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FOREWORD
 

1.	 PURPOSE. This handbook has been prepared to provide agency personnel 
guidance and direction in the specifying of reliability requirements 
and programs in procurement documents. It is intended to supplement 
and amplify the requirements of FAA Specification, "Reliability 
Program Plans and Procedural Requirements for Electronic and Associated 
Support Equipment." The Handbook presents general background informa
tion relative to reliability concepts and a reliability program. It 
provides guidance to FAA personnel in establishing reliability 
requirements in specifications and procurement documents. 
Lastly, it provides the contractor with guidance in accomplishing 
the elements of the required reliability program. 

2.	 CANCELLATION. None applicable. 

3.	 CHANGES. Changes will be made to this document whenever there are a 
sufficient quantity of modifications or changes manifested in 
reliability and/or quality assurance technologies or in procurement 
procedures or types. 

4.	 BACKGROUND. This Handbook is intended to support FAA Specification, 
"Reliability Program Plans and Procedural Requirements for Electronic 
and Associated Support Equipment." Specifically, Handbook Chapter 3 
relates each paragraph of the FAA Specification to the Handbook 
paragraph providing instructions and guidance for accomplishing that 
reliability program element. Additionally, in the Handbook 
instructional text, each Handbook paragraph indicates the Specification 
paragraphs the former is intended to support. 



r' 

CHAP'rER 1.	 GENERAL • 

SECTION 1.	 INTRODUCTION. 1
 
1. Purpose and $cope of Handbook.	 1
 
2.	 Establishment of the Required
 

Reliability Program. 2
 
3.	 Handbook Application to Relia


bility Program Implementation. 4
 

SECTION 2.	 BASIC CONCEPTS. 19
 
4. Reliability.	 19
 
5. Maintainability.	 21
 
6. Availability.	 22
 
7. Redundancy.	 22
 
8.	 Impact of Part Screening on
 

Equipment Reliability. 26
 

CHAPTER 2.	 FAA RELIABILITY TASKS IN
 
PROCUREMENTS. 29
 

! SECTION 1.	 RELlABILITY GOALS AND
 
REQUIREMENTS. 29
 

9. Goals vs. Requirements.	 29
 
10.	 Establishing Goals for the
 

NAS Functions. 29
 
11.	 Establishing Reliability Require


ments for the New Equipment. 34
 

SECTION 2.	 FAA SPECIFICATION, ACTIVITY. 39
 
12.	 Reliability Requirements in
 

Procurements. 39
 
13.	 Specification of the Reliability
 

Performance Requir~ment. 39
 
14.	 Specification of the Reliability
 

Program. 40
 
15.	 Selection and Specification of
 

the Reliability Demonstration Test. 41
 
16.	 Establishing the Required
 

Deliverable Documentation. 45
 

SECTION 3.	 FAA POST CONTRACT AWARD ACTIVITY. 48
 
17. FAA Contract Activity Objectives.	 48
 
18.	 Monitoring the Contractor
 

Reliability Program. 48
 
19.	 Monitoring the Reliability
 

Demonstration Test. 53
 

Page'i 



D:!1&_QL~1l!D (continued) 

CHAPTER 3.	 INSTRUCTIONS FOR CONTRACTOR
 
IMPLEMENTATION OF REQUIRED PROGRAM. 55
 

SECTION 1.0	 INTRODUCTION TO INSTRUCTIONS. 55
 
20.	 The Required Program. 55
 
21.	 Scope of Instructions. 55
 

SECTION 2.	 PROGRAM MANAGEMENT. 57
 
22.	 The Program Plan. 57
 
23.	 Supplier and Subcontractor Control. 58
 
24.	 Reliability Program Reviews. 61
 

SECTION 3.	 RELIABILITY ANALYSIS. 63
 
25.	 The Reliability Mathematical Model. 63
 
26.	 The Functional and Reliability
 

Block Diagrams for the
 
Mathematical Model. 63
 

27.	 Maintenance POlicies Pertinent
 
to the Mathematical Model. 66
 

28.	 Establishing the Mathematical Model. 68
 
29.	 Apportionment (Allocation) of
 

Reliability Requirements. 71
 
30.	 Reliability prediction Techniques
 

and Applicability. 73
 
31.	 Reliability Prediction Requirements
 

(Performance/Submittal). 77
 
32.	 Detail-Stress Reliability
 

PredictiQnProcedure. 77
 
33.	 Part·Count/Average-stress
 

Reliability Prediction Procedure. 79
 
34.	 Reliability Prediction by. Similar
 

Functional Equipments and/or Modules. 80
 
35.	 Part Failure Rate Data Sources. . 81
 
36.	 Environment and Electrical Stress
 

Levels for Reliability Predictions. 83
 
37.	 Predictions for Reliability
 

Impact Studies. 84
 
38.	 Degradation Analysis of Circuits. 85
 

SECTION 4.	 PARTS, ASSEMBLIES, MATERIALS,
 
AND PROCESSES. 88
 

39.	 The Parts,Materials,and Processes
 
Program. 88
 

40.	 The Reliability Design Guide. 89
 
41.	 Parts, Materials, and Process
 

Application Review and Verification. 91
 

Page ii 



TABLI_QL~mrm (continued) 

SECTION 5.	 FAILURE MODE AND EFFECT
 
ANALYSIS,AND CRITICAL ITEMS. 93
 

42.	 Effective Failure Mode and Effect
 
Analysis in the Reliability Program. 93
 

43.	 Levels of FMEA. 95
 
44.	 General Procedures for
 

performing FMEA. 97
 
45.	 Critical Items Identification,
 

Control, and Handling. . 100
 

SECTION 6.	 DESIGN REVIEWS. 103
 
46.	 The Design Review Program. 103
 
47.	 The Design Review Board and
 

Review Participation. 106
 
48.	 General Reliability Review
 

Considerations. 108
 
49.	 The Formal Study Reviews. 109
 
50.	 Reliability in the Preliminary
 

Design Review. 110
 
51.	 Reliability in the Critical
 

Design Review. 111
 
52.	 Reliability in the First Article
 

configuratio~ Inspection. 112
 
53.	 Detailed Des~gn Review Activity. 113
 

I
 

SECTION 7.	 EFFECTS OF STORAGE, SHELF-LIFE,
 
PACKAGING, TRANSPORTATION,
 
HANDLING,AND MAINTENANCE. 116
 

54.	 Effects of Storage, Shelf-Life,
 
Packaging,Transporation, Handling,
 
and Maintenal1ce. 116
 

SECTION 8.	 DESIGN SPECIFICATION, DRAWING
 
RELEASE, AND DESIGN CHANGES. 117
 

55.	 Design Specification Inputs. 117
 
56.	 Design Approval. 117
 
57.	 Engineering Design Changes. 118
 

SECTION 9.	 RELIABILITY TESTING. 119
 
58.	 The Reliability Development
 

Testing Program. 119
 
59.	 Types of Reliability Development
 

Tests. 121
 
60.	 The Reliability Demonstration Test. 123
 
61.	 Reliability Acceptance Tests in
 

Production. 125
 
62.	 Reliability Testing Plans,
 

Procedures, and Reports. 125
 

Page iii 



"," i 

SECTION 10.	 FAILURE DATA COLLECTION,
 
ANALYSIS,AND CORRECTIVE ACTION. 128
 

63.	 Desiqn of a Failure Reportinq and
 
Data Collection System. 128
 

64.	 The Failure Review Board and
 
Corrective Action. 130
 

65. Failure	 Analysis. 132
 

SECTION 11.	 DOCUMENTATION· AND DATA
 
REQUIREMENTS. 134
 

66.	 Deliverable and Non-Deliverable
 
Data or Documentation. 134
 

67.	 Standard Deliverable Data Items. 135
 

Paqe iv 



APPENDIX 1. GLOSSARY. (5 Pages)	 1 
1. Abbreviations and Symbols.	 1 i 

2. Definitions of Terms.	 2 

APPENDIX 2. COMPUTER PROGRAMS. (8 Pages) 
1. Existing Circuit Analysis Programs.	 1 
2. System Modeling Programs.	 2 
3. Life Testing Programs.	 2 
4. Test Data Analysis Programs.	 3 
5. MIL Standards Programs. 
6. Limit Estimation Programs. 

4
4 

7. Probability Calculation Programs.	 5 
8. Data Comparison Programs.	 5 
9. Distribution Testing Programs.	 6 

DELIVERABLE DATA ITEM DESCRIPTIONS. 
(13 Data Items) 
Reliability Program Plan. 
Reliability Allocations, Assessments, 
and Analysis Report. 
Defective or Inadequate Parts 
and/or specifications Notification. 
Failure Data Reporting and Feedback, 
Failure Summary Reports. 
Reliability Test and Demonstration 
Plan. 
Acceptance Test Procedure. 
Reliability Program Status Reports. 
Reliability Test and Demonstration 
Reports. . 
Suspect Material Deficiency 
Notice Response. . 
Critical Items Report. 
Failure Mode and Effects Analysis 
Report. 
Design rteview Report. 
Parts, Materials, and Processes 
Application Review Report. 

APPENDIX 4. REFERENCE DOCUMENTS AND SERVICES 
(10 Pages) 

1. Reference Documents.· 

1	 

1

1
 
2.	 Reference Services. 9 

1APPENDIX 5.	 SAMPLE SPECIFICATION 
(41 Pages) 

!>age v 



CHAPTER 1. GENERAL 

§~IIQ~. INTRODUCTION 

1.	 PURPOSE AND SCOPE OF HANDBOOK. The Handbook contains 
the-guidance to-fulfIll-the-reliability-pertinent 
requirements imposed in a procurement. More specifi 
cally. the Handbook tells the contractor how to go about 
accomplishing the elements of a reliability program. as 
specified from the FAA specification. RELIABILITY 
PROGRAM REQUIREMENTS FOR ELECTRONIC AND ASSOCIATED 
SUPPORT EQUIPMENT. The FAA is given guidance and 
direction in establishing reliability performance 
requirements. the required reliability program. required 
documentation and testing requirements. The Handbook 
will also be used as a guide for FAA program monitors at 
the contractor's facility. 

a.	 Q~ganizatiQU-Q!-!ext. The body of the Handbook is 
divided into three distinct chapters. A brief 
description of their contents is given in the 
foilowing sub-paragraphs. 

(1)	 ~ha~~~~_~~~al. This first ch~pter presents 
general background concepts. Reference material 
and information is given in Appendix 4. 

(2)	 ChaE!er.-b._r~ Reliab!litY-!2~!!LPrQ£!!£~
~!§. The first part of this chapter presents 
an approach for the FAA to use in establishing 
Reliability Goals and Requirements. Next is a 
discussion of the FAA. Tasks involved in 
establishing the equipment specification and/or 
procurement documentation. Finally. the chapter 
discusses the FAA monitoring. participation. and 
support of the active Contract Reliability 
program. 

(3) . Cha~~~_L.-~~~!Qns for contra£1~ 
lmEleID~2!ion_Qf B~g!!ireg Progrgm. This 
chapter gives the instructions required for the 
implementation and/or accomplishment of the 
elements of the required reliability program. 
Specifically. guidance is given for: (a) 
Reliability Program Management: (b) Reliability 
Engineering and Analysis Tasks; (c) Design 
Reviews and Design Control; (d) Reliability 
Testing; (e) Failure Data Collection. Analysis. 
and Corrective Action; and (f) Fulfillment of 
the Documentation Requirements. 
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b.	 ApR~ndices. Four Appendices are provided with the 
Reliabili~y Handbook. The first is a GLOSSARY 
giving a lis~ of per~inen~ abbrevia~ions, 
definitions, and symbols. The second appendix is on 
COMPUTER PROGRAMS; and, i~ gives a lis~ing, wi~h 

description, of time-share computer programs 
available for applica~ion ~o reliabili~y analysis 
tasks. The third appendix, DELIVERABLE DATA ITEM 
DESCRIPTI~NS, gives ~he full Da~a I~em Descrip~ions 

for thirteen standard Data Items specific to the 
documen~a~ion and/or da~a for a Reliabili~y Program. 
The fourth and last appendix contains reference 
documen~s and services lis~ings. 

2.	 I§I~~L!§HMj;~f THE Rl;QYIBmLRELIABILITY ~~. The 
required reliabili~y program will be specified by 
imposing specific paragraphs of the FAA Specification, 
RELIABILITY PROGRAM REQUIREMENTS FOR ELECTRONIC AND 
ASSOCIATED EQUIPMENT. Five standard reliability 
programs are so ~abula~ed in Table 1, wherein an 
asterisk indicates that the specification paragraph is 
imposed. A "sta~lard" program is then imposed by simply 
specifying ~he iden~ifying number of ~he Reliabili~y 

Program as listed in paragraph 3.3.2.3 of the 
aforemen~ioned specifica~ion, and ~abula~ed in Table 1. 

a.	 §!tl:~£~iQ!LQ!~_§tandlliReliabili~y PrQ9ram. As 
listed in Table 1 and ~he FAA Speclfica~ion, ~he 
standard reliability programs are suitable for 
applica~ion ~o S~udy Con~rac~si Developmen~al 

Equipments, Prototype (preproductioq) models, and 
Produc~ion Model COn~rac~s. The following 
paragraphs define the basic reliability effort 
required fOL each of these contract types and the 
applicable s~andard program(s). 

(1)	 S~udy Contrac~s.These con~rac~s They are 
concerned with the s~udy of concep~s, probable 
design details and/or existing equipment 
configura~ions. S~andard Reliabili~y Program 
(1) is applicable to the design study effort. 
No har~ware end i~em is an~icipa~ed. 

(2)	 ~elopm~!ll_MOdeUQ!l!I.Sct.ln~he developmen~ 
model effort, ~he basic reliabili~y effor~ is 
directed to the evaluation of design concepts or 
approaches. The ~wo basic end goals for the 
reliability program are an analytical evaluation 
of ~he achieved reliabili~y; and an assessmen~ 

of the reliability potential for the production 
model. S~andard Reliabili~y Program (2), of 
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Table 1, is the applicable program for this 
effort. 

(3)	 .The_PrototY~1freprody£!ionl.Mod~!. In the 
prototype or preproduction effort, designs de
velop into essentially final form; and final 
parts are selected. The basic reliability 
effort is now directed to part selection and 
application; detail design support: reliability 
allocations and detail assessment; and, 
normally, a program of reliability testing and 
demonstration. Standard Reliability Program (3) 
is designed to provide a adequate reliability 
program for the average prototype effort. Where 
the effort involves either a high risk of 
accomplishment or low risk of accomplishment of 
the reliability requirements causes a 
modification of standard program as indicated 
above. 

(4)	 !he production_MQdeL~ontract.Inthe production 
model contract, the primary goal of the relia
bility effort is to assure that the Rdesigned
in" reliability is not degraded by the 
production process. The reliability program is 
therefore concerned with process, parts, 
materials, and design change monitoring and 
control. However, there are significant 
differences in required effort between the pure 
reprocurement and the initial production. 

(a)	 A reprocu~ment_with modifica~i0n2 (allowed 
and/or required) reqUires that reliability 
monitoring and control be inoreased to 
ensure that the modifications do not degrade 
reliability. Standard Reliability program 
(4) is suitable for the reprocurement with 
moderate modifications. (Extensive 
modifications would require treatment as an 
initial production contract.) 

(b)	 !h~_in!!!al_Erodu£tiQnco~~£! requires a 
full monitoring and control of process and 
all changes. Normally, a demonstration test 
of some level is also imposed. Standard 
Reliability Program (5) fulfills the 
requirements for a reliability program on 
the initial production of equipment with a 
reliability performance requirement. 
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(5)	 §ymm!rx of stan~lli~llibilityPrograms 
Applicabili1!. The following tabulation summ
arizes the contract applicability of the 
Standard Reliability Programs given in Table 1. 

(a)	 §tandard Re!iability Program <11. Design 
Study. 

(b)	 Standard Rel~ili!y-~ramj~. 
Development Model Equipment contract. 

(c)	 Stand,r~!iabil!~froq~j1l.Prototype 
(preproduction) Equipment Contract, with 

. moderate risk of accomplishing the required 
reliability performance. 

(d)	 standar9-neliabil!~~ramj!l. Reprocure
ment Production Contract, with moderate 
modifications allowed and/or required. 

(e)	 §!andard Rel~li!y-~ram j21. Initial 
Production COntract. 

b.	 !2n=.§~gill..~liab!lityProg~. The previous 
indications, and tabulation, of standard Reliability 
Program applicability are not "required" use - they 
indicate only "normal" use of the Standard 
Reliability Programs. Furthermore, in special 
situations, none of the Standard Reliability 
Programs may be suitable or desirable. In these 
cases, the Standard program should be modified as 
required by adding or deleting specific paragraphs 
of the FAA Specification, RELIABILITY PROGRAM 
REQUIREMENTS FOR ~ECTRONIC AND ASSOCIATED 
EQUIPMENT. 

3. BA~~OQ!LafPLICATIQlL~RELIAB!llTY_PROGRAlL 
l~-L~~TATION. As has been previously indicated, the 
required reliability program will be specified by 
imposing paragraphs of the FAA Specification, 
RELIABILITY PROGRAM REQUIREMENTS FOR ELECTRONIC AND 
ASSOCIATED SUP?ORT EQUIPMENT. Chapter 3 of this 
Handbook provides the basic instructions and/or guidance 
needed by the contractor to implement the required 
reliability program and accomplish the required tasks. 
Each of the instructional paragraphs of Chapter 3 is 
cross~referenced to the pertinent paragraphs of the 
above FAA Specification. Table 2 presents a 6ummary 
cross-reference relating the FAA Specification 
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paragraphs requiring instruction or guidance to the 
pertinent Handbook paragraph. 
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TABLE 1. REQUIRED RELIABILITY PROGRAMS"" 

FAA Specification, RELIABILITY PROGRAM REQUIREMENTS 
FOR ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT Reliability Program A 

Paragraph . Paragraph (1) (2) (3) (4) (5) 
Number Heading 

1.1 Scope 
2.0 through 2.3, Applicable Documents * * * * * 3.1 through 3.3.2 (General) 

3.3.2.1 Study Contracts * 
3.3.2.2 Equipment Contracts * * * * 
3.3.2.2.1 Development Model * 
3.3.2.2.2 Prototype/Preproduction Model * 
3.3.2.2.3 Production Model , * * 
3.3.2.3, Specified Programs, * * * * * 3.4 through 3.4.1 Management 

3.4.1.1, 3.4.1.2 . program Plan, ReI. Interface Compatibility * * * * 
3.4.1.3 Reliability Program Control * * * * * 
3.4.1.4 Supplier/Subcontractor Control * * * * 

Notes: 
A. The general applicability of such reliability program is: 

(1) - Design Study 
(2) - Developmental Model Equipment 
(3) - Prototype/Preproduction Model 
(4) - Production Model - Level 1 
(5) - Production Model.- Level 2 



.TABLE 1. REQUIRED RELIABILITY PROGRAMS 

FAA Specification, RELIABILITY PROGRAM REQUIREMENTS
 
FO~ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT
 Reliability Program A 

Paragraph Paragraph (1) (2) (3) (4) (5) -. 
Number Heading ..... 

3.4.1.4.1, Supplier/Subcontractor Design Reviews, * * 
3.4.2 Program Reviews 

3.5 through Engineering, Design and Analysis through * * * * * 
3.5.1.1.2 Model Results Application 

3.5.1.2 Reliability Apportionment * ** 
3.5.1.3 through Reli~bility Predictions through * * * * 
3.5.1.3.1 Prediction Techniques * 
3.5.1.3.1.1 Similar Functional Equipment Rel. Prediction 

3.5.1.3.1.2 Similar Card/Module/Assembl~Equivalent * Reliability Prediction 

3. 5. 1. 3. 1.3 Average Stress Reliability Prediction * 
3.5.1.3.1.4 Detailed Stress Reliability Prediction * * 

ttl 
Dl 

3.5.1.3.2 Failure Rate Sources/Justification "It * * * 
~ 3.5.1.3.3 Use Environment for Predictions * * * * ...a 

Notes: 
A. The general applicability of such reliability program is: 

(1) - Design Study 
(2) - Developmental Model Equipment 
(3) - Prototype/Preproduction Model 
(4) - Production Model - Level 1 
(5) ~ Production Model - Level 2 
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CD TABLE 1. REQUIRED RELIABILITY PROGRAMS 

FAA Specification, RELIABILITY PROGRAM REQUIREMENTS 
FOR ELECTRONIC AND ASSOCIATED SUPPO~T EQUIPMENT 

Paragraph Paragraph 
Number Heading 

(1) 
Reliabtlity( ~ogJ'!l{Il A
(2) 3) 4) ~5) 

3.5.1.3.4 through 
3.5.1.3.4.3 

Re11ability Studies through 
Ambient Temperature Variations * * 

3.5.1.3.4.4 Part ReliabilitY/Quality Classes * * 
3.5.1.3.4.5 Part Quality Control ProgLams * * 
3.5.1.3.4.6 Reliability Cost * * * 
3.5.1.3.5 Reliability Prediction Frequency * * * * * 
3.5.1.4 Degradation Analysis * * * 
3.5.1.4.1 Parameter Variation Analysis Method * 
3.5.~.4.2 Worst-Case Analysis.Method * * 
3.5.1.4.3 Variance Analysis Method * 
3.5.1.4.4 Monte Carlo Simulation Method 

Notes: 
A" The 

. (1) 

(2) 
(3) 
(4) 
(5) . , 

general applieability of such reliability 
- Design Study . . . 
- Developmental Model Equipment 
- Prototype/Preproduction Model 
- Production Model - Level 1 
- Production Model- Level 2 

program is: 
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TABLE 1. REQUIRED RELIABILITY PROORAMS 

FAA Specification, RELIABILITY PROORAM REQUIREMENTS 
FOR ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT 

Paragraph Paragraph (l) RrifabtfttY{lfogfff A 
Number Heading 

3.5.1.5 Design Specification Inputs * ** * '* 
3.5.2 through Parts/Materials/Process Control through * * 3.5.2.1.1 Derating Policy and Design Tolerance Values 

3.5.2.2 Verification of Part Application Stresses * * * 
3.5.2.2.1 Thermal Arta1ysis * * 
3.5.2.3 through Part's/Materia1s/Process Application Review * * * 3.5.2.5 through Suspect Item Deficiencies 

3.5.3 Parts/Assemb1ie~/Materia1Handling * * 
3.5.4 Failure Mode, Effect Analysis (FMEA) * * * * * 
3.5;4.1 Functiona1 Level FMEA * * 
3.5.4.2 Circuit Level FMEA * * *
 

'l:I 3.5.5 Critical Items *. .*
* 111 * 
I.Q 

·ro Notes: 
\D A. The general applicability of such reliability program is: 

(1) - Design Study 
(2) - Developmental Model Equipment 
(3) - Prototype/Preproduction Model 
(4) - Production Model - Level 1 
(5) - Production Model - Level 2 
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o TABLE 1. REQUIRED RELIABILITY PROGRAMS 

FAA Specification, RELIABILITY PROGRAM REQUIREMENTS 
FOR ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT 

Paragraph Paragraph (1) 
Reliability Program A 
(2) (3) (4) (5) 

Number Heading 

3.5.6 Design Reviews * * * 
3.5.6.1 Study Design Reviews * 
3.5.6.2 Equipment Design Reviews * * * 
3.5.6.3 Design Tradeoffs * 
3.5.7 Design Approval * * * * 
3.5.8 . Effects of Storage, Shelf-Life, Packaging, * * * Transportation, Handling, and Maintenance 

3.6 Production Reliability * * 
3.6.1 Production Failure Reporting * * 
3.7 through Reliability Testing through * * * * 3.7.1 Test Types 

3.7.1.1 Development Testing 

Notes: 
A•. The general applicability of such reliability program is: 

(l) - Design Study 
(2) - Developmental Model Equipment 
(3) - Prototype/Preproduction Model 
(4) - Production Model - Level 1 
(5) - Producdon Model - Level 2· 



TABLE 1. REQUIRED RELIABILITY -PROGRAMS 

FAA Specification, RELIABILITY PROGRAM REQUIREMENTS 
FOR ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT Reliability Program A 

Paragraph Paragraph (1) (2) (3) (4) (5) 
Number Heading 

3.7.1.2 Reliability Demonstration Testing * * * 
3.7.1.3 through Conditioning Tests through * * 3.7.1.3.4 Equipment Vibration Level - Option 2 

3.7.1.4 Production Reliability Tests * 
3.7.2 Reliability Test Program Plans * * * 
3.7.3 Reliability Demonstration Plan * * 
3.7.4 through Reliability Test Procedure through * * * 3.7.4.5 Test Demonstration Environment 

3.7.5 Design/Reliability Requirements Compatibility -** * 
3.7.6 through Maximum Preacceptance Operation * * 3.7.7.5 Test Report 

3.8 through Failure Data Collect., Analysis, Corr. Action 
'0 * * * * 
PI 3.8.1 through tnitiation of Failure Reporting 
IQ
/1) 

Program Initiation During Design 3.8.1.1 
~ * 
~ 

Notes: 
A. The general applicability of such reliability program is: 

(1) - Design Study 
(2) - Developmental Model Equipment 
(3; - Prototype/Preproduction Model 
(4) - Production Model - Level 1 
(5) - Production Model - Level 2 
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TABLE 1. REQUIRED RELIABILITY PROGRAMS 

FAA Specification, RELIABILITY PROGRAM REQUIREMENTS 
FOR ELECTRONIC AND ASSOCIATED SUPPORT E~UIPMENT Reliability Program A 

Paragraph Paragraph (l) (2) (3) (4) (5) 
Number Heading 

3.8.1.2 Program Initiation at Acceptance * * 
3.8.2 through Failure Review Board through * * * * 3.8.5.1 Failure Summary Reports 

3.8.5.2 Weekly Failure aeports * * 
3.8.5.3 Hot-Line Reports * * 
3.9 Engineering Design Changes * * * * 
3.10,3.10.1 Data Requirements, Status Reports * * * * * 
3.10.2 Computerized Reliability Predictions * * * * * 
4.1 Intended Use * * * * * 

Notes: 
A. The general applicability of such reliability program is: 

(l) - Design Study . 
(2) - Developmental Model Equipment 
(3) - Prototype/Preproduction Model 
(4) - Production Model - Level 1 
(5) - Production Model - Level 2 



TABLE 2. HANDBOOK GUIDANCE FOR IMPLEMENTING 
RELIABILITY PROGRAM TASKS (page 1 of 6) 

Program Tasks from FAA Specification, Applicable Guidance 
"Reliability Program Requirements in 

For Electronic and Associated Support Equipment" Reliability Handbook 
Paragraph 

Number 

3.4.1.1 

3.4.1.4 

3.4.2 

3.5.1.1 

3.5.1.1.1 
3.5.1.1.2 

3.5.1.2 

.S» "" ~ 3.5.1.3CD 
3.5.1.3.1 

~ 

w 

Paragraph 
Heading 

Program Plan 

Supplier/Subcontractor Control 

Program Reviews 

Reliability Modeling 

Model Requirements 
Model Results Application 

Reliability Apportionment 

Reliability Predictions 
Prediction Techniques 

Paragraph	 Paragraph 
Number Heading 

24 The Program Plan 

25 Supplier and Subcontractor Control 

26 Program Reviews 
~ . . 

27 The Reliability Mathematical Model. 
28 The Functional And Reliability Block 

Diagrams for the Mathematical Model. 
29 Maintenance Policies Pertinent to the 

Mathematical Model. 
30 Establishing the Mathematical Model. 

27	 The Reliability Mathematical Model. 

31	 Apportionment (Allocation) of 
Reliability Requirements. 

32	 Reliability Prediction Techniques and 
App licabiLi ty. 



'U 
DI 

~ 
~ 

~ TABLE 2. HANDBOOK GUIDANCE FOR IMPLEMENTING 
RELIABILITY PROGRAM TASKS (page 2 of 6) 

Program Tasks 
"Reliability 

For Electronic and 
Paragraph 
.Number 

from FAA Specification, 
Program Requirements 
Associated Support Equi-pment" 
Paragraph Paragraph 
Heading Number 

Applicable Guidance 
in 

Re~iability Handbook 
Paragraph 

Heading 

3.5.1.3.1.1 Similar Functional Equipment Reli
ability Prediction 

32 Reliability Prediction Techniques 
and Applicability. 

3.5.1.3.1.2 Similar Card/Module/Assembly Equiv
alent Reliability Prediction 

36 Reliability Prediction by Similar 
Functional Equipments and/or Modules. 

3.5.1.3.1.3 Average Stress Reliability Prediction 

32 

35 

Reliability Prediction Techniques 
and Applicability. 
Part-Count/Average~StressReliability 
Prediction Procedure. 

3.5.1.3.1.4 Detailed Stress Reliability 
Prediction 

32 

34 

Reliability Prediction Techniques 
and Applicability. 
Detailed-Stress Reliability 
Prediction Procedure. 

3.5.1.3.2 Failure Rate Sources/Justification 37 Part Failure Rate Data Sources~ 



TABLE 2. HANDBOOK GUIDANCE FOR IMPLEMENTING 
RELIABILITY PROGRAM TASKS (page 3 of 6) 

Program Tasks from FAA Specification, Applicable Guidance 
"Reliability Program Requirements in 

For Electronic and Associated Support Equipment" Reliability Handbook 
Paragraph 

Number 

3.5.1.3.4 
3.5.1.3.4.1 
3.5.1.2.4.2 
3.5.1.3.4.3 
3.5.1.3.4.4 
3.5.1.3.4.5 
3.5.1.3.4.6 

3.5.1.3.5 

3.5.1.4 
3.5.1.4.1 
3.5.1.4.2 
3.5.1.4.3 
3.5.1.4.4 

3.5.1.5 

'tJI» 3.5.2 
\Q 
(I) 

~ 

U1 3.5.2.1 
3.5.2.1.1 

3.5.2.2 

3.5.2.2.1 
3.5.2.3 

Paragraph Paragraph Paragraph 
Heading Number Heading . 

Reliability Studies 
Design Variations 
Stress Variations 
Ambient Temperature Variations 
Part Reliability/Quality Classes 
Part Quality Control Programs 
Reliability Cost 

Reliability Prediction Frequency 

Degradation Analysis 
Parameter Variation Analysis Method 
Worst-Case Analysis Method 
Variance Analysis Method 
Monte Carlo Simulation Me'thod 

Design Specification Inputs 

Parts/Materials/Process Control 

Design Guide 
Derating Policy and Design Tolerance 
Values 

Verification of Part Application/ 
Stresses 
Thermal Analysis 
Parts/Materials/Process Application 
Review 

39 Predictions for Reliability Impact 
Studies 

33 Reliability Prediction Requirements. 

40 Degradation Analysis of Circuits. 

57 Design Specification Inputs. 

41 The Parts, Materials, and Processes 
Program. 

42 The Reliability Design Guide. 

43 P&rts, Materials and Process Application 
Review and Verification. 
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~ 0\ TABLE 2. HANDBOOK GUIDANCE FOR IMPLEMENTING 
RELIABILITY PROGRAM TASKS (page 4 of 6) 

Program Tasks ~rom FAA Specification, Applicable Guidance
 
"Reliability Program Requirements in
 

For Electronic and Associated Support Equipment" Reliability Handbook
 
Paragraph Paragraph Paragraph Paragraph
 
Number Heading Number Heading
 

3.5.2.4 Defective or Inadequate Items 
3.5.2.5 Suspect Item Deficiencies 41	 The Parts, Materials, and Processes 
3.5.3 Parts/Assemblies/Material Handling	 Program. 

44	 Effective Failure Mode and Effect 
Analysis (FMEA) in the Reliability3.5.4 Failure Mode, Effect Analysis (FMEA) 
Program. 

46 General Procedures for Performing FMEA. 

3.5.4.1 Functional Level FMEA 45	 Levels of FMEA. 
3.5.4.2 Circuit Level FMEA 46	 General Procedures for Performing FMEA. 

3.5.5' Critical Items 47	 Critical Items Identification, Control 
and Handling. 

48 The Design Review Program. 
49 The Design Review Board and Review 

Participation. 
50 General Reliability Review Considerations.3.5.6 Design Revi.ews 52 Reliability in Preliminary Design Reviews. 
53 Reliability in Critical Design Review. 
54 Reliability in First Article Configuration 

Inspection. 



TABLE 2. HANDBOOK GUIDANCE FOR IMPLEMENTING
 
RELIABILITY PROGRAM TASKS (page 5 of 6)
 

Program Tasks from FAA Specification, 
"Reliability Program Requirements 

For Electronic and Associated Support Equipment" 
Paragraph Paragraph Paragraph 

Number 

3.5.6.1 

3.5.6.2 

3.5.6.3 

3.5.7 

3.5.8"C 
AI 
~ 
nl 

~ 

~ 

3.7.1.1 

3.7.1.2 

Heading Number 

Applicable Guidance 
in 

Reliability Handbook 
Paragraph 
Heading 

Study Design Reviews 

Equipment Design Reviews. 

Design Tradeoffs 

Design Approval 

Effects of Storage, Shelf-Life, 
Packaging, Transportation, Handling 
and Maintenance 

Development Testing 

Reliability Demonstration Testing 

49 

51 

The Design Review Board and Review 
Participation. 
The Formal Study Design Reviews. 

49 

52 

53 
54 

The Design Review Board and Review 
Participation. 
Reliability in, Preliminary Design 
Review. 
Reliability in Critical Design Review. 
Reliability in First Article Configuration 
Inspection. 

50 General Reliability Review 
Considerations. 

58 Design Approval. 

56 Effects of Storage, Shelf-Life, 
Packaging, Transportation, Handling 
and Maintenance. 

60 

·61 

The Reliability Development Testing 
Program•. 
Types of Reliability Deveiopment 'rests. 

62 The Reliability Demonstration Test. 
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CD TABLE 2. HANDBOOK GUIDANCE FOR IMPLEMENTING 
RELIABILITY PROGRAM TASKS (page 6 of 6) 

Program Tasks from FAA Specification, Applicable Guidance 
"Reliability Program Requirements in 

For Electronic and Ass.ociated Support Equipment" Reliability Handbook 
Paragraph
 

Number
 

3.7.1.4 

3.7.2 
3.7.3 
3.7.4 
3.7.7.5 

3.8 

3.8.2 

3.8.3 

3.8.4 

3.9 

----.._---

Paragraph Paragraph Paragraph
 
Heading Number Heading
 

Production Reliability Tests 

Reliability Test Program Plans 
Reliability Demonstration Plan 
Reliability Test Procedure 
Test Report 

Failure Data Collection, Analysis 
and Corrective Action Program 

Failure Review Board 

Failure Analysis 

Corrective Action 

Engineering Design Changes 

"general requirements for document
ation" 

"requirements for deliverable 
documentation" 

63 Reliability Acceptance Tests in 
Production. 

64 Reliability Testing Plans, 
Procedures, and Reports. 

65 Design of a Failure Reporting and 
Data Collection System. 

66 The Failure Review Board and 
Corrective Action. 

67 Failure Analysis. 

66 The Failure Review Board and 
Corrective Action. 

59 Engineering Design Changes. 

68 Deliverable va Non-deliverable Data 
and/or Documentation. 

69 Standard Deliverable Data Items. 



4.	 BBLI~L!tX. The reliability of an equipment is defined 
as the PROBABILITY that the equipment will per~orm 

satisfactorily for a specified period of time(when used 
under specified conditions. This probability expressed 
as a function of the time is called a Reliability 
Function, R(t). 

a.	 Failure Rate and Mean-Time-Between Failure. Failure 
Rate-aDd Mean-Tlme=Between=FailureS-(MTBF) are also 
useful indicators of equipment reliability. Failure 
Rate is defined as the number of failures oc~urring 
per unit of time. The instantaneous failure rate, 
or hazard rate, A , is related to the Reliability 
Function by the following equation. 

\ (t) =-~l!LR(t)
'" 1 dt	 (equation 1) 

And, MTBF is related to the Reliability Function as in 
the following equation. 

00 
MTBF = ~ R (t) dt (equation 2) 

b.	 The_ExE9n~!s!_FunciiQn. Failure distributions for 
most electronic and electrical parts, which have 
been screened and "burned-in", have been found to 
follow the negative-exponential curve (as a function 
of time). The same distribution Lhen applies to 
"debugged" conventional (i.e., without significant 
redundancy) electronic equipment. The Reliability 
Function under these conditions is given by the 
following equation. 

-At
R(t) = e	 (equation 3) 

Applying equations (1) and (2), the failure rate is 
found to be the constant,).. ; and the MTBF is found 
to be the inverse of this failure rate. 

(1)	 Life-Cycle Failu~e Rat~~lectr2n!c~E: 
~. It is important to note that electronic 
equipment follows the exponential, constant
failure-rate, curve for only a part of its total 
lifetime. This part generally represents the 
useful life; and electronic equipment is 
characterized by a relatively lon~ "useful 
life". Prior to this phase, the failure rate is 
higher and decreasing in what is commonly called 
the debugging, or infant mortality, phase, After 
the constant-failure-rate portion of its life, 
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the equipment enters a "wear-out" phase, where 
the failure rate increases at an increasing 
rate. These three periods of the equipment life 
form what is commonly called a "bathtub" curve 
for the failure rate as a function of time. 

c.	 fD!_weiRYll FunctigD. The failure distributions for 
mechanical elements and certain electronic parts 
(such as vacuum tubeS) do not follow the above 
exponential, constant-failure-rate, curve. For 
these, the Weibull distribution is more applicable; 
and has been found to be extremely useful. Under a 
Weibull distribution, the Reliability Function may 
be written as in the following equation. 

. .« 
R(t) = e -~ t	 (equation 4) 

The	 instantaneous failure rate, or hazard rate, 
under a Weibull distribution is then defined by the 
following equation. 

) .. := uA.t u:'l	 (equation 5) 

The	 failure rate for the general Weibull is 
therefore not constant. Note that when « is 1, the 
weibull becomes the exponential, with constant 
failure rate. When this parameter is less than 1, a 
decreasing failure rate is obtained; and when the 
parameter is greater than 1, an increasing failure 
rate is obtained. 

(1)	 Life-Cycle_Failure R~te fQ~echanical_E9Y!E

ments. This type of equipment and/or part 
generally does not have a constant-failure-rate 
phase in its lifetime. Initially, the failure 
rate is decreasing. After reaching some minimum 
value, the failure rate immediately begins 
increasing. 

d.£QIDbinin9-Rel~abili~ies.Since the Reliability Func
tion is a probability function, the laws of 
probability apply when determining the reliability
of a group of elements, with the individual relia
bilities being known. Application to "redundant" 
configurations is discussed in a following paragraph 
of this section. For the present, consider an 
equipment consisting of Un" elements, all of.which 
are required for the equipment to operate properly. 
If R is the reliability of these elements, the 
reliability of the equipment is simply the product 
of these individual reliabilities. If all elements 
follow the exponential failure distribution, the 
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equ1~nt Reliability Funat~QO 1, t~r.'ore given by 
the	 following equation. 

R (1:) =e - "i)'f+~2+· .. +,\n it (equation 6) 

In this equation, the ·X,'s are the individual element 
failure rates. It is clear that the failure rate of 
this equipment is con$tant, and is the sum of the 
individual element failur~ rates. (It will later be 
shown that the failure rate is not constant when 
redundant elements are involved.) 

e.	 ~F vs: M~. In defining and determining MTBF, 
only those element failures are counted which 
prevent the prime function from operating 
satisfactorily. Where redundancy is involved, there 
will be element failures which do not cause failure 
of the prime function. These latter do, however, 
still require a maintenance action to be performed. 
As a measure of required maintenance, then, a Mean
Time-Between-Maintenance (MTBM) action is defined 
and/or determined. MTBM counts all element 
fa.ilures, whether or not the prime function is 
operating satisfactorily. 

5.	 ~INIB!NABILITI. The maintainability pf an equipment is 
generally defined and measured in terms of the time re
quired to perform maintenance actions. 

a. Inh~nt V~.i Ol2eratiQ!l2Ullitainabili~.The 
·"inherent" maintainability is "designed-into" the 
equipment; and its determination assumes that all 
required instruments, tools, and. spares are 
immediately ·available. Thus, inherent maintain
ability does not consider the effect of adminis
trative and/or logistics delays in accomplishing a 
maintenance action. The inherent maintainability is. 

.. generally defined in terms of a Mean-Time-To-Repair 
(MTTR) the equipment; and includes the time required 
to fault locate and/or isolate, remove and replace 
the faUlty element, and verify effectiveness of the 
repair. "Operational" maintainability, on the other 
hand, a4ditionally takes into account the adminis
trative and logistics delays involved in the 
maintenance action. This operational maintain
ability is generally defined as a Mean-Dawn-Time 
(MDT). Note that, except as indicated in the 
following, the "down-time" in MDT refers to the 
failed element being down (inoperative). For 
equipments without redundancy, this would also mean 
the prime function is inoperative. 
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b.	 System MTTR and MDT. In determining the Availability 
of an equipment r it will be necessary to determine 
MTTR and MDT for only those maintenance actions 
performed with the equipment itself inoperative. 
The inoperativeness may be caused by the maintenance 
action itself and/or by the failure of the faulty 
element requiring the action. When such deter
mination is intended r the required terms should be 
clearly so designated; aSr for example r MTTR(system) 
and MDT(system). 

6.	 bVAILABILITY. The availability of an equipment is the 
probability that it will be operationally ready when 
needed at any point during a specified mission r or dutYr 
time. Availability therefore takes into acco~t both 
equipment "up" timei and equipment "down" time for 
maintenance. In equation form r then r "inherent" 
availability (i.e. r "designed-in" availability) is 
defined by the following. 

A1 =_ MTBF 
MTBF + MTTR(system) (equation 7) 

Operational Availability is definable by the following 
equation. 

AO = MTBF__ 
MTBF + MDT (system) (equation 8) 

0

7.	 REDUNDANCY. A "success" path for an equipment function 
rs-iny set of operating elements REQUIRED to accomplish 
that function successfully. If more than one such 
success path is provided r the paths are said to be 
redundant. ClearlYr the reliability potential fo~ the 
function increases with the number of alternate success 
paths provided. 

a.	 Ba§ic £Qnfigu~tiQD§. In the simplest configuration 
of redundant equipment elements r "nil unique sets of 
elements are provided and only one set is REQUIRED 
for successful operation. In constructing a 
reliability block diagram, this is usually indicated 
by simple parallel sets of elements. In the general 
redundancy case, "n" sets are provided and "m" (with 
m less than n) are required for success. The relia
bility block diagram now requires an indication of 
the number of sets required for "success". The 
degree of redundancy is usually indicated by taking 
the ratio of the number of element sets provided to 
the number required; i.e. r "n/m". Most cases of 
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parallel (1n the present sense) .nd serial ~lements. 
(;tft'-'1:he reliabtll., Elen.e, serially-inClicated 
elements are all r8qUired for BUCae••• ) 

b.	 IIP&emen'tt100 Pf.B§duDttDSX. There are two basic 
approaches to implement n9 these reliability
parallel elements. One is to have "active" 
redundancy; and the other is "standby" redundancy. 

(1)	 Act!ye rgdundan£y is implemented with all 
elements actively operating in the equipment 
function. Conceptually, this ~s the simplest 
approach, since no switch-over mechanisms are 
required. Quite often, however. this approach 
presents insurmountable circuit design problems. 

(2)	 §~n~-bY £~pund!ncy is implemented by providing 
for switching in a stand-by element when the 
actively operating element fails. In its stand
by status, the redundant element is not active 
in the equipment function. Furthermore, the 
stand-by status may be "cold" (totally non
operating), "hot" (fully operating), or "warm" 
(partially operating). From the reliability 
standpoint, the "coolest" stand-by is 
preferable, since the failure rate in stand-by 
is then lower. However, to permit immediate 
switch-over without adjustment, circuit and/or 
part limitations may require a "warmer" stand-by 
operational condition. 

(3)	 Maintenance-2!-!he ~edund~~ is an important 
consideration in designing the equipment to 
obtain optimum reliability potential from the 
redundancy. In the simplest design. approach, 
repair action is not instituted until failure of 
the function provided by the redundant set. On 
the other hand, if failed elements of the 
redundant set can be repaired while the 
equipment continues operating, tremendous relia
bility advantage is generally gained if repair 
action is instituted immediately as the elements 
fail. The first case is normally referred to as 
non-repairable redundancy; while the second case 
is normally termed repairable redundancy. 

c.	 W!t!?!litY_14Va);uat12n. The following sub-paragraphs 
review the reliability impact of the redundancy 
factors considered in the preceding. 
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(1)	 ~X!_Bedla~IDS'~BQD::B~E.!k~.-The reliability 
func~ion for ~his type of redundancy is .. simple
combination of independent, NON-CONDITIONAL, 
probabilities. For example consider the set of 
two elements (with Reliabilities Rand R ) with 
only one element needed. The Reliability 
Function for the set is readily obtained, and is 
given by the following equation. 

(equation 9) 

If the redundant set consists of electronic 
elements, with failure rates , and , the Rel
iability is then given by the following. 

R = e-X.t + e';;'A2't__ ;cI1+A2) iequation 10) 

And	 if the elements all have equal failure 
rates, as is the common case in applications of 
active redundancy, the Reliability Fwlction 
simplifies to the following. 

R = 2e-,\,t-e -2At	 (equation 11) 

Similar equations are readily developed for the 
general case of active, non-repa:red, redundancy 
with n elements and m required. 

(a)	 Failure Rate of the redundant set is no 
longer constant, even though the individual 
elements have constant failure rates. This 
may be proven by applying equation (1) to 
the above equation (11). Thus, the failure 
rate of the redundant set is not additive to 
element failure rates in obtaining equipment 
failure rate. 

(b)	 ~ of the redundant set may be determined 
by application of equation (2) to the Relia
bility Function. For the simple case ' 
illustrated by Equation (11), the MTBF is 
found to be 1.SQ, where Q is the MTBF of the 
element. Note that the MTBF is no longer 
the inverse of the hazard rate defined by 
equation (1). This is generally true when 
the constant failure-rate characteristic is 
no longer valid. 

(c)	 1be Rel~ability of a properly applied 
redundant set is better than that of an 
individual element. Note equations (9) 
through (11). This reliability improvement 
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increases as t.he degree of redundancy 
increases. 

(2)	 §1IDd=~B!~~~A~_~2D=B!2I~rI4. The ca.. of 
"hot" st.and-by is essent.Ially that of the active 
redundancy case; except that the set reliability 
is degraded by the need for a switching 
mechanism. .Hence, in this case, care must be 
taken that the "unreliability" of the switching 

,mechanism	 does not override any advantage given 
by the redundancy. As the stand-by state 
becomes "cooler", the reliability improves over, 
the active and hot stand-by implementations. 
For stand-by states below "hot", the development 
of Reliability Functions is not the simple 
matter it was with active redundancy. The 
failure rate of the stand-by unit is now a 
function of the condition of the operating unit. 
several books (see Section 2, paragraph 4d) are" 
available to give specific equations for 
specific conditions of stand-by redundancy (see 
reference d. (1) of paragraph 4.) Consider the 
simple case of one electronic unit operating, . 
with a second, similar unit in "cold" stand-by. 
If the reliability of the switching mechanism is 
ignored, the Reliability Function of the set is 
given by the following equation. . 

-'tR = e ~ (1+At) (equation 12) 

(a)	 The Failure Rate is, again, not constant; in 
spite of-the fact that the elements do have 
constant failure rate characteristics. 

(b)	 The MTBF can be determined if the 
Reiiability Function can be defined. For 
the simple case of Equation (12), the MTBF 
of the set is found to be twice the MTBF of 
the element, as should be expected for cold 
stand-by. 

(c)	 The Reliabil!1Y_of the stand-by 
implementation is theoretically better than 
that achievable with active redundancy, 
provided the stand-by status is less than 
"hot". However, when considering this form 
of redundancy for its reliability advantage 
(and not because of circuit and/or part 
requirements), extreme care should be taken 
that the required switching mechanism does 
not absorb all the advantage possible. 
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(3)	 Impact of Repair~Redundancy. All of the pre
ceding discussion in sub-paragraph c. is based 
on the premise that repair action is not initia
~ed until the function fails (i.e. the number of 
elements falls below the minimum required). If 
repair action is initiated immedia~ely as ~he 

element fails, and if the equipment design 
allows the equipment to continue operating while 
the repair is performed, the reliability gain 
can be tremendous. The required equations and 
computations can be complex for any significant 
redundancy. For most cases of redundancy with 
the present types of parts and components, a 
"repair-while-hot" capability on the redundant 
set results in a Reliability that is essentially 
unity; that is, the result is an effectively 
nonfailing function. 

8.	 I~~£!_OF PART ~£REENnm~_~YllMENT RELIABIL!!!. The 
use of high quality parts does not guarantee that a 
reliable equipment will result. However, the use of 
poor quality parts does effectively prevent thepossi
bility of a high resulting reliability. Part screening 
is an effective approach to obtaining reliable parts: 
and, hence, a POTENTIALLY r~liable equipment. 

a.	 §ignifican!-fa£t_Scr~.Tte most significant 
"standard" part screens, applicable to control of 
electronic part quality, are listed below. 

(1)	 Yi§gal Inspection. This is the simplest form of 
part screen. It is designed to eliminate the 
obvious fabrication faults, which would either 
cause immediate failure or lead to very early 
failures. In microcircuits, semiconductors, and 
other capped or encapsulated parts, the visual 
inspection is done in two phases - "pre-cap" and 
"post-cap". 

(2)	 ~l Hermetic!!y Te~. This test verifies the 
validity of the hermetic seal of capped units. 
Microcircuits and semi-conductors are special 
candidates for this screen. The primary aim is 
to reduce humidity-induced failures in the 
field. 

(3)	 ~~~2!.~_~cling~~n. The aim of this 
screen is to reduce field failures resulting 
from high or low AMBIENT temperatures. It is 
equally applicable to all electronic parts. 
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(4)	 tb!Imll_§ho~S~reen. This is similar to the 
preceding, except that the investigation is 
direGtedtowar~ the effect of SUDDEN CHANGES in 

". :temperature. Thermal shock can produce, 
me.chanical stresses w,hich can either induce 
immediate failure or make the part failure
prone. The screen is especially applicable to 
structurally "delicate" parts, such as hybrid 
microcircuits. 

(5)	 Mechani~§hock~~~!!. The intent here is to 
reduce field failures resulting from vibration 
(and of course, shock). This type of test is 
most useful on a structu:ed-equipment basis. On 
a part level, this screen does have some use on 
parts of a "structural" nature; which would 
:include	 all hybrid microcircuits, some 
integrated circuits and semiconductors, RF 
coils, and mechanically adjustable parts. 

(6)	 ~Y~n~In ~~. The preceding screens were 
either ofa"quality control" nature; or they 
were directed toward reducing the effect of a 
severe use environment. In the burn-in screen, 

. ,-the parts are operated at high temperatures with 
full electrical stress. The Qurn-in process is 
intended to accelerate the obtaining of a low, 
constant-failure-rate characteristic for the 
part class. Burn-in is the most significant of 
the screens in establishing the BASE failure 
rate to be obtained of the part class. 

b.	 RetiabilitLImE2£'!;. A great variety of equipments 
have been built using parts of specified control 
IIlevels". Reliabilities (field, test, and/or 
analytic) have been established for these 
equipments. 'These serve as a base for ,indicating 
the equipment-reliability impact of part screening. 
The following SUbparagraphs compare the 
reliabilities achieved with specific part-screening 
control to that achieved using essentially 
unscreened parts. 

(1)	 £Qmmerical-~£2de_~!2~n!.Most commercial 
grade equipment uses essentially unscreened 
parts. At the most, visual inspections and 
hermeticity tests may be carried out; but only 
on a sampling basis. The MTBF obtained for such 
equipments shall be used as a base of comparison 
for the following specified control levels. 
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(2)	 Llvel C Parts. Parts controlled to -Level C. 
will go i:hrough visual inspection, t.emperatEe
cycling, and seal berme't.ici't.y (as applicable) 
screens. Bquipmen't.8 built with parts COIl't.rolle4 
t.o this level have been found t.o have an MTBP 
approxima't.ely TWO 't.imes tha't. of similar 
COMmercial-grade equipment. 

(3)	 Level B parj:J. Parts con't.rolled 't.o -Level B· 
will add 'thermal shock and burn-in screens 'to 
tbose required for LevelC. And, the burn-in is 
of approxima't.ely 170 hour duration. BquipMn't.s 
built with Level B parts have resulted in ~p'. 

on the order of SIX 't.imes 't.ha't. -obtained in 
similar commercial-grade equipment. 

(') Llvel A Part!. -Level A- part control uses ALL 
of 't.he screens lis't.ed in 't.he preceding s~ 

paragraph. This adds the mechanical shock 
screen 't.o 't.hose defined for Level B control. 
And, the burn-in is now extended to 240bours~ 
(Note 't.hat, here and in 't.he preceding levels, 
individual screen types are applied only to .. 
pertinent part classes.) The use of Level A 
par't.s has been es't.ima't.ed to yield equipmen't. NTBF 
approximately FIFTEEN times better than that of 
similar commercial equipaent. 
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CHAPTER 2. FAA RELIABILITY TASKS IN PROCUREMENTS 

9. 2QM!2-Yh_BEQUIBEME!!T.-2. For purposes of the following, 
an effectiveness goal is the effectiveness (measured in 
terms of availability and/or reliability) needed to 
fulfill functional requirements in the overall system 
context. Here, "system" refers to the total National 
Airspace System (NAB). A reliability requirement, on 
the other hand, is the contractual reliability required 
of implementing hardware or functions within the NAB. 
The reliability requirement does consider factors 
outside of the system itself. 

a. ~Qntractual ~e!iabili1Y-regy~mentshould always 
be based on a previously determined effectiveness 
goal. Conversely, the goals related to a specific 
unit or equipment may be influenced by the relia
bility achieved for other units of the NAB system. 
Thus, the degree to which a particular unit's 
requirements are actually fulfilled will affect the 
goals related to other system units. Goals must 
therefore be considered as a dynamic ~et of figures. 
In the early stages of system evolution, goals can 
be very volatile - changing as reliability 
requirements are exceeded or not met; and as system 
mission and/or needs change, or are redefined. 
Requirements, on the other hand, are fixed over the 
course of a contracted effort. 

b.~-9~~ali~~roc~d~for establishing reliability 
requirements for procurement packages is given in 
the following two paragraphs. The first stage is to 
establish the effectiveness goals as needed for the 
NAB functions. At this point, factors outside of 
the NAB itself are not considered. The second stage 
is to establish the reliability requirements for the 

• specific implementing hardware.or function. 

10. &;2:ra~2!!!llii~AJ.B ROB-THE NA§-!!lB£TIONB. The following 
procedure is directed toward establishing effectiveness 
goals for the NAB functions. Effectiveness is measured 
in terms of Availability and/or Reliability. Ideally, 
the procedural steps should be applied to the NAB system 
as a whole. However, the procedure can be applied to 
consider only the NAB functions and interfaces specific 
to a particular intended development and/or procurement. 
The former procedure application is particularly 
applicable to the development and/or procurement which 
involves the definition of new NAS functions. The 
latter, limited procedure application would be 
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applicable to the procurement which involves the 
upgrading of an existing function. 

a.	 step 1 - Develop a Functio~ Block Diagram of ~ 
~. The intent of the diagram is to define the 
"total" system into which the new 
developments/procurements are to be integrated. 
First, define the elemental NAS functions required 
for the NAS to fulfill its assigned missions. The 
function description shall define the type of data, 
information, or control being handled; and shall 
encompass data acquisition, transmission, 
processing, and handling. Then, define the major 
subsystem elements involved in the perfo~mance of 
these functions. With these elements and functions 
defined, construct a block diagram which depicts the 
functional relationships of the major NAS elements. 
TO limit the complexity of the diagram, use typical 
elements or classes of elements wherever possible. 
Be careful, however, to always define the "class. or 
the criteria for being considered "typical". For 
example, use Airport Terminal Classes 1nstead of 
terminals at specific locations. 

b.	 ~~-1-- E!!ablish the NAS System"·Use Environmen~. 
Define the traffic conditions within which the NAS 
system must function. The air traffic density at 
the various points of the system (Terminals, 
ARTCC's, Flight Service stations, etc.) must be 
established. Then define the significantly 
different aircraft types to be encountered. These 
are "different" in the-sense of requiring signifi 
cantly distinct services andlorimposing 
significantly distinct system restrictions. Some of 
the characteristics for defining significantly 
different aircraft are: speed differences, VSTOLvs. 
Normal Take-Off/Landing, and Commercial vs. Private 
vs. Military. This "use environment" may be 
structured into a matrix giving the density of a 
particular aircraft type to be eXPeCted at a 
particular system "loint. 

..
 c. ~ep 3 =-Define_the_"Op~gtions Profil~" for ~~
 
Ele~nts. Define the operational events occurring at
 
the	 NAS elements. structure these into an 
"operations profile" which delineates the sequence 
and	 duration of the events. Relate the operations 
events to the aircraft movement events which either 
initiated the operation or resulted from it. In as 
much as possible, also define the relationship 
between operations profiles of different NAB 
elements. When done "manually, the operations 
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profiles are developed by following the movement and 
control of one aircraft at a time. In a computer 
simulation of the NAg system, the operations 
profiles would be based on "real-world" air traffic 
movement problems. 

d.	 ~E-!-=-Qefi~-l-un£tionPer!orma~Levels. Define 
the performance characteristics of each of the 
sUbsystem functions. These shall be of the level 
necessary to define functional failures and/or 
degraded performance levels. The more 
characteristics used, the more realistic will be the 
definition of function performance. On the other 
hand, the number of characteristics must be limited 
to keep the problem at a manageable level. For 
example, if establishment of the goals is to be 
accomplished manually, it may be adequate to use 
only range as the performance characteristic for 
radar surveillance data acquisition; and capacity as 
the performance characteristic to describe the 
control radar function. In a computer simulation of 
the NAS system, more characteristics can be used. 
For example, the performance characteristics for the 
control radar function could be expanded to include 
range, accuracy, and capacity. Assign units of 
measure to each of the performance characteristics 
used. Where a computer simulation is not available, 
the units may simply be in terms of percent of 
"full-up" performance. On the other hand, in a 
computer simulation of the NAS system, specific 
parameters should be used. In addition to defining 
"full-up" performance, degraded levels should be 
defined and associated with degree of acceptability. 
It is not n~cessary that the degree of acceptability 
be defined in an absolute sense. It is only 
necessary that the degree of acceptability defined 
for one functiOn be relatively the same as defined 
for other functions. 

e.	 §~E-2-=-~rmine_M.2!ill~d-~=Yn!!.@nned_status of 
fYnctioD§. categorize the functions as to Manned, 
Unmanned, or Manned/Unmanned. A manned function is 
always performed at, or by, a manned facility; 
and/or maintenance is available on an essentially 
"as required" basis. An unmanned function is always 
performed at, or by, an unmanned facility; 
maintenance is not available "as required"; and 
maintenance is available on only a "time-scheduled" 
basis. A manned/unmanned function is performed at, 
or by, both facilities of the "mannec" category and 
facilities of the "unmanned" category. 
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f.	 Step 6 - Dtlermine !h~. Effectiveness of lY!!£llin§ 
~eady ImplemeD~~g. Determine the "a priori" effec
tiveness of functions implemented only as a contract 
for hardware; as well a8 functions implem~nt"d in 
actual field operation. 

(1)	 ~funct!2ps ot:_!h!LYDm~lmed_cat~gQ£l, use 
Reliability as the effectiveness measure. 
Reliability is the probability of successful 
operation, over a given period of time. 
Specifically, the "time" is the period between 
maintenance visits. 

(2)	 for functions_of-!h~~nedcateqQ~, use Opera~ 
tional Availability as the measure of effective
ness. Operational Availability is a function of 
MTBF and MDT; where the "down time" considered 
includes logistic and admin~strative delays in 
addition to the active repair time. 

(3)	 [Qr fu~c~ions of-!h~anned/unmanDedcategory, 
use bofh measures of effectiveness. A later 
step w 11 evaluate which measure presents the 
more s vere reliability requirement. 

g..	 2!:~E-L=-.QEJ1ermin~~lli!mina~~fecti~ss~!!.§ 
for ~he NA~ FunctiQ!!~. 

I 
(1)	 ~2~~g_S>n the cri~ic9-li!:y"of the functions, and . 

acceptable probabilities of failure (or required 
probabilities of s~ccess), assign preliminary 
~f~e~t~vene~s goals to all NAS functions •. This 
1n1t1a~ ass1gnment of goals does not cons1der 
whether or not the function is already imple
mented; nor, does it yet take into account the 
effectiveness achievements defined in the 
preceding step. 

(2)	 cost§ will ultimately also have to be considered 
in the assignment of effectiveness goals 
(leading to reliability requirements). 
Generally, increased effectiveness goals mean 
increased costs for development, procurement, 
and support related to the func~ion implemen
tation. From the cost-effective viewpoint, 
then, this is probably the most significant 
point in the evolution of a new development 
and/or procurement. It is therefore extremely 
important that the assigned effectiveness goal 
be no greater than DICTATED by function 
criticality. 
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h.	 Stee L - Agjust Preliminary goal§ to Account fo~ 
Ach~~d Effectivene§§. Compare the preliminary 
Effectiveness goals (determined in step 7) against 
the Effectiveness of the implemented functions (Step 
6) to determine whether or not goal adjustment is 
necessary or desirable. The determination is broken 
down into four basic cases to consider. 

(1)	 ~~se 1-=-EffectiveD~-2!-Imelemente~fYnction 
GREATER than~limi~~Assigned Goali-~nd 
Function NQ~~FO~~Procurementor 
Development being Considered. Review the 
preliminary goals to determine if the goals of 
other functions (particularly the ones of 
immediate concern) can be reduced because of the 
greater effectiveness of the implemented 
function. If they can, adjust all goals 
accordingly. If the other goals cannot be 
lowered, do not change ANY goals - including the 
one with a proven higher effectiveness. 

(2)	 Case 2 - Effecti~~§~Implem~D~gd Function 
GREATER than preliminaxv Assigned Goal; and 
f!!ncti9n IS PIDY:QBMED_J2L.~~~ntor Devel2E:: 
m~~ing C9nsider~Q. Review the preliminary 
goals to determine if the goals of the other 
functions can be reduced as a result. If they 
can, replace the preliminary goal of the 
function of immediate concern with the proven, 
higher value; and adjust the other goals to 
correspond. If the other goals cannot be 
lowered, make NO goal change~. 

(3)	 Case 3 - Effecti~~§§ of_Implemented Function 
~~ tq2n Prelimina~-b§§igriedGoal; and 
IYnction-lill~BFORMED-!2YProcurement or 
~~elopment bein9-£Qn§ide~~g. R~vie~ the 
preliminary goals to determine if the lower 
Effectiveness can be compensated for by 
increased goals for the other functions 
(particularly the ones of immediate concern). 
If they can compensate, adjust all goals accord
ingly (this increases the goal for the function 
of immediate concern). If compensation cannot 
be achieved, retain the preliminary assigned 
goals; and flag ifor special attention) the 
function whose implementation yields an Effec
tiveness lower than the goal. 
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(4)	 £a§e 4 - Effect~veness of-!melemented Function 
lQHEB than Preliminary Assigned Goal; and 
Function I~-fEErQBH~~fI2£urementor Develop: 
m~nt being Considered. In this case, make no 
changes in any of the preliminary assigned 
Effectiveness goals. 

11.	 ESTA~SHING RELIABILITY REQUIREMENTS FOR THE NEW 
~2UIPMENT. ~he following procedure is directed toward 
establishing the reliability requirements for new 
hardware developments and/or procurements. The 
previously established NAS function definitions and 
effectiveness goals are used as a starting point. ·The 
intent of the following steps is to then translate this ' 
starting point into reliability requirements for 
procurement packages - with the reliability requirement 
stated in terms of Mean-Time-Between-Failure or Failure 
Rate. 

a.	 Step 1 - DevelQP Functional-Block Diagram for tp~ 

~Equipmen1s. Construct a block diagram which 
depicts the functional relationships of the major 
elements of the equipment set under consideration. 
The diagram must clearly define th~ elements 
involved in the NAS functions being implemented. 
Major interfaces with the NAS System must be 
defined. The level of the diagram will depend on 
the amount of information available and/or the stage 
of equipment evolution. Thus, for new developments, 
the diagram can only indicate a conceptual design. 
To the extent possible, the conceptual design should 
be so structured that ~he elements can be related to 
similar equipments. Also to the maximum extent 
possible, the diagram should be so structured that 
the major functions are performed by independent 
sets of blocks. Where applicable, the procurement 
and/or contract packages must be indicated on the 
diagram. Finally, identify the Effectiveness goals 
previously defined for the NAS functions implemented 
by the equipment. 

b.	 ~E-.L- De--!in~~_operation Profile and operating 
Mod~. Based on the previously established 
"Operations Profile" fer NAS Elements (a. of 
paragraph 12.), define the operation profile for the 
equipments under consideration. Define the 
significant operating modes for the total equipment 
set and relate these to the NAS functions 
implemented. Also define these operating modes per 
procurement or contract package. The number of 
operating modes will depend on the functional (as 
oppo~edto hardware) complexity of the system formed 
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by the equipment set. For example, a basic 
transceiver will have transmit, receive, and stand
by modes. The last mode, however, is not signi
ficant. A basic receiver will only have one, 
operating mode. 

c.	 .~~~ Define_~~~MQdePerfor~~nce Leyels. 
Define the performance characteristics of each of 
the operating modes. Assign units of measure to 
each of the characteristics. To the extent that 
information is available, use specific parameters as 
the units of measure. Where such information is not 
yet available, the measure may simply be percent of 
"full-up" operating mode. In terms of these perfor
mance characteristics and units of measure, define 
the "fully operational" operating modes; and, where 
applicable, the definable degraded levels of 
operation. These are then used to define a failed 
equipment or system and/or acceptable levels of 
degradatioQ. 

d.	 ~E-4 - Cgnstruct a P.eliabil.!~~loc~_Diagram. Con
struct a r~liability block diagram which relates 
each of th~ operating modes to the reliability
effect of -t;he equipment elements. The diagram must 
define all existing or planned redundancies. And, 
where applicable, acceptable degraded performance 
levels must be relatable to the reliability block 
diagram. Structure the diagram so that the 
procurement or contract packages are readily 
separable in terms of reliability. To enable 
ultimate estimation of the feasibility of relia
bility requirements, structure the diagram with 
blocks for which similar equipments can be defined. 

e.	 ~~- Estab!isQ_1he Y~-2n9-Maintenance 
Environment. Define the use and maintenance 
environment for the packages of the new equipment. 
To assist in defining operational down time 
resulting from corrective maintenance, the 
environment description should define spares 
policies and locations, administrative failure 
procedures, test equipment availability, 
skill/training levels, and any other factors 
contributing to logistics/administrative delays. 
Also, the environment description must define the 
maintenance policies which contribute directly to 
effective reliability. For example, the reliability 
of a unit in the unmanned category is a direct 
function of the period between maintenance visits. 
Where an equipment or system involves redundant 
elements, it is significant to effective reliability 
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that repair action starts as sOOn as an element 
fails; or repair action starts only when the 
function of the combination fails. Where the 
equipment definition involves acceptable degraded 
performance levels, it is important to establish 
maintenance policies relative to performance levels: 
1) Shall repair wait for scheduled maintenance as 
long as some acceptable performance level remains; 
2) Is immediate repair initiated while operating in 
a degraded mode; or, 3) Does repair action start 
on~y when some unacceptable performance level is 
reached, at which point the system is shut down. 

f.	 §tep 6 - Derive th~Mathem!!!cal Mode!s. For each of 
the procurement or contract packages, derive the 
mathematical equations (models) which relate the 
over-all reliability in each mode to the reliability 
of the equipment elements. Where acceptable 
degraded levels are involved, the equations must 
define the reliability at these levels. Where 
applicable, the effect of the maintenance policies 
defined in the previous step must be included in the 
mathematical models. 

g.	 ~1L1.-- Establish ~~imilaLEguipment" Reliability
for the New Egyipment packages. Select and define 
similar equipments for each of the Reliability'Block 
Diagram elements. These are selected on the basis 
of similarity in function, operating modes, use or 
application, and type of design and/or construction. 
Assuming an arbitrary,.,but defined, level of relia
bility program, determine or estimate the failure 
rates of the similar equipments. Adjust this value 
for estimated complexity differences. Where the 
similar equipment is of a lower "state-of-the-art" 
than pla~med for the new equipments, the failure 
rate of the similar equipment is adjusted by an 
estimated "state-of-the-art" improvement factor. 
Using these adjusted, "similar" failure rates in the 
Mathematical Models (Step 6), establish the similar
equipment failure rates for the new equipment . 
packages. 

h.§!~~-=-!s!abl!shBeliability R~guirements for N~ 
Equipment Packages. 

(1)	 Where the system function of the new eguipmen~ 

~ is_2!-th~ ~nmanned category (per e. of 
paragraph 12.), the effectiveness goal was 
established in terms of reliability over the 
period between "maintenance visits". Define the 
required or expected interval between mainten-

Page 36 



ance visits (where there is some question, use 
the	 greater interval). Translate this into a 
failure rate goal. Maintaining the same 
relative failure rates established in the 
previous step, allocate the failure rate goal to 
the	 new equipment packages. pending possible 
readjustment by the next s~ep. these are the 
reliability requirements. 

(2)	 ~~guipme9t sets in the.msnned category, the 
function goals were established in terms of 
Operational Availability. Based on environment, 
maintenance policies (step 5), and "use . 
environment" experience, estimate an average 
Down Time due to logistic/ administrative delays 
(but not including the active repair times). 
Taking this value, together with a required MTTR 
or a similar equipment estimate of MTTR, 
translate the Operational Availability goal into 
a failure rate goal. As before, allocate this 
into failure rate requirements for the new 
equipment packages. 

(3)	 For eguiEmeni-sets of th~ manned/YnIDanned 
~~ory, determine failure rate requirements 
through both of the above approaches. Select 
the lower value as the actual failure rate 
requirement. 

i.	 '§S~E~- Revi~ th~ Relia!2ili:tLBe9\lir~~_fof 
~2sib!lity. Compare the failure rate requirements 
established in the previous step with the similar
equipment failure rates determined in Step 7. For 
each package, calculate an improvement factor by 
taking the ratio of the Similar-Equipment-Failure
Rate to the Failure-Rate-Requirement. Based on the 
histories of previous equipment developments and 
expected "state-of-the-art" improvements, evaluate 
the feasibility of achieving the improvement factor. 
The evaluation may be organized into the following 
four levels of feasibility. 

(1)	 Level 1 - Practical. This level of feasibility 
would-requIre-Qnly a nominal reliability program 
applied to conventional design approaches. 

(2)	 Level 2 - Practical/Conditional. This would 
applytoan improvementfactorsomewhat above 
that for a "Practical" leveL This level of 
feasibility would require a rigorous reliability 
program applied to conventional design 
approaches. 
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requirement, care should be taken to unambiguously state 
the	 requirements as the "specified MTBF" (which becomes 
the	 parameter e demonstration test specification); and 
NOT	 AS THE MINIMUM ACCEPTABLE (Which becomes the test 
parameter e ). In the procurement of complex 
equipment, and/or 'where it is necessary to control the 
reliability of individual functions of the equipment, it 
may	 be necessary to impose distinctly specified MTBP's 
for	 the different portions of the equipment being 
procured. 

a.	 Definition of Failur~. The "failure" to which the 
specified MTBF'applies shoUld be clearly stated. 
This is important to avoid any confusion when 
redundancy is involved in the equipment design. 

b.	 ~!ement of Conditions. It is important that the 
pe~formance specification contain a clear statement 
of the operating environment under which the 
specified MTBF must be achieved. This would include 
a statement of temperatures, humidities, other 
significant climatic conditions, and the type of 
installation (sucn as fixed ground, mobile ground, 
or airborne). This statement of conditions (for the 
specified MTBF) should also include'specification of 
the required and/or allowed preventive maintenance 
and/or periodic replacement or refurbishment (of 
wear-out items). 

c.	 ~cial Considerations for~dundancy. For 
reliability control, the specified MTBF is applied 
as a measure of equipment reliability with the 
reliability~effect of any redundancy taken into 
consideration. For the purpose of controlling 
maintenance frequency, especially where extensive 
redundancy is planned or expected, it will also be 
necessary to state a specified Mean-Time-Between
Maintenance actions (MTBM). The MTBM counts ALL 
component failures, whether or not an equipment 
performance failure is caused. Where specific 
redundancy is specified for the equipment, it should 
also be stated whether or not the redundancy is 
considered "repairable" for purposes of defining the 
"specified" MTBF. 

111.	 SPECIFICATION OF THE RELIABILITY PROGRAM. It is 
essential that equipment-Programs-provide adequate 
reliability control and monitoring prior to the 
operational phase. At that point, it is usually too 
late to make modifications for reliability improvement. 
TO exercise some control of the reliability effort to be 
.performed in a contract, a required reliability program 
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should be specified in the procurement documentation. 
The	 FAA Specification, RELIABILITY PROGRAM REQUIREMENTS 
FOR	 ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT, 
contains a "shopping list" of program elements. Any 
needed program can be formulated and imposed by 
specifying the specific paragraphs of this Specification 
as program requirements. The RELIABILITY PROGRAM 
Specification (and Table 1 of this Handbook) contains a 
set	 of five "standard" reliability programs applicable 
to study, development, prototype, and production 
contracts. A standard reliability program is imposed by 
simply specifying the identifying number of the program 
as listed in paragraph 3.3.2.3 of the FAA RELIABILITY 
PROGRAM Specification (and in Table 1 of this Handbook). 
Paragraph 2 of this Handbook discusses the contract 
applicability of these "standard" reliability programs; 
and	 the selection of "non-standard" reliability 
programs. 

15.	 SELECTION AND SPECIFICATION OF THE RELIABILITY DEMON
§!RATIQN TEST.-R~liabiIItY-Dem~trationtesting of-an 
equipment involves an evaluation of its reliability 
under specified conditions. Two ty.pes of risks are 
necessarily always involved in any demonstration or 
acceptance test plan. (The test "plan" defines the 
accept-reject criteria.) One of these is the risk of 
rejecting an acceptable equipment - the "producer's" 
risk. The other is the risk of accepting an actually 
unacceptable equipment - the "consumer's" risk. The 
following subparagraphs will present the basic procedure 
for selecting a test; and, a discussion of the require
ments for the specification of a demonstration test. 
The selection of the demonstration test shall be made by 
the responsible FAA engineer. It shall be included in 
the procurement specification as one of the test 
requirements in the quality assurance section of the 
document. 

a.	 !h~-2~que~ia.!_Test Plan. In the sequential 
reliability test, a decision to accept or reject (or 
continue) is made at the detection of each failure. 
In a fixed-time test, on the other hand, the 
equipment must operate for a pre-determined time 
before any decision can be made. Under a sequential 
test plan, a good product is generally accepted 
quickly and a poor product is generally rejected 
quickly; while a questionable product may require 
longer test time than with other plans. On the 
average, however, the sequential demonstration 
(acceptance) test requires less time than under 
other types of test plan. The sequential test does, 
however, have the disadvantage that the exact length 
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of the test cannot be predetermined•. An expected, 
or average, test time can be computed. . 

b.	 selection of th~Required ~. The required test 
plan, and the "level" at which it is to be 
performed, is normally selected from MIL-STD-781, 
RELIABILITY TESTS: EXPONENTIAL DISTRIBUTION. The 
following are the steps necessary in this selection. 

(1)	 Define the "Acc~pta~~nd "Unacceptible" MT~ 
for the Te§!. The nominally acceptable MTBF is 
denoted by eO. This is the specified MTBF, and 
is normally the same value stated as a 
performance requirementu The. unacceptable range 
of MTBF's is defined by selecting a minimum 
acceptable MTBF (denoted bye,). These values 
determir.e tpe "discrimination ratio" (eO/e,) 
required of the test plan. 

, 
(2)	 Define the Allowable "Risks". A determination 

mliStbe made of the allowable, or acceptable, 
risks - both the produce~'s risk and the 
consumer's risk. 

(a)	 The Producer's Risk (denoted' by ex) is the 
probability (normally stated in percent 
terms) of rejecting an equipment whose true 
MTBF is actually equal to the specified MTBF 
(eO). This is the risk taken by the 
contractor when he submits his product to 
the acceptance.Jdemonstration) test. 

(b)	 The Consumer's Risk (denoted by~) is the 
probability of accepting an equipment with a 
true MTBF equal to the minimum acceptable 
i'!'TBF (e,). This is the risk taken by the 
customer, the FAA in this instance, when it 
determines product accep tability on the 
basis of an acceptance test. 

(c)	 MIL-STO-781 risks are either 101, 201, or 
301; except for one short-run, high-risk 
test. Also, most of the test plans given 
are for equal risks to beth producer and 
consumer. 

(3)	 §~lect the Test Elan. The test "plan" is simply 
a statement of the accept and reject boundaries 
in terms of the cumulative test time and 
accur:;ulated failures. Although this can be done 
graphically, a tabular presentation is 
preferable. The discrimination ratio determined 
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in	 (1) above and the risks determined in (2) 
define the test plan. These parameters are used 
to select the appropriate test plan from MIL
STD-7S1. 

(4)	 select-ille Required Test·IILevel". The test 
"level" is defined as the conditions of 
temperature, temperature cycling, vibration, 
vibration cycling, on-off cycling, and/or input
voltage cycling to be applied to the equipment 
during the demonstration test. MIL-STD-7S1 
gi~es ten basic test levels. The least 
stringent of these, level A-1, operates with the 
equipment in an ambient temperature of 250 C and 
input-voltage cycling allowed. The most severe 
test level given by MIL-STD-7S1 is level J, 
which requires temperature cycling between -54o C 
and +125 C, vibration and vibration cycling with 
peak acceleration of 2.2G, on-off cycling, and 
input-voltage cycling. The test level should be 
selected to be as representative of expected 
operating conditions as possible. (It will 
usually be found necessary or desirable to 
modify the test levels of MIL-STD-7S1.) 

c.	 2e~cifi£2~i~f_the Reguired Test~ In establishing 
the detailed specification of the required 
demonstration test, consideration must be given to 
the requirements for each of the following elements. 

(1)	 D~finition of th~§!c T~~Regui~~~. The 
required test plan, per the preceding is 
normally selected from MIL-STD-7S1; and the 
selection must be so stated•. In special 
circumstances, only the consumer's risk (#) may 
be stated, with the required ~o and ~1. The 
contractor would then be free to select his 
producer's risk (a.); and to propose a test plan 
selected on that basis. The required test 
level, per the preceding, must also be specified 
as part of the basic requirement. 

(2)	 Qef.!nition_of-!b~-!est_su!?jec~.The allowed 
and/or required configuration of the test 
article must be defined. Where the procurement 
involves multiples of the contract item, the 
specific equipment(s) to be tested must be 
clearly identified. 
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(3)	 Pre-requisites for In!erinq the Demonstration 
Test Phase. All pre-requisites required by the 
FAA must be explicitly stated as such. For 
example, it should be stated that Demonstration 
Test Procedures must be submitted and APPROVED 
before performing the test. Normally, an 
acceptable prediction of meeting the specified 
MTBF is also specified as a pre-requisite to 
entering the Demonstration phase of the 
procurement. The contractor is normally allowed 
to operate, or "burn-in", the equipment before 
entering the demonstration test. If so, it must 
t.hen be required that the same degree of "burn
in" be performed on all equipments delivered 
under the contract. 

(4)	 Basic Test Performance Conditions. The 
specification of the demonstratIOn test must be 
unambiguous with respect to the basic conditions 
under which the test is to be performed. At 
least the following should be considered. 

(a)	 When a "dut.~ cycle'O is part of the equipment 
performance specification, the demonstration 
test specification must clearly state 
whether or not the duty cycle is allowedi 
and if the latter, at what specific levels 
fQr what times must the equipment operate. 
Similarly, where the equipment has multiple 
operating modes, the demonstration test 
specification must specify the mode or modes 
(with relative 'non" times) to be used during 
the test. 

(b)	 Any regu;~~d deviation§ from the standard 
procedures of MIL-STD-181 must be clearly 
stated - for example, the specific method of 
temperature cycling. In the specification 
of the demonstration test as a selection 
from MIL-STD-181, care must be taken that 
undesired portions of the Standard are not 
inadvertently imposed. . 

(C)	 ~onitorinq reguirem!nii should be specified.
These should take into account the 
periodicity of performance monitoring and a 
definition of the performance parameters to 
be monitored. The latter may take the form 
of "sufficient to assure that all perfor
mance specifications are met", allowing the 
contractor to propose the specific 
monitoring points. 
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(d)	 M2inteng~sllow~gduring the demonstration 
test must be defined. This should take into 
consideration both corrective and preventive 
maintenance, with special attention to the 
latter. 

(5)	 ~2!-Bel~D&Y-Definition§.It is especially 
critical that test-relevant failures be clearly 
and unambiguously defined. This should include 
a statement of the basic procedure for adjud
ication of questionable failures. The 
imposition of paragraph 3.7.4.1, Definition of 
Failure, of the FAA RELIABILITY PROGRAM 
REQUIREMENTS Specification, is generally 
adequate for defining relevant failures. 
However, if possible, it is preferable that the 
definitions of test-relevant failures be 
specific to the equipment under procurement. As 
part of the "relevancy" specification, relevant 
test time (i.e., equipment time counted in the 
cumulative test time) must also be defined. 
This definitization of failures shall be defined 
in the reliability demonstration plan, a 
document normally requiring FAA approval. 

16 •	 ~§I~~!!!.§!!!~~L_IH~QY!B~lL!2~gVERb1ll& DOCUMENTATION. The 
delivery of SELECTED documentation is essential if the 
FAA is to effectively monitor, control, support, and 
coordinate the contract reliability effort. 

a.	 ~2ic~uid~!ines fQ!:~~!ficgtion of_Data Re!illi!:~= 
mgn1§. The following are some basic guidelines for 
the specification of required documentation and/or 
data. 

(1)	 Data requirements should only DOCUMENT 
reliability engineering and analysis tasks; and 
should'NOT GENERATE, such tasks. 

(2)	 Only essential, COST-EFFECTIVE documentation 
should be required. 

(3)	 Avoid OVERLAPPING or DUPLICATE documentation of 
the same data. 

(4)	 For follow-on contracts, specify only the ADDIT
IONAL data required. 

(5)	 Consider the acceptability 0f data obtained and 
prepared according to the contractor's NORMAL 
INTERNAL practices and procedures, in lieu of a 
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formal data item. This would tend to keep data 
cos1:s down. 

(6)	 If the documentation delivery DATE cannot be 
firmly established, key the delivery requirement 
to a contract event MILESTONE • 

. (7)	 Use a standard DATA ITEM DESCRIPTION form from 
Appendix 3 to define the formal, deliverable 
data requirement. 

b.	 ~ Data Item D~cription (DID). A standard Data 
Item Descrip1:ion (DID) form is used to define the 
specific, formally required, data items. This form 
is used for the data items defined in Appendix 3. 

c.	 Standard Data Items. Certain items of data will be 
required on most cOntracts. Others will always be 
required in particular types of contracts. These 
should be conside~ed as Standard Data Items. It is 
desirable that a Standard DID be developed for each 
of the Standard Data Items. The procurement 
documentation may then impose the entire DID (by 
titIe and number) i Or, the requirement may be 
restricted to only particular, specifically
designated, paragraphs of the PREPARATION 
INSTRUCTIONS section. Thirteen such Standard oIDs, 
pertinent to a required reliability program, are 
given in Appendix 3. These Standard DIDs are 
sufficient to define the deliverable data 
requirements for most reliability programs. The 
thirteen Standard DIDs are also listed in Table 3 by 
Title and Number. 

(1)	 QQntract ~~e1!ca9ility. Table 3 indicates the 
type of contract to which each of the DIDs is 
applicable. "Applicable" does not mean 
"required". When a particular type of contract 
is encountered, the "applicable" DIDs should be 
cons~dered for specific suitability to the 
particular contract. Where none of the Standard 
DIDs are adequate to obtain the desired data, a 
custom DID will have to be written. Custom, 
contract-unique, DIDs should be kept to a 
minimum; since their usp tends to increase data 
management costs in the FAA. 

(2)	 Q!1a DeliveIY. Table 3 also lists a suggested 
delivery schedule for each of the standard DIos. 
specific, required schedules obviously could not 
be given. The required schedules actually 
imposed will vary with the length of the 
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contract, complexity of the equipment, feasi
bility of the reliability requirement, equipment 
delivery schedules, etc. 
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gCTIQN_3, FAA lOST CONTRACT AWAFP ACTl:V!!! 

17.	 FAA QQ~CT ACTI~TX QBJECTIYJ2. The ultimate objective
of all FAA activity during the course of a contract is 
to assure the receiving of a product which meets 
specifications - and within schedule and cost limits. 
And, the ultimate objective of FAA Reliability activity 
is the assurance that the product received will meet the 
reliability performance requirements. The FAA activity 
required in a contract reliability program may be 
defined in terms of five basic task objectives for that 
activity. These basic objectives are listed in the 
following. 

a.	 Verification that the required reliability program 
TASKS are PERFORMED. 

b.	 verification of, and guidance for, appropriate and 
adequate DIRECTION and EMPHASIS of the reliability 
effort. 

c.	 Assurance (through monitoring and guidance) that the 
reliability requirement is treated as a DESIGN PARA
METER. 

d.·	 Detection of ADVERSE failure and/or design TRENDS, 
or other problems, which may prevent achievement of 
the required reliability. 

e.	 Monitoring of the eqUipment RELIABILITY "GROWTH"
 
from initial prediction through the reliability
 
demonstration test.
 

18.	 I!Q!lIQBING THE CONTRACTQUELIABILITY PR0<ZRAM. Formal 
communication, includi~g the delivery of contractual 
documentation, ~etween the FAA and the contractor is 
necessary: but, it alone certainly does not provide
adequate monitoring of the contractor's reliability 
effort. An effective monitoring effort must provide for 
active design review participation: at-contractor-site 
review and inspection: and person-to-person interchanges
between working-level contractor engineers and their FAA 
counterparts. The establishment of an active, working
level, interface should lead to best efforts on the part 
of the contractor: and to thorough understanding of the 
problems On t~e part of the FAA. The following sub
paragraphs discuss the requirements for eff~ctive 

implementation of the basic elements of a program 
monitoring effort. 
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a. ~!gQlis!Llhe-fAA::£0Qt!:2cFor!n1erfac~. The required
reliability program, formal reviews, and 
documentation, together with the proposed program 
plan, constitute only the formal, legal interface 
between. FAA and the contractor. As was pointed out 
in the previous paragraph, total reliance on just 
this interface is not advised. For the monitoring 
effort to be effective, a working, person-to-person, 
interface must be firmly established. The first 
step is to define the FAA Office(s) of Primary 
Responsibility (OPR) and identify the specific FAA 
Reliability Monitor(s). This should be accomplished 
before Contract Award. It would also be desirable 
that the FAA Monitor (to be) participate in the 
selection of the required reliability program. 
Then, shortly after contract award (and preferably 
within 30 days), the FAA Monitor should schedule and 
conduct a RELIABILITY INTERFACE meeting with the 
contractor - preferably at the contractor site. The 
only objective of the meeting should be to establish 
the needed working, person-to-person, interface 
between FAA and Contractor. The interface meeting 
should not be restricted to simply a formal 
discussion between the FAA Monitor and the 
contractor's Reliability Manager. Working-level 
reliability personnel, from both sides, should also 
participate. This interface meeting should present, 
consider, and/or agree on at least the following 
items. 

(1)	 ~personnel. Identify the pertinent FAA OPR's 
and the assigned FAA Monitor(s) - all monitors 
should be present. All FAA personnel directly 
supporting the Monitor should also be 
identified; and, as many of these as possible 
should be in attendance. 

(2)	 Contrac~guiremen1§. Establish agreement on 
all contract requirements relating to 
reliability. 

(3)	 ~-al~ P!:Qg~~m. The over-all program 
milestones and/or schedules should be agreed 
upon; and the principal OPR's should be . 
identified. 

(4)	 Reliab!litY~Qg~gm_Plgn. Reaffirm, and clarify 
where needed, the proposed program plan. Define 
the contractor OPR's for each reliability task. 
Define the schedUle, task, and personnel inter
face of the reliability program with the over
all program. 
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(5)	 Ra~a Items. Define the specific data and/or
information expected in each required da~a i~em. 
Agree on submittal requirements. 

(6)	 R!liqn Reviews. Agree on the reliability
pertinent intent of each required Formal Design 
Review. Define the pre-Review data package 
needed by the FAA. 

(7)	 Communication Channels. Establish the 
communication channels which will be needed to 
supplement the documentation and design reviews. 
Establish a plan for holding future, informal 
meetings. Define telephone, TWX, mail, and 
personal points of contact on both sides. 

b.	 Monitor~he Deliver~ble.L~nd Received. Documentation. 
The delivered documentation should, of course, be--
monitored for quality and adherence to contractual 
requirements. With some of the required documen
tation, this is all that is pertinent to the current 
program - either the information is pure 
documentation of "minutes", or the data is intended 
for the FAA data base for general application. 
Relative to the Reliability Program, the most the 
monitor can hope to get from the documentation is 
general program progress, reliability growth, and 
alerts to POSSIBLE potential problems. (Documen
tation relative to the Demonstration tests is 
discussed in the following paragraph.) The report 
most significant to monitor the overall reliability 
program progress is the-RELIABILITY PROGRAM STATUS 
REPORT (DID R-7 of Appendix 3). Reliability design 
growth is monitored through, primarily, the RELIA
BILITY ALLOCATIONS. ASSESSMENTS, AND ANALYSIS REPORT 
(DID R-2 of Appendix 3). The detection of failure 
trends and/or POTENTIAL reliability problems is 
assisted by the monitoring of the FAILURE SUMMARY 
REPORTS (DID R-~). The PARTS, MATERIALS, AND 
PROCESSES APPLICATION REVIEW REPORT (DID R-13) may 
serve to alert the Monitor to POTENTIAL part appli 
cation problems. The RELIABILITY ALLOCATIONS, . 
ASSESSMENTS, AND ANALYSIS REPORT should also be 
reviewed for the following, specific potential 
faults in analysis. 

(1)	 Mathematical Model. Since reliability growth 
evaluation is based on using the mathematical 
model, very early evaluation should be made of 
the model accuracy. I t is not unknown for a 
series model to be used even when alternate 
modes and/or =edundant equipments exist. It is 
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also common for exaggerated claims to be made 
for the reliability of repairable redundant 
combinations as well as for simple series 
models. 

(2)	 Reliability prediction§. In the early stages of 
a development, it is necessary to make many 
assumptions relative to stress, environment, and 
operation in making a reliability prediction. 
However, as the design progresses and as failure 
data is collected and presumably processed, 
predictions should involve fewer of these 
assumptions. The predictions submitted should 
be monitored to see that the increasing failure 
and stress data is incorporated. (For example, 
see that the indications of the FAILURE SUMMARY 
REPORTS are considered in the predictions.) 

c.	 Mon1~Q~£~nd~rticipate-illL_~beDesign-Revi~~. The 
FAA Reliability Monitor should actively participate 
in ALL Formal Design Reviews. (Participation in the 
detailed design reviews which are not contractually 
scheduled should be limited to only selected, 
critical areas; and/or as requested by the 
contractor.) It is essential that the Monitor do 
his "homework" before attending the .Design Review; 
otherwise, he could do as well by simply reading the 
DESIGN REVIEW REPORT (DID R-12 of Appendix 3). The 
"homework" involves studying the pre-review data 
package and the agenda, and preparing a specific 
checklist for things to do and things to monitor. 
For reliability, the basic objectives of the Design 
Review are to assess the design reliability growth; 
the observed reliability problems, their effect, and 
proposed corrective actions; and the potential 
reliability problems. The FAA Monitor should, of 
course, monitor these objectives and participate in 
their fulfillment. The Monitor will be expected to 
provide reliability requirements guidelines and/or 
interpretation. The following are specific areas of 
Design Review conduct that deserve special attention 
by the Monitor. 

(1)	 Action ~tem§. Verify that OPR's are assigned to 
all action items resulting from the Review. 
Response to the action items can be monitored 
through the RELIABILITY PROGRAM STATUS REPORT 
(DID R-7), and by personal inspection. 
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(2)	 B~i~~ Prep~I~~iQn. Verify that participants are 
prepared for the Review; and, do in fact conduct 
a genuine engineering effort. (The danger to be 
avoideQ is that of having a Review which is, in 
effect, only a reading of a Program status 
Report. ) 

d.	 ~itor the Program Effort Directly. at the 
QQntractor Site. The general, broad objectives of 
the informal, on-site, monitoring are to validate 
the submitted documentation; evaluate actual 
implementation of the reliability program tasks; and 
provide direct, specific guidance. The intent is 
NOT to replace, or assist, contractor management. 
The Monitor should be careful to avoid interference 
with satisfactory program progress. The monitoring 
methods should include informal meetings (similar to 
the interface meeting of preceding sUb-paragraph 
a.); direct interchange with working-level relia
bility and design engineers; and personal inspection 
of practices, procedures, and raw data. The 
following are the areas which should be given 
special attention in the on-site monitoring effort. 

(1)	 R2£~n1ati2D-Follow-Up. Resolve the
 
ambiguities, errors, and/or otherwise
 
questionable data turned up in monitoring
 
documentation. Monitor action on indicated
 
problems, and verify corrective actions.
 

(2)	 Design Review ZQllow-UB. Verify the resolution 
of action items resulting from the 'Design 
Reviews. This will probably have to be done on 
a selective basis, concentrating on only 
critical action items. 

(3)	 Reliability~sigll-IDterfS£~. verify that the 
communication between the Reliability Engineers 
and Design Engineers is adequate and responsive 
on both sides. This is necessary to assuring 
that reliability is treated as a design 
parameter; and that reliability assessments are 
up-to-date with respect to design and observed 
failures. 

(U)	 Engineering~sigD-Changes.Verify that all 
engineering design changes receive adequate 
reliability review; and that the changes are 
reflected in the reliability predictions. 
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(5)	 Fai~y!~_Rep~ingA Analys~and Corr~ctiy~_Action. 
To ensure the usefulness of the Failure Summary 
Reports, make an early evaluation of the Failure 
Reporting System and its actual use. Verify the 
adequacy of the Failure Analysis facilities and 
their use. Evaluate the effectiveness of the 
actual corrective' Action Procedures. verify 
that the reliability predictions reflect the 
information gained from the failure reporting. 

19.	 MONITORING THE RELIABILITY DEMONSTRATION TEST. The 
Demonstration-TeS~monrtoringeffort has three distinct 
phases for the FAA Monitor: Plans and Procedures review, 
Test conduct, and Report evaluation. 

a.	 PlaU-2nd Proced~. Review and approval of the sub
mitted DEMONSTRATION PLAN (per DID R-5 of Appendix 
3) and TEST PROCEDURE (per oro R-6) is the first 
step in the demonstration test monitoring effort. 
The PLAN is reviewed to verify that the specified 
demonstration requirements will be fulfilled. And 
the PROCEDURE is reviewed to verify that specific 
procedures do not invalidate the demonstration; and, 
that the detail is sufficient to allow total test 
repeatability from any point, and, that data 
collection is appropriate to the ac~ept/reject 

criteria. In poth PLAN and PROCEDURE, special 
attention should be paid to the acceptability of the 
relevant failure and relevant time definitions and 
adjudication procedures. 

b.	 Te§t Conduct. During the conduct of the test, the 
basic function of the FAA Monitor is to ensure that 
both the approved Reliability Demonstration Plan and 
the Reliability Test Procedure are followed. 

(1)	 Pre-Performance. Prior to actual test 
performance, the monitor should determine the 
pre-test operation or "burn-in" that was applied 
to the test specimen. (He must later verify 
that the same "burn-in" is applied to all 
delivered equipments.) Then, the monitor should 
verify that the test configuration and 
conditions are as defined in the accepted T~ST 

PROCEDURE. 

(2)	 ~t Performance. D.lring actual test 
performance, the implemented procedures are 
monitored to ensure that they do not deviate 
from the accepted PROCEDURE. Any such deviation 
requested must be reviewed and approved by the 
FAA Monitor. During test performance, 
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particular attention should be paid tofailut_ 
detection and verification procedur•• , integeity
of the elapaed-~ime me~erin9 and .uba.qu.n~ 
documentation, and accuracy of the teat laq in 
general. The Moni~or must also review and 
approve all failure and test time relevancy
decisions; corrective actions; and all test 
logs. Be may also be called upon to decide 
whether or not to allow the test to continue on 
the basis of a PROPOSED corrective action; and 
then not counting failures which would 
(supposedly) be eliminated by the proposed
action. From the FAA standpoint, the preferable 
decision should be that if the test continues, 
all relevant failures will count; but the 
contractor should be given the option to stop 
the test while corrective action is implemented.
(The acceptance of the effectiveness of a 
PROPOSED corrective action is always 
questionable.) Finally, the FAA monitor must 
review and approve all test continuance 
decisions related to the ACCEPT/REJECT criteria 
(which at this point only indicate whether the 
test was passed or failed). 

c.	 Test Report. The test report summarizes the test 
data and indicated results. The Monitor should 
first verify the accuracy of the contained data 
comparing with the direct observations. The 
validity of any analysis and the conclusions must be 
assessed. Where more than one test is involved in 
the demonstration required for acceptance, the 
ACCEPTANCE decision must await the final report.
Where a REJECT decision is reached, it may in some 
very rare cases be possible to ACCEPT on the basis 
of proposed corrective action, and verification of 
the efficacy of the correction. (Any corrective 
actions must be retrofitted into all equipments
delivered under the contract, but ~rior to the 
demonstration. ) 
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CHAPTER 3. INSTRUCTIONS FOR CONTRACTOR IMPLEMENTATION 
OF REQUIRED PROGRAM 

§E£!ION 1. INTRODUCTIO~ INSTRUC~IONS 

20.	 THE REQUIRED PROG~~. The FAA Specification, RELIABILITY 
PROGRAM REQUIREMENTS FOR ELECTRONIC AND ASSOCIATED 
SUPPORT EQUIPMENT r contains a series of tasks from which 
a reliability program shall be developed. The selected 
reliability program specifies which of these tasks must 
be performed. NormallYr this will be done by requiring 
performance of one of the "standard" reliability 
programs listed in the FAA Specification. The standard 
program listing then indicates which FAA RELIABILITY 
PROGRAM Specification paragraphs are required in the 
specified program. Table 1 (paragraph 2) of this 
Handbook also gives this listing of "Standard" Relia
bility Programs. The required reliability program may 
also be specified by requiring specific paragraphs of 
the FAA RELIABILITY PROGRAM Specification. 

21.	 §COPE QF INSTRUCTIONS. The following paragraphs of this 
Chapter provide the basic instructions and/or guidance 
for implementing the required reliability program and 
accomplishing the required tasks. Instruction and/or 
guidance is given for ONLY those program 'efforts which 
are NOT self-explanatory as defined in the FAA 
RELIABILITY PROGRAM REQUIREMENTS Specification. Table 2 
(paragraph 3) of this Handbook lists the FAA 
Specification paragraphs covered by this Chapter; and, 
provides a crossreference to the specifically applicable 
Handbook paragraphs. Alsop the heading for each of the 
following instruction paragraphs is directly keyed to 
the FAA RELIABILITY PROGRAM REQUIREMENTS Specification 
by a parenthetical number prefixed by an "5" to indicate 
the Specification paragraph(s) to which the instruction 
and/or guidance applies. The following contractor 
instructions are grouped into ten sections, as follows. 

a.	 §~cti2n-~ PrQ~am Management. 

c.	 SectiQ!L!!..:---f.Y~~~mb!ie.§.,._~:teri~!!!.&.-and 

~~Q~~§. 
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f. I§tlQD 71 

&t!t~t9m:~tlbUD9& 
g- section 8. Deliqn Specification, Drawing Bel'lll.

Ind Design Changes. 

h. Section 9. Reliability Tilting. 

i. §eCi:igD ]0, ~~~; ~~1 collectipn, Analysis.
2 I ~cti2n. 

ID~ 

j. §ectioo ]]. pocymeni:atiQn lod Pata 8'9»ir'msO'8. 
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SECTION 2. PROGRAM MANAGEMENT 
22.	 ~~GRAM~ (S~1.1):--A detailed, complete pro

gram plan is essential to the effective management of a 
reliability program. Submittal to the FAA of the docu
,mented plan, per RELIABILITY PROGRAM PLAN (DID R-1 of 
Appendix 3), is intended to indicate understanding of 
the required program and intent to provide it. 

a.	 Submittal Reguiremeni2. A preliminary reliability 
program plan is generally submitted to the FAA as 
part of the contractor's proposal. The propOsed 
plan is reviewed with, or by, the assigned FAA 
monitor. A final reliability program plan shall 
then be submitted as soon as possible after contract 
award (at least, within 25 working days). A program 
plan, that has been approved and accepted by the 
FAA, has the effect of a contractual document. Any 
desired significant changes in the approved plan 
must be submitted to the FAA as distinct documents 
in a request for approval •. Minor changes may be 
indicated in the periodically submitted PROGRAM 
STATUS REPORTS (DID R-7 of Appendix 3) • 

b.	 ~i£-2£2~ and Content-2i th~cumented Plan. The 
MINIMUM scope of the program plan is defined by the 
required program specified by the FAA. The scope of 
the program in the documented program plan, however, 
must be sufficient to fulfill the basic Reliability 
requirement and demonstration. The detail in the 
plan must be sufficient to indicate an understanding 
of the problem(s) in design reliability. Specif
ically required program plan elements are adequately 
defined in paragraph 3.4.1.1 of the FAA RELIABILITY 
PROGRAM REQUIREMENTS specification; and in the Data 
Ite~ Description, RELIABILITY PROGRAM PLAN (DID R-1 
of Appendix 3). In summary, the documented program 
plan must provide the following basic elements. 

(1)	 ~ks or work elements to be accomplished; which 
must include the specified program elements and 
any other tasks that will be required to meet 
the Reliability perfor.mance requirements. . 

(2)	 Task descriE~ion of the work to be accomplished 
under each task. This shall include purpose, 
methods, and expected results for each task. 

(3)	 Tim~phasing for each task. This shall be 
related to the time-phasing for the overall 
program. 

Page 57 



(4)	 Man-lo~ assigned to the accomplishment of 
each t~ 

(5)	 Appropriate p;og~-m1lestone and design review 
points shall be defined, including the reasons 
for the selection. 

(6)	 Assigned Office of Primar~ResponsibilityJOPRlfor 
implementation of the reliability program, and 
for individual tasks. 

c.	 §gRplemental information. Where they are not already 
included in the task descriptions, the following 
information items should also be part of the 
submitted reliability program plan (by Attachment is 
adequate). 

(1)	 Supplier and/or Subcontractor Control methods to 
be employed. This should include considerations 
of reliability allocations, program plan
requirements, and design and/or program reviews. 

(2)	 §pecific Reliabili!~redictiontechniques tO,be 
used. In addition to the analysis and modeling
methods, this should also include a discussion 
of the forms used and the processing methods. 

(3)	 §eecific Reliability allocationtechnigues to be 
used for apportioning reliability requirements . 
to lower elements of the contract item. 

(4)	 Proposed Reliabi!i!y Demonstration approach and 
methods. In addition to proposed test plans,
this shall include methods of combining data 
where applicable. 

(5)	 The F~ilure-Re1! Collection. An~lysis. and 
cor~egtive Action System (and program when such 
is required) should be fully described, 
including a description of the physical-chemical 
Failure Analysis capabilities. 

23.	 §YPP,LIER AND SUBCQBTRACTOR CONTROL JS3.4.1.'). The 
achievement of a specified reliability performance level 
for the contract eqUipment requires that firm quanti 
tative reliabi1ity performance levels be established for 
all supplier and/or subcontractor provided items. It is 
therefore necessary that the contractor impose, directly 
or indirectly, quantitative reliability requirements, 
program, and/or acceptance criteria on all levels of 
suppliers. An example of indirect imposition would be 
the selection of parts On the basis of their "a-priori" 
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established reliability levels. Specific supplier or 
subcontractor reliability control requirements Cf;.anot be 
established to apply to all cases. The following will 
discuss the general control requirt9m~ntR for "lIupplh~t'." 
as a class, and tor hsubcontractonJ" All " clcula. 

a.	 Sup~ie~. A supplier may be defined as a source for 
parts, components, or items the procurement of which 
does not involve a development or design effort. A 
Reliability program is generally not explicitly 
imposed on this supplier. At one end of the pro
curement spectrum, the maximum failure rate of the 
item, without special controls, is known from exper
ience; and is acceptable to the contractor. Spec 
ifications as such may not be involved in this sort 
of procurement. At the next stage, reliability 
control consists of SELECTION of items with rel 
iability levels already established at the required 
lev;~l (such as the selection of ESTABLISHED 
RELIABILITY resistors of the required level). 
Depending on the contractor's experience with the 
particular supplier, the contractor may require 
acceptance test verification of the reliability. At 
the other extreme, the required reliability level 
may be such that no existing item fulfills the 
requirement. In this case, a specific quantitative 
reliability requirement and acceptance criteria must 
be imposed. In extreme cases, a failure data 
collection, analysis, and corrective action program 
(with summa~y reports) may also be imposed as a 
requirement on the supplier. 

b.	 Sub~QntEactor. A subcontractor is defined as a 
source for items the delivery of which DOES involve 
a development or dt.sign effort. In these cases, the 
contractor m"st impose specific quantitative 
reliability requirements, acceptance criteria, and a 
suitable reliabili~y program on the subcontractor. 
A specific program applicable to all cases cannot be 
defined - the requirement will vary as a function of 
the subcontract item complexity, "st~te-of-art", and 
reliability required. And J of course, whatever the 
specific program, itS progress and implementation 
should be monitored by tne contractor. 

(1)	 Subcontractor Rel.iabili!Y:_~£Qg.rg!!!. The 
Reliability Progra:,. required shall be specified 
by selecting the required program elements from 
the FAA Specification, RELIABILITY PROGRAM 
REQUIREMENTS FOR ELECTRONIC AND ASSOCIATED 
SUPPORT EQUIPMENT. The FAA shall be notified of 
the occurrence of any formally imposed sub-
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(2) 

(3) 

(4) 

(5) 

" , 

con~rac~or design reviews. The ~Q~mlttal of a 
reliability program plan shall generally be 
required of the subcontractor. The contractor's 
documen~ed RELIABILITY PROGRAM PLAN shall 
contain a full disclosure of the subcontractor 
reliabili~y programs and design review poin~s. 

Opanti~a~lve Reliabili!X-BeguiremeD~. The 
reliability performance required shall be ,based 
On an apportionment of the reliability 
requiremen~ imposed on ~he con~ractor. (The 
contractor is required to disclose the 
alloca~ion and ~he methods used in his submi~~ed 
RELIABILITY PROGRAM PLAN.) The subcontractor's 
reliabili~y requirement mus~ be specified in ~he 

procurement documentation for the desired item. 
The con~rac~or should use paragraph 15. 
(Specification of the Reliability Performance 
Requiremen~) of ~his Handbook for guidance in 
es~ablishing ~he reliabili~y specifica~ion. 

Acceptance Criteria. The contractor shall impose 
reliability, acceptance ~riteria ~ selecting an 
appropria~e ~es~ from MIL-STD-78J, RELIABILITY 
TESTS: EXPONENTIAL DISTRIBUTION. The selected 
tes~ and required associated condi~ions mus~ 

then be specified in the procurement 
documen~a~ion. Use paragraph 17. (Selec~ion and 
Specification of the Reliability Demonstration 
Tes~) of ~his Handbook for guidance• 

.
pocumenta~ion. When 

~ 

a reliabili~y program is im
posed on a subcon~ractor, appropria~e 

documentation shall also be required. Use 
paragraph 18. (Es~ablishing Required Deliverable 
Documentation) of this Handbook for guidance in 
defining ~he required Documen~ation. Review 
Appendix 3 of this Handbook for suitable Data 
I~em Descrip~ions. The contractor should 
addi~ionally impose ~he requirement ~ba~ ~he 
subcontractor's submitted documentation format 
be compa~ible wi~h ~ha~ being used by ~he 

contractor. ' 
,. 

Moni~2ring ~nd Con~rol. When dealing wi~h a sub
con~rac~or, '~he con~ractor mus~ now ac~ in ~he 
role of the "customer". It is essential that 
~he reliabili~y program be moni~ored and guided 
in direction and emphasis. The contractor 
shoUld use paragraphs 19. (Ac~ivi~y Objec~ives), 
20. (MOnitoring Reliability Program, and 21. 
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(Monitoring Reliability Demonstration Test) for 
guidance. 

24.	 Mg~!t!n:-EBQ~RN1REV1~..J§J.:.!.:.1l. Reliability
Program Reviews are NOT Design Reviews, although the two 
may be held concurrently. The Design Review is intended 
to monitor and assess the DESIGN reliability growth and 
problems. The Reliability Program Review is held to 
evaluate progress and adherence of the implemented 
reliability. PROGRAM with respect to the program plan. 
The Reliability program Review is essentially a 
MANAGEMENT audit of the reliability program in relation 
to the plan. The scope of the Reliability program 
Review. should be sUfficiently broad to include audit of 
the control methods and program procedures internal to 
the program, not just the controls on the program plan 
itself. suitable subjects for the Reliability program 
Review are listed under the following sub-paragraph. 

a.	 ~Qjec!s for ~eliability Prog~2!JLReview. The agenda 
of the program review should be representative of 
the following subject items. 

(1)	 ~gram P12n. The status of the planned program 
task elements should be reviewed with respect to 
accomplishment, schedule, and man-loading. If 
possible, a determination should be made of the 
potential effect on reliability achieve~ent. 

(2)	 QQ£ymentation and Data. The required Deliverable 
Documentation should, of course, be reviewed for 
quality and schedule. In addition, the distri 
bution procedures internal to the cont~actor 
should also be reviewed for adequacy and 
timeliness. The review should also encompass 
the data items which are not deliverable; such 
as the internal workings of the Failure 
Reporting System and the Central Data File main
tained for the program. 

(3)	 Communicati2n§. The Reliability-Design interface 
should be reviewed in all its aspects for exis
tence and responsiveness. The objective is to 
ensure that the reliability engineer gets all 
the design and configuration information he 
needs; and that reliability requirements are 
appropriately allocated to designers; and to 
ultimately ensure that the reliability 
performance requirement is in fact treated as a 
DESIGN PERFORMANCE requirement. 
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(4)	 Design Control. The review should ensure that 
procedures do provide that all designs and 
DESIGN CHANGES are reviewed for reliability and 
potential reliability problems. 

(5)	 ~i9D-Bl!i~. Although the Program and De.ign
Reviews may be held concurrently, the program 
review should ensure that all required
information, data, and analysis will be prepared
and available for consideration at the Design 
Reviews. 

b.	 Review conduct. Participants at the Program Reviews 
shall be of the management category; and shall, as a' 
minimum, include the Reliability Program Manager,
the OVerall Program Manager, and the Managers of all 
other Discipline Programs which interface with the 
reliability program. An FAA representative will 
also attend. All participants required to be in 
attendance, including the FAA, shall be notified at 
least 10 working days in advance of the Review. 
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SECTION 3. RELJABILITY ANALI§~ 

25.	 nIL.Bnll&J;LJ;II_H6I~:rl£Mr.l1QJ2&;l!.-J§J~l..w-= 
a1~~1~~. A mathematical reliability model is 
basically a mathematical representation of sUbsystem, or 
equipment, "success paths," which takes into account the 
reliability "statistics" of the system elements, 
redundancy between elements, and reliability-pertinent 
maintenance parameters. The model is then used to cal
culate the over-all system reliability, based on the 
reliability relationships of the subsystem elements • .
a.	 8EE~ic~tion§. The following are the fundamental uses 

of the 'mathematical model in the reliability 
program. " 

(1)	 pred~£iiQn and/or assessment of total equipment 
reliability. ' 

(2)	 AlIQ£2!ion of reliability requirements to 
equipment elements. 

(3)	 ~2E!ishing ~edund~n£Y, and associated mainten
ance, requirements. 

(4)	 Monitoring total effect of reliability 
achievements for elements. . 

(5)	 Critical items identification. 

b.	 Develoement of_the Model. The development, or evolu
tion, of the general mathematical model proceeds in 
four basic stages: 1) Definition of the FUNCTIONAL 
BLOCK diagram; 2) Construction of the RELIABILITY 
BLOCK diagram; 3) Establishment of the pertinent 
MAINTENANCE policies; and, 4) Establishment of the 
MATHEMATICAL MODEL. Simple equipments may not 
require that edch stage be explicitly performed. 
However, all stages shall at least be considered in 
all cases. The basic requirements and/or procedures 
for these stages of model development are discussed 
in the following three paragraphs. 

26.	 THE FUNCTIONAL AND RELIABILITY BLOCK DIAGRAMS FOR THE 
~THEMiTI£~L M9~{S3.5.1.1l. -The definition of-a-
Functional block diagram and the definition of the 
Reliability block diagram are the first two steps toward 
the development of the mathematical model of the 
equipment. Their primary function is as visualization 
tools. 
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a.	 Definition of the Functional Block Diagram of_~pe 
Equipment. The basic intent is to construct a block 
diagram which depicts the functional relationships 
between the elements of the equipment under consid
eration. 

(1)	 Pllie Requirements for the Definition. The 
diagram elements must first be selected - with 
the objectives being the enabling of a clear 
definition of the major equipment functions an~ 
operating modes. The level of these elements 
will clearly be a function of the data avail 
able, the complexity of the equipment Or system, 
and/or the development stage at which the eval-' 
uation is being performed. The structure of t.he 
diagram must clearly identify all design-respon
sibility and procurement packages: and their 
functional interfaces. The diagram elements 
should be selected so that these "packages" use 
independent sets of elements. And, to the 
extent possible, the depicted equipment 
functions should also use independent set.s of 
elements. 

(2)	 Regui,ed Supplementary~1g. In conjunction with 
the diagram itself, it is important that at 
least the following information items be 
determined and documented • 

. (a)	 Operations Profile and/or significant duty 
cycles definit~on. 

(b)	 §Y~!!§§ criteria, including allowable or 
acceptable performance degradation 
definitions. 

(c)	 Planned Functional Redundancie§ 
descriptions. 

(d)	 Use envirOnm~nt description. 

b.	 Defin!~ion Q! the~liability Block piagram. The 
reliability block diagram "pictorializes" th~ 
success pat.hs for the operating mOdes of the 
equipment. In other words, the diagram pictures the 
elements REQUIRED in each operating mode. 

(1) ~ic Requirements for the piag,am EleBnt§. 

(a)	 Level and type sufficient to identify
design- responsibility, procurement, and 
allocation "packages". . .' 
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(b) Critical items should be entered with 
distinct, identifiable bl~ks. 

ec) Planned redundanci~.§, using elements defined 
by the above, should not be implicit in an 
individual block. 

.. 

(d) SpeFial Case-l. When the diagrams are to be 
used in predictions and/or allocations based 
on the reliability of similar equipments, 
divide the diagram into elements (within the 
first three basic requirements) for which 
similar equipments can be defined. 

(e) Special cas~-l. If an acceptable "a-priori" 
reliability prediction (or other form of as
sessment) exists for a group of elements, 
use a single block element to represent the 
group. 

(2) ~undancy £Qnsideratigu. Identify all groups of 
redundant elements (i.e., elements providing 
alternate success paths). Consideration and 
identification must also be given to sub
redundancies that can exist within elements of a 
redundant group. Define the basic redundancy 
"conditions" for each redundant group, or sub
group. These conditions include a definition of 
the number of elements AVAILABLE and the number 
of elements NEEDED for success. The operating 
state of standby elements must be defined. 

(3) ~~ure_~Dd/o~ Configurat~Qn Notes. 

(~) EI~ment~2£ription. Clearly identify each 
element, providing space for entry of 
failure rate or MTBF (and/or Reliability 
where applicable). For elements of a 
redundant group, provision should also be 
made for entry of the MDT (or MTTR). 

(b) Q{gsn!~ation. To the maximum extent 
possible, organize the block diagram in a 
functionally logical manner. Obviously, 
this will be limited by the basic 
requirement to demonstrate the success 
paths. 

(c) Non-redundant Elements. Non-redundant 
elementS-are indicated by blocks connected 
in a "series" manner. 
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(d)	 Indiqating Redundancy. The basic problem is 
to indicate the alternate success paths 
available; i.e., the alternate elements or 
element groups required for successful 
operation.· This should be done qraphically 
whenever an UNAMBIGUOUS representation is 
possible. When this is not possible, 
explanatory notation will have to be added 
to indicate the number of paths available 
and the number required; or to otherwise 
define the redundancy. 

27.	 ~Im~ANCE POLJ;CIES PpTINgI TO TH~ MATHEMATICAl
MODEL (S3.5.','). The next stage toward the evolution 
of the Mathematical Model is to defina the maintenance 
parameters for each of the redundant groups.
Maintenance policies are critical to determining the 
EFFECTIVE Reliability to be obtained from a group of 
redundant elements. The results of a mathematical model 
for redundant elements are only as valid as the defini
tion of the pertinent maintenance factors. Figure' 
presents the more significant (to reliability) elements 
of a maintenance policy. The figure structures these 
elements into six possible basic policies, as described 
in the following. 

a.	 Non-repai[~!!-B~duDdan9X.Paths R-1 and R-2 contain 
the elements of a policy for restoring a failed 
system or equipment. In other words, maintenance is 
instituted only when the equipment FUNCTION fails. 

b.	 Repairable Redundancy~_ Paths R-3 and R-4 define 
policies for initiating renewal of a redundant qroup 
BEFORE its function fails. where this renewal is 
initiated at the first failure of an element, the 
essential parameter is the time (including logistics
and/or administrative delays) required to repair the 
failed unit. In the diagram, this is indicated by 
MDT (Mean Down Time); which is not to be confused 
with MDT(system). The latter refers to time that 
the system FUNCTION is down; while the former refers 
only to down time of the UNIT while the function 
remains "up". In the case of renewal initiated only 
after the "Xth" failure, the pertinent parameter is 
the mean down time for the "X" failed units, MDT. 

c.	 §£!leduled Main!enanc~. The pertinent elements of 
scheduled maintenance start at point "S" in Figure 
,. Generally, it is almost impossible to handle the 
effect of all of these details in an analytically 
stated mathematical model. If this is the intent, 
it will be adequate to simply determine the main-
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tenance interval, and assume that all failed units 
or elements are then fully restored. On the other 
hand, a SIMULATION model would be able to handle all 
the details; and, thus provide more realistic 
results. 
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28.	 IITABLISHIN9-1HI MATB~~~~IL-lS~,S~].l). The 
••~hema~ical mo~el incorpora~ea th. reliability block 
diagram repre8enta~ion an~ con~i~iona. and ~he p.rtin.n~ 
maintenance elements, into a mathematical statement 
defining ~he reliabili~y of the ~o~al equipmen~. The 
model may be of an analytic nature or it may be a 
simula~ion	 model. 

~	 _.....,,'V"_,_·.~·,,-........,.......>~,·
 

a.	 Developmen~ of an Analy~ic Mathema~ical Model. The 
development is described below in terms of four 
basic steps. 

(1)	 step 1 - Basic Syst~~ation. From the 
Reliabili~y Block diagram, iden~ify ~he serial 
elements and the groups of redundant elements 
needed for "success". The basic system
reliability equation is then formed by multi 
plying the product of the serial reliabilities 
by the product of ~he redundant groups relia
bilities. It may be desirable or necessary to 
develop a distinct basic system equation for 
each significant function and/or operating mode. 
The basic sys~em reliability equation takes the 
form of the following. 

R(t) =1I'~Si (t)1I'k Rpk (t) (Equation 13) 

where Rsi = ith serial element 

Rpk	 = kth group of redundant elements. 

(2)	 §tep 2 - Establish the Mathematical Model for 
the Serial Elements. State each Rpk in terms of 
t~e appropriate statistical failure descriptor. 
A constant failure rate is generally 
characteristic of electroni~ equipment; and, in 
most other cases, an "average" failure rate can 
be used over a restricted, defined period of 
time. For this constant failure rate case, 
then, the reliability of the serial elements in 
the system becomes the following• 

. ;.Asit· .-;'~~-'-~i(Equation 14) 
'lJ"-iRsi (t) =1ri e =e ~ 

where A"sT=	 failure rate of the 
ith serial element. 
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(3)	 ~-1 - 1§~I~liAb-~iAQi1i~~-ISYAllQ~_f2I_1b§ 
BedUDgan1 GI2He_21-~~m!D1§. As with the 
preceding, state each Rpk in terms of the 
failure descriptor for each element of the 
group. And, if repair is initiated before 
system failure, Rpk will also be a function of 
the maintenance parameters. 

(a)	 ~n-repairable Redundangy. Here, restoration 
is not initiated until the group fails in 
its function. The reliability statement is 
developed simply by defining the failed 
state in terms of likelihood of occurrence. 
Take the common form of redundancy, where 
all elements are operating and only one is 
req~ired for success. Specifically, 
consider the example of three such elements. 
The group fails only when all three units 
fail in the time period considered. Hence, 
the UNRELIABILITY of the group is equal to 
the product of the UNRELIABILITIES of the 
elements. In terms of the Reliabilities, 
this is stated by the following equation. 

(Equation 15) 

For	 elements with constant and equal failure 
rates, the reliability equation becomes the 
following. 

-Akt 
+3e (Equation 16) 

It is of interest to note that the group nO 
longer has a constant failure rate 
characteristic; and, therefore, does not 
have a failure rate which is additive in 
obtaining total failure rate. 

(b)	 Repaira9le B~d9ndancy. In this case, 
maintenance is initiated as soon as an 
element of the redundant group fails. The 
group continues performing its function 
while the failed element is being restored 
or replaced. The derivation of the mathe
matical expression for reliability is nO 
longer as simply performed as for the first 
case. The time required to restore the 
failed element is now a factor in the 
reliability of the group. The equations 
tend to become complex. An excellent source 
for exact equations, and working approxi
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mations, for a variety of caseeie the 
RELIABILITY HANDBOO~; B.T. Kozlov and I.A. 
Ushakov; 1910; Holt, Rinehart and Winston, 
Inc. The details are beyond the scope of 
this Handbook. 

(4)	 step 4 - Define_~he Equipment Matbematical ~9!! 
!2r Reliability. The mathematical (analytic) 
model for the equipment is obtained by inserting 
the formulations obtained by Step 2 and Step 3 
into the basic system equation defined in step
1.	 . 

b.	 Sys!!tl!LSimulation Model. A system simulation may be 
defined as any representation of the variables and 
constants which form the physical system. The 
analytical model developed in the preceding could 
thus be interpreted as a simulation of the relia
bility parameters of the equipment of concern. As 
such it relates statistical AVERAGES and the results 
represent statistical averages. However, the 
equations cannot be considered to truly simulate the 
system and its variables. A true SIMULATION 
represents (simulates) the ACTUAL variables: and not 
simply their statistical averages. 

(1)	 QQmputerization. Prior to the ready availability 
of digital computers, simulation for the 
reliability of a large-scale system was not 
feasible because of the sheer magnitude of the 
calculation task. The simulation is now 
feasible. The computer is used to digitally 
simulate random events (or system phenomena), 
generally using "Monte Carlo" techniques to 
manipulate the events. Since ALL variables 
affecting reliability (such as maintenance and 
logistics) can be simulated and manipulated in 
the same model, the digital simulation model can 
generally more realistically evaluate expected 
reliability (than can the analytic approach). 
Digital simulation is thus an extremely powerfUl 
tool in evaluating operational system relia
bility, and the effect of design and/or support 
changes. Specific simulation programs, avail 
able for use on time-share computer systems, are 
described in Appendix 2. 

(2)	 When to Consider using-2!mulation. It is 
worthwhile considering the use of a Simulation 
Model for any of the following conditions. 
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(a)	 £QmQlex eg~!pmept wi~h-£2mplex ~edundancies 
and/or_~_redBn9~iesof the repairabl~ 
category. In this case, it may not ,even be 
possible to formulate the closed, analytical 
statement for the total reliability. Or, if 
such statement is possible, an analytical 
solution or other manipulation may not be 
feasible. 

(b)	 ~lti-f~ed main~an~e sUPE~i as, for 
example, having to consider the not uncommon 
situation of having both significant 
scheduled maintenance and significant "as
required" maintenance on the same groups of 
elements. 

(c)	 Significan!-~~rict~QnsandlQ~limita
tions in maintenance available for 
redundant elementsi suc~as limited numbers 
~maintenance personnel and/or limited 
availability of maintenance equipment. 

29.	 ~EQSI.!2mm~! (ALft9gnQ~QL!ill1I~BILITYREQUIREMEmg 
j§3.5.1~. Reliability apportionment (or allocation) 
is the process of establishing reliability goals (or 
requirements) for subdivisions of the contract equipment 
item. The objective of the allocation process is to 
arrive at reasonable subdivision goals to assure 
achievement of the overall reliability requirement for 
the equipment. 

a.	 hEE~tions to-B~~ity-~~g~ams. Allocations 
are, basically, used as a forcing function on, 
first, "system" (configuration) designi then, on 
circuit designi and finally, on part selection 
and/or control. The allocations should not be 
treated as a static, fixed assignment of reliability 
goals. They should be continually reviEwed, and 
readjusted as required, as the design progr~sses and 
the reliability potential becomes fixed for 
particular areas. 

(1)	 In a developmen!-E!0grsm, it is essential that 
initial allocations be completed and reviewed 
·before commitment to the basic design approach. 
The allocations may indicate the need for 
applying redundancy in particular areas. Later 
stages of allocations readjustments may indicate 
that special parts and/or controls will be 
needed in the prototype program. Final 
allocations may indicate the need for changing 
the equipment reliability requirement for. the 
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prototype. During th~ early development, 
allocations will be based on similar equipment 
and/or similar modules reliability predictions. 
At later states, average stress predictions will 
become available - which may force 
reallocations. 

(2)	 In-the protot~-l2reproduction) program, 
initial allocations are again made and reviewed. 
These may indicate the need for are-assessment 
of redundancy needs, as a result of new 
reliability requirements and/or other changes 
from the development model. At this stage, the 
allocations act as a forcing function on 
configuration design primarily. Later stages of 
the dynamic allocation process are intended to 
act as forcing functions on specific circuit 
designers; and possibly even on parts selection 
and/or control. The earliest allocations will 
have to be based on predictions for similar 
modules. Then average stress predictions will 
become available to use as a base. Finally, 
stress-analysis predictions will become avail 
able. After stress-analysis predictions have 
become available on all equipment elements, 
allocations are intended primarily as forcing 
functions on parts controls. 

(3)	 Qi2semination. Allocated goals must be imposed 
as reliability REQUIREMENTS on the responsible 
engineers; and they must be held to account by 
the program management. If this is not done, 
allocations become a relatively ineffectual 
exercise. 

b.	 ~§ic-klli~tion_Proced~.The following are the 
basic steps required to perform an allocation. It 
is essentially the same as that used by the FAA in 
arriving at the reliebility requirement for the 
COnract item (see paragraph 13. of this Handbook) • 

(1)	 step_l_=-Itanslate the egy!Ement Reliabil!1~ 
Requirement§ to.reguired-!ailure r~, if the 
specification has not already done so. 

(2)	 ~p 2 - p~rfo~ID-2-~!i2bility Erediction.for 
the equipmeg1, using a consistent approach for 
all elements. The specific technique will 
depend on the stage of development. 
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(3)	 ~E-1~~einitial allo£ation Q!~liaE!l~tx 
s-02l§o Allocate to at least the level of design
responsibility packages and/or procurement 
packages. Goals are allocated to elements on 
the basis that the ratio of allocated~to
predicted failure rate of the element is the 
same as for the total equipment. For equipments 
with planned redundancy, the allocati0n first 
treats the redundant group as a single equipment 
element. Goals are then allocated witbin the 
redundant group, if required. 

(4)	 St~--!_=--E~view_the initial1Y-lliocated goals
!Q£ ~~sibilitx and reallocate goals if 

~	 required. A determination of feasibility is 
based on such factors as similar equipment 
history, state- of-art, costs, weight or space 
implications, and schedule res~rictions. Where 
the feasibility is indicated as no better than 
just "conditional", review the allocations to 
see if a reallocation of goals can ease the 
feasibility problem. Repeat steps 2, 3, and 4 
as the design progresses and/or certain areas 
become fixed for some reason and/or reliability 
predictions change for any reason. 

30.	 ~~~t~ITY-fBEQ!£T~_TE£HNIQYESAND APPLICABILITY 
iS3.~1~-=~.5.1.3.1~~1. Reliability pr~dictions 
provide the capability for quantifying reliability; and 
are therefore essential to making reliability an 
engineering discipline. A prediction is an indicator of 
the design's inherent reliability capability. 
Predictions therefore have significant applications 
throughout all phases in the evolution of a system. 
specific task categories for application of reliability 
prediction are discussed in the following sub-paragraph. 

a. ~lication_.of ReliaJ2i!ity predicti9ns. System 
(equipment) development tasks involvin~ signi~icant 

prediction activity can be classified into seven 
general task categories: feasibility' study, alloca
tion study, design comparison, proposal evaluation, 
trade study, design review, and design analysis. 
These task categories differ in principal objective, 
and are performed at different stages of the 
equipment's evolution. However, the associated 
reliability predictions are performed using essen
tially the same basic procedure for any task 
category; the major difference in procedure being 
dictated by the particular development phase of the 
equipment rather than by the task. The purpose and 
characteristics of each task category, and the 
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relationship of the reliability prediction to the 
task objective, are summarized by the following. 

(1)	 Feasibility Studi~. Yn general, feasibility 
studies are directed toward evaluating the 
feasibility of given technological approaches in 
meeting operational objectives within the 
practical constraints of time and cost. 
However, in most systems, severe operational
requirements generate additional constraints in 
the area of system effectiveness. Therefore, an 
evaluation of the probable level of system 
reliability that will be achieved by the 
approach in question is a critical factor in the 
feasibility analysis. Such evaluations of 
system reliability involve reliability 
predictions based on extremely gross system 
performance and environmental data. 

(2)	 Allocation StUdy. A series of progressive
studies are performed for the purpose of 
allocating system effectiveness requirements 
among the several elements of the system. 
System effectiveness includes system reliability 
as a major parameter. Therefore, a significant 
portion of allocation studies involves the 
allocation of system reliability. During such 
studies, reliability prediction procedures are 
applied as the primary analytical tools of 
reliability allocation. 

(3)	 ~ign Comp~!§Qn•.Alternate designs of 
established feasIbility are compared in 
selecting the specific approach(es) to be 
considered for further development. Reliability 
is a major parameter in the effectiveness of a 
given design; and must be considered in any 
comparison of alternate designs. Thus, the 
probable level of system reliability, as 
determined by means of reliability predictions, 
becomes an important aspect of comparing 
alternate designs • 

. (4)	 f!2EQs!l_~aluation. In general, .proposals are 
evaluated in terms of many interrelated factors. 
One of these factors is an evaluation, usually 
by means of a reliability prediction, to verify
the reliability of the proposed design. Such 
evaluation requires a reliability prediction 
which is directed toward assuring that at least 
a minimum acceptable reliability level will be 
realized. This is not normally as rigorous as a 
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prediction performed for the purpose of 
estimating the actual value of reliability, as 
might be required in design comparison studies. 

(5)	 !~~g~~off Studie§. Trade-off studies can involve 
any of many sets of interrelated design factors. 
However, in most cases, physical an~ functional 
design characteristics are traded against each 
other within constraints of system operational 
effectiveness, operational requiremel,ts, and 
physical restrictions. Thus, reliability... predictions, as the trade-off areas are varied, 
are	 important aspects of any t~ade-off study 
because of the relationships between system 
effectiveness and reliability. 

(6)	 ~ign Revi~. Formal design reviews are 
performed at appropriate stages of system 
development to assure that the design is 
progressing according to the baseline 
requirements. These design reviews include an 
assessment of every aspect of design, including 
the achieved level of reliability. Therefore, a 
reliability prediction, performed at a level of 
detail that considers &etails of hardware 
design, forms an important part of analysis 
performed in support of a design review. 

(7)	 Q~!gn Analysis. AS a system design progresses 
through the development, periodically updated 
reliability predictions are·inV'aluable for 
identifying the reliability problems that may be 
generated, assessing the effect of design 
change, and otherwise measuring the progress of 
the design with respect to the achieved relia
bility. In addition, specialized design 
analyses involving reliability predictions are 
performed for such purposes as supporting main
tenance, logistics, and test program planning 
studies. 

b.	 Reliability-~dicti2n-!echniqu~.A system (equip
ment) reliability prediction is started by 
determining the reliability (or failure rate) of the 

.elements	 in the reliability block diagram and/or 
mathematical model. The model is then used to 
obtain the system reliability. The validity of the 
system prediction is thus a function of the 
reliability prediction technique used for the system 
model elements. 
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( 1)	 Ii!i~fi!1 i ~CbDiqYal-f2~l4iq~lDg~nI . Several riIlibili~y predICtIon
t.echniques are in common ulle. Theae allow 
syst.em predict.ions to be performed with varying 
degrees of accuracy; depending on t.he IItage of 
system evaluat.ion under consideration. Three 
basic reliability prediction techniques are 
adequate t.o cOYer the spect.rum of program phase 
and design detail. These are summarized in the 
following subparagraphs. (Appendix 2 describes 
some available time-share computer programs 
applicable to prediction.) The specific 
procedures for implementing these techniques are 

.described in the following paragraphs. 

(a) similar Equipment Technique. The equipment 
(and/or element.s thereof) under 
consideration is compared with similar 
equipments (and/or element.s) of known 
reliability in estimating the probable level 
of achievable reliability. 

(b)	 Part. Count/Ave~aqe stress. Equipment 
reliability is estimated as a function of 
the number of parts. in each,of several part 
classes. t.o be included in the equipment.; 
and average stresses for each class. 

(c)	 stress Analysis Technique. The equipment 
failure rate is det.ermined as an additional 
function of all individual part failure 
rates; and considering part type. specific 
st.ress level. and deratingcharacterist.ics 
of each part. 

(2)	 Basic characteristi~§ !n9-6PPlications. Table 4 
summarizes t.he basic characterist.ics of these 
prediction techniques. and their reliability 
task applicability. 
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31.	 RELIABILITY fREDICTIONREQUIRE~-2-lPERFORMANCE/ 
.§!l~MITT~) -. (S3.5.1.3.51. Equipment reliability 
assessments must be maintained current with design 
evolution, selection, and/or change. Furthermore, the 
reliabilty predictions shall incorporate the failure 
information gained from the FAILURE REPORTING SYSTEM. 
Observed reliability achievement for equipment elements 
shall also be incorporated into the reliability 
predictions as learned. 

a.	 Prediction Submittals. A preliminary prediction for 
..	 the-Contract equipment reliability shall be 

submitted with the proposal for the contract. This 
shall include full disclosure of the models, 
ana.lysis techniques, environment and stress 
.assumptions, and failure rate sources used. Full 
defailedprediction disclosures shall also be 
prepared for each Formal Design Review and submitted 
to the FAA, in a full RELIABILITY ALLOCATIONS, 
ASSESSMENTS, AND ANALYSIS REPORT (per DID R-2 of 
Appendix 3). These latter disclosures shall 
additionally give specific ~art failure rates, 
environment, and stress - with a description of the 
basis and/or method for the determined environment 
and stress. 

b.	 ~ylts Submitt~. Summary presentations of the re
sults of reliability predictions, and comparisons 
with observ~d and allocated values, shall be 
presented in the monthly RELIABILITY PROGRAM STATUS 

.'	 REPORTS (per DID R-7 of Appendix 3). Full 
disclosure of details is not required, unless there 
is some significant difference, in methods or 
sources, from the previously submitted full 
disclosure. 

32.	 DETAIL-STRESS RELIABILITY PREDICTION PROCEDURE 
[S3.5.1.3.1.4). several-reliabilitY-predlction 
techniques have been developed that permit a detailed 
part-by-part analysis of a system design - to the extent 
that the effects of specific degrading stresses are 
considered in determining the failure rates of 
individual parts. These techniques are all similar in 
application, the major difference being the source of 
failure rate data; and the corresponding differences in 
the procedures used in extracting data from the data 
source, and translating these data for application to a 
specific system. Since details of the equipment design 
are required in determining stress ratios, temperature, 
and other application and environmental data, these 
techniques are only applicable during the late stages of 
design. Also, because of the high level of complexity 
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of modern systems, the application of the procedure is 
time consuming: and should only be used when such . 
detailed part-by-part analysis is warranted. The 
following are the basic steps in a general procedure for 
performing a detail-stress reliability prediction. 

a.	 ~p 1 - Establish a parts list for each elem~of 
the Reliability Block Diagram and/or Mathematical 
Model. The list must include definition of the 
part, its specification(s), and circuit reference 
indicators.	 . 

b.	 ~~- Determine the ambient op!vational air 
~~rature inwh~ch the parts operate. 

c.	 ~p 3 - perf~m a stress and thermal analysis 12 
~tablish the operational and environmental stres!!! 
on each part. This specific parameters and 
characteristics that must be defined and/or 
evaluated vary with the type of part. (The
requirements may also vary with the particular
failure rate source being used.) 

d.	 ~p! - Determine the resultant base failure rat!
!2£ each part. This is taken from. the appropriate 
table or graph of the source beinq used; and is 
generally a function of part type and specification, 
operating temperature, and relative level of 
operational stress. 

e.	 Step 5 =-Determine the !22ustmentfactorls) r!9U~red 
for each part base failure rate. These are generally
multiplicative on, but. may also be additive to, the 
base failure rate. They define the failure effect 
of the specific application being considered (such 
as ground-fixed vs. qround-mobile vs. airborne). 

f.	 ~p 6 - Calculate the operational failure rate 2f 
each part. This will be a function .of the base 
failure rate (step 4) and the adjustment factors 
(step 5). Again, this relationship varies with part 
type and the specific failure ra~e source being 
used. 

9.	 step 7 - Add th~part failure_rates to_obtain the 
fai~ rate of the equipment element. This 
procedure is valid oilly when there is no redundancy 
between parts. Redundant part groups should be 
treated as distinct system elements in the relia
bility block diagram/mathematical model. (See 
Paraqraph 30, s~ep ~.) 
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h.	 §t~E-1-= ~2mbiD!-1b~_ili~Y~IA!!sof Sb!-eguiQm!D! 
e~emeQ~§ to obtain t~rel!!£!li1~.Qrediction for 
the equipment. The previously established 
Mathematical Model (and/or Simulation Model) is used 
to obtain the required reliability measure~ which 
may be in terms of failure rate, MTBF, or 
Probability of Success. 

33.	 PART-CQ~!lAYERA§EtST~ESSRELIABILITX. PREDICTION PRO
~~~(S3.5.1.3.1.1l. The Part Count/Average Stress 
predictipn technique makes use of average failure rates 
established for general part classes. This reliability 
prediction technique is applied when estimated part 
inventori~s are available, but the design details 
necessary for a stress analysis are not known. The' 
procedure. for performing a Part Count/Average Stress 
prediction is very similar to that for the Stress 
Analysis Technique. The difference~ lie in the type of 
parts_ listing required and in the manner of establishing 
the part failure rates. The Average-stress technique 
involves .establishing part classes and their population; 
and establishing generic (i.e., average) failure rates 
for the classes. The following are the basic steps in a 
general procedure for the part-count/average-stress pre
diction technique. 

a.	 ~E-1-- Define th~eari ~lasses for which generic 
failure rates are to be established. 

b.	 steE-1-- Define/Establi~the~~~2-"average~ 
~Ieti2n2l/environmentalstr~§se~for each part 
class. The specific parameters/characteristics for 
which averages must be established are those 
discussed in Step 3 of the Stress Analysis 
technique. It is common practice to establish two 
sets of averages - one for parts in digital 
circuits; arid the second for parts used in analog 
circuits. Generally, the average stresses to be 
uSed are derived from part application policies; or 
experience with part application in other equip
ments. This step is unnecessary when generic 
failure rates are established directly on the basis 
of observed data. 

c.	 St~E-1-- Establi~h-g~ic failur~i~-!or egch of 
the part classes. Generally, this is done by using 
the "average" stresses of the previous step to 
develop the generic failure rates (following the 
procedures of Steps 4, 5, and 6 of the Stress 
Analysis Technique). As was noted in the previous 
step, gen~ric failure rates may be established on 
the basis of experienced failur~ data. 

Page 79 



d.	 ~p 4 - Establish a listing Qf the part C~II!e§,
2D9 their quantities in each element of the 
Reliability Block Diagram and/or Mathematical Model. 
The part classes must be the same as those 
established in step 1. 

e.	 Step 5 - Determine the predicted failyre rate_of the 
equipment elemen!. This is done by first assigning 
failure rates, as established in Step 3, for each 
part class in the equipment element. This is then 
multiplied by the number of the part class used. 
After this is done for each class, the results are 
added to obtain the failure rate of the equipment 
element of concern. 

f.	 Step 6 - Combine the failure rates of the eqg!Pm!nt 
~ments to obtgin the reliabIIIty prediction for 
the total equipment. 

34.	 RELIABILITY PREDICTION BY SIMILAR FUNCTIONAL EOutPMI6IS 
M:!D/OR-MODULjS (S3.5.1.3:1:"-;-S3.~1,3.1.'1. This 
prediction technique makes use of the failure r.~es (or 
reliabilities) determined for, or experienced with, 
similar previously developed or used equipments. 
Obviously, the prediction results will be more mean
ingful and accurate if field results on similar equip
mentsare used. The "similar element" technique is used 
in making very early predictions of reliability before 
any significant characteristics of the equipment design 
have been established. In most cases, the technique is 
used to estimate the feasibility 'of meeting a 
reliability objective witliin the current "state-of-the
art". However, it may sometimes be nec-..essary to .. 
extrapolate beyond the state-of-the-art. A general 
procedure for performing a "similar-element" prediction 
is given by the following basic steps. 

a.	 §1~p 1 - For each e!emeD!-2f-lbe Reliabili1X-p~ock 
Dia~am. identi!Y-!b~~imilar_elementsfor whic~ 
~!~lity data is available. The identification 

. of similar elements is generally done on a one-to
one basis with the contract equipment functional-
elements (such as similar computers). However, the 
identification may be at a lower level; i.e., the 
available "similar" element may be similar to the 
components (such as cards/modules/assemblies) which 
form the equipment element. Identification as 
"similar" is based on consideration of such factors 
as: function, operating modes, "state-of-the-art", 
type of design and/or construction, use and/or 
application, and complexity. It is preferable, 
where possible, that the "similar" elements be of 
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the same manufacturer intended for the new equipment 
element. 

b.	 Step 2 - Define the failure rate observed, or_Qtb~k
~§e determined& f9r each of the "similar" el~ents. 
In addition t.o the failure rate value itself, it is 
necessary to identify the data source, data quality 
and type, ~nd the attendant environmental conditions 
.(where different from that expected for the new 
equipment). 

c.	 ~~E 3 - Adjust~ch of th~~§imi!~failure~.~ 
to theconditi9ns of the n~eguipmen~. It is 
generally not possible, or necessary, to adjust the 
failure rates for all of the differences in 
equipment points of similarity. In almost all 
cases, it is adequate to adjust the failure rate of 
the "similar" element for: 1) estimated (""omplexity 
differences; 2) more severe expected environments; 
and 3) estimated effect of "state-of-the-art" diff
erences. The last is the most difficult adjustment 
to make; hence, wherever possible, it is desirable 
to select the "similar" element within the same 
state-of-art expected, or required, of the new 
equipment. 

d.	 ~l2....!L- Using.~adju~9-sil'l!larelement mlun 
~~~establ!§h th~ exp~g~ f~ilure rate of-~ 
~ipment eleme~. 

e.	 ~JLL=-.Q~~~he Reliabili~~BiIDatef2!: ~~ 
equipment by using the element failure. rates in the 
previously developed Mathematical Model for the 
equipment. 

35.	 PART_IAlbURE RATE D~§OURCES {SJ.5.!~1. In the 
stress Analysis and Part Count/Average stress. Prediction 
Techniques, the specific failure rate source used is a 
decisive factor in the validity of the resultant relia
bility prediction. The following section defines the 
recommended failure rate sources. These are acceptable 
to the FAA without further justification by the 
contractor. The use of any other sources or specific 
failure rates requires justification by the contractor; 
and their acceptance in a specific program is subject to 
approval by the FAA. 

a.	 ~9-~nded and Acceptable Da1S-2ource§. Only two 
failure rate sources for electronic parts are accep
table to the FAA without further justification. 
These are: 1) the RADC "RELIABILITY NOTEBOOK, n RADC
TR-67-108, Vol. II; and 2) RELIABILITY STRESS AND 
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FAILURE RATE DATAJI'OR ELECTRONIC EQUIPMENT," MIL" 
HXBK-217A. For micro-electronic failure rate., only 
the RADC Reliability Notebook is acceptable, without 
justification, to the FAA. The RADC Notebook ls. ln 
general, the most up-to-date government-contro11e~ 
source of electronic part failure rates. Hence, the 
RADC Notebook, RADC-TR-67-108, is in all cases the 
preferred failure rate source for electronic parts. 
The	 RAOC "NONELECTRONIC RELIABILITY NOTEBOOK", TR
69-QS8, is the preferred failure rate source for 
nonelectronic parts. 

b.	 Other Data 'Sources. other possibilities as failure 
rate sources are listed below. Their listing does 
not imply any recommendation by the FAA. And, their 
use in any specific instance is therefore subject to 
approval by the FAA. ' 

(1)	 FARADA. FARADA (Failure Rate Data) is a 
collection of failure rates from a variety of 
sources. It gives the number of test hours, ~he 

number of observed failures, and the measured 
failure rates for each source. There will be 
several entries, usually with different failure 
rates, for a given type of part.- FARADA also 
includes contractor compendiums of failure rates 
- often significantly more optimistic than those 
of the two recommended sources. FARADA is 
therefore not a good source for consistent data. 
It should be used only with extreme caution; 
and, then, only as a source for parts not 
contained in the two recommended sources. 

(2)	 ~~. GIDEP (Government-Industry Data Exchange
Program) is a source of part 'test data. 
However, the tests covered are usually short
term qualification procedures; and, are 
therefore not directly useful in making 
~e1iability predictions. 

(3)	 ~. The RAC (Reliability Analysis Central) is 
an RADC sponsored, IIT-Research-Institute 
operated, DOD information center. Its scope is 
limited to being a source of failure rates only 
for microelectronics. The RAC data is 
ultimately incorporated into the RADC Reli~
bility Notebooks. In the interim, it can 
provide current information. RAC analyzes its 
data inputs to provide useful reliability 
prediction information. ' 
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(4)	 yendor or SURPlier Oat!. Vendor or Supplier data 
may represent only the selected. beB~ 

reliability test results, rather than the 
typical. The data may include invalid 
conversion factors for converting the failure 
rates from the test (or observed) stresses to 
the operational stresses. Finally, there is a 
tendency to omit details on test conditions 
which, if known, might disadvantageously alter 
the conclusions drawn•. Unfortunately. however, 
the vendor may have the only existing data on a 
unique new part. In this case, it is desirable 
that the raw test data, where it exists, be 
available to support the claimed failure rates. 

36.	 ENVIRONMENT AND ELECTRICAL STRESS LEVELS FOR RELIABILITY 
£BEDICIIONS('S3:s:1-:1. 3) :-iiiVaITd assumptions or ---- 
calculations of the operating environment and/or part 
stresses will result in an equally INVALID reliability 
prediction. 

a.	 ~ironIDent. In using any of the· prediction 
techniques to predict operational reliability, the 
determination of failure rates shall be based on 
operation in the IIworst-case ll expected (or 
specified) for the equipment in FAA .field use. 
Reliability engineering efforts shall be predicated 
on operation in this environment. Unless otherwise 
specified by the FAA, the definition of worst-case 
environment shall be based on the levels specified 
in the FAA specification, FAA-G-2100, GENERAL 
REQUIREMENTS FOR ELECTRONIC EQUIPMENT. When a 
reliability prediction is specific to a demon~ 
stration test requirement, the environment specified 
for the demonstration shall be used. (The specified 
demonstration test environment is not necessarily a 
true or complete reflection of the total operation 
environments. ) 

b.	 Electrical Stress Levels. The effect of electrical 
stresS-on the reliability of specific· part types is 
specifically defined in the recommended failure rate 
data sources previously identified (paragraph 38). 
In NO case shall actual part application exceed the 
policies established in FAA-G-2100, GENERAL 
REQUIREMENTS FOR ELECTRONIC EQUIPMENT. In per
forming reliability predictions by the similar 
equipment or part-count/average-stress techniques, 
the failure rates shall be based on stressing
policies established specific to the program. Where 
these have not yet been established, the stress 
levels of FAA-G-2100 shall be used. In performing a 
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reliability prediction using the stress-analysis 
technique, the specific actual stresses, as deter
mined by measurement or stress analysis, shall be 
used. 

37. PREDICTIONS FOR RELIABILITY IMPACT STUDIE~ 

(S3.5.1.3.4 -_S3.5.1.3.4~. A full range of 
reliability impact studies is normally required only in 
study, not equipment, programs. Selected impact studies 
may be specified as part of an equipment contract. 
Under an equipment contract, the studies are intended to 
serve as reliability analysis inputs into the trade-offs 
considered at the formal design reviews. 

a. Submittals. When impact studies are required, the .. 
specific approach and coverage shall be described in 
the submitted RELIABILITY PROGRAM PLAN (DID R-1 of 
Appendix 3). The results of such studies shall be 
submitted as part of the RELIABILITY ALLOCATIONS, 
ASSESSMENTS, AND ANALYSIS REPORT (DID R-2). 
Progress in the studies is of course also indicated 
in the RELIABILITY PROGRAM STATUS REPORT (DID R-7). ; 

i I 

b. spe£!!ic Study Requi~~1§. The following are the 
six Impact Studies, anyone of which or all may be 
required. The individual study is intended to 
investigate the effect of varying a particular 
parameter on the predicted reliability. When more 
than one study is required, in addition to investi
gating the reliability effect of the individual 
parameter, the combin~9 effect shall also be 
investigated. 

(1) Design Variation~. A reliability prediction 
shall be made for each design variation and/or 
option in the study contract. 
contract, this requires that a 

In the equipment 
prediction be 

made for all options and that it be SUBMITTED. 
The cost impact of each variation shall be 
defined. 

(2) Stress Variation~. A range of stress policies 
shall be defined, from minimum values affecting 
reliability to full rate stress. The part 
classes in the subject equipment shall be 
defined. Reliability predictions shall ~hen be 
made to indicate the reliability effect of 
varying the stress on specific part classes; and 
the effect of varying the stress on all parts. 
In the latter, the same relative stressing may 
be assumed for all parts. 

Page 84 



(3)	 ~ieDt~R!rat~~~~!i2D§. The ambient 
temperature for the subject equipment shall be 
varied from the minimum operating temperature 
affecting reliability to the maximum value at 
which the majority of parts will operate. A 
reliability prediction is made to indicate the 
effect of the varying temperature. Where the· 
contract equipment consists of distinct 
cabinets, each cabinet shall be so investigated 
individually. 

(4) . Impact of P2!!-Quality. The part classes in the 
. subject equipment shall be defined. Then the 
available part qualities (including established 
reliability as a part quality class) for each 
part class shall be determined. Reliability 
predictions shall then be made to indicate the 
reliability effect on the equipment of varying 
the quality of the individual part classes; and 
the effect of simultaneously varying all part 
classes in the same "quality direction". For 
each variation, the cost impact shall also be 

.determined. 

(5)	 Impa£!-2!-2ualit~D!rol_Programs. A full range
of applicable parts quality control programs 
shall be defined for part classes, with special 
stress on semiconductors, integrated circuits, 
and hybrid microcircuits. The quality control 
program definition shall include consideration 
of parts inspection, testing, and "burn-in". 
The effect of each quality control variation On 
part failure rate shall be determined. And 
reliability predictions shall be made to . 
determine the effect of part quality control on 
the equipment reliability. In all cases, the 
cost of the quality control program shall be 
defined. 

(6)	 £~§!Ygy. Under this study, reliability 
predictions shall be made as required to define 
the relationship between cost and reliability 
reqUirement. As a minimum, this study shall 
include consid~ration of redundant design, part 
quality, and part quality control in the cost 
factor. 

38.	 Q~~aI!~~ggsOF CIRCUII2-jS3.i:.1:.!.-= 
21~~.1.~. Where not otherwise specified by the 
procurement documentation, the required degradation 
analysis is performed on all unique circuits in the 
equipment. 
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a.	 ~mlt~Als. When a degradation analysis is requir~d, 
the approach to establishing models or equa~ions, 
selection of input p.ram~ter. to be varied, and 
selection of "unique" oircuit." .hall be described 1n 
the RELIABILITY PROGRAM PLAN (DID R-1 of Appendix
3). These are SUbject to the approval of the PAA. 
The RELIABILITY ALLOCATIONS, ASSESSMENTS, AND 
ANALYSIS REPORT (DID R-2) shall define the models or 
equations, the input parameters, and the selected 
circuits to be analyzed. This REPORT shall also 
document the results of completed studies. 
Predictions shall reflect the information gained in 
performing the degradation analyses. The RELIA
BILITY PROGRAM STATUS REPORT (DID R-1) shall reflect 
the progress being made in the analyses. 

b.	 Specific Degradation Studies. The degradation 
analysis considers part characteristics as the 
variable, independent, input parameters; and circuit 
performance characteristics as the output parameter.
Where more than one of the degradation analysis 
methods is required, they shall be performed 
individually. The following are the four methods, 
anyone or more of which may be specified as a 
requirement. 

(1)	 Parameter Variation-ana1ysis. As a minimum, each 
input parameter shall be varied over the range 
of its possible values, while holding all other 
input parameters at their DEFINED nominal 
values•. The analysis shall determine the effect 
on the circuit output parameters; circuit 
failure points shall be defined; and maximum 
ALLOWABLE input parameter variation established. 

(2)	 Worst-Case Analy§i§. All input parameters shall 
be varied, simultaneously, with each being varied 
in the direction which increases the output 
parameter above the DEFINED nominal. A Worst
Case output value shall be established; i.e., 
the output parameters values when each input 
parameter reaches the limit of its tolerance or 
expected drift range. Circuit failure points 
for the input parameters shall be defined. The 
input parameters shall then be varied in the 
direction decreasing the output parameter BSLOW 
nominal; and the wOrst-case values and circuit 
failure points defined. 
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(3)	 Variance '(and Mean) Analysis. Determine the mean 
and variance for each input parameter 
distribution. Correlation coefficients must 
then be defined for the set of distributions. 
From.these data, the mean and variance of each 
output parameter sha11 be determined. circuit 
failure points shall be defined for the output 
parameters. individual input parameter'distri 
butions, and combined input parameter set. 

(4)	 Mqnte£ar~o Simul!!!9n. Est~lish a true 
simulation of the circuit and its input 
parameters. This requires a full determination 
of the distribution for all input parameters.
The simulation shall randomly select from these 
distributions, individually and in random 
combination. The output of the simulation shall 
establish the fUlly defined distribution except
for each output parameter. Again. circuit 
failure points shall be defined. 
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§ECTlQ!! 'I. 'PARTS",A~LIE2.a...MATERIALS,AND PR<X;Rf?ES 

39.	 TH~ PARTS& MATERIALS.l~D PROCESS!§_~ROGRAM (S3. 5.2 & 

§3.S.2.'I - S3.5,.3). There are two basic aspects, oX' 
phases, to, a,total parts, Materials, and Processes 
program. The"first phase,is to control selection and 
application. The second iphase is to assure proper 
handling of the, items•. Basic req1l.irements and goals for 
each of 'the phases are discussed ,in the following sub
paragraphs. When a parts, materials, and processes . 
program is imposed: as part of the required reliability 
program, the plan for implementation shall be submitted 
as an element of the RELIABILITY PROGRAM PLAN (DID R-l 
of Appendix 3). 

a.	 ~~Materials. andProc~~s Control. For relia ... 
bility,the goal of the parts, materials and 
processes control program is the assurance that the 
required reliability is achieved in the designs. 
This is achieved by controlling proper selection and 
application of the parts, materials, and processes. 
The elements of this control program shall include 
at least the following items. 

(1)	 A Standardizatio~ffo~ to minimize the number 
of different parts and materials used. 

(2)	 A Preferred Parts and Matefials list development
maximizing the use of MIL parts and/or parts 
with proven reliability histories, and 
monitoring the use thereof. 

(3)	 F~ specificatiQn, F~-G-2100.GENE~REQUlB~
MENTS FOR..ELECTRONIC EQUIPMENT compliance. 

(4)	 Use of Procurement Specif;cations to impose

reliability requirements, and monitoring
 
compliance.
 

(5)	 Monitoring and GUid!n£~!-~ignto assure
 
proper application of parts and materials.
 

b.	 Par~Assemblies. and ~erial Handling. The goal

of the handling requirements and procedures is to
 
assure that the fabricated equipment does not
 
contain degraded parts, assemblies, or material.
 
Or, in other words, the goal is to assure that the
 
equipment design reliability is not degraded by the
 
handling of parts, assemblies, or materials.
 
Requirements and controls shall therefore be
 
established to: 1) prevent the use of questionable

condition parts, assemblies, or materials by
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manufacturing-;·and 2) prevent the degradation of the 
parts, assemblies, or materials by the manufacturing 
process. 

c.	 ~icient Item Notificatioqs an2-Responses. A defic
ient item is one which i~ found to NOT meet its pro
curement,specification. 

(1)	 Notification by-contra£tQf. The contractor shall 
investigate for deficiency all items suffering 
repeated failures and/or whose failures have had 
a critical impact on the program. Confirmed 
deficiencies shall be reported to the FAA via a 
DEFECTIVE OR INADEQUATE PARTS AND/OR SPECIFI
CATIONS NOTIFICATION (DID R-3). The notifi 
cation shall define the deficient item, the 
confirmation analysis, the determined deficiency 
cause, actual and/or potential effect on 
equipment reliability, and corrective action 
taken. 

(2)	 Respou§e tg Deficiency Notice by F~. The con
tractor shall respond to Deficiency Notices 
which may be issued by the FAA. The response 
shall be in the manner prescribed by the DID 
SUSPECT MATERIAL DEFICIENCY NOTICE RESPONSE (DID 
R-9 of Appendix 3). As a minimum, the response 
shall identify the number of the deficient item 
used, their location in the equipment, an 
analysis of the reliability effect of the 
deticiency, impact on the reliability program, 

. and 'corrective action taken. 

40.	 tHE RELIABILITY DESIIDiJHllQUS3.5. ~.1, S3.5.2.1:.J.l. A 
Reliability Design Guide shall be prepared which is 
specific to the program. The Guide shall be designed to 
fulfill three basic objectives: 1) assign allocated 
Reliability goals, 2) establish a preferred parts list, 
and 3) provide specific guidance in reliability design. 
Before being imposed on equipment designers as a program 
requirement, the Reliability Design Guide shall be 
reviewed and approved as part of the Preliminary Design 
Review (the first Formal Design Review of the program). 
The approved Design Guide shall then be submitted as 
part of the pE~IGN REVIEW REPORT (DID R-12 of Appendix 
3) for that design review. 

a.	 SCQpe of the Reliability Des!qn Guid~. The 
Reliability Design Guide shall contain the following 
elements as a minimum. 
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(1)	 Reliabll1tY-X~1Il~1I for the equipment. 

(2)	 ~1I2nment!1_!nvel~ for the equipment. 

(3)	 Reliability M0ge!(block diagram and/or

mathemat.ical model) of the equipment.
 

(4)	 Allocat.ed Reliability requirement.s assigned to
 
lower levels.
 

(5)	 Reliability Design Techniques recommendations
 
and guidance.
 

(6)	 Reliability Check L!§1§ for design reviews. 
.. 

(7)	 f~~r~d Part.s List., prepared t.o t.he minimum
 
requirements defined by the following sub

paragraph b.
 

b.	 The prefer~ed P!~t.s ~. The preferred parts list 
establishes the part.s recommended for use on the 
program. The part selection shall first comply with 
the requirement.s of the FAA Specificat.ion, FAA-G
2100, GENERAL REQUIREMENTS FOR ELECTRONIC EQUIPMENT. 
Whenever available, parts having est.ablished quanti 
tative reliability levels shall be select.ed fOr the 
list. The part select.ion shall also be directed 
t.oward STANDARDIZATION of part.s. To t.his end, 
priority shall be given to t.he use of parts already
included in government.-issued preferred part. 
documents. The preferred part.s list. included in t.he 
Reliabilit.y Design Guide shall cont.ain the following 
information. 

(1)	 Part.s List!DS for t.he preferred part.s, fully

ident.ifying each part.
 

(2)	 §t.r~~~/Temeerat.ure policies. Ma~imum allowed and
 
recommended nominal stress and temperat.ure Shall
 
be defined for each list.ed part. A particular
 
part. can carry more t.han one nominal reCOmmen

dation, as a function of t.he circuit type•. In
 
any case, t.he st.resses and/or temperatures shall
 
not exceed t.he limit.at.ions of FAA-G-2100.
 

(3)	 Failure Rat~. At each of the stress/temperature
 
conditions established by t.he above, a failure
 
rate shall be specified for the listed part. (A
 
record of the dat.a source should be maintained,
 
but not necessarily in the design quide.)
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(4J Applis:ll12Dl§!~.£tlm.~!iit~Jl~!. Specific'areas 
, 6fapplication sha.ll be defined for each listed 

part.: and/or ,criteria shall be given for 
,.selectingthe part most suited for a particular 

appiicat.ion. 

_1.	 ~2.&...MATER:IP.S« ANDPRQg22-.APPLICATION REVIEW AND 
DRIFIC~I0tJ {S3.5.2.2 - S3.5~2.3}. The Application 
Review is intendeq~overify the correct selection of 
parts, materials,'and/or processes for the specific 
application;, ,and ,:to veri~y that the acceptable limits on 
stress and t.emper'ature are not exceeded. Justification 
must be provided for deviations from the preferred parts 
lists and/or ,reconunended stresses and/or temperatures. 
All such deviations shall be evaluated for reliability 
impact. The Application Reviews covering a Contract End 
Item sh~l,lpe,'completed sufficiently prior to the 
Critical Design'Review (CDR) to serve as input to the 
CDR; and to be reflected in the Reliability Assessments 
presented at the CDR. (Predictions of the equipment 
reliability shall be kept current with the findings of 
the application reviews.) stress Verifications and/or 
thermal analyses, when required, shall be performed 
prior to, and serve as inputs to, the appropriate 
Application Review. The program check-points selected 
for holding Application Reviews, or the,plan for 
performing the selection, shall be reflected in the 
Reliability Program Plan, as documented in the RELIA
BILITY PROGRAM PLAN (DID R-1 of Appendix 3). The 
proceedings and summary result~ of the Application 
Review shall be fully documented in the PARTS, 
MATERIALS, AND PROCESSES APPLICATION REVIEW REPORT (DID 
R-13 of Appendix 3) • 

a.	 Verification of part appli~Qn stresses and 
tem~ratures. The objective of this task is to 
determine, by actual measurements on the equipment, 
whether the MAXIMUM stresses and temperatures 
allowed by the Design Guide (which is within the 
limits set by FAA-G-2100) are EXCEEDED by the imple
mented design~. The plan for selecting measurement 
samples, and the associated confidence levels, shall 
be reflected in the submitted RELIABILITY PROGRAM 
PLAN (DID R-l of Appendix 3). Results shall serve 
as inputs to the appropriate Application Review. 

b.	 ~rmal Analysi.§. The requirement for a thermal 
analysis of parts is NOT the same thermal analysis 
required for a Detail-Stress Reliability Prediction 
Procedure (see paragraph 34.). The thermal analysis 
in the prediction procedure is carried out only TO 
the part, normally only to the point of defining 
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AMBIENT temperatures. Full Thermal Analy'ls OF (or. 
FOR) each part requires that the thermal analysis be 
performed on each individual part ... with the goal of 
determining internal thermal profiles. As a 
minimum, thermal analysis of parts shall p~ovide t.he 
following. 

(1)	 Passive device HOT-SPOT temperatures. 

(2)	 SemiconductQ* JUNCTION temperatures. i 

(3)	 MQnolithic Integrated Circuit Har...SPOT (.neV.,.
Maximum Junction) Temperatures. I(4)	 ~YYm and Gas T~ MAXIMUM BULB temperatures. 

.. ,(5)	 Hybrid tJicrocircuit§ treated as made up of 
parts, with the above provided for J;ACH PUT. 

I 
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~nglL2· 
161IdlU..BQRIi-AtiI2-1llELAtiALX§lL..alW_gy;maLl.tIH§ 

112.	 11'ng:l~AIltYBE MQDIL6mL~I£I_ANA~Ll!Ln!E 
ElLlABI~~BQGRAM_jS31~. Basically, a Failure Mode 
and Effect Analysis (FMEA) studies an equipment element, 
its interfaces, and the interfaces of its components in 
order to: 1) define the possible failure modes; 2) 
determine the effect of each failure on the equipment 
element being studied; and 3) investigate the probable 

..	 consequences on the equipment function(s). The FMEA 
effort should be treated as a dynamic, iterative relia
bility task performed through all phases of equipment 
development. Coupled with the reliability predictions,..	 the FMEA effort provides the primary reliability 
information for use in design and/or configuration 
trade-off decisions. 

a.	 8EQ~icat!on--!!L~B~liabili!Y-f1:Qg,[~.The FMEA 
effort is potentially one of the mOst beneficial 
contributors of the reliability program to the over
all equipment program. The first program function 
.of	 the FMEA is to identify and highlight all first 
Order (i.e., catastrophic) failure modes, develop 
proposed design corrections, and present the 
findings to the design review team. Second, for 
failure modes outside the first-order category, the 
FMEA develops probability-of-occurrence data for use 
in making management trade-offs on the extent of 
~ime and/or effort to be invested in corrective 
action. Lastly, the FMEA results should provide 
criteria for use in planning and designing tests for 
the equipment. 

b.	 Eff~~tive Implementation of ~nFMEAEffort. To.be 
effective in the reliability program, the FMEA must 
of course competently detect, analyze, and evaluate 

.all	 SIGNIFICANT failure modes at the pertinent 
levels. Equally important, however, is the need for 
the FMEA findings to be reported in a TIMELY manner 
and in a form to be of use at the·over-all program 
decision points. Some level of FMEA can, and 
should, be initiated as soon as functional inter
faces are defined, before the design becomes fixed. 
The design impact of FMEAs becomes significantly 
less at later stages of development. FMEA findings 
must be recognized for their value and actively used 
in improving equipment reliability. The following 
sub-paragraphs discuss some specific requirements 
for effectively implementing an FMEA effort in a 
reliability program. 
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( 1)	 lnteg~!~e [M~ EffOI!_~Q_~ie Reli'R!l!~fI~AmElIn. The first requirements to recognize the 
dynamic nature of the FMEA effort; and that it. 
iterations must correspond to progress in the 
design effort. Therefore, the reliability 
program plan must schedule FMEA outputs to 
correspond to the design-decision milestones 
scheduled in the overall program plan. At each 
FMEA output point, the reliability program plan 
should clearly define the required depth of 
analysis, the expected findings, and the in
tended use of the results. These will depend on 
the particular element being reviewed at the 
decision point, the criticality of the element, 
and the general equipment requirements. 

(2)	 M2intain Ti~ness of FMEA RepOrting. The 
scheduling of FMEA outputs must be maintained 
current with changes in the overall program 
schedules. Late submission of FMEA reports 
and/or findings must be avoided. The n~ed for 
timeliness shall take precedence over the relia
bility engineer's desire for comprehensive 
analyses. Without such adherence to timeliness, 
the FMEA effort loses all value to the design 
engineer and project management. 

(3)	 Use Specif!cal!y~propriate Analysis MtthQd!. 
The analysis method or level used at a specific 
FMEA point should be appropriate to the item 
being analyzed, the stage of development, and 
the intended use of the findings. The dangers 
of too simple an analysis are obvious - problem 
areas WILL be missed and the findings may be 
erroneous. On the other hand, overly sophis
ticated analyses are wasteful in time and 
effort; and may not be readily understandable to 
the design and/or project personnel (thus 
compounding an existing communication problem). 

(4)	 Maintain Dif~ct Communications with ResP9nsib~e 
~iqn Engineers. Formal FMEA reporting for the 
formal design-decision points is of course 
required, and is scheduled in the reliability 
program plan. Equally important, however, is 
that direct communications be established, and 
maintained, between the reliability engineer and 
the responsible design engineers. 
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(a)	 Ih!-~!§g. The reliability engineer neede ~o 
obtain technical design and function 
information from the designer, for use in 
the FMEA. Also, for effective correc~ive 
action consideration, the reliability 
engineer must be able to DIRECTLY and immed
iately relay FMEA findings to the design 
engineer. Direct engineer-to-engineer 
communication also does much toward 
establishing designer confidence toward the 
value of the FMEA findings; and, therefore 
enhances the attitude toward the need for 
any indicated corrective response. 

(b)	 ~stablishing Commun~cations. Ideally, the 
FMEA should be performed JOINTLY by the 
reliability and design engineers 
automatically resolving the communication 
problem. In most cases, however, the 
reliability engineer must conduct the actual 
FMEA by himself - coordinating with the 
responsible design and systems engineers. 
In such cases, it is the responsibility of 
the reliability engineer to establish 
communications, obtain the required 
technical assistance and/or input, and then 
relay the FMEA findings to the appropriate 
point. 

".: ." . 

43~	 g~!&-OF FMEA {53. 5. 4:.1. 53. 5~n. FMEAs are of two 
basic types (functional or hardware) as a function of 
the types of failure modes being considered. The 
functional type of FMEA analyzes the cause and effect of 
function, and functional interface, failures. The 
hardware type of FMEA is concerned with specific elec
trical or mechanical failures. The level of FMEA CAN 
extend from the investigation of failures in basic 
equipment functions all the way down to analyzing 
failures of pieceparts. The latter is extremely 
detailed; and the required effort soon becomes prohi
bitive for the benefit gained. Hence, FMEAs performed 
for an FAA Reliability Program will be restricted to 
one, or both, of two basic categories: Functional, or 
Circuit-Level. These categories of FMEA are defined in 
the following sub-paragraphs. The level and/or type of 
FMEA applicable at any particular review point will 
depend on the stage of equipment development, and the 
intent of the review. 
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a.	 functional Level FMEA. The functional level FMEA is 
concerned with the analysis of the failure modes of: 
') basic equipment functions; 2) functional 
interfaces between XAJOR equipment elementa; and 3)
man-machine functional interfaces. The MAJOR 
equipment elements shall be to at least the level of 
defining distinct cabinets, procurement packages, 
and areas to which allocated reliability goals have 
been assigned. The failure modes are analyzed to 
determine the effect on the ~ission or intended use 
of the equipment: the likelihood of occurrence; and 
the possible corrective actions. The Functional
Level FMEA is primarily directed toward the review, 
control, and improvement of the overall system 
configuration and/or design for reliability. 
However, it is al~o significant to establishing 
effective maintenance concepts; and defining 
circuits deserving special attention in the next 
lower level FMEA. The functional-level FMEA can be 
initiated as early as the concept phase of equipment 
evolution. In a formal reliability program, 
functional-level FMEA findings should be available 
for review at the Preliminary Design Review (PDR), 
and up-dated as equipment configuration develops. 

b.	 £y'£uit Level F~. For FMEA purposes, equipment 
CIRCUITS are defined as the lowest level sets of 
interconnected elements with only connector 
electrical interfaces into the equipment, AND 
providing functions with specifiable performance 
requirements. The circuit level FMEA is then 
concerned with failure~ in the circuit functions; 
and with specific electrical interface failures. 
Again, the failure modes are analyzed to determine 
their effect on equipment functions; the likelihood 
of their occurrence; and possible corrective 
actions. In addition to its function of monitoring 
design reliability, the Circuit-Level FMEA can 
provide important support to the development of 
mainten~nce concepts, and fault detection and 
isolation requirements. The functional and 
electrical FMEA of a circuit is usually performed in 
two bas~c stages, as the circuit design develops. 
The functional circuit-level FMEA should be 
available for review at the PDR, for the definable 
circuits. The circuit-level FMEAs are updated, and 
evolve into electrical FMEAs, as configuration and 

~~circuit	 design progress. Electrical circuit-level 
FMEA findings should then be available for review at 
the Critical Design Review (CDR). 
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44.	 sna~~~ PROCEDURES FOR PERFORMING FMEA (53.5.4 
S~.5.4.2). The basic objectives for any FMEA are: 1) 
iden~ifica~ion of failure modes; 2) definition of 
failure effect on equipment function and/or mission;, 3)
determination of probability of failure mode occurrence; 
and 4) development of appropriate corrective action(s). 
These objectives should be pursued on a continuing 
basis, as the equipment evolves into its ultimate design 
and configuration. Formal d9cumentation of the FMEA and· 
its findings is considered to be an integral part of the 
FMEA effort. Hence, a standardized, formal FMEA Form 
should be prepared and all specific analysis efforts 
documented therein. At appropriate points of the 
effort, a formal FMEA REPORT must be prepared which 
contains the completed Forms and summarizes the FMEA 
findings. (DID R-11 of Appendix 3, FAILURE MODE AND 
EFFECT ANALYSIS REPORT, defines the FMEA documentation 
requirements.) The following sub-paragraphs define the 
basic form and report requirements, and give a general 
procedure for carrying out an analysis. 

a.	 Establish the FMEA_~nalysis Form. The Analysis Form 
should be designed to fulfill three basic functions: 
data collection, analysis documentation, and 
findings presentation. First, the FOrm will be used 
to collect the information required to perform the 
FMEA Analysis. To this end, the required entries 
.should	 be readily recognizable to the design 
engineers; and not to just the reliability engineer. 
This will facilitate getting data from the 
responsible engineers. secondly, the Form will be 
used to document the specific analyses and results. 
Finally, the Form will be used to present specific 
findings to responsible design engineers. In this 
last function, it is necessary that recommendations 
and their application be readily recognizable; and 
do not become lost in a "bUSy" entry space filled 
with non-pertinent information. The Forms should 
contain only the absolute minimum number of entries 
required to fulfill these above functions. 

b.	 ~!Q~ and Do£ument the Anglysis. The following 
"steps" form a general procedure for carrying out 
the analysis of an FMEA. The steps are given in 
terms of the information required for the Analysis 
Form. 

(1J	 SteE 1 - Identify the enqineeI responsibl~ for 
the Analysis and the completion of the Forms. 

Page 97 



(2)	 step 2 - Establi~h Dtt~!2F ·PMEZlInitiatigD&
Completion. And lOX RenU2D§. This serves ~o 
establiah the system sta~u. during the time ~h.~ 
the analysis was performed. 

~3) atep 3 - Ident~fy tbe Item Dnder AnAlyst, IDd 
its Configurational Relationship to the TotA. 
System. "Item Onder Analysis" is the equipment 
AREA which is under immediate analysis. 
Nomenclature and Identification Number must, of 
course, be given for the Item Onder Analysis 
(lOA). In addition, however, sufficient data 
must be given to unambiguously identify the IUAs 
"indent" (or hierarchical) relationship to the' 
rest of the system. 

(')	 Step 4 - Identify the specific Part/Function 
Interface for which~h~ailure Modes will be 
~!~. For a Functional FMEA, the function or 
functional interface needs to be identified. 
For a circuit-level FMEA, functions and/or 
electrical interfaces need to be identified. 
For interfaces, also indicate whether they are 
input or output signals: and identify the 
source/sink as the case may be. 

(5)	 step 5 - Describe the Failure Mode. Description 
of the failure mode shall consider such 
conditions as open, short, out-of-tolerance, 
premature operation, failure to operate/cease 
operation when required, degraded performance, 
etc.	 ". 

(6)	 ~~_- Describe/Define the Failure Causes. De
scribe the likely causes of the listed failure 
mode. Limit these to those of is. deterministic 
nature. 

(7)	 Describe the Failure Effect~~gh the Success
ively Higher Levels of-Eguipm~. Note the 
effect on the performance of the lOA and the 
ultimate effect on the performance of the end 
item equipment. Effect on intermediate levels 
of equipment can usually be indicated by 
reference to an appropriate higher-level FMEA. 
If not, these should also be briefly described. 

(8)	 step 8 - Determine the-f!0bability of Failure or 
Failure Rat~. Either the Probability of Failure 
or the Failure Rate must be used in all the FMEA 
levels. Where failure rates are available it is 
preferable that these be used. Failure rates 
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are	 usually given for Itfailur@1t of a part, 
regardless of the mode. Failure rates may be 
assigned to modes by considering their relative 
likelihood. In early staqes of system devel
opment, when the functional FMEA is initiated, 
it is not likely that failure rates can be . 
assigned to the failures. In this case, it will 
be adequate to determine the Relative probab
ilities of failure. (Document all sources, 
assumptions, and methods of analysis in the FMEA 
report. ) 

(9)	 steE..2-=-Id!:mill~vai!.s!2.!~o:r; ~commem!ed.&. 
£QIrective Action. Note any recommended and/or 
available design changes, specification 
revisions, procedural changes, or other factors 
which would eliminate the mode of failure or 
reduce the probability of occurrence and/or 
reduce its effect. Describe any operating 
procedures recommended and/or available to 
bypass the failure, reduce t~e probability of 
occurrence, and/or reduce its effect. Identify 
any a-priori testing or processing which can be 
applied to reduce the probability of failure. 

(a)	 Impact. Where any of the corrective actions 
are intended to reduce the probability of 
occurrence, indicate the expected 
improvement. 

(b)	 status. Identify any of the corrective 
actions already initiated at the time of the 
FMEA. 

c.	 ~~Ear~ the F~A RepQtl. Each FMEA performed for a 
design review point shall be documented in a 
complete, formal report (per DID R-11. of Appendix 3, 
FAILURE MODE AND EFFECT ANALYSIS REPORT). The 
report shall contain the following substantive 
information as a minimum. 

(1)	 FMEA Identification. Identify Program and review 
point for which Report is prepared; Report 
originator and dates; and originators dates and 
titles for the FMEA analyses included. 

(2)	 !!ll~duction and-2£~. Briefly describe .. 
intended use of equipme~t. Define the purpose 
of the review point for which the report is 
being prepared; and briefly describe the 
intended use of the~report and the analyses 
contained therein. List the Items anal~zed, 
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their indenture level descriptions, and the FMEA 
levels and/or types applied. 

(3)	 Data Sources. Identify the specific indexes, 
drawinqs, schematics, predictions, and other 
data sources used for the analyses and report. 

(')	 Functional Descripti2n~. Prepare an over-all 
description of the equipment functions and 
interface requirements, detailinq the same for 
the Items analyzed in the report.. Prepare func
tional block diaqrams to support this 
description. 

(5)	 ~n!lysis Methods. Summarize the assumptions used 
in performinq the specific FMEA analyses. 
Define the techniques used in estimatinq the 
probabilities of failure. Define any unique 
terms used in the analyses. 

(6)	 Corrective Actions. Summarize the corrective 
actions, the problems they were intended to re
solve, and their status. Present detailed 
analysis and description of the particularly 
siqnificant corrective action recommendations; 
summarizing the expected reliability impact of 
implementinq such actions. 

(7)	 Reliability CODglusion~. Summarize the FMEA 
indications for operational reliability (as 
opposed to inherent reliability). Summarize the 
expected reliabili~y impact of the recommended 
corrective actions. 

(8)	 Recommendations for Further Investigation!.
Identify areas where more detailedFMEAs are 
indicated. Recommend investigative tests and 
test criteria. Provide recommendations for 
improvinq the data sources. 

(9)	 FMEA Forms Attachme~t. Attach the completed FMEA 
Analysis Forms which pertain to the report. 
Precede with a list of definitions for any 
special codes, terms, or acronyms that were used 
in the forms. Also explain any deviations taken 
from standard use of the forms. 

'5. £,BllICAL ITEMS IDENTIFICATION, CONTROL, AND HANDLING 
(53.5.5). Critical items are those equipment elements 
which are of special significance to meeting the 
equipment performance (includinq reliability) 

. specifications; and/or those elements with a siqnificant 
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. potential for preventing accomplishment of other 
contractual commitments. Potential candidates for the 
"critic~l .items" list shall include a1.J. deliverable and 
diagnostic computer programs, in addition to the 
hardware constituting the contract equipment. The 
contractor shall identify all such critical items, at 
least prior to the Critical Design Review (CDR). 
Control and/or Handling procedures shall be developed, 
and implemented. for minimizing the criticality 
potential of these items. 

a.	 Critica!!ty Fac!Q~. At least the following factors 
shall be considered in the identification of 
critical items. Approach and/or types of analyses 
to be used in this identification shall be described ' 
in the submitted RELIABILITY PROGRAM PLAN. 

(1)	 Re!iabil~ty. Any item with a significant 
potential for preventing achievement of the 
required reliability is critical. Reliability 
predictions, models, and FMEAs are useful tools 
in the identification, and control, of such 
items. 

(2)	 Lim!t.~d L~f~. All items with a limited life 
should be considered critical· (and preventive 
replacement schedules developed). . 

(3)	 Cost. Items of excessive cost could prevent 
accomplishment of the contract within dollar 
restrictions. Items with a potential for 
becoming excessive in cost should be classed as 
critical. They will require special attention 
by contract cost management. and control•. 

' 

(4)	 Acquisition lead ti~. Items with acquisition 
lead times not compatible with the contract 
schedule cannot, of course. be used. Hence, 
items with a potential for developing excessive 
lead times must be classed as critical items. 
These items will require special procurement 

•	 procedures and coordination with the supplier • 

(5)	 §afety. Items presenting an immediate hazard to 
personnel and/or equipment. or with a 
significant potential for producing such hazard, 
should be considered critical items. The hazard 
presented can be one occurring in field use 
and/or transportation and/or fabrication. 
Furthermore, the item may be "unsafe" of itself 
or because of its required installation in the 
equipment. Safety critical items will require 
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(as applicable) the development of special 
handling procedures, maintenance procedures, 
operating restrictions, shipping requirements, 
and/or attention to safety in design or 
configuration. 

(6)	 ~~intenance. Items with a potential for causing 
excessive maintenance loading are candidates for 
the "critical item" list. The excessive 
maintenance may be required because of the 
item's high failure rate (which, because of 
redundancy, may not affect equipment relia
bility); or, because of a need for frequent 
preventive maintenance and/or replacement. The 
FMEA is an important tool in the identification 
of such items and in their control. (This 
criticality has obvious connections with the 
reliability-and limited-life-critical items.) 
Items requiring unique maintenance skills and/or 
equipment must also be considered critical. 
Procedures and/or requirements must be 
established to make sure such maintenance skill 
or equipment is available. Design attention 
should also be directed toward eliminating the 
"unique" requirements. 

b.	 Critical Item List Documentation. The list of 
critical-rte;S-shall be fully-documented and 
available for review at the Critical Design Review 

. (CDR).	 Documentation shall be per the requirements 
of the CRITICAL ITEMS REP,ORT (DID R-10 of Appendix 
3). The formally documented report shall include at 
least the following information items. 

(1)	 Identification of the Critical Items. 

(2)	 Quantity of each item used in the equipment. 

(3)	 Equipmen!-IupctiQD2 affected by the critical 
item. 

(4)	 Criticality basi§, including a summary of 
pertinent analyses. 

(5)	 Procedures an9-~~!~~men!§ for the control, 
handling, and/or management of the critical 
item; and possible techniques and/or approaches 
for reducing their criticality level • 

. Page 102 



m:w;m_L...QUlSi~_2E.IJtl§ 

46.	 ~I-PI§xgH-~l~-f~J'~I§l. A total design re
view effort is a planned, continuous monitoring and 
evaluation of an equipment design effort (or a study) to 
assure that it meets all requirements, including that of 
reliability. Such an effort periodically appraises the 
progress being made in achieving the design objectives; 
and systematically brings to bear pertinently
specialized talent on specific problem areas. Design 
reviews appropriately scheduled and properly performed, 
provide one of the potentially most powerful and 
effective tools available for an effective Reliability 
Program. 

a.	 Basic QQjectives of a Revi~~rog~am. For the 
contractor, the design review program should ensure 
that the designer considers and takes into aCCQunt 
ALL pertinent factors. The programmed Design 
Reviews also provide an important interface with the 
FAA. 

(1)	 £ontractor project ContIol opject~ves. The total 
Design Review effort should be organized and 
programmed toward the achievement of the 
following basic contractor objectives. 

(a)	 29alifi~4 E~rsonne! applied to design review 
and evaluation. 

(b)	 In~grity Of ~Y!-E~nL!nterf~cings. 

(c)	 Trade-o!!2 based on all pertinent factors. 

(d)'	 rormal reco~ding of problems, corrective ac
tions, and bases for any decisions. 

(e)	 Fully mature design, achieved with maximum 
likelihood. 

(2)	 laA Int~ce Re~~m£n!§. The design review 
program must be designed to provide, or 
facilitate, at least the following interfaces to 
the FAA.. 

(a)	 Progres~ toward requirements, including 
reliability. 

(b)	 Contractor OPR's, both personnel and 
organizationaI:
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(c)	 §E!ci!!c Review_fl~ for Formal Design 
Reviews and general approach for detailed 
design reviews. 

(d)	 Reliability Design Gyide review. 

(e)	 Preview of Data Packages developed for use 
in the Formal Design Reviews. 

(f)	 Formally Documented Design Revi~ minutes. 

b.	 IYEes of Design_Revi~. The Design Review effort 
generally consists of two distinct types of reviews. 
The first is the Formal Design Reviews, the 
scheduling of which is contractually required. The 
other type is the informal Detailed Design Reviews. 

(1)	 The FOrmal_Design Revi~. These are generally 
cond~cted at the COntract End Item level; and 
the basic intent is an over-all review of design 
progress. There are four basic types of Formal 
Design Review: the study Design Review (SDR); 
the Preliminary Design Review (PDR); the 
Critical Design Review (CDR); and the First 
Article Configuration Inspection (FACI). Each 
of· these is conducted with specific objectives. 
The general intent of each of these Formal 
Design Reviews, and the more signi·ficant 
Reliability objectives of each, are discussed in 
the following paragraphs of this Section. 
Detailed direction and guidance for conducting 
SDRs. PDRs, CDRs, and FACIs may be found in the 
following documents. 

(a) ESDP 315-10, INSTRUCTIONS FOR CONDUCTING 
FORMAL TECHNICAL REVIEWS, INSPECTIONS, AND 

. DEMONSTRATIONS. 

(b)	 AFSCM 3.1Z:1. CONFIGURATION MANAGEMENT DURING 
DEFINITION AND ACQUISITION. 

(c)	 ArSCM J15-5, SYSTEMS ENGINEERING MANAGEMENT 
PROCEDURES. 

(d)	 AFR 80-28, ENGINEERING INSPECTIONS. 

(2)	 Detailed~sign Beview~. These are directed 
toward the review and evaluation of specific 
circuits within the contract equipment. 
Findings are generally summarized in the next 
following Formal Design Review. The specific 
objectives for the detailed design reviews, and 
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the	 involved reliability activity, will depend 
on their time relationship to the Formal Design
Reviews defined in the preceding paragraph. 

c.	 ~ Design Review Frogram ElsD. A Design Review 
Program Plan should be prepared as an integral 
element of the total reliability program plan. The 
first objective of the plan is to define the time
phased contract milestones at which the Formal 
Design Reviews will be held. The definition for 
each such point should include scheduled time, 
description of contract e~nt at the milestone, 
basic reliability objectives in the review, and the 
technical skills or disciplines required at the 
review. To the extent possible, the program for the 
detailed design reviews should be similarly defined. 
Normally, it is not possible to pre-define. the 
specific informal detailed design review. The 
program plan should at least define the review 
objectives over a given period in the contract. 

d.	 Notifications. All participants in a design review 
should be given adequate notification to allow for 
adequate preparation. The FAA requires formal 
notification at least 10 working days prior to each 
Formal Design Review. The FAA should be provided 
similar notification for more significant informal 
Detailed Design Reviews. Invited contractor 
personnel should be given at least 10 working days 
advance notification for all design reviews they are 
to attend. The Formal Design Review notification 
should be accompanied with a review data package, 
which is comprehensive enough to allow all attendees 
to be thoroughly prepared at the review. The 
advance package should always include an agenda and 
a list of all.invited attendees and their respon
sibilities. Similar advanced packages should also 
be provided to the attendees of the detailed design 
reviews. 

e.	 Minutes Documentation. A formal, standardized format 
shall be establIShed-for the documentation of all 
design review actions and/or findings. For Formal 
Design Reviews, the documented minutes must be sub
mitted to the FAA, per DID R~12, DESIGN REVIEW 
REPORT (Appendix 3). The content of the design 
review minutes should be representative of at least 
the following information items. 
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(1)	 Technical and/or Functional Description of the 
design or equipment or study under review. 

·(2)	 B~view Board actions listing, for Formal Design 
Review. 

(3)	 ~~~d Design Changes listing and description, 
with effective dates. 

(4)	 "Open" problems listing, with corrective actions 
and their status. 

(5)	 OPR identification for listed problems and 
actions. - 

(6)	 Bases for all decisiop§. 

en.	 :mj;~.mN REVIEW BOARD AND REVIEW PARTICIPATION (53.5.6 
=-§1~5.6.2). -The TECHNICAL Effectiveness of the design 
review effort can be no better than the combined 
technical competence supplied by the Design Review 
Board. However, to have any real impact On the PROGRAM, 
the Design Review Board must be vested with adequate 
authority, and given full top-management support. 

a~	 Review Board Stru£!y~. The Design Review Board 
organized for a particular program is composed of a 
panel of PERMANENT members, supported by 
specialized, AS REQUIRED, talent in specific 
technical areas. The permanent Review Board should 
consist of: the Project Engineer, a Reliability 
Engineer, a Maintainability Engineer, a Value 
Engineer, and one or more Senior Design Engineers. 
Specialists should then be made available to the 
Permanent Board-as the need arises. (~he supporting 
specialists should participate only when actually 
needed; and should be dismissed as SOOn as 
possible.) The full Permanent Design Review Board 
-shall preside over all Formal Design Reviews. The 
entire permanent board will not normally preside 

. over the informal, detailed design reviews. 
However, in the latter case, all decisions shall be 
submitted to the permanent Design Review Board for 
approval. 

b.	 Basic Part~cipation Reguirements. Design reviews, 
partiCUlarly the Formal Design Reviews, too often 
are merely staged affairs that simply reflect the 
results of previous meetings. This approach should 
be avoided. The design reviews should be treated as 
active engineering; and the reviews should indicate 
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~horough prepara~10n and a~~en~ion ~o detail by all 
active participants. 

(1)	 ~ delign_engiD~ must be prepared to defend 
all decisions reached by him, by presenting any 
required studies, calculations, and/or test 
data. 

(2)	 ~~2Y9b-~e-review~lysisof potential 
problem areas should be performed by all 
engineers invited to attend the Review. 

(3)	 ~ll change ~mmendations by participating 
engineers should be- accompanied by detail 
indication of the expected impact on e~ipment 
characteristics. 

(4)	 A-priori D~§ign Disaqr~~D~§. When the Review 
Board has a-priori information on areas of dis
agreement with the designer, the designer should 
be notified of such in sufficient time before 
the formal meeting to allow assembling of any 
required supporting reference m.terial. 

c.	 ~ign Review Primar~~ponsiqiliti~§. 

(1)	 Program (Proie£~) M~Dager. The Program (Project) 
Manager shall be the Office of Primary 
Responsibility (OPR) for the Design Review 
Program. As such, the program manager shall be 
directly responsible for the conduct of the 
Formal Design Reviews; and for all Review 
documentation preparation and distribution. 
Depending on the complexity of the contract, 
similar responsibilities for detailed design 
reviews may be delegated to lower levels of 
management. 

(2)	 ~liaQili!y fr29~am Manag~. The reliability 
program manager shall be the OPRfor the 
reliability aspects of the design review 
program. This shall include the responsibility 
for reliability preparation, reliability 
participation, and all post-review analysis or 
other followup pertaining to reliability. The 
reliability program manager also normally acts 
as a member of the Permanent Design Review 
Board. 
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48.	 ~!i~~YL..BELIABILI:rxREY1EW CONSIDERATIONS ~5. 6, 
§J.~!6.Jl. 

a. 1U1£-B~lliQlliu..B!mLI~i~	 are•. Following the 
more basic reliability review factors, and/or
considerations, applicable to the general Design 
Review. Some will not be applicable to specific 
reviews on a specific equipment or design. And, the 
required stress to be placed on the factors will 
depend on the objectives of the specific Design 
Review. 

(1)	 Performance. requirements and definitions of 
failure. 

(2)	 Apportionmen!-!n9-modeling techniques; and 
allocated reliability requirements. 

(3)	 frediction of current specific design 
reliability, relation to goal, and impact on 
over-all equipment reliability. 

(4)	 ~iability growth potential. 

(5)	 l!!lure Mod~alysi§ (FMEA)of the specific de
sign. In design stages, reduction of marginal 
failure modes is stressed, with error and/or 
tolerance studies where indicated. 

(6)	 Jeliability. Design Guig~!!n~ review and compli
ance verification. Guidelines reviewed at PDR, 
compliance then followed. 

(7)	 ~ Environments to which the subject item will 
be subjected (including consideration of 
operational, storage, transport, and production
process environments). 

(8)	 ~ign optimi~ion trade-off§ considering 
reliability, maintainability, performance, 
weight, space, power, cost, and schedule. 

I 

(9)	 ~!§, plans and results of tests conducted to 
date (including reliability, performance, 
environmental, and stress test data). 

(10)~cificatiQn§ for reliability requirements on 
tests and hardware. 
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(11)E1!nl	 (including identification of OPR's) for 
reliability improvement and problem resolu~ion. 

b.:r~.J2§ligD_BeYiaCb~"_Lin. To enl!lure t.hat. t.he 
Design Review is carried out. expedit.iously and that 
all pertinent factors are considered, a Design 
Review Check List should be prepared prior to the 
Review. The applicable check list should form a 
part of the pre-review data package delivered to 
invited Design Review participants. The Reliability 
OesignGuidelines (see paragraph 42.)~ which are 
reviewed at the POR, should contain the Reliability 
Review Check List(s) to be applied in the following 
Formal Design Reviews and detailed design reviews. 

, 49.	 !HE FOgMAL STUQY REVIEWS (S 3.5.:..2.:.11.. The Study Design 
Review (SDR) is applied to the "study contract". The 
subject "study" may range from broad concept or 
feasibility investigations to reliability analyses on 
specific designs and/or existing equipments. SORs are 
applied to at least two Study Contract milestones. The 
objectives for SORs are very specific to ~he particular 
study; and can only be defined here in very broad terms. 
The basic, over-all objective for the SOR effort is to 
moni~or technical progress and assure valid completion 
of the required investigations. 

a.The Initial SOR of a study has the following general 
objectives. 

(1)	 Ensure adeg~~£Qnsiderat!Qnis given to relia
bility as a study factor (in a mUlti-discipline 
study) • 

(2)	 Evaluation of th~relimi~ reliability study 
~ults and methods used. 

(3)	 Jdentitica!:!2!Lof "hol~ in dataal}g~or gnalyses,
and r,eview of proposed resolution. 

(4)	 Validate apQlicabilitY-2! planned analysi§ 
methods for continuing study; and define 
expected and/or required results. 

b.	 Intermediate.SD~, if held, have essentially the 
same objectives as the initial SOR - differing 
primarily in the specific subjects. Thus, the 
intermediate SORs would have the following general 
objectives. 
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(1)	 Evaluation of the reliability study results to 
date. 

(2)	 Re-evaluation of the previously identified 
"holes" and review resolution status. 

(3)	 ~iew the analY§!§A and/~ata input, require
~ts for study compl~~; and plans for 
fulfillment. 

c.	 ~ Final SOR is held some time before submittal of 
the final report for the study; and the objectives 
are therefore directed to that end. The general 
objecti~es for the final SDR are the following. 

(1)	 lin~l Review of reliability study results, and 
the documentation thereof. 

(2)	 Review study reguireme~ agai~results, and 
plans for removal of any "holes" or 
inadequacies. 

(3)	 Review final report requirements and planned 
inputs. 

50.	 RELIABILITY IN THE PRELIMINARY DESIGN REVIEW (PDR) 
(S3.5.6£-S3.5.6.2l. The Preliminary Design Review (PDR) 
is the first defined Formal Review point following 
initiation of the equipment contract effort. The POR 
must be performed before final commitment to the basic 
design approach for the Cont~~ct End Item. This formal 
technical review is performed by the contractor based on 
review criteria and agenda submitted to, and approved 
by, the FAA. 

a.	 BasicR~quiremeDi§. The basic objective of the POR 
is the evaluation of the engineering design approach 
to assure that the specified reliability 
requirements for the End Item can be satisfied. In 
gen~ral, separate design reviews are not justified 
for each separate engineering discipline. Instead, 
reliability specialists should be included on the 
Design Review Board; and reliability design 
evaluated as an integral part of the equipment 
design. However, a distinct evaluation of the 
reliability design is generally required prior to 
the POR in order to establish the necessary Review 
inputs. 
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b.	 POR Reliability Activity. The following i-tems are 
representative of the reliability engineering 
activity required to prepare for, and participate 
in, the PORe 

(1)	 ~tification o!-£eli~!i!Y design factor! for 
consideration in establishing the review agenda. 

(2)	 A§~~ssment of Functional~~ impa~S: and 
implications of unresolved findings. 

(3)	 Reliab~lity BlQck Di?qram-snd Mathematical !Qdel 
preparation and validation. 

(4)	 Asses§m~_of reliability pred!cti2n (based on 
design approaches) in Eelation to specified re
quirements and allocations. 

(5)	 !~ntification Q~ig~~ are!§ in 
reliability design and evaluation of design 
approaches. 

(6)	 Reliability Design GUi~ preparation and evalua
tion. (See paragraph 42. of Handbook.) 

(7)	 ~lua~~ adequacY-Qf Reli~itYfrogramflan. 

(8)	 ~iew adeguacy of R~!iab~~ity Test Program, and 
compatibility with over-all test programs. 

. 51. !!lli~LI!X IN-!HE £B!!IC¥ OESIG~ll!L(CO~) IS3:.1.:..L. 
83.5.6.11. The next Formal Review point following the 
POR is the Critical Design Review (~DR). The CDR is 
performed at the time when the detailed design is 
essentially complete. 

a.	 Basic Objective~nd Regu~~~. The CDR is 
performed to evaluate the final design prior to 
committing the design to fabrication. The Review 
includes a critical evaluation of "bui·ld to" 
detailed specifications that will eventually form 
the t~chnical input to the Configuration Baseline 
for production. Reliability engineering partici 
pation follows essentially the same general 
procedures as for POR: except that they should be 
more critical. 

b.	 £QB Reliability Activity. The following are 
representative of the reliability engineering 
activities required to prepare for, and participate 
in, the CDR. 
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(1)	 Identi~ication_of-reliability design factors for 
con~id~~ation in establishing the CDR agenda, 
corice~t~ating on "high-risk" areas identified in 
PDR. .	 . 

(2) Identification of reliability factors critical 
. in fabrication (such as handling requirements, 
process controls, testing requirements, etc.). 

(3)	 Evaluation of reliability effectiveness of designs 
in "high-risk" areas identified in PDR. 

(4)	 Review of ComP!i~ with Reliability Design Guide, 
and assessment of impact of deviations. 

(5)	 ~sessment-:of Circu.!t-level FMEA impact; and 
implications of unresolved findings. 

(6)	 Appraisal of Reliability Program general effec
tiveness. 

(7)	 Assessment of yp-dated. stress-analysis, 
detailed reliability predictions (supported by 
any available test data) in relation to 
requirements and allocations. . 

(8)	 Review of proposed production specification.§; 
and validation of completeness and accuracy of 
reliability inputs. 

52.	 B~LIABI~ITY IN TH~F!RST~TICLE CONFIGURATION 
~SPECT!ON (FACI) (53.5.6& 53.5.6.2). The First Article 
Configuration Inspection (FACI) is the final Formal 
Design Review point. At this point, the first equipment
produced is compared with the verified requirem~nts of 
the production specification. The FAC! establishes the 

'Product	 Configuration Baseline; and forms the basis for 
formal acceptance of the final production 
specifications. 

a.	 Basic Regui~emen!.§. The production specifications 
reviewed in CDR do not contain explicitly defined 
reliability performance requirements. The 
assumption is that the required level of reliability 
will be achieved if the production specification 
requirements are met. However, it is still 
necessary to verify achievement of the required 
reliability by the production process. 
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b.	 Ea£I Reliability Activity. In support of FACI p the 
basic task of reliability engineering is to assure 
that the required level of reliability is NOT 
DEGRADED by differences between specifications and 
the actual produced hardware. The following are 
some of the specific reliability analyses required 
to support this evaluation. 

(1)	 Assessment of-!be reliability impact ~ndicated 

E~ the resu!~s of a!!-~1§ preceding FACI. 

(2)	 ~lua~!2U-21-1be attention paid to th~liabilit~ 
Factors.Criti£2! in Fabrication (identified in 
CDR). 

(3)	 ,B~iew of design and/or confi~lration chang~ 
for production p to assure that design 
reliability is not degraded. 

53.	 DETAILED DESIGN REVIEW ACTIVIT!. The detailed design re
views are directed toward the detailed review and 
evaluation of specific circuit designs. The findings of 
these reviews are used to institute immediate corrective 
action; and p to prepare the required inputs for the 
following Formal Design Review. The specific number of 
such detailed reviews p and their scheduling p will vary 
as a function of equipment complexityp types of circuits 
and hardware p and schedule and personnel limitations. 

a.	 ~i&-objectives. The detailed design reviews can be 
categorized as a function of their time relationship 
to the Formal Equipment Design Reviews. Thus p 
detailed design reviews are classed as occurring 
Pre-POR p Post-POR and Pre-CORp or Post-CDR and Pre
FACI. All have two basic objectives. The first is 
to evaluate the progress toward allocated relia
bility goals and identify the need forre
allocation. The second basic objective is the 
identification of problem p or "high-risk"p areas. 
The type of problem pursued in the second objective 
will depend on the phase category of the review. 

b.	 ~-POR oesisn-Reviews. These detailed desig~ 
reviews are performed on a continuing basis p as the 
basic design approaches are developed. Some of the 
associated reliability engineering activities are 
given by the following items. 

(1)	 Estimates of achievable r~bilit~ for design 
review subjects p and impact on overall 
reliability requirements. 
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. -	 . 

. : ," , ', '. : '. . . 

(2)	 Evaluation of allocatedreliabl11ty goals f.asi 
b!lity. 

. '. 

(3)	 Functional FMEAs directed. toward identification 
of potential equipment design problems. 

(4)	 General preparation for PDR. 

c.	 Pre-CDR/Post-PDR Des~Revie!!§. These are performed 
as the detail designs develop. Emphasis i$ placed .. 
on those areas preViously defined as having 
potential design problems and those identified as 
"high-risk" in PDR. Special attention is also paid 
to follow-up on any other open problems defined by 
the PDR findings. The following are representative 
of the associated reliability engineering 
activities. 

(1)	 Review designs for ~illility Design Guide
 
compliance•.
 

(2)	 Detail-stress reliability predicti2n! for the
 
review subjects.
 

(3)	 Evaluate predicted reliability against allocation, 
define impact on equipment reliability 
requirement, and identify any need for goal re
allocation. 

(4)	 Detailed, Circuit-level, FMEAs, concentrating on 
previously identified "high-risk" areas; and 
directed toward iden~ification of potential 
circuit design problems and Critical Reliability 
Factors for special fabrication attention. 

(5)	 IQllow-Yl2 on resolutio!l-2L."open problems"
 
identified by PDR.
 

d.	 Pre-FACI~Post-CDR DesigB-Beviews. In this phase, the
 
basic reliability activity is directed toward
 
preparing inputs to the FACI by mOnitoring design
 
changes for production, and by monitoring test
 
results. Particular attention is directed to the
 
CDR~identified Critical Reliability Factors (for
 
special production attention). specific reliability
 
review activities should include the following.
 

(1)	 Follow up on resolution of "open problems"
 
identified by CDR.
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(2) Evaluate ~ach design and/or,compon~nt change for 
impact on overall equipment reliability require
ments. 

(3) H2nitorcorifiguratiQn develoEment 2nd changes,
and evaluate potential effect on reliability. 

(4) Analyze test dat! for equipment reliability 
impact. 

(5) frepare..fin!lJ2£ediction of reliability, taking
into account informatiorlqained in above. . 

i 
I 
i 
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§~TION 7. EFFECTS OF STORAGE, SHELF-LIFE, ~KAgING,
 
,TRANSPORTATION, HAND~g& AND MAINTENANCE
 

54.	 EFFEC'!'S...QL~AGE. SHEI!F-L!I~L-.£ACKAGING,'tRANSPORtA

nON,HANgI!ING. AND MAIN'l'ENAlicg. Storage, shelf-life,
 
packaging, transportation, handling, and maintenance are
 
very real life-cycle factors with a potential for
 
degrading equipment reliability in the field. Hence,
 
the potential reliability effect of these factorsDlust
 

,..be evaluated; required limits on thefaetors must be
 
defined: and procedures must be established for
 
minimizing their reliability effect. Thedetermined
 
effects, limits, and procedures shall be documented in
 
the submitted RELIABILITY ALLOCATIONS, ASSESSMENTS, AND
 
ANALYSIS REPORT (DID R-2 of Appendix 3.). The analyses
 
and/or considerations required for this effort shall
 
include at least the following. .
 

a.	 Age and/or Envi~ent sensitivity. Identify the
 
major or critical characteristics of equipment
 
elements which deteriorate with age and/or
 
environment. For these elements, establish environ

mental limits for the life-cycle phase of the
 
element (including storage, transportation, and
 
operation): and relate these to the environments
 
defined, or expected, for the contract equipment.
 
Also, establish the storage, shelf-life, and
 
operational life limits for these elements. Define
 
any special tests, inspections, preventive main

tenance, or other procedures required for the
 
storage phase to minimize the effect of storage and
 
assure element reliability.
 

b.	 Maintenance Effects. Define the maintenance
 
philosophy required to obtain, and retai,n, the
 
required equipment reliability. Relate deviations
 
from this philosophy to their potential effect on
 
operational reliability. Specifically define any
 
special maintenance and restoration procedures which
 
must be followed to avoid reliability degradation.
 

c.	 Pa£kagi!l9.&.-.T~~ortation.and Handling. Determine
 
the aspects of packaging, transportation, and
 
handling with a significant potential for degrading
 
the equipment reliability. Define the equipment
 
elements specifically affected, the effect, and the
 
reliability impact. Define the special procedures
 
recommended or required to overcome the potential
 
problems, minimize their occurrence, and/or lessen
 
their reliability effect.
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~~:rION~.:-~lGN s~gr~IIQ!!&...ImAWING BjLEASE, 
~~~Gli gj~§ 

55.	 ~G~_~-.!FICATION I~PY1.§ (53. 5.:..1~1... As part of the 
"system" design task, the contractor will develop 
performance requirements for equipment elements. These 
are then imposed through design specifications or 
procurement specifications. 

a.	 ~!g!LSpecific~i2n.§. Design specifications are 
issued for those elements to be designed and 
developed by the contractor. The allocated 
reliability goals must be made a part of each design 

'.. specification. Where applicable, each goal must be 
accompanied by specified reliability verification, 
or assurance, test requirements. 

b·.EIQ£Y!:~~t. Specifi:£ill~. When the equipment 
element is to be procured from, and/or developed by, 
an outside source, a procurement specification is 
issued. Direct procurements, with nO development 
involved, require only the specification of an 
explicit or implicit reliabilit.y requirement. Where 
the procurement involves development, acceptance 
criteria and/or a reliability program-shall also be 
specified. Requirements for SUPPLIER AND 
SUBCONTRACTOR CONTROL are fully discussed in 
paragraph 25. of this Handbook. 

c.	 Reliability R~v~. All design and procurement spec
ificat.ions shall J:>e reviewed by a reliability 
engineer to ensure that the allocated reliability 
goals and test requirements are indeed imposed. The 
procurement specifications shall be reviewed to 
ensure that any required reliability programs are 
also, indeed·imposed. 

56.	 ~§IGN APPROYAL .. (53.5.7). A reliability engineer shall 
review, and APPROVE by signature, all design drawings, 
schematics, and associated material lists before they 
are released to fabrication. A minimum design approval 

~	 review consists of the fOllowing element.s. 

a.	 ~!9n-Review co~pli~~. Verify compliance with 
. findings of previously held detailed design review, 
and evaluate the effect of any deviations. 

b.	 Part §~1ion. Verify acceptability of the 
specified parts. 
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c.	 packaqingor Configuration. Evaluate the drawing for 
potential packaging and/or configuration problems, 
with special attention to thermal aspects. 

d.	 Reliability Assessment. Compare the up-dated 
reliability prediction for the design against its 
allocated reliability requirement. 

51.	 ~§!~~NG DESIGN CHANGES (S3~. All engineering 
design (and part) changes made after release to 
fabrication shall be monitored for possible reliability 
degradation. Changes in an equipment element are eval
uated for their reliability effect relative to the 
allocated reliability requirement for t;:dt element. 
Changes causing a degraded element reliability, or with 
a high potential for such degradation, shall be 
identified; their specific effect on the element relia
bility determined; and the impact on achievement of the 
equipment reliability requirement evaluated. The 
identification, reliability determination, and impact 
evaluation shall be fully documented and presented to 
the Change Control Board for the project. 



§En2~....2.':""BH!.I~lliIL.!E§T!~g
 

58.	 :lHLm!L!!~I!X~m&EH~.TESTING PROGRbH (S3.1.,1.11.
Achievement of high inherent reliability in the product 
is dependent on the degree to which the design has been 
guided and verified by reliability testing during 
development. Development testing is an empirical 
technique used to generate information that is not 
otherwise available - because of the inadequacy and/or 
difficulty of a purely analytical approach. Development 
testing is also used to satisfy a management need for 
"proof" of results being achieved, before commitment to 
produc'tt,ion. 

a. ~t_obiectives-in-Q~lopment.Development tests
 
are employed by the designer to evaluate the
 
adequacy of his design, and to point out its
 
'weaknesses.	 Such tests may be thought 'of as DESIGN 
TECHNIQUES, in that the test results are applied 
directly to the problem of aesign refinement. At 
the same time, development tests provide management 
with direct evidence of design status with respect 
to over-all requirements. Relative to the Relia
bility Program, the following are the basic 
development test objectives. 

(1)	 To measy~ the reliability of a new item, with 
unknown characteristics. 

(2)	 !2-Xerify~ue p~edicte~, and/or specified, 
reliability of an equipment element. 

(3)	 Selection ot_design approaches for reliability. 

(4)	 2Etermine relat!onships between parameters which 
influence reliability. 

(5)	 fX2y!g~~atus" inmu'§ to the management 
monitoring of the. reliability program. 

'b. Effective Tests. Reliability test methods in 
.development are, iii general, "designed experiments". 
The test conditions and methods of data analysis are 
pre-planned on the basis of engineering and 
statistical considerations. To obtain the desired, 
effective results, each of the following steps must 
be considered and completed for each test. Each of 
the steps should be sufficiently documented to allow 
t.otal repetition of the test. 
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(1)	 ~finL1b!L~£t1J&~l1_~ctiy,(s). 

(2)	 b~H!1i!UJl!_~gu1red-I~A1~2~i2D§ 
(including consideration of environment, failure 
definitions, acceptable risks, discrimination 
ratio, etc.). 

(3)	 Design or qele£!.the Test Plan (including 
definition of decision criteria, sample 
requirements, length of test, etc.). 

(4)	 Define the Test Configuration and Procedures for 
I i~plementing the Plan. 

(5)	 Implement the Test and collect the required 
data. 

(6)	 !nglyze the data to fulfill the test objectives. 

c.	 ~~siqn Consideratigns. When properly planned 
for, much of the development testing conducted for 
performance information can be designed to 
simultaneously yield the desired reliability 
information; with very little alteration in test 
plans. In other instances, there is no alternative 
but to design and conduct a test purely for relia
bility investigation or verification purposes. 

(1)	 Basic Test Regyi~ents an9-Limitations. The 
design and implementation of a development 
program must weigh ~d balance the engineering 
and statistical requirements for accomplishing 
the test,_objective, and the administrative 
limitatiOns,. 

Ca)	 ~ngineering reqUirements dictate the 
environmental stress levels, duty cycles, 
range of applications, and performance 
limits to be used in defining success or 
failure of the item under test. 

(b)	 §!~~istical requir~1§ relate to the 
desired accuracy of results, the order and 
manner of selection and testing, and the 
confidence which can be placed in the 
decisions made. 

(c)	 A~ministrati~limitationspertain to the 
practical limitations on time, funds, and 
facilities which may necessitate compromises 
in the engineering and/or statistical 
requirements. 
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(2)	 Test De§ign Opt~Qn§. To optimize test design 
with respect to the above requirements and 
limitations, it will be necessary to either 
trade-off within test parameters without 
compromising results validity; or trade-off test 
parameters against results validity. 

(a)	 p~~ple size and test_~. Consideration may 
be given to using smaller sample sizes with 
longer test times versus larger sample sizes 
with shorter test times. 

(b)	 Acceler~_~!2. Consideration may be 
given to the feasibility of using... 
accelerating test conditions in order to 
induce more failures, when the effects of 
such accelerated conditions on failure modes 
are	 RNOWN. Although the effects of accel
erated conditions on parts failure modes and 
rates are known in certain instances, it is 
generally not feasible to translate these 
effects into predictions of the equipment 
failure behavior. 

(c)	 Test Confide~. Consideration may also be 
given to sacrificing test confidence level, 
thus permitting a reduction in sample size 
or test time, in order to conform to 
existing administrative limitations. 

59 •.:rxfI:§_QLRE!!~ll!!YDEV~ME!fL~STS (53. 7. 1ill. 
Reliability tests in development fall into two basic 
categories: Investigative Tests and Decision-Making 
Tests. Certain fundamentals of test design must be 
understood and translated into "reliability test" design 
criteria. Tests and Test Objectives within the two 
basic categories of development testing are described in 
the following sub-paragraphs. 

a.	 InYestigative T~. Investigative Tests are ~ESTS 

OF INQUIRY, and are thus intended to provide data 
for FORMULATING HYPOTHESES. In the reliability 
investigative test, an experiment is designed to 
FORMULATE a hypothesis about the reliability of a 
product or a process. On the basis of the test 
results, a hypothesis of cause and effect rela
tionships is formulated for design guidance (pending 
VERIFICATION by the second type of test). Inves
tigative tests applied to reliability problems are 
of two types: Measurements Tests and Relationship 
Evaluation Tests. 

Page 121 



(1)	 Measuremen~ Test~. These are designed to MEASURE 
1:he reliabili1:y of an item (with confidence 
limits applied). Reliability measuremen1: tests 
should be conducted under known, controlled 
operating conditions - simulating expected field 
conditions. The operating times accumulated and 
1:he number of failures observed provide the 
basis for calculating failure rate or MTBF. 
Confidence limits are directly related to the 
number of failures observed. This investigative 
test does NOT presuppose, or predict, a relia
bility; but rather depends upon the analysis of 
1:est data 1:0 DETERMINE the reliabili1:y. 

(2)	 ~la1:ionship Evalua1:ion Tests. These are 
designed to evaluate relationships between 
environments or stresses and parameters which 
influence failure ra1:e (i.e., reliability). 
Part-to-part variations and changes in 
environmen1:al conditions cause corresponding 
changes in circuit or equipment parameters (such 
as ou1:pu1: power or vol1:age, frequency stability, 
and failure rate). Rnowledge of the relation
ship between variables can be obtained through a 
planned relationship evaluation test program, 
utilizing REGRESSION ANALYSIS 1:echniques. 
Regression analysis is a statistical technique 
which quanti1:atively defines the "best" fit or 
relationship between a set of variables, based 
on 1:he observed 1:est data. 

b.	 ~is!Qn-Ma~ing Te~~~.Decision-makingtests are 
intended to VERIFY HYPOTHESES about reliability, and 
are therefore called TESTS OF HYPOTHESIS. The 
decision-making test is designed to verify whether 
or not a predetermined hypothesis abou1: reliabili1:y 
behavior is in fact met. Decision-making tests 
applied 1:0 reliability decisions fall in1:o two broad 
categories: Reliability v,erification Tests and 
Reliability comparison Tests. 

(1)	 Decision Risks. A statement or hypothesis is 
first made concerning the items to be tested. 
Decision criteria are then established; so that 
simple inspection of tes1: results will determine 
whether to ACCEPT or REJECT the a-priori 
hypothesis. Two types of risk are always 
associated with the accept or reject decisions 
faulty acceptance and faUlty rejection. 
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(a)	 BJjt~2D-BiJ~. This ie the risk of 
rejecting a hypothesis when in fact it 
should have been accepted. This is normally 
denoted by«. (Note that in Demonstration 
or Acceptance testing, this is referred to 
as the PRODUCER'S RISK.) 

(b)	 AcceEtance Risk. This is the probability, or 
risk, of accepting a hypothesis when in fact 
it should have been rejected. This is 
normally denoted by p . (Note that in 
Demonstration or Acceptance Testing, this is 
referred to as the CONSUMER'S RISK.) 

(2)	 ~liability~rificati2!L~§t~.Verification 
tests are used to verify whether a desired 
(predicted or specified) reliability result has, 
or has not, been obtained. The test is usually 
used to provide the development team with 
"proof" (with confidence limits) that the design 
has in fact achieved the specified, or allo
cated, reliability. As a secondary objective, 
estimation of observed reliability is also 
obtained. 

(3)	 Reliability Com~arison Test§. A ·problem 
frequently confronting the designer is to select 
the more reliable of two options. These may be 
options of parts, of design approaches, of 
processes, or of environments. Usually the 
choice is on the basis of which is the more 
reliable; and the test is designed to determine 
the acceptability of the hypothesis that there 
is no reliability difference•. In some cases, 
the choice will be made on the basis of a 
specified degree of difference. 

60.	 ~RELIABILITY DEMPNSTE~~TEST jS3.7.1~. The rel 
iability demonstration test is intended to evaluate the 
acceptability of the hypothesis that the equipment meets 
the specified reliability performance requirement 
(usually in terms of a specified MTBF). 

a.	 ImEortant Test ~£2m~A§. The following parameters 
are used -to define the test (usually sequential) 
required for demonstration. These will normally be 
imposed, or specified, in the procurement 
documentation. 
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(1)	 Spec1'1~~. Th.. MTBF specified as a 
performance requirement in normally th~ 
nominally acceptable valup in ~he demons~ration 

test. It 1s denoted by to. 

(2)	 Minimum Acceptable ~. This 1s used ~o define 
the unacceptable range of MTBF's, and is denoted 
byel • 

(3)	 Discrimination Ratio. This is simply the ratio 
of the Specified MTBF (eo) to the Minimum 
Acceptable MTBF (ti). 

(4)	 Producer's B!§!. This is the probability 
(normally stated in percentage) of rejecting an 
equipment whose true MTBF is actually equal to 
the eo value. It is the risk taken by the 
contractor in the demonstration test. The 
producer's risk is denoted by U. 

(5)	 ~pqsumer's R~§~. This is the probability of an 
equipment being accepted whose true MTBF is 
equal to the ~l value. It is the risk taken by 
the FAA when it determines acceptability on the 
basis of a demonstration test. The consumer's 
risk is denoted by p. 

b.	 Te§t Reguirement. The required demonstration test, 
test conditions, and definition of test subject are 
normally imposed on the contractor by specification 
in the procurement documentation. The imposed test 
plan will normally be one selected from MIL-STD-781, 
RELIABIL'ITY TESTS: EXPONENT'IAL DISTRIBUTION. The 
imposed test shall be performed. 

(1)	 Alternate. Where the test plan is not specified 
. (and/or the test requirement is otherwise not 
fully defined) in the procurement documentation, 
the contractor shall select a test plan from 
MIL-STD-781, and fill all other "holes", 
following Handbook paragraph 17, SELECTION.AND 
SPECIFICATION OF THE RELIABILITY TEST, for 
guidance as to requirements. The selection and 
completion shall be submitted as a proposed 
RELIABILITY TEST AND DEMONSTRATION PLAN (per the 
requirements of DIDR-S of Appendix 3). 

(2)	 Plans ~nd Procedures. The contractor is required 
to submit an initial Demonstration Plan with his 
proposal; and a final Plan soon after contract 
award. The requirements for a RELIABILITY TEST 
AND DEMONSTRATION PLAN are fUlly described in 

Page 124 



DID	 R-S of Appendix 3. Some time before the 
actual conduct of the test, the contractor will 
be required to submit ACCEPTANCE TEST 
PROCEDURES, whose contents shall be in accor
dance with the requir~ments of DID R-6 of 
Appendix 3. 

61.	 RlU-IABIltITY ACCEPTA~U~S.IN PRODUCTION IS3.1.1.4). 
Whereas the Demonstration Test is intended to QUALIFY an 
equipment design, Produc·tion Acceptance Tests are 
intended to indicate continuing PRODUCTION of ACCEPTABLE 
equipment (of a previously qualified design). 
Production Reliability tests are performed periodically, 
on SAMPLES from production lots. 

a.	 Test_Regui~emen!. The required test plan, 
environment, basic test conditions, sample size, and 
production "lots" to be tested are normally all 
specified in the procurement documentation. If they 
are not specified, the contractor shall fill any 
"holes", proceeding as described for the reliability 
demonstration test in sUb-paragraph b. (1) of the 
preceding paragraph 62. 

b.	 Lot Acceptanpe. Lot acceptance shall be based on 
reaching an ACCEPT decision in the Production 
Acceptance Test applied to the lot. In the event of 
a REJECT decision, all shipments shall be stopped 
until any required corrective action is ACCOMPLISHED 
and the equipment accepted. If the corrective 
action is NOT a DESIGN CHANGE, the Production 
Acceptance Test shall be repeated as specified 
originally. If the required corrective action IS a 
DESIGN CHANGE, a full Reliability Demonstration Test 
shall normally be required before Production 
Acceptance Testing is allowed to resume. 

c.	 Plan2-2nd P~dure~. With regard to requirements 
for Test Plans and Procedures, Production Acceptance 
Tests shall be treated in the same manner as the 
Demonstration Test; and the documentation shall be 
as described in subparagraph b. (2) of the preceding 
paragraph 62. 

62.	 ~LIA~IbIIX~ST}:NG PL~~~PROCEDYBE§... ANt! R~PORTS 
1§~~ - S3.1.4. S3.1.1~. Test Plans, Procedures, 
and Reports constitute the basic deliverable 
documentation on reliability tests. The following sub
paragraphs relate required documentation to the types of 
reliability tests that must be covered. 
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a.	 !!l!l~ity DeM2D!t;atiop 2lap. When a Reliability
Demonstration Plan is specified (paragraph 3.7.3 of 
FAA Specification, RELIABILITY PROGRAM REQUIREMENTS 
FOR ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT), 
plans shall be provided for all required Reliability 
Demonstration Testing and Production Acceptance 
Tests (paragraphs 3.7.1.2 and 3.1.1.4, respectively, 
of the FAA Specification). The Plans shall be 
prepared per the requirements for the REtIABILITY 
TEST AND DEMONSTRATION PLAN as defined by DI~. R-5 of 
Appendix 3. 

b.	 Reliability Test Program Plans. When a Reliability 
Test Program Plan is required (paragraph 3.1.2 of 
the FAA RELIABILITY PROGRAM REQUIREMENTS 
Specification), it shall incorporate any requirement 
for a Reliability Demonstration Plan per the 
preceding. Two separate documentations are NOT 
required. Thus, specification of a Reliability Test 
Program Plan imposes required documentation of all 
specified reliability tests and test program 
including Development Testing, Reliability Demon
stration Tests, Conditioning Tests, and Reliability 
Production Acceptance Tests (paragraphs 3.1.1.1, 
3.1.1.2, 3.1.1.3, and 3.1.1.4 respectively of the 
FAA specification). The Reliability Test Program 
Plan shall be documented per the requirements for 
the RELIABILITY TEST AND DEMONSTRATION PLAN as 
defined by DID R-5 of Appendix 3. 

c.	 ~eliability Test procedure. The specification of a 
documented Reliability Test Procedure (paragraph 
3.1.4 of the FAA RELIABILITY PROGRAM specification) 
is intended to apply to Reliability Demonstration 
Testing, Conditioning Tests, and Reliability 
Production Acceptance Tests. Deliverable Documen
tation of Test Procedures is NOT required for the 
Development Tests (paragraph 3.1.1.1 of the FAA 
Specification). Documentation of the required 
Reliability Test Procedures shall fulfill the 
requirements for the ACCEPTANCE TEST PROCEDURE as 
defined by DID R-6 of Appendix 3, as applicable to 
the specific test. 

d.	 Reliability Test Report. The requirement for a fully 
documented Reliability Test Report (paragraph 
3.1.1.5 of the FAA RELIABILITY PROGRAM 
Specification) is intended to apply to ONLY the 
Reliability Demonstration Tests and the Reliability 
Production Acceptance Tests. Delivered 
Documentation of the Reliability Test Report shall 
fulfill the requirements for the RELIABILITY TEST 
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AND DEMONSTRATIONS REPORTS ~s defined by DID R-8 ot 
Appendix 3. 
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mI~ON Ig.s-I1\ILUEU6~~ItIl~lQL ANALU1§, 
..... -6~~BUC..Im~IlQti· 

63.	 ~~§m-2[..6 FAILYB~ BEPOWW-A&L.1l6I6 COLLECTI9~ 
II§TEM l§1.:.,n. The design and implementation of an 
effective failure reporting and data collection system 
is the backbone of the Failure Data Collection, 
Analysis, and Corrective Action Program. Failure 
reporting and data collection is an essential link in 
the events controlling reliability growth of the product 
to achievement of the reliability requirements. Design 
of an effective reporting and data collection system 
requires consideration of the following factors. 
(corrective Action and Failure Analysis will be treated 
in following paragraphs.) 

a.	 Obj~ves of_~he Failure Repp~ting and ~ 
Collection ~yst~. A clear statement of the 
ultimate objectives is necessarily the first step in 
the design of the failure reporting and data 
collection system. The basic reliability objectives 
are to provide or establish the following. 

(1)	 Failure fregyen£ies and failure patterns. 

(2)	 Failure cause and effect relationships. 

(3)	 Equipment-effectiveness evaluations. 

(Q)	 ~rective Action priorities. 

(5)	 Timely and Appropriate Distribution of data, 
results, and assignments. 

b.	 ~2_processing Technigu~. Data processing in 
support of the objectives may be performed manually 
and/or by computer. The procedure to be used will 
be a function of the data volume expected, schedule 
restrictions, computer service availability, and 
economical factors. The specific processing pro
cedure to be used within each objective should be 
defined prior to establishing the Data Requirements 
and Data Collection Forms. 

c.	 ~L~gyiremen~. The type of da ta INPUT required 
is dictated by the objectives (and the analyses 
required in fUlfilling the objectives). since 
reporting of findings is an integral part of the 
failure reporting and data collection system, it is 
equally important to define the type of data 
OUTPUTTED from analyses. The minimum data element 
(input and output) coverage of the Data Collection 
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System shall be	 as defined in Data Item Description 
R-4	 (FAILURE DATA REPORTING AND FEEDBACK, FAILORE 
SUMMARY REPORTS) of Appen~ix 3. It i8 also 
necessary to ~efine the require~ FORMAT for lnputte~ 
~ata: as dictated by the specific processing tech
niques to be applied. ' 

d.	 Establishment of Data Collection and Distribution 
procedu~. Data colIeCuooprocedures may noWbe 
established, once the data requirements have been 
defined. A major element in implementing data ..	 collection is the failure report form on which the 
raw data are recorded. This is the major link 
between the operational activities and the analysis 
activities. procedures must also be established for 
getting the appropriate raw data to the appropriate 
analysis actiVity; and for documenting the analysis 
results. Finally, it is important that a spec
ifically pertinent distribution be established. 
Personnel requiring data and/or analysis results 
should be able to get the specific information 
required, and NO MORE. 

(1)	 Failure Report form Considerations. A well 
designed report form is a key element in 
establishing an effective failure reporting and 
data collection system. The data form should, 
therefore, meet the following general ..cr.iteria. 

(a)	 No superfluoY2-R2!s. No data should be 
required which is not needed. Avoid 
requiring data which is "interesting" but 
has no application to the objectives of the 
data system. 

(b)	 an2lysis Compatibility. The format should 
permit recording of all essential data in a 
format compatible with the analyses to be 
performed. 

(c)	 Processing Compatibility. The data should be 
presented in a format suitable for direct 
use in the specific processing procedures to 
be used. This includes appropriate coding 
for computer processing, when such is the 
case. 

(d)	 Reduction qf Human Err~. To encourage 
accurate data recording, sources of human 
error should be minimized. The format 
should not be confusing. The instructions 
must be adequate. The form itself should be 
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64.	 tB~.FAILURE REVIEW BOARD AND CORRECTIVE ACTION (S3.8.2, 
~~. Cost-effective reliability growth is possible 
only by instituting selective, controlled corrective 
action. based on the indications of the Failure Re
porting and Data Collection System. Corrective action 
procedures. and the related·-responsibilities of the 
Failure Review Board. must therefore be clearly 
established. 

a.	 £Q[~ti~Action Procedur~s. The following are the 
basic elements of an over-all corrective action pro
gram. Procedures must be defined for implementing 
and/or controlling each of these elements. 

( 1) Establish corrective Action Candidates. 
Candidates for corrective action are-established 
On the basis of the failure reports. It is not 
necessary or desirable to institute corrective 
action investigations on all failures. A 
priority order should be established for 
attacking suspect problems. One approach is to 
use the predicted (or "expected") failure rates 
of each part as a baseline; and then establish a 
priority by dividing the measured (via the 
failure reports) failure rate by this baseline. 
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(2)	 6!1isn resRonsib!1i~j§l_!2._Q2IX~£ti¥e.6£112D. 
This shall include ~he responsibility for deter
mining the cause of the problem, proposing 
corrective action, and implemen~in9 the required 
"fix". 

(3)	 Define tpe Failu~analys!§-B~~~ents.The 
objective of failure analysis is ~o pin-point 
~he cause of ~he failure problem. Specific 
physical Failure Analyses may be required. 
Analytical investigations will be required to 
define the cause. 

(4)	 ~ermine and ~ropose.the Required "Fix". The 
"fix" for an observed problem may consist of 
design changes, part changes, test changes, 
and/or procedural changes. A proposal for a 
"fix" should be accompanied with the associated 
time, cost, and effectiveness estimates. The 
proposal is evaluated by the Design Review 
Board. 

(5)	 lmelement_~~"F~. Implementation-shall give 
consideration to questions of the need for 
retrofitting and the possible need for purging 
parts from the equipment. 

(6)	 Determine Effectiveness of the "Fix". Until the 
effectIveness of the fix has been determined, 
the problem must still be considered to be 
"open". At this point, it may be desirable to 
re-evaluate questions of retrofitting and/or 
part purging. 

b.	 The Failure Rev~~~. The basic responsibility 
of the Failure Review Board is to monitor and 
control the corrective Action Procedures with the 
goal of cost-effective Reliability Growth for the 
e~ipment. 

(1)	 Responsibility and sole authority for initiating 
Corrective Actions based on failure data should 

'rest with the Failure Review Board. The Board 
shall monitor the failure summary reports, 
supplemented as required by individual reports, 
to detect the possible need for corrective 
action. Requests for corrective action, 
originating outside of the Board, shall be sub
mitted to the Board for approval. The Failure 
Review Board shall be responsible for 
establishing the priorities for corrective 
action candidates. 
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(2)	 ~posed "Fixes" shall be reviewed and approved 
by the Board, prior to active implementation. 

(3)	 ~cific Responsibility for each corrective 
action investigation shall be assigned by the 
Failure Review Board. Usually, a single 
responsibility should be assigned for the total 
resolution of the detected suspect problem 
including determination of cause, proposal of 
"fix", and implementation of "fix". . 

65.	 ~~~ ANALYSIS (53.8.31. A Failure Analysis effort is 
required to support the Corrective Action program, in 
verifying the suspect problem and pinpointing the cause. 
The total failure analysis effort consists of two basic 
phases: 1) Failure mode analysis On the failed component 
and 2) Determination of the failure cause. Normally, 
both phases are required to pinpoint the cause of a 
failure problem. 

a.	 l2!led Component Analysis. This phase is required to 
verify that the component itself has in fact failed, 
and to determine the manner or mode of failure. The 
contractor should have at least a basic laboratory 
facility for carrying out such investigations. The 
following are RECOMMENDED capabilities for a basic 
facility. 

(1)	 ~!ectrical te~capability ~~ temperature extremes. 
Frequently, the observed failure of the 
component is evidenced only at the temperature 
extremes. The supposedly failed device should 
be tested over the full range of temperatures to 
verify that it was indeed a true failure (and 
not simply replaced because of bad connections). 

(2)	 Hermeticity testing. Where applicable, package 
tests for hermeticity integrity should be 
considered a basic test - performed prior to 
opening the package. Once the package is 
opened, evidence of a leaky case is destroyed. 
Rather than guess at its existence, the investi 
gation can verify the presence or absence of a 
leak in a supposedly sealed device by the use of 
available and relatively inexpensive test 
devices. 

(3)	 X-ray testing. An X-ray capability !s also a 
basic analysis tool - to be employed before 
opening a package. The presence or absence of 
foreign particles, broken leads, or cracked 
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material may be obscured when the package is 
opened. The equipment need not be expensive. 

(4)	 De-cae fDd sectioning EquiPment. To examine the 
inside of a part, such as capped semiconductors 
and microcircuits, de-cap and sectioning 
equipment are required - including a variety of 
appropriate solvents. The specific equipment 
requirements depend on the type of part to be 
investigated. 

(5)	 MicroscQEic_~ination. Once the part is opened 
for inspection, microscopic examination is used 
to provide insight into the manner of failure. 
This capability should have a photographic 
recording accessory. 

(6)QEtiops.	 The preceding provide a basic failure 
analysis capability. Optionally, more sophisti 
cated and expensive equipment such as infra-red 
scanners, electron beam microprobes and scanning 
electron microscopes can be obtained. Outside 
failure analysis laboratories may be used for 
special capabilities, not often required. In no 
case, however, should the vendor of the suspect 
item be depended on for a failure· analysis. 

b.	 Failyr~ Cause Analysis. The first phase of the 
analysis simply determines the manner of failure. 
This must then be completed by an investigation 
directed to determining the CAUSE of the failure. 
The basic investigation may be of a design analysis 
or empirical inspection nature. In most cases, this 
will have to be supported by a statistical analysis. 
And, in some cases, specific tests may have to be 
performed to finally pinpoint the cause of the 
problem. 
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.§EIION 11. OOCUMENTA!ION AND DATA REOUIRplENTS 

66.	 ~1!~lYEB~BL:;..AND-I!Ql:lDELIV~m&.J2ATAP13 PQCUMgTATIO! (S
___S!D!!Al documentati2D). The documented data items 

associated ~-2B-~I~!lQ!. The documented data 
items associated with the Reliability Program are of two 
contractual categories: Deliverable or Non-Deliverable. 
Deliverable data items are formally documented and 
delivered to the FAA as required by the procurement 
documentation. Certain other data items, although ~eir 
documentation is imposed 9Y the required Reliability 
Program, are not delivered to the FAA. However, the 
latter Non-Deliverable items are subject to review by 
the FAA -even though they are not formally documented. 

a.	 Data Requirements in the Procur~ment Documentation. 
A data requirement in the procurement documentation 
is not intended to generate any reliability 
engineering or analysis tasks. The data requirement 
is intended to document the results and/or 
procedures of otherwise required reliability tasks. 

(1)	 ~livera~~~~a It~ are specifically required 
as distinct contractual items, in the "Delivery 
and Performance Requirements" part of the 
procurement documentation. The specific data 
item will be defined here, along with the 
required delivery schedule. The data item 
requirement will be related to a full, formal, 
DATA ITEM DESCRIPTION. 

(2)	 Non-Deliver!ble ~a Items are specified only to 
the extent of being an element in the imposed 
Reliabi~ity Program (for example, the 
maintenance of test operation sheets and logs). 
Delivery schedules and formal DATA ITEM 
DESCRIPTIONS will NOT be imposed. 

b.	 ~~ Reguire~~in-!b~eliabilityProgram Plan. 
Data requirements (whether deliverable or non
deliverable) ARE reliability program tasks; and must 
be so treated in the submittal of the Reliability 
Program Plan (as described in paragraph 24). Plans 
for obtaining the required data and accomplishing 
the required documentation shall be integrated into 
the Reliability Program Plan. These shall include a 
detailed schedule for the delivery of Deliverable 
Data Items, and subsequent up-dates. Where the 
program requires extensive data and/or documen
tation, the reliability program plan shall include a 
description of the Data Control Procedures to be 
employed. 
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67.	 §'mtmARD DELIV~~E DATA ITEMS is-deliverable 
§Qcumentationl. certain items of data will be required 
on most contracts. Others will ALWAYS be required on 
particular types of contracts. These are considered to 
be Standard Data Items. Appendix 3 contains the full 
DATA ITEM DESCRIPTIONS for thirteen such Standard 
Deliverable Data Items. The following sub-paragraphs 
identify each of the thirteen Data Item Descriptions; 
and summarize the purpose of, and requirements for ful
fillment of, the Data Item. References to the FAA 
Specification, RELIABILITY PROGRAM REQUIREMENTS FOR 
ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT, and the 
present HANDBOOK are also indicated in the following. 

a.	 !2!!2 R-1, Reliabilit~ Program ~. 

(1)	 Purpose •. Basic documentation of the contractor's 
planning for implementation of the required 
Reliability Program. Used by FAA to monitor 
contractor's reliability effort. 

(2)	 Summary_of Reguirement§. Full description of 
plans for accomplishing each task of the 
required Reliability Program, including time
phasing and man10ading involved. Definition of 
techniques for requirements allocation, relia
bility·predictions, reliability demonstration, 
and Failure Reporting program. 

(3)	 Reference Data. 

(a) FAA RELIABILITY PROGRAM REQUIREMENTS 
Specification, paragraph 3.4.1.1. 

(b)	 FAA RELIABILITY HANDBOOK, paragraph 24. 

b.	 Q!Q R-2. B~liabili~-A!locatiQDs£Assessments, !D9 
Anal~sis ReRQrt. 

(1)	 ~~. Used by FAA to (1) evaluate 
contractor's estimate of equipment reliability;
(2) evaluate the current and potential 
reliability of the equipment; and (3) identify 
critical design features. 

(2)	 Summar~ of Requirement§. Full disclosure of 
reliability estimate and analyses used. 
Description of trade studies involving 
reliability. Definition of major or critical 
characteristics of items deteriorating with age. 
Allocated reliability goals. 
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(3)	 ~erence Data. 

(a)	 FAA RELIABILITY PROGRAM REQUIREMENTS . 
specification, paragraphs 3.5.1.1 through 
3.5.1.4.4, 3.5.6.3, and 3.5.8. 

(b)	 FAA RELIABILITY HANDBOOK, paragraphs 28 
through 40, 50, and 56. .	 . 

c.	 I!ll! R-3, Defective or Inadequate Parts and/or Speci
!!£ations Notificatign. 

(1)	 EY!~. Used to notify the FAA of defective 
parts and/or specifications encountered in the 
program. 

(2)	 2Y-mmary of Reguirement§. Full definition of 
defective or inadequate parts, materials, and/or 
specifications encountered in the program: and 
their usage in the contract equipment. 

(3)	 Reference D!!S. 

(a)	 FAA RELIABILITY PROGRAM REQUIREMENTS 
Specification, paragraph 3.5.2.4. 

(b)	 FAA RELIABILITY HANDBOOK, paragraph 41. 

d.	 DID R-4, Failure Data Reporting and Feedback, 
Fai~ Summary Reports. 

(1)	 Purpose. Summary reports used by FAA to monitor 
contractor's failure data collection system; to 
monitor the types, severity, and frequency of 
failures: and to monitor the status of remedial 
action. 

(2)	 Summary of Reguirements. The Data Item defines 
the scope of the Data Collection system required 
to obtain the desired Summary Reports. The 
summaries shall identify the failures; de$cribe 
the failure symptom, mode, and effect; provide 
trend analysis data; and define corrective 
actions and status. 

(3)	 Reference D!!!. 

(a)	 FAA RELIABILITY PROGRAM REQUIREMENTS 
specification, paragraphs 3.8' through 3.8.2, 
and 3.8.5 through 3.8.5.2. 

(b)	 FAA RELIABILITY HANDBOOK, paragraph 65. 
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e.	 DID R-? Beliab!!itY~~2D~~onstration~. 

(1)	 purp9~e.provides documentation of contractox's 
Reliability test program plan and Demonstration 
plan. Used by FAA to review and evaluate the 
plans and for subsequent surveillance. 

(2)	 Summary of Regui~ent.§. Full disclosure of plan 
for demonstration of reliability requirements, 
and plans for implementation of all other 
imposed reliability testing. 

(3)	 Referen£~~. 

(a)	 FAA RELIABILITY PROGRAM REQUIREMENTS 
specification, paragraphs 3.7.2 and 3.7.3. 

(p)	 FAA RELIABILITY HANDBOOK, paragraph 6q. 

(1)	 ~~. Reviewed by FAA for adequacy in compli
ance with applicable specification requirements; 
and subsequently used for surveillance of the 
Acceptance Tests. 

(2)	 SUmmaIY-2!-Regui~~~§. Full description of 
acceptance test objectives, equipment, pre
conditions, conditions, detailed procedures, and 
accept/reject criteria and failure definitions. 
"Acceptance" Tests include - Demonstration, 
Production Acceptance, and Conditioning Tests. 

(3)	 Beference D~. 

(a)	 FAA RELIABILITY PROGRAM REQUIREMENTS 
specification, paragraph 3.7.q. 

(b)	 FAA RELIABILITY HANDBOOK, paragraph 6q. 

g.	 QIQ R-7~ Beliability~ogram st~Y2-BeEorts. 

(1)	 Purpose. Used by FAA for monitoring and 
evaluating contractor's progress and 
accompl1shments in the required Reliability 
Program. 

(2)	 Summary of Requi~eIDents. General status relative 
to the Reliability Program Plan. Listing of 
"open" reliability problems. Comparison of 
reliability observed, predicted, and required 
with trend presentation. 
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(3)	 Reference Data. 

(a) FAA RELIABILITY PROGRAM. REQUIREMENTS 
Specification, paragraph 3.10.1. 

. . 

h.	 ~.B-§& Bcl i abillty Testlnd Demonstration BCp~. 

(1)	 Purpose. These provide the FAA with formal· 
records of required reliability tests and/or . 
demonstrations~ Used in evaluating degree of 
success in the tests. 

(2)	 Summary of Reguirement§. Full identification of 
tests, results obtained, and corrective action 
anticipated. Also imposes a requirement for 
"hot-line" reports to notify FAA of test 
emergencies. Normally imposed On only Demon
stration and Production Acceptance Tests; 

(3)	 Reference D!!s. 

(a)	 FAA RELIABILITY PROGRAM REQUIREMENTS 
Specification, paragraphs 3.7.7.5 and 
3.8.5.3. 

(b) FAA RELIABILITY HANDBOOK, paragraph 64. 

i.	 ~-B=2£ Suspect Materisl_Deficiency Notice. 
Respon~. 

(1)	 Purpose. Provides fo~ contractor's RESPONSE to 
notification by FAA of defective parts, 
materials, and/or specifications. 

(2)	 Summary of Regui~ent§. Define usage of suspect
item and potential effect on equipment. 

(3)	 Beference Data. 

(a) FAA RELIABILITY PROGRAM REQUIREMENTS 
Specification, paragraph 3.5.2.5. 

(b) FAA RELIABILITY HANDBOOK, paragraph 41. 

j.	 ~ R-10. Critical Items R~9~t. 

(1;	 Purpose. Provides FAA with identification of 
items deemed critical. Used by contractor for 
control and/or handling of such items. 
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(2)	 §vmmar~_Qf B!gylremeQ!§. Listing of Critical 
Items, basis for criticality, and definition of 
control and/or handling requirements. 

(3)	 B,ter'Dce QAta. 

(a)	 FAA RELXABILITY PROGRAM REQUIREMENTS 
specification, paragraph 3.5.5. 

(b)	 FAA RELIABILITY HANDBOOK, paragraph 47. 

k.	 Q!12 R-1..1... Failure Mode and Effect Analysis (F~ 

Repor~. 

(1)	 Purpose. Used by FAA in review and evaluation of 
contractor's approach to achieving assured' 
equipment reliability. Used by contractor in 
design trade-offs, reliability upgrading, and 
planning of development tests. 

(2)	 §ummary of Regu!rement~. The Data Item 
Description defines the requirements for 
individual analyses to fulfill the report 
requirements. The report shall include the 
individual FMEAs; description of analysis 
methods and assumptions; summary of corrective 
actions and status; implications for equipment 
reliability; and recommendations for further 
analysis, tests, and/or improved data sources. 

(3)	 Reference Q~. 

(a) FAA RELIABILITY PROGRAM REQUIR~ENTS 

specification, paragraph 3.5.4. 

(b)	 FAA RELIABILITY HANDBOOK, paragraphs 44 and 
46. 

1.	 DID R-12, Desi~n Review Report. 

(1)	 Purpo§~. Furnishes formal documentation of pro
ceedings, actions, and results of Formal Design 
Reviews. 

(2)	 SummarY-2!-~9Y!~ent~. Definition of items re
viewed; listing of all review board actions; 
listing of all "open" problems and corrective 
actions, with status thereof; and identification 
of OPR's. 
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(3)	 ~erence Data. 

(a)	 FAA RELIABILITY PROGRAM REQUIREMENTS 
specification, paragraphs 3.5.6 through 
3.5.6.3 • 

. (b) FAA RELIABILITY HANDBOOJ(, paragraph 48. 

m.	 QIQ-B=1~, Parts, Materia~!1 and Processes AppAi
~!Qn Review Report. 

(1)	 f!!I~. Provides formal documentation of con
tractually required Application Reviews; and 
serves to identify use of non-standard and/or
non-approved parts. . 

(2)	 SummarY of Requirements. Document application
review findings. Identify deviations from 
allowed (or policy defined) stresses and the 
reliability impact. Identify and justify the 
use of nonstandard and/or non-approved parts,
materials, processes, or techniques. 

(3)	 Reference Os!!. 

(a) FAA RELIABILITY PROGRAM REQUIREMENTS 
specification, paraqraph 3.5.2.3. 

(b) FAA RELIABILITY HANDBOOJ(, paraqraph 43. 
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APPENDIX 1. GLOSSARY
 

11.	 MBREYIATIONS AND SYMBOLS. The following are the abbrevia
t10ns and symbols, with definitions, used in this Handbook. 

A -----Inherent Availability. 

A ---- 

CDR --- 
DID --- 
FAA -- 
FACI -- 
FARADA 
FMEA -- 
GIDEP 
MD'l'	 --- 
MTBF 
MTBM -- 
MTTR -- 
NAS --- 
OPR --- 
PDR --- 
RAC	 --- 
R(t) -- 
SDR -- 

& ---- 

~ ---- 

operational Availability. 

Formal Critical Design Review.
 
Data Item Description.

Federal Aviation Administration.
 
Formal First Article configuration Inspection.
 
Failure Rate Data (program).
 
Failure Mode and Effect Analysis.
 
Government-Industry Data Exchange Program.
 
Mean Down Time.
 
Mean Time Between Failures.
 
Mean Time Between Maintenance Actions.
 
Mean Time to Repair.

National ~irspace System.
 
office of Primary Responsibility.
 
Formal preliminary Design Review.
 
Reliabi~ity Analysis Center.
 
Reliabi!ity Function (of time).
 
Formal Study Design Review.
 
Producer's Risk (also used as parameter in Weibull
 
Reliability Function).
 
ConsUmer's Risk.
 
specified MTBF, for Demonstration.
 

Minimum Acceptable MTBF, for Demonstration. 

Failure Rate (also used as parameter in weibull
 
Reliability Function).

Hazard Rate, Instantaneous Failure Rate.
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2.	 DEFINITIONS OF TERMS. The definitions in MIL-STD-280 and 
MIL-STO-721 apply to this Handbook, except as they may be 
added to, or modified by, the following list of definitions 
for the more significant terms used in this Handbook. 

Availability - Probability that an item will be operation
ally ready when needed at any point during 
a specified mission or duty time. 

Availability, Inherent - "Designed-in" Availability, a 
function of MTBF and M'l"1'R. 

Availability, Operational - "In-use" Availability, a 
function of M'l'BF and MDT. 

Block Diagram,	 Reliability - Pictorial, block-diagram, 
representation of the equipment "success" 
paths. 

Circuits, Equipment - Lowest level sets of interconnected 
elements with only connector electrical 
interfaces into the equipment, and provid
ing functions with specifiable performance 
requirements. 

Consumer's Risk - In demonstration testing, the proba
bility of accepting an equ~pment whose true 
MTBF is equal to the MinimUm Acceptable
MTBF. ' 

Development Model - An equipment model us~d for experi
mentation and/or testing tQ: (1) demons~rate 

the technical feasibility of a design; (2) 
determine its ability to meet existing per
formance requirements; (3) secure engineer
ing data for use in further development; 
and (4) establish technical requirements for 
prototype contract definition. 

Discrimination	 Ratio - Ratio of the Specified MTBF (6 ) to 
the Minimum Acceptable MTBF (6 ). 

Equipment - A general term characterizing a broad category 
of electronic items (as system, subsystem, 
set, that perform a complete function(s). 

Failure Rate - The number ot failures of an item per unit 
measure of life (cycles, time, etc.). 
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"thematical Hgdel, Reliability - Mathematical representa
tion of the equipment's "success" paths. 

Mean pawn TilS	 - Mean Time required to restore an inopera
tive equipment (or element thereof); inclu
ding consideration of active main~nance 
time and logistics delays and administrative 
delays. 

Mean Time Between Maintenance Actions - Mean Time Between 
Failures of an equipment's elements (regard
less of whether or not the equipment's 
function fails). 

Mean Time To Repair - Mean ACTIVE maintenance time required ' 
per corrective maintenance action. 

MTBF, Minimum Acceptable - Lower bound on the acceptable 
M'1'BF in demonstration. 

BTBF, specifieg - performance requirement for MTBF, and 
nominal value for demonstration. 

Producer's Risk - In demonstration testing, the probability 
of rejecting an equipment whose true MTBF 
is equal to the Specified.MTBF. 

production Model - An equipment in its final form of final 
production design; made by production tools, 
jigs, fixtures, and methods; and employing 
approved parts. 

frototype (Preproguctionl Model - An equipment model suit 
able for complete evaluation of form, fit, 
and performance. It is in final form in all 
respects; employs final approved parts; and 
is completely representative of final 
equipment. 

Redundancy - The existence of more than one means, or 
"path", for accomplishing a given function; 
i.e., more than one "success" path. 

Redundancy, Active - That redundancy where all redundant 
elements are actively functioning in the 
equipment; rather than being connected in 
when needed. 

Redundancy, Non~Repairabl~ - That redundancy where correc
tive maintenance is NOT initiated until 
failure of the function provided by the 
redundant elements. 
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.'illiie~diJ:!un!Wddi.lii!a~nt:=c~y...,~R::e:l'p~a~i,.r~a~b~l~e - That redundancy where corrective 
maintenance is initiated BEFORE failure of 
the function provided by ~e redundant ele
aaents, and the function cont.inues during 
such maintenance. 

~Rllliie~dt.=un-=d=a:un~c-"Y""'-::I:S.to;;ana;u;d_-;;;ob~y.. That redundancy where the alt.ernate 
is not actively functioning in the equip
ment, and must be connected in when needed. 
When not being used, ·t.he alternate element 

. may be non-operating, fully-operating, or 
partially-operating. 

Reliabi~ity - The probability that an equipment will per
form satisfactorily for a specified period 
of time, when used under specified condi
tions." 

Beliability Reguirement - The required or specified level 
. of reliability performance: and given in 

terms of MTBF, Failure Rate, or Reliability 
for a specified time. 
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APPENDIX ~. COMPUTER PROGRAMS 

1.	 IXISTZN~ CIRCUIT ANALXSI~iBQGRAMS. A number of circuit 
analysis programs which are useful to the reliability 
engineer exist. A list of the most useful Qnes follows: 

NAME	 TYPE OF ANALYSIS SOUBCE(See ~) 

SCEP'l'RE	 D-C and Transient Analysis CSC
 
of non-linear circuits.
 

CIRCUS	 Transient Analysis of GE
 
non-linear circuits.
 

TRAC	 Transient Analysis of GElCSC
 
non-linear circuits.
 

ECAP	 Steady state and transient GE/CSC
 
analysis of linear and
 
pi~ce-wise linear circuits.
 

MICAP	 Analysis of Micro-wave TYM
 
circuits.
 

In addition, a comprehensive library of reliability
oriented time-sharing programs is available from Computer 
sciences Corporation. These programs are available to 
Government	 Agencies through a GSA Service contract. Pro
gram Abstracts of these programs are given in the following 
paragraphs. 

a.	 Program Sources. 

CSC - Computer sciences corporation
 
8278 Colesville Road
 
Silver Spring, Maryland
 

GE - General Electric Time sharing
 
3550 Wilshire Blvd.
 
Los Angeles, Ca.
 

TYM - TYM Share
 
336 East Kelso
 
Inglewood, Ca.
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2. SYSTEM MODELIl!~PBOGRAMS. 

a.	 IISIEL. simulates a system of components (each 
baving a distribution on time to failure) and 
determines the distribution on time to failure 
for the total system. Provides the mean time to 
failure, the standard deviation, and the highest 
and lowest simulated times to failure for the 
specified number of trials. Options include 
histograms of the simulated failure data. 

b.	 RELAT. Provides the probability of a system accom
plishing its mission; when the probability of 
each component accomplishing its mission and the 
circuit diagram o£ the system are specified. 
The program also provides for sensitivity 
analysis on any component or group of 
components. 

c.	 CUSTOM. Provides the capability of modeling the 
reliability of a system whose outputs or 
performance can be functionally related to ran
domized inputs and parameters. Use options
include histograms of the simulated data. 

d.	 SENSAN. Provides sensitivity analysis for the model 
constructed for CUSTOM. 

e. BYSREL. Uses new sample data, with the help of 
.	 Bayes' rule, to modify a given probability 

assignment for the MTBF for a device. 

3. LIFE TESTING PROGRAMS. 

a.	 MTBFS1. Evaluates life testing plans when. the user 
wants to test a number of devices for a 
relatively short time. The user specifies the 
number of items to be tested, the length of time 
each device must operate, and the number of 
failures that will cause rejection. The program 
then calculates and plots the probability of 
acceptance (operating characteristic curve) as a 
function of the mean time between failure 
(MTBF) • 

b.	 MTBFM1. Evaluates mUltiple-level life testing plans 
when the user wants to test a number of devices 
for a relatively short time, and accepts,
resamples, or rejects, based on the number of 
devices that fail. The user specifies the 
proposed multiple-level sampling plan; and the 
program calculates and plots the probability of 
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acceptance (operating characteristic curve) as a 
function of the MTBF of the device. User 
options	 include a printout of the averaqe number 
of devices tested as a function of the MTBF. 

c.	 HlBlS2. Evaluates life testing plans when the user 
tests a fixed number of devices to failure and 
accepts or rejects based on the total operatinq 
hours. The user specifies the number of devices 
to be tested to failure and the total number of 
operating hours required for acceptance. The 
program then calculates and plots probability of 
acceptance (operating characteristic curve) as a 
function of the device's mean time between 
failure (MTBF). 

d.	 ~BFM2. Evaluates multiple-level life testing plans
when the user tests a fixed number of devices to 
failure; and accepts, resamples, or rejects on 
the basis of total operating hours. The program 
calculates and plots the probability of lot 
acceptance as a function of the lot's MTBF. 
User options include a printout of the average

'\	 nuMber of devices tested as a function of the 
MTBF. 

e.	 MTBFS3. Evaluates sampling plans when the user 
specifies a fixed-length test (for example, 100 
hours). The program accepts or rejects, based 
on the number of failures during this time. The 
user specifies his life testing plan, and the 
program calculates and plots the probability of 
acceptance (operating characteristic curve) as a 
function of the device's MTBF. User'options 
include the average test time as a function of 
the MTBF. 

4. TEST DATA ANALYSZS PROGRAMS. 

a.	 MTBFL1. Calculates confidence limits in the MTBF 
when the test specifies running a fixed number 
of devices to failure. User options include 
histograms of the test results. 

b.	 M~BFT1. Calculates tolerance limits on time to 
failure when the test consists of running a 
specified number of devices until they fail. 
For example, the program would analyze the test 
data and tell you that you can be 90 percent 
confident that less than 5 percent of the 
devices will fail during the first 100 hours of 
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operation. User options include histograms of 
1:,he test data. 

c.	 MtBFL2. Calculates confidence limits on the Mean 
Time Between Failures (MTBF) from fixed. length 
test data•. 

d.	 MTBrl'2. Calculates tolerance limits on the time to 
failure when the fixed-length test consists of 
running a specified time (for example, 1000 
hours) and recording the number of failures. 

5. MIL	 STANDARDS PR9s;RAMS. 

a.	 TABFM1. Determines the correct sample size and the 
acceptability constant according to NXL-STD-414 
Standard Deviation Method, Form 1. The program 
does all table analysis. 

b.	 FM1414. Analyzes the sample data; calculates the 
quality index, and indicates acceptance or 
rejection of the lot according to MIL-STo-414 
Standard Deviation Method, Form 1. The program
does all calculations and table. analysis. User 
options include histograms_of the data. 

c.	 TABFM2. Determines the correct sample size and 
allowable percent defective according to MIL
STD-414 standard Deviation Method, Form 2. The 
program does all table analysis. 

d.	 FM2414. Analyzes the sample data, calculates the 
quality index (single or double specification);
determines the estimated percent defective 
(single or double); and indicates acceptance or 
rejection of the lot according to MIL-S~D-414, 

Standard Deviation Method, Form 2. The program 
does all calculations. User options include 
histograms of the data. 

6. LIMIT ESTIMATION PROGRAMS. 

a.BINLIM. Computes confidence limits on the reject 
rate. The exact binominal distribution is used 
so that limits are accurate for any sample size. 
The user imputs the sample size and the number 
of rejects in the sample. The program respo~ds 

with 50, 75, 90, 95, 99, and 99.9 percent con
fidence limits. 
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b.	 FINLIM. calculates various sample statistics and 
provides 50, 80, 90, 95, and 99 percent con
fidencelimits on the lot average when the 
sample size is a significant portion of the lot. 
User options include a histogram of the sample
data. 

c.	 LINCON. Calculates natural tolerance limits. For 
example, the engineer would transmit the 
dimensions of the first 15 parts of the new 
model produced. The program would then provide 
tolerance limits that will allow the engineer to 
be 90 percent confident that 95 percent of the 
production run will be acceptable. User options 
include histograms of the sample data. 

d.	 PRDLIM. Calculates prediction limits. For example, 
if you have tested nine parts and input the 
results to the program, the program calculates 
confidence limits on the next observation. User 
options include a histogram of the sample data. 

e.	 TQLLIM. Calculates natural tolerance limits. For 
example, th~ engineer would input the dimensions 
of the first 15 parts of the new model produced. 
The program would then provide tolerance limits 
that allow the engineer to be 90 percent 
confident that 95 percent of the production run 
will be acceptable. User options include 
histograms of the sample data. 

7 •. PROBABILITY CaLCULATION PBQGRAMS. 

a.	 £BISQ. Performs a Chi Square test on data and 
calculates the corresponding probabilities (all 
table analysis is done by the program). 

b.~. Calculates probabilities for Poisson, 
Binomial, Exponential, Normal, Hypergeometrics, 
Chi Square, Chi square/df, and Weibull 
distributions. 

8.DATACOMPARISO~OGRAMS· 

a.	 COMPAR. Analyzes two sets of data to see if their 
averages are significantly different. The 
program tests the data under a number of con
ditions including variance known or unknown, 
observations paired or unpaired, variances same 
or different. The user enters his data and 
answers a series of questions. 
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b.	 . WWUT. Analyzes two· sets of data using t:he Mann
Whitney U Test to determine if there is a 
significant difference between them. Non 
parametric tests are used (i.e., the results are 
good for any distribution). 

c.	 £QNTAB. Tests to see if t:here is significant corr
elation between factors. For example, do the 
oPerators attending the morning training
sessions have significantly fewer rejects than 
those not attending the sessions? 

d.	 !ATCB. Tests for a significant difference between 
pairs of data. It assumes that the data from 
t:he two samples are paired (for example, the 
first observation from the first data set reQ
resents the output of worker XYZ before 
training; while t:he observation from the second 
set of data represents the output of worker XYZ 
after train~g). The program uses nonparametric 
tests (that1is, the results are good for any 
distribution). User options include data 
plotting. : 

e.	 TESBIN. Analyze$ the results of several samples to 
see if there is a significant difference between 
the reject rates. For example, assume Vendor A 
sent in six parts, one of which was bad; and 
Vendor B sent in 10 Parts, four of which were 
bad. Is there a significant difference between 
vendors? 

9. DISTRIBQTION TESTING PROqRAMS. 

a.	 CBFTES. Tests data to see if the data cou~d have 
been the results of a constant hazard function. 
User options include the plotting of sample data 
vers~s the theoretical exponential distribution. 

b.	 NQRTES. Tests data for normality. The user enters 
the data and the program responds by testing the 
data for normality. User options include 
plotting sample results against the theoretical 
normal curve results. 

c.	 RANTES. Tests.a sequence of data for having a random 
order. 

d.	 WBLTES. Tests data to see if the data could be from 
a specified Weibull distribution. User options
include plotting of sample data versus the 
theoretical Weibull distribution. 
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APPENDIX 3. DELIVERABLE DATA ITEM DESCRIPTIONS 

1.	 This Appendix contains thirteen Standard Data Item Des
criptions; of which, any or all may be called for as 
Deliverable Documentation in a specific procurement. 
The titles of the Data Item Descriptions are listed 
below. 

R-1.	 R~liability Program Plan. 

R-2. Reliabili~Allocations, Assessments, sn9 
'J Analysis ~eport. 

R-3.	 Defective ~nadeguate Parts and/o~ 

§pecifications Notification. 

R-4.	 F!ilure Data Reporting and ~egback. Failur~ 

§!ammSXY Repgrts. 

R-5.	 Reliabilitv Test and Demonstration p~an. 

R-6. ~~~eptance Test Proced~.
 

R-7. ~liability Program Status Repofts.
 

R-8. Reliability Test and Demonstration Reeo-!ts.
 

R-9. suspe~t Material Deficiency Notice. Response.
 

R-10. Critigal Items Report.
 

R-11. E!ilu~e Mode and Effects Analysis Report.
 

R-12. Design R~vi~wReport.
 

R-13. P~rts. Materials. and Processes Application
 
~view Report. 
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1.	 BIlEBENCE gQ~UMiWTS. The following documents provide 
additional or supporting information with respect to the 
various aspects of a total reliability effort. The 
documents are grouped by type of information provided. 
Some documents provide information for several facets of 
reliability. However, each document is listed in this 
handbook as a reference for only a single subject. 

A synopsis of each document is presented in terms of the 
objective or purpose of the particular document with 
respect to the heading under which it is listed. The 
latest issue of a document should be used when seeking 
reference information. 

a.	 Definitions. 

(1)	 MIL-STO-280, Definitions of Item Levels, Item 
Exchangeability, Models, and Related Term§. 
Establishes standard terms and definitions to be 
used in describing the levels of military items 
and to designate and define item exchange
ability, models, and other related terms. 

(2)	 MIL-STD-721, Definition of Terms for Reliability 
Engineering. sets forth definitions of terms 
most commonly used in Reliability Engineering. 

(3)	 MIL-STQ=1313, Microelectronic Terms. and 
Definitioo§. Presents a list of terms and def
initions applicable to microelectronic devices 
and techniques. 

b.	 Reliabil!tY-EIograms. 

(1)	 FAA Specification, Reliability Program Requir§. 
ments for Electronic and Associated Support
Equipment. Describes reliability programs to be 
applied to FAA procurements as a function of 
type of contract and equipment development 
status. 

(2)	 MIL-STD-785. Reliability Prog~fo~§yste~sri9 
Equipment Development and Production. Establishes 
uniform criteria for a reliability program, and 
provides guidelines for the preparation and 
implementation of a reliability program plan. 

(3)	 NHB 5300.4, Reliability Program provisiQns for 
Aeronautical and Space System Contractors. 
Provides common general requirements for all 
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NASA Programs to (1) design reliability into 
aeronautical and space systems, and (2) prevent
degradation of the reliability of the design
through the succeeding steps from fabrication to 
end use. 

(~)	 AMcp 702~JI ,'liability U1n4R226. Serves as a
 
guide for Army Materiel Command project and
 
commodity mana9~rs and professional personnel in
 
the planning, direction and monitoring of
 
reliability programs.
 

(5)	 RADC-TR-67-108, vol. 1 (DOC No. AD845304) RiPe
 
Reliability Notebook, Vol. 1. Provides
 
information in the administrative and technical
 
areas pertinent to guiding the user toward
 
reliability planning and making the reliability

oriented evaluations and decisions which~ill
 
provide a greater degree of assurance that
 
reliability requirements will be met.
 

c.	 Reliability Engineering. 

(1)	 NAVAIR - 00-65-502. Handbook, Reliability

Engineering. Presents step-by-step procedures

for the definition, pursuit and acquisition of
 
required reliability in Naval weapon systems,
 
equipments and components.
 

(2)	 NAVSHIPS 94501, Bureau of Ships Reliability
 
Design Handbook. Concentrates on providing
 
information and guidance to engineer reliability
 
into equipment during the basic design stage.
 

d.	 Beliabi!ity Mathematics. 

(1)	 Reliability Handbook, B.T. Koslov and I.A.
 
Ushakov, Holt, Rinehart and winston, Inc., 1970.
 
Contains computational formulas and many

illustrative examples of reliability
 
computations the engineer is confronted with in
 
the every-day work of ensuring the reliability

of equipment and complicated systems.
 

(2)	 System Reliability Engineering, G.H. Sandler;
 
Prentice-Hall, Inc., 1963. General techniques
 
for solving reliability problems are presented.

Emphasis is on development of differential 

d~fferenc~ ~uations for systems with constant
 
failure and repair rates.
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(3)	 Reliability Th~ry end Practice, I. Bazovsky; 
Prentice-Hall, Inc., 1963. Addresses the quan
titative treatment of reliability and shows the 
reader how to solve reliability problems by 
analysis, design and testing. 

(4)	 Mathematical Methods 2£ R~li~Rility TheQXY,B.v. 
Gnedenko. Yu. x. Belyayev, A.D. Solovyev; 
Academic Press, 1969. Mathematics of relia
bility are presented from the standpoints of set 
theory and statistics. 

(5)	 Mathematical Handbook for Scientists and 
Engineers, G.A. Korn, T.M. Xorn, McGraw-Hill, 
1968. Provides a comprehensive reference coll 
ection of mathematical definitions, theorems and 
formulas for scientists, engineers and students. 

(6)	 Models of Failure, I.B. Gertsbakh, Kh. B. 
Xordonskiy; Springer-verlag, 1969. Analyzes the 
relationship between mathematical methods of 
calculating reliability and the physical nature 
of equipment failure. 

e. PredictiQD.Procedure~ and Failure Rates. 

(1)	 MlL-STD-756, Reliability Prediction. Establishes 
uniform procedures for predicting the quan
titative reliability of aircraft, missiles, sat 
ellites, electronic equipment and subdivisions 
thereof. 

(2)	 Rolling Contact Bearing Fatigue Studies,R.A. 
Baughman, General Electric Company, Flight 
Propulsion Division, Evendale, Ohio. Describes 
tests for bearing fatigue and correlation of 
test data with actual bearing life. 

(3)	 M~thods for predicting Combined Electronic and 
~~chanicgl System Reliability, lIT Research 
Institute, 1963. Describes technique for• 
analytically combining reliability of electronic 
and	 mechanical devices to obtain overall system 
reliability. 

(4)	 RADC-TR-108. Vol. II (DOC No. AD821640)1 RADC 
~~ility Notebook, Vol. II. Provides failure 
rates and prediction techniques for specific 
part tyPes. Appendix describes radiation and 
space effects on parts and materials. 
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(5)	 KlLcHDBK-217, Beliab~.~ty St~IAA-ADd Failur, 
BAte Data for Ellct{gnic Iguipment. Presents 
failure rate vs. stress and temperature for 
various electronic parts. Also describes 
various reliability prediction techniques. 

(6)	 RADe - TB-69-458, Nonelectronic Reliability 
Notebook. Contains failure rate data for approx
imately 100 nonelectronic part types in 13 
different environmental applications. 

(7)	 NAVSHIPS 93820, Handbook for the Prediction of 
Shipboard and Shore Electronic Equipment 
Reliability. Provides failure rate data for 
classes of equipment, functional circuits, 
classes of parts and individual parts. Also 
provides methods for predicting equipment 
reliability. 

f.	 Testing. 

(1)	 MIL-STD-202, Test Methods for Electronic and 
Electrical Component Parts. Establishes uniform 
methods for environmental, physical, and 
electrical testing of electronic and electrical 
parts. 

(2)	 ~L-STD-271, Nondestructive Testing Requirements 
for Metals. Covers requirements for conducting 
nondestructive tests used in determining the 
presence of surface and internal discontinuities 
in metals. .. 

(3)	 M1L-STD-750. Test Methods for Semiconductor 
Devices. Establishes uniform methods for 
environmental, physical, and electrical testing 
of semiconductor devices. Devices include such 
items as transistors, diodes, voltage 
regulators, rectifiers and tunnel diodes. 

(4)	 MIL-STD-757, Reliability Evaluation from 
Demonstration Data. Presents uniform technical 
procedures for evaluating achieved reliability, 
and the necessary in~uts and criteria for 
gathering information. 

(5)	 MIL-STD-781. Reliability Tests; Exponential 
Distribution. OUtlines test levels and plans for 
reliability qualification or production accep
tance tests, and for longevity tests. 
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(6) &(L-§~p-79Q, R~liability A§SY;!~~.Am-!2I 
..	 E.lectronic Earts S~cifiSU!:t:i2D§. Establishes 
criteria for a reliability assurance program to 
be met by manufacturers qualifying electronic 
parts to Established Reliability (ER) 
specifications. 

(7)	 MIL-STD-810, Environ~al Test Methods. Estab
lishes uniform environmental test methods for 
determining resistance of equipment to the 
effects of natural and induced environment 
peculiar to military operations. The test 
methods apply broadly to all types of equipment 
and generally represent extreme conditions which 
usually constitute the minimum acceptable 
conditions. 

(8)	 MIL-STD-883, Test Methods and Procedures for 
Microelectronics. Establishes uniform methods 
and procedures-for testing microelectronic 
devices, including basic environmental tests to 
determine resistance to deleterious effects of 
natural elements and conditions surrounding 
military and space operations and physical and 
electrical tests. Devices include such items as 
monolithic microcircuits, hybrid microcircuits, 
microcircuit arrays, and the elements from which 
the circuits and arrays are formed. 

(9)	 ~IL-E-5272, General Specification fQrAero
nautical and Associated Equipment Environmental 
Testing. Presents procedures for testing 
aeronautical and associated equipment under 
simulated and accelerated climatic and 
environmental conditions. 

(10)~JL-R-22732, Reliability Requirements t~Ship
board 2n9-Ground Electronic Egyip~. 
Prescribes procedures for evaluation of the 
reliability performance for shipboard and ground 
electronic equipment. 

g.sampling Tests. 

(1)	 MIL-§TD-1Q5, samE.!ing Procedy~!=s and TableL~ 
Jnspection by Attributes. Provides sampling 
plans relative to attributes inspection. 
Attributes inspection is inspection whereby 
either'the unit of product is classified simply 
as defective or non-defective, or the number of 
defects in the unit is counted, with respect to 
a given requirement or set of requirements. 
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(2) 

(3) 

(4) 

(5) 

(6) 

MlL-STD=414, sampling Procedures and Tables for 
Inspection by Variables for Percent Defective. 
Expresses conformance as percent defective; 
i.e., the percent of the items falling outside 
specification limits. standard is applicable 
when failure times are known to be normally 
distributed. 

MIL-STD-690, Failure Bate Sampling Plan' And 
Procedures. provides procedures for failure rate 
(FR) qualification; sampling plans (based on 
exponential distribution) for establishing and 
maintaining FR levels at selected confidence 
levels; and lot conformance inspection 
procedures associated with FR testing for tPe 
purpose of direct reference in appropriate 
military electronic parts established relia
bility (ER) specifications. 

DOD Handbook a-53, Guide for Sampling 
Inspection. Describes basic sampling procedures; 
explains basic principles underlying sampling 
inspection; and demonstrates how sampling plans 
are used in arriving at appropriate inspection 
and quality assurance decisions. 

DOD Quality Control and Reliability Handbook 
H108, Sampling Procedures and Tables for 
Life and Reliability Testing (Based on the 
Exponential Distribution). Contains tables of 
life testing sampling plans pertaining to 
exponential failure times. The plans are 
divided into three general categories: failure 
terminated tests, time terminated tests, ,and 
sequential tests. The mean failure time e is 
used as the reliability parameter under test. 
Minimal and nominal acceptable values of e, 
along with allowable risks, are used as the 
basis for specifying a satisfactory sampling 
plan. The sequential test procedures are 
outlined and the parameters of the test ar~ 
tabled. operating characteristic curves are 
drawn for most tabled plans. 

poD Quality Control ang.Reliability Technical 
Report TR-3, Sampling Procedures and Tables for 
Life and Reliability Testing Based on the 
Weibull Distribution (Mean Life Criterion).
Provides tabled plans when mean failure time is 
the reliability parameter to be tested and 
failure times have a weibull distribution. 
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(7)
 

(8)	 POD Quality Control and Reliability Technical 
Report TR-6, sampling Procedures 2n~ble~~ 
Life and Reliability Testing Based on the 
Weibull Distribution (Reliable.l!ife Crit~~ion). 
Provides plans when reliable life is the 
parameter under test. Reliable life is defined 
as that time beyond which a specified portion of 
a lot can be expected to survive. 

(9)	 DOD Quality and Reliability Assurance Technica! 
Report TR-7, Factors and Procedures for Apply
ing MIL-STD-l05D Sampling Plans to Life and 
Reliability Testing. Provides instructions for 
selecting life test sampling plans from MIL-STD
1050. 

h.	 Design. 

(1)	 FAb-G-2100, General_Reguirements, Electronic 
Iguipment. Covers the general requirements for 
design and manufacture of FAA ground electronic 
equipment. 

(2)	 MIL-E-4158, General Requirements for Ground 
Electronic Equip~. Presents general design 
and manufacturing requirements for ground elec~ 

tronic equipment used by the Air Force. 

(3)	 MIL-E-5400, General Specification for ~~ 
Electronic EguipmeD1. Stipulates general 
requirements for design and manufacture of 

..	 airborne electronic equipment for operation
primarily in piloted aircraft. 

(4)	 MIL-E-16400, General specification, Naval Ship 
and Shore Electronic Equipment. Covers the . 
general requirements applicable to the design 
and construction of electronic equipment 
intended for Naval ship or shore applications. 

i.	 Parts/Materials/Processes. 

(1)	 MIL-STD-242, Electronic Equipment Part§,~~ed 

Standards. Guides contractors with respect to 
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the selection and use of approved parts in the 
des1gn of new equipment. 

(2)	 HIL-STp-839.sellgt~0Q ana DO' of lIISI litb 
Establisbe9-Re1itbilitx Llyels. Identifies pares
whose demonstraeed reliability characteristics 
justify usage under given operational 
conditions. 

(3)	 MIL-P-11268, Parts, Materials and Processes Used 
in Electronic communication Equipment. Covers 
the selection, application and use of parts, 
mater!als and processes in the construction of 
electronic communication equipment. 

j.	 Failure Repgrting. 

(1)	 FAA Order 6000.15, Maintenance of Airwa~ 

Facilities. Presents general technical 
information needed by airWay facilities 
maintenance personnel at the site to properly 
perform their maintenance duties. Included are 
failure reporting requirements. 

(2)	 I6A Order 6040.5, Fscility Outage gnd service 
Interruption Report. Sets forth instructions for 
the preparation of Facility Outage and Service 
Interruption Report, FAA Form 6(40-3, and Line 
Performance Report, FAA Form 6040-7. 

(3)	 FAA Order 6040.7B, Daily NAS Status Report/NASCOM.
Sets forth procedures for the preparation of the 
Daily NAS Status Report at all Air Traffic Con
trol Centers. 

(4)	 SP INSTR 3100.!B, Fleet Ballistic Missile Weapgn 
~ystem Trouble and Failure Report Program.
Describes failure reporting ~ystem for the 
Polaris program. . 

(5)	 Sf 6504, Failure Reporting and Management 
Techniques in the Survexor Program. Describes 
failure reporting and management techniques used 
on the Surveyor program. 

(6)	 A§TIA 458585, Weapon System Effectiveness 
Industry Advisory COmmittee Task Group 
3 Data Collection and Management Reports. 
Discusses the acquisition, control, reporting, 
summarizing and retrieving of data as it 
pertains to System Effectiveness. 
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k.	 IDvi{onmeot. 

(1) "IL-51P-210, Cli.mAtic Ext{emes fo{ Militvy
Equipment. Indicates the probable extreme 
climatic conditions of the normal environment to 
which military equipment may be exposed; and is 
intended to establish uniform limits not to be 
exceeded in normal design requirements. 

(2)	 MIL-ST0-446, Environmental Requirements ~ 

Electronic Parts. Establishes uniform levels of 
environments and conditions that electronic 
parts will be exposed to in military service. 

1.	 Training. 

(1)	 NAVSHIPS - 0900-00~=3000, Reliability ~n9 
M~intainability Traininq Handbook. Presents a 
combined reliability and maintainability train
ing course for those who deal with contractors 
as well as for equipment designers. Emphasis is 
on contract management methods to design for 
required reliability. 

(2)	 Reliapility Theory and Practice Training Program, 
ARINC Research Corporation, 1700 K.Street, 
Northwest, ~ashington, D.C. A text book supp
orting an in-plant reliability training program 
directed to both management and designers. 

2.	 B~ERENCE SERVICES. The referenced services provide 
information in the form of sources of failure rate data 
or documents. The services are grouped by type of 
service provided. 

a.	 Failure Rate Data. The following sources provide 
data that may be used as a basis for failure rates 
for specific parts when the FAA-approved sources do 
not prOvide the required data (or the data provided 
is known to be obsolete) • . 

(1)	 M!cro and Hybrid Circuit Reliabili1Y. 
Reliability Analysis Center, RADC (RBRAC), 
Griffiss AFB, New York, 13441.Provides failure 
rate data and supporting information regarding 
reliability of microcircuits. 

(2)	 Failure Rate Data jIARADA) Program. Fleet 
Missile Systems Analysis and Evaluation Group 
Annex, Naval ~eapons Section, Seal Beach, 
Corona, California, 91720. An inter-agency 
sponsored effort to provide parts/components 
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failure rate and failure mode data to contrac
tors and government agencies for entire spectrum
of military and space equipment. 

(3)	 Government Industry Data Exchange Program (GlpEP)

Headquarters, Naval Material Command, Code
 
03426, Support Technology Branch, Washington,
 
D.C., 20390. Provides test and reliability data
 
on specific parts used by both government and
 
industry. Inquiries may be made via computer.
 
Participants in" the program both input and
 
obtain data and reports.
 

b.	 Obtaining Documents/Information. The following 
agencies provide documents that are developed 
within, or are the responsibility of, the specific 
agency. 

(1)	 Faa specifications and Documents. May be
 
obtained from the contracting Officer in the FAA
 
office issuing the invitation for bids or
 
request for proposals, Federal Aviation
 
Administration, 800 Independence Ave., s.W.,
 
Washington, D.C., 20591.
 

(2)	 Military specifications and Standards. Naval
 
Publications and Forms center, 5801 Tabor
 
Avenue, Philadelphia, Pa., 19120.
 

(3)	 RAOC Reports. Defense Documentation Center,
 
Cameron Station, Alexandria, Virginia, 22314.
 

(4)	 NASA publications. Superintendent of Documents, 
u.S. Government printing Office, Washington, 
D.C., 20402. 

(5)	 Classified and Limited Distribution Documents.
 
Defense Documenta~ion Center, Cameron station,
 
Alexandria, Virginia, 22314.
 ... 

(6)	 Unclassified Documents Prepared Under Government
 
Contract. U.s. Department of Commerce, National
 
Technical InfoDnation Service, springfield,
 
Virginia, 22151.
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APPENDIX 5
 

SAMPLE RELIABILITY SPECIFICATION
 

DEPARTMENT OF TRANSPORTATION 

FEDERAL AVIATION ADMINISTRATION SPECIFICATION 

RELIABILITY PROG~ PLANS AND PROCEDURAL REQUIREMENTS FOR 

ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT 

1. SCOPI 

~1 SC9E!.- This document establishes uniform criteria for 
reliability programs. and provides guidelines for the preparation 
and implementation of reliability program plans and associated 
procedures. 

l£~~eelicatiQn.-This specification delineates reliability program 
requirements for ground electronic. electrical. mechanical and 
electromechanical equipments as a function of type of contract and 
equipment model in relation to its ultimate use. Multiple 
reliability program elements are provided to permit selecting tasks 
for the reliability program that are most compatible with the 
applicable functions. Guides for selecting reliability tasks for a 
specif~c contract are also presented. Thus. this specification 
provides a "shopping list" of task elements from which are selected 
those effOrts to be applied to the procurement. 

1.3 Classification.- Three types of contracts and three types of 
equipment are covered by this specification. 

1.3.1 Contract TYe~.- Contracts covered by this specification are 
for one of the following: 

(a) studies (with or without experimental hardware) 
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(b) Equipment 

(c) Facilities 

1.3.2 Equipme~_TYe~§.- The following types of equipments are 
covered by this ~pecification: 

(a) Development 

(b) Prototype/Preproduction 

(c) Production 

.h.-APPLICABLE DOCUMENT§ 

~_Precedence of document~.- This specification shall have 
precedence over all specifications, standards, documents, etc., 
listed or referenced herein. In the event of conflict between the ' 
requirements of the equipment specification and "this specification, 
the equipment specification shall have precedence. 

2. 2 Documents.- The following documents, of the issue in effect on 
the~date of invitation for bids or request for proposal, form a part 
of this specification to the extent specified herein. 

SPECIFICATIONS 

Federal Aviation Administration 

FAA-G-2100 Electronic EqUipment, General 
Requirements 

STANDARDS 

FAA-STD-013a Quality control Program Requirements 

Military 

MIL-STD-280 Definition of Item Levels, Item 
Interchangeability, Models, and 
Related Terms 

MIL-STD-721 Definition of Terms for Reliability 
Engineering 

MIL-STD-781 Reliability Tests: Exponential 
Distribution 

PUBLICATIONS 

FAA Report NO!" FAA Reliability Handbook (Unpublished) 
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MIL- HDBK- 217B Reliability Prediction of Electronic 
Equipment . 

RADC-TR-69-458 (Section 2) Nonelectronic Reliability Handbook 

(A limited number of copies of this FAA specification and other 
applicable FAA specifications may be obtained from the Contracting 
Officer in the Federal Aviation Administration office issuing the 
invitation for bids or request for proposals. Requests should fUlly 
identify material desired and should identify the invitation for 
bids, requests for proposals, contract involved, or other use to be 
made of the requested material. Other listed publications can be 
obtained as indicated. 

Federal Specific~ions a!!g_~dargs - General services
 
Administration Business service Centers in Atlanta; Seattle,
 
Washington; Boston; Chicago; Denver; Fort Worth; Kansas City,
 
MO; Los Angeles; New York; San Francisco; and Washington, D. c.
 
Military SEecifications ~nd standards - Naval Publications and
 
Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.
 
RADC Reports - National Technical Information Service,
 
Operations Division, Springfield, Virginia 22151.
 

~~Q REQUIREMENTS 

~~1 SUmm2~ of se!y~g~§_and documentati2n~ be furnished.
services and documentation required are specified in the applicable 
procurement documentatiqn. 

~2 Definitions.- The reliability definitions used in this 
specification are those of MIL-STD-280 and MIL-STD-721 with 
additions or modifications as noted below. 

3.2.1 EquiEment.- A general term characterizing a broad category of 
electronic , electrical , electromechanical , mechanical items 
(system, subsystem, set) that perform a complete function. 

1£~~Facilitie§.-Forpurposes of this specification, facilities 
are defined as the heating, ventilating, air conditioning, prime 
power, auxiliary power, water, and such other furnishings or 
supplies that directly support the ground electronic, electrical, 
mechanical and electromechanical equipment used to accomplish a site 
function. 

1£~d Mody!e.- An item in a packaging scheme displaying size and 
regularity;and also with uniformity and nondestructive separability 
which may be replaced as a single entity. 

1£~~4 Carg.- A replaceable assembly so designed that all parts are 
fastened to a circuit board. A portion of a connector mayor may 
not be one of the parts connected to the circuit board. 
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only. Where are delineated utilizing more than one technique and 
the procurement document does not stipulate the technique to be 
used, the contractor may at hi~ option may select the one he deems 
most appropriate to the procurement. 

~1£2.1.1 stuQy_cQntract~.- Design study contracts are usually 
concerned with the investigation of feasible designs and/or 
techniques for achieving desired functions and performance. The 
contractor shall use approved parts and design/fabrication 
techniques, where possible. Environmental requirements are 
desirable for nonstandard parts and items that are expected to be 
performance-limited by environmental effects; such as ferrite 
controls at higher temperatures. Program plan (1) is the applicable 
one. 

3.3.2.2 ~quipment £Qntrac~~.- The reliability programs required in 
equipment contracts are primarily a function of the equipment model, 
being procured (i.e., Developmental or Prototype/Preproduction or 
Production) • 

3.3.2.2.1 Development model.- In the development model contract, 
one of the basic tasks for the reliability effort is the evaluation 
of the possible system concept or design approaches. This must 
include support of the system designers. The two end goals are the 
analytical demonstration of the reliability achieved, and an 
assessment of the potential for the production model. The Program 
Plan to be applied is (2) as listed in Table I, Appendix A. 

3.3.2.2.2 _Prototype/prepr99uc~ionmode!.- FOr this model, the 
designs are detailed into essentially final form and final parts are 
selected. The reliability effort is now one of part 
selection/application, detail design support, and detail reliability 
allocations and assessments. Also, a program of reliability 
evaluation/demonstration tests is generally implemented. Program 
Plan (3) of Table I is the reliability program plan to be applied. 

3.3.2.2.3 Production mode!.- In the production model contract, the 
primary task of the reliability effort is to assure that reliability ~ 

is not degraded by the production processes. To this end, the 
reliability program is concerned with process, parts, and design 
change monitoring and control. In many cases, some level of 
acceptance testing will be required. The rigorousness of the 
imposed program increases as a function of whether the contract is 
for 1) reprocurement with modifications or 2) initial production. 
The reliability programs for the two cases are (4) and (5) as 
applicable from Table I, with modifications as deemed necessary. 

~.4 Quantitative ReliabilitY-Eeguirement~.-Quantitative 
reliability performance requirements shall be specified in detail in 
the FAA detail equipment specification when appropriate. These 
quantitative requirements shall be directly relatable to the 
reliability mathematical model or models describing the reliability 
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performance of the design for each function under consideration as 
required by other performance criteria. 

As delineated in the guidelines provided in section 3.8, reliability 
test and demonstration requirements shall also be specified in the 
FAA detail specification. 

~.4.1 Preliminary Defin!tization of Reliabi!ity Reguirement§.- The 
requirements as delineated in the FAA detail specification shall be 
included in appropriate sections of the proposer's proposal. The 
reliability modeling, apportionment and preliminary assesment shall 
be included to the extent necessary to validate all functions and 
requirements as delineated in the detail specification. 

3~5 Manaqement.- The contractor shall have one clearly identified 
organizational element which shall be responsible for the management 
and control of the reliability program for insuring its effective 
execution. A single reliability manager shall be responsible and 
accountable for the reliability effort. This manager shall have the 
necessary authority and resources, and report at a level having full 
responsibility for the contract effort, to enable him to implement 
and enforce the requirements specified in the contractor 
procurement documentation. 

3.5.1 Reliability management responsibility.- The reliability 
manager shall be responsible and accountable for planning, 
implementing, controlling and reporting all reliability tasks 
required for this procurement. The manager shall select and utilize 
personnel and techniques in a manner to provide the most efficient 
achievement of reliability objectives and shall· be responsible for 
development and implementation of the reliability program plan, as 
well as for coordination and performance of the reliability tasks on 
schedule and within budget. It is also the responsibility of the 
reliability manager to advise the FAA of reliability problems to 
permit remedial action at minimum cost and effect on schedule. 

3.5.1.1 Program Plan.- The contractor shall provide, maintain and 
implement a Reliability Program Plan which describes the reliability 
effort to be performed as well as how the program is to be managed 
and controlled. The plan ,shall be submitted as required by the 
applicable procurement documentation. The minimum reliability 
effort to be performed shall be the specific tasks specified by 
contract. A summary of the reliability tasks to be performed shall 
be described on a single form in a time phased schedule. Milestones 
shall bedeline,ated. Major milestones of the total program shall 
likewise be, described. Requirements placed on suppliers and/or 
subcontractors shall be described in the program plan. 

The program plan shall (1) identify the organizational elements, the 
reliability manager, and key personnel responsible for managing 
and/or implementing the overall reliability program, and (2) clearly 
define the related responsibilities and functions including both 
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policy and action. The plan shall stipulate the authority delegated 
to the organization to enforce its policies. The relationship 
between line. service. staff and policy organizations both within 
the reliability organization and within the company shall be 
identified. 

The reliability program shall include: 

(a)	 a detailed listing and description of each task together 
with identification of the organizational unit responsible 
for executing each task. 

(b)	 summary descriptions of detailed procedures used to insure 
execution of each task as planned. 

(c)	 scheduled start and completion dates for each task together 
with anticipated man hours required for each task. 

(d)	 identification of known reliability oriented problems to be 
solved. an assessment of the impact of these problems on 
specified program requirements. and the proposed solutions 
or the proposed program to solve these problems. 

(e)	 recording procedures used to identify problems and status 
of actions to resolve problems. 

(f)	 designation of progressive reliability values and
 
milestones.
 

(g)	 definition of task interrelationships. 

(h)	 the method by which reliability requirements are
 
disseminated to designers and associated personnel.
 

(i)	 periodic status recording or predicted and achieved system 
and equipment reliability. 

(j) a description of the reliability test program. and .. 
(k)	 provisions for reliability indoctrination and training as 

applicable to this procurement. 

3.~~1.2 Reliability !nterface_come~tibi!ity.-The reliability 
manager shall be the focal point for coordinating the reliability 
program with other interfacing efforts (such as listed below) to 
assure an integrated and effective contractual effort. 

(a)	 System engineering 

(b)	 Facility engineering 

(c)	 Maintainability and maintenance engineering 
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(d) Safety engineering 

(e) Quality assurance and quality control 

(f) Standardization 

(g) Human resources 
and training 

including human engineering. human factors. 

(h) configuration management 

(i) Integrated logistics support 

(j) Manufacturing 

(k) Suppliers 

(1) Subcontractors 

The reliability manager shall establish data format and impose 
contractually allocated requirements upon suppliers and 
subcontractors so that all analytical data needed for reliability 
analysis. allocation and prediction is assured. A data exchange 
shall be made in accordance with procurement documentation 
requirements to assure reqUirements are being met or to allow for 
tradeoffs as permitted by the contract. 

3.5.1.3 Reliability program control.- The contractor shall 
implement a system for effective management control and audit of the 
reliability program. This system shall provide visibility with 
respect to reliability progress from the standpoint of individual 
reliability task performance. status and budget. 

To this end. individual reliability tasks shall be scheduled and 
budgeted. In addition. a reliability program planned versus actual 
expenditure schedule shall be maintained and kept current. The 
reliability manager shall review the total program and individual 
task progress and budget weekly. Submissions to the FAA shall be 
delineated in the contract documentation schedule. 

3.5.1.4 Supplier/subcontractor control.- The reliability program 
plan shall stipulate methods for assuring that subcontractor's and 
supplier's reliability efforts are consistent with overall system 
requirements, that provisions are made for source selcetion of 
subcontractors and suppliers. surveillance of their reliability 
activities and assuring that reliability requirements are specified. 
and that the reliability efforts of suppliers and subcontractors are 
consistent with overall system requirements. Each subcontractor 
shall be required to perform specific tasks from this specification. 
The tasks to be performed shall result from an analysis of the 
particular equipment reliability, its criticality and effect on 
total system reliability. Each deviation in requirements from the 
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reliahility program contractually imposed on the prime contractor 
shall require'approval by the FAA. 

3.5.1.4.1 _suRplier/subcon~tordesign revi~~.- When formal 
design reviews are imposed on suppliers or subcontractors as part of 
a supplier or subcontractor total reliability program, provision 
shall be made for attendance of FAA personnel. The FAA program 
office shall be notified 15 working days in advance of the design 
review meeting. The scope of each review shall be a function of 
what is being supplied and program status. 

3.5.2 Program reviews.- The reliability program shall be planned 
and scheduled to permit the contractor and the FAA to review its 
status, including results achieved, at preplanned steps or check 
points. These formal reviews and assessments of reliability shall 
be conducted at major program points preferably in conjunction with 
design reviews and shall be shown on the schedule presented in ~e 

Reliability Program Plan. The FAA program office shall be notified 
at least 15 working days prior to each scheduled formal reliability 
program review. Minutes of these reviews shall be prepared by the 
contractor and supplied to the FAA program office within 15 working 
days after completion of the review. A minimum of two program 
reviews shall be scheduled and conducted for design and development 
contract efforts. The reliability manager shall be responsible for 
the preparation, organization and coordination of the program 
reviews. The contract schedule shall definitize those reviews 
required as a minimum. 

1~~_ Reliability enqineerin9L-9~sigD~analy§is.- The contractor's 
reliability organization shall insure that reliability oriented 
design practices are applied in the designs of systems and 
equipments. These practices shall include, as required by contract, 
the use of reliability modeling, requirements allocation, part 
stress verification, parts application review, failure mode and 
effects analysis, and parts/materials/assemblies selection and 
handling. Techniques for evaluation shall include design reviews as 
well as analytical methods, such as reliability predictions, 
degradation analysis, and design of experiments, as applicable. 

3.6~1 Reliability analysis.- Reliability analysis shall be 
performed in consonance with design development and shall be 
utilized to guide the design to achieve contract requirements and 
assure delivery of equipment with lowest life cycle cost. The 
technique of analysis shall vary with the data available and conform 
to contractual requirements. The reliability program plan shall 
delineate the prediction techniques to be used in performing the 
reliability analyses. 

~~~1.1 _Reliability modeling.- Reliability models of the system 
shall be developed which are based on mission requirements, use 
environment, system design, operation and maintenance (including 
logistic support) as applicable. Models considering system 
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degradation shall also be developed. The models so developed shall 
be copable of demonstrating the various functional states, state 
probabilities or availabilities as applicable to the system under 
consideration. 

~~§.1.1.1 Mogel reguirements.- Models developed shall reflect: 

(a)	 Required functions for each phase of each required mission. 

(b)	 Critical time periods in the exercise of each function. 

(c)	 Use environmental stresses, i.e. temperature ranges, 
humidity, etc., particularly if not in consonance with FAA
G-2100 service conditions. 

(d)	 Planned operational, maintenance and logistics concepts. 

(e)	 System design from a hardware standpoint. 

(f)	 The definition of system failure. 

(g)	 Part, card, module, assembly or function failure rates. 

~6.1.1~2 Model results aeelication.- The model shall be utilized 
to identify critical items or paths whose failure will either cause 
system or subsystem failures, major performance degradation, 
marginal operational conditions or departures from the required 
reliability. The model shall serve to identify and aid in resolving 
operational, safety, maintenance, and logistic problems. The model 
shall also be utilized in defining requirements for redundancy, 
built-in test, and for apportioning reliability requirements to the 
detail design level. 

3.6.1.2 Reliability apportionment.- The reliability requirement(s) 
specified by the FAA shall be apportioned to lower levels within the 
system by allocating reliability goals to each subsystem, equipment, 

~	 assembly, or subassembly to be designed or purchased as an entity. 
The allocations shall be based on system reliability performance and 
test requirements and on the reliability model for the system. 
Additional considerations shall be cost, schedule and state-of-the
art. When combined in accordance with the system mathematical model 
the initial allocated goals shall not exceed requirements specified 
in the FAA equipment specification by more than 10%. The initial 
apporti~nment shall be refined as the design progresses. Changes in 
the apportionment shall be included in the monthly progress reports. 
Problems in attaining the apportioned reliability levels shall be 
brought to the immediate attention of the FAA contracting officer 
for resolution. 

If monthly progress reports are not required, the FAA shall be 
provided a report within 30 days after each new apportionment which 
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describes each change in apportionment together with the reason for 
the change. . 

The reliability organization shall provide each designer the 
allocated failure rate for the equipment for which he has design 
responsibility. In addition, each designer shall be provided the 
detailed reliability design philosophy and standard part derating 
policy. 

1~6.1.3 Reliability predictions.- Reliability predictions shall be 
made based on the proposed design and mathematical model of the 
system element for each mission and/or mode of operation. 

3.6.1.3.1 Prediction technigues.- The following techniques are 
applicable for predicting the reliability of FAA systems or 
equipment. The technique of prediction for a specific program shall 
be as specified by contract. If the prediction technique is not so 
specified, paragraph 3.5.1.3.1.4 shall apply for design and 
development contractural efforts. 

~6.1.3.1.1 similar functional eguipment reliability predict~~- A 
reliability prediction shall be made for the complete system 
utilizing justified reliability data for complete similar functions, 
e.g., computer. Justification for the reliability data shall be 
established through field data, test data or prior reliability 
predictions or combinations thereof. The reliability data shall be 
selected to reflect the proposed design and FAA operational use and 
environment. The data selected shall be subject to the approval of 
the FAA. 

3.6.1.3.1.2 similar card/module/assembly~uiv2!~u~_reliability 

~ediction.- A reliability prediction shall be made for the complete 
system utilizing justified reliability data for similar 
cards/modules/assemblies composing the system. Justification for 
the reliability data shall be established through field data, test 
data or prior reliability predictions or combinations thereof. The 
reliability data shall be selected to reflect the proposed design 
and FAA operational use and environment. The data selected shall be 
subject to the approval of the FAA. .. 

3~~.1.3.1.3 Averag~ stress ~~!!ability prediction.- A reliability
prediction shall be made for the complete system utilizing average 
part failure rates established for each part type according to type 
or circuit (e.g., digital vs. analog). These part failure rates 
shall be based on the average stresses established as part 
application policy for the equipment/system. 

3.6.1.3.1.4 Detailed stress reliability prediction.- A reliability 
prediction shall be made for the complete system utilizing failure 
rates reSUlting from either measured or calculated stress for each 
part used in the system. Detailed reliability stress analyses shall 
be performed in accordance with the FAA Reliability Handbook. The 
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prediction shall be based upon the maximum temperature specified in
 
the detail specification unless otherwise stipulated.
 

~§~1.3.2 Fa~~ure rate sourc~s/justification.-Failure rates used 
for predictions shall be obtained from Reliability Prediction for 
Electronic Equipment, MIL-HDBK-217. When the failure rate source 
does not contain the failure rate data required or if more recent 
data is available for specific parts, other justified failure rate 
sources may be used. other such failure rates used shall be sUbject 
to approval by the FAA. TR-69-458, the RADC Nonelectronic Handbook, 
shall be used for non-electronic or non-electrical parts. 

3.6.1.3.3 Use environment for predictions.- Reliability predictions 
for each part in a system shall be based on the expected worst case 
environment surrounding the part during FAA use of the system in the 
field unless otherwise specified in the contract. 

~6£!£~.4 Reliability studies.- studies shall require that 
reliability predictions be performed for a variety and range of 
conditions that may affect reliability. When not otherwise 
specified in the procurement documentation, reliability predictions 
shall be made as a function of each of the following variables. 

3.6.1.3.4.1 Desiqn variations.- A reliability prediction shall be 
made for each design variation/option required in the study. The 
cost impact of each variation shall be determined. 

3.6.1.3.4.2 Stress variations.- Reliability predictions shall be 
made as a function of varied part stress policies, ranging from the 
minimum values affecting reliability to full rated stress. As a 
minimum, the stress variation may assume the same relative stress 
for all parts in digital circuits. 

3.6.1.3.4.3 Ambient ~emperature variations.- Reliability 
predictions shall be made as a function of ambient temperature 
varied from the minimum value affecting reliability to a maximum 
value at which the majority of parts will operate. 

3.6.1.3.4.4 Part reliability/quality classes.- Reliability 
predictions shall be made as a function of available part 
reliability/quality classes. The resUlts shall indicate the 
individual reliability effect of different reliability/classes of 
each part type; and the effect of simultaneously varying all parts 
in the same "reliability/class" direction. In all cases, the cost 
1mpact shall be determined. The quality or class are the 
reliability and quality levels as determined by a JAN VS. JANTX, or 
MIL-M-38510, Level A, B, or C, etc. of part quality. 

3.6.1.3.4.5 Parts quality control program§.- A full range of 
possible Parts Quality Control Programs shall be defined. These 
programs shall include consideration of parts inspection, testing, 
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and burn-in. A reliability prediction shall be made based on the 
effective failure rates expected to result from each such program. 
In all cases, the cost impact shall be defined. 

~.1.1£~ Reliability cost.- Reliability predictions shall be 
made as required to relate cost to achievable reliability. As a 
minimum, redundancy, part reliability/quality classes, and part 
quality control programs shall be considered in the cost factor. 

~.1.3.5 Reliability prediction frequency.- A preliminary 
reliability prediction shall be submitted with the proposal together 
with a discussion justifying both the analysis and the reliability 
model or models used. Updates of this prediction shall be made as 
design changes occur. Complete reliability analyses of the design 
to date shall be available for presentation at the formal design 
reviews. For those portions of the system for which detail design 
information is not available at the time a'complete system 
reliability prediction is required, allocated reliability values 
shall be used. Reliability analysis reports shall be submitted to 
the FAA as specified by contract. The reports shall include a 
comparison of predicted and allocated reliability at lower levels 
within the system. Modifications to this paragraph must appear in 
the detail specification or contract. 

3.6.1.4 Degradation analysis.- A degradation analysis shall be 
performed on all unique circuits in the system. The analysis shall 
be based on part characteristics as the variable, independent, input 
parameters and circuit performance characteristics as the output 
parameters. The approach used to establish the required 
mathematical models/equations and selecting input parameters shall 
be subject to approval by the FAA. The following techniques are 
applicable to performing the required degradation analysis. The 
specific technique to be applied shall be as specified by contract. 
If an analysis is required and the technique is not so specified, 
paragraph 3.6.1.4.4 shall apply. 

3.6.1.4.1 Parameter yariation analysis method.- Degradation 
analysis shall be performed utilizing a parameter variation method. 
As a minimum, each input parameter shall be independently varied 
over the range of its possible values, while holding all other 
parameters at their nominal value. Circuit failure points shall be 
determined and maximum allowable parameter variation established. 

~§~1.q.2 .~orst-case analysis method .- Degradation analysis shall 
be performed utilizing the worst case parameter variation method. 
All input parameters shall be varied simultaneously, with each 
parameter being varied in the direction which increases the output 
above nominal. A worst case output value is established when each 
input parameter reaches the limit of its tolerance or expected drift 
range. The same analysis shall be performed for parameter 
variations decreasing the output below nominal. Circuit failure 
points shall be defined for both cases. 
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3.6.1.4.3 Variance analysis method.- Degradation analysis shall be 
performed utilizing a variance analysis method. A mean and second 
moment (variance) shall be det.ermined for each input parameter 
distribution. Correlation coefficients shall be established for 
all these distributions. From these data, the mean and variance of 
each output parameter shall be determined. In all cases, circuit 
failure values shall be determined. 

~£§~1.5 Qesign sp§cification inputs.- Reliability performance and 
test requirements shall be included in design specifications. The 
contractor's reliability organization shall review all design 
specifications for concurrence with the contract detail design 
specification and consistency with interfacing design 
specifications. 

3.6.2 Parts/mater!a!s/process cont;ro!.- A parts, materials, process 
control program shall be established that shall aSSure to the 
maximum extent possible the proper selection, application and use of 
parts, materials and processes. The program shall include the 
development of preferred parts from FAA-G-2100, NASA-PPL's, Military 
JAN, JANTX and other such parts and materials lists and a 
standardization effort to minimize the number and types of parts and 
materials required. Parts and materials selection shall comply with 
the requirements of specification FAA-G-2100. specifications shall 
be used to describe and control parts and materials used. 

3.6.2.1 Design guide.- A design guide shall be developed and 
disseminated to designers which presents information that guides 
design and insures a more reliable end product. The following 
information shall be included in that design guide as a minimum: 

(a)	 summary of contract reliability requirements. 

(b)	 Equipment environmental envelope. 

(c)	 Definition of equipment failure. 

(d)	 Reliability allocations. 

(e)	 Design recommendations • 

. (f) Part, material, process selection procedure. 

(g)	 A list of parts, materials, process specialists and their 
telephone numbers. 

(h)	 Preferred parts, materials, process lists reflecting FAA-G
2100 requirements. 

(i)	 Materials and process design notes. 

(jl	 Recommended derating for specific parts and materials. 
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(c)	 Have long lead time purchase requirements. 

(d)	 Present a potential maintenance load problem. 

(e)	 Have limited and finite life expectancies. 

critical items shall include all deliverable computer programs as 
well as those items identified through reliability and failure mode, 
effects analysis. The documented procedures and the critical item 
list established shall be subject to review and evaluation by the 
FAA. 

3.~.6 Design reviews.- Formal design reviews shall be performed 
which provide comprehensive critical audits of all pertinent aspects 
of the design of hardware and software. The reviews shall be 
conducted on the system and on each design at major milestones 
during their evolution. Participating in the design review shall be 
personnel from design, fabrication, test, reliability, quality 
assurance, parts/materials/processes application, and other 
personnel as deemed necessary for a comprehensive critique. The 
reviews shall constitute a detailed examination of the design from 
the standpoint of: 

(1) meeting performance requirements, including reliability, 

(2)	 design documents, drawings and specifications adequacy, 

(3)	 choice of part selection and application, 

(4)	 potential production, operating or maintenance problems. 

Also, to be considered at the review are: 

(1)	 current reliability estimates and achievements for each 
mode of operation as derived from reliability analyses or 
test(s), 

(2)	 test data obtained during design development, 

(3)	 control measures necessary to preserve inherent reliability 

(4)	 results of failure mode, effects analyses, 

(5) corrective action on reliability critical items, 

(6)	 supplier/subcontractor reliability programs, 

(7)	 status of previously approved design review actions. 

Supporting design data for each review shall be provided the invited 
attendees at least 3 days prior to the review. The FAA shall be 
notified and supplied supporting design data at least 10 working 
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days prior to each review. The results of each review shall be 
documented. The FAA shall be provided minutes of design review 
meetings within 15 days. 

The program manager shall be the office of prime responsibility for 
the design reviews and shall be responsible for conduct of the 
reviews. The program manager shall also be responsible for 
preparation and dissemination of documentation prepared before, 
during, or after each review. 

The program reliability manager shall be responsible for the 
preparation of data packages pertaining to reliability and for any 
reliability analyses required for each review. He shall also be 
responsible for follow-up on action items to ensure or verify their 
satisfactory completion. 

~6.6.1 study design f.~views.- Contracts for studies shall have a 
program review within a contracturally specified number of days 
after start of the program and again prior to preparation of the ' 
final report. These two reviews are considered the minillllm 
requirements for design reviews. The initial review shall be for 
the purpose of assessing the study approach and the reliability 
approach to the effort. The review prior to the final report shall 
assess both the reliability and study results to date and the 
planned inputs to the final report. At each review the design 
adequacy of each major equipment/subsystem versus the reliability 
requirements baseline shall be presented by reliability personnel. 
Deviations from these requirements shall be specifically delineated 
in the procurement documentation. 

1.6.6.2 Equipment design reviews.- Contracts which include 
requirements for development, prototype, or production hardware 
shall have design reviews prior to starting detail design 
(Preliminary Design Review. PDR), prior to commitment of design to 
fabrication (Critical Design Review, CDR), and after fabrication and 
test	 of the first article (First Article configuration Inspection, 
FACI) • During the Preliminary Design Review the reliabil"ity 

..	 organization shall present an assessment of the reliability of the 
proposed concept versus requirements, delineate reliability problem 
areas and evaluate reliability program progress. At the Critical 
Design Review, reliability personnel shall show via documented 
analyses that the detail design and related test requirements 
adequately satisfy the established end-item and test requirements, 
including interfaces with personnel, facilities and other equipment. 
High risk and potential reliability production problems shall also 
be identified. The First Article Configuration Inspection shall 
serve to evaluate contract end item compliance with requirements by 
comparing hardware design and test results with detail 
specifications and drawings used during fabrication. Compliance 
with changes dictated by previous reviews shall also be determined. 
Reliability personnel shall present evaluation of test results 
versus predictions, production related problem areas affecting 
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equipment reliability and shall stipulate changes required for 
reliability improvement. 

~~6.3 Design tradeoffs.- Design tradeoffs and their effect on 
both detail and system design shall be evaluated and documented as 
part of the reliability modeling and allocation activity. Tradeoffs 
to be considered shall be: 

(a)	 Part operating temperature. 

(b)	 Part derating. 

(c)	 Choice of quality of parts, i.e., MIL-STD, established 
reliability, JANTX, specification control drawing parts. 

(d)	 Extent of part burn-in. 

(e)	 Extent and type of redundancy. 

(f)	 On-line/off-line maintenance. 

(g)	 Extent of built-in test. 

(h)	 cost. 

(i)	 Schedule. 

The results of the design tradeoffs shall be a consideration during 
design reviews. 

3.6.7 Design approval.- As each design is completed and prior to 
the release of. the associated drawings for fabrication, a member of 
the reliability organization shall review and sign each drawing. 
sign off of the drawings by the reliabilty organization shall 
constitute a certification that the design meets or exceeds its 
allocated MTBF. 

3.6.8 Effeqts of storage. shelf-life, packgging. tr~nsportation 

handling, and maintenance.- The reliability program shall include 
efforts such as test and analysis, or estimation, to determine the 
effects of storage, shelf-life, packaging, transportation, handling 
and maintenance on the reliability of the product. The efforts 
shall include as a minimum: 

(a)	 Identification of major or critical characteristics of 
items which deteriorate with age, environmental conditions 
(including shock and vibration), etc. 

(b)	 Periodic field examination, tests or stockpile reliability 
evaluation. 
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The total effort shall result in requirements and procedures which 
minimize the.effects of storage, shelf-life, packaging, 
transportation, handling and maintenance on delivered items. 

3.1 .Production reliability.- The contractor shall implement a 
production reliability program which shall encompass the total 
production effort from purchase of parts/materials through shipment 
of the finished deliverable article (s). Procedures required for 
preventing degradation of reliability during production shall be 
identified and implemented. This shall include, but not be limited 
to: 

(1)	 identification of the processes, fabrication techniques,
and manufacturing procedures that can affect product 
reliability, and 

(2)	 identification and implementation of the control procedures 
required in each case to prevent degradation of product
reliability.	 . . 

When submittal of a reliability program plan is required, the plan 
shall describe the specific reliability control procedures to be 
utilized and their expected impact on product reliability. 

3.1.1 _Production failure reporting.- When a failure data 
collection, analysis, and corrective action task is specified, 
failure reporting on each deliverable article shall be initiated 
with the start of final assembly check-out of the article and shall 
continue through final acceptance. The task shall be a closed loop 
one, with the reliability organization serving as a focal point for 
follow-up and close-out action on all failures. 

~~ Q!t~~-~lf Eguiements.- commercial or off-the-shelf 
procured equipments shall have their reliability and test 
requirements stipulated in the procurement documentation. 

~~.	 Relia2!lity testing.- A test program shall be established which 
is designed to evaluate the reliability of the system and its 
elements when assessed against both mission and contractual 

..	 requirements. Individual tests performed as part of the total test 
program may not be primarily for the purposes of reliability 
evaluation and the reliability organization may not have prime 
responsibility for testing. However, it shall be the responsibility 
of the reliability organization to ensure that tests performed 
provide necessary data in a timely manner to permit reliability 
evaluation and feedback of information for reliabilty improvement. 
·The reliability demonstration test(s) to be performed to demonstrate 
compliance with the reliability performance requirement(s) is 
contained in the equipment specification(s) for the item(s). 
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J.~Al Test types.- The following types of reliability tests shall 
be performed to the extent specified in the procurement request to 
assure achievement of program reliability objectives. 

3.~~1.1 Development testing_.- A planned and scheduled program of 
testing·of parts and/or equipment shall be performed during the 
development and design phases of the program to estimate achieved 
reliability and to provide feedback of data as a basis for making 
reliability improvements. The tests shall be planned using 
statistical design-of~experimenttechniques where practical and 
shall be conducted under environmental stress levels and for time 
periods appropriate to the purpose of the test. The development 
testing program shall be designed to confirm adequacy of selection 
of parts, determine capabilities and safety margins, evaluate 
performance drifts with time and determine failure modes and failure 
rates. Reliability tests shall be combined with other development 
tests to the maximum extent possible. Each test shall be documented 
sufficiently that the test may be repeated at a later date. The 
reliability organization shall maintain a data file on reliability 
development testing. ' 

3.8.1.2 Reliability de~Q~§~ation testing.- The FAA shall specify 
from MIL-STD-781 the test most appropriate. The contractor's test 
procedure shall be approved by the FAA. The reliability 
demonstration test shall be performed as part of the system 
acceptance tests and shall be specified in the procurement 
documentation. 

3.8.1.3 conditioning tests.- Each equipment shall be subjected to a 
fixed time conditioning test. The equipment shall be operated in . 
all its specified modes an equal percentage of time during the test 
unless otherwise specified. In the event of a failure, a failure 
report shall be prepared. The deviation of the conditioning test 
and the environmental conditions shall be specified by the 
contractor in his test procedures document. It shall be SUbject to 
FAA review and approval. 

~~~1.4 Production reliability te~t~ .- Reliability tests shall be 
performed on samples taken from production lots. The frequency and 
conditions of test and sample size to be tested shall be as 
specified in the detail equipment specification. Lot acceptance 
shall be contingent on an accept decision reSUlting from the 
reliability test. When these tests are not specified in the 
applicable procurement documentation, the contractor shall select 
the test most appropriate from MIL-STD-781 with the test selected to 
be approved by the FAA. The results of each reliability production 
test shall be summarized in a report to the FAA. 

~~8.2 Reliability test program plags.- An integrated reliability 
test and demonstration plan shall be prepared and submitted for 
approval by the FAA. The plan shall include all reliability and 
longeVity demonstration testing to be performed during the program. 
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The reliability test program shall be integrated with other 
system/equipment test programs to the extent practical in order to 
avoid duplicate testing. The tests shall be statistically designed 
where.applicable, and maximum use made of data and reliability 
information obtained from relevant sources. 

The integrated test plan shall include all tests that contribute to 
reliability evaluation. The role of each test in the evaluation 
shall be described. Tests planned to be performed on individual 
microelectronic semiconductor devices shall be described. A 
milestone schedule of the testing program shall be presented that 
also shows the relationship between the reliability test program and 
the total program schedule. . 

The integrated test and demonstration plan shall be SUbmitted as 
part of the reliability program plan and shall be· updated as 
specified by contract. 

3.8.3 Reliability demonstration plan.- A plan for fOrmal 
demonstxation d achieved zeliability shall be prepared reflecti~9' 
the test requirements specified by the FAA in the procurement 
documentation. The plan shall describe the reliability test to be 
performed. The test description shall include as a minimum: 

(a)	 NUmber of test articles. 

(b)	 Summary description of how the test is to be performed, 
including operating modes. 

(c)	 Test duration. 

(d)	 Criteria for test failure or success. 

(e)	 Facilities/test equipment required. 

(f)	 Conditions for invalidating the test. 

(g)	 Corrective action in the event of failure. 

(h)	 operating environment and cyclic conditions. 

(i)	 Power requirements. 

(i)	 Plans for test results documentation•. 

(k)	 Preventive maintenance requirements. 

The plan shall be submitted to the FAA as part of the Reliability 
Program Plan for critique as specified by contract. The plan shall 
be revised to incorporate FAA comments. 
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~8.4 Reliability test procedure.- A test procedure shall be 
prepared and submitted for approval by the FAA. The test method 
requirements of FAA-STD-013a.modified only as indicated below shall 
apply. The procedure shall apply and are shall reflect the test 
plan	 previously approved. In addition, the procedure shall include 
the following as a minimum: 

(a)	 Detailed procedures for performing the test. 

(b)	 Sample data sheets for data collection. 

(c)	 Test equipment required. 

(d)	 Facilities, prime power, tools, and operating/maintenance 
manuals required. 

(e)	 Allowable preventive maintenance. 

(g)	 criteria for acceptance/rejection. 

(h)	 Periodicity of performance checking. 

(i)	 Test performance preconditions. 

(j)	 Environmental requirements. 

(k)	 Maximum preacceptance operation. 

(1)	 corrective action in the event of failure. 

(m)	 Action in the event of failure to pass the test. 

3.8:4.1 Definition_of failure.- Inability of the equipment to meet 
performance requirements specified in the detail equipment 
specification shall be classified as a failure. specific 
definition(s) of failure for the contract item for purposes of 
reliability demonstration shall be specified in the equipment 
specification. 

Each failure found at the time of each performance evaluation shall 
be classified as relevant unless determined to be non-relevant. All 
failures shall be classified as relevant except those proven to the 
satisfaction of the FAA to be one of the following: 

(a)	 Failures caused by an external condition which are not a 
test requirement. 

(b)	 Failures of limited life items whose life is less than the 
test length. The life of these items shall have been 
previously proved via test and their use approved by the 
FAA prior to the test. Failures of these items prior to 
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the end of the stipulated period shall be classed as 
relevant failures. 

(c)	 Dependent failures"i.e., failures resulting from
 
failure(s) of another part(s).
 

(d)	 Failures caused by improper test procedures or test 
equipment	 or the improper use thereof by test personnel 
(human error). 

(e)	 Failures resulting from the application of operational or 
environmental stresses beyond specified limits. 

~~.q.l.l Failure confirmation.- All failures observed during the 
equipment reliability test shall be documented and to the extent 
possible confirmed. Failure to do so is insufficient grounds for 
deletion of such failures in the count of total failures. Lack of 
failure confirmation shall require close review of the test 
facility. If the test facility can be shown to be both at fault and 
completely accountable for the failure to the satisfaction of the' 
procuring activity, then and only then can the count of such failure 
be eliminated. 

~~~ Criteria for acceptance/rejection.- A decision to accept or 
reject the equipment shall be based upon the criteria specified in 
the detail equipment specification. The decision to 
accept/reject/continue testing or termina~e the test shall be made 
every,time equipment performance is measured. 

3.§.q.3 Periodicity for performance checking.- The periodicity for 
performance checking equipment during the test shall be as specified 
in the detail equipment specification. If not specified, each 
performance parameter shall be 'measUred and recorded at least once 
during each 2q-hour period at approximately 2Q-hour intervals. If 
the value of any specified parameter measured is not within 
tolerance, a record of the failure shall be made. The failure shall 
be assumed to have occurred immediately after the last successful 
measurement of the same parameter. 

h~Q.Q MUltiple operating modes.- The reliability of equipment 
with multiple operating modes shall be determined using a single 
test. During the test the equipment shall be operated in all of its 
specified operating modes an equal percentage of time. 

3.8.Q.5 Test demonstration environment.- The test demonstration 
environment and the cyclic variation thereof shall be as specified 
in the detail equipment specification. 

3.8.5 Design/reliability requirements incompatibility.- If the test 
terminates in a reject decision, the FAA shall be notified 
immediately. The cause or causes of the reject decision shall be 
determined from an analysis of the failure data accumulated and any 
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design deficiency found shall be corrected. The specified
performance and required characteristics of the equipment shall not 
be changed to achieve the reliability requirements. The contractor 
shall fix all failed equipment and shall retrofit all equipment, 
including that already delivered to the FAA, with the changes found 
to be necessary. The extent of retesting to be performed shall be 
at the option of the FAA. 

3.8.6 Maximum preacceptance operation.- The equipment to be tested 
as part of the reliability demonstration may be operated for a 
period prior to the start of the reliability test. Any such 
operation shall be applied to all subsequently delivered equipment 
for the same elapsed operating time and in the same environment. 
Failures that occur during the equipment operation shall be 
considered non-relevant. All failures shall be recorded and 
analyzed for failure trends. 

~8.7 Test documentation.- Throughout the performance of the , 
reliability demonstration test a complete and accurate record of 
measurements of equipment performance, test facility conditions, 
test operator observations, equipment failures and test time shall 
be maintained. The minimum data obtained shall be that necessary to 
complete the following: 

(a) Operation sheet(s). 

(b) Equipment log (s) • 

(c) Log of equipment failures and operating times. 

(d) Failure report(s). 

The operation sheet and equipment log may be combined as a single 
form if the requirements of both are satisfied. All forms used 
shall be structured in an orderly fashion to permit chronological 
'iltry and SUbsequent rapid evaluation of results. . 

3.8.7.1 operation shee~.- The equipment operation sheet(s) shall 
be designed to provide a continuous history of the test sample and 
test facility throughout the test from the standpoint of equipment 
performance, maintenance actions, and unusual occurrence. The 
operation sheet(s) shall be maintained by the test operator in 
chronological order. The equipment operating time at the time of 
the entry shall be recorded. The heading of the operating sheet(s) 

.shall identify the test, the specific equipments under test and the 
various pieces of test equipment used. Measurement of equipment and 
test facility performance shall be entered on numbered test data 
sheets. The operation sheet(s) shall be used to record the number 
of the test data sheets and summarize the test results. The time, 
date, and identification of the operation(s) shall be indicated for 
each operation sheet entry on each data sheet. Space shall be 
allowed for remarks on both the operation and data sheet(s). 
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Entries shall be made on the operation sheet(s) for each scheduled 
equipment and test facility performance measurement as well as when 
scheduled and/or non-scheduled maintenance· actions are performed. 
In addition, unusual occurrences (e.g., interruption of test due to 
external causes) shall be recorded on the operation sheet (s) • 

3.8.7.2 Equipment loqs.- An equipment log shall be maintained for 
each functional subsystem. The equipment log shall be used to 
record chronologically equipment performance and maintenance 
performed on the subsystem of any unusual occurrence associated with 

.. the subsystem during the reliability demonstration test. Each entry 
shall be dated and the equipment operating time at the time of the 
entry shall be recorded. The time and identification of the 
operator shall also be indicated for each ent,ry.The equipment log 
shall identify the equipment for which the data is recorded. Space
shall be allowed in the log for remarks. . 

~~.7.3 Log of equipment failures and operating time.- The log of 
equipment failures and operating time shall contain t,he informati0n 
necessary for an accept or reject decision. The heading of the log 
shall identify the test, the specific equipments under test, and the 
individual responsible for the log. The body shall contain the 
following information: 

(a)	 Entry number. 

(b)	 Date and time of entry. 

(c)	 Identification of equipment that failed with a description 
of the failure. 

(d)	 Accumulated operating time for each equipment at time of 
entry. 

(e)	 Total accumulated operating time for all equipments. 

(f)	 Normalized test time [item (e) divided by specified MTBFJ. 

(g)	 Total number of failures observed for all equipments on 
test. 

An entry shall be made at the occurrence of each apparent equipment 
failure. If failure diagnosis reveals that the test specimen was 
not at fault, the failure may be deleted. Upon accumulation of 
enough time or failures for either an accept or a reject decision, 
the test shall be concluded with an appropriate entry. 

3.8.7.4 Failurereports.- An individual failure report shall be 
prepared for each apparent equipment failure. The failure report 
shall identify the failed item to the level at which maintenance 
action was taken and describe all pertinent circumstances attendant 
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to each failure. The following shall be included on each failure 
report. 

(a)	 Date and time of en~y. 

(b)	 Identification of equipment. 

(c)	 Identification of failed replaceable unit or adjustments 
made. 

(d)	 Accumulated operating time at time of failure for specific 
equipment in which failure occurred. 

(e)	 Failure symptoms and diagnostic action taken. 

(f)	 How the equipment was repaired. 

(g)	 Time required for repair. 

(h)	 Name and signature of individual reporting failure. 

Following the repair action on the equipment, the specific failure 
in the failed replaced item shall be determined and recorded on the 
failure report. A detailed analysis of the cause of each fai~ure 

shall be made and recorded on the failure report to provide a 
complete history of the failure. 

1~..!!. 7.5 Test report .- Upon completion of the reliability 
demonstration test a summary report shall be prepared and submitted 
to the FAA as specified in the procurement docUmentation. The 
report shall present a summary description of the reliability 
demonstration test. A comparison of predicted versus achieved 
reliability and recommendations for design or operation improvement 
shall be,presented. A summary of all failures that occurred during 
the test and corrective action taken, if any, shall be included in 
thE report. . 

J~2_ Failure data collection, analysis and cOrrective actign 
Eroqram.- A controlled system for identification, reporting, 
analysis, corrective action of equipment performance non-conformance 
during test shall be instituted. Major subcontractors shall also be 
reqUired to have a similar system. Reporting of performance non
conformance shall be made on both hardware and so£tware. The 
contractor's existing data collection, analysis and corrective 
action system shall be utilized with changes as necessary to meet 
the following requirements. 

(a)	 Reports all observed discrepancies in sufficient detail to 
permit subsequent analysis of cause. 

(b)	 Provides timely discrepancy analysis and corrective action 
to prevent recurrence. 
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(c)	 Includes audits to review status of uncompleted reports, 
analysis and corrective actions and reports delinquencies 
to management. 

(d)	 Reports accumulated operating time on major items in which 
discrepancy occurred. 

(e)	 Provides visibility of failure trends. 

(f)	 Provides timely dissemination of problem/failure reports to 
appropriate elements of contractor's organization. 

(g)	 Requires subcontractor reports be submitted to the prime 
contractor. 

The failure data collection, analysis, and corrective action program 
shall be described in the program plan. 

Failure data reports shall be maintained in a central file. 

3.9.1 Initiation of failure r~PQrting.- The failure data collection 
analysis and corrective action program shall be initiated as 
specified in the procurement request. The following are options 
regarding when the program shall start. 

~~9.:.1.1 Program initiation during desiqn.- The failure data 
collection~ analysis and corrective action program shall begin with 
the test of items using parts required in final design and final 
design configuration. For software, operation of the program shall 
begin with first application of the software. 

3.9.1.2 Program initiation at acceptance.- The failure data 
collection, analysis and corrective action program shall begin with 
the start of the equipment acceptance test for both the hardware and 
software. 

3.9.2 Failure review board.- A Failure Review Board shall be 
established to evaluate performance discrepancies and request 
corrective action. The Failure Review Board shall have 
representatives from the Reliability organization, Program Office, 
Quality Assurance, Quality Control, Purchasing, and cognizant 
Engineering Design. Members of the Failure Review Board shall 
review discrepancy summaries and individual failure reports as 
applicable. The Board shall request, as required, investigative and 
analytical action or corrective action as a result of concensus 
opinion. Review Board action shall be documented and follow-up 
shall be initiated to ensure completion of requested action. 

3.9.3 Failure analysi~.- Failure analysis shall include, to the 
extent necessary to determine the cause of failure, the following: 

(a)	 Physical examination. 
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(b)	 Electrical and/or mechanical test. 

(c)	 X-ray. 

(d)	 Part dissection. 

(e)	 Microscopic examination. 

Design analysis as part of the failure analysis shall include
 
application stress analysis and circuit analysis, including
 
allowable part tolerance and drift. other techniques are not
 
precluded in the effort to determine cause of failure.
 

3.9.4 corrective actiog.- A formal procedure for corrective action 
shall be instituted as a result of the findings of failure analysis 
or Failure Review Board action. The procedure shall have provisions 
for follow-up to ensure timely completion of corrective action. 

3.9.5 Failure data reporting.- Failure data reports shall be,
 
prepared and submitted as required by the procurement request.
 

h..2. 5. 1 .Failure summary repgrt§. - Monthly summary reports of all 
failures shall be submitted to the FAA. Each report shall contain 
the following information regarding each failure. 

(a)	 Identification and date of failure report. 

(b)	 Identification of failed equipment down to the failed part 
level. 

(c)	 Operating time on failed part. 

(d)	 Description and cause of failure. 

(e)	 Corrective maintenance time. 

(f)	 corrective action and its status. 

A section of the summary report shall present a tabular summary of 
the failures reported from inception of the failure reporting to the 
cut-off date for the particular report. . 

. 3.9.5.2 Weekly failure reports.- Weekly reports of all failures 
occurring during the week shall be submitted ·to the FAA. Each 
report shall contain the following information regarding each 
failure. 

(a)	 Identification and date of failure reports. 

(b)	 Identification of failed equipment down to the failed part 
level. 

Page	 5-30 



(c) Operating time on failed part. 

(d) Description and cause of failure. 

(e) Corrective action in process. 

~2.5~3 Hot-line reports.- During the reliability demonstration 
test any failure or unusual occurrence that results in a program 
crisis, e.g., stoppage of test for an extended period, shall be 
reported immediately to the FAA via telegram. 

3.10 Engineering design changes.- Each engineering design change 
made after the engineering documentation has been released for 
equipment fabrication shall be reviewed and analyzed from a 
reliability standpoint. The effect on system reliability shall be 
determined. Those changes affecting equipment reliability shall be 
documented. If a Change Control BOard is established to rule on 
acceptability of design changes, a representative from the 
reliability organization shall be a member of the Board. 

3.1~ Data reguirements.- Submittal requirements for documents shall 
be as specified in the procurement documentation. 

3.11.1 status reports.- Periodic reports and final status report 
shall be submitted to the FAA. These reports may be combined with 
other program documentation provided all reliability information is 
contained in a single report or section of the program report and 
supporting information is adequately cross referenced and readily 
available. The reports shall provide a complete accounting of 
progress on elements defined by the reliability program plan, 
results achieved, and status of actions to resolve major problems 
and correct weak links. 

3.11.2 computerized reliability predictions.- computerized 
reliability predictions prepared for submittal to the FAA shall be 
submitted as a report containing an explanation supporting the 
computerized prediction. The report shall present the total system 
prediction reSUlts. discuss, both from an engineering standpoint and 
analytically, the model or models used and justify the failure rates 
used. Also, any conditions imposed on the prediction shall be 
presented and justified. 

The computer printout shall present the following: 

(a)	 Part failure rates used together with stress. environment, 
and failure rate source by equipment. 

(b)	 . Rank ordered part contribution to system failure rate 
together with part stress if applicable. 

(c)	 Rank ordered assembly contribution to system failure rate. 
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(d)	 Part quantities, part failure rates, part stresses and 
environment by individual assembly and associated assembly 
failure rate. 

(e)	 Group assembly quantities, assembly failure rates, and 
major equipment failure rate. 

The computer printout shall be presented on 8-1/2 by 11 inch paper. 

!.o QUALITY ASSURANCE PROVISIONS 

~l	 Quality assurance.- Requirements for sampling, inspection, and 
test procedures shall be as specified in the applicable procurement 
documentation and/or FAA-STD-013a as applicable. 

~:.O	 PREPARATION FOR DELIVERY 

5.1 Delivery reguirements.- Requirements for packaging, packing, 
and marking for shipment shall be as specified in the applicable , 
procurement documentation. 

6.0	 NOTES 

~ Intended u~e.- This sPeCification contains options regarding 
specific tasks to be performed. For a particular program the extent 
of applicability of this specification and the deviations and 
options desired must be specified in the applicable procurement 
documentation. FUrthermore, the particular reliability 
demonstration test to which the contractor must subject his 
equipment for acceptnace must be specified. Section 3.3.2 of this 
specification presents representative reliability programs as 
functions of type of program and equipment being procured. The FAA 
Reliability Handbook presents background information and/or 
procedures for both selecting and performing specific reliability 
tasks. 

6.2 selection of the Applicable Reliability Proqram.- Reference 
should be made in the applicable procurement document to the most 
appropriate reliability program sPecified in Table I. Intended 
deviations from a specific program should state the inclusion or 
deletion of specific reliability requirements by applicable 
paragraph number. (See 3.2.2.3). 

6.3	 Generalized FMFA Format.- See Figure 1 in Appendix "Btl. 
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TABLE 1. REQUIRED RELIABILITY PROGRAMS 

\Jl 
I 

(.,..l 

.l::' FAA Specification, RELIAff LITY PROGRAM REQUIREMENTS 
FOR ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT 

Paragraph I Paragraph 
Number Heading 

Reliability Program A 
(1) 1(2) 1(3) 1(4)10) 

1.1 Scope 

2.0 through 2.3 
3.1 through 3.3.2 

Applicable Documents 
(General) 

I * I * 1* I * I * 

3.3.2.1.1 

3.3.2.2 

3.3.2.2.1 

I 
I 

Study Contracts 

Equipment Contracts 

Development Model 

1* 

I 

1 

I * 

I * 

J 

I 

* 1 * 
1 

I * 
I 

I 

,I 

>
"Cl 
"Cl 
~ 

~ 

3.3.2.2.2 

3.3.2.2.3 

3.5 through 3.5.1 

3.5.1.1,3.5.1.2 

3.5.1.3 

3.5.1.4 

Notes: 

I Prototype/Preproduction Model 

Production Model 

I 
I 

I 
I 

I * 
I 

I 

I * 

I 

I * 

f 
H 
>< 

~ 

Management 1* I * J* I * I * 
Program Plan, Rel. Interface Compatibility I I * I ~'r I I * 
Reliability Program Control 1* I * I * I * I * 

1 Supplier/Subcontractor Control I I * I * j * I * 

A. The general applicability of such reliability program is: 
(1) - Design Study 
(2) - Developmental Model Equipment 
(3) - Prototype/Preproduction Model 
(4) - Production Model - Level 1 
(5) - Production Model - Level 2 
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TABLE 1. REQUIRED RELIABILITY PROGRAMS 

FAA Specification, RELIABILITY PROGRAM REQUIREMENTS 
FOR ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT Reliability Program A 

Paragraph 
Number 

Paragraph 
Heading 

(1) (2) (3) (4) (5) 

3.5.1.4.1 Supplier/Subcontractor Design Reviews * * 
3.4.2 Program Reviews * * 
3.6 through Engineering, Design and Aha1ysis through * * * * 3.6.1.1.2 Model Results Application 

3.6.1.2 Reliability Apportionment * * * 
3. 6. 1. 3 through Reliability Predictions through * * * * * 3.6.1.3.1 Prediction Techniques 

3.6.1.3.1.1 Similar Functional Equcpment Rel. Prediction 

3.6.1.3.1.2 Similar Card/Module/Assembly Equivalent 
Reliability Prediction * 

3.6.1.3.1.3 Average Stress Reliability Prediction * 
3.6.1.3.1.4 Detailed Stress Reliability Prediction * * 
3.6.1.3.2 Failure Rate Sources/Justification * * * * 
3.6.1.3.3 Use Environment for Predictions * * * * 

Notes: 
A. The general applicability of such reliability program is: 

"tl (1) - Design Study
III 

(JQ (2) - Developmental Model Equipment 
(1) 

(3) - Prototype/Preproduction Model 
U1 
I (4) - Production Model - Level 1 

\,,) 

U1 (5) - Production Model - Level 2 



I 

't:l 
l» 

()Q 
ID
 

Ln
 

W
 
0' 

TABLE 1. REQUIRED RELIABILITY PROGRAMS 

FAA Specification, RELIABILITY PROGRAM REQUIREMENTS
 
FOR ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT
 

Paragraph
 I Paragraph
 
Number-
 Heading 

3.6.1.3.4 through Reliability· Studies through 
Ambient Temperature Variations3.6.1.3.4.3 

3.6.1.3.4.4 Part ReliabilitY/Quality Classes 

3.6.1.3.4.5 Part Quality Co~tro1 Programs 

Reliability Cost3.6.1.3.4.6 

3.6.1.3.5 Reliability Prediction Frequency 

3.6.1.4 Degradation Analysis 

3.6.1.4.1 Parameter Variation Analysis Method 

3.6.1.4.2 Worst-Case Analysis Method 

3.6.1.4.3 Variance Analysis Method 

Notes: 

ReliabiJity Program A 
\1) .JOnO) 1(4) I (5) 

* * 

** 
** 
* ** 
* * * I ** or 
* Jr* 
* 

* I*
 
* 

A. The general applicability of such reliability program is: 
(1) - Design Study . . . 
(2) - Developmental Model Equipment 
(3) -,Prototype/Preproduction Model 
(4) - Production Model - Level 1 
(5) - Production Model - Level 2 
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TABLE 1. REQUIRED RELIABILITY PROGRAMS
 

FAA Specification, RELIABILITY PROGRAM REQUIREMENTS 
FOR ELECTRONIC AND ASSOCIATED SUPPORT EQUIPMENT Reliability Program A 

Paragraph 
Number 

Paragraph 
Heading 

(1)1 (2)1(3) 1(4) 1 (5) 

3.6.2 through 
3.6.2.1.1 

3.6.2.2 

3.6.2.2.1 

3.6.2.3 through 
·3.6.2.5 

3.6.3 

3.6.4 

3.6.4.1 

3.6.4.2 

3.6.5 

Parts/Materials/Process Control through 
Derating Policy and Design Tolerance Values 

Verification of Part Application Stresses 

Thermal Analysis 

Parts/Materials/Process Application Review 
through Suspect Item Deficiencies 

Parts/Assemblies/Material Handling 

Failure Mode, Effect Analysis (FMEA) 

Functional Level FMEA 

Circuit Level FMEA 

Critical Items 

, 

I 

* 
* 

*1
* 

* 

t

* 

* 

* 
* 
* 

it" 
* 
* 

I * 

* 

* 

.* 

* 

* 

* 

* 

* 
Notes: 

A.The general applicability of such reliability program is: 
(1) - Design Study

"tl (2) - Developmental Model Equipment cfJ 
tb (3) - Prototype/Preproduction Model 
U1 (4) - Production Model - Level 1 
IN (5) - Production Model - Level 2 
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TABLE 1. REQUIRED RELIABILITY PROGRAMS
 
"tl 
III 
(lQ 
f1) 

VI 
I 
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O 

FAA Specification, RELIABILITY PROGRAM REQUIREMENTS
 
FOR ELECTRONIC AND ASSOCIATED SUPPQRT EQUIPMENT
 Reliabili tv Program A 

Paragraph (3)Paragraph ( 1) (2) (5) 
Number 

(4) 
Heading 

3.9.1.2 Program Initiation at Acceptance * * 
3.9.2 through Failure Review Board through * * * * 3.9.5.1 Failure Summary Reports 

3.9.5.2 Weekly Failure Reports * * 
3.9.5.3 Hot-Line Reports * * 
3.10 Engineering Design Changes * * * * 
3.11, 3.11.1 Data Requirements, Status Reports * * * * * 
3.11.2 Computerized Reliability Predictions * ** * * 
4.1 Intended Use * ** * * 

Notes: 
A. The general applicability of such reliability program is: 

(1) - Design Study 
(2) -Developmental Model Equipment 
(3) -. Prototype/Preproduction Model 
(4) - Production Model - Level 1 
(5) - Production Model - Level 2 
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FAILURE MODES, EFFECTS AND CRITICALITY (FMECA) 

System AS!"y I>Ng or Schematic _ 
Subsystem OatVUlt::' 
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Causes 

Symptons and Local Effects 
(Include Dependent Failures) 
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