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ABSTRACT 

This reliability plan V7as prepared to implement those portions of 

reliability methodology that will optimize available resources in 

developing a highly reliable NERVA engine system. The general 

approach pî esented is: (a) to perform detailed system-and-component-

level failure-mode and single-failure-point analyses, early in the 

systems-analysis phase, to Identify critical modes of failure and 

trend characteristics; (b)" to determine the priority rating of each 

failure-mode in terms of system criticality, probability of failure, 

and part weight, which will then determine the degrees of subsequent 

analysis and testing for each mode; (c) to implement a probabilistic 

approach to component design for these critical failure modes that 

will include statistical propagation-of-error analysis for engine-

system state points and performance parameters; (d) to statistically 

design material and component testing; and (e) to apply rigorous 

failure reporting, analysis, and corrective-action procedures and 

trend analysis during the development phase. In general the methods 

and plans developed apply to analysis of the NERVA engine system 

as wel] as to each major subsystem and component within the engine. 

The approach presented is equally applicable to vehicle mission 

studies. The procedures needed to implement the reliability method

ology are developed along with the maturing design process and are 

published as required throughout the program. At periodic intervals 

the procedures are issued in the NERVA Reliability Procedures Hand-

book. 
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FOREWORD 

This plan was developed for the Space Nuclear Propulsion Office 

by the NERVA-engine-system prime contractor, Aerojet Nuclear 

Systems Company, and the principal subcontractor, Westinghouse 

Electric Corporation. The level of implementation of this plan 

will be delineated in the annual contract work statement. Any 

questions regarding the content or implementation of this plan 

should be directed to J. H. Ramsthaler or 'J. M. Bryan of the 

Reliability Analysis Section of the Aerojet Nuclear Systems 

Company. 
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1.0 INTRODUCTION 

In recent years, concern with reliability in the space program has given 

rise to a new and highly sophisticated engineering discipline . However, a 

separate group v/orking alone to achieve reliability will not attain the high 

reliability requirements of the NERVA program. All management, design, m.anu-

facturing, and tost personnel must be responsibly Involved to see that the 

desired reliability is achieved. Reliability engineering has tv70 primary func

tions: (1) a support function that provides specialized analyses and technical 

guidance for other engineering disciplines and (2) an auditing function for the 

program manager. These functions are accomplished by carrying out the reliability 

activities delineated in this plan. This reliability plan for the NERVA program 

will describe how all operational disciplines will participate in attaining the 

reliability requirements and how reliability personnel will integrate the require

ments and resulting analyses. 

In the NERVA program, reliability will be an integral part of the manage

ment, design, manufacturing, testing, qualification, and use phases. This docu

ment defines the reliability activities to be follox'/ed in each phase to attain 

the high reliability demanded of the NEPvVA engine. Primary emphasis is placed 

on the design and development phases. The reliability program for the qualifica

tion and use phases will be amplified in later versions of this plan. 

1.1 RELIABILITY METHODOLOGY 

The objective of the reliability effort is to assure that design and 

developm.ent result in a NERVA engine that will mieet the stringent reliability 

requirements of a man-rated nuclear engine system. The reliability plan presents 

a series of activities required to assure that high reliability is designed into 

NERVA components, subsystems, and systems and that the inherent design reliability 

is not degraded during manufacture, test, and use of these items. Data and exper

ience gained from previous NERVA development activities as ̂ ;ell as from other 

space programs will be used and advanced to the fullest extent possible. 
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1.1, Reliability Methodology (cont.) 

All NERVA personnel have an interest in achieving reliability, but 

it is the design engineer who is responsible for defining an inherently reliable 

component. It is his task to assure that the necessary manufacturing, quality, 

and engineering disciplines arc effectively applied to his components, with 

reliability as a prime parameter. A reliability methodology will be used iti the 

NERVA program that considers the statistical probability that a design will 

succeed, as based on an analysis of all recognized v/ays the design can be antici

pated to fail. The use of reliability as a design param.eter results in the 

following major activities during the life of the program: 

(1) Prediction and assessm.ent of reliability through system 
error analysis, failure-mode analysis, and subsystem and 
system fallure-mode-effects-and-critlcality analysis. 

(2) Determination and use of appropriate probabilistic design 
methodology; e.g., the stress-strength interference theory. 

(3) Development and definition of procedures and methods to 
maximize quality. 

(4) Maximizing of testing effectiveness and integration of 
test results with theoretical analysis as a basis for relia
bility assessment. 

(5) Analysis for rational design changes, where necessary, and 
for control of fabrication and quality-control functions. 

The reliability requirements will be attained only by incorporating 

the mechanical, structural, thermal, nuclear, reliability, and safety require

ments into the engineering design analyses and by applying rigid controls during 

the fabrication, inspection, assembly, test, and use phases. The reliability 

program v/ill provide for a formalized, systematic effort to ensure that all 

problems are identified through failure-mode analyses, design reviews, and failure 

analysis and that they are carried as open items until corrected or reduced to 

an acceptable risk. A thorough training program will be maintained to promote 

reliability methodology and ensure that the latest techniques are disseminated. 

Specific reliability methodology necessary to implement this plan will be docu

mented by reliability procedures. 
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1.2 RELATION OF PROGÎ -1 ELEMENTS TO RELIABILITY PROGRAM 

1.2.1 Management Interface 

NASA Publication NHB 5300.4(1A) and other documents 

identified in Paragraph 1.3 constitute the primary definition of NERVA-program 

reliability requirements. Interpretation of these requirements has been, or is 

being, Incorporated into the following program plans: 

(1) NERVA Management Plan (Data Item M-OOl) 

(2) NERVA Configuration Management Plan (Data Item C-018) 

(3) NERVA Data and Document Management Plan (Data Item C-lOO) 

(4) NERVA Product-Assurance Program Plan (Data Item P-017) 

(5) NERVA Safety Plan (Data Item S-019) 

(6) NERVA Maintainability Program Plan (Data Item R-102) 

(7) Materials Program Plan (Data Item S-131) 

The NERVA Reliability Plan is structured to complement the 

program activities in the foregoing plans and establishes additional tech

nical programmatic requirements where necessary. Trade studies and other 

system analyses in support of program milestones will be conducted in accordance 

with Section 5. Appendix A presents the R-101 paragraph reference to NHB 5300.4 

(lA) and related data items. 

1.2.2 Design-Specialties Elements 

Because a substantial amount of the reliability effort will 

be performed by various engineering and analysis groups, close coordination will 

be required between the organizations to ensure successful completion of the many 

efforts involved. During the design phase, the joint effort will mainly encom

pass the component failure-iQode analysis; whereas, during development and qualifi

cation testing, failure analysis and corrective action will be included. The 

detailed functional interrelationships between these various engineering specialtie 

are presented in the NERVA Management Plan (Data Item M-OOl) as well as in succeed! 

sections of this reliability plan. 
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1.2, Relation of Program Elements to Reliability Program (cont.) 

1.2.3 Safety Elements 

The reliability program is vital to achievement of the 

NERVA safety requirements. The primary method of providing for safe operation 

is to minimize the probability of a failure, since an unsafe condition, or a 

hazard to flight crew or earth population, can result only from a failure of the 

system. If a failure does occur, there should be either a suitable recovery 

mode that allows completion of the nominal mission or an emergency operating 

mode. For single-failure-points that do not have a recovery mode, reliability 

analysis must show that all possible measures have been taken to reduce the 

probability of occurrence of the single-failure-point to an acceptable risk. 

The reliability program will therefore emphasize mission reliability to maximize 

the probability of successful completion of the mission (including recovery phase 

or emergency mission). Data Item S-019, NERVA Safety Plan, describes the analysis 

process leading to identification of emergency operating modes and control thereof 

and how they are related to contingency analysis. The failure-mode-effect-and-

criticality analysis (FMECA) and the failure-mode analysis (FMA) are the primiary 

reliability efforts used by safety personnel. These analyses establish the means 

of identifying single-failure points, for identifying failure modes for the con

tingency analyses and the malfunction analysis, and for identifying failure modes 

and failure probability for input into the fault tree analyses. 

1.2.4 Quality-Control Elements 

'^^^ Fî oduct Assurance Plan (Data Item P-017) provides for 

integrated application of quality assurance in a manner that supports reliability 

attainment and preservation of the designed-in reliability of the NERVA engine. 

Quality assurance will assist in implementing the trend-data program to monitor 

component deterioration and degradation and determine the need for component 

redesign or continued surveillance during engine ground and flight tests. The 

feedback by quality-assurance personnel of product-effectiveness data as generated 

in nonconformance and failure-reporting documents will assist design, reliability, 

safety, and other personnel in achieving reliability of design. Subsequently, 

measurement, assessment, and control systems and the associated preventive measures 

will be applied by quality-assurance personnel. 

Page 4 



1.2, Relation of Program Elements to Reliability Program (cont.) 

1.2.5 Major-Subcontractor Elements 

All major subcontractors will be required to fulfill the 

requirements and tasks set forth in this plan as required by the appropriate 

contract or purchase order. The program defined herein is a coordinated product 

of the Aerojet Nuclear Systems Company (ANSC) (prime contractor) and the Westing-

house Astronuclear Laboratory (WANE) of Westinghouse Electric Corporation 

(principal subcontractor). The preparation, government approval, maintenance, 

release, and distribution of this plan will be the responsibility of the prime 

contractor. All subsequent revisions will be coordinated by ANSC and WANE, and 

final approval will be given by the Space Nuclear Propulsion Office (SNPO). In 

addition all data-item reports will be submitted to the prime contractor for 

review and inclusion in the appropriate reports to SNPO. 

1.3 PROGRAl'I SCOPE AND REQUIREMENTS 

The applicability of specific portions of this program plan to a 

particular contract year v/i11 be delineated in the contract work statement for 

that year. Activities set forth in this plan are based on the following docu

ments: 

(1) SNPO Document SNPO-NPRD-1, NERVA Program Requirements 
Document, Release 7, dated January 19, 1970 and Appendix B 
thereto 

(2) NASA Publication NHB 5300.4(1A), April 1970, Reliability 
Program Provisions for Aeronautic and Space System Contractors 

(3) SNPO-C Document NEST, NERVA Engine Specification Tree, dated 
March 23, 1970, as modified by ECP-01118 dated June 1, 1970 

(4) SNPO-C Document SNPO-C-1, NERVA Program Structural Design 
Requirements, dated December 19, 1968 

(5) AFSCM/AFLCM 310-1, Data Items (as identified for the NERVA 
program as an appendix to the NPRD) 

The programmatic phasing of reliability activities will be consistent 

with the NERVA Management Plan (Data Item M-OOl). Design review and standardiza

tion of design practices are omitted in this plan and accommodated in the manage

ment plan. 
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1.4 RELIABILITY DATA ITEMS 

The reliability analysis effort includes preparation of applicable 

AFSCM/AFLCM 310-1 data items as well as input and monitoring action for prepara

tion and maintenance of other data items delineated by the contract work statement. 

The following data items wiJ1 be prepared, updated, and maintained by the prime 

contractor's reliability organization: 

(1) R-101, Reliability Plan 

(2) R-105, Failure Smnnary Reports 

(3) R-106, Reliability and Flight Safety Test and Evaluation Plan 

(4) R-109, Summary of Reliability Computer Models 

(5) R-202, P.eliabil ity Allocations, Assessments, and Analysis 
Reports 

The principal subcontractor and other major subcontractors will provide 

input to these data items as required by appropriate contract or purchase order. 

An AFSCM/AFLCM 310-1 Form 9, as applicable, will be prepared and 

submitted to the government for review and approval before these data items are 

prepared. 

2 .0 MANAGEMENT FOR RELIABILITY 

The NERVA reliability program is managed by ANSC, the prime contractor. 

The principal subcontractor, WANE, is responsible for performing the reliability 

tasks associated with design and development of the NSS. The NERVA Management 

Plan identifies the major reliability tasks to be accomplished in support of major 

program milestones. For each milestone, reliability constraints are shown as the 

inputs required prior to continuation or completion of analysis activities or data 

items, or both. The management Tier II logic f1o»7 diagrams provide the functional 

interrelationships between the reliability activities by requiring their results 

in component and subsystem requirem.ents for DRB, PDR and DDR. The management plan 

includes responsibility matrices for each of the reliability functions. These 
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2.0, Management for Reliability (cont.) 

charts define organizational responsibility for execution of each function or 

for preparation of the output document. The matrices define primary, secondary, 

review, and approval responsibility of each task and vjhether government submittal 

is required for approval, review, or information only. 

The unique requirements of the NERVA program dictate a more sophisticated 

reliability management philosophy than has been used in prior programs. Past 

practices of providing the reliability functions through a reliability group alone, 

which performs reliabilit}^ analyses and monitors and assesses the efforts of other 

disciplines, will not result in achieving NERVA reliability requirements. Relia

bility has therefore been made an activity in which all disciplines will partici

pate. A principal objective will be to ensure that all reliability-related factors 

have been integrated into design-, testing, procurement, and manufacturing decisions 

and that visual evidence of such is provided through adequate documentation. 

Close management control will be exercised on failure-mode identification, design, 

test assessment, and, in particular, failure analysis and corrective action. 

Corrective action will be controlled through the Failure Resolution Board. The 

trend-data program will be used to monitor selected critical characteristics that 

are related to wear and deterioration and which could indicate an incipient failure 

prior to completion of a test or mission. 

Each component design engineer will have the prime responsibility for 

demonstrating that his prospective design meets its reliability requirement. In 

conjunction with Reliability personnel, the component designer will be responsible 

for using all program disciplines as necessary to show probabilistically, via 

analysis and testing, that the design is satisfactory. 

Stress, thermal, materials, radiation-effects, quality, and systems-

engineering disciplines will provide supporting analyses for determining relia

bility assessments of component designs to assure that requirements are met. The 

Reliabilit.y organization will be responsible for conducting independent reliability 

assessments. 
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2.0, Management for Reliability (cont.) 

The Reliability organization will be directly responsible for system 

reliability analyses, allocation of requirements, technical support to design 

elements, development of reliability methods and procedures, approval of component 

reliability analyses, monitoring of the status of program reliability, training, 

support of single-point-failure analyses, design reliability comparisons, system 

mathematical modeling, statistical test planning and analysis, (optional as a 

participating function), trend-data program requirements and coordination, estab

lishment of a reliability data center, and participation in the Failure Resolution 

Board. 

There are also many reliability organizational responsibilities of a 

participating function. These include: consultation with each component's design 

effort to assure perceptive failure-mode analysis and probabilistic analysis; 

review of all materials, component, radiation-effects, and system test plans; 

participation with engineering and quality-assurance personnel in establishing a 

failure-analysis and corrective-action system; reviev; of all failure reports and 

analyses for adequacy and completeness; coordination of reliability efforts with 

the maintainability effort and participation in reviev; of maintainability output; 

consultation and participation X'/ith component design and system-engineering efforts 

to prepare Data Item. R-105, Reliability and Flight Safety Test and Evaluation Plan; 

support of the ANSC and WANE change boards and consultation with systems-analysis 

personnel in determining engine operating requirements and system analyses such 

as developing mathematical and statistical techniques for propagation-of-error 

analysis to ensure the adequacy of the analysis in determining the variation in 

engine state points. 

The tasks described above constitute the reliability analytical process, 

an iterative process that results in analysis and reports at discrete milestones, 

with the analyses gaining both in scope and depth as the program matures. 

The most significant formal reports produced as a result of reliability 

analysis are the Reliability Prediction, Allocation, and Assessment report, the 

trend data reports, and the Failure Summary Report. In combination, these reports 

comprise the principal reliability inputs to the several formal program reviews, 

permitting an accurate assessment of component and engine reliability at these 

various stages of program development. 
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2.0, Management for Reliability (cont.) 

The sequence of reliability-related activities and the flow of information 

and analyses culminating in the issuance of these primary reliability documents 

are shown in Figure 1, Reliability Engineering Logic Diagram. The captions within 

each block on the diagram identify the reliability activities that are being 

performed. The numbers over each block identify the program functions during 

which the specific reliability function is performed; these functions and numbers 

are further identified in Section 5, which is extracted from, the NERVA Manage

ment Plan, Data Item M-OOl. The flow lines indicate how a specific reliability 

activity is influenced by prior activities and how an activity produces require

ments or information for a subsequent activity. 

2.1 PRIME CONTRACTOR 

The prime contractor will form a reliability organization that is 

responsible for the overall management of the NERVA reliability program. This 

organization will be responsible for establishing the NERVA reliability require

ments for all contractors, defining the methods of achieving these requirements, 

and assuring that all program elements, including subcontractors, meet their 

reliability requiremients. 

The prime contractor, through this Reliability Plan, will establish 

the basic policy and plans for effectively implem.enting reliability methodology 

in the design of Engine Critical Components (ECCs), Contract End Items (CEIs) and 

Design Sheets (DSs) of the NERVA engine system. 

NERVA reliability procedures will be prepared to supplement the plan 

and will be applicable to the prime contractor and major subcontractors. These 

procedures V7ill provide specific operating guidelines, policies, and methodology 

to NERVA personnel participating in implementation of this plan. Technical content 

of the procedures and revisions will be common for all NERVA contractors insofar 

as possible. Reliability procedures are prepared by the prime contractor and 

nuclear subcontractor, coordinated, issued by the prime contractor, and submitted 

to SNPO for information and review. Each subcontractor v/ill provide the necessary 

implementation and control system for implementing the procedures in his organiza

tion upon receipt of the approved procedure from the prime contractor. 
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2.1, Prime Contractor (cont.) 

Control of component design reliability analyses by the Reliability 

organization will be assured through the Reliability Allocation, Assessment, and 

Analysis report. Data Item R-202, which is required for the engine and each com

ponent design review. These reports will respectively contain system FMECA 

analyses, functional effects and interrelations of component failure, and component 

failure-mode analyses that analyze the reliability of the prospective design. 

SNPO will review and approve reliability analyses by means of docu

mentation provided in the Pv~202 data items at engine and component design reviews 

and in Data Items R-105, Reliability Failure Summary Reports, and R-109, Computer 

Programmed Mathematical Models. 

Proper use of statis-tical techniques in test planning will be assured 

through reliability approval of all TIS and T-102 test plans. The relation of 

individual failure mode test requirements to projected system reliability will be 

shown in Data Item R-106, Reliability and Flight Safety Test and Evaluation Plan. 

Subcontractor control (exclusive of the nuclear subcontractor) is 

maintained by periodic technical reviews of the subcontractor reliability programi 

and formal audits by the prime contractor or major nuclear subcontractor. Periodic 

technical reviews will be conducted with SKPO to inform them of subcontractor 

progress in meeting reliability requirements. The frequency of reviews will vary 

with the activity during ensuing periods. Minutes will be written for all technlca 

reviexiTS and will be formal.ly distributed to the involved contractors and SNPO. 

2.2 NUCLEAR SUBCONTRACTOR 

The nuclear subcontractor, W.'M̂ L, will maintain a reliability organiza

tion for implementing this Reliability Plan and the NERVA reliability procedures. 

The WANE reliability analysis will reflect the sam.e in-depth requirements as those 

of the prime contractor. The prime contractor will determine reliability require

ments applicable to WANE and will perform periodic reviews and evaluations to 

ensure that these requirements are being met. The prime contractor may provide a 

resident technical representative to monitor and assist in implementing reliability 

methods at WANL. 
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2.0, Management for Reliability (cont.) 

2.3 VENDOR AND OTHER SUBCONTRACTORS 

Whenever a subsystem, component, or part is designed and developed 

by a subcontractor, the reliability fimctions that would have been normally 

performed by the prime contractor or major subcontractor will be imposed on the 

subcontractor by the procurement contracts and specifications. If the above is 

not possible, the prime contractor or major subcontractor should be totally 

responsible for those reliability functions. In any event, the prime contractor 

or major subcontractor will remain responsible for ensuring that the reliability 

of engine-system items obtained from vendors and other subcontractors meet the 

contractually documented requirements and will maintain provisions for review 

and evaluation of the subcontractor reliability effort by the prime contractor 

and by SNPO or its representativfes. 

CEI, ECC, and DS specifications contain a reliability allocation for 

an item that is apportioned from the engine-system reliability value for that 

item. As part of contractual agreements, purchase orders include product speci

fications covering these reliability requirements and the acceptable methods of 

demonstrating comipliance. Specifications will reference approved reliability 

procedures that are to be followed to assure proper emphasis on reliability con

siderations in design, fabrication, quality control, and testing. 

All reliability documentation of any item will be assured regardless 

of its proprietary status. When it appears that a proprietary item is required 

as a part of the design, SNPO-C will be notified immediately and provisions wil 

be made for coordinating the required documentation. 

In the case of major subcontractors for CEIs, ECCs, and DSs, the pri 

contractor may provide a resident technical representative to monitor and assis 

in implemeting reliability methods in subcontractor design, development, and 

manufacturing processes. 
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2.3, Vendor and Other Subcontractors (cont.) 

All work, data, and documentation generated during the contract 

effort by the supplier and other subcontractors, including design and test docu

mentation, are subject to examination, evaluation, and inspection at any time by 

SNPO or its designated representatives. The supplier and other subcontractors at 

all tiers will cooperate fully with such representatives and will provide access 

to their facilities for representatives to perform their designated functions. 

2.4 DOCUl-IENTATION 

Reliability activities V7ill be documented by several means, the most 

important being the contractually required data items described above. The items 

will be prepared and updated as required but do not afford a sati-sfactory means 

of progress reporting. 

The primary vehicle for reporting progress VJIII be the NERVA Relia

bility Summary report. This information report will be prepared by the reliability 

organization in support of periodic reliability technical review meetings with the 

government. The report is a compilation of significant analyses, plans, and 

procedures conducted or prepared during the reporting period and typically includes 

trade-study inputs, failure-mode analyses, allocations and predictions, and method

ology procedures. 

In addition, the reliability organization will supply a summary of 

progress for inclusion in the NERVA-program technical quarterly report, as well 

as input for the NEPvVA Weekly Activity Status Report. 

A list of major documents and data items generated by the Reliability 

organization, including internal reports, is shown in Table 1. 
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TABLE 1 

RELIABILITY DATA AND DOCUMENTATION ITEMS 

Subiect Purpose 
Docuir,ent 

Frequency Authority 

1. Reliability Plan Define NERVA Reliability 
Plan 

R-101 Original plus yearly 
revisions. 

Data Item 

2. Reliability Procedures Program standards defining 
methods for reliability 
analyses and testing 

RP series, 
(Reliability 
Procedure) 

As required. R-101 

o 

Reliability Program 
Plan for Major Sub
contractors and Vendors 

To define the required sub
contractor reliability require
ment 

Being nego
tiated (Relia
bility Proce
dure) . 

Original plus revisions 
as required 

R-101 

4. Reliability Prediction, 
-Mlocations and .'inalysis 
Renort 

Predicts current system R-202 
reliability, defines components 
reliability requirements and 
highlights problem areas. 

Engine PDR and component 
DDR and CDR 

Data Item 

5. Reliability Input to 
Sub.3ystcm Trade Studies 

6. Detailed Component 
Failure Mechanisms 

7. Reliability Analysis 
of Com.ponont Concepts 

8. Reliability Apportion
ment of Current Reference 
Engine Concept 

To support trade study. 

Predicts component reliability 
in the form of mode of failure 
probability. 

To assist in selection of 
optimum components. 

To define reliability require
ment . 

Memo (S-SA) 

Memo (R202) 

Memo 

Mem.o 

As required for system 
and component design review 

Prior to component DDR 

Prior to component CDR 

For each reference engine 
released 

R-101 

R-101 

R-lOl 

R-101 



TABLE I (cont.) 

S-:b-iect Purpose 
Document 
TyDG 

Component Failure Rate Data Docum.ents Historical 
Failure rates 

I.'eekly .Activity and 
Cu-irterly Reports 

reliability Test and 
."v.iluation Plan 

Tost Plan Reviews 

Statistical Analysis 

Su-r.ary of Reliability 
Computr •• Models 

Operating Tim.o/Cycle 
Tata 

Failure Reports 

Failure Analysis Report 

Define program status 

Define requirements and 
procedure for reliability 
tests and other tests 
from, which reliability 
evaluation data is 
expected. 

Assure that modes of 
failure are considered 
and assist in develop
ment of statistical test 
plan. 

Present results of analysis 
of test data. 

Computer Handbook 

Record operating history 
of equipment. 

Describes failure, environ
ment, operating plan, 
configuration, etc. 

Determines causes of any 
anom.alies and described 
failed condition and 
determines correction 
action required. 

Handbook 

Memo and ANSC 
Report Form 

R-106 

Memo 

R-109 

R? Series 

Std. Form-
Quick Look, 
R-108 

Std. Form-
Quick Look, 
R-108 

Frequency Authority 

As required for system R-101 
and component design review 

Weekly, quarterly R-101 

Original plus yearly Data Item 
revision. 

As reauired R-101 

As required R-101 

Yearly Data Item 

As required R-101 

As required R-101 

As required R-101 



CO 

TABLE 1 (cont.) 

Document 
Subject Purpose Type 

18. Corrective Action Schedules C/A R-108 
Implementation Status 
Report 

19. Open Reliability Reports unresolved R-105 
Problem Areas reliability problems. 

20. Qualification Status of com.ponent/ Memo 
Status List • engine qualification 

testing 

ON 

Frequency Authority 

Monthly Date Item 

Monthly Data Item 

Monthly R-101 



3.0 DESIGN ACTIVITIES 

3.1 DESIGN-RELIABILITY METHODOLOGY 

3.1.1 The Historical Approach 

The design of any system or component is normally initiated 

by identifying requirements that must be met to perform the intended functions. 

These requirements are interpreted by a design engineer, and several prospective 

designs are prepared. These designs are analyzed by personnel representing 

various program disciplines, and one or more of the most promising designs are 

fabricated and tested. Failures are corrected, and, after a successful test and 

qualification program, a part is- considered ready for its intended use. A prime 

objective of this process has always been to evolve a product that will reliably 

perform the required functions. To meet this objective in past programs, the 

testing phase has been entered quickly to identify problems, correct them, and 

demonstrate the required performance. Depending on the consequences of failure, 

the demonstration ranged from a simple go/no-go test to an extensive qualification 

program. This design procedure, called the test-faiJ-fix approach, eventually 

led to satisfactory reliability in the tested design. Rocket-industry experience 

indicates the resulting initial reliabilities are low and are followed by a relia

bility growth that, after extensive testing, results in reliabilities of 0.90 to 

0.99. The experience has generally been gained with engine systems having 1- to 

lO-min burn durations and requiring 0 to 6 restart cycles. The reliability 

level achievable by this process falls considerably short of the current NERVA 

reliability allocation of 0.995 for a 10-hr cumulative engine life with 60 restarts. 

These requirements dictate a new approach in achieving the required reliability, 

as described below. 

3.1.2 The NERVA Approach 

A key element of the NERVA design approach is insistence on 

more detailed and fundamental analysis of design problem areas by personnel in all 

program disciplines during identification of requirements, concept selection, and 

fabrication. This analysis includes a priority ranking system of each failure 
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3.1.2, The NERVA Approach (cont.) 

mode/mechanism to assure that test and analysis resources are applied to the 

most critical problem areas and that insignificant problems are properly identified 

and dispositioned. A second im.portant factor is the use of probabilistic analyses 

of the designs, rather than fixed-point analyses with safety factors used to 

account for uncertainties. Probabilistic analysis has become feasible in recent 

years through the development of methodology that permits multiple solutions of 

problems by using uncertainties in known variables and through the development of 

computers to which engineers have ready access. 

As the result of extensive pretest analyses, testing can be 

designed to closely investigate major suspect areas to confirm analytical inputs 

and outputs, to identify the magnitude of the loads imposed on components by the 

system, and the potential for failure can be assessed by probabilistic analysis 

of variables measurement rather than by attribute assessments. After testing, all 

test articles, whether completely successful or with known failures, will be 

disassembled down to the smallest elem.ents possible; and a search will be conducted 

for any indications of an impending problem. This approach should greatly reduce 

the number of tests needed to verify the NERVA reliability requirements. 

The final element of this methodology is complete documentation 

of the basis for all design decisions. Including the input from all specialty 

disciplines. This documentation will be retained in quick-reference files to 

peirmit its ready recovery if needed to support an investigation of suspect trends 

revealed during subsequent engine use. 

This NERVA design approach is further illustrated in Figure 2, 

Design Reliability Process. 

The theories for after-the-fact probabilistic analysis of 

test data are fairly well advanced, and, in most reliability programs, the relia

bilities for production engines can be reasonably predicted from masses of data 

accumulated during development and qualification testing. The use of probability 

theory in design analysis prior to testing, however, is a new field that requires 

unique solutions by NERVA personnel to effectively design reliability into the 

engine. Because of the unknowns, the design effort will involve redundant analyses 
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3.1.2, The NERVA Approach (cont.) 

i.e., probabilistic analysis and the traditional techniques of point analysis 

with experience-based safety factors. As confidence is gained in probabilistic 

analysis from test data and as satisfactory procedures are developed and proven, 

this technique is expected to become the standard for design. 

3.2 PROBABILISTIC DESIGN A:NÎ \LYSIS AND RELIABILITY PREDICTION 

This section defines the analytical techniques for obtaining a 

probabilistic system and functional analysis as well as a probabilistic design 

approach and the means by which reliability predictions and assessments will be 

obtained from these analyses. 

The relation of these techniques and the degree of sophistication to 

be developed at the various program milestones are covered in Section 5. 

3.2.1 Failure-Mode Analysis 

Failure-mode analysis is the principal analytical tool in the 

probabilistic-analysis design approach. Because it is an accepted principle that 

not every minute facet of an engineering concept can be studied in detail, the 

analysis establishes those studies to be pursued by ranking the importance of the 

failure modes. A failure-mode analysis also outlines the logic process that 

Indicates the relationship of failures within a system and, more importantly, pro

vides the vehicle for identifying and summarizing analyses by personnel of all 

technical disciplines on each identified mode. 

While a complete glossary' of terms is presented in a separate 

NERVA reliability procedure, certain definitions are essential in understanding 

subsequent subsections. A FAILURE is defined as the inability of a material or 

part to perform its required function within specified limits. A FAILURE EFFECT 

is a description of the expected change in operation that can be attributed to a 

failure. A FAILURE MODE is the description of the presumed way in which a com

ponent or part ceases to perform an intended function within design performance 

limits. A FAILURE MECHANISM is a description of the physical process that results 

in a part or equipment failure mode. A com])oncnt failure mode has some initial 

effect on a subsystem. This subsystem mode of failure may be isolated or conpen-
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3.2.1, Failure-Mode Analysis (cont.) 

sated for to result in a final subsystem effect. This subsystem failure results 

in some engine effect that can be discussed as an engine mode of failure. A 

mechanism of failure is usually reserved for detailed component failure-mode 

analysis V7here specific causes of failure of component parts are being analyzed. 

The result of failure-mode iinalysis is extensive examination 

of all possible failure modes to document the engineering logic involved in 

eliminating certain modes and selecting others for additional investigation. If 

subsequent redesigns affect these selections, any additional analysis required 

will be apparent. The modes-of-fallure analysis also requires the establishment 

of expected performance and environmental levels at all phases of operation 

instead of the usual maximum expected steady-state estimation. The predictive 

process Imposes the additional requirement on the analyst of considering all 

factors as variables. The estimation of their nominal levels and expected 

variances makes a more intensive study of these factors necessary than is usually 

performed. Documenting the variables involved in the causes of failure mechanism 

assists in designing comprehensive and pertinent materials and component test 

programs, identifying of manufacturing-process control variables and their limits, 

and defining of the inspection requirements for control of process variability. 

In designing any relatively com̂ plex system, the system must 

be separated into smaller units (subsystems, components, parts) to carry out the 

design process. For the NERVA engine, this separation is defined by the speci

fication tree, which subdivides the engine and the nuclear subsystem into the ECCs 

and DSs. Given this subdivision, an analysis process has been selected that is 

compatible V7ith the organization of the design process. The analysis process is 

initiated with the system-level failure-mode-effects-and-criticality analysis 

(FMECA) to determine system effects and interactions and to provide a basis for 

selecting component concepts that preclude critical system failure modes. Each 

ECC analysis involves system- and design-engineering groups that understand com

ponent requirements and the resulting system and subsystem interaction effects 

when these requirements are not met. 

Concurrent with, and on completion of, the system-level 

analysis, the component-level failure-mode analyses (FMAs) are initiated by the 

designer, to determine the causes of failures within components and to determine 
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3.2.1, Failure-Mode Analysis (cont.) 

the inherent design reliability estimates. At this level the engineering 

disciplines, such as stress, materials, radiation, thermal, instrumentation and 

controls, and quality assurance, are actively included in the analysis process. 

Probabilistic analyses are conducted on selected critical causes of failure identified 

in the component Fl-IA. The FEMCA serves as an aid in preparing the FMA, which in turn, 

feeds back to the FMECA for preparation of Contingency Analysis Work Sheets. 

3.2.1.1 System Failure-.Iode-Effects-and-Criticality Analysis 

The basic objectives of the system-level FMECA are (1) to 

assess the effect of a failure on operation of the system, (2) to assess methods 

of control or isolation v/lthin subsystems, and (3) to provide the basis for sub

sequent component F>IA. The analysis assures a systematic and detailed review of 

all possible system effects from components that fail to perform necessary functions. 

It identifies critical modes of failure that require further study and provides 

the rationale for eliminating noncritical modes or modes whose control or preven

tion of occurrence is a well established engineering technique. It also provides 

the basis for: 

(1) Selection of component concepts that minimize or 
reduce critical system failure m.odes to an acceptable 
risk. 

(2) Comparison of the reliability of subsystem design 
alternatives during the concept definition phase. 

(3) Identification of single failure points critical to 
mission success. 

(4) System fault-tree analysis. 

(5) System contingency analysis. 

(6) Reliability mathematical models. 

(7) Maintainability studies. 

(8) Establishment of computer simulation of malfunction 
runs necessary to determine system effects. 
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3.2.1, Failure-Mode Analysis (cont.) 

The content of the analyses will be affected by program 

status and the amount of design detail available at the time of various program 

milestones when allocation prediction and assessment reports are required. The 

physical and functional limits of the components, the functional operation and 

environmental characteristics, the inputs to the component, and the outputs 

required of the comiponents aie all part of the component definition needed for 

the FMECA. The FMECA will be prepared under an initial assumption that only the 

failure under consideration has occurred. Redundancy at the subsystem level will 

be noted, and the methods of detection and compensation or isolation, including 

transient effects, will be examined. 

The FMECA will be initiated during the system-design 

concept-selection phase and will'be updated as the reference-engine configuration 

is changed. The FMECA will be prepared by reliability personnel and formally 

reported as a part of the engine-system R.eliability Allocations, Assessment, and 

Analysis report (Data Item R-202) as defined in Section 5. 

3.2.1.2 Component Failure-Mode Analysis 

Component failure-mode analysis (FM\) is a major portion 

of the reliability program for the NERVA engine and is the primary tool whereby 

reliability can be an effective design parameter. A component FMA supplements 

the FMECA by identifying and assessing the probability of occurrence of possible 

means by which a component can fail to perform its required functions. It is also 

a systematic procedure for identifying the primary causes (mechanisms) of each 

mode of failure and eliminating from further consideration those that have no 

adverse system effects as judged by the FMECA or those that, in engineering judg

ment, require no detailed analysis because margins of safety of the mechanism of 

failure are inherently high. Each selected critical mechanism of failure will be 

analyzed in terms of "failure-causing stress" and the "failure-resisting strength" 

where possible. These include, but are not limited to, structural, electrical, per

formance, dynamic, and environmental stress and strengths as well as foreign influences 

such as contamination and air. Jhere known, the nominal levels and expected varia

tions in these stress and strength values providing the means for assessing the. 

probability of success of the design concept. 
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3.2.1.2, Component Failure-Mode Analysis (cont.) 

The objective of the component FMA is to provide the basis 

for analyzing a design at the failure-mechanism level; the inherent component 

reliability can be assessed to thereby maximize the probability of successful 

mission completion. The FMA also provides: 

(1) A basis for comparing reliability of design alterna
tives during concept-definition phase. 

(2) A basis for analytical prediction of reliability of 
the design during all phases of design development 
(i.e., concept selection, detail design, development 
testing, qualification) and during actual use. 

(3) A basis for recall of analytical techniques used to 
assess structural, dynaiaic, and performance integrity 
of components. 

(4) A record of design analyses by program specialists 
(stress, materials, radiation effects, thermal, 
system, and quality analysts) and of the impact of 
these analyses on design features and fabrication 
processes. 

(5) A basis for statistical and integral planning of tests. 

(6) A check list for evaluating design and fabrication 
changes made during production to assure that such 
changes do not degrade reliability. 

(7) A basis for identiflying trend characteristics. 

(8) Feedback for the Contingency Analysis Work Sheet. 

The FMA will be maintained as an integral part of the entire 

design process. It X'/ill be continually updated as design analyses are conducted. 

A component FMA procedure establishes the policy for component FMAs and defines 

the responsibility and the procedures for completing them. The analysis is 

initiated during the design-concept selection phase and is continually updated as 

the sophistication of design analysis increases. The component FMAs will be for

mally published as part of the Allocation, Prediction, and Assessment report (R-202) 

at component-level milestones. Responsibilities for conducting the analysis are 

as follows: 
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3.2.1.2, Component Failure-Mode Analysis (cont.) 

(1) Design-engineering personnel have overall responsi
bility for component failure-mode analysis. They 
prepare the initial listing of failure modes and 
contributory causes and circulate the document to 
personnel of all supporting engineering disciplines 
(stress, thermal, quality, radiation-effects, materials, 
reliability, and systems engineers) for review to 
assure that no modes are overlooked, determine the 
significance of modes, and provide vjritten comments. 
The analysis process continues in an iterative cycle 
until the designer and reliability engineers are 
satisfied all modes and mechanisms are satisfactorily 
identified and classified. As the result of this 
qualitative review, critical failure modes are selec
ted by the design and reliability engineer for proba
bilistic analysis; and justifications for elimination 

of other modes are documented. The design engineer 
is then responsible for performing the failure proba-
bili,ty calculations. 

(2) Reliability personnel are responsible for providing 
methods, procedures, training, and consultation to 
design-engineering personnel during preparation of 
the failure-mode analysis. Reliability personnel will 
assist in the mathematical modeling and in selection 
of appropriate statistical input data and will review 
and approve all probabilistic analyses. Reliability 
personnel review and approve all failure-mode analyses 
before they are transmitted to SNPO. 

The fundamental purpose of the above responsibilities is to 

provide a system that ensures total review of design problem areas and associated 

judgment factors by all technical disciplines. 

3.2.1.3 Single-Failure-Point Identification and Control 

One of the primary objectives of the flight-safety program 

is to identify all significant single-failure-point (SFP) potentials for various 

modes of operation. For each mission (lunar orbit or deep space), a summary of 

these single-failure-points will be prepared and kept current as part of the FMECA. 

Thus, the FMECA will include the related effects on attainment of mission objective. 

The SFPs are Identified from component FMAs provided by reliability personnel as 

well as from other flight-safety analyses and are resolved by redesign or trend-

data provision or are accepted in the design after review by the Failure Resolution 

Board (see Section 4.2.2). A complete discussion of single-failure-point-identi

fication and control is presented in the safety plan (Data Item S-019) which is 

prepared by safety personnel. 
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3.2, Probabilistic Design Analysis and Reliability Prediction (cont.) 

3.2.2 Failure-Probability Calculation 

The design for reliability methodology requires quantitative 

assessment of the reliability of a component from an analysis of the probability 

of occurrence of failure modes. The methods described in this section describe 

hox̂  the probability of failure of a specific component, mode, or mechanism can 

be computed or estimated. The stress-strength-interference approach for predicting 

structural and performance reliability, use of historical data, use of specific 

test results, and engineering-judgment methods are presented. 

3.2.2,1 Stress-Strength Structural-Reliability Estimates 

The principle for the stress-interference statistical tech

niques is that, for each failure mode being analyzed, there is a failure-resisting 

function defined as strength and a failure-Inducing function defined as stress". 

Neither of these is a constant value but will vary from test to test and from, 

engine to engine. The probability density functions of stresses and strengths 

define the likelihood of any combination occurring in any specific engine. When 

stress exceeds strength, failure v/ill occur; and the probability of this occurrence 

is the probability of failure. This principle applies to performance, mechanical, 

and thermal-related failure modes as well as to structural modes. 

The stress and strength distributions result from a myriad 

of parameters, each of which has a distribution of possible values that might 

exist for any one engine. The extent to which one determines variables affecting 

either distribution is without limit, and good judgment is necessary in scoping 

each analysis. In the NERVA program, the basis for this judgment is to be the 

component failure-mode analysis. This analysis defines, \7herever possible, 

stresses and strengths and the factors affecting their variation for each mode of 

failure, as based on the judgm.ent of the most qualified personnel in the program. 

D. K. Lloyd and M. Lipow, Reliability Management, Methods and Mathematics, 
Prentice-Hall 1962 
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3.2.2.1, Stress-Strength Structural-Reliability Estimates (cont.) 

These analyses are expected to increase in sophistication 

as the program progresses. Computer analyses involving techniques such as Monte 

Carlo for simulating distributions are very time-consuming, and the cost of con

ducting extensive analyses on many design alternatives early in the program would 

be prohibitive. in addition, many techniques required for this stress-strength 

analysis are not currently available, and procedures must be developed. Therefore, 

application of this technique X^JLII initially be limited to critical failure modes 

evolved from the FMA. 

3.2.2.2 Performance-Reliability Estimates 

The NERVA engine can fail to perform its intended missions 

through substandard performance of components as well as by com.ponent structural 

failures. Mission failure can result from substandard performance of a given 

component or from a combination of substandard performances. 

The probability that a given performance from a component 

will result in mission failure must be assessed against the probability that the 

combination of other component conditions exists that would result in failure. 

This approach is amenable to interference-theory analysis. 

The probability that a given performance level will result 

in an engine performance failure can be computed by using Monte Carlo techniques 

with the NEPvVA transient engine-systera-analysis program (NETAP) or by performing 

a propagation-of-error analysis. In these analyses, a given state of a component 

can be the input; and the effect of this input on the system can be calculated 

under all engine transient operating conditions; i.e., bootstrap starting, shutdown, 

and cooldown. The NETAP is very expensive to operate for statistical simulation 

of extreme-condition effects, and limited runs will be made to investigate only 

the most critical performance parameters, which will be identified from the system 

FMECA. 
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3.2, Probabilistic Design Analysis and Reliability Prediction (cont.) 

3.2.2.3 Other Prediction Methods 

One of the most generally used methods of predicting 

reliability is to apply generic failure rates adjusted for expected usage environ

ment. These data are used primarily at the concept stage prior to component 

design definition to perform design comparison. Industry data from AVCO* and 

FARADA** have been surveyed, and failure rates have been compared. In most cases 

these failure rates are considered too optimistic because of the bias of produc

tion-lot testing information and the exclusion of development histories. In 

addition, the failure rates have been derived under unknown test conditions, and 

the specific component design is unknown. Because test conditions for Titan and 

Apollo testing at Aerojet-General Corporation and in the field are well documented, 

these data currently provide the best source of estimates for similar NERVA non-

nuclear-component reliabilities. A major problem is the lack of sufficient 

historical data on the nuclear subsystem. The NEPvVA design is unique for a nuclear 

power plant, and initial reliability studies must therefore be made without benefit 

of significant prior test information to identify problem areas and provide failure-

rate estimates. 

In those cases where historical or generic failure data 

are not available, an engineering rating scheme is used. This intuitive method 

involves setting arbitrary ratings for (1) the probability of a mode-mechanism 

occuring and (2) the probability of detecting the mode-mechanism during manufacture. 

Though this method is not accurate in an absolute sense, it can be used very 

effectively in comparing designs. Details of this method are provided in separate 

reliability procedures and include the "success-potential/control" and the "one-

zero" or "paired comparison" estimating techniques. 

Actual test data for program components are used whenever 

possible. Even in the conceptual stages, specific failure data may be available 

for certain subcomponents or parts; and these data, vjhen combined with generic 

data, tend to strengthen the validity of the probability calculation. This effect 

is particularly true with instrumentation and controls, the design of which may 

include many standard parts. 

* AVCO Corporation Failure Rate Data. 

** Failure Rate Data, Bureau of Naval Weapons, Corona, California. 
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3.2, Probabilistic Design Analysis and Reliability Prediction (cont.) 

3.2.3 Reliability Models 

3.2.3.1 Engine Mathematical Model 

The objective of the engine mathematical model is to provide 

a means to integrate all identified failure modes with their probabilities of 

occurrence and to develop their functional relationships to estimate the probability 

of success for the engine system. 

The engine mathematical model can assume various degrees of 

complexity and sophistication. These range from a simple one-cycle product 

equation where all components are treated as independent blocks to a highly com.plex 

set of equations involving multiple functions, redundancy, cooldown and coast 

cycles of various durations, interdependencles among components and component 

groups, and reliability degradations in the components as functions of thrust, 

cooldoxAm, and coast time or cycles, or both. 

The basis for the engine mathem.atical model is the failure-

modes-and effects analysis, as this analj'sls defines, for each subsystem and 

component, the functions required to provide for mission success. By using these 

defined required functions, a reliability block diagram of the engine system is 

developed. The components Included in the block diagram include all components 

listed in the NERVA specification tree. The block diagram indicates the inter

relationships of these components and their functions. By considering the 

component relationships expressed in the block diagrams and the mission require

ments, the engine mathematical model is developed. 

Once developed, the engine mathematical model becomes the 

vehicle for reliability prediction and apportionment during the design stage and 

for reliability assessment during the development stage. The initial math model 

will be simplified in some aspects because (1) the engine design is undergoing 

rapid and extensive revision in the early stages of development, and detailed 

analysis of a specific design is not warranted; (2) although some of the rigorous 

mathematics for considering cycle effects on redundancy have been developed, the 

analytical tools for considering the complex interrelationships among components 
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3.2.3.1, Engine Mathematical Model (cont.) 

have yet to be investigated; and (3) during the early stages of a development 

program, it is more pertinent to look for gross problem areas than to expend 

considerable effort in precise measurement analyses. The underlying thought 

behind this approach Is that the model and the reliability prediction are no 

better than the sophistication of the analysis that identified the failure modes 

and established the failurê  rates. Thus, it is more important to identify 

problems and assess their probability of occurrence than to sophisticate the 

mathematics for combining them into an engine prediction. 

The engine mathem-atical model will grow in sophistication 

as the NERVA engine system matures. Initial models will only have provision for 

constant failure probabilities. As the availability of analysis supporting the 

model grows, modifications will .be made to add variable failure probabilities 

that consider factors associated with v/earout and stress levels, 

3.2.3.2 Design Concept Mathematical Models 

In addition to the overall engine, m.athematlcal model, 

models are required during trade studies of various design concepts. These models 

are developed for portions of the engine system where various component network 

configurations are being compared and evaluated; e,g., "̂here several propcllant-

feed-system concepts are considered. These models, developed in a manner sim.ilar 

to that described for the engine math model, provide the basis for reliability 

predictions and com.parison.s of the several design concepts, These models are 

presented as part of the formal reports detailing the results of the trade studies. 

3.2.4 Reliability Prediction 

Reliability predictions are numerical evaluations (or estim.ates) 

of the capability of systems and components to perfox̂ m their required functions. 

They provide a measure of the capability of a design to achieve its objective. 

These predictions assure that reliability is properly considered in design selection 

along with such other attributes as weight, cost, and performance. Reliability 

predictions provide a m.eans of determining potential reliability problem areas 

and of guiding design trade-off studies. 
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3.2.4, Reliability Prediction (cont.) 

The reliability predictions are developed by using the 

mathematical models described previously. Predicted component reliability values 

are provided as input to the models, resulting in system or component network 

predictions. The reliability predictions are then compared with allocated relia

bility requirements to determine if satisfaction of any of the reliability 

requirements is in jeopardy. 

Many failure-rate calculation techniques used in the past 

take no account of reliability growth; i.e., they are simply the ratio of total 

failure to total trials or tests. This approach is invalid, particularly for 

rocket propulsion applications and development programs where each test serves 

as a basis for reliability improvements. A method for determining failure rates 

has therefore been developed whe-reby early failures are weighed less heavily than 

those occurring late in a development program. The method is called the relia

bility success-rate method and was used to calculate failure rates for the initial 

reliability predictions. This technique estimates the reliability of a component 

by considering the rate of change of cumulative failure frequency plotted over 

the entire test history. This technique has been applied to Titan and Apollo 

component test data to derive reliability values that are available for use in 

predicting the reliability for NERVA components (See Section 3.2,2.3) to the 

maximum extent possible. 

3.2.5 Reliability-Methods Development 

The procedures needed to implement the reliability methodology 

are numerous and vai'y considerably among the structural, mechanical, and electrical 

areas. Use of such procedures by all disciplines in all phases of the design 

process is considered one of the distinguishing features of the NERVA-engine 

development program. Statistical designs involving use of probabilistic techniques 

have not been previously accomplished in developing a complex engine system. 

Therefore, it is reasonable to expect a number of unforeseen problems, and it is 

planned to write the procedures in conjunction with design analyses. The unfore

seen problems will force temporary expedients to be used v/hile the more rigorous 

procedures are established. 
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3.2.5, Reliability-Methods Development (cont.) 

Many of these procedures, including those involving failure-

mode analyses, apportionment, statistical variation analyses, predictions, reviev? 

of test plans, and mathematical modeling, can be established by reliability 

personnel alone; many additional procedures require an interdisciplinary effort. 

The latter include structural reliability analyses, mechanical- and electronic-

component reliability analyses, determiination of part size and configuration 

effect on strength parameters, analysis of stress distribution as a function of 

part configuration, and analytical prediction of handling and transportation 

reliability degradation. Thus, thermal, materials, stress, radiation, design, 

manufacturing, test, maintainability, and quality personnel will necessarily be 

involved in preparing these procedures. 

Table 2 lists the procedures that will be developed for the 

program under the initial concept. The procedures cover five broad areas of 

reliability effort. Category 1, Qualitative Reliability Techniques, includes 

general procedures associated with methods to define problem areas and predict 

system reliabilities, as well as other techniques associated with initiating the 

design for reliability methodology. Included in this category are the failure-

mode-analysis activities, mathematical modeling, and trade-study support. Cate

gory 2, Quantitative Reliability Techniques, defines means to predict the proba

bility of occurrence of specific modes of failure that have been identified as 

critical to mission success. The procedures in this area include methods for the 

use of intuitive techniques, related experience, statistical stress analysis, and 

statistical performance analysis. Category 3, Reliability Testing and Failure 

Analyses Methods, lists procedures that deal with the role of reliability in 

testing and failure analysis and corrective action. Included here are statistical 

design of experiment, statistical analyses, the Failure Resolution Board, and 

trend-data activities. Category 4, Reliability Statistical Methods, involves the 

design for reliability methodology (i.e., statistical distributions and error in 

assumption of normality). Category 5, Manufacturing Reliability Methods, describes 

the reliability requirements and applicable methods for controlling and maintaining 

high design reliability during manufacturing. The need for additional methods 

such as probabilistic loads, performance, thermal, and dynamics analyses will be 

analyzed in the future. Table 2 will be updated as those future methods and pro

cedures mature. 
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3.2.5, Reliability-methods Development (cont.) 

Review of this list shows that, not only will preparation of 

these procedures involve a considerable expenditure of man-hours, but, in some 

cases, a considerable advance in the scope of current technology will be required. 

The latter becomes even more evident when details of the procedures are examined. 

For example, in structural-reliabiLlty analysis, the proper strength parameter 

must be defined; but selectioii of the appropriate strength parameter is not always 

a straightforv7ard task. A standard list of strengths needs to be developed. 

Also, the use of Monte Carlo simulation to determine the structural-failure 

probability can be quite expensive when closed-form solutions of the stress 

equations are not available. An alternative method needs to be developed. 

This task will require contributions from some of the best 

technical specialists available at ANSC and WANL. Also, outside consultants 

expert in the field of reliability methodology will be employed. As mentioned 

in prior sections, the positive approach will be taken of making those assumptions 

necessary to complete an analysis on the basis of procedures available when the 

analysis is required. 

Formal direction to implement reliability procedures at 

ANSC will be by signature approval on a program directive (PD); at WANL, by a 

program management directive (PMD). The PD and PMD will be issued as an index 

defining the procedures that are in effect. Each time a new or revised procedure 

is officially released for program use by ANSC, a reproduction copy will be 

forwarded to WANL for local reproduction and distribution. This distribution will 

be accomplished by issuing the next revision of the PMD, showing the applicable 

changes to the index (additions, deletions, or revisions) and attaching copies of 

the new or revised procedures of applicable pages of revised procedures. Changes 

to procedures that have been previously implemented will be shown as a revision 

number in the margin; and a change record will be attached to the procedure. The 

maximum time lapse between the date of ANSC release and WANL release will be 30 

days. Implementation at other applicable subcontractors will be by incorporation 

of the procedure into the purchase order. 
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TABLE 2 

RELIABILITY METHODS AND PROCEDURES 

CATEGORY 1 

NRP 300A 

NRP 301 

NRP 302 

NRP 303 

NRP 304 

NRP 305 

NRP 306 

NRP 307 

QUALITATIVE RELIABILITY TECHNIQUES 

System Failure-Mode Effect and Criticality Analysis 

Component Failure-Mode Analysis 

System and Component Reliability Mathematical Models 

Pveliability Apportionment 

Trade-Study Reliability Analysis 

Reliability Model for Multiple Cycle Redundant Systems 

Single Failure Point Reporting, Analysis, Correction 
and Closeout 

Glossary of Reliability Terms 

CATEGORY 2 

NRP 400 

NRP 401 

NRP 402 

NRP 403 

NRP 404 

NRP 405 

NRP 406 

NRP 407 

NRP 408 

NRP 409 

QUAITIITATIVE RELIABILITY TECHNIQUES 

Failure Rate Derivation 

Applicable Strength Theory for Selected Failure Modes 

Part Size and Configuration Effect 

Structural Reliability Techniques 

Mechanical Reliability Techniques 

Reliability Prediction of Rotating Machinery Vibration Mode 

Reliability Calculations for the Cases of Combined Stress 
and Fatigue Loading 

Reliability Modeling and Uncertainty Analysis Technique 
Relative to Peculiar Items of the Nuclear Subsystem Such as; 
Fuel Assembly, Pv.eflector. Lateral Support System and the 
Axial Support Subsystem 

Application of Redundancy to Controls and Instrumentation 
Components 

Electronic Component Reliability Analysis 
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CATEGORY 3 

NRP 500 

NRP 501 

NP̂ P 502 

NRP 503 

NRP 504 

NRP 505 

NRP 506 

NRP 507 

NRP 508 

TABLE 2 (cont.) 

RELIABILITY TESTING AND FAILURE ANALYSIS METHODS 

Design of Experiments 

Reliability Review of Test Plans 

Sampling Procedure for Fatigue Testing of Specimen Parts 

Statistical Analysis of Materials Testing 

Failure Analysis and Corrective Action System 

Failure Resolution Board 

Identification and Control of Trend Characteristics 

Development and Implementation of Trend Data Monitoring 
Characteristics 

Establishment and Validation of Trend Limits 

CATEGORY 4 

NRP 600 

NRP 601 

NRP 602 

NRP 603 

NRP 604 

NRP 605 

RELIABILITY STATISTICAL METHODS 

Statistical Distribution, Their Application and Tables 

Error in Assumption of Normalitj;-

Success-Rate Assessment Method 

Monte Carlo Techniques in Reliability Analysis 

The Use of Random Number Generators 

Mathematical Techniques for Analysis of Propagation of Error 

CATEGORY 5 

NRP 700 

NRP 701 

NRP 702 

NRP 703 

NRP 704 

MANUFACTURING RELIABILITY METHODS 

Component and Procurement Specification Reliability 
Requirements 

Subcontractor and Vendor Reliability Plans 

Vendor Rating and Control System and Reliability Audit 

Reliability Data Collection and Reporting System 

Parts and Material Data Selection and Control System 
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3.3 SUPPORTING RELIABILITY ANALYSIS 

In Section 3,2, detailed plans were presented for predicting the 

reliability of components. This section defines the supporting reliability 

activities necessary for a complete reliability program. 

Early system-reliability analyses, such as reliability design-

comparison analysis, trade-study reliability evaluation, and requirements deter

mination, are performed in support of program-related functions as described in 

Section 5. Through these analyses, reliability evaluations have their impact on 

system-level design efforts to assure that the selection of alternatives provides 

the best approach for meeting NPRD reliability requirements. Apportionment of 

these requirements is discussed in Section 3,3,1 below. Subsequent sections 

cover the reliability-related functions of materials selection, program data 

requirements, miaintainability-function analyses, and training of all program 

disciplines in the functions and methodology necessary to fully implement a com

plete reliability program. 

3,3.1 Reliability Apportionment 

Reliability apportionment is the function of determining the 

subsystem and component reliability allocations from the system reliability alloca

tion. A numerical reliability allocation has been specified in document SNPO-

NPRD-1 for the NERVA engine system. 

The purpose of reliability apportionment is to provide a 

minimum reliability allocation for each design entity and to encourage perceptive 

analysis and design throughout the engine program. As concepts are generated by 

designers, analytical reliability predictions V7ill be made to indicate the 

capability of the hardware to perform its required functions as defined in Sec

tion 3.2. As the designs mature and the more difficult reliability areas are 

better identified, the initial apportionment will be readjusted to assure that 

program test and analysis costs are minimized in meeting the overall reliability 

allocation. 
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3.3.1, Reliability Apportionment (cont.) 

Apportioned reliability values are developed by the Reliability 

organization for each subsystem and component listed in the NERVA-engine specifi

cation tree. Results of the apportionment are transmitted to the design groups 

as informal reports. In addition, apportionments are made a part of the require

ments generated by systems-engineering personnel and eventually are incorporated 

in each design specification. The total analysis package, showing how the 

apportionment was performed and showing tabulated failure-rate data, will be 

presented in the reliability prediction, allocation, and assessment reports as 

defined in Section 5. 

Specific procedures for performing reliability apportionment 

are available that describe the methods to be used. The most common method is to 

use predicted subsystem and component failure probabilities as the basis for 

apportionment. Under this method, the ratio of the predicted component or sub

system failure probability to the system predicted failure probability is derived. 

This ratio is then multiplied by the allowable system failure probability (cur

rently 0,005). The resultant failure probability is subtracted from units to 

obtain the apportioned reliability. The apportioned reliability values are com

bined by using the engine mathematical m.odel to verify that the apportioned values 

do actually relate properly to the system allocation. Apportioned reliability 

values for networks of redundant components are derived as described above. Values 

for the individual components within the networks are calculated by using the 

mathematical models representing the networks. 

During the development program, the original apportioned values 

will be reviê 7̂ed and revised, if required, to reflect unforeseen problems with 

components. Components whose initial reliability allocations appear too high 

because of these unexpected difficulties may be reallocated lower values at the 

expense of components for which no undue difficulties are being experienced. 

Trades may also be made on the basis of performtmce, costs, and maintainability of 

each of the NERVA components. The objective of these studies V70uld be to arrive 

at an optimum allocation of costs, reliability, and in-space maintenance and 

performance for the overall engine system. Detailed studies correlating these 

parameters will be performed by system and component design engineering. Integra

tion of these parameters into an optimum engine configuration will be the responsi-
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3.3.1, Reliability Apportionment (cont.) 

bility of systems-engineering personnel. Reliability personnel will provide 

input to assure proper use of reliability information. Results will be presented 

in trade-study and engine design reports. 

3.3.2 Materials-SelectloTi Program 

The achievement of a reliable design requires that both the 

configuration and materials used be successful in resisting the effects of the 

imposed loads and environments. The assurance that materials are used that have 

the proper characteristics is the primary objective of the materials-selection 

program. Because of the unusual environmental effects of exposure to liquid and 

gaseous hydrogen, cryogenic tem.peratures, and radiation, the material-properties 

data obtained under normal conditions may not be applicable. In addition, the 

effects of vacuum adhesion, solar heating, and meteorite protection in the space 

environment must be considered. 

To assure that these effects are properly accounted for, 

a materials-selection program, as described in S-131, NERVA Materials Program Plan, 

will be implemented. Highlights of this plan Include the following: 

(1) 

(2) 

(3) 

(4) 

A by-product of the program that is extremely important to reliability is the 

acquisition, for design-allowable calculations, of variability data for many 

material properties and effects that would not normally be obtained or developed . 

The establishment of a system for grading the quality 
of the materials-property data in terms of increasing 
engineering and statistical confidence in the selected 
design alloT7ables. 

The requirement for using increasingly higher quality 
data as design maturity progresses. 

The necessity to use proper techniques of statistical 
test planning and analysis in obtaining and deriving 
materials property data. 

The establishment of minimum design allowables on a 
sound statistical basis that reflects both the variability 
that can occur between lots, heats, or forgings, and 
that which can occur V7ithin these groupings. 
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3.3.2, Materials-Selection Program 

These data, or derivations from these data, form a significant input to the 

calculations and simulations performed in probabilistic design analysis. They 

also serve as a basis for establishing specification limits for both materials 

procurement and process control. 

Reliability supports the materials program in two primary 

areas: test planning and statistical analysis of test results. Test planning 

activity begins with the proper statistical approvals as described in the procedure 

on design of experiments. The following items are considered in the reliability 

review of material test plans: 

(1) Fabrication of Specimen 

Specimien configuration 

Surface finish of specim>en 

Specimen machining 

Overheating 

Surface work - hardening 

Heat treatment of specimens (independently or 
as part of large groups) 

(2) Testing of Specimens 

Specimen alignment (in test setup - grips 
properly seated, etc.) 

Test-machine variations 

Test operator - including measurement of 
specimens to set up, skill, etc. 

Temperature - control and measurement 

Instrumentation - condition of extensometers, 
including sensitivity 

Speed of test - rate of increase of force 

Atmosphere of test 

(3) Material Variation 

Chemical-composition variations 

Melting practice of material (whether electric 
or gas furnace, atmosphere of furnace, additives) 
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3.3.2, Materials-Selection Program (cont.) 

Method of pouring (into model or continuous 
casting) 

Working of metal from furnace (wrought, squeeze, 
roll, forged, etc.) 

Heat-treatment variation (e.g., annealing) 

Micros trueture 

(4) Processing and Fabricating Variation 

V'Jeldlng or brazing 

Forming 

Heat treatment 

(5) Applicability of Failure Theory 

After Initial development of the plan, assurance must be 

provided that the plan does, in fact, investigate the appropriate characteristics 

and will provide the required design and reliability inform.ation. This assurance 

is provided by a test-plan review in accordance with the procedure concerning 

reliability review of test plans. Data obtained from testing or from other sources 

are analyzed in accordance with methods described in the procedure concerning 

statistical analysis of materials testing. 

Control of the quality of materials during development and 

production is a quality-assurance responsibility, as defined in Data Item P-017. 

Development of techniques for this control is also a quality-assurance responsi

bility, but this control is a major reliability requirement. The plans for con

trol will be revlev7ed and audited by reliability personnel to assure that the 

reliability requirements have been incorporated. 

The planning will be reviewed by reliability personnel to 

determine what tests arc needed to verify properties and whether sufficient tests 

will be run under controlled conditions to establish the necessary confidence in 

the results. It is most desirable from the reliability standpoint to conduct the 

materials tests on specimens that represent the finished part as closely as possible 

to preclude such variables as forging differences from causing uncertain degradation 

in reliability. Emphasis will be placed on comparing the results for samples 
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3.3.2, Materials-Selection Program (cont.) 

taken from sections of actual parts with the test results for parts that can be 

sampled during acceptance inspection. Correlations established between properties 

for high-stress areas and those areas V7here samples can be taken will permit 

better predictions of specific part acceptability. 

Where no acceptable tests are known, processes will be 

documented and qualified prior to production. Processing will be audited by 

quality-assurance personnel during production to assure no changes occur. 

Emphasis will be placed on nondestructive tests that can be 

used to assure reliability. Uncertainties for nondestructive test procedures for 

critical failure modes will be established during the development program by 

determining the limits of resolution on actual parts with knoxi7n or deliberately 

induced defects. 

3,3.3 Parts Application Program 

A basic ground rule in design and development of the NERVA 

engine is to make maximum use of previously qualified parts. The uniqueness of 

the NERVA design and environments severely restricts the number of on-the-shelf 

components that can be incorporated in the design. The combination of a loiig 

space dwell in a radiation field dictates that even such common items as diodes 

be requalified. 

The selection of supplier-designed component parts such as 

those used in controls, instrumentation, or ground support equipment will be 

based on available NASA preferred-parts lists, where they are applicable; or the 

parts will be qualified if the criticality of the application V7arrants. This 

criticality will be determined through the FMECA and FMA, as previously described, 

as the result of design reviews. 

Typical of NASA documents used in the NERVA program is the 

Manned Spacecraft Criteria and Standards, MSCM 8080. This manual of standards, 

intended to provide safe and reliable equipment for manned space flight, is 

divided into t\;70 categories: (1) Design Standards and (2) Procedural Standards. 
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3.3.3, Parts Application Program (cont.) 

(1) Design Standards covers principles, philosophy, or 
criteria governing the requirements of spacecraft or 
the conditions to which spacecraft shall be designed. 
They also give detailed requirements to which a 
particular system, subsystem, or item shall be designed, 

(2) Procedural Standards cover techniques and procedures 
for manufacture, assembly, servicing, checkout, test, 
and other operations associated with manned space flight, 

Within these categories, the subject matter of these standards is coded and covers 

the following general areas: 

a. Environments 

b. Structures and heat protection 

c. Fluid '(gas and liquid) systems 

d. Instrumentation 

e. Materials - metallic/nonmetallic 

f. Toxicity 

g. Qualification 

h. Maintenance checkout and ground support 

i. Protection and cleanliness 

j. Failures 

Another NASA docum.ent for assistance in parts selection is 

MSEC 85M03928, Parts Selection and Control Requirements for the Space Shuttle 

Vehicle and Engine. 

l-Jhen component qualification-test results indicate the design 

meets specification requirements, that design will appear on the Qualification 

Status List as qualified. The Qualification Status List will be maintained by 

reliability personnel. 

All parts and materials specifications will be reviewed and 

approved by reliability personnel for the Inclusion of adequate requirements. 

Section 5 defines the terms "review" and "approval." These specifications are 

identified by ANSC as "product" or "process" specifications. They are identified 
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3.3.3, Parts Application Program (cont.) 

by WANL as "purchasing department" specifications to define materials, "process" 

specifications to define manufacturing processes, and "engineering" specifications 

to define engineering requirements for items under supplier design control. 

Parts qualification V7ill consist of tests or examination of 

documents and processes or both, to detennine that a part is capable of r.eeting 

performance requirem.ents as prescribed in its specification. Components will be 

qualified to criteria established and published in pertinent documents by engi

neering personnel with the review and approval of reliability personnel. 

'.Jhen possible, qualification will include functional tests 

of the component in the environment specified in the specification. When func

tional tests are not possible, one or more of the following qualification methods 

will be considered: 

(1) Testing to failure may be performed in the critical 
failure modes as determined by a failure-mode analysis. 
For components in which several modes of failure are 
critical, it may bo necessary to run several types of 
test and use engineering analyses to predict the per
formance effect under a combined environment. In 
either case, the strength indicated by the tests will 
be compared with the expected operational load, 

(2) Existing data available on components that have been 
qualified in other programs under similar environments 
may be used when it can be demonstrated that the com
ponent is the same as the component tested in a previous 
program and that any difference in environment will not 
be deleterious. This method will apply particularly to 
control systems, instrumentation, and ground support 
equipment. 

(3) Under some conditions, engineering analysis may be used 
as the sole means of qualifying a component. For 
example, in a simple structural member, it may be shown 
analytically that the operating stresses are sufficiently 
below the allowable stresses in the material for the 
reliability requirement to be met, and no further work 
is necessary to qualify the part. In these cases, the 
material tests from which the allowable stresses in the 
material were determined will be considered part of the 
qualification testing. The material testing will be 
conducted using appropriate procedures. Some engineering 
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3.3.3, Parts Application Program (cont.) 

analysis will be necessary in every qualification 
because it will be necessary to combine the effects 
of various environments to determine their effects 
on the various failure modes, etc. 

While parts will ordinarily be qualified at the part level, 

higher-level system tests, such as the engine tests, will contribute to the 

qualification determination for a part. Qualification determination for the 

complete system V7i31 include consideration of the qualification status of each 

of its component parts as well as the tests of the complete system. 

The Qualification Status List will constitute the basis for 

an approved parts list and will be input to the Controlled Assembly Parts List 

(CAPL). The NERVA-program Materials Properties Data Book will eventually 

constitute an approved materials list. Material data release memoranda furnished 

by the material group will constitute the interim list. These v̂jill be upgraded 

at discrete program intervals consistent with the design engineering process. 

3.3.4 Reliability Data Center 

A NERVA-program reliability data center vjill be developed and 

maintained by both the prime contractor and principal subcontractor. The center 

will contain all information needed for reliability analyses, including historical 

failure-rate data, records on types of problems encountered in other programs, 

NERVA test results, test-article disassembly reports, failure reports with correc

tive action, results from the trend-data program, and applicable analytical studies. 

Determination of failure-rate and design data will be an evolutionary process. As 

results of NERVA analyses and testing become available, these data will gradually 

replace the historical data in importance; but data from the historical review will 

form the initial input into the reliability data center. The reliability data 

system will be established in conjunction V7ith the quality-assurance data bank and 

will be a satellite subsystem of the NERVA data-managem.ent system. 

The purpose of the data file is to record experience in design, 

manufacturing, test, and checkout of the engine hardware and supporting equipment. 

As space systems become more complex, the extensive information generated will 
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3.3.4, Reliability Data Center (cont.) 

require computerized data-handling methods. A computerized data file will 

provide for a uniform and regulated system of information transmission and 

follow-up and will assist in failure analysis and corrective action. The file 

will also help in determining failure rates and monitoring failure-analysis 

corrective action to ensure product improvement. The failure-reporting, failure-

analysis, and corrective-action section of the file will document all test 

failures, failure-analysis action, basic causes of failures, and the resulting 

recommended corrective actions, as well as documenting all follow-up analysis 

performed to assure that corrective action was adequate and properly implemented 

and that additional failure modes were not introduced by the design or process 

change. 

The Reliability organization will accumulate the information 

in the data center and disseminate it as needed in the program. Special reports 

will be prepared at the request of cognizant design activities or to meet govern

ment needs. All program disciplines will be responsible for forwarding useful 

reliability information to the reliability data center. 

The initial process in establishing the data system is data 

collection, with the prim.e objective being to obtain a sufficient quantity and 

variety of information for early use in design activities. Specific types of 

data pertinent to fabrication and inspection of hardware will be collected by 

quality-assurance personnel, as discussed in Data Item P-017; and all test, 

buildup, time-cycle, and failure histories and industry failure data and method

ology reports will be collected by the reliability data center. Figure 3 shows 

the anticipated types and sources of data that will be retained in the reliability 

data center. The system will be continuously examined and will be revised as 

necessary to assure that reliability and program needs are fulfilled. 

Major sections of the data system will be as follows: 

(1) A section for component and engine test histories will 
summarize such information as number of tests, types 
of tests, environment, time, cycles, test results, 
problems encountered, and action taken. This informa
tion will be retrievable in a number of ways, such as 
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Center (cont.) 

by (1) part number, (2) serial number, (3) test type, 
(4) date of test, and (5) location of test. Develop
ment and qualification histories will be maintained 
by part number and part name. Data on qualification 
requirements and qualification status will be based on 
comparison of pertinent development-test results proof-
test results and qualification-test results with 
qualification criteria. 

A log of the configuration history for each engine 
v/ill identify the actual parts by part name, part 
number, serial number, quantities, location in the 
engine system, type, date, quantity of replaced parts, 
and evidence of acceptance. There will be a tie-in 
with the qualification history so it can be determined 
that parts in a given assembly conform to those quali
fied. 

The data system will provide for tabulation of all 
problem-failure reports and the status of correction 
actions (R-105, Failure Summary Reports). On demand, 
it will print out a summary of all unresolved problem-
failure reports to ensure that all reported problems 
and failures have been resolved by removing their 
causes. A simmiary of the failure-mode-analysis results 
will be included by coding the critical failure modes 
by number, indicating their effect on the system and 
indicating the status or work accomplished to assure 
that the failure modes will not recur. This information 
will be tied in x̂7ith the problem-failure reporting 
system and with inputs from design reviews and test 
results to maintain a current failure-mode-analysis 
summary report. A typical output will be a tabulation 
of all failure modes of a subsystem that have not been 
resolved with an indication as to X\'hether they have 
been observed in testing. 

Data from on-site trend-characteristic monitoring of 
component, subsystem, and engine tests will be forwarded 
to the reliability data center for further analysis and 
summarization. The results will be used to assess the 
need to redesign components to eliminate premature 
wearout, or to continue monitoring with provision made 
for the possible need of corrective maintenance. The 
analyses v.'ill also serve to validate the choice of 
trend characteristics, sampling frequencies, trend limits, 
and trend projection techniques. In conjunction with 
time and cycle data, accumulated trend parameter measure
ments will also be used to estimate failure probabilities 
due to premature wear or deterioration. These data will 
be available for use in assessing engine reliability and 
in planning maintainability. 

Page 47 



3.3.4, Reliability Data Center (cont.) 

The data system will present all outputs in a manner requiring 

minimum interpretation. Any decision making that can be accomplished by computer, 

such as comparing actual data with criteria, i;ill be incorporated. To the extent 

feasible, output will be coded V7ith readily understood codes or abbreviations to 

economize on storage space and to facilitate integration with the NERVA data-

management system-. 

The detailed operating plan for the reliability data center, 

including interrelationships with quality and program-management data systems, 

will be presented in a separate reliability procedure. 

3.3.5 Maintainability 

The NPRD requires that all NERVA engine components external 

to the reactor pressure vessel and nozzle be maintainable and states that the 

concepts of maintainability may be necessary to achieve reliability. The main

tainability program will extend the NERVA design reliability process as previously 

described. The complete maintainability plan covering design development test 

facilities and engine operational use is detailed in the NERVA Maintainability 

Program Plan, Data Item R-102A, and relates to reliability in the follox̂ ing areas: 

(1) Failure-mode analysis 

(2) Engine, subsystem, and component in-flight and prelaunch 
failure-rate predictions and data 

(3) Prediction of effects of storage, shelf life, packaging, 
transportation, handling, and use on component relia
bility. 

(4) Trend data 

In addition, the plan calls for reliability personnel to 

participate in the evaluation and analysis of in-flight maintainability by employing 

the availability concept, which involves trade studies of reliability and main

tainability aspects to result in an optimum selection of reliability and maintaina

bility criteria. 
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3.3.5, Maintainability (cont.) 

The ability to replace a malfunctioned component or one that 

is wearing out improves engine reliability. However, the design concessions 

required for maintainability and the periodic presence of maintenance personnel 

near highly reliable parts can cause reliability degradation. These interacting 

factors make it necessary to maintain close contact in the reliability and main

tainability efforts and to consider trade-offs between the two in all decisions. 

The system failure~mode-and-effect analysis will establish 

the mission-critical components, and the component failure-mode analysis will be 

used to investigate the mechanisms of failure for time and cycle sensitivity. 

These analyses will indicate the parts, components, and assemblies to which 

maintainability can be m.ost effectively applied. 

Analysis of planned missions will determine the minimum number 

of cycles between opportunities for maintenance and checkout. Parametric studies 

will be made to analyze various replacement plans for effect on mission reliability. 

These probabilistic studies can examine the effect of replacing different components 

after various nurabers of cycles at various assumed wear-out rates. 

In-flight replacem.ent of parts can improve the probability 

of multicycle-mission success in tv70 basic ways. First, components in redundant 

systems that have tailed can be replaced prior to the next thrusting cycle or at 

the next convenient maintenance point. This type of maintenance assures full 

redundancy at the beginning of each cycle. Second, preventive maintenance can be 

performed; parts that are wearing out or approaching wear-out can be scheduled for 

replacement before unacceptable degradation in capability occurs. 

Trade studies will be performed to determine the advisability 

of replacing or switching off-line or redundant failed items that are not scheduled 

for routine replacement. The results of these studies will be incorporated in the 

design requirements. The trend-data monitoring system, which will be designed for 

the engine, will give advance warning of components that show evidence of premature 

wear-out or deterioration, and can thus permit the advanced scheduling of correc

tive maintenance. Those studies will be conducted under the cognizance of 
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3.3.5, Maintainability (cont.) 

maintainability personnel, but reliability personnel will provide continuous 

support by assisting in math modeling, making applicable failure-mode analyses 

available as needed, and supplying new failure-mode analyses as required. The 

reliability organization will review all maintainability reports to assure 

continuity in the two efforts. 

3.3.6 Reliability Training 

The purpose of reliability training is to communicate require

ments, skills, methods, ideas, objectives, and attitudes to all personnel Involved 

in the design, development, manufacture, test, and use of NERVA hardware. The 

primary objectives of the reliability training program will be to: 

(1) Promote reliability consciousness in all program 
personnel 

(2) Emphasize to all program personnel the specific effects 
of their particular jobs in contributing to, or detrac
ting from, system reliability 

(3) Provide all personnel with adequate understanding of 
the specific and general factors affecting system 
reliability so the use of proper reliability techniques 
in the design and manufacture of equipment is assured. 

(4) Assure that all reliability personnel are capable of 
performing their tasks effectively and efficiently. 

(5) Concentrate attention on those areas of activity 
considered most promising for reliability improvement. 

Several techniques will be used to implement these objectives, 

including: (1) formal training courses, refresher courses, seminars, and insti

tutes; (2) involvement with reliability committees of national societies to keep 

up with reliability efforts and methodology throughout the industry; (3) review 

of published articles, papers, and books in the field of reliability; (4) use of 

reliability consultants to aid in development and review of planned NERVA relia

bility methodology prior to implementation; (5) informal on-the-job training and 

workshop sessions as reliability and other program specialists jointly solve 

problems; and (6) reliability bulletins to promulgate significant reliability 

findings to the design staff. 
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3.3.5, Maintainability (cont.) 

This training and indoctrination must not only be detailed 

enough to permit independent execution of the reliability technique, but must 

also be comprehensive enough to afford an understanding of the purpose of the 

methods. Uith this degree of comprehension, individuals will be encouraged to 

innovate and create in improving the techniques to best fit their needs. 

The types of training courses and working sessions to be 

used are summarized in Table 3. 
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TABLE 3 

RELIABILITY TRAINING COURSES 

Description of Training 

Informal Working Reliability 
Sessions with Reliability and 
Engineering 

Subject Material 

Basic Concepts 
Reliability Models 
Failure Mode Analysis 
Allocation, Assessments, Prediction 

Demonstration 
Trade-off Studies 

Formal Design for Reliability 
Course (UCLA) 

Probability and Statistics 
Distribution Theory 
Statistical Nature of Stresses and 

Strengths 
Interference Theory 
Design Exercises 
Probabilistic Design 
Computer Methods 

Reliability and Statistics. 
On-plant course for 
engineering personnel. 

NERVA Reliability 
Failure-Mode Analysis 
Probability Distributions 
Combination of Variables 
Stress/Strength Relationships 
Practical Problems 

Working Sessions on Special 
Reliability Problems 

Selected Material of special interest, 
such as implementation of SXPO-C-1 
and statistical analysis of material 
data. Utilization of various 
specialists and consultants. 

Design Reliability Methodology. 
On-plant courses by consultants. 

Design P̂ .eliability Methodology 
Prediction and Design Sequence 
Minimum Time and Cost Testing Methods 
Distributions 
Reliability by Stress/Strength 
Computer Methods 
Testing Methods 
Statistical Confidence Determination 
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TABLE 3 (cont.) 

Description of Training 

Computer Programming Course 
(Presented by G.E., PDP, IBM, etc.) 

Reliability Engineering and 
Management Institute at 
University of Arizona 

Analyzing and Interpreting 
Industrial Experiments. 
On-plant course for 
engineering personnel. 

Concentrated course for NERVA 
Engine Pesign Personnel. On-
plant course for design personnel 

Subject Material 

Computer Languages 
FORTRAN, I troduction 
FORTRAN, Advanced Basic Use 

of Time Sharing Computers 

Introduction to Reliability and 
Mathematics 

Reliability and Maintainability 
Engineering Theory and Practice 

System Effectiveness, Concepts and 
Principles 

System Effectiveness Management 
and Project Application 

Introduction to Variability and 
Analysis 

Statistical Inference 
Functional Relationships 
Fundamentals of Experimentation 
Formal Experimental Design and 

Analysis 

The Designer's Role in NERVA 
Reliability 

Design Techniques during Concept 
Selection and Preliminary Design 

Problem Spotting and Ranking, 
Selection of Critical Parts, 
Success Probability Prediction 

Engine Operating Condition for 
Comiponent Reliability Analysis 

Stress/Strength Analysis Method 
Classes of Failure and Modeling 
Example Analysis and Group 

Work Sessions 
Introduction to Design -PDR to CDR 
Trend Data, Single Point and 

Safety Analyses 
Testing Philosophy, Diagnostics 

and Development Program 
Take Home Examination 
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4.0 TESTING, RELIABILITY EVALUATION, AND MANUFACTURING CONTROL 

4.1 TESTING 

The. test program is the means of evaluating the results of the 

design process and assessing the reliability of the system. To assure proper 

design evaluation, the test program will be carefully planned so critical aspects 

of the design will be thoroughly investigated and achievement of reliability 

requirements in conjunction with analyses will be demonstrated. 

Historically, successful hardware has been developed by using the 

test program to discover design weaknesses. A minimum of design analysis and 

control was used during the design process. The philosophy was to make hard

ware available for test as early as possible. Complete reliance then was placed 

on the theory that, if enough hardware development tests were conducted, all 

design weaknesses could be uncovered and corrected under the test-fail-fix concept. 

This approach has been used successfully on virtually all propulsion systems 

developed to date. 

With the advent of extremely complex and costly hardware and the 

high cost of tests in terms of both test hardware and test equipment, the test-

fail-fix approach is, for the most part, impractical in such programs as develop

ment of the NERVA propulsion system. The sophisticated analytical design process 

described in Section 3 will make it possible to effect marked reductions in the 

number of tests required to verify a reliable design. 

4.1.1 Philosophy of Testing 

The basic approach in the NERVA test program will be to obtain 

various data and life-test results on critical or suspect failure modes to the 

greatest degree possible. This approach is more feasible in NERVA than in prior 

programs because more comprehensive design analyses are being conducted before 

and during testing. 
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4.1.1, Philosophy of Testing (cont.) 

The failure-modes-and-effects analysis delineates all the 

modes and mechanisms of failure of the design, and the reliability predictions 

define the anticipated probabilities of occurrence of each of the modes of 

failure. On the basis of these design evaluations, the critical or suspect 

design aspects are identified. As a result, the prime purpose of the test program 

is to investigate these critical modes of failure as they affect the ability of 

the design to perform its required functions. 

In addition, the test program will provide for evaluation 

of the probabilistic concepts used during the design process and will establish 

criteria for evaluating the final hardware. 

4.1.2 Statistical Test Planning and Test-Planning Review 

Design-engineering personnel have prime responsibility for 

establishing component test-program requirements and component TISs on the basis 

of the system requirements. Design-engineering personnel are formally supported 

in developing the TISs by personnel in facilities and test operations or systems 

engineering and are informally supported by reliability personnel who provide 

assistance in the use of statistical test-planning techniques. Finally, relia

bility and system-engineering personnel must give formal approval of the component 

TISs, which are the detailed component test plans. A reliability procedure has 

been written that defines the steps followed in reliability review and approval 

of the TISs. By means of this review and approval requirement, reliability per

sonnel can assure that proper consideration is given to statistical test-planning 

techniques and to pertinent reliability aspects (such as consideration of defined 

failure mechanisms) during development of the TIS. The detailed steps followed 

in developing a statistical test plan will vary but will generally include: 

(1) Definition of test objectives 

(2) Determination of the relationship of the particular test 
plan to the whole research or development program 

(3) Investigation of available sources of information for: 

(a) Test plans and data for similar components 
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4.1.2, Statistical Test Planning and Test-Planning Review (cont.) 

(b) Modes and mechanisms of failure pertinent to the 
part, component, or system of interest 

(4) Establishing influence factors of interest and their 
appropriate levels 

(5) Definition of appropriate response variables 

(6) Listing of the requirements of Reliability and Flight 
Safety Test and Evaluation Plan 

(7) Specification of required precision and accuracy of 
measurement and any extraneous sources of variations 

(8) Definition of methods of analysis of the resultant 
test data 

(9) Details of trend monitoring requirements 

After the test plans are developed, the completed test program 

is submitted to reliability and system-engineering personnel for approval, then, 

to safety and quality-assurance personnel for review. Pertinent reviev; comments 

are considered by the design-development engineer, and, if required, the test 

program is modified to reflect the comments. 

4.1.3 Reliability and Flight-Safety Test and Evaluation Plan 

A reliability and flight-safety test and evaluation plan will 

be developed that will define the requirements and the method of verification of 

each requirement in order to assess the reliability and flight safety of each 

contract end item, critical component, component, and allied part. 

This plan will be a logical extension of the process of 

probabilistic design analysis, including failure-mode-and-effects analyses, failure-

governing-mechanism analyses, single-point-failure identification, malfunction 

analyses, and trend-characteristics determination. All these factors will be 

important in revealing reliability and flight-safety requirements that must be 

further evaluated and verified through additional analyses, inspections, demon

strations, tests, or combinations of these methods. The verification planning 
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4.1.3, Reliability and Flight-Safety Test and Evaluation Plan (cont.) 

activity will be implemented at the mechanism-part level and expanded progressively 

to the nuclear-engine assembly to ensure that any and all possible part-component-

system interactions and environments are considered and evaluated. 

The plan will consist of two main parts. Part I will pertain 

mainly to the general problem of verification by testing and will be prepared by 

reliability-engineering personnel. Part I will consist of descriptions of various 

types of tests necessary for reliability demonstration and assessment, together 

with enumeration of the various elements and factors that must be considered in 

the design of such tests. Specific types of tests that will be described will 

include time-truncated, failure-truncated, sequential, aging, life, accelerated, 

overload, stress-to-failure, nondestructive, and end-of-life-degradation tests. 

Also included in Part I will be a description of general 

rules to be followed in the statistical design of tests to obtain valid, unam

biguous test results. Guidelines and methods for the statistical analysis of 

test results will also be presented, as well as requirements for the accuracy 

and precision of instrumentation as related to the analysis and interpretation 

of test results. 

Part II of the plan will be organized in sections, with each 

section to be identified with a specific contract end item, critical component, 

or component. Each section will be prepared by personnel from the appropriate 

engineering discipline and will be reviewed and approved by reliability-engineering 

personnel. Each section will identify failure probability data to be obtained by 

analysis and test and will define steps necessary to reveal failure modes and 

trend data not previously identified. \"Jhere verification is by testing, each 

section will make proper use of statistical techniques as defined in Part I for 

the planning of tests for reliability assessment and, where necessary, for flight-

safety assessment. Each section will provide a complete overall plan for a 

specific item presenting a total picture of the analyses, inspections, demon

strations, and tests necessary to permit assessment of the reliability and flight 

safety of that item. 
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4.1.3, Reliability and Flight-Safety Test and Evaluation Plan (cont.) 

In the preparation of each section, each requirement will 

be considered individually for: 

(1) A description of the requirement 

(2) Justification for the requirement 

(3) Method of verification of the requirement 

(4) Justification of the method of verification 

It is anticipated that the preparation of each section may 

result in requirements that must be analyzed or tested as part of the test and 

evaluation of a higher- or lower-level specification item, or as part of the 

radiation-effects or materials-testing program. Such requirements will be 

specifically noted, and coordination will be effected so that the actual verifi

cation will be performed in the appropriate program, with results subsequently 

made available to the section from which the initial requirement originated. 

Data resulting from implementation of the Reliability and 

Flight Safety Test and Evaluation Plan will be compiled in the reliability data-

collection system. Test Failures will be reported in Data Item R-105, Failure 

Summary Reports. Results of test activities will be reported in Data Item T-119, 

Test Reports. 

4.1.4 Testing to Failure 

Another role of the test program is to expose the hardware 

to extremes of the use environment to determine mechanism of failure. Techniques 

for inducing these failure mechanisms include testing at peripheral levels of 

failure-inducing environments and testing beyond normal design life. 

Specification-extreme testing is a peripheral type of testing 

that can be used to uncover failure modes and reduce testing requirements. This 

type of testing involves setting the test levels at the specification extremes 

and thus inducing failure with reduced testing. In the case that failure is not 
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4.1.4, Testing to Failure (cont.) 

induced during the test, additional tests, beyond the design life, are completed 

until failure occurs. Difficulties associated with specification-extreme testing 

are that the results observed at the specification-extreme test point must be 

extrapolated to the normal anticipated operating range. Often, the relationships 

or correlations that form the basis for the extrapolation have not been estab

lished. In these cases, methods for determining these relationships will be 

developed. Often, detailed analyses of tested hardware can reveal incipient 

failure mechanism.s in unfailed test articles. By using variable-analysis techniques. 

pre- and posttest conditions of test articles can be compared to assess the 

actual degradation in relation to that predicted. 

4.1.5 Design Performance Testing 

When the failure-governing mechanism is the inability of 

hardware to perform within specified performance limits, the test program, will 

be designed to provide the distributions of the performance response parameters 

by considering such sources of variation as hardware-to-hardware and response 

repeatability. This type of testing is often referred to as "design performance 

testing". The response parameter monitored is generally a continuous variable 

with time. This relationship implies that successive responses are not indepen

dent but are conditioned upon preceding responses. The m.athematical techniques 

for properly analyzing continuous response variables will be developed as part 

of a procedure on this topic. 

4.2 RELIABILITY DATA ANALYSIS 

The NERVA reliability design methodology and the approach to testing 

require rapid and comprehensive analysis of all data. The data will be accum.u-

lated, analyzed for reliability impact, and disseminated from the reliability 

data center. A fast-response, closed-loop, independent, failure-reporting-and-

analysis system (with follow-up) will be implemented to assure objective reporting, 

evaluation, and correction of all failures so maximum benefit may be gained from 

these failures in terms of design verification and preventive action. Test results 

will be analyzed to identify all test failures. Analysis will be performed to 
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4.2, Reliability Data Analysis (cont.) 

determine failure causes and to recommend corrective action to the FRB, which 

will have sole responsibility for implementing and closing out corrective-action 

items. Reliability personnel will monitor corrective actions for effectiveness 

and will publish failure, problem-area, and corrective-action summaries. 

4.2.1 Trend-Data Program 

4.2.1.1 Scope 

The purpose of the NERVA trend-data program is to identify 

and provide for the monitoring of selected critical characteristics of the NERVA 

engine system, subsystems, and components that are related to wear and deteriora

tion and which could indicate an incipient failure prior to completion of the 

test or mission. Such information can be used to avoid or terminate a test that 

could result in costly failures, to prepare for a possible alternative mode of 

operation, to schedule corrective maintenance, or to provide data for redesign to 

reduce the rate of wear or deterioration to meet storage and endurance require

ments. The wear- and deterioration-related trend-characteristics monitoring for 

reliability and maintenance purposes is different from the quality-trend monitoring 

activity of the NERVA product-assurance program. As described in the NERVA 

Product Assurance Plan (Data Item P-017), the monitoring and reporting of quality 

trends are concerned with discrepancies or nonconformances of dimensions, con

ditions, and physical properties that arise during procurement and fabrication 

activities. Trends of the frequency and repetition of such quality nonconformances 

will be summarized and reported periodically to provide a basis for management 

action and for Material Engineering Review Board activities. 

In contrast, since most vrear and deterioration occur during 

actual tests, the main reliability trend-data effort will be oriented toward the 

part, component, and engine test effort that occurs after procurement and fabrica

tion activities covered by the quality-trend monitoring efforts. 

Historically, the monitoring of wear and deterioration 

parameters for reliability and maintainability purposes originated with the rail

roads and airlines. The essential objective of being able to anticipate the need 
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4.2.1.1, Scope (cont.) 

to remove equipment for required maintenance was supplemented by the desire to 

curtail trouble-shooting costs and reduce equipment down time and delays in 

schedule. The same desire to be able to anticipate wearout and increase the 

speed and accuracy of fault isolation applies to the operation of nuclear-poxjered 

spacecraft. 

Additional factors, such as in-space maintenance constraints, 

and resupply logistics, place a prem,ium on accurate information as to which 

components are deteriorating and at what rate. Instead of transmitting data from 

deep space to earth for trend analysis, it may well be more feasible to do the 

basic analysis in flight. Even more important, crew safety, engine reliability, 

and probability of mission success can definitely be enhanced by accurate up-to-

the-minute knowledge of the status of engine components subject to deterioration. 

To accommodate these considerations, the NERVA trend-data program will be imple

mented with the dual objectives of obtaining significant trend data for improving 

the design and developing a real-time monitoring system to aid flight operations. 

The trend-data program will be coordinated at both ANSC and WANL as part of the 

reliability program plan. 

4.2.1.2 Definitions 

Trend characteristics are defined as variable parameters 

related to wear or deterioration that are indicators of critical-component or 

engine failure modes and which can be measured either before, during, or after 

tests or flight operations. They must be variable in the sense that they would 

be expected to show a deteriorating change in average value or dispersion, or 

both, as a function of number of tests, test duration, or total accximulated time. 

As indicators, they must normally be expected to show the effects of wear or 

deterioration at a rate that can be monitored and used to avoid initiating a test, 

plan for its premature teixnination, or schedule future corrective maintenance. 

They must be related to critical failure modes that could cause significant per

formance or safety degradation during tests of components, subsystems, and engines 

and vjhich are credible in the sense that engineering judgment and past experience 

indicate a reasonable probability of occurrence. As wear- and deterioration-

related parameters, they would involve one or more of the following manifestations: 
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4.2.1.2, Definitions (cont.) 

(1) Surface physical wear due to sliding or rolling 
contact. 

(2) Surface or internal chemical deterioration due to 
such factors as heat and radiation. 

(3) Electronic-property degradation due to such factors 
as heat and radiation. 

(4) Surface corrosion due to contact with such matter 
as fluids, gases, and lubricants. 

(5) Internal mechanical-property degradation due to 
such factors as creep and relaxation and cold flow. 

(6) Mechanical, chemical, or electronic degradation due 
to manufacturing processes, assembly procedures, 
and test procedures. 

4.2.1.3 Identification of Trend Characteristics 

During preliminary design, trend characteristics v/ill be 

identified that will reflect the effects of wear and deterioration for each com

ponent. Depending on objectives, environments, and requirements, differing 

trend-characteristic parameters may be identified for component or subsystem 

tests, ground engine tests, and engine flight tests. After the characteristics 

have been selected, a review will be made of the practicality of the measurement 

system or technique proposed by such disciplines as controls and instrumentation, 

test planning, and quality assurance. Should trend characteristics be identified 

that cannot be readily measured during subsystem or engine tests, special effort 

will be made to monitor these characteristics during component or subcomponent 

tests to assess the rate of wear or deterioration and demonstrate the ability of 

the design to meet required storage and endurance requirements. 

Since trend characteristics represent only a portion of 

the total characteristics of an engine and are normally only measured during or 

after tests, their monitoring is not a substitute for the normal process-control 

or quality-assurance data monitoring. However, in some instances, the need to 

obtain significant trend data may require measuremicnts or tests early in the 

fabrication process. 
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4.2.1.3, Identification of Trend Characteristics (cont.) 

A preliminary list of trend characteristics will be 

presented at engine preliminary design review V7ith revisions and justifications 

included in Data Item R-202 for component detailed design review and subsequent 

significant program milestones. After the selected list of trend characteristics 

has been approved, the Reliability organization, which has overall responsibility 

for the trend-data program, will initiate determination of trend-data mionitoring 

requirements for each approved trend characteristic. 

4.2.1.4 Trend-Monitoring-System Requirements 

Prior to demonstration preliminary design review, details 

of the trend monitoring systems to be employed during the different component, 

subsystem, and engine test programs will be developed in conjunction with design 

engineering, test planning, computing services, and controls and instrumentation. 

Details to be determined for each parameter and test are: 

(1) Magnitude of trend action limits. 

(2) Type and frequency of data sampling (test-to-test 
or Vsfithin-test). 

(3) Magnitude of measurement accuracy tolerance. 

(4) Trend projection technique (method of fitting line 
to observed data points and extrapolating into future) 

(5) Techniques of data plotting, data compression, and 
warning of trend-action-limit violation. 

The monitoring system will be implemented during develop

ment testing and will be continued during prequalificatlon and qualification 

testing; depending on the test or trend characteristic involved, monitoring may 

be in real-time or on a delayed basis. 

The requirements for monitoring trend data during flight 

operations will be considered early in the design of the engine and the instrumen

tation and controls subsystem. The ability to predict time to wearout or proba

bility of wearout prior to end of the flight mission, or both, will be provided 
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4.2.1.4, Trend-Monitoring-System Requirements (cont.) 

and integrated with the engine malfunction-detection system. Although a trend 

characteristic may be monitored as part of the malfunction detection system, it 

is also concerned with sensing (1) critical parameter trends that might also 

indicate incipient failure but which are not related to wear or deterioration, 

and (2) critical parameters that are essentially binary in nature and would not 

be expected to give advanced warning of failure. 

In-flight trend monitoring poses several additional 

restrictions that must be considered that are not present during ground tests. 

To begin with, computer storage capacity is more limited; hence maximum use must 

be made of data-compression techniques that retain only significant information. 

The use of wear and deterioration trend data, along with malfunction-detection-

system inputs and mission status to continuously evaluate probability of mission 

success or similar parameters may require the obtaining of trend projections at 

a fast rate and with high reliability for real-time decision-making purposes. 

4.2.1.5 Analysis of Trend Data 

A centralized trend-data collection and analysis system 

will be established in conjunction Xv̂ith the reliability data center to which all 

trend data observed in component and engine testing will be channeled. Provision 

will be made for storage and retrieval by component specification number, trend-

characteristic number, type and location of test, and component serial identity. 

As additional test information is accumulated and at 

appropriate periodic intervals, com-posite plots of trend-characteristic parameters 

will be prepared that combine trend data for the same characteristic for different 

serial-numbered components or engines. Provision will be made for separating the 

data of component and engine tests as well as distinguishing between significant 

configuration changes. 

Summarized trend data will be subjected to appropriate 

statistical analysis to determine one of the following: 
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4.2.1.5, Analysis of Trend Data (cont.) 

(1) That no significant trend exists that will result 
in a trend limit being exceeded prior to the end 
of required service life. Depending on the confidence 
level associated with the analysis, a recommendation 
may be made to discontinue monitoring of such trend 
characteristics. 

(2) That sufficient trend indications exist to warrant 
continued monitoring; however, component redesign 
to meet service life requirements is not warranted. 

(3) That there is high probability of a trend action 
limit being exceeded prior to the end of required 
service life and that either the component must be 
redesigned or provision must be made for continued 
real-time monitoring and corrective maintenance. 

Summarized trend data will also be used to verify the 

adequacy of various features of the real-time trend-characteristic monitoring 

performed in direct support of component, subsystem, and engine tests and during 

flight operations. This activity Includes verification of (1) adequacy of 

frequency of sampling, (2) trend projection technique, and (3) estimates of 

measurement accuracy tolerance. 

Where real-time trend-characteristic monitoring is required, 

as in engine ground tests and flight operations, summarized trend data will be 

used to evaluate the relationship between the rates of trend deterioration and the 

protection afforded by the trend action limits. Some cases of rapid deterioration 

may warrant the modification of trend-action-limit magnitudes or shifting to 

faster sampling rates to provide earlier advanced warning. Summarized trend-

characteristic data will also be used to evaluate the adequacy of the measurement 

instrumentation used to acquire the data, as well as the computational techniques 

used to analyze and display the data. The accuracy in predicting time to action-

limit violation for use in flight-mission success calculations vijill also be evalua

ted. 

Results of all trend-data program activities will be sum

marized periodically in reports assembled at significant program milestones. The 

requirements for trend-characteristic monitoring during flight operations will be 

determined by engine critical design review and v/ill be verified during the final 

engine qualification tests. 
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4.2, Reliability Data Analysis (cont.) 

4.2.2 Failure Reporting, Analysis, and Corrective Action 

The purpose of the NERVA program Failure Control System 

(FCS) is to assure that all failures are recognized and resolved so that design 

and reliability goals will be economically and effectively reached. To achieve 

this purpose, the FCS is structured to identify unsatisfactory conditions that 

might result in failures, and thus trigger action to elim.inate the sources of 

performance failures. The FCS is applicable to exploratory development test 

programs that are established for defining and documenting engineering require

ments, as well as to all NERVA articles used for the development and qualification 

of flight hardware. An MISC Failure Resolution Board (FRB) will be established 

to provide direction for and assessment of the NERVA program Failure Control 

System. 

membership: 

The ANSC Failure Resolution Board will have the following 

a. Chairman - NERVA Program Director 

b. Secretary - Manager, Reliability 

c. Members - Manager, Quality Assurance 

Manager, Engineering 

Manager, NERVA Engine Systems 

Manager, Program Controls 

d. Observers - Government Observer 

NSS Contractor Observer 

The nuclear subsystem (NSS) contractor will establish a 

Failure Resolution Board for the NSS which will operate in consonance with the 

/ANSC Failure Resolution Board. The NSS contractor will supply the ANSC Failure 

Resolution Board with records of meetings and actions of the NSS Failure Resolu

tion Board. 
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4.2.2, Failure Reporting, Analysis, and Corrective Action (cont.) 

The FRB will be the organization within the NERVA program 

responsible for the establishment, implementation, and direction of the failure 

control system. The FRB will provide for a continuous high level technical 

review of all failures, discrepancy summaries, and quality trends. It Xvfill 

utilize the necessary resources for effecting discrepancy/failure analysis and 

resolution. This includes the delegation to organizational disciplines of the 

authority to form special investigative teams for achieving solution to problem.s 

stemming from failures or recurring discrepancies. It includes the delegation 

of authority to provide data and docum.entation system necessary to support the 

investigative teams of designers, reliability, quality, instrumentation and 

control, thermal, radiation, and stress personnel. 

The FCS provides for the investigation and resolution of 

each reported failure. This is done primarily through the review, analysis, 

and approval of actions taken by the particular segments of the engineering 

discipline delegated the responsibility to perform the failure analysis. The 

review is accomplished at predetermined steps in the progress of the investiga

tion, i.e., (1) the initial observation, reporting, and classification of the 

departure as a failure; (2) the planning, assignment of responsibility and 

schedule for conducting analysis; (3) the preparation of interim failure analysis 

reports; (4) evaluation of the final failure analysis reports; (5) recommenda

tion for remedial corrective and preventive action; (6) submittal of evidence 

of effectiveness of corrective action taken/scheduled; and (7) decisions for 

closeout. 

The FCS will be implemented to the depth of detail necessary 

to assure that all failures are recognized, reported, and resolved. The minimum 

requirements for FRB action with regard to failure reports and investigations are 

as follows: 

a. Conceptual designs in exploratory development programs 
conducted to formulate and document design requirements 
will have all failures summarized in a suitable format 
and submitted in a planned manner to the FRB for its 
information and considered action. 
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4.2.2, Failure Reporting, Analysis, and Corrective Action (cont.) 

b. Each NERVA article released for development/qualifica
tion will have all failures investigated to the extent 
required to define the basic cause and corrective 
action necessary to eliminate the failure. 

c. Prior to approval for qualification (CDR), all failure 
investigations will normally be planned and evaluated 
by the engineer. The results of the investigation with 
cause and corrective action defined v/ill be presented 
to the FPvB as a requirement to close out the action. 

d. Following CDR, all failures on qualified hardware will 
be presented to the FRB prior to the start of the 
investigation to receive the FRB's approval to proceed. 
The results of the investigation will, as in prequali
ficatlon, be presented to the FRB for closeout. 

The steps involved in the resolution of a failure subsequent 

to CDR are shown in Figure 4. 

In the operation of the FCS, that engineering discipline 

having responsibility for design and verification of a NERVA article also has the 

responsibility for the analysis and resolution of failures. Reliability is 

responsible to review the causes of failure, as determined by engineering, to 

verify that the basic cause of failure has been accurately isolated and identifie 

for removal from the system. 

Quality assurance has the primary functional responsibility 

to identify and to report departures. All other program disciplines have the 

responsibility to report and to document, in a preplanned manner, the occurrence 

of any event or the observation of any condition that credibly could nurture the 

growth of an incipient failure or could contribute to the occurrence of a per

formance failure. 

In addition to consideration of failures, the Failure Resolu

tion Board will also be responsible for approval of the recommended disposition 

and justification of all single-failure-points at the specification tree item 

level. The board will also be responsible for submitting to the government, and 

documenting the government disposition of, all single-failure-points for which 

retention has been recommended. It will also be responsible for the concurrence 

with disposition and justification of nuclear subsystem single-failure-points. 

Page 68 



US 

CM
 

1 O
v/l 

> u < Z
i 

o a <
 h" 

,u
J 

5'« 
-•u 
*

o 

a: 

O
U

i 

p
> 

*t h-

-,0c 

5*^2 
O

f
t

f
-

Q
E

U
<

 ^ u-

> -3 
si 
< ^ 
•'.U

J
O

 " Ul. a 

o o (r 
a. 

o
 P
 "̂

 

* 
J 

K
-

5
a

: 
u

jc
e 

-
i

O
 

C
u

O
 

^si 2' 
X

 

f?" 
;iS> J 

f 
< 
^

Q
 

<
 

u
J 

Q
f

-

u
i

* 

<̂
 

Z
l 

J
u

j 
S

n
-o

 
=

>
;.£

; 
u

-
< 

LJX
 

X
. 

<
 

O
C

J <
i 

c 
> 
"

S 
r"" 

-t 
«/»^* C

 
J QC

 

"
i 

O
 

cn 
LU

 
cr 
LU

 
DC

 
D

 
_

l 
< U

. 

< > oc 
LU

 
z 

LU
 

CE
 

ID
 

(S> 
U

. 

u. 
o

 _ jr 

o
 

t^ 
1 

o
 

t
-

U
i/>

 

u
 

u
J 

i
; 



4.2.2, Failure Reporting, Analysis, and Corrective Action (cont.) 

The responsibility for performing the functions and tasks 

required to implement the FCS rests primarily with the quality assurance, engi

neering, NERVA engine systems, and reliability disciplines. 

Quality assurance has primary responsibility to document 

departures from program requirements, and participates as a member of Engineering 

Review Board (ERB) to classify departures as failures or discrepancies and 

distribute reports to the FRB secretary, engineering, and other interested organi

zations. Quality assurance will operate a failure/discrepancy information and 

control center as a focal point for failure/discrepancy investigations and V7ill 

maintain status of preinvestigation through closeout. Quality assurance will 

maintain quality data and documentation information in a retrievable form to be 

used for failure/discrepancy analysis, for quality trends and summary reports. 

Engineering particpates as a member of ERB to classify 

departures as failures or discrepancies. Engineering has the prime responsibility 

to conduct failure investigations and analyses V7ith the appropriate disciplines 

to establish the cause of the failure at the basic mechanism level and to delineate 

the corrective action needed to preclude recurrence. In establishing the failure 

investigation plan, all specialized talents that could possibly contribute such 

as stress, thermal, materials, radiation, reliability, quality assurance, manu

facturing, instrumentation, etc., will be utilized to assure that there is a 

complete assessment of the failure and balanced judgment used in planning and 

conducting the analysis and defining corrective action. When the NERVA engine 

systems organization has the engineering responsibility for the failed article, it 

will also have the primary responsibility for failure analysis. In addition, it 

will be responsible for determining the impact of failures/problems upon the 

system and the interactions between the components and subsystems. 

The Reliability manager will serve as secretary of the FRB 

and discharges FCS functional responsibility in accordance with the tasks identi

fied in the charter for operation of the FRB. Reliability will audit the ERB 

decisions in classifying departures as failures or discrepancies. Reliability 
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k.1.1. Failure Reporting, Analysis, and Corrective Action (cont.) 

reviews the causes of failures as determined by engineering to verify that the 

basic cause of failures has been accurately isolated and identified for removal 

from the system. The FRB utilizes input from Reliability in the review of failure 

analysis reports prepared by engineering. Any evidence of inconsistency between 

the review prepared by Reliability and the failure analysis report prepared by 

engineering î/ill be evaluated by FRB. Appropriate instructions x̂?ill be provided 

by FRB and implemented by the cognizant disciplines to assure that out-of-control 

conditions do not remain in existence. Reliability shall also analyze corrective 

action implementation effectiveness to assure that failure modes are removed or 

sufficiently reduced in probability of occurrence, and that no new modes have 

been introduced. 

Reports of all failures, together x̂ ith the status and summary 

of all failure investigations ^̂ ?ill be made to the government in Data Item R-105, 

Reliability Failure Summary Reports. In addition the reliability engineering 

organization will transmit to the government a copy of each report of failure 

within 24 hours of its transmittal to the board and will make available to the 

government reports of board actions, as well as copies of significant reports 

developed during the course of each investigation. 

4.2.3 Reliability Assessm.ent 

Reliability assessments vzill be used to periodically appraise 

the maturity of the design by comparing the achieved reliability indicated by 

the assessment with the required reliability values. The assessment will include 

review of information from design studies, failure reports, trend data, and 

successful tests. 

Reliability assessments at the component level will start 

with the initial reliability state-of-the-art prediction, which will be based 

on generic failure rates, historical data, engineering judgment, or the results 

of preliminary analytical studies, or a combination of these. As data develop 

from testing and additional analytical studies, the assessments will be revised 

to reflect these results and provide more-refined reliability estimates. The 

results of the assessments will be provided at major program milestones in Data 

Item R-202, Reliability Allocations, Assessments, and Analysis. 
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4.2.3, Reliability Assessment (cont.) 

The planning document for performing the reliability assess

ments will be Data Item R-106, Reliability and Flight Safety Test and Evaluation 

Plan. This plan will: 

(1) Define all reliability and other tests for each ECC 
or DS component from which reliability data are expected. 

(2) Specify the data to be used for reliability assessment. 

(3) Define specific methods and techniques vjhereby test 
data will be converted to reliability assessments. 

The m.ethods used X'7ill emphasize the use of variables data 

and will include: 

(1) Stress-Strength Analyses 

Critical loads actually applied to components will be 
monitored during testing. The statistical distribution 
of these loads will be compared vjith the statistical 
distribution of the failure-resisting strength properties 
The results of these comparisons will be analytically 
converted into reliability assessments. 

(2) Time to Failure Analysis 

In cases where life testing is conducted, the statistical 
distribution of the times to failure will be determined. 
The proportion of the life distribution exceeding compo
nent mission-Lime requirements will provide an estimate 
of the reliability of the component. 

(3) Load Allocation Analysis 

Some components, primarily structural, can be stressed 
to failure. Comparisons of the distribution of stresses 
or loads at which failure occurs with the expected dis
tribution of operating stresses can be used to assess 
the reliability of these components. 

(4) Response-Distribution Analyses 

For some components, modes of failure are related to 
the ability of the components to perform within specified 
limits (e.g., valve response times). By monitoring the 
variable responses of these components, a response 
distribution within the specified limits provides an 
estimate of the component reliability with respect to 
that pertinent failure mode. 
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4.2.3, Reliability Assessment (cont.) 

(5) Nondestructive Tests (NDT) 

In some cases NDT can be used to determine critical 
parameters, e.g., maximum crack size, voids, and 
dimensional variation. The NDT results can be used 
to support analytical evaluations. 

Emphasis will be placed on integrating test and m.anufacturing 

data with the design analyses to verify prior predictions. 

4.3 MANUFACTURING AND QUALITY PLANS AND PROCEDURES 

Inherent reliability may be defined as the reliability potential 

present in the design. It must be recognized that the inherent reliability is 

established by the basic design," and the inherent reliability of parts, components, 

subsystems, and systems can only be improved by design changes. Maintaining the 

inherent reliability of design during fabrication requires a well planned produc

tion, reliability, quality-control, and testing program. 

Quality control is vitally important in assuring that the inherent 

design reliability of a product is not degraded during manufacturing. Quality 

control assures that the end product conforms to design specifications, at a 

product quality level consistent with program, needs, by continually monitoring 

in-house and supplier production from start to finish and reporting any noncon

formances to the process so it can be adjusted to regain conformity. The responsi

bilities of the quality-control organization in achieving product reliability are 

covered in Data Item P-017, x/hich is subject to review by the reliability organiza

tion. 

Reliability inputs to the quality-assurance activity originate with 

the FMECAs and the FMAs. These studies define the critical inspection criteria 

from which reliability personnel will assist quality-control personnel in deter

mining the probability of any discrepancies being undetected, particularly those 

associated with nondestructive-testing techniques. 
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4.3, Manufacturing and Quality Plans and Procedures (cont.) 

Additional reliability studies will be performed prior to hardware 

manufacture to uncover production-type problems that could result in equipment 

failures. These studies will be based on research of quality-related problems 

observed in previous programs. Reliability personnel will analyze failure and 

quality records of the Titan, Transtage, Gemini, and Apollo programs. These data 

are predominately in the form of failure data, time-cycle records, and component 

and engine histories. The objective of this research will be to develop a 

failure-mode history and a probable-failure-effects analysis that are concisely 

summarized so that those problems common to NERVA can be effectively analyzed 

prior to fabrication and development and preventive corrective action can be 

incorporated in the quality and manufacturing plans and procedures. Problems that 

are common are not limited to components of similar design. For example the 

rather elementary Titan C&l system may indicate manufacturing difficulties that 

could arise in the highly sophisticated NERVA C&I manufacturing process. 

The high reliability promised by a design V7ill be of no value unless 

each of the many manufacturing steps is carefully and consistently performed. 

The responsibilities of the manufacturing organization in achieving product 

reliability are covered in Data Item P-013, which is subject to review by the 

reliability organization. By their review, reliability personnel will ensure 

that the NERVA reliability approach is reflected in the plan. 

The prime responsibility for incorporating information into manufac

turing operational plans rests with manufacturing. The reliability and engineering 

organizations are jointly responsible for ensuring that failure modes or critical 

characteristics identified in the reliability-engineering process are properly 

considered in developing the manufacturing operational plans and procedures. 

5.0 RELIABILITY ANALYSIS IN SUPPORT OF PROGRAI-I MILESTONES 

The objective of this section is to document how the reliability methodology 

discussed in Sections 3 and 4 will be implemented. Program milestones that 

involve significant reliability effects are taken from the NERVA Management Plan, 

M-OOl; in addition, the analysis that will be used to assess reliability are defined. 

The intended type of reliability analysis to be completed for each design mile

stone is stated. 
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5.0, Reliability Analysis in Support of Program Milestones (cont.) 

The projected sophistication of analysis in downstream events is difficult 

to assess early in the program, and the NERVA Management Plan calls for updating 

of this plan to reflect accumulated experience and program changes. Figure 5 

shows key events that x̂ îll be discussed in the following section. These events 

were taken from the Tier I flow charts in Volume II of M~001 of 30 September 1969. 

Titles and block numbers are identical to the M-OOl annotations. 

Appendix B, Jiajor Responsibility Summary, identifies the degree of responsi

bility - primary, support, or approval - v/hich the reliability organization has 

for each output document. Reliability also has many review functions which are 

delineated in the NERVA Management Plan and are not reported here. 

Appendix C, Organization Functional Responsibilities, identifies the degree 

of responsibility which the various organizational elements have for the perfor

mance of the reliability program functions described in Sections 3 and 4. 

5.1 PROGRAM LOGIC 

Figure 5 is a diagram of the major milestones and activities of the 

engine development program from initiation of the reference engine design to the 

completion of engine qualification. The major program milestones are: 

(1) Design Requirements Baseline (4.14) 

(2) Engine Preliminary Design Review (8.5) 

(3) Component Detailed Design Review (8.8) 

(4) Demonstration Preliminary Design Review (8.15) 

(5) Program Plan Preliminary Design Review (8.17) 

(6) Components Critical Design Review (12.3) 

(7) Engine Critical Design Review (14.25) 

(8) Component Formal Qualification Review (12.8) 

(9) Engine Formal Qualification Review (15.42) 

(10) Component First Article Configuration Inspection (12.7) 

(11) Engine First Article Configuration Inspection (15.47) 
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5.1, Program Logic (cont.) 

With these major milestones used as discrete end points for the 

completion of selected activities, the reliability program is outlined in the 

following paragraphs. Principal documentation of the reliability contribution 

to each of these formal reviews is the Reliability Prediction, Allocation, ar.d 

Analysis Report, Data Item R-202, which is revised, refined, and updated prior 

to each of the principal formal reviews. 

5.1.1 Design Requirements Baseline (4.14) 

3y using the basic engine performance requirements and 

reference-mission assignments as specified in the NPRD, mission analyses are 

conducted to provide the initial basis for proceeding with the derivation of 

engine-system functional requirements by using systems-engineering methods. This 

effort involves use of functional flow diagrams, performance and design trade 

studies, schematic block diagrams, and time-line sheets for progressive definition 

of engine-system requirements. 

The engine design process is launched with the establish-er.t 

of an initial reference-engine system based on the design and performance rec-_ire-

ments contained in the NPRD, the knowledge gained from the NERVA technology 

program, and engineering judgment in the preliminary selection of the means of 

providing the functional requirements. Functional analyses and engineering trade 

studies of alternative systems and subsystems are made to expand the nuclear-

system requirements into specific engine design and operational requirements, and 

the reference design is periodically updated on the basis of the results. 

The following reliability activities will be performed to 

support achievem.ent of this milestone: 

(1) Review of requirement-allocation sheets 

(2) Review of functional flow diagrams 

(3) Participation in trade studies 

(4) Participation in establishing and updating reference-
engine design 
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5.1.1, Design Requirements Baseline (4.14) (cont.) 

(5) Establishment of reliability requirements for the 
engine 

(6) Allocation of reliability requirements to components 

5.1.2 Engine Preliminary Design Review (8.5) 

Preliminary design begins with the technical requirements 

imposed by the design-requirements baseline and ends with the preliminary design 

selected for detail design and presented at engine preliminary design review. 

The conceptual design and supporting discipline analyses constitute the major 

activities leading to this milestone, '..'hich leads directly to initiation of the 

major development program. 

The following reliability activities will be performed in 

support of achievement of this milestone: 

(1) Review of material, structural, and systems analyses 
to permit revision of failure-rate predictions and to 
make reallocations of reliability requirements to 
components. 

(2) Estimates of failure probabilities to identify problem 
areas. 

(3) Revision of reliability requirements of Part I of the 
engine specification. 

(4) Developm.ent of reliability design methodology and 
indoctrination of engineers into its use. 

(5) Publishing of initial drafts of significant reliability 
procedures. 

(6) Initial issue of Data Item R-202 showing the status of 
failure-mode analyses, with examples of probabilistic 
design analysis. 

5.1.3 Component Detailed Design Review (8.8) 

After establishment of the design-requirements baseline, 

conceptual designs of components together with supporting analyses are initiated. 
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5.1.3, Component Detailed Design Review (8.8) (cont.) 

These activities lead to selection of preliminary design that are chosen for 

detail design. The preliminary designs and the justifications for their selection 

are presented at the component detailed design review. Achievement of this 

milestone permits initiation of the major development program for components. 

The following reliability activities will be performed in 

support of this milestone: 

(1) Review of materials-selection program 

(2) Reliability review of designs 

(3) Identification of problem areas 

(4) Implementation of probabilistic design analysis of 
these problem areas 

(5) Identification and setting of action limits for critical 
trend characteristics 

(6) Initial issue of components R-202 report. 

5.1.4 Demonstration Preliminary Design Review (8.15) 

At demonstration preliminary design review, historical data 

are presented citing the achievements of the technology program and the relation

ship of this program to the NERVA engine. In addition, there will be a presenta

tion of the detailing of engine test requirements and the traceability of these 

requirements, and analysis to show that the proposed test program adequately 

meets the qualification requirements of the engine, subsystem and components. 

The following reliability activities will be performed in 

support of achievement of this milestone: 

(1) Determination of requirements for monitoring of trend 
characteristics during tests. 

(2) Determination of reliability requirements to be verified 
by analysis, inspection, or test. 

(3) Combination of these requirements into issue of Data 
Item R-106. 
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5.1, Program Logic (cont.) 

5.1.5 Program-Plan Preliminary Design Review (8.17) 

This milestone consists of a review of the program plan, 

plans for supporting disciplines, and adequacy, justification, and feasibility 

of each element. This review of the proposed long-range plans for each of the 

elements of the program results in a validated program plan and agreements con

cerning milestone schedule dates for the program. 

In support of achievement of this milestone, reliability 

personnel will prepare and issue a revision updating the Reliability Plan, Data 

Item R-101. 

5.1.6 Components Critical Design Review (12.3), Engine Critical 

Design Pveview (14.25) 

Components development and testing and components prequalifi-

cation design and testing activities culminate in the joint SNPO-/iNSC formal 

reivew of the component detail-design-data package presented for approval of 

release for manufacture of component qualification hardware. 

Completion of the component critical design revieŵ  is required 

before initiation of the engine prequalification test program. Upon completion 

of the engine prequalification test program and the detail design of the qualifi

cation engine, a joint SNPO-ANSC review of the engine-system detail-design-data 

package is held before approval for release for manufacture of the qualification 

engines. 

The following reliability activities will be performed in 

support of achievement of these milestones; 

(1) Iterations of the reliability design-analysis process 

(2) Evaluation of test results 

(3) Review and audit of procurement, quality-assurance, 
manufacturing, and test activities 
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5.1.6, Components Critical Design Review (12.3), Engine Critical Design 
Review (14.25) (cont.) 

(4) Reviews and analyses of failures reported in Data Item 
R-105. 

(5) Completion of failure-mode analyses. 

(6) Completion of probabilistic design analysis of critical 
failure modes. 

(7) Issuance of trend-data report. 

(8) Updated issue of Data Item R-202. 

5.1.7 Component Formal Qualification Review (12.8), Engine Formal 

Qualification Review (15.42) 

After completion of component and again after engine qualifi

cation testing and evaluation, all significant data produced from the qualification 

testing and the readiness review v/ill be combined into a technically coherent 

package that will establish that all specification requirements for qualification 

have been met. The joint SNPO-ANSC reviev? of these data validates the satisfactory 

completion of qualification. 

The following reliability activities will be performed to 

support achievement of these milestones: 

(1) Continuing review of procurem.ent, quality-assurance, 
manufacturing, and test activities. 

(2) Updating of reliability Data Items R-105 and R-202. 

(3) Final verification of reliability requirements. 

(4) Updating and issue of Data Item R-106. 

(5) Initial assessment of flight readiness. 

5.1.8 Component First-Article Inspection (12.9), Engine First-

Article Inspection(15.47) 

First-article configuration inspection consists of comparing 

hardware with the Part II detail specifications and accompanying drawings used 
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5.1.8, Component First-Article Inspection (12.9), Engine First-Article 
Inspection (15.47) (cont.) 

in the hardware production. First-article configuration inspection also includes 

determination of whether changes dictated by previous reviews have been accom

plished. 

The following reliability activities will be performed to 

support achievement of these milestones: 

(1) Continuing review and audit of procurement, manufacturing, 
and quality-control activities. 

(2) Reliability and flight assessment reviews to determine 
that identified problem areas have been eliminated or 
reduced to an acceptable risk. 

5.2 RELIABILITY RESPONSIBILITY FOR OUTPUT DOCTOIENTS 

Responsibility in connection with preparation of certain output 

documents has been assigned to reliability personnel as denoted on the functional/ 

responsibility matrix, which is part of the NERVA Management Plan, Data Item M-OOl. 

Appendix B identifies the degree of responsibility - primary, support, 

or approval - the reliability organization has for each output document. The 

definitions of responsibility are identical with those used in the functional/ 

responsibility matrix: 

(1) Primary responsibility denotes that the Reliability organi
zation has been assigned overall responsibility for preparing 
an output document. 

(2) Support responsibility denotes that the Reliability organi
zation has been assigned responsibility for supporting the 
preparation of an output document and for "review" and 
"approval" of those portions of the document provided by 
reliability personnel. 

(3) Review responsibility denotes that the Reliability organi
zation has been assigned responsibility for reviewing an 
output document and submitting comments and recommendations 
regarding reliability to the organization having primary 
responsibility. 
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5.2, Reliability Responsibility for Output Documents (cont.) 

(4) Approval responsibility denotes that the Reliability organi
zation has been given responsibility for sign-off approval 
of an output document. 

5.3 ORGANIZATION RESPONSIBILITY FOR NERVA PROGRAM RELIABILITY FKs'CTIONS 

In Sections 3 and 4, the principal elements of reliability methodology 

as applied in the NERVA program has been described. Appendix C tabulates these 

reliability activities as identified by the main paragraph headings in Sections 3 

and 4, and shox>7s for each function the responsibilities of the various organiza

tion elements for the performance of these functions. 
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APPENDIX A 

R-101 REFERENCE TO NHB 5300.4 (lA) AND RELATED DATA ITEMS 

Section NHB 5300.4 (lA) 
Section 
R-101 

Data 
Item 

Comment 

Reliability Program Plan (1A201) All 

Separate Site Program Plans (1A201-3) 4.2.2 

Reliability Evaluation Reports and 2.0 
Reports of Verification of Corrective 4.2.2 
Action Completions (1A202-2) 

Reliability Program. Progress Reports 2.4 
(1A203~2) 

Reliability Program Control Reports 2.0 
(1A203-3) 

R-101 

Design Specifications (1A301) 

Reliability Prediction Models (1A302-1) 

Functional Block Diagrams and 3.3.1 
Apportionments (1A302-2) 

Failure Mode Effect and Criticality ' 3.2.1 
Analysis (1A303) 

Design Review Input Packages (1A302-Ia, b) 5.0 

Design Review Meeting Minutes (1A305-Ic) N/A 

R-202 

3 . 3 . 1 
3 . 3 . 2 
3 .3 .3 

3 . 2 . 3 

-

R-202 
R-109 

R-202 

M-OOl 

M-OOl 

FRB to control engine failures at all 
test sites. 

Periodic Reliability Program Summary 
reports 

Also multifaceted inputs into R-202's 

Part of program-wide minutes 



APPENDIX A 

R-101 REFERENCE TO NHB 5300.4 (lA) AND RELATED DATA ITEMS (cont.) 

Section NHB 5300.4 (lA) 
Section 
R-101 

Data 
Item Comment 

Design Review Reports (1A305-Id) N/A M-OOl Part of program-wide report plus some 
input in R-202 

CR 
ft) 

Report of Supplier Design Reviews 
(1A305-2) 

Problem/Failure Reports and Analysis 
Reports (1A301-1) 

Problem/Failure Status Summaries 
(lA306-2b) 

Design and Process Standards (1A307) 

Parts, Devices and Material Specifications 
(1A308-4) 

2.0 

4.2.2 

3.3.4 

N/A 

3.3.1 
3.3.2 
3.3.3 

R-105 

M-OOl 

None currently planned 

QA function with review by Reliability 

Parts, Devices and Material Qualification 
Test Specifications and Qualification 
Reports (1A308-5) 

3.3.1 
3.3.2 
3.3.3 
4.1.2 
4.1.3 
4.1.4 
4.1.5 
4.1.6 

List of Parts, Devices and Material 
Proposed for Qualification Tests 
(1A308-5) 

3.3.3 



fa 
OQ 

APPENDIX A 

R-101 REFERENCE TO NHB 5300.4 (lA) AND RELATED DATA ITEMS (cont.) 

Section NHB 5300.4 (lA) R-101 Item Comment 

Project Parts, Devices and Materials 
Lists (1A308-6) 

Lists of (and Data on) Candidates for 
Addition to Project Parts, Devices, 
and Materials Lists (1A308-7) 

Reports of Failure Analysis on Parts, 
Devices or Materials (1A308-9) 

Reliability Evaluation Plan (1A401) 4.1.2 R-106 

Test Specification, Procedures and 
Reports (1A402-3) 

Qualification Status List (1A402-2) 

Reliability Assessment (1A403) 

Reliability Evaluation Program Review 
Reports (1A405) 

Section 
R-101 

3.3.2 
3.3.3 

3.3.2 
3.3.3 

3.3.2 
3.3.3 
4.2.2 

Data 
Item 

_ 

4.1 
4.2 

3.3.3 

4.2.3 

2.0 

= 

-

R-202 

R-202 
T-119 



APPENDIX B 

Major Responsibility Summary 

OUTPUTS FOR WHICH RELIABILITY HAS APPROVAL RESPONSIBILITY 

1. Failure-Mode Analyses 

2. Failure-Analysis Reports 

3. Trend-Data Characteristics 

OUTPUTS FOR WIICH RELIABILITY HAS PRIME RESPONSIBILITY 

1. Reliability Plan (RtlOl) 

2. Reliability and Flight Safety Test and Evaluation Plan (R-106) 

3. Reliability Failure Summary Report (R-105) 

4. Summary of Reliability Computer Models (R-109) 

5. Reliability Allocations, Assessments, and Analysis Report 
(R-202) 

6. Reliability Trend Data Report 

OUTPUTS FOR I-ffilCH RELIABILITY HAS SUPPORT RESPONSIBILITY 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Work Statement and Budgets 

NERVA Management Plan 

Product-Assurance Plan 

Maintainability Allocations, 

Maintainability Plan 

Production Plan 

Trade Study(s) Report 

Engine Specification 

Component Specifications 

Assessment, and Analysis Report 
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APPENDIX B 

Major Responsibility Summary (cont.) 

Internal Memoranda and Reports as Appropriate 

Comments/Meeting Agenda/Concurrence of Approval as 
Appropriate 

Coordination Memoranda and Letters (to WANE, SNPO-C) 

Preliminary Modes-of-Failure Analysis 

Design Analysis Reports 

Design Sheets 

Drawings 

Test Procedure (Check List) 

Safety Plan 

T-102 Category I Test Plan 

Safety-Analysis Report 

Test Information Sheets 

R^ Analysis and Product Control Plan 

Postmorten Inspection Reports 

Test Reports 
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APPENDIX C 

ORGANIZATION FUNCTIONAL RESPONSIBILITIES 

Title 

DESIGN ACTIVITIES 

DESIGN RELIABILITY METHODOLOGY 

The Historical Approach 

The NERVA Approach 

PROBABILISTIC DESIGN ANALYSIS AND RELIABILITY PREDICTION 

Failure Mode Analysis 

1 System Fallure-Mode-Effects-and-Critlcallty Analysis 

2 Component Failure-Mode Analysis 

3 Single-Fallure-Polnt Identification and Control 

Failure-Probability Calculation 

1 Stress-Strength Structural-Reliability Estimates 

2 Performance-Reliability Estimates 

3 Other Prediction Methods 

Reliability Models 

1 Engine Mathematical Model 

2 Design-Concept Mathematical Models 

Reliability Prediction 

Rellability-I'lethods Development 

Reliability Responsibility 

Prime Support Review Approval 

Rel 

DE 

S 

DE 

DE 

DE 

Rel, 

Rel, 

Rel, 

Rel, 

Rel, 

ESD 

DE 

ESD 

ESD 

ESD 

SA 

Rel 

Rel 

Rel 

Rel 

Rel 

Rel 

DE 

Rel 

DE 

Rel, ESD 

DE, ESD 

Rel 



APPENDIX C (cont.) 

Title 

Reliability Responalblllty 

Prime Support Review Approval 

SUPPORTING RELIABILITY ANALYSIS 

Reliability Apportionment 

Materials-Selection Program 

Parts Application Program 

Reliability Data Center 

Maintainability 

Reliability Training 

TESTING, RELIABILITY EVALUATION, AND MANUFACTURING CONTROL 

TESTING 

Philosophy of Testing 

Statistical Test Planning and Test-Planning Review 

Reliability and Flight-Safety Test and Evaluation Plan 

Testing to Failure 

Design Performance Testing 

RELIABILITY DATA ANALYSIS 

Trend Data Program 

Scope 

Definitions 

Identification of Trend Characteristics 

Rel 

DE 

DE 

Rel 

ESD Rel 

ESD Rel 

QA.DE.ESD 

Rel 

Rel 

DE 

Rel 

DE 

DE 

ESD, TO 

DE 

ESD, TO 

ESD, TO 

TO 

Rel 

Rel 

Rel 

Rel 

DE ESD Rel 



Para. 

APPENDIX C (cont.) 

Title 

Reliability Responsibility 

Prime Support Review Approval 

A.3 

4.2.1.4 Trend Monitoring System Requirements 

4.2.1.5 Analysis of Trend Data 

4.2.2 Failure Reporting, Analysis and Corrective Action 

4.2.3 Reliability Assessment 

MANUFACTURING AND QUALITY PLANS AND PROCEDURES 

Rel SA, C&I 

Rel 

FRB REL, QA, 
DE, ESD 

Rel 

Rel 

iU 
00 
(D 

LEGEND 

C&I - Controls and Instrumentation 

DE - Design Engineering 

ESD - Engineering Staff Disciplines 

(stress, thermal, materials, gas dynamics, radiation) 

FRB - Failure Resolution Board 

QA - Quality Assurance 

Rel - Reliability 

S - Safety Analysis 

SA - Systems Analysis 

TO - Test Operations 




