
program and commonality between different programs is assured. Terms and their
definitions included in the standard are those which are:
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1. Important in the acquisition of weapon systems for precise
definition of reliability and maintainability criteria.

2. Unique in their definitions, allowing no other meaning.
3. Expressed clearly, preferably without mathematical symbols.

Examples of terms that were intentionally avoided in the standard are those which
are:

1. Found in ordinary technical, statistical, or standard dictionary or
text having a singularly acceptable meaning when used in the
context.

2. Terms which already exist in other Military Standards outside of the
project scope.

3. Multiple word terms, unless they are needed for uniqueness.
2.6 TAILORING GUIDELINES
MIL-STD-721 was written for the sake of standardization of terms and definitions
both across different programs and within a specific program. It was not written
with the intent of modifying these terms and definitions for a specific application,
therefore the basic concept of "tailoring" does not apply to MIL-STD-721.
2.7 CONTRACT DATA REQUIREMENTS LIST (CDRL)

No deliverable data items are required by MIL-STD-721.
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As was shown in Chapter 1.0, Figure 1-1, MIL-STD-785 is the top specification in the
reliability hierarchy of specifications. It is a tri-service approved document and is
used by all branches of the military in the specification and acquisition of quality-
assured electronic systems and equipment. The current version is Revision "B"
dated September 15, 1980. The preparing activity is:

Aeronautical Systems Division
Attn: ASD/ENESS
Wright-Patterson AFB, OH 45433-6503b

This chapter is only an advisory to the use of MIL-STD-785. It does not supersede,
modify, replace or curtail any of the requirements of MIL-STD-785 nor should it be
used in lieu of that standard.

3.1 REFERENCE DOCUMENTS

Each of the individual tasks described in MIL-STD-785 is usually addressed by one or
more specific military standard.

For example, Task 104, "Failure Reporting, Analysis and Corrective Action System
(FRACAS)" is specifically addressed by MIL-STD-2155.

The following related documents are referenced in MIL-STD-785 and further detail
these tasks.

e MIL-STD-781 Reliability Testing for Engineering
Development Qualification and Production

e  MIL-STD-965 Parts Control Program

e MIL-STD-1521 Technical Reviews and Audits for Systems,
Equipment and Computer Programs

e  MIL-STD-1556 Government/Industry Data Exchange Program
Contractor Participation Requirements

e MIL-HDBK-217 Reliability Prediction of Electronic Equipment

e MIL-STD-756 Reliability Modeling and Prediction

e  MIL-STD-2155 (AS) Failure Reporting, Analysis and Corrective
Action System (FRACAS)

e MIL-STD-1629 Procedures for Performing a Failure Mode,
Effects and Criticality Analysis (FMECA)
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e  MIL-STD-2164 (EC) Environmental Stress Screening Process for
Electronic Equipment

e DOD-HDBK-344 Environmental Stress Screening (ESS) of
(USAF) Electronic Equipment
e MIL-HDBK-781 Reliability Test Methods, Plans, and

Environments for Engineering Development,
Qualification and Production

3.2 DEFINITIONS
This paragraph is not applicable to this chapter.
3.3  APPLICABILITY

MIL-STD-785, "Reliability Program for Systems and Equipment, Development and
P-oduction” provides both general requirements and specific tasks for managing
reliability programs. It provides specific guidelines for the preparation and
implementation of a comprehensive reliability program.

The standard may be helpful to producers of industrial and commercial systems and
equipments as well as to the producers of military and aerospace systems and
equipments.

3.4 PHYSICAL DESCRIPTION OF MIL-STD-785

MIL-STD-785 is composed of eighteen different "Reliability Tasks" together with a
detailed description of each task. The standard itself contains approximately fifty-six
pages. There is also an additional thirty-one page appendix dealing with tailoring of
the specification requirements.

3.5 HOW TO USE MIL-STD-785

MIL-STD-785 addresses three different type of tasks: (1) Reliability Accounting
Tasks, (2) Reliability Engineering Tasks and (3) Reliability Management Tasks.
These three types of tasks may be defined as follows:

(1)  Reliability Accounting Tasks focus on providing the information
essential to the acquisition, operation, and support management of
the system/equipment.

(2)  Reliability Engineering Tasks focus on the prevention, detection,
and correction of reliability design deficiencies, weak parts, and
workmanship defects. An effective reliability program stresses early
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3)

investment in reliability engineering tasks to avoid subsequent
additional costs and schedule delays.

Reliability Management Tasks are those that relate more to the
management responsibilities dealing with the program and less to
the technical details.

Table 3-1 (reproduced from MIL-STD-785) contains a listing, by task number, of each

of the

specific reliability tasks defined in MIL-STD-785. Each of these reliability tasks

is explained in more detail in the following section.

3.5.1

Program Surveillance and Control Tasks
. Task 101: Reliability Program Plan

A reliability program plan is based upon an analysis of the specified reliability
requirements and is developed during the program conceptual design phase.
The reliability program plan is a basic design tool to:

(1)  Assist in managing an effective reliability program

(2) Determine, direct and control the execution of, the applicable
reliability tasks

(3)  Determine that the documented procedures for implementing
and controlling reliability tasks are adequate

(4)  Determine organizational adequacy to assure that appropriate
attention will be focused on reliability activities and/or problems

. Task 102: Monitor/Control of Subcontractors and Suppliers

Continual visibility of subcontractors' activities is essential so that timely and
appropriate management action can be taken as the need arises. Contractual
provisions must be included which permit the procuring activity to
participate in appropriate formal prime/subcontractor meetings. Information
gained at these meetings can provide a basis for follow-up actions necessary to
maintain adequate visibility of subcontractors’' progress including technical,
cost, and schedule considerations.

. Task 103: Program Reviews
Program reviews and Design Reviews are important management and

technical tools used to insure adequate staffing and funding. Typical program
reviews are held to:
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TABLE 3-1: MIL-STD-785 APPLICATION MATRIX
TASK PROGRAM PHASE
TASK TITLE TYPE Concept Valid FSED PROD
101 Reliability Program Plan MGT S G G
102 Monitor/Control of MGT S G G
Subcontractors and Suppliers
103 Program Reviews MGT S S(2) G(2) G(2)
104 Failure Reporting, Analysis, ENG N/A G G
and Corrective Action System
(FRACAS)
105 Failure Review Board (FRB) MGT N/A S(2) G G
20 Reliability Modeling ENG S 5(2) G(2) GC(2)
202 Reliability Allocations ACC S G GC
203 Reliability Predictions ACC S S(2) G(2) GC(2)
204 Failure Modes, Effects and ENG S S(1)(2) G(1)X2) | GC(X2)
Criticality Analysis
(FMECA)
205 Sneak Circuit Analysis (SCA) ENG N/A N/A GQ) GC(1)
206 Electronic Parts/Circuits ENG N/A N/A G GC
Tolerance Analysis
207 Parts Program ENG S S)3) | GQ2) G(2)
208 Relibility Critical Items MGT S(1) S(1) G G
209 Effects of Functional Testing, ENG N/A S(1) G GC
Storage, Handling,
Packaging, Transportation
and Maintenance
301 Environmental Stress ENG N/A G G
Screening (ESS)
302 Reliability ENG N/A S(2) G(2) N/A
Development/Growth Testing
303 Reliability Qualification ACC N/A S(2) G(2) G(2)
Test (RQT) Program
304 Production Reliability ACC N/A N/A S G(2)(3)
Acceptance Test (PRAT)
Program
Code Definitions
Task Type Program Phase
ACC - Reliability Accounting S Selectively Applicable
ENG Reliability Engineering G Generally Applicable
MGT - Management GC - Generally Applicable to Design Changes Only
N/A - Not Applicable

1 R

equires considerable interpretation of intent to be cost effective

@) MIL-STD-785 is not the primary implementation requirement. Other
MIL-STDs or statement of work requirements must be included to

define the requirements.
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3.5.2

(1)  Evaluate program progress; including both technical adequacy
and the reliability of a selected design and test approach
(Preliminary Design Review).

(2)  Determine the acceptability of the detail design approach,
including reliability, before commitment to production (Critical
Design Review)

(3)  Periodically review progress of the reliability program, i.e., the
progress of each specified reliability task

MIL-STD-1521 provides direction for technical reviews and audits.

. Task 104: Failure Reporting, Analyses, and Corrective Action Systems
(FRACAS)

Early elimination of failure causes is a major contributor to reliability growth.
The sooner failure causes can be identified the easier it is to implement
effective corrective action. A closed-loop FRACAS must be employed early in
the development phase, particularly for complex systems/equipments.

FRACAS must also assure that the disposition of failed hardware is properly
controlled to preclude premature disposal. This will help to insure that the
actual failed parts are subjected to the required analyses.

MIL-STD-2155 provides direction for the implementation of FRACAS.
. Task 105: Failure Review Board (FRB)

Acquisition of expensive, complex, or critical equipment or systems may
require formalized FRACAS proceedings controlled by a Failure Review
Board. The FRB team consists of representatives of the procuring agency and
the contractor's engineering, quality assurance and manufacturing personnel.
FRB is intended to insure that FRACAS is properly implemented; providing
additional assurance of tightly controlled reporting, analyses, and corrective
actions taken on identified failures.

MIL-STD-2155 provides direction for the implementation of FRB.
Design and Evaluation Tasks
. Task 201: Reliability Modeling

Reliability models of the system/subsystem/equipment are required to make
numerical apportionments and estimates. These models are also required for
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evaluating the complex equipment arrangements typical of modern systems.
Models should be developed as early as program definition permits, even if
usable numerical input data are not yet available. Early modeling can reveal
conditions where management action may be required. Models should be
continually expanded to the detail level for which planning, mission, and
system definition are firm.

Reliability models are used, together with duty cycle and mission duration
information, to develop mathematical equations which utilize the
appropriate failure rate and probability of success data to provide
apportionments, estimates, and assessments of mission reliability.

MIL-STD-756 provides the necessary instructions for reliability modeling.
. Task 202: Reliability Allocations

Reliability allocations convert the system reliability requirement to specific
reliabililty requirements for each of the black boxes and lower-level items.
Being one of the first reliability tasks to be performed, it will probably require
later updating or "reallocation”. Reallocation of the requirements is
performed as more detailed information regarding the design becomes
known.

. Task 203: Reliability Predictions

Prediction is performed early in the acquisition phase to determine the
feasibility of the reliability requirement. Updates during the development
and production phases determine reliability attainability. Predictions are
important in providing engineers and management with quantitative
reliability information for day-to-day activities.

Early predictions based on the parts count method are inherently unrefined;
however, they do provide feedback to designers and managers on the
feasibility of meeting the reliability requirements. As the design progresses to
the hardware stage, predictions mature as actual design data becomes
available and is integrated into the calculations. Reliability predictions also
provide essential inputs to other related activities, i.e., maintainability, safety,
quality engineering, logistics and test planning. They establish a baseline for
estimating progress and performance. Predictions may also be used to detect
overstressed parts and pinpoint critical areas for redesign or application of
redundancy.

MIL-STD-756 and MIL-HDBK-217 provide the detailed methodology for
reliability prediction.
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. Task 204: Failure Modes, Effects, and Criticality Analysis (FMECA)

FMECA allows potential design weaknesses to be identified and appropriately
analyzed and evaluated using engineering schematics and mission
considerations. It provides systematic identification of likely modes of
failure, possible effects of each failure, and the criticality of each failure with
regard to safety, system readiness, mission success, demand for
maintenance/logistic support, or other factors.

An initial FMECA can be performed at the conceptual phase. Since limited
design definition is available, only the more obvious failure modes will be
identified. As design definition grows in the validation and development
phases, the FMECA can be expanded to successively more detail levels and
utimately, if required, to the part level.

FMECA can suggest areas where the judicious use of redundancy can
significantly improve mission reliability without unacceptable impact on
basic reliability and where other analyses, e.g., electronic parts analyses,
should made. FMECA results should be used to confirm the validity of the
models used in computing reliability estimates and subsystem or functional
equipment groupings, particularly where some form of redundancy is
included.

Detailed methodology for performing an FMECA can be found in MIL- STD-
1629.

. Task 205: Sneak Circuit Analysis (SCA)

SCA is used to identify latent paths which may cause unwanted functions or
inhibit desired functions. It assumes that all components are functioning
properly. SCA is expensive, and is usually performed late in the design cycle
after design documentation is complete. This makes subsequent changes
difficult and costly to implement. SCA should be considered only for items
and functions which are critical to safety or mission success or where other
techniques are not effective.

. Task 206: Electronic Parts/Circuit Tolerance Analysis

This analysis examines the effects of parts/circuits’ electrical tolerances and
parameters over the range of specified operating temperatures. It considers
expected component value variations due to manufacturing tolerance
variations and also their drift with time and temperature. The analysis uses
equivalent circuits and mode-matrix analysis techniques to prove that the
circuit or equipment will meet specification requirements under all required
conditions. This analysis is expensive, and its application may thus be
limited to critical circuits only.
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. Task 207: Parts Program

Parts are the building blocks from which the system is constructed. System
optimization can be achieved only by paying particular attention to parts
selection, control, and application. This task should start early in the
validation phase and continue throughout the entire development and
production life of the system.

A comprehensive parts program consists of the following elements:

a parts control program in accordance with MIL-STD-965

parts standardization

documented parts application and derating guidelines

part testing, qualification and screening

participation in GIDEP as documented in MIL-STD-1556

The objective of the parts program is to control the selection and use of both
standard and nonstandard parts. An effective parts program requires
knowledgeable parts engineers in the employ of both the procuring activity
and the contractor.

. Task 208: Reliability-Critical Items

Reliability-Critical Items are those whose failure can significantly affect safety,
mission success, or total maintenance/logistics support costs. These items are
identified during the part selection and application process. Critical items are
prime candidates for detailed analyses, growth testing, reliability qualification
testing, reliability stress analyses, and similar techniques to reduce the
reliability risk.

. Task 209: Effects of Functional Testing, Storage, Handling, Packaging,
Transportation, and Maintenance

Procedures must be established, maintained, and implemented to determine
by test and analysis (or estimation), the effects of storage, handling, packaging,
transportation, maintenance and repeated exposure to functional testing on
the design and reliability of the hardware. The results of this effort are used
to support long-term failure rate predictions, design trade-offs, definition of
allowable test exposures, retest after storage decisions, packaging, handling, or
storage requirements, and refurbishment plans. They provide some
assurance that these items can successfully tolerate foreseeable operational
and storage influences.
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3.5.3 Development and Production Test Tasks
. Task 301: Environmental Stress Screening (ESS)

ESS is a test or series of tests specifically designed to disclose weak parts and
workmanship defects requiring correction. It may be applied to parts,
components, subassemblies, assemblies, or equipment (as appropriate and
cost- effective). The intent is to remove defects which would otherwise cause
failure during later testing or field service. ESS has significant potential
return on investment during both development and production.

ESS procedures are found in MIL-STD-2164(EC), DOD-HDBK- 344(USAF),
MIL-STD-781D and MIL-HDBK-781.

. Task 302: Reliability Development/Growth Testing (RDGT) Program

RDGT is a planned prequalification test-analyze-and-fix (TAAF) process in
which equipments are tested under actual, simulated, or accelerated
environments to disclose design deficiencies and defects. It is intended to
provide a basis for early incorporation of corrective actions and for
verification of their effectiveness, thus promoting reliability growth.

RDGT is intended to correct failures that reduce operational effectiveness and
failures that increase maintenance and logistics support costs. RDGT should
be conducted using the first prototype items available. RDGT procedures are
found in MIL-HDBK-189, MIL-STD-781D and MIL-HDBK-781.

. Task 303: Reliability Qualification Test (RQT) Program

RQT is intended to provide to the customer reasonable assurance that the
design meets minimum acceptable reliability requirements before items are
committed to production. RQT must be operationally realistic and must
provide an estimate of demonstrated reliability. The statistical test plan
identified therein must adequately define successful and unsuccessful
operation and define acceptance criteria which limit the probability that the
true reliability of the item is less than the minimum acceptable reliability
requirement. RQT is a preproduction test; it must be completed in time to
provide management information for the production decision.

RQT procedures are documented in MIL-STD-781.
. Task 304: Production Reliability Acceptance Test (PRAT) Program
PRAT is a reliability sample testing of production hardware "as delivered." Its

purpose is to assure that the hardware has not been degraded as the result of
changes in tooling, processes, work flow, design or parts quality.
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PRAT is intended to simulate in-service evaluation of the delivered item or
production lot. It must be operationally realistic and its use may be required
to provide estimates of demonstrated reliability.

PRAT procedures are documented in MIL-STD-781.
3.6 TAILORING GUIDELINES
Tailoring of a reliability program involves primarily the planning and selection of
specific reliability tasks and the determination of the rigor with which each of these
tasks will be applied.
3.6.1 When and How to Tailor
MIL-STD-785 is written as a series of specific tasks to assist the contractor in the
development and establishment of a unique cost effective reliability program, thus

tailoring of the requirements is implicit in this approach.

Specific directions for the tailoring of the requirements of MIL- STD-785 are found
in Appendix A of the standard.

3.7 CONTRACT DATA REQUIREMENTS LIST (CDRL)
Each individual task in MIL-STD-785 has its own list of CDRL items.

The following is a list of data item descriptions associated with the reliability tasks
specified herein:

Task Applicable DID Data Requirement

101 DI-R-7079 Reliability Program Plan

103 DI-R-7080 Reliability Status Report

104 DI-RELI-80255 Failure Summary and Analysis Report
201 DI-R-7081 Reliability Mathematical Model(s)

202 DI-R-2114 Report, Reliability Allocation

203 DI-R-7082 Reliability Predictions Report

204 DI-R-7085A Failure Mode, Effects and Criticality

Analysis Report
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Task
205

206

208

301
302,303
304
303,304
303,304

NOTES:

Applicable DID
DI-R-7083

DI-R-7084

DI-RELI-80685

DI-R-3547

DI-QCIC-81187

DI-RELI-80249

DI-RELI-80250

DI-RELI-80251

DI-RELI-80252

Data Requirement
Sneak Circuit Analysis Report

Electronic Parts/Circuits Tolerance Analysis
Report

Critical Item Control Plan

Reliability and Maintainability Report on
Commercial Equipment

Quality Assessment Report

Environmental Stress Screening (ESS)
Report

Reliability Test Plan

Reliability Test Procedures

Reliability Test Reports

Only data items specified in the CDRL are deliverable. Therefore,
those data requirements identified in the Reliability Program
Plan must also appear in the CDRL.
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MIL-STD-1543 is currently a limited usage document. It is approved by the Air Force
and is used for the specification and acquisition of ultra-high reliability electronic
systems and equipment for space and launch vehicles. The current version is
Revision "B" dated October 25, 1988. The preparing activity is:

USAF Space Division, SSD/SDMS
P.O. Box 92960

Los Angeles AFS

Los Angeles, CA 90009-2960

This chapter is only an advisory to the use of MIL-STD-1543. It does not supersede,
modify, replace or curtail any of the requirements of MIL-STD-1543 nor should it be
used in lieu of that standard.

41 REFERENCE DOCUMENTS

The following related documents are referenced in MIL-STD-1543 and further detail
these tasks.

e MIL-STD-721 Definitions of Terms for Reliability and
Maintainability

e MIL-STD-756 Reliability Modeling and Prediction
¢ MIL-STD-882 System Safety Program Requirements

e MIL-STD-1521 Technical Reviews and Audits for Systems, Equipment
and Computer Programs

e MIL-STD-1540 Test Requirements for Space Vehicles

e MIL-STD-1546 Parts, Materials, and Processes Control Program for
Spacecraft and Launch Vehicles

e MIL-STD-1547 Electronic Parts Materials, and Processes for Space and
Launch Vehicles

e MIL-STD-1556 Government/Industry Data Exchange Program
Contractor Participation Requirements

¢ MIL-STD-1629 Procedures for Performing a Failure Mode, Effects
and Criticality Analysis (FMECA)

¢ MIL-STD-1635 Reliability Growth Testing

e MIL-STD-189 Reliability Growth Management
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e MIL-HDBK-217  Reliability Prediction of Electronic Equipment
4.2 DEFINITIONS AND ACRONYMS
MIL-STD-1543 contains an extensive section on definitions and acronyms.
4.3  APPLICABILITY

MIL-STD-1543, "Reliability Program Requirements for Space and Launch Vehicles”
provides both general requirements and specific tasks for managing space-related
reliability programs. It provides specific guidelines, based upon previous space
programs, for the preparation and implementation of a comprehensive, yet cost
effective, ultra-high reliability program.

For the convenience of the user MIL-STD-1543 is organized in a manner similar to
that of MIL-STD-785, "Reliability Program for System and Equipment Development
and Production.” It is, however, a separate and independent document.

44 PHYSICAL DESCRIPTION OF MIL-STD-1543

MIL-STD-1543 is composed of nineteen different "Reliability Tasks" together with a
detailed description of each task. The standard itself contains sixty-eight pages,
however, there are also five supporting appendixes containing an additional
twenty-one pages. The five appendixes are titled as follows:

Appendix A:  Application Guidance for Implementation of MIL-STD-1543
Appendix B:  Sneak Analysis Functional Clue List

Appendix C:  Design Clue List

Appendix D:  Potential Design Concerns

Appendix E:  Application Data Requirements

45 HOW TO USE MIL-STD-1543
Table 4-1 (reproduced from Appendix A of MIL-STD-1543) contains a listing, by task
number, of each of the specific reliability tasks as defined in MIL-STD-1543. Each of
these reliability tasks is explained in more detail in the following section.
4.51  Program Surveillance and Control Tasks

. Task 101: Reliability Program Plan

This task requires the contractor to develop a reliability program plan which

identifies and integrates all program tasks required to accomplish the
contractual reliability requirements.
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TABLE 4-1: MIL-STD-1543 APPLICATION MATRIX GUIDE

TASK PROGRAM PHASE
TASK TITLE TYPE Concept Valid FSED PROD
101 Reliability Program Plan MGT S S G G
102 Monitor/Control of Subcontractors | MGT S S G G
and Suppliers
103 | Program Reviews MGT S G(Q2) G(2) G(2)
104 Failure Reporting, Analysis, and ENG N/A S G G
Corrective Action System
(FRACAS)
10 Failure Review Board (FRB) MGT N/A S G G
201 Reliability Modeling ENG G(1) G(1) G GC
202 Reliability Allocations ACC G(1) G G GC
203 Reliability Predictions ACC S G91) G GC
204 Failure Modes, Effects and ENG S G1) G GC
Criticality Analysis (FMECA)
205 Sneak Circuit Analysis (SCA) ENG N/A N/A G GCM)
206 Circuit and Item Stress Analysis ENG S S G GC
207 Parts Program ENG S S(2) G(2) G(2)
208 Relibility Critical Items MGT S(1) G(1) G G
209 Effects of Functional Testing, ENG N/A G(1) G GC
Storage, Handling, Packaging,
Transportation and Maintenance
210 Design for Reliability ENG S G G GC
301 Environmental Stress Screening N/A S G(1) G(1) G
(ESS)
302 Reliability Development/ ENG N/A S(1) G(1) GC(1)
Growth Testing
303 Reliability Demonstration ACC N/A S(1) G(1) S(1)
304 | Production Reliability ACC N/A N/A N/A S(1)
Acceptance Test (PRAT) Program
ACRONYMS FOR TASK TYPE: ACRONYMS FOR PROGRAM PHASE:
ACC - Reliability Accounting S - Selectively Applicable
ENG - Reliability Engineering G - Generally Applicable
MGT - Management GC - Generally Applicable to Design Changes Only

N/A - Not Applicable

FOOTNOTES:

(1) Requires tailored application to be cost effective

(2)  MIL-STD-1543 is not the primary implementation requirement other MIL-STDs or statement
of work requirements must be included to define the requirement.
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The reliability program plan shc:i'd include:

a) A description of how the reliability program will be conducted to
meet the tailored requirements of the specification and the
quantitative reliability requirements.

b) A detailed description of how each reliability task is to be
performed, monitored, assessed and reported.

) A description of the contractor's organizational element
responsible for implementing the reliability program.

d) Identification of techniques or data bases required or to be used
in performing the detailed analyses.

e) Interfaces between the reliability program and related programs
and functions.

) A procedure for identifying and tracking those items having the
greatest impact upon reliability.

g A description of design guidelines and parts derating criteria.

h) A description of the methods to be used for controlling subtier
contractor reliability.

. Task 102: Monitor and Control of Subcontractors and Suppliers

The contractor must ensure that subcontracted items and their associated
designs are adequately defined; their reliability requirements are elucidated;
that the reliability tasks are performed in a timely manner and accurately
reflect the items ability to meet the reliability requirements; and that
sufficient testing is performed to support the reliability demonstration. He
must also ensure that subcontractors have a vigorous closed loop failure
reporting and corrective action system and that the data is integrated with the
prime contractor's FRACAS.

. Task 103: Program Reviews
Reliability Program Reviews are required to ensure that the reliability
program is proceeding in accordance with contractual milestones and that the

specified reliability requirements will be met.

Contractor and subcontractor Preliminary Design Reviews, Critical Design
Reviews, internal design reviews, and design audits should include:

Reliability Analysis Center (RAC) * 201 Mill Strecet * Rome, NY 13440 o (315) 337-0900




Chapter 4: MIL-STD-1543B 4-5

4.52

a) Status of all applicable reliability tasks at the time of the review,
including progress on the task and results to date.

b) A review of current and potential reliability problems, potential
impact on the program, and plans for their resolution.

o) The reliability content of specifications, and the ability of the
current design to comply with reliability requirements.

MIL-STD-1521 provides direction for technical reviews and audits.

. Task 104: Failure Reporting, Analyses, and Corrective Action System
(FRACAS)

The failure reporting system must include procedures for recording and
analysis of each failure to determine its cause, determination of actions
necessary to correct deficiencies in the failed hardware, determination of
actions necessary to eliminate the cause of the failure, verification that the
corrective action, as implemented, is adequate to correct the problem, and to
ensure that all actions are properly documented. Data from the
subcontractor's FRACAS must also be integrated into the contractor's
FRACAS.

Participation in the Government Industry Data Exchange Program (GIDEP) is
also mandated as a part of this task.

. Task 105: Failure Review Board (FRB)

This task establishes a failure review board to review failure trends,
significant failures, corrective action status, and ensure that adequate follow-
up and corrective actions are taken in a timely manner and are properly
recorded. Contractor FRB members are to include representatives from
system engineering, design engineering, reliability, parts engineering,
materials, and process engineering, system safety, manufacturing, and quality
assurance personnel.

Design and Evaluation Tasks
. Task 201: Reliability Modeling

Mathematical reliability models of the system/subsystem/equipment are
required to make numerical apportionments and reliability predictions.
These models are also required for evaluating the mission probability of
success for complex equipment arrangements. These models are to be
developed using the methodology defined in MIL-STD-756 and are to include
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software, and software to hardware interfaces, as necessary to define mission
reliability.

. Task 202: Reliability Allocations

Reliability allocations or apportionments must be performed to convert the
quantitative system reliability requirement into specific reliability criterion
for each of the lower levels of indenture. These lower level apportioned
quantitative reliability criterion then establish baseline reliability
requirements for the designers and subcontractors of each of the various
procurement items.

. Task 203: Reliability Predictions

Reliability predictions are performed to estimate the reliability of the system
and to determine if the contractual reliability requirements can be achieved
with the proposed design. The predictions are to account for and differentiate
between each mode of item operation as defined in the item specification and
the reliability program plan. The probability that the system can perform the
required mission is to be determined as a function of time for the period from
initial use through design life or wearout.

The prediction should address storage reliability, alternate missions and
alternate modes of operation. It should also include predictions for software
and firmware reliability as they relate to system reliability. MIL-HDBK-217
and "Nonelectronic Parts Reliability Data-91 (NPRD-91)", published by RAC,
provide the methodology and detailed data for reliability prediction.

. Task 204: Failure Modes, Effects, and Criticality Analysis (FMECA)

The purpose of this task is to determine and document all possible failure
modes and their effects on mission success through a systematic analysis of
the design. The analysis is intended to identify needed reliability
improvements in a timely manner and to foster interchange of design
information with other program activities such as system safety,
instrumentation, test, and other reliability analyses.

The FMECA shall address all phases of a mission including: prelaunch
(launch preparation), launch, transfer orbit, orbit injectio: . acquisition
(normal orbital operation), reacquisition (orbit changes), and reentry.
Emphasis shall be placed on the identification and elimination of single point
failure modes (SPFM) by design, or where elimination is not feasible, on
reducing SPFM likelihood or impact by incorporating compensating features.

In addition to hardware failure mode analyses, the FMECA should include
consideration of potential system failure due to software, test equipment and
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procedures, human error, operational procedures, and loss or change in
characteristics of inputs.

The FMECA is to be conducted in accordance with MIL-STD-1629.
. Task 205: Design Concern Analysis (DCA)

This task is to identify design weaknesses which can manifest themselves as
failures or degraded performance during the useful life of the system.
Examples of design weaknesses include: inadequate redundancy provisions,
timing inconsistencies, out-of-specification operating modes, improperly
applied components, and unnecessary components. Appendix D contains
examples of potential design concerns. New failure modes identified by the
DCA are to be incorporated into tne FMECA, if applicable. The ultimate
intent is for DCA to be conducted as part of a reliability and maintainability
computer-aided design (RAMCAD) system.

. Task 206: Circuit and Item Stress Analysis

This analysis examines the effects of part and circuit parameter tolerances and
parasitic parameters over the range of specified operating life and conditions
and also to ensure compliance with approved parts derating criteria.
Sensitivity analyses are also required which relate the parts operation and
stress to circuits, modules, components, subsystems and system performance
as they are influenced by: input and output variation; line voltage variation
part parameter variation; performance demands and variations;
environmental conditions; fail safe provisions; redundancy provisions;
radiation effects; parameter drift due to aging turn-on, turn-off and state
change transients; and fatigue due to cyclical loading. Also included is a worst
case analysis performed to verify that, given reasonable combinations of parts
tolerance buildup, the circuitry being analyzed will function within
specification requirements.

. Task 207: Parts Materials and Processes (PMP) Program

The PMP program for spacecraft and launch vehicles should be planned and
accomplished in conjunction with the reliability program. It is usually
specified as a separate item in the SOW using MIL-STD-1546, appropriately
tailored.

. Task 208: Reliability-Critical Items

The purpose of this task is to identify and control those items which require
special attention because of complexity, application of state-of-the-art
techniques, anticipated reliability problems, or the impact of potential failure
on safety, readiness, and mission success. Also, an item may be considered as
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4.5.3

a critical item if it contains one or more single point failure modes, or a
critically limited useful life such as a maximum total operating time or
operating cycles.

. Task 209: Effects of Functional Testing, Storage, Handling, Packaging,
Transportation, and Maintenance

Procedures must be established, maintained, and implemented to determine
by test and analysis (or estimation), the effects of storage, handling, packaging,
transportation, maintenance and repeated exposure to functional testing on
the design and reliability of the product. The results of this effort are used to
support design trade-offs, definition of allowable test exposures, retest after
storage decisions, special handling, transportation, packaging, or storage
requirements, and refurbishment plans.

. Task 210: Design for Reliability

The purpose of this task is to ensure the use of techniques which have
proven successful in achieving a reliable design. This includes: giving
preference to hardware, software, and hardware designs that have previously
performed successfully in the intended mission environment; using adequate
derating; performance of a thorough reliability analysis of the system as an
integral part of the overall system engineering analysis; optimum application
of redundancy techniques; and thorough documentation of design trade-offs.

Development and Production Testing Tasks
. Task 301: Environmental Stress Screening (ESS)

ESS is a test or series of tests specifically designed to disclose weak parts and
workmanship defects requiring correction. It may be applied to parts,
components, subassemblies, assemblies, or equipment (as appropriate and
cost-effective). The intent is to remove defects which would otherwise cause
failure during later testing or subsequent use.

Test requirements for parts, components,and systems used in spacecraft and
launch vehicles are specified in MIL-STD-1546, MIL-STD-1547, and MIL-STD-
1540. Some of the requirements in these documents perform an
environmental stress screening function.

. Task 302: Reliability Development Growth Testing (RDGT)

Designs for long life and high reliability space systems require sufficient
design margins to ensure long life. The limited number of systems produced
and the relatively short development period preclude sufficient testing to
identify marginal designs and hidden failure modes. Therefore, the purpose

Reliability Analysis Center (RAC) ¢ 201 Mill Street ® Rome, NY 13440 e« (315) 337-0900




Chapter 4: MIL-STD-1543B 4-9

of this task is to conduct prequalification testing to provide a basis for
resolving a majority of reliability problems early in the development phase,
and to ensure adequate design margins appropriate to long-life, high
reliability space systems.

Guidance for conducting RDGT is contained in MIL-STD-1635 and MIL-
HDBK-189 and should be integrated with the development testing specified in
MIL-STD-1540.

. Task 303: Reliability Demonstration

Reliability demonstration is normally intended to provide to the customer
reasonable assurance that the design meets minimum acceptable reliability
requirements before items are committed to production; however, for
spacecraft and launch vehicles reliability demonstration is performed
analytically using the reliability prediction, FMECA, item failure reports, and
program test data.

. Task 304: Production Reliability Acceptance Test (PRAT) Program

This task is not applicable to spacecraft and launch vehicle contracts.
4.6  TAILORING GUIDELINES
Tailoring of a reliability program involves primarily the planning and selection of
specific reliability tasks and the determination of the rigor with which each of these
tasks will be applied.
4.6.1 When and How to Tailor
MIL-STD-1543 is written as a series of specific tasks to assist the contractor in the
development and establishment of a unique cost effective reliability program, thus

tailoring of the requirements is implicit in this approach.

Specific directions for the tailoring of the requirements of MIL- STD-1543 are found
in Appendix A of the standard.

47 CONTRACT DATA REQUIREMENTS LIST (CDRL)

Each individual task in MIL-STD-1543 has its own list of CDRL items as detailed in
Appendix E of the standard.

The following is a list of applicable data item descriptions associated with the
reliability tasks specified herein:
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Task Applicable DID Data Requirement
101,102 DI-R-7079 Reliability Program Plan
103 DI-A-7088 Conference Agenda
DI-A-7089 Conference Agenda
104 DI-RELI-80255 Report, Failure Summary
and Analysis
DI-QCIC-80125 ALERT/SAFE ALERT
DI-QCIC-80126 Response to ALERT/SAFE
ALERT
DI-RELI-80253 Failed Item Analysis Report
201,202 DI-RELI-80686 Reliability Allocations
203,205 Assessments, and
209,210 Analysis Report
204 DI-R-7086 FMECA Plan
DI-RELI-80687 Report, Failure Mode, and
Effects Analysis (FMEA)
206 DI-R-7084 Electronic Parts/Circuits
Tolerance Analysis Report
208 DI-RELI-80685 Critical Items List
301 DI-RELI-80249 Environmental Stress
Screening Report
DI-RELI-80251 Reliability Test and
Demonstration Procedures
302,303 DI-RELI-80250 Reliability Test Plan
304 DI-RELI-80251 Reliability Test and
Demonstration Procedures
DI-RELI-80252 Reliability Test Reports
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MIL-Q-9858 is a tri-service approved document used by all branches of the military
in the specification and acquisition of quality-assured electronic systems and
equipment. The current version is revision "A" dated December 16, 1963. There is
also, however, an "Amendment 2" to revision A of the document dated March 8,
1985. The preparing activity is:

Headquarters USAF

Directorate of Contracting and Manufacturing Policy
SAF/QCIC

Washington, DC 20330-1000

This chapter is only an advisory to the use of MIL-Q-9858. It does not supersede,
modify, replace or curtail any requirements of MIL-Q-9858 nor should it be used in
lieu of that specification.

51 REFERENCE DOCUMENTS

The following related documents impact and further detail these guidelines and
should also be referenced.

. MIL-I1-45208 Inspection System Requirements

e  MIL-STD-45662 Calibration System Requirements
5.2  DEFINITIONS AND ACRONYMS
This paragraph is not applicable to this chapter.
5.3  APPLICABILITY
MIL-Q-9858 requires the establishment of a quality program by the contractor to
assure compliance with the requirements of the contract. The program and
procedures used to implement this specification are to be developed by the
contractor, subject to review and approval by the government representative. This
specification is mandatory for use by the Departments of the Army, the Navy, the
Air Force and the Defense Supply Agency.
54  PHYSICAL DESCRIPTION OF MIL-Q-9858
MIL-Q-9858 is a simple nine page document. It has no appendixes.
5.5 HOW TO USE MIL-Q-9858

This specification provides detailed information on the establishment and
implementation of an effective and economical quality program, planned and
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developed in consonance with the contractor's other administrative and technical
programs.

Some of the major topics addressed by this specification are:

Section 3: Quality Program Management

Section 4: Facilities and Standards

Section 5: Control of Purchases

Section 6: Manufacturing Control

Section 7: Coordinated Government/Contractor Actions

5.6 TAILORING GUIDELINES
The document itself does not address the question of tailoring.
57 CONTRACT DATA REQUIREMENTS LIST (CDRL)

There are no data item descriptions required by this specification.
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MIL-STD-756 is a tri-service approved document used by all branches of the military
in the specification and acquisition, of quality-assured electronic systems and
equipment. The current version is Revision "B" dated November 18, 1981. The
preparing activity is:

Department of the Navy

Engineering Specifications and Standards Department
(SESD) (Code 5313)

Naval Air Engineering Center

Lakehurst, NJ 08733-5100

This chapter is only an advisory to the use of MIL-STD-756. It does not supersede,
modify, replace or curtail any requirements of MIL-STD-756 nor should it be used in
lieu of that standard.
6.1 REFERENCE DOCUMENTS
The following related documents also impact and further detail these tasks:

e MIL-STD-785 Reliability Program for Systems and Equipment

Development and Production (and specifically the
following tasks herein)

Task 201 Reliability Modeling
Task 203 Reliability Predictions
e MIL-HDBK-217 Reliability Prediction of Electronic Equipment

6.2  DEFINITIONS
This paragraph is not applicable to this chapter.
6.3  APPLICABILITY

MIL-STD-756 covers the tasks of mathematically modeling and quantitatively
predicting the reliability of an equipment design prior to fabrication. Such modeling
and prediction are essential functions in evaluating a design. The real worth of the
quantitative expression lies in the information conveyed with the value and the use
which is made of that information. Reliability models and predictions do not, in
themselves, contribute significantly to system reliability.

They do, however, provide a rational basis for design decisions such as the choice
between alternative concepts, choice of part quality levels, derating to be applied, use
of proven versus state-of-the-art techniques, and other factors. Some of the
important uses of reliability models and predictions are summarized in Table 6-1.
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TABLE 6-1: USES OF RELIABILITY MODELS AND PREDICTIONS

(1) Establishment of firm reliability requirements in planning documents,
preliminary design specifications and requests for proposals, as well as
determination of the feasibility of a proposed reliability requirement.

(2) Comparison of an established reliability requirement with state-of-the- art
feasibility, and guidance in budget and schedule decisions.

(3) Provide a basis for uniform proposal preparation and evaluation and
ultimate contractor selection.

(4) Evaluation of potential reliability through predictions submitted in
technical proposals and reports in precontract transactions.

(5) Identification and ranking of potential problem areas and the suggestion of
possible solutions.

(6) Allocation of reliability requirements among the subsystems and lower-
level items.

(7) Evaluation of the choice of proposed parts, materials, units, and processes.

(8) Conditional evaluation of the design for prototype fabrication during the
development phase.

(9) Provide a basis for trade-off analysis.

Reliability models and predictions are not used as a basis for determining the
attainment of reliability requirements. Attainment of these requirements is based
on representative test results such as those obtained by the use of MIL-STD-781,
"Reliability Testing for Engineering Development, Qualification and Production."
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MIL-STD-756 establishes the procedures and ground rules for the techniques and
data sources to be used in the formulation of reliability models and predictions so
that the modeling and prediction techniques may be uniformly applied and
interpreted.

6.4 PHYSICAL DESCRIPTION OF MIL-STD-756

MIL-STD-756 is composed of four different reliability and prediction "Tasks" and
nine distinct reliability modeling and prediction "Methods" for completing these
four tasks. The standard contains approximately ninety pages. It also has an
additional three page appendix dealing with tailoring of the specification
requirements.

6.5 HOW MIL-STD-756 IS USED

MIL-STD-756 describes two different types of tasks: Reliability Modeling and
Reliability Prediction. It also addresses two different types of reliability models,
various modeling methods and a variety of prediction techniques. The two types of
models are the Basic Reliability Model (Task 101) and the Mission Reliability Model
(Task 102). Two reliability predictions are then performed based upon these two
models (1) the Basic Reliability Prediction (Task 201) and (2) the Miss.on Reliability
Prediction (Task 202).

6.5.1 Reliability Models and Modeling Methods

The basic reliability model (Task 101) and its associated prediction (Task 201)
considers all of the equipment in the system while the mission reliability model
(Task 102) and its associated prediction (Task 202) consider only those equipments
essential to complete the mission. Both types of reliability must be addressed since
the mission reliability does not necessarily give any indication of the frequency of
maintenance required to keep the system operational.

Four different reliability modeling methods are presented in MIL- STD-756. They
may be described briefly as follows:

. Method 1001: Conventional Probability

The purpose of the conventional probability method is to prepare a reliability
mathematical model from a reliability block diagram by means of
conventional probability relationships. The conventional probability method
is the method most commonly used and is applicable to both single function
and multifunction systems.
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. Method 1702: Boolean Truth Table

The Boolean Truth Table method prepares the reliability mathematical
model by means of Boolean algebra. The Boolean Truth Table method is
applicable to both single function and multifunction systems. This method is
more tedious than the conventional probability method but is useful when
there is familiarity with Boolean algebra.

. Method 1003: Logic Diagram

The purpose of the logic diagram method is to prepare a reliability block
diagram using logic diagrams. The logic diagram method is applicable to both
single function and multifunction systems. This method is also more tedious
than the conventional probability method but it is a short-cut method
compared to the Boolean truth table approach in combining terms to simplify
the Mission Reliability equation.

. Method 1004: Monte Carlo Simulation

The purpose of the Monte Carlo simulation method is to synthesize a system
reliability prediction from a reliability block diagram by means of random
sampling. The Monte Carlo simulation method is employed in instances
where individual equipment probabilities (or equivalent reliability
parameter) are known but the mission reliability model is too complex to
derive a general equation for solution.

The Monte Carlo simulation method does not result in a general probability
of success equation but computes the system probability of success from the
individual equipment probabilities and the reliability block diagram. A
Monte Carlo simulation can be performed manually but is invariably
performed by a computer due to the large number of repetitive trials and
calculations required to obtain a significant result. The Monte Carle
simulation method is applicable to both single function and multifunction
systems.

Selection of a specific modeling method is usually up to the discretion of the
individual doing the modeling (whichever he/she is most comfortable with)
since all four methods should yield similar results.

6.5.2 Reliability Prediction Models

Five different prediction methods are presented in MIL-STD-756. They may be
described briefly as follows:
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. Method 2001: Similar Item Method

This prediction method utilizes specific experience on similar items. The
most rapid way of estimating item reliability is to compare the item under
consideration with a similar item whose reliability has previously been
determined by some means and has undergone field evaluation. This
method has a continuing and meaningful application for items undergoing
orderly evolution. Not only is the contemplated new design similar to the
old design, but small differences can easily be isolated and evaluated. In
addition, difficulties encountered in the old design are signposts to
improvements in the new design. The similar circuit method should be
considered if a similar item comparison cannot be made.

. Method 2002: Similar Circuit Method

This prediction method utilizes specific experience on similar circuits such as
oscillators, discriminator amplifiers, modulators, pulse transforming
networks, etc. This method is employed either when only one circuit is being
considered or the similar item method cannot be utilized. The most rapid
way of estimating circuit reliability is to compare the circuits of the item
under consideration with similar circuits whose reliability has previously
been determined by some means and has undergone field evaluation.
Individual circuit reliabilities can be combined into an item reliability
prediction. This method has a continuing and meaningful application for
circuits undergoing orderly evolution. Not only is the contemplated new
design similar to the old design but small differences can be easily isolated
and evaluated. In addition, difficulties encountered in the old design are
signposts to improvements in the new design.

. Method 2003: Active Element Group Method

The active element group method is termed a feasibility estimating procedure
because it is useful for gross estimates of a design in the concept formulation
and preliminary design stages. Only an estimate of the number of series
elements required to perform the design function is needed. This method
relates item functional complexity (active element groups) and application
environment to failure rates experienced in other known equipment in the
field.

. Method 2004: Parts Count Method

The parts - unt method is used in the preliminary design stage when the
number of parts in each generic type class such as capacitors, resistors, etc., are
reasonably fixed and the overall design complexity is not expected to change
appreciably during le'  stages of development and production. The parts
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count method assumes that the time of failure of the parts is exponentially
distributed (i.e., a constant hazard rate).

. Method 2005: Parts Stress Analysis Method

The parts stress analysis method is used in the detailed design stage when
there are few or no assumptions necessary about the part used, their stress
derating, their quality factors, their operating stresses or their environment in
order to determine part failure rates. These should be known factors or
factors capable of being determined, based upon the state of hardware
definition for which the part stress analysis method is applicable. Where
unique parts are used, any assumptions regarding their failure rate factors
should be identified and justified. The parts stress analysis method is the
most accurate method of reliability prediction prior to measurement of
reliability under actual or simulated use conditions. The parts stress analysis
method assumes that the time to failure of the parts is exponentially
distributed (i.e., a constant hazard rate).

Method 2003, Active Element Group Method, however, is an obsolete
method and is not recommended.

Choice of a specific prediction method among the other four available
methods is the primary means of tailoring this task (see Paragraph 6.6).

6.6 TAILORING GUIDELINES

6.6.1 When to Tailor

Since the reliability prediction process is iterative in nature, tailoring of the
reliability model and prediction is based primarily upon the program procurement
phase. As the design progresses, the hardware relationships become better defined,
thus the mathematical model of the system depicting the relationship between basic
reliability and mission reliability is refined and must be exercised iteratively to
provide reliability predictions up through the system level.

6.6.2 How to Tailor

Tailoring of these tasks involves primarily the selection of the prediction method
utilized and the rigor with which it is applied. Also, for relatively simple systems
containing no redundant elements and without alternate modes of operation or
degraded modes of operation the basic reliability model and the mission reliability
model will be identical and a single reliability prediction will suffice.

An example of tailoring based upon the procurement phase would be as follows:
During the conceptual design phase reliability predictions may be based primarily
upon comparison with similar equipment (Method 2001 and 2002). Later, during
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the preliminary design phase, a simple part count prediction (Method 2004) may be
used. In the final design phase, as more detailed design information becomes
available, a more accurate and detailed stress reliability prediction (Method 2005)
would probably be made. (The data required for performing the part count
prediction and the part stress prediction and a much more detailed description of
the methodology for both can be found in MIL- HDBK-217).

The following is a list of data items description associated with reliability, modeling
and prediction.

DI-R-7081 Reliability Mathematical Model(s)

DI-R-7982 Reliability Predictions Report(s)

DI-R-7094 Reliability Block Diagrams and Mathematical Models
Report

DI-R-7095 Reliability Prediction and Documentation of Supporting
Material

DI-R-7100 Reliability Report for Exploratory Advanced Development
Model
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MIL-HDBK-217 is a tri-service-approved document used by all branches of the
military in the specification and acquisition of quality-assured electronic equipment.
The current version of the standard is Revision "E" dated 27 October, 1986 (with
Notice 1 dated 2 January 90). The preparing activity is:

Rome Laboratory
ATTN: ERSS
Griffiss AFB, NY 13441-5700

This chapter is only an advisory to the use of MIL-HDBK-217. It does not supersede,
modify, replace or curtail any methods or requirements of MIL-HDBK- 217, nor
should it be used in lieu of that handbook.

CAUTION

At the time of publication of this PRIMER a draft version of MIL-HDBK-217F
was being circulated by DOD for industry coordination. The changes in the
"F" revision are extensive, especially in the microcircuit area. Therefore,
the reader is cautioned to verify whether or not MIL-HDBK-217F has

been officially released prior to using the guidance material contained in

this chapter.

7.1 REFERENCE DOCUMENTS

The following documents are cited in this chapter as having detailed applicability to
the reliability prediction procedures of MIL-HDBK-217:

e MIL-STD-785 Reliability Program for Systems and Equipment
Development and Production (and specifically the
following task therein)

Task 203 Reliability Prediction
¢ MIL-STD-756 Reliability Modeling and Prediction (specifically,
the following methods therein)
Method 2004 Parts Count
Method 2005 Parts Stress Analysis
¢ NPRD-91 Nonelectronic Parts Reliability Data
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* RADC-TR-85-91 The Impact of Nonoperating Periods on Equipment
Reliability

7.2 DEFINITIONS
This paragraph is not applicable to this chapter.
7.3 APPLICABILITY

Reliability prediction provides a rational basis for design decisions such as choice
between alternative concepts, choice of part quality levels, derating to be applied, use
of proven versus state-of-the-art techniques and other factors. It can provide an
indication of the expected inherent reliability of a given design. Designers of
equipment intended for military use are often required to predict a specified
reliability level as a means of reducing reliability qualification test risk and as a
means of assuring a certain level of attained reliability.

It is essential that standards be established for techniques and data sources used in
the formulation of reliability models and predictions so that they may be applied
and interpreted uniformly. MIL-HDBK-217 establishes ground rules intended to
achieve this purpose.

MIL-HDBK-217 contains methods for calculating predicted failure rates for electronic
and electro-mechanical components. Table 7-1 illustrates the types of devices that
MIL-HDBK-217 considers.

For devices that are not contained in MIL-HDBK-217E there are other appropriate
data sources. A frequently used reference is Nonelectronic Parts Reliability Data
(NPRD-91) available from the Reliability Analysis Center, IIT Research Institute, 201
Mill Street, Rome, NY 13440-8200.
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TABLE 7-1: DEVICE MODEL TYPES CONTAINED IN MIL-HDBK-217

Microcircuit Random Logic
Random Access Memory (all types)
Read Only Memory (all types)
Microprocessor
Linear (Op Amp, Regulator, etc.)
Hybrid All types
Discrete Semiconductors Transistors (Bipolar and FET)
Diodes (all types)
Optoelectronic devices
Tubes All types
Lasers Helium/Neon
Carbon Dioxide
Solid State
Resistors All types
Capacitors All types

Inductive Devices

Transformers, Coils

Rotating Devices

Motors, Synchros, Resolvers,
Elapsed Time Meters

Relays All types
Switches All types
Connectors All types

7.4 PHYSICAL DESCRIPTION OF MIL-HDBK-217

MIL-HDBK-217 is a voluminous document containing approximately five hundred
and seventy pages. There are no appendices to this handbook.

Reliability Analysis Center (RAC) e 201 Mill Strect * Rome, NY 13440 = (315) 337-0900




7-4 Chapter 7. MIL-HDBK-217E

7.5 HOW TO USE MIL-HDBK-217

MIL-HDBK-217 has two methods for calculating the predicted failure rates of
component parts. They are the Part Stress Analysis (PSA) and the Part Count
Analysis (PCA). The PSA is a thorough and accurate assessment of a part's
reliability due to construction and application. It utilizes specific attribute data such
as component technology, package type, complexity and quality, as well as
application-specific data such as electrical and environmental stresses. The PCA is a
less-refined estimator relying on default values of most of the part and application-
specific parameters. The result is that the PSA is more accurate but requires more
time (and thus cost) to perform than does the PCA. The determination of which
method to use requires consideration for tailoring (see Section 7.6).

Additionally, it should be noted that the PSA and PCA methods of MIL-HDBK-217
calculate predicted failure rates for devices that are operating. In the case in which a
dormant mode is being analyzed, non-operating failure rate models should be
determined from RADC-TR-85-91, entitled "The Impact of Non-Operating Periods
on Electronic Reliability."

7.51 Failure Rate Models

The quality of a part has a direct effect on the part failure rate and appears in the part
models as a factor tg. Many parts are covered by specifications that have several

quality levels, hence, the part models have values of nq that are keyed to these
quality levels.

All part reliability models include the effects of environmental stresses through the
environmental factor, ng, except for the effects of ionizing radiation. Descriptions of
these environments are shown in Table 7-2 taken from MIL-STD-217. The &g factor
is quantified within each part failure model. These environments encompass the
major areas of equipment use. Some equipment will experience more than one
environment during its normal use, e.g., equipment in spacecraft. In such a case,
the reliability analysis should be segmented, namely, missile launch (ML) conditions
during boost into and return from orbit, and space flight (Sp) while in orbit.

Failure rate models for microelectronic parts are significantly different from those

for other parts, since they include a temperature acceleration factor nT, a circuit
complexity factor (C1), a package complexity factor (C2) and a device learning factor

(rL), which do not appear in failure rate models for non-microelectronic parts.
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TABLE 7-2: ENVIRONMENTAL SYMBOL AND DESCRIPTION

ENVIRONMENT

IIE
SYMBOL

DESCRIPTION

Ground, Benign

Gp

Nonmobile, laboratory environment
readily accessible to maintenance;
includes laboratory instruments and test
equipment, medical electronic
equipment, business and scientific
computer complexes.

Ground, Missile Silo

Missiles and support equipment in
ground silos.

Ground, Fixed

Gr

Conditions less than ideal such as
installation in permanent racks with
adequate cooling air and possible
installation in unheated buildings;
includes permanent installation of air
traffic control, radar and communications
facilities.

Ground, Mobile

Equipment installed on wheeled or
tracked vehicles; includes tactical missile
ground support equipment, mobile
communication equipment, tactical fire
detection systems.

Space, Flight

Earth orbital. Approaches benign ground
conditions. Vehicle neither under
powered flight nor in atmospheric
reentry; includes satellites and shuttles.

Manpack

Mp

Portable electronic equipment being
manually transported while in operation;
includes portable field communications
equipment and laser designators and
rangefinders.

Naval, Sheltered

Sheltered or below deck conditions,
protected from weather; includes surface
ships communication, computer, and
sonar equipment.
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TABLE 7-22 ENVIRONMENTAL SYMBOL AND DESCRIPTION (cont'd)

ENVIRONMENT g DESCRIPTION
SYMBOL
Naval, Unsheltered Nu Nonprotected surface shipborne

equipment exposed to weather
conditions; includes most mounted
equipment and missile/projectile fire
control equipment.

Naval, Undersea Nuu Equipment immersed in salt water;

Unsheltered includes sonar sensors and special
purpose anti-submarine warfare
equipment.

Naval, Submarine NsB Equipment installed in submarines;
includes navigation and launch control
systems.

Naval, Hydrofoil NH Equipment installed in hydrofoil vessel.

Airborne, Inhabited, Alc Typical conditions in cargo compartments

Cargo occupied by aircrew without

environment extremes of pressure,
temperature, shock and vibration and
installed on long mission transport

aircraft.
Airborne, Inhabited, AIT Same as Ajc but installed on high
Trainer performance aircraft such as trainer
aircraft.
Airborne, Inhabited AlB Typical conditions in bomber
Bomber compartments occupied by aircrew

without environment extremes of
pressure, temperature, shock and
vibration and installed on long mission
transport aircraft.
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TABLE 7-2: ENVIRONMENTAL SYMBOL AND DESCRIPTION (cont'd)

ENVIRONMENT Mg DESCRIPTION
SYMBOL

Airborne, Inhabited Ala Same as Ajc but installed on high

Attack performance aircraft such as used for
ground support.

Airborne, Inhabited AlF Same as Ajc but installed on high

Fighter performance aircraft such as fighters and
intercepters.

Airborne, Auc Bomb bay, equipment bay, tail, or where

Uninhabited, Cargo extreme pressure, vibration, and
temperature cycling may be aggravated by
contamination from oil, hydraulic fluid
and engine exhaust. Installed on long
mission transport aircraft.

Airborne, Ayt Same as Ayc but installed on high

Uninhabited, performance aircraft such as used for

Trainer trainer aircraft.

Airborne, AuB Bomb bay, equipment bay, tail or where

Unihabited, Bomber extreme pressure, vibration and
temperature cycling may
be aggravated by contamination from oil,
hydraulic fluid and engine exhaust.
Installed on long mission bomber aircraft.

Airborre, Aua Same as Ayc but installed on high

Uninhabited, Attack performance aircraft such as used for
ground support.

Airborne, AUF Same as Ayc but installed on high

Uninhabited, Fighter performance aircraft such as fighters and
intercepters.

Airborne, Rotary ARw Equipment installed on helicopters;

Winged

includes laser designators and fire control
systems.
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TABLE 7-2: ENVIRONMENTAL SYMBOL AND DESCRIPTION (cont'd)

ENVIRONMENT I DESCRIPTION
SYMBOL
Missile, Launch ML Severe conditions related to missile

launch (air or ground), and space vehicle
boost into orbit, vehicle re-entry and
landing by parachute. Conditions may
also apply to rocket propulsion powered
flight.

Cannon, Launch CL Extremely severe conditions related to
cannon launching of 155 mm. and 5 inch
guided projectiles. Conditions apply from
launch to target impact.

Undersea, Launch UsL Conditions related to undersea torpedo
mission and missile launch.

Missile, Free Flight MFEgr Missiles in non-powered free flight.

Airbreathing MFaA Conditions related to powered flight of air

Missile, Flight breathing missile; includes cruise
missiles.

The operating failure rate model is basically the same for all monolithic
microelectronic devices, i.e.:

)‘p = TQ (Cl’tT“V*’Cz"E)nL Failures/10® Hours
where:

Ap is the device failure rate in F/ 106 hours
RQ is the quality factor
nT is the temperature acceleration factor, based on technology

my is the voltage stress derating factor
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ng is the application environment factor
C is the circuit complexity failure rate based on bit count

C, is the package complexity failure rate

7y, is the device learning factor

Variations (per device type) to this model occur largely in the circuit complexity
failure rate which may be based upon bit, gate or transistor count and technology.

The exception to the above failure rate model is the model for monolithic bipolar or
MOS analog microprocessor devices, which contain an additional n 5 analog signal
factor (= 1.24).

A typical example of a non-microelectronic part failure rate model is the following
one for discrete semiconductors:

)‘p=xb(nE '1!:A°1ts°1tR'1tT'1tc°1tQ)
where:

Kp is the part failure rate

Ap is the base failure rate for a specific type of semiconductor. (For most

other kinds of electrical parts it is usually expressed by a model relating the
influence of electrical and temperature stresses on the part).

ng and the other factors modify the base failure rate for the category of

environmental application and other parameters that affect the part
reliability

The ng and ny factors are used in all models and other n factors apply only to

specific models. The applicability of n factors is identified in each subsection. An
overall list of © factors used in models other than microelectronics is presented in
Table 7-3 excerpted from MIL-HDBK-217.

The base failure rate (Ap) models are presented in each part subsection along with

identification of the applicable model factors. Tables of calculated Ap values are also
provided for use in manual calculations. The model equations can, of course, be
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TABLE 7-3: I1 FACTORS FOR PART FAILURE RATE MODELS EXCEPT
MICROELECTRONICS

I1 FACTOR DESCRIPTION

Common Factors - Used in all or many part categories

Ig Environment - Accounts for influence of undefined environmental
variables including temperature variability. Related to application
categories (Table 7-2).

Io Quality - Accounts for effects of different quality levels.

Discrete Semiconductors

A Application - Accounts for effect of application in terms of circuit
function.

Ig Power Rating - Accounts for effect of maximum power rating.

Ic Complexity - Accounts for effect of multiple devices in a single
package.

Is Voltage Stress - Adjusts model for voltage stress.

Ipw Pulse width factor.

It Temperature - Accounts for effects of temperature.

Im Matching networks - Accounts for effects of type of matching
networks.

Lasers

Ilo Gas overfill factor.

Il Ballast factor.

Ios Active optical surface factor.
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TABLE 7-3: I1 FACTORS FOR PART FAILURE RATE MODELS EXCEPT
MICROELECTRONICS (cont'd)

ITFACTOR DESCRIPTION

Lasers (cont'd)

Tc Cleanliness factor.

IIRgp Factor to convert pulse rate to time for pulsed lasers.

IMcooL Flashlamp cooling factor.

Tubes

Iic Construction tactor.

Iy, Learning factor.

I, Utilization factor.

Resistors

IR Resistance - Adjusts model for the effect of resistor ohmic values.

Ic Construction Class - Accounts for influence of construction class of
variable resistors as defined in individual part specifications.

Iy Voltage - Adjusts for effect of applied voltage in variable resistors in
addition to wattage included within Ay,

IITaPs Tap Connections on Potentiometers - Accounts for effect of
multiple taps on resistance element.

Capacitors

IIsr Series Resistance - Adjusts model for the effect of series resistance in
circuit application of some electrolytic capacitors.

Icy Capacitance Values - Adjusts model for effect of capacitance related

to case size. ]
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TABLE 7-3: I1 FACTORS FOR PART FAILURE RATE MODELS EXCEPT
MICROELECTRONICS (cont'd)

ITFACTOR DESCRIPTION

Capacitors (cont'd)

Ic Construction Factor - Accounts for effects of hermetic and
nonhermetic seals on CL & CLR capacitors.

IcF Configuration Factor - Accounts for effects of fixed and variable
constructions on CG capacitors.

Inductive Devices

o Family - Adjusts model for influence of family type as defined by
individual part specifications.

I¢c Construction Factor - Accounts for effects of fixed and variable
constructions.

Rotating Devices

g Factor related to size of synchros & resolvers.

[N Factor related to number of brushes on synchros & resolvers.
r_er’1~ Temperature factor for elapsed-time meters.

Relays

Ic Contacts - Accounts for contact quantity and form.

Tcyc Cycling - Accounts for time rate of actuation.

L Load - Accounts for type of contact load.

I Family - Accounts for construction and application.
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TABLE 7-3: I1 FACTORS FOR PART FAILURE RATE MODELS EXCEPT
MICROELECTRONICS (cont'd)

ITFACTOR DESCRIPTION
Switches
Ic Contacts - Accounts for contact quantity and form.
Hcye Cycling - Accounts for time rate of actuation.
ITL Load - Accounts for type of contact load.
Connectors
Ip Contacts - Accounts for quantity of contacts.
Ik Cycling - Accounts for time rate of mating and unmating.
Meters
s Application factor.
g Function factor.
Incandescent Lamps
IMu Utilization factor.
I1a Application factor.

incorporated into computer programs for machine processing. The tabulated values
of Ab are cut off at the part ratings with regard to temperature and stress, hence, use
of parts beyond these cut-off points will overstress the part. The use of the Ap

models in a computer program should take the part limits into account. The Ap

equations are mathematically continuous beyond the part ratings but are invalid in
the overstressed regions.

All MIL-HDBK-217 part models include beth catastrophic and drift failures and are
based upon a constant failure rate, except for some rotary devices that show an
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increasing failure rate. Failures associated with connection of parts into circuit
assemblies are not included within the part failure rate models.

7.5.2  Failure Rate Calculation Example

There follows a short example of a failure rate calculation applicable to MIL-R-39008
style RCR fixed, composition, established reliability (ER) resistors and MIL-R-11 style
RC fixed, composition, resistors and where the factors are as shown in Tables 7-4
thru 7-7, excerpted from MIL-HDBK-217E.

Given: A 0.5 watt, type RCR fixed, composition, 12,000 ohm resistor per MIL- R-
39008, Level M, is being used in an airborne inhabited cargo (Ajc)
environment. The resistor is operating in an ambient temperature of 60°C
and it is dissipating 0.2 watts.

Step 1: The failure rate information for this resistor is in Section 5.1.6.1 of MIL-
HDBK-217E. The part failure rate is:

Xp = Xb *TE * TR * TQ Failure/ 106 Hours

Step 2: Stress ratio, S = PAppLIED/PRATED

0.2/0.5
0.4

Step 3: From Table 7-7, entering with T = 60°C and S = 0.4

)‘b =.0012 Failures/ 10® Hours

Note: If T&S were at values showing no A, value (such as T = 90°C & S = 0.8), the

resistor would be operating above rated conditions. Redesign would be
necessary to bring the resistor within rating.

Step 4:  From Table 7-4 =g = 3 for A[C
Step 5:  From Table 7-5 np =1 for 12,000 ohms

Step 6:  From Table 7-6 ny = 1 for level M

Step 7: Xp=lb°1tE'TtR°7tQ
=0.001203e1e1
Ap =0.0036 F/106 Hrs.
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7-15

TABLE 7-4: TABLE 7-5:
ENVIRONMENTAL MODE R, RESISTANCE FACTOR
FACTORS
Resistance Range
Environmental TE (ohms) TR
GB 1 Up to 100K 1.0
GMSs 1.2 > 0.1M to 1M 1.1
GF 29 <1.0Mto 10 M 1.6
GM 8.3 > 10M 2.5
Mp 8.5
NgB 4.0
Nsg 52
Ny 12
NH 13 TABLE 7-6:
NUU 14 nQ, QUALITY FACTOR
ARW 19
AIC 3 Failure Rate Level nQ
AlT 3.5
AIB 5 S 0.03
AIA 35 R 0.1
AIF 6.5 P 0.3
Ayuc 5 M 1.0
AUT 7 MIL-R-11 5.0
AUB 10 LOWER 15.
Ayua 7
AUF 15
SF 1
MEF 8.6
UsL 25
ML 29
CL 490
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TABLE 7-7: MIL-R-39008 & MIL-R-11 RESISTORS,
FIXED COMPOSITION BASE FAILURE RATES, A},

TEMP S, RATIO OF OPERATING TO RATED WATTAGE
(°O) 1 2 3 4 5 6 7 8 9 1.0

0 |.00007 .00009 .00010 .00012 .00015 .00017 .00020 .00024 .00028 .00033
10 |.00011 .00013 .00015 .00018 .00021 .00025 .00030 .00036 .00043 .00051
20 }.00015 .00018 .00022 .00026 .00031 .00037 .00045 .00053 .00064 .00076
30 |.00022 .00026 .00031 .00038 .00046 .00055 .00066 .00079 .00096 .0011
40 |.00031 .00038 .00045 .00055 .00067 .00081 .00098 .0012 .0014 .0017
50 |.00044 .00054 .00066 .00080 .00098 .0012 .0014 .0018 .0021 .0026
60 |.00063 .00078 .00095 .0012 .0014 .0017 .0021 .0026 .0032 .0039
70 |.0009¢ .00011 .0014 .0017 .0021 .0026 .0032 .0039 .0048 .0059
80 (.0013 .0016 .0020 .0025 .0031 .0038 .0047 .0058
90 ]1.0018 .0023 .0029 .0036 .0045 .0056

100 |.0026 .0033 .0041 .0052 .0065
110 |.0038 .0047 .0060
120 |.0054

7.6  TAILORING GUIDELINES

MIL-HDBK-217 provides two cookbook reliability prediction procedures but does not
allow the tailoring of these procedures. The basic choice in tailoring lies between the
use of Parts Count Analysis (PCA) and Parts Stress Analysis (PSA) methods of
reliability prediction in accordance with the requirements of MIL-STD-756.

7.7 CONTRACTS DATA REQUIREMENTS LIST (CDRL)

There are no data item description (DIDs) required by MIL-HDBK-217. MIL-STD-756
is the basic governing document relative to the task of reliability prediction.
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MIL-STD-2155(AS) is currently a limited usage document. It is only approved by the
Navy and is used in the specification and acquisition of quality-assured systems and
equipment. The current version is the initial release dated july 24, 1985. The
preparing activity is:

Department of the Navy

Engineering Specifications and Standards Department
(SESD) (Code 5313)

Naval Air Engineering Center

Lakehurst, NJ 08733-5100

This chapter is only an advisory to the use of MIL-STD-2155. It does not supersede,
modify, replace or curtail any requirements of MIL-STD-2155 nor should it be used
in lieu of that standard.

8.1 REFERENCE DOCUMENTS

The following related documents also impact and further detail these tasks:

e MIL-STD-470 Maintainability Program for Systems and
Equipment (and specifically the following task
therein)

Task 104 Data Collection, Analysis and Corrective Action
System
e MIL-STD-785 Reliability Program for Systems and Equipment

Development and Production (and specifically the
following tasks therein)

Task 104 Failure Reporting, Analysis and Corrective Action
System (FRACAS)

Task 105 Failure Review Board (FRB)
e MIL-STD-781 Reliability Test Methods, Plans and Environments
for Engineering Development, Qualification and
Production

8.2 DEFINITIONS

This paragraph is not applicable to this chapter.
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8.3 APPLICABILITY

MIL-STD-2155 addresses two distinct and separate functions, (1) the Failure
Reporting Analysis and Corrective Action System (FRACAS) and (2) the Failure
Review Board (FRB). Of the two activities the FRACAS is the more universal in its
application and would apply in most procurement programs. FRB is far more
limited in application and would apply to relatively few procurement programs.

8.3.1 FRACAS Description

FRACAS is a closed-loop management tool established to identify and correct
deficiencies in equipment and software and thus prevent further recurrence of these
deficiencies. It is based upon the systematic reporting and analysis of equipment
failures and software faults during manufacturing, inspection and test.

The closed-loop feature of FRACAS requires that the information obtained during
the failure analysis be disseminated to all decision-making engineers and managers
in the program. A normal FRACAS is illustrated in Figure 8-1.

e RELIABILITY INCORPORATE

FAILUR = DEVELOPMENT | o | CORRECTIVE

OBSERVATION| TEST ACTION INTO

l DEVELOP EQUIP

DOCUMENTATION INCORPORATE DETERMINE

CORRECTIVE YES | EFFECTIVENESS NO DETERMINE
ACTIONINTO [®—1 of CORRECTIVE ®1 CORRECTIVE
PRODUCTION ACTION ACTION

FAILURE
VERIFICATION

\ ESTABLISH

ROOT CAUSE
FAILURE
ISOLATION
SUSPECT FAILURE
ITEM ANALYSIS
REPLACEMENT
SUSPECT
[TEM
VERIFICATION

DATA
SEARCH

FIGURE 8-1: CLOSED LOOP FAILURE REPORTING AND
CORRECTIVE ACTION SYSTEM
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8.3.2 Failure Review Board (FRB) Description

For the acquisition of certain critical (extremely expensive and complex) systems and
equipments a separate Failure Review Board may sometimes also be established to
oversee the effective functioning of the FRACAS. A closed loop FRACAS with an
FRB is illustrated in Figure 8-2

The purpose of the Failure Review Board is to provide increased management
visibility and control of the FRACAS. Its intent is the reliability and maintainability
improvement of hardware and associated software by the timely and disciplined
utilization of failure and maintenance data to generate and implement effective
corrective actions which are intended to prevent failure recurrence and to simplify
or reduce the maintenance tasks.

FAILURE lg— | ENDITEM | | MNCORPORATE
OBSERVATION TEST
ACTION INTO

DEVELOP EQUIP

l

FAILURE
DOCUMENTATION INCORPORATE DETERMINE
CORRECTIVE YES | EFFECTIVENESS NO DETERMINE
ACTION INTO [—1 OF CORRECTIVE - CORRECTIVE
PRODUCTION ACTION ACTION
7~
FAILURE - 7~
VERIFICATION ~ 7
—
-~ 7
S~
§ =~ d ESTABLISH
~ L&
a FAILURE j@— — — — ROOT CAUSE
FAILURE |  _ _ _ _ _ —| REVEW [w
ISOLATIO
LATION | BOARD \
7
- ? N
7 \ N\
e
SUSPF~T » | N FAILURE
ITEM \ ANALYSIS
REPLACEMENT |
\
SUSPECT
ITEM \
VERIFICATION
DATA
SEARCH

FIGURE 8-2: CLOSED LOOP FAILURE REPORTING AND
CORRECTIVE ACTION SYSTEM WITH FAILURE REVIEW BOARD
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8.4 PHYSICAL DESCRIPTION OF MIL-STD-2155(AS)

MIL-STD-2155 is a simple document consisting of only five pages. There is also an
additional four page appendix dealing with tailoring of the specification
requirements.

8.5 HOW TO USE MIL-STD-2155(AS)

Critical to the effective implementation of a FRACAS is the orderly and timely
performance of specific procedures which have as their total purpose the
identification, illumination, and elimination of equipment faults and their causes.
Such procedures are detailed in Paragraphs 8.5.1 through 8.5.8.

8.5.1 Failure Documentaton

A closed-loop FRACAS system requires that each failure or discrepancy that occurs
during the specified inspections and tests be documented and reported. The failure
report must include sufficient information to permit identification of the failed
item, the symptoms of the failure, the test conditions at the time of the failure, any
built-in-test (BIT) indications and the item operating time at the time of failure
(when applicable).

Failure documentation should include a uniform reference identification system to
provide complete traceability of all records and actions taken for each reported
failure. Specific failure report details should be in accordance with the requirements
of DI-R-21598 for hardware failures or DI-R-2178 for software faults.

8.5.2 Failure Verification

After a failure has been documented it must be verified before further action can be
taken. Failure verification is established either by repeating the failure mode on the
reported item or by actual evidence of failure (leakage residue, damaged hardware,
BIT indication, etc.). Each time the failure is traced to a lower level replaceable
assembly the failure should be verified again at that level before proceeding further
with the analysis.

8.5.3 Failure Data

Failure reports together with any associated documentation should be gathered
together and controlled to assure data integrity and availability. Records to be
maintained should include all reported failures, failure investigations and analyses,
assignable failure causes, corrective actions taken, and the effectiveness of these
corrective actions.

Records should be organized to permit efficient data retrievability for the purpose of
establishing failure trends, providing failure summaries and status reports, utilizing
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knowledge of previous failures and failure analyses, and for corrective action
monitoring.

8.5.4 Failure Data Summaries

In large development programs, FRACAS can produce data in sufficient quantities
to overwhelm program management. Therefore concise data summaries must be
compiled so that progress may be quickly gauged during program reviews.

One simple technique is to require a monthly report on the ten most significant
failures, including the status of their corrective action. Whether this report covers
ten or twenty failures and whether it is weekly rather than monthly depends upon
the size and needs of the program. The failure data center should be responsible for
the generation and distribution of periodic failure summary information in
accordance with the requirements of DI-R-21599.

8.5.5 Failure Analysis

Each reported failure is evaluated as appropriate to determine the root cause of
failure. Investigations and analysis should consist of any applicable method (e.g.,
electrical tests, mechanical tests, chemical tests, engineering study, laboratory
dissection, X-ray analysis, microscopic inspection, etc.) that may be necessary to
determine the failure cause. The results and conclusions of failure investigations
are documented and made retrievable together with the failure reports for future
reference.

Formal laboratory failure analysis including dissection of the parts in question may
be conducted when necessary to determine the physics of failure and develop
corrective action to prevent recurrence.

Detailed laboratory failure analysis is important throughout a program, but the bulk
of this activity normally takes place during the validation and full scale
development phases when most reliability growth occurs. During production and
operation, laboratory failure analysis will still be used but its use will be limited to
the correction of deficiencies which may jeopardize the achieved reliability.

8.5.6 Corrective Action

When the root cause of a failure has been determined, a suitable corrective action is
developed which will prevent recurrence of this failure in this or similar
equipments. Examples of corrective actions include, but are not limited to, design
changes, part derating changes, test procedure changes, manufacturing technique
changes, material changes, packaging changes, etc.

In those instances where no corrective action is taken the rationale for this decision
should also be documented.
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8.5.7 Failure Report Close-Out

Upon formal concurrence on the adequacy of the corrective action, failure reports
are to be closed-out. Close-out signifies that a sound corrective action has been
identified and an implementation plan has been developed. In those cases where a
corrective action cannot be identified the failure report may be closed-out with the
consent of the cognizant quality engineer and the project engineer and the
concurrence of their respective managers. The primary consideration in such cases
is the thoroughness of the investigation and analyses performed. Procedures
should provide for the reopening of "closed-out" failure reports in the event
subsequent failures occur.

Close-out of the failure report should include a final failure cause classification, a
relevant or nonrelevant classification and a chargeable or nonchargeable
classification in addition to a statement of the corrective action taken and its
effectiveness. All closed-out failure reports should receive a final failure cause
classification.

8.5.8 Failed Equipment Disposition

A major risk in a closed loop FRACAS is the loss of pertinent data due to the
premature disposition of the failed equipment. Therefore, all failed items should be
conspicuously marked or tagged and controlled to assure proper disposition. Failed
items should not be opened, distributed, or mishandled to the extent of obliterating
facts which might be pertinent to the analysis. Failed items should be controlled
pending authorized disposition after completion of failure analysis.

8.6 TAILORING GUIDELINES

A single FRACAS program cannot be mandated for all procurements. There are
definite limits to the resources in time, money and engineering manpower to be
expended on an analysis of a particularly complex failure occurrence or the
implementation of preferred corrective action. FRACAS must be tailored to the
unique limits of a given procurement. These limits are determined by the criticality
of the system and/or equipment as well as by the available technology and other
resources.

8.6.1 When and How to Tailor

General directions for the tailoring of the requirements of MIL- STD-2155 are found
in Appendix A of the standard.
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8.7 CONTRACT DATA REQUIREMENTS LIST (CDRL)

The following data item descriptions (DIDs) are associated with FRACAS, FRB and
MIL-STD-2155 requirements.

DI-R-21597 Failure Reporting, Analysis and Corrective Action
System Plan

DI-R-21598 Failure Report

DI-E-2178A Computer Software Trouble Report

DI-R-21599 Development and Production Failure Summary
Report
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MIL-STD-781 is a tri-service-approved document used by all branches of the military
in the specification and acquisition of quality-assured electronic systems and
equipment. The current version is Revision "D" dated October 17, 1987. The
preparing activity is:

Department of the Navy

Space and Naval Warfare Systems Command
ATTN: SPAWAR 003-121

Washington, DC 20363-5100

This chapter is only an advisory to the use of MIL-STD-781. It does not supersede,
modify, replace or curtail any requirements of MIL-STD-781 nor should it be used in
lieu of that standard.

9.1 REFERENCE DOCUMENTS
The following documents also impact and further detail these tasks:
e MIL-STD-785 Reliability Program for Systems and Equipment

Development and Production (and specifically the
following tasks therein)

Task 301 Environmental Stress Screening (ESS)
Task 302 Reliability Development/Growth Test (RDGT)
Program
Task 303 Reliability Qualification Test (RQT) Program
Task 304 Production Reliability Acceptance Test (PRAT)
Program
e MIL-HDBK-781 Reliability Test Methods, Plans, and Environments
for Engineering Development, Qualification, and
Production
e MIL-HDBK-189 Reliability Growth Management

9.2 DEFINITIONS

The meanings of many of the terms and acronyms used in reliability testing are
unique to the field. Therefore, the following terms and acronyms are defined here
to clarify their meanings as used in MIL-STD-781 and MIL-HDBK-781.
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Consumer's Risk () - This is the probability of accepting equipment with a true
mean-time-between-failures (MTBF) equal to the lower test MTBF (0;). The

probability of accepting equipment with a true MTBF less than the lower test
MTBF (67) will be less than (B).

Producer's Risk (o) - This is the probability of rejecting equipment with a true
MTBF equal to the upper test MTBF (81). The probability of rejecting
equipment with a true MTBF greater than the upper test MTBF will be less
than (o).

Discrimination Ratio (d) - This is one of the standard (MIL-HDBK-781) test plan
parameters; it is the ratio of the upper test MTBF (6() to the lower test MTBF

(87); that is, d =6/

Lower Test MTBF (61) . - This is the MTBF value that is unacceptable. The

standard (MIL-HDBK-781) test plans will reject, with high probability,
equipment with a true MTBF that approaches (61).

Upper Test MTBF (05) - This is an acceptable value of MTBF equal to the

discrimination ratio times the lower test MTBF (87). The standard (MIL-HDBK-
781) test plans will accept, with high probability, equipment with a true MTBF

that approaches (6(). This value (6p) must be realistically attainable, based on
experience and information.

9.3  APPLICABILITY

MIL-STD-781 specifies the general requirements and specific tasks for reliability
testing during development, qualification, and production of systems and
equipment. It establishes the tailorable requirements for reliability testing
performance during integrated test programs specified in MIL-STD-785. Task
descriptions for Reliability Development/Growth (RDGT), Reliability Qualification
Testing (RQT), Production Reliability Acceptance Tests (PRAT), and Environmental
Stress Screening (ESS) are defined in the standard. Tasks specified in this standard
are to be selectively applied in DOD contracted procurements, requests for proposals,
statements of work (SOWs), and Government in-house developments which
require reliability testing of systems and equipment.
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9.4 PHYSICAL DESCRIPTION OF MIL-STD-781

MIL-STD-781 is composed of eleven different reliability-testing- related "Tasks".
The standard is approximately fifty-seven pages in length and there are no
appendices to this standard.

9.5 HOW TO USE MIL-STD-781

MIL-STD-781 addresses four different types of tasks: (1) Test Planning and Control,
(2) Development Testing, (3) Reliability Accounting Tests and (4) Environmental
Stress Screening. These four types of tasks may be described briefly as follows:

(1) Test Planning and Control tasks cover the detailed planning, continuous
control and proper documentation of the status and final results of the
tests.

(2) Development Testing is performed to identify thermal and vibration
characteristics of the equipment prior to formal qualification testing, it is
also used to identify weaknesses and errors in the design and to institute
effective corrective actions.

(3) Reliability Accounting Tests are those which determine compliance with
specified performance and reliability requirements.

(4) Environmental Stress Screening covers those tasks designed to detect and
correct latent manufacturing defects.

9.5.1 Test Planning and Control Tasks
. Task 101: Integrated Reliability Test Plan Document

The purpose of this task is to develop an integrated test plan which identifies
the reliability tests required by the contract and integrates them into a
comprehensive reliability test program. It identifies and integrates all tests
that provide data for evaluating the reliability of systems and equipment.

. Task 102: Reliability Test Procedure

This task develops detailed test procedures for each reliability test included in
the integrated reliability test plan document after its approval by the
procuring activity. Usually a separate test procedure is prepared for each test
in the integrated test plan document.
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9.5.2

. Task 103: Reliability Growth Planning

The purpose of this task is to develop a reliability growth planning curve
which details the plan for achieving specified reliability values and which
provides a means for tracking reliability growth and monitoring progress as
the test proceeds. This is usually a graphical portrayal to indicate what the
reliability value is and what it should be at various points in a full-scale
development if conformance to the reliability requirements is to be achieved.

The reliability growth planning curve is based upon data from previous
development programs for items of the same type being developed. These
data are analyzed to determine the length of the reliability growth period and
to provide management with a means of monitoring progress during the test.

. Task 105: Joint Test Group

A joint test group (JTG) is established to provide coordination throughout the
reliability test program and to periodically review all test data including
subcontractor reliability qualification, and acceptance test data. The JTG,
composed of both government and contractor personnel, may approve on-
the- spot changes to previously-approved preventive maintenance schedules
and detailed test procedures.

. Task 106: Reliability Test Reports

This task provides for the preparation of reliability test reports which
periodically summarize test results obtained to date and other pertinent
information including summaries of failures, failure analyses, and
recommended or implemented corrective actions. The final reliability test
report also includes a general analysis of equipment reliability and applicable
graphical presentation of the pertinent data.

Development Testing Tasks
. Task 201: Survey Testing

Thermal and vibration survey testing are to be conducted on a sample of the
equipment to determine the level of equipment thermal stabilization
(identify hot spots and establish the time- temperature relationships) and to
search for resonant conditions and other design weaknesses. This survey
testing must be performed prior to the start of reliability growth testing and,
when specified, prior to the commencement of reliability qualification testing
and ESS. Equipment samples selected for reliability testing are not normally
used for survey testing unless specifically authorized by the procuring
activity.
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. Task 202: Reliability Development/Growth Test

The reliability development/growth test (RDGT), also known as test, analyze,
and fix (TAAF) provides the basis for resolving reliability problems and
incorporating corrective actions into the equipment design. The RDGT test
incorporates performance monitoring, failure detection, failure analysis, and
verification of design corrections which minimize the recurrence of
equipment failures in the future. Additional details may be found in MIL-
HDBK-189 and MIL-STD-2155.

9.5.3 Reliability Accounting Tasks
. Task 301: Reliability Qualification Test

The purpose of this task is to demonstrate that the equipment design
conforms to specified performance and reliability requirements under the
specified combined environmental conditions. The test plans utilized and

the appropriate a, B, and discrimination ratio are selected from those found
in MIL- HDBK-781, Section 4 and approved by the procuring activity.

. Task 302: Production Reliability Acceptance Test

Production Reliability Acceptance Test (PRAT) is typically conducted upon
samples of production equipment to determine that they continue to
conform to the specified performance and reliability requirements under
specified environmental condJitions. PRAT is normally conducted under the
same combined environmental test conditions used in the reliability
qualification tests.

Lot sizes and the rules for sample selection are specified by the procuring

activity. The test plans utilized and the appropriate «, B, and discrimination
ratio are selected from those found in MIL-HDBK-781, Section 4 and approved
by the procuring activity.

9.5.4 Environmental Stress Screening
. Task 401: Environmental Stress Screening

This task formulates and implements environmental stress screening (ESS)
to detect and correct latent manufacturing defects (marginal and defective
parts, and other anomalies) before the initiation of reliability accounting tests.
ESS may be performed at various levels of assembly and at different assembly
levels at different times in the program.
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9.6 TAILORING GUIDELINES

Tailoring is implicit in MIL-STD-781. The standard is written as a series of specific
tasks, and the first tailoring decision is the choice of the specific tasks to be
performed. This decision is dependent primarily upon the nature of the program
and the applicable life-cycle phase of the program. Then each of the selected tasks
must also be tailored as outlined below.

9.6.1 When and How to Tailor
. RDQT Tailoring

Tailoring of reliability development/growth testing involves the selection of
the combination of environmental test conditions to be applied and the
duration of the test.

. RQT Tailoring

Tailoring of reliability qualification testing involves primarily the planning
and selection of a specific predetermined test plan from MIL-HDBK- 781,
Section 4 and the applicable environmental test profile.

. PRAT Tailoring

Tailoring of production reliability acceptance testing involves the selection of
a specific predetermined test plan from MIL- HDBK-781, Section 4 and
determination of the sampling plan to be utilized in sample selection.

. ESS Tailoring
Tailoring of ESS involves first the determination of the assembly level or

levels at which ESS will be performed and the selection of the environmental
stresses and stress levels which will be utilized.
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9.7 CONTRACT DATA REQUIREMENTS LIST (CDRL)

The following is a list of data item descriptions associated with reliability testing in
accordance with MIL-STD-781D together with each DID utilized with each applicable
task.

TASK DID DATA _REQUIREMENT
101 DI-RELI-80250 Reliability Test Plan
102 DI-RELI-80251 Reliability Test Procedures
103 DI-RELI-80250 Reliability Test Plan
106 DI-RELI-80252 Reliability Test Report
201 DI-RELI-80247 Thermal Survey Report
DI-RELI-80248 Vibration Survey Report
202 DI-RELI-80250 Reliability Test Plan
DI-RELI-80251 Reliability Test Procedures
DI-RELI-80252 Reliability Test Report
DI-RELI-80253 Failed Item Analysis Report
DI-RELI-80254 Corrective Action Plan
DI-RELI-80255 Failure Summary and Analysis Report
301 DI-RELI-80250 Reliability Test Plan
DI-RELI-80251 Reliability Test Procedures
DI-RELI-80252 Reliability Test Report
DI-RELI-80253 Failed Item Analysis Report
DI-RELI-80254 Corrective Action Plan
DI-RELI-80255 Failure Summary and Analysis Report
302 DI-RELI-80250 Reliability Test Plan
DI-RELI-802¢1 Reliability Test Procedures
DI-RELI-80252 Reliability Test Report
DI-RELI-80253 Failed Item Analysis Report
DI-RELI-80254 Corrective Action Plan
DI-RELI-80255 Failure Summary and Analysis Report
401 DI-RELI-80249 Environmental Stress Screening Report
DI-RELI-80250 Reliability Test Plan
DI-RELI-80251 Reliability Test Procedures
DI-RELI-80253 Failed Item Analysis Report
DI-RELI-80255 Failure Summary and Analysis Report
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MIL-HDBK-781 is a tri-service approved document used by all branches of the
military in the specification and acquisition of quality-assured electronic systems
equipment. The current version is the initial release dated July 14, 1987. The
preparing activity is:

Department of the Navy

Space and Naval Warfare Systems Command
ATTN: SPAWAR 003-121

Washington, DC  20363-5100

This chapter is only an advisory to the use of MIL-HDBK-781. It does not supersede,
modify, replace or curtail any requirements of MIL-HDBK-781 nor should it be used
in lieu of that handbook.

10.1 REFERENCE DOCUMENTS
The following documents also impact and further detail these tasks:
e MIL-STD-785 Reliability Program for Systems and Equipment

Development and Production (and specifically the
following tasks therein)

Task 301 Environmental Stress Screening (ESS)
Task 302 Reliability Development/Growth Test (RDGT)
Program
Task 303 Reliability Qualification Test (RQT) Program
Task 304 Production Reliability Acceptance Test (PRAT)
Program
* MIL-STD-781 Reliability Testing for Engineering Development,

Qualification, and Production

e MIL-STD-2164 Environmental Stress Screening Process for
Electronic Equipment

e MIL-HDBK-189 Reliability Growth Management
10.2 DEFINITIONS

The meanings of many of the terms and acronyms used in reliability testing are
unique to the field and thus may be unfamiliar to the reader. Therefore, the
following terms and acronyms are defined here to clarify their meanings as used in
MIL-HDBK-781.
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Consumer's Risk (B) - This is the probability of accepting equipment with a true
mean-time-between-failures (MTBF) equal to the lower test MTBF (67). The
probability of accepting equipment with a true MTBF less than the lower test MTBF
(67) will be less than ().

Producer's Risk (o) - This is the probability of rejecting equipment with a true MTBF
equal to the upper test MTBF (83). The probability of rejecting equipment with a

true MTBF greater than the upper test MTBF will be less than (o).

Discrimination Ratio (d) - This is one of the standard (MIL-HDBK-781) test plan
parameters; it is the ratio of the upper test MTBF (8¢) to the lower test MTBF 01);

thatis, d = 90/91.

Pattern Failure - The occurrence of two or more failures of the same part in identical
or equivalent applications when the failures are caused by the same basic failure
mechanism and the failures occur at a rate which is inconsistent with the part's
predicted failure rate.

Chargeable Failure - A relevant, independent failure of equipment under test and
any dependent failures caused thereby which are classified as one failure and used to
determine contractual compliance with acceptance and rejection criteria.

Lower Test MTBF (07) - This is the MTBF value that is unacceptable. The standard
test plans (as defined in MIL-HDBK-781) will reject, with high probability,
equipment with a true MTBF that approaches (01).

Upper Test MTBF (8() - This is an acceptable value of MTBF equal to the

discrimination ratio times the lower test MTBF (01). The standard test plans (as
defined in MIL-HDBK-781) will accept, with high probability, equipment with a true
MTBF that approaches (8). This value (8g) must be realistically attainable, based on
experience and information.

10.3 APPLICABILITY

MIL-HDBK-781 is designed to be used in conjunction with MIL-STD-781. It explains
the techniques used in reliability testing and also provides reliability engineers and
managers with a menu of test methods, test plans and test environmental profiles
which can be utilized to tailor the reliability testing performed during the
development, qualification, and production of systems and equipment as specified
in MIL-STD-785. The most appropriate material may be selected for each program
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and incorporated into the tailored reliability test programs, derived from MIL-STD-
781, for Reliability Development/Growth Testing (RDGT), Reliability Qualification
Testing (RQT), Production Reliability Acceptance Testing (PRAT), and
Environmental Stress Screening (ESS).

10.4 PHYSICAL DESCRIPTION OF MIL-HDBK-781

MIL-HDBK-781 contains the supporting material for the eleven different reliability-
testing-related "Tasks" which are defined in MIL-STD-781. The handbook is
approximately three hundred and sixty pages in length. It has no appendices as
such, but rather it contains seventy-two pages of basic text followed by approximately
two hundred and ninety pages of reference tables and figures.

10.5 HOW TO USE MIL-HDBK-781

Section 4 of MIL-HDBK-781 provides the technical and mathematical background
for selecting the test methods and test plans required to implement the test
programs specified in MIL-STD-781. The handbook provides test methods and test
plans which can be used when performing the reliability test programs specified in
Tasks 200, 300, and 400 of MIL-STD-781. Methods are also provided in the handbook
for evaluating data generated during RDGT and ESS programs. Test plans are
provided for MTBF assurance, fixed-duration and sequential reliability
demonstration, assessment test and all-equipment reliability tests. These test plans
can be selected for use in RQT and PRAT.

10.5.1 Test Methods
. Growth Monitoring Methods

Two growth monitoring (data evaluation) methods are described in the
handbook: the Duane method and the Army Material Systems Analysis
Agency (AMSAA) method. The Duane Method is a nonstatistical technique
which can be used to graphically plot changes in reliability. The AMSAA
Method is based on the assumption that times between successive failures can
be modeled as the intensity function of a nonhomogenous Poisson process.
This intensity function is expressed as a multiple of the cumulative test time
raised to some power. The Duane and AMSAA methods are described in
greater detail in MiL-HDBK-189.

U ESS Evaluation Methods

The handbook describes two ESS evaluation methods which may be used to
provide a means to determine when the ESS procedures should be
terminated. One of the methods also provides a technique for calculating a
required ESS time interval (which must be satisfied to stop screening) prior to
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the start of the ESS. The decision in the second method is determined by the
use of arbitrary times based on historical data.

10.5.2 Test Plans

The MTBF assurance tests and the standard test plans described in this handbook
provide a wide selection of tests suitable for tailoring to conform to the
requirements of any reliability program.

. MTBF Assurance Tests

The MTBF assurance tests use a failure-free interval concept to verify MTBF.
These tests provide a desired assurance that a minimum specified MTBF
level is achieved in addition to providing assurance that early defect failures
have been eliminated. The tests can be used on production equipments
which have previously passed qualification testing. The MTBF assurance test
provides the producer with a high probability of success.

. Standard Test Plans

The standard test plans contain statistical criteria for determining compliance
with specified reliability requirements. These are based on the assumption
that the underlying distribution of times-between-failures is exponential.
The exponential assumpticn implies that the equipment exhibits a constant
failure rate; therefore, these tests cannot be used for the purpose of
eliminating either design defects or infant mortality failures. The standard
test plans defined in this handbook are categorized as follows:

a. Probability Ratio Sequential Test Plans (PRST)
(Test Plans I-D through VI-D)

b. Short-run high-risk PRST Plans
(Test Plans VII-D through VIII-D)

¢. Fixed-duration Test Plans
(Test Plans IX-D through XVII-D and XIX-D through XXI-D)

d. All-equipment Reliability Test Plan
(Test Plan XVIII-D)

These statistical test plans are to be used to determine contractual compliance
with pre-established acceptance-reject criteria and should not be used to
project equipment MTBF.
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10.5.3 Test Method and Test Plan Selection

The test methods and test plans to be used in RDGT, RQT, PRAT, and E>S are
selected from the following material. The test methods or test plans should be
specified in the contract and the equipment specification and described, in detail, in
the reliability test plan documentation.

. Reliability Growth Monitoring

The reliability growth monitoring method should be selected under
conditions where parameters of the time-to-failure distribution are expected
to be changing with time.

. ESS

The ESS methods are to be used to eliminate early defects (infant mortality).
The Standard Environmental Stress Screen is a form of ESS used when it
must be verified that equipment, which has passed previous reliability
testing, has not been degraded by the production process.

. MTBF Assurance

The MTBF assurance test can be used to provide assurance that a minimum
specified MTBF has been achieved and that early defect failures have been
eliminated.

. Fixed Duration Test

A fixed-duration test plan must be selected when it is necessary to obtain an
estimate of the true MTBF demonstrated by the test, as well as accept- reject
decision, or when total test time must be known in advance.

. PRST

A sequential test plan may be selected when it is desired to accept or reject
predetermined MTBF values (6(,01) with predetermined risks of error (a,f),

and when uncertainty in total test time is relatively unimportant. This test
will save test time, as compared to fixed-duration test plans having similar
risks and discrimination ratios, when the true MTBF is much greater than

(8g) or much less than (61).

. All Equipment Test

The all-equipment test plan may be selected when all units of the production
run must undergo a reliability lot acceptance test.
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These statistical test plans are to be used to determine contractual compliance with
pre-established accept-reject criteria and should not be used to project equipment
MTBF.

10.5.4 Test Method and Test Plan Parameter Selection
. Equipment Performance

The parameters to be measured during reliability tests and the acceptance
limits should be determined by the performance requirements of the
equipment design control specification and should be included in the test
procedures.

. Equipment Quantity

The number of equipments to be tested, not necessarily simultaneously, shall
be determined as described in the handbook or as specified in the contract.

. Test Duration

The test duration for RDGT should be specified in advance, by the
government. During the test program, additional test time may be specified if
needed to achieve reliability goals. ESS time is a variable, which depends on
lot size, failure distribution of early failures, types of environmental stress
applied, and stress levels. Some maximum allowable test time should be
used for test planning. For sequential test plans, test duration should be
planned on the basis of maximum allowable test time (truncation), rather
than the expected decision point, to avoid the probability of unplanned test
cost and schedule overruns. Testing should continue until the total unit
hours together with the total count of relevant equipment failures permit
either an accept or reject decision in accordance with the specified test plan.
However, for the all-equipment reliability test, testing should continue until
a reject decision is made or all contractually required equipment has been
tested. Equipment ON time (that is, equipment operating time) should be
used to determine test duration and compliance with accept- reject criteria.
Testing should be monitored so that the times of failure may be recorded
accurately. The monitoring instrumentation and techniques and the method
of estimating MTBF should be included in the proposed reliability test
procedures. Each equipment should operate at least one- half the average
operating time of all equipment on test. The duration of fixed-time tests
should be specified in the request for proposal, contract, and equipment
specification. This test duration should be the maximum allowed by the
schedule and fiscal constraints of the program.
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10.6

. Decision Risks

The consumer's risk (B) is the probability that equipment with MTBF equal to

the lower test MTBF will be accepted by the test plan. The producer's risk (o)
is the probability that equipments with MTBF equal to the upper test MTBF
will be rejected by the test plan. In general, the use of low risk decision will
result in longer test time. However, low risk decisions provide protection
against the rejection of satisfactory equipment or acceptance of unsatisfactory
equipment. For each of the truncated sequential plans (PRST), the exact risks
were calculated. Shifts in the accept-reject lines and truncation points were
then made to bring the true risks closer to the designated risks and to make
the two risks more nearly equal for each plan. The decision risks of the all-
equipment reliability test vary with the total test time and have little
significance as a reason for choosing this plan.

0 Discrimination Ratio

The discrimination ratio (d) is a measure of the power of the test to reach a
decision quickly and, together with the decision risks, defines a sequential
test's accept-reject criteria. In general, the higher the discrimination ratio, the
shorter the test. The discrimination ratio (and the corresponding test plan)

must be chosen carefully to prevent the resulting (6p) from becoming
unattainable due to design limitations.

TAILORING GUIDELINES

Tailoring is implicit in MIL-HDBK-781. MIL-STD-781 the companion document to
MIL-HDBK-781, is written as a series of specific tasks, and the first tailoring decision
is the choice of the specific tasks to be performed. This decision is dependent
primarily upon the nature of the program and the applicable life- cycle phase of the
program. Then each of the selected tasks must also be tailored as outlined below.

10.6.1 When and How to Tailor

. RDGT Tailoring

Tailoring of reliability development/growth testing involves the selection of
the combination of environmental test conditions to be applied, and the
duration of the test.

. RQT Tailoring
Tailoring of reliability qualification testing primarily involves the planning

and selection of a specific predetermined test plan from MIL-HDBK- 781,
Section 4, and the applicable environmental test profile.
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. PRAT Tailoring

Tailoring of production reliability acceptance testing involves the selection of
a specific predetermined test plan from MIL-HDBK-781, Section 4 and

determination of the sampling plan to be utilized in sample selection.

. ESS Tailoring
Tailoring of ESS involves first the determination of the assembly level or

levels at which ESS will be performed and then determination of the
environmental stresses and stress levels which will be utilized.

10.7 CONTRACT DATA REQUIREMENTS LIST (CDRL)

There are no data item descriptions required by MIL-HDBK-781.

Reliability Analysis Center (RAC) ¢ 201 Mill Street ®* Rome, NY 13440 » (315) 337-0900




CHAPTER 11:

MIL-HDBK-189
RELIABILITY GROWTH MANAGEMENT




Chapter 11: MIL-HDBK-189 11-1

MIL-HDBK-189 is a tri-service-approved document used by all branches of the
military in the specification and acquisition of quality-assured electronic systems
and equipment. The current version is the initial release dated February 13, 1981.
The preparing activity is:

U.S. Army Communications Research and Development Command

ATTN: AMSEL-ED-TO

Fort Monmouth, NJ 07703-5000
This chapter is only an advisory to the use of MIL-HDBK-189. It does not supersede,
modify, replace or curtail any requirements of MIL-HDBK-189 nor should it be used
in lieu of that handbook.

11.1 REFERENCE DOCUMENTS

The following documents also impact and further detail these tasks:

. MIL-STD-499 Engineering Management

o MIL-STD-721 Definitions of Terms for Reliability and
Maintainability

. MIL-STD-756 Reliability Prediction

. MIL-STD-785 Reliability Program for Systems and Equipment

Development and Production

. MIL-STD-781 Reliability Testing for Engineering Development,
Qualification, and Production

. MIL-HDBK-781  Reliability Test Methods, Plans and Environments
for Engineering Development, Qualification, and
Production

11.2 DEFINITIONS
This paragraph is not applicable to this chapter.

11.3 APPLICABILITY

Reliability growth is the positive improvement in a reliability parameter over a
period of time due to changes in product design or the manufacturing process.

Reliability growth management is the systematic planning for and the control of
reliability achievement as a function of time by the reallocation of resources based
on comparison between planned and assessed reliability values.
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MIL-HDBK-189 provides procuring activities and development contractors with an
understanding of the concepts and principles of reliability growth, and the
advantages of, and guidelines and procedures for, managing reliability growth.

This handbook is not intended to serve as a specific reliability growth plan to be
applied to a program without tailoring. The handbook, when used with knowledge
of the system and its development program, provides the means to develop a
reliability growth management plan for a system that meets its requirements at a
reduced life cycle cost. This handbook is intended for use by both contractor and
government personnel during the development phase of systems and equipment.

11.4 PHYSICAL DESCRIPTION OF MIL-HDBK-189

MIL-HDBK-189 contains approximately ninety-four pages. There are also four
supporting appendices with an additional fifty- four pages. Appendix A addresses
Engineering Analysis, Appendix B overviews seventeen different reliability growth
mathematical models, Appendix C evaluates, in more detail, a single mathematical
model (the AMSAA reliability growth model) and Appendix D is a Bibliography.

11.5 HOW TO USE MIL-HDBK-189

Reliability growth management is part of the system engineering process as
described in MIL-STD-499. It does not take the place of the other basic reliability
program activities described in MIL-STD-785 such as predictions, apportionments,
failure mode and effect analysis, and stress analysis. Instead, reliability growth
management provides a means of viewing all the reliabililty program activities in
an integrated manner.

MIL-HDBK-189 provides methodology and concepts to assist in reliability growth
planning and a structured approach for reliability growth assessments. The
planning aspects in this handbook address the planned growth curve and related
milestones. The assessment techniques are based on demonstrated and projected
values which are designed to realistically evaluate reliability in the presence of a
changing configuration.

The handbook presents two basic methods to evaluate the reliability growth process.
The Assessment Method (quantitative evaluations of the current reliability status)
and the Monitoring (or qualitative) Method.

The Assessment Method is based on information from the detection of failure
sources and is results-oriented, i.e., quantitative estimates of planned and achieved
reliability are made as the program progresses. The Monitoring Method simply
monitors the various reliability-oriented activities (FMEA's, stress analysis, etc.) in
the growth process to assure that the activities are being accomplished in a timely
manner and that the level of effort and quality of work are in compliance with the
program plan. It is activities-oriented, and should be used in addition to
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assessments. The monitoring approach may have to be relied on early in a program,
before the detection of failure sources is adequate for the generation of objective
assessments. Each of these methods complement the other in controlling the
growth process.

. Assessment Management Model

Figure 11-1, excerpted from MIL-HDBK-189, illustrates how assessments may
be used in controlling the growth process.

i l

[’ (RE) DESIGN |——{ DETECTION OF FAILURE SOURCES

:

RELIABILITY ASSESSMENT PLANNED RELIABILITY

l

DECISIONS

FIGURE 11-1: RELIABILITY GROWTH MANAGEMENT
MODEL (ASSESSMENT)

Reliability growth management differs from conventional reliability program
management in two ways. First there is a more objectively-developed growth
standard against which assessments are compared. Second, the assessment
methods can provide more accurate evaluations of the reliability of the
present configuration.

Figure 11-2 taken from MIL-HDBK-189, illustrates an example of both the
planned reliability growth and assessments. A comparison between the
assessment and the planned value will suggest whether the program is
progressing as planned, or not as well as planned. If the progress is falling
short, new strategies should be developed. These strategies may involve the
reassignment of resources to work on identified problem areas or may result
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in adjustment of the time frame or a re-examination of the validity of the

requirement.
PLANNED GROWTH
----- [
& .- ASSESSED GROWTH
= ®
=
| | '
TEST PHASE 1 TEST PHASE 2 TEST PHASE 3

CUMULATIVE TEST HOURS

FIGURE 11-2: PLANNED GROWTH AND ASSESSMENTS

. Monitoring Management Model

Figure 11-3, excerpted from MIL-HDBK-189, illustrates control of the growth
process by monitoring the growth activities. Since there is no simple way to
evaluate the performance of activities, management based on monitoring is
less definitive than management based on assessments. Nevertheless, this
method is a valuable alternative when assessments are not practical. The
reliability growth program plan serves, at least partially, as a standard against
which the activities being performed can be compared. Standards for level of
effort and quality of work accomplished must rely heavily on the technical
judgement of the evaluator.

Monitoring is intended to assure that the activities have been performed
within schedule, and that they meet appropriate standards of engineering
practice.
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| 1
Y Y

F” (RE) DESIGN —¥%"| DETECTION OF FAILURE SOURCES

RELIABILITY PROGRAM PLAN

ACTIVITIES MONITORING

!

DECISIONS

FIGURE 11-3: RELIABILITY GROWTH MANAGEMENT
MODEL (MONITORING)

One of the best examples of a monitoring activity is design review. The
design review is a planned monitoring of the product design to assure that it
will meet the performance requirements during operational use. Such
reviews of the design effort serve to determine the progress being made in
achieving the design objectives. One of the most significant aspects of design
review is its emphasis on technical judgements, rather than quantitative
assessments of progress.

11.6 TAILORING GUIDELINES

MIL-HDBK-189 does not contain requirements. It is a guidance document only,
which recognizes that each application of the material therein will be different.
Therefore, tailoring is inherent in the use of this handbook. MIL-HDBK-189 does
not contain a separate section dealing with specific guidelines for tailoring as do
some military standards.

11.7 CONTRACT DATA REQUIREMENTS LIST (CDRL)

There are no deliverable data item descriptions required by this handbook.
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MIL-STD-2164(EC) is currently a limited usage document. It is approved by the Navy
and is used in the specification and acquisition of quality-assured electronic systems
and equipment. The current version is the initial release dated April 5, 1985. The
preparing activity is:

Department of the Navy

Space and Naval Warfare Systems Command
ATTN: SPAWAR 003-121

Washington, D.C. 20363-5100

This chapter is only an advisory to the use of MIL-STD-2164(EC). It does not
supersede, modify, replace or curtail any of the requirements of MIL-STD-2164 nor
should it be used in lieu of that standard.

12.1 REFERENCE DOCUMENTS

The following related documents impact and further detail these tasks and should
also be referenced.

¢ MIL-STD-785 Reliability Program for Systems and Equipment
Development and Production (and specifically the
following task therein)

Task 301 Environmental Stress Screening (ESS)
e MII-STD-781 Reliability Testing For Engineering Development,

Qualification and Production (and specifically the
following task therein)

Task 401 Environmental Stress Screening (ESS)
e MIL-HDBK-781 Reliability Test Methods, Plans and Environments
for Engineering Development, Qualification and
Production

12.2 DEFINITIONS
This paragraph is not applicable to this chapter.
12.3 APPLICABILITY

Environmental Stress Screening (sometimes described as preconditioning or burn-
in) is a procedure, or a series of procedures, specifically designed to identify weak
parts, workmanship defects and other conformance anomalies so that they can be
removed from the equipment prior to delivery. It may be applied to parts or
components, boards, subassemblies, assemblies, or equipment (as appropriate and
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cost effective), to remove defects which would otherwise cause failures during
higher-level testing or during early field operation.

ESS must not be confused with Production Reliability Acceptance Testing (PRAT).
ESS employs less expensive test facilities, and is recommended for application to
each and every production item. In contrast, PRAT is essentially a sampling plan
which requires more realistic simulation of the life profile, and more expensive test
facilities, and therefore is not recommended for performance on 100% of the
product.

MIL-STD-2164(EC) establishes procedures and ground rules for the selection of the
proper type of stress, the amount of stress, and the duration of the stress or stresses
to be used in the formulation of a cost effective environmental stress screening
program for a specific item of equipment.

124 PHYSICAL DESCRIPTION OF MIL-STD-2164(EC)

MIL-STD-785 is a simple document containing only twenty-seven pages. There are
also two appendices; Appendix A, "ESS Test Duration, Reduced Testing and
Sampling,” and Appendix B, "ESS Troubleshooting Plan.” Together these two
appendices contain fifteen additional pages.

12.5 HOW TO USE MIL-STD-2164(EC)

Historically there have been two basic approaches to the application of
environmental stress screening. In one approach, the government explicitly
specifies the screens and screening parameters to be used at various assembly levels.
Failure-free periods are sometimes attached to these screens, as an acceptance
requirement, in order to provide assurance that the product is reasonably free of
defects. This is the approach documented in MIL-STD- 2164(EC).

The second approach is to have the contractor develop and propose an
environmental stress screening program which is tailored to that product and is
subject to the specific approval of the procuring activity. This is the approach taken
in DOD-HDBK-344(USAF) This handbook then provides guidelines for the
contractor to assist him in t'.e development and establishment of an effective ESS
program. DOD-HDBK-344 is described in Chapter 13 of this Primer.

MIL-STD-2164 defines specific requirements for ESS of electronic equipment,
including environmental test conditions, durations of exposure, procedures,
equipment operation, actions taken upon detection of defects, and test
documentation. The standard provides for a uniform ESS to be utilized for
effectively disclosing manufacturing defects in electronic equipment.
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The process described herein is applied to electronic assemblies, equipment and
systems, in six broad categories as distinguished according to their field service
application:

Category Service Application
1 Fixed ground equipment
2 Mobile ground vehicle equipment
3 Shipboard equipment
3A ¢ Sheltered
3B * Exposed to atmospheric environments
4 Jet aircraft equipment
5 Turbo-propeller and rotary-wing aircraft equipment
6 Air launched weapons and assembled external stores

The standard utilizes thermal cycling and vibration as shown in (Figure 12-1) and
defines a specific Random Vibration Spectrum (Figure 12-2) and a Temperature
Cycling Profile (Figure 12-3) to accomplish ESS.
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